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Abstract

Background The association between body roundness index (BRI) and all-cause mortality and the occurrence
of cardiovascular disease (CVD) in patients with diabetes is unknown. This study aimed to determine the association
between BRI and all-cause/CVD mortality in a diabetic cohort.

Methods A total of 8227 individuals with diabetes from the 1999-2018 National Health and Nutrition Examination
Survey (NHANES) database were included. Multifactorial Cox regression models were used to analyze the association
between BRI and mortality in patients with diabetes. Multivariate-adjusted restricted cubic spline (RCS) regression
was used to test for nonlinearity.

Results During a median follow-up of 7.25 years, a total of 27.22% died, with 9.18% of these deaths due to CVD. After
fully adjusting for potential confounders, BRI remained significantly associated with all-cause/CVD mortality in the dia-
betic population. The restricted cubic splines revealed no significant nonlinear relationship between BRI and all-cause
mortality (P=0.29) or CVD mortality (P=0.73). BRI was better associated with all-cause/CVD mortality in patients

with diabetes compared to other body metabolic indices.

Conclusions In patients with diabetes, we found an association between BRI and all-cause/CVD mortality.
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Background

Diabetes is becoming a significant worldwide health
concern. 4.2 million fatalities worldwide were attributed
to diabetes in 2019; by 2045, 700 million people are pre-
dicted to have the disease [1]. Cardiovascular disease
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(CVD) afflict over 32.2% of Type 2 diabetes mellitus
(T2DM) patients worldwide, and CVD is the main cause
of mortality for T2DM patients, accounting for roughly
half of all fatalities [2]. Because of this, diabetes has a sig-
nificant role in the worldwide burden of CVD.

The Body Roundness Index (BRI), introduced by
Thomas et al. in 2013, is a useful tool for determin-
ing body fat and visceral fat percentages since it can be
computed using height and waist circumference [3]. BRI
is a better predictor of the risk of metabolic diseases
than body mass index (BMI), particularly in individuals
with normal BMI but uneven body fat distribution. It is
more strongly correlated with metabolic diseases such
as nonalcoholic fatty liver disease, diabetes, metabolic
syndrome, and hypertension [4-7]. Additionally, BRI is
crucial in predicting the course of a disease. Several stud-
ies have demonstrated a U-shaped relationship between
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Fig. 1 The flow chart of this study

BRI and overall mortality in the general population [8, 9].
However, the effect of BRI on overall mortality in certain
communities has received less research. As a follow-up to
earlier correlation studies, the current study looked at the
relationship between BRI and all-cause/CVD mortality in
a diabetic population.

Methods

Study population

The population data were obtained from the National
Health and Nutrition Examination Survey (NHANES).
This database, conducted by the National Center for
Health Statistics (NCHS), is a nationally representative
cross-sectional study designed to assess the health and
nutritional status of adults and children in the United
States. All participants provided written informed con-
sent, and the protocol was approved by the NCHS Eth-
ics Review Board. Our study flow is illustrated in Fig. 1.
From the 1999-2018 NHANES database spanning 10
cycles, we selected 9616 individuals with diabetes. After
excluding those with missing follow-up data, missing BRI

data, those aged <20 years, and pregnant women, 8227
participants were finally included.

Identification of diabetes

According to the American Diabetes Association (ADA)
guidelines, participants were defined as having diabetes
if they met any of the following criteria: self-reported
diagnosis, use of oral hypoglycemic agents or insu-
lin, fasting blood glucose (FBG)>7.0 mmol/L, random
blood glucose>11.1 mmol/L, glycated hemoglobin
(HbAlc)>6.5%, or an oral glucose tolerance test 2-h
(OGTT 2 h) blood glucose>11.1 mmol/L.

Identification of hypertension and hyperlipidemia

Determination of hypertension was based on any of the
following three criteria: 1) The participant was diagnosed
with hypertension by a physician. 2) The participant was
taking antihypertensive medication. 3) The participant’s
mean systolic blood pressure (SBP) was>140 mmHg or
mean diastolic blood pressure (DBP) was>90 mmHg.
Hyperlipidemia was determined based on either of the
following two criteria: 1) Elevated lipid levels, such as
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elevated total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), or decreased high-density lipopro-
tein cholesterol (HDL-C). 2) Participants self-reported
that they were using lipid-lowering medications.

Calculation of BRI and other metabolic indices

Waist circumference and height data were obtained from
the questionnaire, while HDL-C, triglycerides (TG), and
FBG were sourced from laboratory tests. The formu-
las for calculating BRI [9], BMI [10],atherogenic index
of plasma (AIP) [11], lipid accumulation product (LAP)
[12], visceral adiposity index (VAI) [13], triglyceride-glu-
cose index (TyG) [14], and cardiometabolic index (CMI)
[15] are as follows:

(1)

WC(cm)/ 27 >2

BRI = 364.2 — 365.5 x 1\
0.5 x Height (cm)

Waist Circumference (cm): Reflects abdominal fat
accumulation and serves as a key indicator of central
obesity.

Height (m): Normalizes the proportion of waist cir-
cumference to avoid bias caused by height differences.

Waist Circumference/(2mx Height): Simulates the
hypothetical cross-sectional radius of the human torso
under the assumption of a cylindrical shape.

Square Root: Applied to linearize nonlinear relation-
ships and adjust distribution.

Constants 364.2 and 365.5: Calibrated through sta-
tistical methods to standardize the BRI range (0-12),
facilitating health risk stratification and ensuring a linear
association between BRI and disease risk.

_ Weight (kg)

BMI = 5
Height (cm)

2)

Weight (kg): The numerator in BMI calculation, repre-
senting absolute body mass.

Height Squared (m?): Adjusts the proportionality
between weight and height. Weight correlates with body
volume (a three-dimensional measure), while height is a
linear measurement (one-dimensional). Squaring height
allows BMI to better reflect the ratio of weight to body
volume.

Division Operation: Dividing weight by height squared
yields a dimensionless value to assess whether body
weight falls within a healthy range.

TG (mmol/L) )

AIP = log [ ——UMOYZ)
8 <HDL (mmol/L)
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Triglycerides (TG, mmol/L): Plasma triglyceride con-
centration, reflecting lipid metabolism status.

High-Density Lipoprotein  Cholesterol
mmol/L): Plasma HDL-C concentration.

Logarithmic Operation (log;,): Converts the TG/
HDL-C ratio into a more interpretable value. Higher AIP
values indicate greater risks of atherosclerosis and cardi-
ovascular diseases.

(HDL-C,

Male LAP = (WC (cm) —65) x TG (mmol/L)
Female LAP = (WC (cm) — 58) x TG (mmol/L)
(4)

Waist Circumference (cm): Reflects abdominal fat
accumulation and central obesity.

Gender-Specific Constants (Male: 65, Female: 58): Sta-
tistically calibrated parameters to differentiate baseline
waist circumference thresholds between genders, based
on population studies, to more accurately reflect visceral
fat thresholds.

Triglycerides (TG, mmol/L): Plasma triglyceride con-
centration, reflecting lipid metabolism status.

Multiplicative Relationship: LAP combines anthropo-
metric (fat distribution) and biochemical (lipid metabo-
lism) indicators via the product of waist circumference
and TG, providing a comprehensive assessment of vis-
ceral fat accumulation and metabolic risk.

_ WC (cm) TG (mmol/L) 1.31
Male VAL = 5essem (gm?)) X 103 X FADL (mmol/D)

_ WC (cm) TG (mmol/L) 1.52
Female VAI = 3658 7 (189xBMI (kg/m?)) < 031 * HDL (mmol/L)

(5)

Waist Circumference (cm): Reflects abdominal fat
accumulation and central obesity.

Body Mass Index (BMI): Measures overall obesity.

Triglycerides (TG, mmol/L): Plasma triglyceride concentration.

High-Density Lipoprotein Cholesterol (HDL-C, mmol/L):
Plasma HDL-C concentration.

Gender-Specific Constants (e.g., 39.68, 1.88, 1.03, 1.31):
Derived from large-scale population studies and statisti-
cal analyses to optimize the assessment of visceral adi-
pose function and metabolic risk. Distinct parameters for
males and females account for gender differences in fat
distribution and metabolic profiles.

TyG = ln(TG (mg/dL) ; FPG (mg/dL))

Triglycerides (TG, mmol/L):

concentration.

Plasma triglyceride
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Fasting Plasma Glucose (FPG, mg/dL): Blood glucose
concentration under fasting conditions, reflecting glu-
cose metabolism.

Natural Logarithm (In): Log-transforms the product
of TG and FPG to approximate a normal distribution for
statistical analysis.

Division 2: Adjusts the scale for easier interpretation
and comparison.

WC (cm) TG (mmol/L)
CMI = — X (7)
Height (cm)  HDL (mmol/L)

Waist-to-Height Ratio (WHtR): Calculated as waist
circumference (cm) divided by height (cm). Evalu-
ates abdominal obesity; higher WHtR correlates with
increased cardiovascular risk.

Triglycerides (TG, mmol/L): Plasma triglyceride
concentration.

High-Density Lipoprotein Cholesterol (HDL-C, mmol/L):
Plasma HDL-C concentration.

Determination of mortality

Mortality was determined using data from the National
Death Index (NDI) up to December 31, 2019, which is
linked to the NHANES dataset. Cause-specific mortality
was identified using the 10th revision of the International
Classification of Diseases (ICD-10). CVD mortality was
defined by ICD-10 codes 100-109, I11, 113, and 120-I51.

Covariate assessment

We included demographic information, lifestyle fac-
tors, and health status as covariates. Race was cat-
egorized as Mexican American, non-Hispanic white,
non-Hispanic black, and other. Education level was
classified as less than high school, high school or
equivalent, and college or above. Family poverty ratio
(PIR) was divided into<1.30, 1.30-3.49, and>3.50.
BMI was grouped as<25.0 kg/m? 25.0-29.9 kg/m?
and >30.0 kg/m?. Individuals with a lifetime smoking
history of<100 cigarettes were categorized as never
smokers, those with > 100 cigarettes but quit were past
smokers, and those currently smoking were current
smokers. Alcohol consumption was classified as non-
drinkers, light/moderate drinkers, and heavy drinkers.
Physical activity was categorized based on metabolic
equivalent (MET) minutes per week, with <600 min/
week as inactive and >600 min/week as active. The
duration of diabetes was calculated as current age
minus the age at first diagnosis. Treatment was defined
by the use of insulin or oral hypoglycemic agents.
Comorbidities such as hypertension, hyperlipidemia,
history of CVD, and cancer were obtained from ques-
tionnaire data, with CVD including congestive heart
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failure, coronary heart disease, angina, heart attack,
and stroke.

Statistical analysis

Due to the complex sampling design of NHANES, all
analyses incorporated sample weights, clustering, and
stratification. Continuous variables were presented as
mean and standard deviation (SD), and categorical vari-
ables as frequency and percentage. BRI was modeled
as both a continuous variable and a categorical vari-
able (quartiles). We used three Cox proportional hazards
regression models to analyze the relationship between
BRI and mortality in patients with diabetes. The effect
sizes were estimated as hazard ratios (HR) with cor-
responding 95% confidence intervals (CI). Model 1 was
unadjusted, Model 2 adjusted for age, sex, and race, and
Model 3 adjusted for all covariates.

To explore the relationship between BRI and mortality in
patients with diabetes, we employed multivariable-adjusted
restricted cubic spline (RCS) regression to test for nonlin-
earity. Subgroup analyses were conducted by sex, age, BMI,
diabetes duration, treatment status, hypertension, hyper-
lipidemia, and CVD history to further clarify the associa-
tion. Additionally, sensitivity analyses excluded participants
who died within the first two years of follow-up to rule
out potential reverse causality. In this study, a two-sided
p-value<0.05 was considered statistically significant, and
all analyses were performed using R version 4.4.1.

Results

Baseline characteristics of study participants

A total of 8,227 patients with diabetes were included in
this study, with a mean age of 61.24+13.44 years and
51.49% male. During a median follow-up of 7.25 years,
27.22% of participants died from all causes, and 9.18%
died from CVD. Higher mortality was observed among
males, non-Hispanic whites, individuals with less than
high school education, current smokers, active indi-
viduals, those with a diabetes duration of >10 years, and
those with a history of CVD. Detailed baseline character-
istics are presented in Tables 1 and 2.

Association between BRI and mortality in diabetes

As shown in Table 3, in Model 2, higher BRI was asso-
ciated with increased all-cause mortality (HR=1.04,
95% CI=1.01-1.07) and CVD mortality (HR=1.06,
95% CI=1.00-1.11). After adjusting for all covariates in
Model 3, the association between BRI and all-cause mor-
tality (HR=1.16, 95% CI=1.07-1.27) and CVD mortality
(HR=1.27, 95% CI=1.13-1.42) became more signifi-
cant. Compared to the lowest quartile of BRI, the highest
quartile was strongly associated with increased all-cause
mortality (HR=2.52, 95% CI=1.27-5.00) and CVD
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Table 1 The baseline characteristics of all-cause mortality in diabetes
All-cause mortality
All Alive Death P-value
N=28227 N=5988 (72.78%) N=2239 (27.22%)
BRI 6.86 (2.40) 6.93 (2.43) 6.68 (2.32) <0.001
Gender <0.001
Male 4236 (51.49%) 2969 (49.58%) 1267 (56.59%)
Female 3991 (48.51%) 3019 (50.42%) 972 (43.41%)
Age (years old) 61.24 (13.44) 58.22(13.07) 69.31 (10.86) <0.001
Race <0.001
Mexican American 1663 (20.21%) 1280 (21.38%) 383 (17.11%)
Non-Hispanic White 2966 (36.05%) 1863 (31.11%) 1103 (49.26%)
Non-Hispanic Black 2056 (24.99%) 1513 (25.27%) 543 (24.25%)
Other Race 1542 (18.74%) 1332 (22.24%) 210 (9.38%)
Education <0.001
Less than high school 3028 (36.86%) 1991 (33.28%) 1037 (46.44%)
High school or equivalent 1889 (22.99%) 1364 (22.80%) 525 (23.51%)
College or above 3298 (40.15%) 2627 (43.92%) 671 (30.05%)
PIR <0.001
<130 2601 (34.97%) 1827 (33.82%) 774 (38.03%)
1.30-349 3036 (40.82%) 2126 (39.36%) 910 (44.72%)
>3.50 1800 (24.20%) 1449 (26.82%) 351 (17.25%)
BMI (kg/m?) <0.001
<250 1178 (14.37%) 752 (12.58%) 426 (19.20%)
25.0-299 2514 (30.67%) 1742 (29.15%) 772 (34.79%)
>30.0 4504 (54.95%) 3483 (58.27%) 1021 (46.01%)
Smoke <0.001
Never smoker 4071 (49.52%) 3168 (52.96%) 903 (40.33%)
Ever smoker 1373 (16.70%) 971 (16.23%) 402 (17.95%)
Current smoker 2777 (33.78%) 1843 (30.81%) 934 (41.72%)
Drinking <0.001
Nondrinker 3097 (48.43%) 2273 (47.01%) 824 (52.82%)
Low-to-moderate drinker 1790 (27.99%) 1344 (27.80%) 446 (28.59%)
Heavy drinker 1508 (23.58%) 1218 (25.19%) 290 (18.59%)
Physical activity <0.001
Inactivity 1606 (33.90%) 1176 (30.79%) 430 (46.84%)
activity 3132 (66.10%) 2644 (69.21%) 488 (53.16%)
Duration (years) <0.001
<10 2932 (51.89%) 2254 (55.82%) 678 (42.06%)
>10 2718 (48.11%) 1784 (44.18%) 934 (57.94%)
Medication <0.001
No 4437 (80.37%) 3200 (78.43%) 1237 (85.84%)
Yes 1084 (19.63%) 880 (21.57%) 204 (14.16%)
Hypertension <0.001
No 2938 (35.82%) 2293 (38.38%) 645 (28.95%)
Yes 5265 (64.18%) 3682 (61.62%) 1583 (71.05%)
Hypercholesteremia 0.405
No 3128 (41.61%) 2288 (41.31%) 840 (42.42%)
Yes 4390 (58.39%) 3250 (58.69%) 1140 (57.58%)
CVvD <0.001
No 6130 (75.17%) 4839 (81.41%) 1291 (58.39%)
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Table 1 (continued)
All-cause mortality
All Alive Death P-value
N=8227 N=5988 (72.78%) N=2239(27.22%)
Yes 2025 (24.83%) 1105 (18.59%) 920 (41.61%)
Cancer <0.001
No 7084 (86.25%) 5307 (88.78%) 1777 (79.51%)
Yes 1129 (13.75%) 671 (11.22%) 458 (20.49%)

mortality (HR=6.04, 95% CI=2.08-17.58) after multi-
variable adjustment. We further performed sensitivity
analyses on Model 3 and showed that the highest quartile
of BRI was strongly associated with increased all-cause
mortality (HR = 2.72, 95% CI = 1.27-5.83) and CVD mor-
tality (HR = 6.62, 95% CI = 2.01-21.82) (Table 4).

To further elucidate the relationship between BRI
and mortality in patients with diabetes, we used RCS to
analyze the nonlinear relationship. As shown in Fig. 2,
there was no significant nonlinear relationship between
BRI and all-cause mortality (P=0.29) or CVD mortality
(P=0.73).

Subgroup and sensitivity analyses

As shown in Fig. 3, the positive association between
BRI and all-cause and CVD mortality remained con-
sistent across subgroups stratified by sex, age, BMI,
diabetes duration, treatment status, hypertension,
hyperlipidemia, and CVD history. The association
was more pronounced among females, individuals
aged>60 years, those with BMI>30.0 kg/m? diabe-
tes duration > 10 years, those not receiving treatment,
and those with hypertension, hyperlipidemia, or CVD
history. An interaction was observed between BRI and
CVD history (P=0.04).

Sensitivity analysis showed that excluding partici-
pants who died within the first two years of follow-up
did not alter the relationship between BRI and all-cause
mortality (HR=1.15, 95% CI=1.05-1.26) and CVD
mortality (HR=1.23, 95% CI=1.05-1.43), regardless
of whether BRI was treated as a continuous variable or
a categorical variable (Q4 all-cause mortality: HR=2.72,
95% CI=1.27-5.83; Q4 CVD mortality: HR=6.62, 95%
CI=2.01-21.82).

Association between other metabolic indices and mortality
in diabetes

We also analyzed other metabolic indices, such as BMI,
CMI, AIP, LAP, VAL TyG and WC. As shown in Table 5,
BMI was associated with mortality in patients with

diabetes (all-cause mortality: HR=1.03, 95% CI=1.01-
1.06; CVD mortality: HR=1.05, 95% CI=1.00-1.10), but
the association was not as strong as BRI. Other metabolic
indices were not significantly associated with mortality in
patients with diabetes (P> 0.05).

Discussion

This study characterized the association between BRI
and all-cause/CVD mortality in the US diabetic popula-
tion from 1999 to 2018 and compared it with other body
metabolic indicators. This study includes a total of 8227
diabetic individuals from the NHANES database. Inter-
estingly, BRI remained substantially linked to all-cause
mortality in the diabetic group even after controlling for
several variables, including age, sex, and race. In compari-
son to other body metabolism indicators, there was a con-
siderable improvement in the correlations between BRI
and all-cause/CVD mortality in the diabetic group. To our
knowledge, this is the first study to assess how BRI affects
all-cause/CVD mortality in a population with diabetes.
Obesity is an independent risk factor associated with all-
cause/CVD mortality. Currently, an increasing number of
studies have concluded that the accumulation of visceral
fat is more dangerous than subcutaneous fat and signifi-
cantly increases the risk of CVD [16]. BRI was proposed by
Thomas et al. in 2013. BRI is more accurate in predicting
the percentage of body fat and visceral adipose tissue than
the classic BMI because it considers waist circumference,
a measurement that is sensitive to visceral fat [3]. There
have been fewer studies on the evidence of association
between BRI and disease and mortality. Zhang et al. found
a U-shaped association between BRI and all-cause/CVD
mortality in the general population [9]. And a study by
Wang et al. found a significant linear dose—response rela-
tionship between BRI and heart failure, with higher BRI
associated with an increased risk of heart failure [17]. We
included diabetic populations from the NHANES database
between 1999 and 2018 as supplemental research of preva-
lent populations. Additionally, we analyzed 10-year follow-
up data for these participants. The sample size of our study
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Table 2 The baseline characteristics of CVD mortality in diabetes ~ Table 2 (continued)
CVD mortality CVD mortality
All No Yes P-value All No Yes P-value
N=8227 N=7472  N=755 N=8227 N=7472  N=755
(90.82%)  (9.18%) (90.82%)  (9.18%)
BRI 6.86 (2.40) 688(242)  667(226) 0017 Hypercho- 0972
Gender 0002 lesteremia
Male 4236(51.49%) 3806 (5094%) 430 (5695%) No 1281619 2851 (41.62%) 277 (41.47%)
Female 3991(4851%) 3666 (49.06%) 325 (43.05%) ves 4390 (5839%) 3999 (5638%) 391 (56.53%)
Age 61.24 (13.44) 6033(1335)  7022(1079) <0001 b <0001
Race 0001 No 6130(75.17%) 5758 (77.70%) 372 (50.00%)
Mexican 1663 (2021%)  1548(2072%) 115 (15.23%) ves 2025(2483%)  1653(2230%) 372 (50.00%)
American Cancer 0.001
Non-Hispanic 2966 (36.05%) 2583 (34.57%) 383 (50.73%) No 7084(86.25%) 6464 (86.66%) 620 (82.23%)
White Yes 1129(1375%) 995 (13.34%) 134 (17.77%)
Non-Hispanic 2056 (2499%) 1864 (24.95%) 192 (25.43%) . : - . -
Black CVD included congestive heart failure, coronary heart disease, angina, heart
attack and stroke
OtherRace 1542 (1874%) 1477 (19.779%) 65 (861%)
Education <0.001
Lessthanhigh 3028 (3686%) 2660 (35.64%) 368 (48.94%)
school cohort was larger than that of previous investigations. We
i 0, 0 0 .
org‘q%r\]vsaclgr?fl 1889(2299%)  1732(2321%) 157 (2088%) found that BRI was strongly correlated with all-cause/
College 3208(40.15%)  3071(4115%) 227 (30.19%) CVD mortality in both continuous and quartile variables.
or above Even after excluding participants who passed away within
PIR <0001 two years, this association remained.
<130 2601 (34.97%) 2342 (34.69%) 259 (37.76%) Apart from BRI, other novel indicators have been
— 0, 0 0 . . . .
1:30-349 3036{4082%) 2733 (4048%) 303 (44.17%) developed in response to energy metabolism, combining
2350 1800 (24.20%) 1676 (24.83%) 124 (18.08% . . .
(2420 (2483%) 124 (1808%) anthropometry and lipid data. LAP is a better indicator
BMI (kg/m?) <0.001 . . . . .
of diabetes and insulin resistance in the obese popula-
<250 1178(1437%)  1035(13.89%) 143 (19.17%) | h dard anth i indi 4
250-209  2514(3067%) 2257 (3030%) 257 (3445%) tion t an stan ar anthropometric in lces, an 1t can
5300 4504(5495%) 4158 (5581%) 346 (46.38%) also predict CVD in the general population [18, 19]. Pro-
smoke 0,001 posed by Dobidsova and Frohlich in 2001, AIP is a lipid
Never smoker 4071 (49520%) 3742 (50.12%) 329 (43.58%) measure linearly correlated with insulin resistance and
Eversmoker  1373(1670%)  1248(1672%) 125 (1656%) the onset of type 2 diabetes in the general population
Current 2777(3378%) 2476 (33.16%) 301 (39.87%) [20, 21]. Ichiro Wakabayashi et al. presented the CMI as
smoker o . s et . .
a new metabolic indicator. In addition to being an inde-
Drinking <0.001 . . . .

‘ pendent risk factor and a reliable indicator of the onset of
Nondrinker 3097 (48.43%) 2801 (47.81%) 296 (55.12%) d b X l ﬂ h d f b
Low-to-mod- 1790 (27.99%) 1638 (27.96%) 152 (28.31%) 1a etes, .1t.car1 more accurately re e.ctt. € degree ot obe-

erate drinker sity and lipid levels [22]. As a novel indicator for evaluat-
Heavy drinker 1508 (23.58%) 1419 (24.22%) 89 (1657%) ing insulin resistance, TyG index is currently commonly
PA <0001 regarded as a replacement for the HOMA-IR [23, 24].
Inactivity 1606 (33.90%) 1474 (33.18%) 132 (44.59%) VAL which combines ergometric data and lipid profiles,
ivi 132(66.10%) 2 82%) 164 (55419 . . . . . .
acity 3132(6610%) 2968 (6682%) 164 (5541%) is a reliable indicator for assessing visceral dysfunction
Duration(years) <0.001 . . . .
o y Jos 51899 2693 (285 239 Ua14%) and has been strongly associated with cardiometabolic
< K 0, X 0, . 0,
risk [25]. The Waist-to-Height Ratio (WHtR) is similar to
>10 2718 (4811%) 2403 (47.15%) 315 (56.86%) [25] i elg ( ) o
- the BRI in that both utilize the parameters of waist cir-
Medication 0.002
No 4437(8037%) 4011 (7984%) 426 (85.71%) cumference and height to assess fat distribution. A meta-
Yes 1084 (1963%) 1013 (20.16%) 71 (14.29%) analysis has confirmed that, when evaluating metabolic
HBP <0001 syndrome, the BRI demonstrates a stronger correlation
No 2038(3582%) 2732 (36:67%) 206 (27.36%) compared to WHIR [6]. Additionally, other studies have
Yes 5265 (64.18%)  4718(6333%) 547 (72.64%) shown that, compared to BMI and WHtR, BRI performs

better in predicting cardiometabolic abnormalities [26].
Therefore, this paper does not delve further into the
exploration of WHtR. We also analyzed the association
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Table 3 The association between BRI and mortality in diabetes

(2025) 25:273
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Model 1
HR (95%Cl) P-value

Model 2
HR (95%(Cl) P-value

Model 3
HR (95%Cl) P-value

All-cause mortality
BRI
Q1 (<5.15)
Q2 (>5.15t0<648)
Q3 (>6481t0<8.15)
Q4 (>8.15)
CVD mortality
BRI
<5.15)
>5.15t0<6.48)

1.00 (0.97-1.02) 0.82
1.00

1.03 (0.86-1.22) 0.77
0.95(0.79-1.14) 0.60
1.01 (0.85-1.20) 0.92

1.00 (0.96-1.04) 0.99
1.00

1.19(0.94-1.50) 0.15
1.02 (0.77-1.35) 0.90

1.04 (1.01-1.07) 0.01
1.00

0.90 (0.77-1.06) 0.21
0.88(0.74-1.05) 0.16
1.20 (1.01-1.43) 0.04

1.06 (1.00-1.11) 0.03
1.00

1.04 (0.82-1.33)0.73
0.95(0.72-1.27)0.75

1.16 (1.07-1.27) <0.001
1.00

1.09 (0.64-1.88) 0.75
1.38(0.77-2.48) 0.27
2.52(1.27-5.00) 0.01

1.27 (1.13-1.42) <0.001
1.00

1.95(0.77-4.94) 0.16
3.60(1.28-10.09) 0.01

Qi (
Q2 (
Q3 (>64810<8.15)
Q4 (>8.15) 1.04 (0.80-1.35)0.77

1.31(0.996-1.72) 0.053 6.04 (2.08-17.58) <0.001

Model 1: Unadjusted
Model 2: Adjusted for age, gender and race

Model 3: Adjusted for age, gender, race, education, BMI, smoke, drinking, duration, medication, physical activity, duration, medication, hypertension,

hypercholesteremia and cancer

Table 4 Sensitive analysis

Model 3
HR (95%(ClI) P-value

All-cause mortality

BRI 1.15(1.05-1.26) 0.003
Groups

Q2 1.26 (0.69-2.31) 045

Q3 148 (0.74-2.95) 0.27

Q4 2.72(1.27-5.83) 0.01
CVD mortality

BRI 1.23(1.05-1.43) 0.01
Groups

Q2 2.12(0.78-5.75) 0.14

Q3 3.86(1.21-12.29) 0.02

Q4 6.62 (2.01-21.82) 0.002

Excluding less than 2 years of follow-up

Model 3: Adjusted for age, gender, race, education, BMI, smoke, drinking,
duration, medication, physical activity, duration, medication, hypertension,
hypercholesteremia and cancer

of these metabolic indicators with all-cause/CVD mortal-
ity in patients with diabetes. Previous research has pre-
dominantly focused on the association between a single
metabolic indicator related to energy metabolism and
all-cause mortality and cardiovascular mortality, with-
out assessing the strength of the correlation among these
indicators. As an extension of this research, the present
study compared the associations of these metabolic indi-
cators with the BRI in relation to all-cause mortality and

cardiovascular disease mortality among patients with
diabetes. In our study, we found that BRI was more highly
associated with all-cause/CVD mortality in the diabetic
population compared to these novel metabolic indicators
of energy metabolism. This is probably because the BRI
measures waist circumference, which is a better indica-
tor of the level of visceral fat buildup. The study by Tor-
gny Karlsson et al. points out that the accumulation of
visceral fat is a high-risk factor for CVD [27]. Visceral
fat is more important and should be detected, according
to BRI, than indications of total body lipid metabolism.
This also emphasizes more on the management of waist
circumference in patients with diabetes due to minimal
changes in height.

In this cohort study, we note that the association
between BRI and all-cause mortality was higher in peo-
ple>60 years of age, BMI>30 kg/m? disease dura-
tion>10 years, unmedicated, and comorbid with
hypertension and hyperlipidemia. This may be due to
the increased risk of death as the duration of diabetes
increases and when other metabolic diseases are comor-
bid. These findings were also obtained in the subgroup
analysis of BRI and CVD, but it is worth noting that
BRI and CVD remained correlated even in those with
a BMI<30 kg/m? BMI is a commonly used measure of
body mass that shows a U-shaped relationship with death
[28]. It has been observed that BRI is a better predictor
of T2DM than BMI and that BMI has not been exam-
ined in conjunction with lipid metabolism, particularly
in the case of abdominal obesity [29]. In this case, BRI
continued to have a substantial correlation with CVD in
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4] All-cause mortality

P for nonlinear=0.29

HR (95%CI)
~N
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HR (95%CI)
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CVD mortality

P for nonlinear=0.73
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BRI

Fig. 2 The nonlinear relationship between BRI and mortality in diabetes
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Table 5 Relationship between other metabolism-related indices
and mortality in patients with diabetes

Model 3
HR (95%(Cl) P-value

All-cause mortality

BMI 1.03 (1.01-1.06) 0.02
@] 0.98(0.87-1.11) 0.77
AIP 1.18 (0.58-2.38) 0.65
LAP 1.00 (0.99-1.01) 0.86
VAI 0.99 (0.95-1.03) 0.53
TyG 1.23(0.91-1.67) 0.19
WC 1.03 (1.00-1.05) 0.06
CVD mortality
BMI 1.05 (1.00-1.10) 0.04
™I 0.86 (0.70-1.05) 0.14
AP 0.53(0.13-2.11) 0.37
LAP 1.01(1.00-1.03) 0.13
AVI 0.95(0.88-1.02) 0.13
TYG 0.75(0.41-1.37) 0.36
WC 1.01 (0.96-1.07) 0.69

The model adjusted for age, gender, race, education, BMI, smoke, drinking,
duration, medication, physical activity, hypertension, hypercholesteremia and
cancer

AIP atherogenic index of plasma, TyG triglyceride-glucose index, CMI
cardiometabolic index, LAP lipid accumulation product, VAl visceral adiposity
index, WC waist circumference

Model 3: Adjusted for age, gender, race, education, BMI, smoke, drinking,
duration, medication, physical activity, duration, medication, hypertension,
hypercholesteremia and cancer

the BMI<30 kg/m?* cohort. Additionally, BRI was asso-
ciated with CVD in the female group compared to the
male. This could be because males and females are pri-
marily distinguished by the formation of abdominal fat
and subcutaneous fat, respectively [30]. Therefore, once
abdominal fat accumulation develops, females may be
more susceptible to the incidence of CVD.

Significant ramifications of this study exist for both
public health and therapeutic practice. Firstly, BRI is
more straightforward and practical than computed
tomography for determining fat content; it can be calcu-
lated using height and waist circumference, and it can be
applied more broadly. Consequently, BRI can be used as
a screening technique to notify medical practitioners of
patients with diabetes who pose a high risk. Furthermore,
by identifying BRI, doctors may be better able to tailor
intervention plans to lower the risk of CVD in patients
with diabetes. According to our research, reducing BRI is
crucial for public health initiatives that aim to minimize
all-cause/CVD death in diabetic individuals.
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The present study acknowledges several limitations.
First, given the retrospective nature of the study design, it
is not possible to establish a definitive causative relation-
ship between BRI and all-cause/CVD mortality among
patients with diabetes. Thus, prospective studies are war-
ranted in the future to elucidate the causal associations.
Second, despite the adjustment for multiple covariates,
it is not feasible to account for all potential confounders,
which may influence the observed results.

Conclusions

In the diabetic population, we found an association
between BRI and all-cause/CVD mortality.The associa-
tion between BRI and all-cause mortality was higher in
people >60 years of age, BMI>30 kg/m? disease dura-
tion > 10 years, unmedicated, and comorbid with hyper-
tension and hyperlipidemia. Further studies are necessary
to confirm these findings.
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