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ABSTRACT

Introduction: Both body mass index (BMI) and
waist circumference (WC) are associated with
diabetes risk, and the difference between them
in predictive ability for diabetes is still con-
tentious. We conducted a population-based
study to investigate and compare the associa-
tion of them with diabetes by sex.
Methods: This study included a total of 4754
subjects aged 40–80 years with no diabetes at
baseline between 2008 and 2017. Using multi-
variate Cox proportional hazards models, we
calculated hazard ratios for diabetes according
to tertiles of BMI or WC. Harrell’s C statistics

was applied to assess and compare the predic-
tive ability of the models using BMI and WC.
Results: Both BMI and WC showed the signifi-
cant positive trends with diabetes risk. In men,
the extreme tertiles (BMI[25.1 kg/m2 and WC
[88.0 cm) provided 1.58-fold or 2.04-fold
higher risk compared with the first tertiles
(\22.6 kg/m2 and \81.2 cm). In women, BMI
[24.4 kg/m2 showed 3.28-fold higher risk than
the first tertile (\21.6 kg/m2), whereas WC
C 78.2 cm was more than twice as likely to
suffer from diabetes as WC\78.2 cm. BMI and
WC showed a comparative performance in
predicting diabetes in both sexes (P value 0.447
in men, and 0.337 in women).
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Conclusion: Both BMI and WC showed a posi-
tive association with diabetes and offered a
comparative predictive performance for dia-
betes in both sexes. The cut-off points, BMI
25.1 kg/m2 and WC 88.0 cm in men and BMI
24.4 kg/m2 and WC 78.2 cm in women, might
contribute to the effective prevention strategies
for diabetes.

Keywords: Body mass index; Waist
circumference; Diabetes; Obesity

Key Summary Points

Why carry out this study?

Obesity and diabetes are significant global
health burdens that are increasing at an
alarming rate. Obesity is an established
risk factor for type 2 diabetes, and its
prevention is one of the key factors to stop
diabetes pandemic. Although both body
mass index and waist circumference are
useful diagnostic tools for assessing
obesity, differences in body fat
composition cause inconsistent results
which hamper right decision making and
effective health intervention

The aim of this study was to compare the
predictive ability of body mass index and
waist circumference for diabetes in adults

What was learned from the study?

Body mass index and waist circumference
in both sexes provided a comparable
predictive ability for diabetes in a large
population

In men and women, body mass index over
25.1 and 24.4 kg/m2 and waist
circumference over 88.0 and 78.2 cm,
respectively, significantly increased
diabetes risk

INTRODUCTION

Obesity has been established as a major risk
factor for diabetes and as a public health chal-
lenge the world is facing. According to recent
reports, diabetes is the second leading cause of
high-body mass index (BMI)-related disability-
adjusted life years (DAILY) worldwide [1]. In
2019, the international diabetes federation
(IDF) estimated 463 million people (9.3%) with
diabetes, and by 2045, the number of cases is
predicted to increase up to 700 million people
(10.9%) [2]. During the last few decades, rapid
urbanization and the popularity of western
diets have resulted in the soaring prevalence of
obesity and consequent diabetes in Asian
countries where more than 60% of the world’s
population live [3]. In Asian upper-middle or
lower-middle income countries including
China, Malaysia, Thailand, and India, the
intake of meat, oils, and processed foods such as
packaged meals, snacks, sweetened cereals, and
soft drinks have been rapidly increasing [4]. In
China and Vietnam, the processed foods con-
sumption per capita increased five-fold, while in
India, the total daily intake of fat increased by
6 g per capita over the past two decades [5]. In
Malaysia, the percentages of distribution of
processed foods through supermarkets or
hypermarkets have tripled, accelerating the
nutrition transition from traditional healthy
diet to the modern Westernized diet [4]. About
50% (193 million) of all diabetes cases are
recorded particularly in China and India,
where by 2045, the number of cases is expected
to increase up to 281 million [2]. In Japan, over
40% of men and 20% of women aged over
40 years are overweight using the BMI cut-off
points for Asians [6], and approximately 7 mil-
lion aged 20–79 years are estimated to have
diabetes [7]. A rapidly aging society coupled
with sedentary lifestyles and consumption of
calorie-rich foods, has contributed to the
prevalence of diabetes in the country [7].
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BMI and waist circumference (WC) are safe,
simple, and low-cost tools to assess one’s health
condition and roughly estimate the risk of
obesity-related diseases including diabetes and
cardiovascular diseases [8]. However, which
index exhibits a better performance for diabetes
risk prediction remains unclear. Two large
cohort studies elucidated the positive associa-
tion between BMI and diabetes risk; Kuwahara
et al. [9] reported that those who developed
diabetes showed a significantly higher trajec-
tory of BMI than did those who did not develop
diabetes in Japanese population, and Maskar-
inec et al. [10] revealed BMI was positively
related to incidence of diabetes irrespective of
the ethnic subgroups including Caucasian,
Hawaiian, and Japanese. Another study con-
ducted in Taiwan demonstrated that compared
with WC, BMI had higher adjusted odds of
having insulin resistance that is vital to the
development of type 2 diabetes [11]. Mean-
while, some studies showed a comparable pre-
dictive ability of BMI and WC for diabetes to
date [12–14]. A cross-sectional study from the
DECODA (Diabetes Epidemiology: Collabora-
tive Analysis of Diagnostic criteria in Asia) study
[15] and the previous Chinese studies [12, 14]
found that there was no significant difference
between BMI and WC in area under the curve
(AUC), a measure of diagnostic accuracy, for
detecting diabetes, although WC showed the
higher odds of diabetes. However, a growing
number of reports have shown the superiority
of WC as a screening tool for the prediction of
diabetes [16–20]. WC is a surrogate marker of
visceral fat distribution and therefore its asso-
ciation with the risk of diabetes in adults has
been focused on, among various ethnicities
including East Asian [21–24]. Jeon et al. [24]
presented the high-increasing WC group
showed the higher risk of diabetes over a mean
follow-up of 6.2 years. The other Asian coun-
tries also supported the better predictive per-
formance of WC for diabetes [25, 26]. The
European InterAct study [27] and a Swedish
population-based study [28] also showed the
stronger positive association of WC with dia-
betes than that of BMI although both BMI and
WC independently had a significant effect on
diabetes risk in both sexes. Likewise, a multi-

cohort study in the UK [29] also supported the
findings. Thus, in the Western population, it
seems to be true that WC has a greater predic-
tive ability for diabetes than has BMI, while in
Asian population there still has been conflicting
evidence about it. To our best knowledge, no
previous Japanese studies demonstrated a com-
parison of the predictive ability of BMI and WC
for diabetes, although some Japanese studies
compared the predictive ability of BMI and WC
for cardiovascular diseases or metabolic syn-
drome [30, 31].

Although BMI is classically used to estimate
body fat mass and classify obesity, it has not
been considered a sufficient measurement
because it neither distinguishes fat mass from
lean mass nor does it distinguish between fat
types [19, 32]. These shortcomings can lead to
the overestimation of body fat mass in indi-
viduals with a high lean mass, or underestima-
tion of the risk of diabetes or cardiovascular
diseases in those who have significant fat infil-
tration in the muscle or liver with normal BMI
[21]. Sex differences significantly impact the
cut-off values of BMI and WC due to the sexual
dimorphisms of body fat composition [33].
Thus, the association of BMI or WC with dia-
betes should be assessed according to sex. Fur-
thermore, insulin sensitivity and resistance that
are closely related to body fat composition are
not identical even among Asian countries [34].
Indeed, the previous studies have shown the
considerable difference in optimal cut-off
points of BMI or WC for diabetes depending on
the country [11, 14, 25, 26, 35].

The aim of this study was to explore and
compare the predictive ability of BMI and WC
for diabetes in both sexes to gain further
insights into the association of BMI and WC
with diabetes and the optimal cut-off points of
BMI and WC for diabetes in Japanese adults.

METHODS

Study Design and Subjects

This study was a retrospective secondary data-
base analysis. Our data were derived from the Iki
epidemiological study of atherosclerosis and

Diabetes Ther (2021) 12:2663–2676 2665



chronic kidney disease (ISSA-CKD) which is a
population-based cohort study involving the
residents in Iki City, Nagasaki prefecture in
Japan. A total of 7895 residents, approximately
30% of the whole population in the city,
underwent annual health checkups there
between 2008 and 2017. Following the exclu-
sion of 1898 residents who underwent a health
checkup only once, 667 who had diabetes at
baseline, and 576 who had missing data, 4754
residents were recruited for our retrospective
cohort study. Our study was conducted in
accordance with the Helsinki Declaration, and
was approved by the Fukuoka University Clini-
cal Research and Ethics Center (2017M010)
with informed consent obtained from each
participant.

Data Collection

The baseline data were collected in the year
when the participant had the first health-
checkup during 2008 to 2017. At health check-
ups, height, weight, and WC were measured
with the individual wearing light clothes with-
out shoes; information on current smoking
status, alcohol consumption, and exercise was
obtained using questionnaires. We categorized
smoking status into 2 groups: current smoker
and non-smoker. Current smoker was defined as
those who had smoked 100 cigarettes or more,
or smoked regularly at the baseline, and non-
smoker was defined as those who did not smoke
regularly at the baseline. Alcohol consumption
was classified into 3 categories: daily drinker,
social drinker (2 times or more per week), and
non-drinker. Daily drinker was defined as sub-
jects who drank alcohol every day irrespective
of the kind or amount of it, while social drinker
was defined as those who drank alcohol twice or
more per week. Non-drinker was defined as
those who did not drink alcohol regularly at the
time of data collection. In exercise categories,
subjects were categorized into two groups
according to whether they regularly exercised
for 30 min/day for at least twice per week or less.
The BMI and WC of both sexes were divided
into three categories using tertiles to summarize
the association between BMI and WC and

diabetes more clearly and to apply the results to
clinical practice more easily (BMI: T1\22.6 kg/
m2, T2 22.6–25.1 kg/m2, and T3[25.1 kg/m2,
WC: T1 \ 81.2 cm, T2 81.2–88.0 cm, and T3

[88.0 cm for the men; BMI: T1 \21.6 kg/m2,
T2 21.6–24.4 kg/m2, and T3 [24.4 kg/m2,
WC: T1 \ 78.2 cm, T2 78.2–86.0 cm, and T3

[86.0 cm for the women). Blood pressure was
measured twice by a trained staff and the aver-
age of the two measurements was considered as
the subject’s blood pressure. The time interval
of 5 min was taken between the two readings of
blood pressure. Plasma glucose, triglycerides
(TG), low-density lipoprotein-cholesterol (LDL-
C), uric acid, alanine aminotransferase (ALT),
gamma-glutamyl transpeptidase (c-GTP), and
creatinine (Cr) concentration were investigated
using the enzymatic method. HbA1c was
determined using a high-performance chro-
matographic method.

Outcome

The primary outcome of this study was the
incidence of diabetes. Diabetes was defined as
an increase in fasting plasma glucose
C 7.0 mmol/L, random plasma glucose
C 11.1 mmol/L, or HbA1c C 6.5%, or the initi-
ation of glucose lowering treatment, including
insulin [36], which was confirmed at the last
health checkup. The onset of diabetes was
detected during the follow-up after the
enrollment.

Statistical analysis

Continuous and categorical variables were pre-
sented as mean ± SD and percentages of each
category, respectively. The Mann–Whitney
U test for continuous variables and the chi-
squared test for categorical variables were used
to assess for the differences between both sexes.
Incidence rates were calculated per 1000 per-
son-years. Cox proportional hazards model was
used to estimate the hazard ratio (HR) and 95%
confidence intervals (CIs) as the effects of the
variables on diabetes risk across the tertiles of
the BMI and WC within each sex group. Mul-
tivariable analyses were adjusted for age,
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systolic blood pressure, TG, LDL-C, ALT, c-GTP,
alcohol consumption, smoking, and exercise.
Finally, we calculated the area under the curve
(AUC) for the Cox proportional hazards models,
referred to as Harrell’s concordance Index
(C-statistics) [37], to evaluate and compare the
predictive powers of the models using BMI and
WC. Haller’s C statistics is the probability that
the survivor has the lower hazard ratio plus half
the probability that the two subjects have equal
hazard ratios in the data pairs [38]. The differ-
ences of the discriminatory powers were asses-
sed using the method introduced by Newson
[38]. This method estimates Harrell’s C with
95%CI of hazard models using ‘somersd’ com-
mand, and tests the null-hypothesis that there
is no difference between the Harrell’s C indexes
of the hazard models using ‘lincom’ command
in Stata; Somers’ D is also a measure to estimate
the predictive ability of models and defined as
Somers’ D = Harrell’ C* 2 - 1. Two-tailed P val-
ues \ 0.05 were considered statistically signifi-
cant. All the analyses in this study were
performed using Stata SE version 16 (StataCorp.
2019. Stata Statistical Software: Release 16.
College Station, TX: StataCorp LLC.).

RESULTS

Baseline characteristics of all the participants
and those classified by sex are shown in Table 1.
Regarding continuous variables, age, HbA1c,
LDL-C, and HDL-C were significantly higher in
women than in men, and the other continuous
variables were significantly higher in men. Daily
drinkers (45.8%), social drinkers (28.2%), and
current smokers (34.5%) were predominantly
distributed in men, whereas most of the women
were non-drinkers (74.9%) or non-smokers
(93.1%). The number of men who work out
daily (29.1%) was significantly higher than that
in women (25.2%).

Table 2 depicts the incidence rates and crude
and adjusted hazard ratios for diabetes across
BMI and WC tertiles in men. During a mean
follow-up of 5 years, 132 men were diagnosed
with diabetes. The number of new-onset dia-
betes and the incidence rates consecutively
increased with an increase in WC, while

regarding BMI, they increased only in the third
tertile compared with the first tertile. Both the
crude (model 1) and the adjusted (model 2)
hazard estimates obtained using Cox propor-
tional hazards model presented a significant
linear trend in the association between the two
measurements and a higher diabetes risk (BMI:
model 1 P 0.006, model 2 P 0.031; WC: model 1
P\ 0.001, model 2 P 0.002 for trend) (Fig. 1).
The adjusted hazard ratios in the highest tertile
compared with the lowest one in BMI and WC
were 1.58 (95% CI 1.02–2.45) and 2.04 (95% CI
1.27–3.26), respectively. The interaction
between the ranks of tertiles and the type of
measurements (BMI or WC) was not significant
(P 0.527 for interaction).

Women also showed an increase in the
incidence rates of diabetes with a higher BMI
and WC and a significant positive trend
between the tertiles of BMI and WC and dia-
betes risk in both crude and adjusted models
(P\0.001) (Table 3, Fig. 1). The estimated
hazard ratios in the highest tertile were higher
than those in men (BMI: 3.28, 95% CI
1.80–5.98; WC: 2.89, 1.58–5.29). The rank by
the type of measurement interaction was also
not significant in women (P 0.585 for
interaction).

Table 4 illustrates a comparison of the pre-
dictive ability of Cox proportional hazards
models of BMI and WC in both sexes using
Harrell’s C statistics. BMI and WC showed a
comparable discrimination power for diabetes
in both sexes (P = 0.295 in men, P = 0.152 in
women).

DISCUSSION

This large longitudinal study focused on the
association of BMI and WC with diabetes risk in
both sexes; it elucidated their significant posi-
tive effects and comparable predictive ability for
diabetes. Based on our results, the optimal cut-
off points of BMI and WC were 25.1 kg/m2 and
88.0 cm in men, and 24.4 kg/m2 and 78.2 cm in
women, respectively. Our finding that these two
body fat markers had a significant positive
association with diabetes risk is consistent with
the previous reports [9, 11, 12, 14, 27, 28]. A
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study that analyzed four UK cohorts [29] and a
meta-analysis comprising a total of 20,827 sub-
jects [15] also noted the significant impacts of a
higher BMI and WC on incident diabetes.
A Korean prospective cohort study of 31,118
person-years of follow-up [24] demonstrated
that individuals with a mean WC of 90.1 cm

had 4.5- and 8.3-fold higher risk of diabetes in
men and women, respectively, compared with
those with a mean WC of 69.9 cm.

We also validated a growing trend in the
incidence of diabetes at a relatively low BMI or
WC which has been reported as an ethnic-
specific trait of East Asian [15, 39]; the

Table 1 Baseline characteristics of the subjects

Variables Total (n = 4754) Men (n = 2130) Women (n = 2624) P�

Age (years), mean ± SD 59.58 ± 10.71 59.17 ± 10.90 59.92 ± 10.54 0.042

BMI (kg/m2), mean ± SD 23.58 ± 3.41 23.99 ± 3.25 23.24 ± 3.50 \ 0.001

WC (cm), mean ± SD 83.56 ± 9.50 85.10 ± 8.92 82.31 ± 9.76 \ 0.001

SBP (mmHg), mean ± SD 129.74 ± 19.39 131.14 ± 18.93 128.60 ± 19.69 \ 0.001

DBP (mmHg), mean ± SD 75.17 ± 11.48 76.89 ± 11.62 73.78 ± 11.18 \ 0.001

FPG (mg/dL), mean ± SD 90.92 ± 9.81 93.44 ± 10.33 88.97 ± 8.92 \ 0.001

HbA1c (%), mean ± SD 5.30 ± 0.36 5.28 ± 0.37 5.32 ± 0.35 \ 0.001

TG (mg/dL), mean ± SD 117.73 ± 80.95 131.27 ± 97.46 106.74 ± 62.41 \ 0.001

LDL-C (mg/dL), mean ± SD 122.81 ± 31.45 117.39 ± 30.63 127.22 ± 31.42 \ 0.001

HDL-C (mg/dL), mean ± SD 61.97 ± 16.19 57.88 ± 15.46 65.29 ± 16.02 \ 0.001

ALT (U/L), mean ± SD 23.07 ± 17.37 26.62 ± 18.54 20.19 ± 15.78 \ 0.001

c-GTP (U/L), mean ± SD 41.01 ± 54.23 57.95 ± 70.37 27.25 ± 29.78 \ 0.001

Uric acid (mg/dL), mean ± SD 5.09 ± 1.36 5.94 ± 1.26 4.40 ± 1.00 \ 0.001

Cr (mg/dL), mean ± SD 0.74 ± 0.17 0.84 ± 0.15 0.65 ± 0.13 \ 0.001

Alcohol, n (%) \ 0.001

Daily drinker 1118 (23.5) 976 (45.8) 142 (5.4)

Social drinker 1117 (23.5) 600 (28.2) 517 (19.7)

Non-drinker 2519 (53.0) 554 (26.0) 1965 (74.9)

Smoking, n (%) \ 0.001

Current smoker 915 (19.3) 734 (34.5) 181 (6.9)

Non-smoker 3839 (80.8) 1396 (65.5) 2443 (93.1)

Exercise, n (%) 0.003

Yes 1280 (26.9) 619 (29.1) 661 (25.2)

No 3474 (73.1) 1511 (70.9) 1963 (74.8)

BMI body mass index, WC waist circumference, SBP systolic blood pressure, FPG fasting plasma glucose, TG triglycerides,
LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol, ALT alanine aminotransferase, c-
GTP gamma-glutamyl transpeptidase, Cr creatinine
� P value was estimated by Mann–Whitney U test for continuous variables and by chi-squared test for categorical variables
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aforementioned meta-analysis [15] documented
that Japanese participants showed a strong
association between these body fat markers and
diabetes risk (OR 1.91 and 1.83 in men, and OR
2.11 and 2.11 in women) albeit with a lower
mean of BMI and WC (23.4 kg/m2 and 81.3 cm
in men, and 23.4 kg/m2 and 74.7 cm in women)
than that of the other ethnic groups.

Japanese immigrants residing in Western
countries also have exhibited a higher suscep-
tibility to body fat accumulation; a prospective
study with a follow-up period of 1,119,224
person-years revealed the adjusted hazard ratios
of diabetes for Japanese-Americans were higher
than Caucasians and Native Hawaiians at any
level of BMI including less than 22 kg/m2 [10].
In consistent with our results, the Japanese
Americans showed the steadily increasing risk
of diabetes with an increase of BMI before the
risk soared at a BMI C 25.0 kg/m2. Moreover,
they revealed the almost identical incidence

rates of diabetes to the mean of male incidence
rates in our results (data not shown), although
the incidence rates at a BMI\ 25.0 kg/m2 in the
whole subject were lower than our results since
the Japanese Americans accounted for only
43%. According to several studies, the possible
pathophysiological explanation for the predis-
position in East Asians includes the onset of
visceral fat accumulation, subsequent insulin
resistance, and b-cell impairment, which could
lead to paucity of insulin to compensate for
insulin resistance, at a lower BMI or WC com-
pared with Caucasian [9, 40]. Therefore, World
Health Organization (WHO) suggests defining a
BMI of 23–27.5 kg/m2 as overweight and a BMI
more than 27.5 kg/m2 as obese for Asians
although the standard cut-off point for obesity
is 30 kg/m2 [41]. In our results, men with a BMI
[25.1 kg/m2 and women with a BMI[24.4 kg/
m2 were at a significantly higher risk for dia-
betes compared with the first tertiles (BMI

Fig. 1 Adjusted hazard rations across BMI and WC
tertiles. Adjusted hazard ratios and 95% CIs associated
with diabetes risk were estimated by Cox hazard propor-
tional models. Squares represent the hazard ratios and the

vertical bars crossing the squares indicate the 95% CI. The
dashed line shows hazard ratio of 1.0. BMI body mass
index, WC waist circumference, CI confidence interval
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\22.6 kg/m2 in men and BMI\ 21.6 kg/m2 in
women). Almost in line with our findings, a
prospective study [12] and a cross-sectional
study [14] conducted in China reported the
optimal cut-off points for diabetes were
24.73 kg/m2 in men and 23.18 kg/m2 in
women, and 26.08 kg/m2 in men and 24.92 kg/
m2 in women, respectively, while the other
cross-sectional studies in Iran [35], Jordan [25],
and Bangladesh [26] showed the optimal cut-off
points of BMI for diabetes ranged from 21 up to
30 kg/m2. Recently, the American Diabetes
Association has recommended that the BMI cut
points for Asian American adults should be
lowered from 25 to 23 kg/m2 based on the
mounting evidence of Asian immigrants who
are more susceptible to excess body fat accu-
mulation than the other ethnic groups [10, 42].
However, lowering cut-off points can sacrifice
some specificity for better sensitivity [43], and
estimated cut-off points of BMI can be impacted
by the mean BMI in participants, study design,
and sample sizes, therefore further investigation
is required.

Regarding WC, 88 cm in men and 78.2 cm in
women were the thresholds to significantly
raise the diabetes risk compared with those in
the first tertile (WC \81.2 cm in men and WC
\78.2 cm in women). These values are close to
the cut-off points for Asians recommended by
the WHO [41] and International Diabetes Fed-
eration [44] (90 cm in men and 80 cm in

women). In the aforementioned studies in
China [12, 14, 45] and a community-based
study of Japanese-Americans in Seattle [46],
their cut-off points were also close to our results,
ranging from 87–90 cm in men, and from
77–84 cm in women. Although a Japanese
prospective study with a median follow-up of
4.9 years [47] revealed a relatively low cut-off
points of WC for men (85 cm), the lower mean
WC at baseline than ours and the differences of
the sample sizes and the follow-up periods
might be the plausible explanation for the dis-
crepancy between those results.

Despite the increasing evidence of better
prediction ability of WC than BMI for diabetes
[17, 18, 22, 26], our finding that BMI had a
comparable prediction ability for diabetes as
WC is supported by some published studies
[12–14, 45, 48]. Recent reports have suggested
that BMI, a surrogate marker of total body fat
mass, increases with aging up to 75 years; aging
and body fat accumulation share a similar
pathophysiological pathways characterized by
chronic inflammation leading to a state of b cell
dysfunction and insulin resistance, resulting in
diabetes [49–51].

Generally, in women, more subcutaneous fat
is distributed than visceral fat, and menopause,
in turn accelerates visceral fat accumulation
[33]. Therefore, a stronger association between a
higher WC and diabetes risk might be shown
with aging. However, BMI still can remain
comparably correlated with diabetes because
visceral fat does not increase as drastically in
men, and total body fat mass remains almost
stable even after menopause [51]. Meanwhile,
visceral fat mass distribution in men increases
remarkably with aging, parallel to an increase in
WC. This fact is incompatible with our result
that BMI in men also had comparable predic-
tion power for diabetes risk as WC. However,
the discrepancy might be reasoned using a
report by Jean-Pierre Després [21]; at the popu-
lation level, BMI and WC strongly positively
correlate although at the individual level, WC
increases parallel to visceral fat distribution
irrespective of BMI.

Compared to urban areas, rural areas have
disadvantages in maintenance and risk assess-
ment of obesity as an important risk factor of

Table 4 Comparison of the predictive powers of Cox
proportional hazards models for diabetes between BMI
and WC by sex

Harrell’s C statistics (95% CI) P

Men

BMI 0.6522 (0.5986–0.7058)*** 0.295

WC 0.6624 (0.6099–0.7150)***

Women

BMI 0.7725 (0.7285–0.8164)*** 0.152

WC 0.7587 (0.7147–0.8027)***

BMI body mass index, WC waist circumference, CI con-
fidence interval
*P\ 0.05, **P\ 0.01, and ***P\ 0.001

2672 Diabetes Ther (2021) 12:2663–2676



diabetes because of the less accessibility or
availability of medical resources which assess
body fat composition [52, 53]. Dual-energy
X-ray absorptiometry, computed tomography,
and magnetic resonance imaging can offer
imaging information on subcutaneous or
abdominal fat tissue compartments or adipose
tissue in muscle to predict diabetes risk more
accurately than anthropometric measurements
[9, 51, 54], however, they are not routinely
recommended due to the limited availability,
exposure to radiation, and cost. As shown in our
results, the acceptable predictive powers of BMI
and WC for diabetes would contribute to the
effective maintenance and risk assessment of
obesity to prevent diabetes in regular health
checkups. Also, Ma et al. [55] reported that
physical exercise was less effective in preventing
diabetes in Asian population than the other
ethnic groups due partly to the more suscepti-
bility to poor diet and the necessity to achieve
even greater weight loss to have the same low
risk of diabetes as non-overweight Caucasians.
Therefore, accessible and effective prevention
strategies should be more emphasized for them.

The strengths of our study include a large
sample size and the longitudinal study design
where the incidence of diabetes can be identi-
fied. Nevertheless, some limitations also should
be mentioned. First, in this study, the diagnosis
of diabetes was only based on HbA1c and
plasma glucose levels. The lack of data on oral
glucose tolerance tests might have underesti-
mated the incidence of diabetes. Second, we did
not differentiate type 1 from type 2 diabetes.
However, we recruited the subjects from a pop-
ulation aged over 40 years, and it has been
reported that type 1 diabetes accounts for
5–10% of all the cases of diabetes [56]. There-
fore, the impact of this limitation might be
trivial. On the other hand, the fact that all the
participants were aged over 40 years might have
limited the generalizability. Third, menopause
status was not investigated in our study. How-
ever, epidemiological evidence has shown that
the prospective positive association between
BMI and WC and diabetes risk in women has
been consistently observed regardless of meno-
pausal status [21]. Forth, recruitment of those
who had annual health checkups in the

community might have caused selection bias
and consequently underestimation of the inci-
dence of diabetes because they are expected to
be generally health conscious.

CONCLUSIONS

In conclusion, both increased BMI and WC
were positively associated with diabetes risk and
offered a comparative performance for the pre-
diction of diabetes in both sexes in a Japanese
large longitudinal study. Based on our results,
the cut-off points, BMI 25.1 kg/m2 and WC
88.0 cm in men and BMI 24.4 kg/m2 and WC
78.2 in women, might contribute to the effec-
tive prevention strategies for diabetes.
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