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Purpose. (e purpose of this study was to investigate the association between body roundness index (BRI) and type 2 diabetes
(T2DM) in each sex, explore the dose-response relationship between them, and evaluate the predictive value of BRI for T2DM.
Materials and Methods. A retrospective cohort study was performed on 15,464 Japanese patients at the Murakami Memorial
Hospital. Data on anthropometric indices and biochemical parameters were obtained. Multivariate Cox regression models were
used to estimate the hazard ratios (HRs) of incident T2DM associated with BRI. Dose-response relationships were evaluated using
a smoothing function analysis and the threshold effect. Receiver operating characteristic curves were used to evaluate and compare
the predictive values of BRI, body mass index (BMI), and waist circumference (WC) for T2DM. Results. During a median 5.4-year
follow-up period, 373 subjects were diagnosed with T2DM. After adjusting for age, alcohol intake, smoking status, fatty liver,
systolic blood pressure, fasting plasma glucose, glycated hemoglobin, high-density lipoprotein cholesterol, triglycerides, and total
cholesterol, the relationship between BRI and T2DM was linear in women (HR (95% CI) for BRI Z score� 1.48 (1.26,1.74)) and
curvilinear in men (HR (95% CI) on the left and right of the inflection point� 0.70 (0.44, 1.10) and 1.46 (1.27, 1.67), respectively).
Compared with BMI (area under the curve (AUC)� 0.684; p< 0.001) and WC (AUC� 0.700; p � 0.007), BRI was the strongest
predictor of T2DM in men (AUC� 0.715). Similarly, the AUC of BRI was larger than that of BMI (AUC� 0.757; p � 0.966) and
WC (AUC� 0.733; p � 0.015) in women. Conclusions. BRI was positively linearly associated with an elevated risk of incident
T2DM in women. In men, the relationship between BRI and T2DM was J-shaped. BRI is an effective indicator of predicting
T2DM. Its discriminatory power was higher than that of BMI and WC in both sexes.

1. Introduction

In 2019, the International Diabetes Federation reported that
463 million people aged 20–79 years were diagnosed with
diabetes mellitus, and type 2 diabetes mellitus (T2DM) was
the most common [1]. T2DM can be prevented through
physical activity and a low-fat diet aimed at weight reduction
[2]. (erefore, identifying people at high risk of T2DM is
essential and may help prevent an unprecedented increase in
the incidence of the disease.

Obesity is a known risk factor for T2DM [3]. Body mass
index (BMI) is the most commonly used indicator of obesity
[4, 5]. (e relationship between BMI and T2DM has already

been described by several studies [6, 7]. (ough BMI can be
easily determined, it fails to reflect body fat distribution
[8, 9]. Reportedly, the abdominal visceral adipose tissue is
more strongly associated with obesity-related comorbidities
than the peripheral adipose tissue [7, 10, 11].

(e body roundness index (BRI), which was first pro-
posed by (omas et al. in 2013, can predict the proportions
of body fat and visceral adipose tissue in individuals [12].
Several cross-sectional studies have suggested a positive
association between BRI and T2DM [13, 14]. BRI is an
independent risk factor for and a predictor of T2DM in-
cidence [15, 16]. However, the association between BRI and
T2DM in both sexes has not been reported. Furthermore, to
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the best of our knowledge, the dose-response relationship
between BRI and T2DM has not been elaborated to date. It
remains controversial whether BRI is a better anthropo-
metric indicator than BMI for predicting the occurrence of
diabetes [13, 14, 16].

In the present study, we aimed to evaluate the association
between BRI and T2DM in Japanese men and women,
explore the dose-response relationship, and investigate
whether BRI has a superior predictive value for T2DM than
traditional anthropometric indices such as BMI and waist
circumference (WC).

2. Materials and Methods

2.1. Data Source. (e data reported in this study have been
deposited in the public Dryad Digital Repository (https://
datadryad.org/stash/dataset/doi:10.5061/dryad.8q0p192).
(is database is a curated resource that makes research data
discoverable, freely reusable, and citable.We have previously
cited the Dryad data set [17, 18] based on the Dryad Terms of
Service.

2.2. Study Design and Participants. In this study, we rean-
alyzed the NAfld in the Gifu Area, Longitudinal Analysis
(NAGALA) study conducted in Japan. We have described
the details of this study previously [19, 20]. (is was a
retrospective cohort study of a medical examination pro-
gram at the Murakami Memorial Hospital (Gifu, Japan)
conducted from 2004 to 2015. A total of 20,944 participants
aged 18–79 years who completed at least two examinations
of the program were recruited and screened based on the
following exclusion criteria: (1) alcoholic fatty liver disease,
(2) viral hepatitis (including HBV and HCV), (3) use of any
medication at baseline, (4) impaired fasting glucose or
T2DM at baseline examination, and (5) missing or incorrect
covariate data. As stated previously, the ethics committee of
the Murakami Memorial Hospital approved this study, and
all participants signed informed consent forms [17].

2.3. Data Collection and Measurement. All participants
completed a questionnaire that was used to obtain their
medical history and lifestyle information, including alcohol
and smoking habits and physical activity [17]. Anthropo-
metric indices including height, weight, WC, systolic blood
pressure (SBP), and diastolic blood pressure (DBP) were
measured by experienced nurses. BMI and BRI were cal-
culated using the following equation: BMI�weight (kg)/
height (m)2 and BRI� 364.2–365.5× {1–[(WC(m)/2π)/
(0.5× height(m))]2}1/2. Fatty liver was diagnosed only based
on abdominal ultrasonography [17].

Blood samples were collected from participants after 8 h
of fasting. Samples were centrifuged immediately and stored
at −80°C until analysis. Fasting serum samples were used to
determine levels of triglycerides (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), and
fasting plasma glucose (FPG) using MODULAR ANA-
LYTICS (Hitachi High-Technologies Corp. Ltd., Tokyo,
Japan). Whole blood samples were used to assay glycated

hemoglobin (HbA1c) using high-performance liquid
chromatography.

2.4. Definition of T2DM. T2DM was defined as FPG
≥7.0mmol/L and HbA1c≥ 6.5% according to the American
Diabetes Association criteria or self-reported clinician-
diagnosed diabetes [21].

2.5. Statistical Analysis. Mean± SD or median (Q1–Q3) was
used for representing continuous variables, and number
(percentage) was used for representing categorical variables.
(e baseline characteristic differences among quartiles of
BRI were tested with one-way ANOVA (normal distribu-
tion), the Kruskal–Wallis H test (skewed distribution), and
the χ2 test (categorical variables). Multivariate Cox regres-
sion models were used to study the effects of BRI on incident
T2DM. Potential confounders were screened by altering the
initial regression coefficients by at least 10% when added to
the basic model. In this study, the screened confounders
included age, alcohol intake, smoking status, fatty liver, SBP,
FPG, HbA1c, HDL-C, TG, and TC. In addition, a gener-
alized additive model was used to assess nonlinear rela-
tionships. (e threshold effect was examined using a two-
piecewise linear regression model according to the
smoothing plot. A recurrence method was used to determine
the BRI threshold level at which the relationship between
BRI and T2DM began to change and became significant. (e
inflection point was moved along a predefined interval and
was chosen when it yielded the maximum likelihood model.
To evaluate the performance of BRI in predicting T2DM,
receiver operating characteristic (ROC) curve analysis was
performed, and the optimal cutoffs were obtained from the
Youden index (sensitivity + specificity – 1). (e areas under
the ROC curves (AUC) were compared using a nonpara-
metric test.

All statistical analyses were performed using R ((e R
Foundation, Vienna, Austria) and EmpowerStats (X&Y
Solutions, Inc., Boston, MA, USA). Results with p< 0.05
(two-sided) were considered statistically significant.

3. Results

3.1. Selection of Participants. Of the 20,944 participants,
5,480 were excluded from this study. Of these excluded
subjects, 739 had a heavy drinking habit; 416 had viral
hepatitis; 2,321 used medications; 1,131 had pathologically
high FPG levels or T2DM; and 873 had missing or incorrect
data. (e remaining 15,464 participants (7,034 women and
8,430 men) were included in the data analysis. Finally, 373
subjects were diagnosed with T2DM after a median 5.4-year
follow-up period.

3.2. Baseline Characteristics according to BRI Quartiles.
(e baseline characteristics of the study participants
according to the BRI quartiles are shown in Table 1. (e
mean age of all participants was 43.7± 8.9 years, and 45.49%
were women. (e mean BRI was 2.57± 0.93 for women and
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2.88± 0.84 for men. Men and women with higher BRI
tended to be older and physically inactive, and they were
more likely to have fatty liver, greater WC, higher blood
pressure, and higher BMI. Furthermore, BRI was directly
proportional to TG, TC, FPG, and HbA1c levels and inversely
proportional to HDL-C levels in both sexes. Baseline charac-
teristics by sex are shown in Supplementary Table 1. HDL-C
and HbA1c levels were lower in men than in women. In
contrast, all other variables were significantly higher in men
than in women (p< 0.001). Similar trends of all characteristics
except age, physical activity, BRI, and TC levels were found in
men and women with T2DM (Supplementary Table 1).

3.3. Association between BRI and T2DM. Cox regression
models were used to evaluate the HRs and 95% CIs of in-
cident T2DM associated with BRI. Table 2 shows the
nonadjusted and all-adjusted models per sex. In the non-
adjusted models, BRI showed a positive association with the
risk of T2DM in both sexes as the quartile of BRI increased.
After adjustment for age, alcohol intake, smoking status,
fatty liver, SBP, FPG, HbA1c, HDL-C, TG, and TC, a similar

trend was observed only in women. Compared with BRI
quartile 1, the HRs and 95% CIs were 1.59 (0.57, 4.43), 1.66
(0.62, 4.44), and 2.74 (1.05, 7.14) for BRI quartiles 2–4,
respectively (P for trend� 0.019). In men, the relationship
between BRI and T2DM decreased first and then increased
after full adjustment. (e HRs and 95% CIs were 0.64 (0.38,
1.07), 0.55 (0.33, 0.92), and 1.05 (0.64, 1.72) for BRI quartiles
2–4, respectively. As a continuous variable, BRI was always
significantly associated with the risk of T2DM in both sexes,
irrespective of adjustment. In the fully adjusted model, for
every one-unit increase in the BRI Z score, the risk of T2DM
increased by 48% in women (HR (95% CI)� 1.48 (1.26,
1.74)) and 34% in men (HR (95% CI)� 1.34 (1.18, 1.52]).

3.4.&resholdEffectAnalysis ofBRI forT2DM. Because of the
inconsistent risk of developing T2DMwhen BRI was used as
a categorical or continuous variable, analyses of nonlinear
relationships were necessary. In the fully adjusted model, the
relationship between BRI and T2DM in women was always
linear, while a nonlinear relationship was observed in men
(Figure 1). Using a two-piecewise linear regression model,

Table 1: Baseline characteristics of participants in men and women by categories of BRI in the NAGALA study.

BRI quartiles
p value

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Men 0.87–2.30 2.30–2.81 2.81–3.37 3.37–9.21
Participants (n) 2108 2107 2107 2108
Age (years) 41.4± 8.6 43.3± 8.6 45.3± 8.80 46.3± 9.2 <0.001
Current smokers 789 (37.46%) 745 (35.36%) 741 (35.17%) 751 (35.63%) <0.001
Alcohol intake (g/wk) 18 (1–90) 36 (1–126) 36 (1–126) 25.7 (1–126) <0.001
Fatty liver 63 (2.99%) 300 (14.24%) 683 (32.42%) 1209 (57.35%) <0.001
Physical activity 439 (20.85%) 456 (21.64%) 380 (18.04%) 324 (15.37%) <0.001
BMI (kg/m2) 18.0± 1.6 22.1± 1.4 23.7± 1.5 26.4± 2.6 <0.001
WC (cm) 71.5± 3.8 77.9± 2.9 82.6± 3.3 89.9± 5.8 <0.001
SBP (mmHg) 112± 12 117± 13 120± 13 126± 15 <0.001
DBP (mmHg) 70± 9 74± 9 76± 9 80± 10 <0.001
TC (mmol/L) 4.86± 0.80 5.12± 0.82 5.24± 0.83 5.42± 0.86 <0.001
HDL-C (mmol/L) 1.47± 0.38 1.34± 0.34 1.25± 0.32 1.16± 0.27 <0.001
TG (mmol/L) 0.57 (0.47–0.90) 0.86 (0.62–1.23) 1.04 (0.75–1.50) 1.25 (0.88–1.82) <0.001
FPG (mmol/L) 5.18± 0.36 5.29± 0.36 5.35± 0.37 5.41± 0.35 <0.001
HbA1c (%) 5.1± 0.3 5.1± 0.3 5.2± 0.3 5.2± 0.3 <0.001
Women 0.63–1.91 1.91–2.40 2.40–3.06 3.06–10.39
Participants (n) 1759 1758 1758 1759
Age (years) 40.4± 8.4 41.7± 8.2 43.9± 8.3 47.0± 8.7 <0.001
Current smokers 127 (7.22%) 120 (6.83%) 105 (5.97%) 102 (5.80%) 0.031
Alcohol intake (g/wk) 1 (0–4.2) 1 (0–9.3) 1 (0–9.1) 1 (0–4.2) 0.106
Fatty liver 4 (0.23%) 17 (0.97%) 76 (4.32%) 389 (22.11%) <0.001
Physical activity 303 (17.23%) 293 (16.67%) 267 (15.19%) 246 (13.99%) 0.036
BMI (kg/m2) 18.5± 1.5 19.9± 1.5 21.3± 1.7 24.3± 3.0 <0.001
WC (cm) 63.0± 3.2 68.4± 2.6 73.3± 2.9 82.1± 6.3 <0.001
SBP (mmHg) 104± 12 106± 12 110± 13 117± 15 <0.001
DBP (mmHg) 64± 8 66± 9 68± 10 72± 10 <0.001
TC (mmol/L) 4.89± 0.83 4.94± 0.82 5.12± 0.86 5.40± 0.90 <0.001
HDL-C (mmol/L) 1.76± 0.38 1.70± 0.36 1.64± 0.39 1.50± 0.35 <0.001
TG (mmol/L) 0.49 (0.36–0.67) 0.51 (0.37–0.71) 0.58 (0.41–0.84) 0.77 (0.53–1.10) <0.001
FPG (mmol/L) 4.87± 0.37 4.92± 0.37 5.01± 0.38 5.15± 0.40 <0.001
HbA1c (%) 5.1± 0.3 5.1± 0.3 5.2± 0.3 5.3± 0.3 <0.001
Note. Data are presented as mean± SD, median (Q1–Q3), or N (%). BRI, body roundness index; BMI, body mass index; WC, waist circumference; SBP,
systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, HDL-cholesterol; TG, triglycerides; FPG, fasting plasma glucose; HbA1c,
glycated hemoglobin.
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we calculated the inflection points, which were 2.85 for BRI.
On the left of the inflection point, the risk of developing
T2DM decreased as the BRI Z score increased (HR (95%
CI)� 0.70 (0.44, 1.10); p � 0.1233). However, the opposite
relationship was observed on the right of the inflection point
(HR (95% CI)� 1.46 (1.27, 1.67); p< 0.001) (Table 3).

3.5. Predictive Value of BRI for T2DM. (e results of the
ROC analysis for BRI, BMI, and WC are shown in Figure 2

and Table 4. ROC analysis revealed that BRI was the
strongest predictor of T2DM in men (AUC� 0.715) com-
pared with BMI (AUC� 0.684; p< 0.001) and WC
(AUC� 0.700; p � 0.007). (e AUC for BRI in women
(AUC� 0.758) was significantly larger than that for WC
(AUC� 0.733; p � 0.015) but not for BMI (AUC� 0.757;
p � 0.966). (e optimal cutoffs for BRI were 3.29 in men
(sensitivity 61.2% and specificity 73.2%) and 3.05 in women
(sensitivity 65.5% and specificity 75.3%).

4. Discussion

In this study, we found that BRI was positively correlated
with an increased risk of T2DM in women. However, a
curvilinear relationship between BRI and T2DM was ob-
served in men. (e predictive value of BRI for T2DM was
superior to that of BMI and WC in both sexes.

Obesity rates are increasing rapidly worldwide, and this
is associated with many health problems [22, 23]. BRI, which
is a new index used to define obesity, can indicate abdominal
deposition of adipose tissue [12]. (e effect of BRI on met-
abolic syndrome has been studied sufficiently [24–26]. In
recent years, the association between BRI and incident T2DM
has been reported in several studies. (ese studies show that

Table 2: Association between BRI and incident T2DM by gender in the NAGALA study.

Exposure
Nonadjusted Adjust I Adjust II Adjust III

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Men
BRI Z score 1.94 (1.78, 2.11) <0.001 1.96 (1.78, 2.15) <0.001 1.50 (1.34, 1.69) <0.001 1.34 (1.18, 1.52) <0.001
BRI quartile
BRI Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
BRI Q2 1.40 (0.86, 2.30) 0.178 1.35 (0.83, 2.22) 0.228 1.04 (0.63, 1.71) 0.892 0.64 (0.38, 1.07) 0.086
BRI Q3 1.99 (1.26, 3.15) 0.003 1.80 (1.14, 2.86) 0.012 0.99 (0.61, 1.62) 0.968 0.55 (0.33, 0.92) 0.023
BRI Q4 6.09 (4.05, 9.14) <0.001 5.35 (3.55, 8.07) <0.001 2.13 (1.33, 3.40) 0.002 1.05 (0.64, 1.72) 0.841
P For trend <0.001 <0.001 <0.001 0.009
Women
BRI Z score 2.12 (1.92, 2.35) <0.001 2.11 (1.88, 2.35) <0.001 1.68 (1.44, 1.97) <0.001 1.48 (1.26, 1.74) <0.001
BRI quartile
BRI Q1 1 (reference) 1 (reference) 1 (reference) 1 (reference)
BRI Q2 2.11 (0.76, 5.81) 0.15 1.96 (0.71, 5.42) 0.193 1.89 (0.68, 5.23) 0.22 1.59 (0.57, 4.43) 0.375
BRI Q3 3.59 (1.39, 9.29) 0.008 3.16 (1.22, 8.19) 0.018 2.32 (0.88, 6.11) 0.087 1.66 (0.62, 4.44) 0.313
BRI Q4 14.4 (6.17, 33.7) <0.001 11.3 (4.77, 26.61) <0.001 5.18 (2.05, 13.08) <0.001 2.74 (1.05, 7.14) 0.039
P For trend <0.001 <0.001 <0.001 0.019
Note. Adjust I model adjusts for age; Adjust II model adjusts for adjust I + alcohol intake, smoking status, fatty liver, and SBP; Adjust III model adjusts for
adjust II + FPG, HbA1c, HDL-C, TG, and TC. BRI, body roundness index.
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Figure 1: Dose-response relationship between BRI and incident
T2DM by gender in the NAGALA study.(e solid dots indicate the
estimated risk of incident T2DM in women, and the hollow dots
represent the estimated risk of incident T2DM in men adjusted for
age, alcohol intake, smoking status, fatty liver, SBP, FPG, HbA1c,
HDL-C, TG, and TC. BRI, body roundness index.

Table 3:(reshold effect analysis of BRI for incident T2DM inmen
in the NAGALA study.

Inflection point Hazard ratio (95%
CI) p value

Two-piecewise linear regression
model
BRI Z score <0.12 (BRI <2.85) 0.70 (0.44, 1.10) 0.1233
BRI Z score ≥0.12 (BRI ≥2.85) 1.46 (1.27, 1.67) <0.001
Log-likelihood-ratio test 0.006
Note. Adjusted for age, alcohol intake, smoking status, fatty liver, SBP, FPG,
HbA1c, HDL-C, TG, and TC. BRI, body roundness index.
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BRI was positively correlated with T2DM incidence [13–16].
To the best of our knowledge, only two cohort studies have
assessed the association between BRI and T2DM. In a Chinese
15-year follow-up prospective study (n� 687), log10BRI (HR
(95% CI): 2.16 (1.63, 2.88) per SD; p< 0.001) was significantly
associated with incident diabetes after adjusting for potential
confounding factors [15]. Another cohort study with 9,962
participants in China showed that the HRs (95% CI) for BRI
were 1.60 (1.20, 2.13) in men and 1.73 (1.21, 2.46) in women
[16]. Our findings on BRI are consistent with those of pre-
vious studies.

However, the type of relationship between BRI and
incident T2DM has not been elaborated on previously. In
this study, we observed a positive linear relationship between
BRI and the risk of T2DM across the entire range of BRI
values in women. In men, the relationship between BRI
and T2DM was J-shaped. (e participants whose BRI was

approximately 2.85 had the lowest risk of developing T2DM.
A nonlinear relationship between BMI and the risk of death
was reported in 2008. (e lowest risk of death was observed
when BMI was 25.3 kg/m2 for men and 24.3 kg/m2 for
women [27]. An analysis including 57 prospective studies
indicated that mortality related to BMI was the lowest at
approximately 22.5–25 kg/m2 in both sexes [28]. Similar
relationships were also found between WC or waist-to-
height ratio and all-cause mortality in both sexes [29]. All
these studies indicate that a person who is extremely fat or
thin has a higher mortality risk, and our findings on T2DM
support this conclusion.

Interestingly, the association of BRI with T2DM showed
different trends in each sex. Many sex-based differences have
been reported in the development of T2DM [30]. First, sex
steroid hormones protect women from T2DM [31]. Second,
women have a greater capacity for insulin secretion and are
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Figure 2: ROC curves for BRI, BMI, and WC in men (a) and women (b) in the NAGALA study. AUC of BRI, BMI, and WC to identify
participants with T2DM according to sex. BRI, body roundness index; BMI, body mass index; WC, waist circumference (cm); AUC, area
under the curve.

Table 4: ROC analysis for BRI in predicting type 2 diabetes in the NAGALA study.

Variables AUC (95% CI) p value Cutoff Sensitivity (%) Specificity (%)
Men
BRI 0.715 (0.684, 0.746) 3.29 61.2 73.2
BMI 0.684 (0.651, 0.717 <0.001 25.05 48.9 78.9
WC 0.700 (0.666, 0.733) 0.007 84.65 60.1 73.7
Women
BRI 0.758 (0.703, 0.814) 3.05 65.5 75.3
BMI 0.757 (0.704, 0.811) 0.966 21.23 80.5 60.6
WC 0.733 (0.676, 0.789) 0.015 73.45 73.6 63.1
Note. p value was calculated by comparing with the AUC of BRI. BRI, body roundness index; BMI, body mass index; WC, waist circumference (cm); AUC,
area under the curve.
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less prone to insulin resistance than men [32]. In addition,
there are some metabolic differences between men and
women that affect the incidence of T2DM [33]. Besides,
women are prone to store adipose tissue in subcutaneous
sites, whereas men preferentially store adipose tissue in the
visceral area due to the differences in fat metabolism and sex
hormones [34–36]. (ese may partly explain the sex dis-
parities in dose-response patterns, as BRI is an indicator of
the amount of visceral adipose tissue. Our analysis also
showed that the dose-response relationship between BRI and
T2DM changed in men and women without fatty liver (data
not shown), indicating that fatty liver might cause sex-
based differences. In addition, HDL-C, TC, and TG levels
might not play an important role in sex-based differences
(data not shown). However, our database did not include
the indices of sex hormones and insulin resistance, and
we could not further analyze their roles in sex-based
differences. Furthermore, the proportion of subjects
who developed T2DM was slightly lower among women
(87/7034), and larger cohorts are needed to confirm this
phenomenon.

To date, there is no comprehensive consensus on the best
anthropometric index to predict diabetes. Wang et al. found
that BRI had a higher Harrell’s C-statistic of 0.714 (0.658,
0.770) than WC at 0.701 (0.644, 0.759) [15]. A study in
northeast China reported that BRI showed the highest AUC
values (0.66 in men and 0.67 in women) for T2DM in both
sexes compared with other anthropometric indices, in-
cluding BMI (0.63 in men and 0.62 in women) andWC (0.65
in men and 0.66 in women) [13]. However, a prospective
study on elderly Chinese subjects revealed that BMI was the
strongest predictor of diabetes in both sexes compared with
WC and BRI [16]. In this cohort study, the AUC of BRI was
the largest compared with those of BMI and WC for both
sexes, though the difference between the AUCs for BRI and
BMI in women was not significant (p � 0.966). (e optimal
cutoffs for BRI in this study were 3.29 in men (sensitivity
61.2% and specificity 73.2%) and 3.05 in women (sensitivity
65.5% and specificity 75.3%), similar to previous research
[16].

Our study has several strengths. First, it was a large,
population-based retrospective cohort study. Second, all
previous studies were conducted in China. (is is the first
study focusing on Japanese subjects, and our findings on BRI
are consistent with those earlier studies. (ird, we screened
for confounding factors using strict statistical methods [20].
Previously, some studies only adjusted for sex and age, and
some did not adjust for biochemical indices. In this study, we
adjusted for age, alcohol intake, smoking status, fatty liver,
SBP, FPG, HbA1c, HDL-C, TG, and TC levels.

(ere are some limitations to our study. First, we did not
distinguish type 1 diabetes from type 2 diabetes, though the
incidence of type 1 diabetes is very low in Japan [37].
(erefore, the HRs of incident T2DM might have been
overestimated. Second, the incidence of T2DM might have
been underestimated in this study because oral glucose
tolerance tests were not performed. (ird, as all participants
were Japanese, these findings may not be generalizable to
non-Japanese populations.

5. Conclusions

BRI was associated with T2DM and was an effective pre-
dictor of the incidence of the disease. (e discriminatory
power of BRI was higher than that of BMI and WC.

Data Availability

Data can be downloaded from “DATADRYAD” database
(http://www.Datadryad.org).

Conflicts of Interest

(e authors declare that there are no conflicts of interests in
this work.

Acknowledgments

(e authors appreciate Takuro Okamura, Yoshitaka
Hashimoto, Masahide Hamaguchi, Akihiro Obora, Takao
Kojima, and Michiaki Fukui for their efforts in completing
the entire study and providing the original data.(e research
was supported by the Key Clinical Specialty Project of
Beijing (2020).

Supplementary Materials

Supplementary Table 1: baseline characteristics of the par-
ticipants by sex. (Supplementary Materials)

References

[1] International Diabetes Federation, IDF Diabetes Atlas, In-
ternational Diabetes Federation, Brussels, Belgium, 2019,
http://www.diabetesatlas.org, 9 edition.

[2] S. Chatterjee, K. Khunti, and M. J. Davies, “Type 2 diabetes,”
&e Lancet, vol. 389, no. 10085, pp. 2239–2251, 2017.

[3] D. W. Haslam and W. P. T. James, “Obesity,” &e Lancet,
vol. 366, no. 9492, pp. 1197–1209, 2005.

[4] C. C. Cowie, K. F. Rust, D. D. Byrd-Holt et al., “Prevalence of
diabetes and impaired fasting glucose in adults in the U.S.
population: national Health and Nutrition Examination
Survey 1999-2002,” Diabetes Care, vol. 29, no. 6,
pp. 1263–1268, 2006.

[5] Z. Li, S. Bowerman, and D. Heber, “Health ramifications of
the obesity epidemic,” Surgical Clinics of North America,
vol. 85, no. 4, pp. 681–701, 2005.

[6] R. Nyamdorj, Q. Qiao, and T. H. Lam, “BMI compared with
central obesity indicators in relation to diabetes and hyper-
tension in Asians,”Obesity, vol. 16, no. 7, pp. 1622–1635, 2008.

[7] G. Vazquez, S. Duval, D. R. Jacobs Jr., and K. Silventoinen,
“Comparison of body mass index, waist circumference, and
waist/hip ratio in predicting incident diabetes: a meta-anal-
ysis,” Epidemiologic Reviews, vol. 29, no. 1, pp. 115–128, 2007.

[8] S. B. Heymsfield, R. Scherzer, A. Pietrobelli, C. E. Lewis, and
C. Grunfeld, “Body mass index as a phenotypic expression of
adiposity: quantitative contribution of muscularity in a
population-based sample,” International Journal of Obesity,
vol. 33, no. 12, pp. 1363–1373, 2009.

[9] S. M. Kang, J. W. Yoon, H. Y. Ahn et al., “Android fat depot is
more closely associated with metabolic syndrome than ab-
dominal visceral fat in elderly people,” PLoS One, vol. 6,
no. 11, Article ID e27694, 2011.

6 International Journal of Endocrinology

http://www.Datadryad.org
https://downloads.hindawi.com/journals/ije/2021/4535983.f1.docx
http://www.diabetesatlas.org


[10] M. Brochu, E. T. Poehlman, and P. A. Ades, “Obesity, body fat
distribution, and coronary artery disease,” Journal of Car-
diopulmonary Rehabilitation, vol. 20, no. 2, pp. 96–108, 2000.

[11] A. M. Sironi, R. Petz, D. DeMarchi et al., “Impact of increased
visceral and cardiac fat on cardiometabolic risk and disease,”
Diabetic Medicine, vol. 29, no. 5, pp. 622–627, 2012.

[12] D. M. (omas, C. Bredlau, A. Bosy-Westphal et al., “Rela-
tionships between body roundness with body fat and visceral
adipose tissue emerging from a new geometrical model,”
Obesity, vol. 21, no. 11, pp. 2264–2271, 2013.

[13] Y. Chang, X. Guo, Y. Chen et al., “A body shape index and
body roundness index: two new body indices to identify
diabetes mellitus among rural populations in northeast
China,” BMC Public Health, vol. 15, no. 1, p. 794, 2015.

[14] Q. Zhao, K. Zhang, Y. Li et al., “Capacity of a body shape index
and body roundness index to identify diabetes mellitus in Han
Chinese people in Northeast China: a cross-sectional study,”
Diabetic Medicine, vol. 35, no. 11, pp. 1580–1587, 2018.

[15] Z. Wang, S. He, and X. Chen, “Capacity of different an-
thropometric measures to predict diabetes in a Chinese
population in southwest China: a 15-year prospective study,”
Diabetic Medicine, vol. 36, no. 10, pp. 1261–1267, 2019.

[16] J. Yang, F. Wang, J. Wang et al., “Using different anthro-
pometric indices to assess prediction ability of type 2 diabetes
in elderly population: a 5 year prospective study,” BMC
Geriatrics, vol. 18, no. 1, p. 218, 2018.

[17] T. Okamura, Y. Hashimoto, M. Hamaguchi, A. Obora,
T. Kojima, and M. Fukui, “Ectopic fat obesity presents the
greatest risk for incident type 2 diabetes: a population-based
longitudinal study,” International Journal of Obesity, vol. 43,
no. 1, pp. 139–148, 2019.

[18] T.Okamura, Y.Hashimoto,M.Hamaguchi, A.Obora, T. Kojima,
andM. Fukui,Data from: Ectopic Fat Obesity Presents the Greatest
Risk for Incident Type 2 Diabetes: A Population-Based Longitu-
dinal Study, Dryad, Dataset, 2019, https://datadryad.org/stash/
dataset/doi:10.5061/dryad.8q0p192.

[19] W. Zhao, J. Tong, J. Liu, J. Liu, J. Li, and Y. Cao, “(e dose-
response relationship between gamma-glutamyl transferase
and risk of diabetes mellitus using publicly available data: a
longitudinal study in Japan,” International journal of endo-
crinology, vol. 2020, Article ID 5356498, 13 pages, 2020.

[20] W. Zhao, J.-J. Tong, Y.-T. Cao, and J.-H. Li, “A linear rela-
tionship between a body shape index and risk of incident type
2 diabetes: a secondary analysis based on a retrospective
cohort study in Japan,” Diabetes, Metabolic Syndrome and
Obesity: Targets and &erapy, vol. 13, pp. 2139–2146, 2020.

[21] “Diagnosis and classification of diabetes mellitus,” Diabetes
Care, vol. 36, no. Suppl 1, pp. S67–S74, 2013.

[22] T. Bhurosy and R. Jeewon, “Overweight and obesity epidemic
in developing countries: a problem with diet, physical activity,
or socioeconomic status?” &e Scientific World Journal,
vol. 2014, Article ID 964236, 23 pages, 2014.

[23] W. T. Garvey, A. J. Garber, J. I. Mechanick et al., “American
association of clinical endocrinologists and american college
of endocrinology position statement on the 2014 advanced
framework for a new diagnosis of obesity as a chronic dis-
ease,” Endocrine Practice, vol. 20, no. 9, pp. 977–989, 2014.

[24] K. Cristine Silva, N. Santana Paiva, F. Rocha de Faria,
S. d. C. C. Franceschini, and S. Eloiza Piore, “Predictive ability
of seven anthropometric indices for cardiovascular risk
markers and metabolic syndrome in adolescents,” Journal of
Adolescent Health: official Publication of the Society for Ad-
olescent Medicine, vol. 66, no. 4, pp. 491–498, 2020.

[25] E. Suliga, E. Ciesla, M. Głuszek-Osuch, T. Rogula, S. Głuszek,
and D. Kozieł, “(e usefulness of anthropometric indices to
identify the risk of metabolic syndrome,” Nutrients, vol. 11,
no. 11, 2019.

[26] B. Liu, B. Liu, G.Wu, and F. Yin, “Relationship between body-
roundness index and metabolic syndrome in type 2 diabetes,”
Diabetes, Metabolic Syndrome and Obesity: Targets and
&erapy, vol. 12, pp. 931–935, 2019.

[27] T. Pischon, H. Boeing, K. Hoffmann et al., “General and
abdominal adiposity and risk of death in Europe,” New En-
gland Journal of Medicine, vol. 359, no. 20, pp. 2105–2120,
2008.

[28] G. Whitlock, S. Lewington, and P. Sherliker, “Body-mass
index and cause-specific mortality in 900 000 adults: col-
laborative analyses of 57 prospective studies,” Lancet (London,
England), vol. 373, no. 9669, pp. 1083–1096, 2009.

[29] X. Song, P. Jousilahti, C. D. A. Stehouwer et al., “Cardio-
vascular and all-cause mortality in relation to various an-
thropometric measures of obesity in Europeans,” Nutrition,
Metabolism, and Cardiovascular Diseases, vol. 25, no. 3,
pp. 295–304, 2015.

[30] B. Tramunt, S. Smati, N. Grandgeorge et al., “Sex differences
in metabolic regulation and diabetes susceptibility,” Dia-
betologia, vol. 63, no. 3, pp. 453–461, 2020.

[31] P. Anagnostis, K. Christou, A.-M. Artzouchaltzi et al., “Early
menopause and premature ovarian insufficiency are associ-
ated with increased risk of type 2 diabetes: a systematic review
and meta-analysis,” European Journal of Endocrinology,
vol. 180, no. 1, pp. 41–50, 2019.

[32] A. Kautzky-Willer, A. R. Brazzale, E. Moro et al., “Influence of
increasing BMI on insulin sensitivity and secretion in nor-
motolerant men and women of a wide age span,” Obesity,
vol. 20, no. 10, pp. 1966–1973, 2012.

[33] A. Kautzky-Willer, J. Harreiter, and G. Pacini, “Sex and
gender differences in risk, pathophysiology and t,” vol. 37,
no. 3, pp. 278–316, 2016.

[34] M. L. Power and J. Schulkin, “Sex differences in fat storage, fat
metabolism, and the health risks from obesity: possible
evolutionary origins,” British Journal of Nutrition, vol. 99,
no. 5, pp. 931–940, 2008.

[35] L. J. Woodhouse, N. Gupta, M. Bhasin et al., “Dose-dependent
effects of testosterone on regional adipose tissue distribution
in healthy young men,” Journal of Clinical Endocrinology &
Metabolism, vol. 89, no. 2, pp. 718–726, 2004.

[36] C. M. Williams, “Lipid metabolism in women,” Proceedings of
the Nutrition Society, vol. 63, no. 1, pp. 153–160, 2004.

[37] E. Kawasaki, N. Matsuura, and K. Eguchi, “Type 1 diabetes in
Japan,” Diabetologia, vol. 49, no. 5, pp. 828–836, 2006.

International Journal of Endocrinology 7

https://datadryad.org/stash/dataset/doi:10.5061/dryad.8q0p192
https://datadryad.org/stash/dataset/doi:10.5061/dryad.8q0p192

