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Background: The present study evaluated the relationship between body-roundness index

(BRI) and metabolic syndrome (MetS) in type 2 diabetes.

Methods: A cross-sectional study was conducted on 585 type 2 diabetes in Qinhuangdao.

MetS was defined as per the Chinese Diabetes Society.

Results: The BRI was strongly associated with the odds of having MetS in both males and

females after adjustment for age, history of diabetes, and body-mass index (P<0.05). AUC of

the BRI were 0.824 for males and 0.775 for females (P<0.001). The optimal cutoff points for

the BRI were 3.85 in males (sensitivity 76.5%, specificity 82.1%) and 4.05 in females

(sensitivity 76.4%, specificity 70.3%).

Conclusion: The BRI was correlated with MetS and was an effective indicator for the

screening of MetS in type 2 diabetes.
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Introduction
Diabetes is a growing global problem. According to the International Diabetes

Federation, 8.8% of adults aged 20–79 years were estimated to have diabetes in 2017.1

Diabetes leads to increased risk of cardiovascular complications. In turn, cardiovascular

diseases is a major cause of death in patients with diabetes.2 Metabolic syndrome (MetS)

is a cluster of cardiometabolic risk factors. The prevalence of MetS is high 3 and further

increases the risk of cardiovascular diseases in type 2 diabetes.4–6 Early identification and

appropriate treatment canreduce the excess risk of MetS.

Central obesity is at the core of MetS. Therefore, simple obesity indices are used

for screening MetS. Waistcircumference (WC) and waist:height ratio (WHtR) are the

most widely used indices. In recent years, some new indices based on WC have been

proposed. Visceral adiposity index, lipid-accumulation product, and WC–triglyceride

(TG) index were calculated with WC, TG, and high-density-lipoprotein cholesterol

(HDL-C).7 Body-shape index, conicity index, and abdominal volume index were

calculated with WC, height, weight, and hip circumference.8–10

The body-roundness index (BRI) was proposed by Thomas et al in 2013.11 It

is an index estimated with the use of height, weight, WC, and hip circumference

(optional). The web-based calculator gives a result for BRI and streamlines the

calculation. This method is derived from geometry and provides body-type

location relative to a healthy body. BRI shows a superior predictive power for

MetS in the general population, obese and overweight population, and postme-

nopausal women.12–14
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Cutoff points for the BRI are not unified across differ-

ent populations.12,15,16 The BRI is closely associated with

diabetes, and has been used to identify diabetes in a cross-

sectional study.17,18 It can also predict diabetes.19 To our

knowledge, no investigators have attempted to use the BRI

for screening MetS in type 2 diabetes. Therefore, it was

necessary to explore cutoff points for the BRI in type 2

diabetes. The aim of our study was to evaluate the rela-

tionship between the BRI and MetS in type 2 diabetes.

Methods
Subjects
After informed consent had been obtained, a cross-

sectional study was conducted. All subjects were patients

with type 2 diabetes >18 years old.20 Exclusion criteria

were type 1 diabetes, clinical evidence of other endocrino-

pathy, pregnacy, and acute or chronic inflammation. This

study was approved by the ethics committee of the First

Hospital of Qinhuangdao. All subjects provided written

informed consent before study initiation. This study was

conducted in accordance with the Declaration of Helsinki.

Measurements
Anthropometric measurements, including height, weight,

WC, and blood pressure, were obtained. WC was mea-

sured midway between the lowest rib and the top of the

iliac crest. BRI was calculated with an online calculator

(http://www.pbrc.edu/bodyroundness).11 The formula was

BRI = 364.2–365.5×(1 – [WC/2π]2/[0.5 × height2)½.

After a 10-hour overnight fast, blood samples were

collected from an antecubital vein into heparinized tubes.

Fasting plasma glucose (FPG) concentrations and serum-

lipid levels were measured using enzymatic assays with an

autoanalyzer (Hitachi, Tokyo, Japan).

Definition of metabolic syndrome
MetS was defined as per the Chinese Diabetes Society.

Participants had to meet any three or more of fivefactors: 1)

WC ≥90 cm (male) and 85 cm (female), 2) FPG ≥6.1 mmol/L

or 2-hour PG levels ≥7.8 mmol/L after a 75 g oral glucose-

tolerance test or have been diagnosed with diabetes, 3) blood

pressure ≥130/85 mmHg or had been diagnosed with hyper-

tension, 4) TG ≥1.7 mmol/L, and 5) HDL-C <1.04 mmol/L.21

Statistical analyses
All analyseswere performed using SPSS 11.5 (SPSS,Chicago,

IL, USA). Comparisonswere conducted between groups using

independent samples t-test and χ2 analysis. For BRI, we

divided them into increasing sex-specific tertiles and used

multiple logistic regression analysis to calculate ORs for

MetS across tertiles, with tertile 1 as the reference group,

adjusting for age, history of diabetes, and body-mass index

(BMI). ROC curves for BRI were drawn to show how well

they were able to separate subjects into groups with or without

MetS. Comparisons of AUCs were performed with MedCalc

11.4.2.0 (Ostend, Belgium). P<0.05 was considered statisti-

cally significant.

Results
This study enrolled 585 type 2 diabetes patients (339males and

246 females, age 54.5±12.5 years). Average history of diabetes

was 6.4±6.7 years. Prevalence of MetS was similar between

males and females (males 75.2% vs females 74.0%, χ2=0.116;

P=0.734). Characteristics of the study population are presented

in Table 1. Age, history of diabetes, and FPG between the two

groupswere similar (P>0.05). BMI,WC,WHtR, BRI, systolic

blood pressure, diastolic blood pressure, and TG were all

significantly higher in the MetS group than the non-MetS

group (P<0.001). HDL-C was significantly lower in the

MetS group than the non-MetS group (P<0.001).

BRI was strongly associated with the odds of having

MetS in both males and females, after adjustment for age,

history of diabetes, and BMI (P<0.001). In males, patients

in BRI tertile 2 (OR 5.035, P<0.001) and tertile 3 (OR

7.195, P<0.001) were more likely to have MetS than those

in tertile 1. In females, patients in BRI tertile 2 (OR 4.616,

P<0.001) and tertile 3 (OR 3.772, P=0.012) were more

likely to have MetS than those in tertile 1 (Table 2)

AUCs for WC were 0.842 for males and 0.798 for

females (P<0.001)for WHtR 0.825 for males and 0.775

for females (P<0.001), and for BRI 0.824 for males and

0.775 for females (P<0.001; Figure 1), while they were

similar among BRI, WC and WHtR (P>0.05; Table 3).

Optimal cutoff points for BRI were 3.85 in males (sensi-

tivity 76.5%, specificity 82.1%) and 4.05 in females (sen-

sitivity 76.4%, specificity 70.3%).

Discussion
Our study presents evidence that the BRI may be a useful tool

for thescreening ofMetS in type 2 diabetes, but not superior to

WC and WHtR. Zhang et al found that BRI showed similar

ability to detect subjects with MetS among general

population.12 Similar results have also been observed in peo-

ple with intermediate cardiovascular risk, postmenopausal

women, and obese and overweight adults.13–15 The prevalence
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ofMetS was 28.3%–55.7% in these studies. Type 2 diabetes is

often accompanied by MetS.22 Prevalence was >70% in our

study, higher than previous research, but the power of BRIwas

similar to previous research.

Cutoff points for the BRI have not been consistent

across studies: 3.47–5.69 for males and 3.18–5.77 for

females.12,15,16 This difference could be because of study

populations, race, and diagnostic criteria for MetS. In our

study, cutoff points for BRI were 3.85 for males and 4.05

for females in type 2 diabetes, similar to Chinese studies

and lower than a Spanish study.

The capacity of the BRI to predict each component of

MetS, such as dyslipidemia, hypertension, and diabetes,

were comparable but not superior to the classical indicators

of obesity.18,23–25 Insulin resistance and chronic inflammation

are the main mechanisms of MetS. BRI showed significant

correlation with insulin resistance and inflammatory factors

and equivalence with traditional obesity indices.13,26,27

Table 2 Prevalence of metabolic syndrome according to the level of body-roundness index

Men (n=339) n (%) OR (95%CI) P Women (n=246) n (%) OR (95%CI) P

Tertiles 1 (n=113) 52 (46.0) 1 Tertiles 1 (n=82) 39 (47.6) 1

Tertiles 2 (n=113) 96 (85.0) 5.035 (2.560–9.904) <0.001 Tertiles 2 (n=82) 70 (85.4) 4.616 (2.056–10.363) <0.001

Tertiles 3 (n=113) 107 (94.7) 7.195 (2.576–20.099) <0.001 Tertiles 3 (n=82) 73 (89.0) 3.772 (1.345–10.577) 0.012

Note: Multiple logistic regression analysis, adjustment for age, history of diabetes, and body-mass index.
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Figure 1 ROC curves of obesity indices used to identify the presence of metabolic syndrome in type 2 diabetes.

Abbreviations: WC, waist circumference; WHtR, waist:height ratio.

Table 1 Basic characteristics of study population

Variables Non-MetS group (n=148) MetS group (n=437) t or χ2 P

Males/females 84/64 255/182 0.116 0.734

Age (years) 53.7±12.6 54.8±12.5 0.876 0.381

History of diabetes (years) 6.3±6.4 6.4±6.8 0.066 0.948

BMI (kg/m2) 23.9±3.5 27.1±3.3 9.865 <0.001

WC (cm) 84.2±8.6 95.1±10.0 12.685 <0.001

WHtR 0.50±0.05 0.57±0.05 11.128 <0.001

BRI 3.5±1.0 4.7±1.3 11.486 <0.001

SBP (mmHg) 123.6±15.3 131.7±18.8 5.243 <0.001

DBP (mmHg) 79.4±9.1 83.2±10.0 4.189 <0.001

FPG (mmol/L) 9.07±4.01 9.13±3.44 0.149 0.882

TG (mmol/L) 1.15±0.54 2.86±2.60 12.871 <0.001

HDL-C (mmol/L) 1.31±0.26 1.05±0.30 9.257 <0.001

Abbreviations: MetS, metabolic syndrome; BMI, body-mass index; WC, waist circumference; WHtR, waist:height ratio; BRI, body-roundness index; SBP, systolic blood

pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high-density-lipoprotein cholesterol.
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There are limitations to our study. First, although hip cir-

cumference was not a mandatory variable for BRI, combined

hip circumference and WC can enhanced the performance of

the BRI.11 There were not hip-circumference data in our

database. Second, patients were recruited from a single hospi-

tal, and replicability of these results should be tested with

a multicenter study. Third, other confounding factors, such as

physical activity, diet, and other lifestyle factors, were not

analyzed in our study. Fourth, the sample was relatively

small. Studies with larger samples are necessary in future.

In summary, BRI was correlated with MetS and an effec-

tive indicator for the screening of MetS in type 2 dabetes;

however, it showed no advantage over traditional obesiy

indices.
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