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Table 1. Demographic and socioeconomic characcteristics of survey

respondents.

FEE D5 TEXREEFDIS

Number % Number %
marital status
unmarried 1732 38.5% 1686 37.5%
married 2768 61.5% 2814 62.5%
Income per year (JPY)
Less than 299 M(million) 796 17.7% 746 16.6%
300-499 M 934 20.8% 903 20.1%
500-799 M 941 20.9% 939 20.9%
800-999 M 348 7.7% 399 8.9%
1000-1499 M 306 6.8% 317 7.0%
1,500 M or more 95 2.1% 119 2.6%
No answer 1080 24.0% 1077 23.9%
Employment status
Permanent employee 1773 56.9% 1763 58.6%
Contracted employee 237 7.6% 223 7.4%
Part-time employment 692 22.2% 646 21.5%
Dispatched employee 112 3.6% 85 2.8%
Others 303 9.7% 291 9.7%
Hospital visit or stay
Yes 1562 34.7% 1619 36.0%
No 2938 65.3% 2881 64.0%
Health condition
Good 666 14.8% 607 13.5%
Reasonably good 1357 30.2% 1343 29.8%
Normal 1712 38.0% 1716 38.1%
Reasonably bad 596 13.2% 667 14.8%
Bad 169 3.8% 167 3.7%
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Table 2. HEELLVEXBREEDIBICETIXILEREDNE

P
=

FEBEDIE EXREEEDILS

RE S N % N %
RET Y7 ARRE
0F () 309  68.7% 330 13. 3%
250 M 304  67.6% 311 69. 1%
500 M 291 64.7% 318 70. 7%
1000 239  53.1% 294 65. 3%
1500 A 219 48.7% 271 60. 2%
2000 M 197 43.8% 287 63. 8%
3000 H 184 40.9% 2176 61. 3%
4000 M 131 29.1% 284 63. 1%
5000 H 114 25.3% 290 64. 4%
15H 93  20.7% 258 57. 3%
mERE
0 () 313 69.6% 360 80. 0%
100 A 246 54.7% 339 75. 3%
200 M 216 48.0% 345 16. 7%
300 M 204 45.3% 339 75. 3%
500 M 169  37.6% 300 66. 7%
7500 H 175 38.9% 335 14. 4%
1000 151 33.6% 318 70. 7%
2000 M 111 24. 7% 320 11.1%
3000 H 91 20. 2% 311 69. 1%
5000 H 94 20.9% 299 66. 4%
MERE
0F () 327  72.7% 361 80. 2%
100 A 328  72.9% 337 14.9%
200 M 298  66. 2% 338 75. 1%
300 M 278 61.8% 343 16. 2%
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500 M

7500 M
1000 M
2000 M
3000 M
5000 M

268
263
239
198
161
144

59. 6%
58. 4%
53. 1%
44. 0%
35. 8%
32. 0%

299
337
325
311
300
275

66. 4%
74. 9%
72. 2%
69. 1%
66. 7%
61. 1%
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Abstract

Background: We sought to establish the optimal waist circumference (WC) cut-off point for predicting diabetes
mellitus (DM) and to compare the predictive ability of the metabolic syndrome (MetS) criteria of the Joint Interim
Statement (JIS) and the Japanese Committee of the Criteria for MetS (JCCMS) for DM in Japanese.

Methods: Participants of the Japan Epidemiology Collaboration on Occupational Health Study, who were aged
20-69 years and free of DM at baseline (n = 54,980), were followed-up for a maximum of 6 years. Time-dependent
receiver operating characteristic analysis was used to determine the optimal cut-off points of WC for predicting DM.
Time-dependent sensitivity, specificity, and positive and negative predictive values for the prediction of DM were
compared between the JIS and JCCMS MetS criteria.

Results: During 234,926 person-years of follow-up, 3180 individuals developed DM. Receiver operating characteristic
analysis suggested that the most suitable cut-off point of WC for predicting incident DM was 85 cm for men and
80 cm for women. MetS was associated with 3-4 times increased hazard for developing DM in men and 7-9
times in women. Of the MetS criteria tested, the JIS criteria using our proposed WC cut-off points (85 cm for men
and 80 cm for women) had the highest sensitivity (54.5 % for men and 43.5 % for women) for predicting DM.
The sensitivity and specificity of the JCCMS MetS criteria were ~37.7 and 98.9 %, respectively.
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Conclusion: Data from the present large cohort of workers suggest that WC cut-offs of 85 cm for men and
80 cm for women may be appropriate for predicting DM for Japanese. The JIS criteria can detect more people

who later develop DM than does the JCCMS criteria.

Keywords: Waist circumference, Metabolic syndrome, Diabetes mellitus

Background

Metabolic syndrome (MetS) is defined as a clustering of
metabolic abnormalities [1], and has been shown to be
associated with increased risks of developing type 2 dia-
betes mellitus (DM) and cardiovascular disease [2—4].
However, controversy exist over the diagnostic criteria
and utility of MetS [5-7]. Of several MetS criteria pro-
posed [5, 8], the National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III) [1] and the
International Diabetes Federation (IDF) [9] have been most
widely used. In 2009, a Joint Interim Statement (JIS) cri-
teria was published as a combined effort by a number of
international scientific bodies and authorities [8]. Besides
these international definitions, a Japanese-specific MetS
criteria has been proposed by the Japanese Committee of
the Criteria for MetS (JCCMS) [10].

These criteria differ in several aspects, including the
cut-off points of waist circumference (WC), handling of
the WC component (prerequisite or optional for the diag-
nosis of MetS), and the criteria of hyperglycemia and
dyslipidemia. These differences have led to confusion re-
garding the choice of the criteria to diagnose MetS. One
major concern for Japanese individuals is the WC cut-off
point. The JCCMS adopts cut-offs of WC 285 cm for men
and >90 cm for women [10]. In Japan, cross-sectional
studies have suggested cut-off points of 85-90 cm for
men and 77-83 cm for women for predicting the presence
of multiple other MetS components [11-13], and a recent
prospective study showed that the optimal cut-off point of
WC for predicting cardiovascular disease (CVD) was
90 cm in men and 80 cm in women [14]. Several pro-
spective studies have examined the ethnic specific WC
cut-off values in relation to DM risk among Koreans,
Mexicans, and Americans [15-17]; however, no such
study has yet been performed in the Japanese population.

Here, we examined the optimal WC cut-off points for
predicting the development of DM and compared the
predictive ability of two MetS criteria (JIS [8] and JCCMS
[10]) in a large-scale working population in Japan.

Methods

Survey description

The Japan Epidemiology Collaboration on Occupational
Health (J-ECOH) Study is an ongoing multicenter epide-
miologic study among workers from several companies
in Japan. A total of 12 companies covering various

industries (electric machinery and apparatus manufac-
turing; steel, chemical, gas, and non-ferrous metal
manufacturing; automobile and instrument manufac-
turing; plastic product manufacturing; and health care)
participated in the J-ECOH study. As of May 2014,
eleven participating companies provided health check-
up data obtained between January 2008 and December
2013 or between April 2008 and March 2014. In this
study, the data from the earliest examination (mostly
carried out in 2008) were regarded as the baseline data;
however, if the 2008 dataset contained a large number
of missing data, the data from the 2009 or 2010 (one
company each) examination were used as the baseline.
The outcomes of the present prospective analysis were
determined using data from the health check-ups after
the baseline through 2014.

The J-ECOH Study was announced in each company
using posters. In Japan, workers are obliged to undergo
health examination at least once a year under the Industrial
Safety and Health Act; nearly all workers attend their
health examination in each year. Participants did not pro-
vide their oral or written informed consent to take part in
the study but were given an opportunity to refuse the use
of their data for research, according to the Japanese Ethical
Guidelines for Epidemiological Research [18]. The de-
tails of the J-ECOH Study have been described else-
where [19, 20]. The study protocol was approved by the
Ethics Committee of the National Center for Global
Health and Medicine, Japan.

Study participants

As shown in Fig. 1, of 95,040 participants who attended
the baseline health check-up, we excluded those who
were aged <20 or >70 years, who had DM or missing
data necessary for the diagnosis of DM or MetS, and
who attended the health check-up in a non-fasting state
or lacked information on smoking. Of the remaining
58,753 participants, we further excluded those who did not
attend any subsequent health check-up or who attended
but did not receive glucose measurements, leaving 54,980
participants (46,981 men and 7999 women) for analysis.

Measurements

The body height, body weight, WC, and blood pressure
were measured according to a standard protocol of each
company. Body mass index (BMI) was calculated as the
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Excluded participants aged <20 or >70
| years (N=1,622)

Excluded participants:
Had diabetes at baseline (N=5,323)

Had missing data necessary for DM
diagnosis at baseline (N=15,653)

Without complete data for assessment of
metabolic syndrome at baseline (N=3,293)

Measured in a non-fasting state at baseline
(N=9,057)

Had missing values for the smoking
variable at baseline (N=1,339)

Excluded participants who did not attend
any subsequent health check-ups or who
attended but did not receive glucose
measurements (N=3,773)

95,040 participants at the
baseline
93,418 participants at the
baseline
—
v
58,753 participants at the
baseline
y
54,980 participants for this
analysis
Fig. 1 Flow chart of participant selection

weight in kilograms divided by the squared height in
meters. WC was measured at the umbilical level using
a measuring tape, with the subjects in the standing pos-
ition [21]. Blood pressure was measured in a sitting
position. Hypertension was defined as systolic blood pres-
sure 2140 mmHg, diastolic blood pressure 290 mmHg, or
as receiving medical treatment for hypertension [22].
Smoking status was ascertained via a self-administered
questionnaire.

The plasma glucose was measured by the enzymatic or
glucose oxidase peroxidative electrode method. Glycated
hemoglobin (HbAlc) was measured by using latex agglutin-
ation immunoassay, high-performance liquid chromatog-
raphy, or the enzymatic method. Total cholesterol (TCH),
triglyceride (TG), low-density lipoprotein-cholesterol
(LDL-C), and high-density lipoprotein-cholesterol (HDL-C)
level were measured by the enzymatic method. All labora-
tories involved in the health checkup in the participating

companies have received satisfactory scores (rank A or
a score >95 out of 100) from external quality control
agencies.

Criteria of MetS
We defined the presence of MetS using the following
two criteria (Table 1): JIS [8] and JCCMS [10].

Outcome

DM was identified using data from the annual health
check-ups for a maximum of 6 years after the baseline
examination. DM was defined as HbAlc >6.5 %, fast-
ing plasma glucose 2126 mg/dl, random plasma glu-
cose 2200 mg/dl, or currently under medical treatment
for DM, according to the American Diabetes Associ-
ation criteria for the diagnosis of DM [23]. Individuals
without DM at baseline who met any of the above
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Table 1 Diagnostic criteria for metabolic syndrome
Risk factor ~ JIS JCCMS
WC M=>90 Cm W>80 cm M=>85cm W>90 cm

BP SBP>130 and/or SBP>130 and/or
DBP >85 mmHg or DBP >85 mmHg or
on treatment for HPT on treatment for HPT

FPG >100 mg/dl or diagnosed >110 mg/dl or diagnosed
DM DM
TG >150 mg/dl or TG >150 mg/dl or

treatment for TG or
HDL < 40 mg/dl

Treatment for TG

HDL-C M <40 mg/dl, W < 50 mg/d|
or treatment for HDL
Criteria At least 3 WC + 2 or more

WC waist circumference, FPG fasting plasma glucose, TG triglyceride, HDL-C
high-density lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic
blood pressure, M men, W women, DM diabetes mellitus, HPT hypertension,
Modified NCEP-ATP Ill National Cholesterol Education Program Adult Treatment
Panel lll (2005), JIS the Joint Interim Statement on metabolic syndrome definition
(2009), JCCMS Japanese Committee of the Criteria for Metabolic Syndrome (2005)

conditions in the subsequent check-ups were considered
to have an incident case of type 2 DM.

Statistical analyses

All analyses were performed separately by sex. Descrip-
tive statistics were generated using the sample size,
percentage, and mean. Chi-square tests for categorical
variables or t-tests for continuous variables were used to
examine differences in baseline characteristics between
subjects with incident DM and those who did not develop
it. Age-standardized incidence of DM and mean WC for
each company were calculated by direct standardization to
the total population of the present study. Time-dependent
receiver operating characteristic (ROC) curves for WC for
predicting the development of DM in the next 5 years
were depicted with the Kaplan-Meier method [24]. The
optimal WC cut-offs on the ROC curve were determined
by applying the Youden’s index [25] and the closest top-
left point approaches [26].

Person-time was calculated from the date of the base-
line examination to the date of the first diagnosis of DM
in a subsequent examination or to the date of the last
examination, whichever occurred first. Cox proportional
hazards regression models were used to estimate the
hazard ratios (HRs) for the development of DM associ-
ated with MetS in men and women, respectively. Covari-
ates included age (years) and tobacco smoking (current
smoker, non-current smoker). Company was treated as a
cluster variable to account for intraclass correlations.
The time-on-study was used as the primary time scale.
We verified that the proportional hazards assumption was
not violated for our main exposure and other covariates
by including interaction terms with time, and we used the
Wald chi-square procedure to test whether all coefficients
equaled 0. To compare the predictive ability of the JIS and
the JCCMS MetS criteria, the sensitivities, specificities,
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and positive and negative predictive values at 5-year
follow-up were determined [27].

The JCCMS criteria requires WC as a prerequisite for
the diagnosis of MetS [10]. Hence, additional analyses
were performed to determine if the sensitivity and speci-
ficity of JCCMS could be improved when having WC as
an “optional” rather than “essential” criterion (modified
JCCMS criteria).

The time-dependent sensitivities, specificities, and posi-
tive and negative predictive values for different criteria of
MetS were performed using R version 3.2.2 (R Foundation
for Statistical Computing, Vienna, Austria). All other
statistical analyses were performed using SAS version
9.3 (SAS Institute, Cary, NC, USA). A two-sided P <0.05
was considered statistically significant.

Results

During 234,926 person-years of follow-up (a median of
4.9 years), 3180 individuals (2963 men and 217 women)
developed DM. The incidence rate of progression to DM
was 14.7 per 1000 person-years of observation for men,
and 6.5 per 1000 person-years for women. The age-
standardized incidence of DM across companies ranged
between 9 and 15 per 1000 person-years for men, and
between 6 and 7 per 1000 person-years for women.

The baseline characteristics of the subjects according
to the presence or absence of incident DM are shown in
Table 2. For both sexes, the mean age, BMI, WC, systolic
blood pressure, diastolic blood pressure, fasting plasma
glucose, TCH, TG, and LDL-C in subjects who devel-
oped DM were greater than in those who did not, while
the HDL-C was lower. Moreover, the prevalence rates of
hypertension and smoking were higher in subjects with
incident DM than in those who did not develop it for
both men and women. The coefficients between BMI
and WC were 0.88 for men and 0.84 for women. The age-
standardized mean WC across companies ranged between
81.0 and 84.0 cm for men, and between 74.0 and 77.0 cm
for women. The characteristics of the study participants
by MetS and sex are shown in Additional file 1.

Optimal WC cut-off points

Figure 2 shows ROC curves for the prediction of the de-
velopment of DM within the next 5 years using baseline
WC. The AUCs were 0.67 (95 % confidence interval
[CI], 0.61-0.72) for men, and 0.70 (0.62-0.78) for
women. The optimal cut-off points of WC according to
the ROC curve for predicting incident DM for men and
women are shown in Table 3. In men, a cut-off point of
85.0 cm (sensitivity 64.0 %, specificity 59.6 %) yielded
both the maximal Youden index and minimum distance
from the top left corner of the ROC curve. In women, a
cut-off point of 83.0 cm (sensitivity 55.5 %, specificity
79.4 %) yielded the maximal Youden index, and 80.0 cm
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Table 2 Baseline characteristics of subjects

Men Women

No DM DM No DM DM
N 44018 2963 7782 217
Age (years) 454+89 492 +76% 439+89 484 +7.8*
BMI (kg/m?) 234+30 253+£37% 215433 253+£54*%
WC (cm) 829+82 88.0+9.3% 754+89 843 +11.8*
FPG (mg/dl) 963 £83 109.2 +9.7% 90.8+78 104.1 +£10.2*
TCH (mg/dl)® 2009 +326 2082 +33.3% 2008 +33.5 2157 +34.2%
TG (mg/dl) 125.5+90.1 159.7 £ 124.4* 749+£416 1217 £112.7%
LDL-C (mg/dl) 1202+ 295 1264 +30.5% 113.7+299 128.7 +32.7*
HDL-C (mg/dl) 57.1+144 535+139% 69.6+ 15.5 634£17.1%
SBP (mmHg) 1215+ 148 128.1 £ 16.2% 1153+ 160 1274 +183%
DBP (mmHg) 77.1+104 81.5+10.7% 716106 786+ 114%
Hypertension (%) 19.7 36.8* 10.1 31.8%
Smoking (%) 40.5 458% 10.7 15.2%

Data was expressed as mean + SD or as percentages

DM diabetes mellitus, BMI body mass index, WC waist circumference, FPG fasting plasma glucose, TCH Total cholesterol, TG triglyceride, LDL-C low-density lipoprotein
cholesterol, HDL-C high-density lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure

*Difference between groups is statistically significant (P < 0.05)

“Data were available for 46,152 subjects

Men
0.9

0.8

0.7

0.6f

Sensitivity

0.5f

0.4

0.3f

0.2

0.1

1-specificity

Women

Sensitivity

00

00 01 02 03 04 05 06 07 08 09 10
1-specificity

Fig. 2 ROC curves for the prediction of diabetes in the next 5 years using baseline WC. ROC curves showing the ability of baseline waist
circumference (WC) to predict the development of diabetes in the next 5 years
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Table 3 Performance of different waist thresholds to predict
the development of diabetes in the next 5 years

Waist thresholds — Sensitivity — Specificity ~ Youden index — Distance®

Men
97.0 cm 16.2 % 94.6 % 0.108 0.840
950 cm 187 % 93.5 % 0.122 0816
90.0 cm 35.0 % 835 % 0.185 0671
88.0 cm 49.1 % 73.0 % 0.221 0.576
850 cm 64.0 % 596 % 0.235 0.541
83.0cm 68.6 % 542 % 0.228 0.555
80.0 cm 814 % 388 % 0.202 0.640

Women
90.0 cm 293 % 94.0 % 0.234 0.709
87.0 cm 38.8 % 90.0 % 0.287 0.621
84.0 cm 50.6 % 84.0 % 0.346 0.519
830 cm 55.5 % 794 % 0.349 0490
80.0 cm 62.8 % 70.7 % 0334 0474
78.0 cm 64.9 % 67.0 % 0319 0482
750 cm 750 % 546 % 0.296 0518

Distance, the distance from a point on the curve to the point (0, 1)

(62.8 %, 70.7 %) yielded the minimum distance from the
top left corner of the ROC curve. Taken together with
earlier studies in Japan [11-13], we thus propose WC
cut-off points of 85 cm for men and 80 cm for women.

Association between MetS and DM
The prevalence of MetS ranged from 12.0 to 22.1 % in
men and 1.3 to 8.0 % in women according to the different
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criteria of MetS (Table 4). The incidence rates of DM were
higher in subjects with MetS than in those without for
both sexes (P < 0.05). In men, the adjusted HRs (95 % CI)
for the development of DM according to the different cri-
teria of MetS were as follows: JIS (Asian WC cut-off value)
3.72 (3.46-4.00), JIS (proposed WC cut-off value) 3.84
(3.69-4.00), and JCCMS (same for Japanese central
obesity criteria and proposed WC cut-off point) 4.16
(3.89-4.45). In women, the adjusted HRs were as follows:
JIS (same for Asian WC cut-off value and proposed WC
cut-off value) 7.08 (6.19-8.09), JCCMS (Japanese central
obesity criteria) 9.63 (8.17-11.36), and JCCMS (proposed
WC cut-off point) 7.40 (5.68-9.64). Kaplan-Meier esti-
mates of DM-free survival by MetS and sex are provided
in Additional file 2.

Sensitivity and specificity

Table 5 shows the sensitivity and specificity for predic-
tion of incident DM in the next 5 years using MetS. In
both sexes, the JIS criteria [8] had a higher sensitivity
than the JCCMS criteria [10]. In men, a large increase in
sensitivity (44.1 to 54.5 %), with only a moderate de-
crease of the positive predictive value (18.5 to 17.1 %),
was seen in the JIS criteria when the WC cut-off point
(90 cm) was substituted by our proposed value (85 cm).
In women, the sensitivity increased (JCCMS, 13.3 to
25.8 %) when the Japanese obesity criteria (WC =90 c¢cm)
[10] was substituted by our proposed cut-off point
(80 cm). The specificity for all criteria ranged from 80.6
to 98.9 %. The positive and negative predictive values
were approximately ~28 and 95 %, respectively.

Table 4 Risk for the development of diabetes associated with metabolic syndrome

Incidence of diabetes per 1000
person-years

Metabolic syndrome Prevalence at baseline (%)  Without With Adjusted HR (95 % Cl) for incident DM?
JIS (Asian cut-off points for WQ)
Men 16.5 9.7 420 3.72 (3.46-4.00)
Women 80 4.1 371 7.08 (6.19-8.09)
JIS (Proposed cut-off points for WQ)
Men 221 85 383 3.84 (3.69-4.00)
Women 80 4.1 37.1 7.08 (6.19-8.09)
JCCMS
Men 120 103 50.2 4.16 (3.89-4.45)
Women 13 57 72.1 9.63 (8.17-11.36)
JCCMS (Proposed cut-off points for WC)
Men 120 103 50.2 4.16 (3.89-4.45)
Women 34 5.0 53.0 740 (5.68-9.64)

DM diabetes mellitus, IDF International Diabetes Federation, JIS the Joint Interim Statement on metabolic syndrome definition, Asian cut-off points for WC waist
circumference >90 cm in men or >80 cm in women, Proposed cut-off points for WC waist circumference >85 cm in men or >80 cm in women, JCCMS Japanese

Committee of the Criteria for Metabolic Syndrome
®HRs are adjusted for age and tobacco use
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Table 5 Sensitivity and specificity of JIS and JCCMS criteria for
the prediction of diabetes in the next 5 years

JIS Asian JIS New JCCMS JCCMS new

Sensitivity

Men 441 545 37.7 37.7

Women 435 435 133 258
Specificity

Men 85.7 80.6 90.0 90.0

Women 935 935 98.9 973
PPV

Men 185 17.1 21.7 21.7

Women 17.9 179 28.2 238
NPV

Men 954 96.0 95.2 95.2

Women 98.1 98.1 97.2 976

JIS the Joint Interim Statement on metabolic syndrome definition, Asian waist
circumference >90 cm in men or >80 cm in women; New: our proposed waist
circumference >85 cm in men or >80 cm in women; JCCMS Japanese Committee of
the Criteria for Metabolic Syndrome, PPV positive predictive value, NPV negative
predictive value

Additional analyses

When having WC as an “optional” rather than “essential”
criterion (modified JCCMS criteria), the sensitivity
modestly increased from 37.7 to 41.7 % in men and
from 13.3 to 14.2 % in women. The specificity slightly
decreased from 90.0 to 89.7 % in men and from 98.9 to
98.8 % in women.

Discussion

In the present prospective study of a large Japanese
working population, we demonstrated that the optimal
cut-off points of WC for predicting DM were 85 and
80 ¢cm for men and women, respectively. In the compari-
son of the JCCMS criteria, the JIS criteria using the
above WC cut-off points provided the highest sensitivity
for predicting DM. To our knowledge, this is the first
prospective study in Japan to assess the optimal WC
cut-off points for predicting DM and to compare the
predictive abilities of different MetS criteria for the de-
velopment of DM.

In the present study, the incidence rate of DM was
14.7 per 1000 person-years for men and 6.5 per 1000
person-years for women. According to a systematic re-
view and meta-analysis of Japanese studies [28], the inci-
dence rates of DM showed varied considerably among
studies (2.3-52.6 per 1000 person-years). This could be
attributable to differences in background characteristics
(e.g., age and gender), follow-up durations, and diagnos-
tic procedures among studies. In line with the present
findings, previous studies in the Japanese population also
found a higher incidence of DM among men than
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among women [29, 30]. For instance, the incidence rate
of DM was 20.9 per 1000 person-years for men and 9.8
per 1000 person-years for women in the Ibaraki Prefec-
tural Health Study (age range: 40—79 years) [29].

Much controversy exist over the current Japanese cut-
offs for WC (85 cm for men and 90 cm for women)
[31], which have been adopted in the JCCMS. The
results of the present ROC analysis indicate that the
optimal cut-off points of WC for predicting the develop-
ment of DM are 85 cm for men and 80 ¢cm for women.
Several studies in the Asian population have reported
that the optimal WC cut-offs for predicting DM were
80-85 c¢m for men and 75-80 c¢cm for women, based on
cross-sectional data relating WC to the presence of DM
[32-34]. A prospective cohort study in Korea also sug-
gested that WCs of 85 cm for men and 80 cm for
women were appropriate cut-offs to predict the develop-
ment of DM [15]. Taken together, WC cut-off points of
85 c¢m for men and 80 c¢cm for women may be suitable
for the prediction of development of DM. Besides, a
community-based cohort study in Japan suggested that
the optimal WC cutoff points for predicting CVD were
90 cm for men and 80 cm for women [14]. Further pro-
spective studies are required to confirm whether optimal
cut-off points of WC for predicting DM are different
from those for predicting CVD.

To determine whether, and to what extent, our pro-
posed WC cut-off points (85 cm for men and 80 cm for
women) can improve the performance of the MetS criteria
for predicting DM, we further analyzed the impact of dif-
ferent WC cut-off points on the sensitivity and specificity
of MetS for predicting the development of DM. In
women, the sensitivity of the JCCMS criteria substantially
increased from 13.3 to 25.8 % after substituting the ori-
ginal WC cut-off (90 cm) with our proposed cut-off
(80 c¢m). Similarly, in men, the sensitivity of the JIS criteria
increased from 44.1 to 54.5 % when the WC cut-off
(90 cm) was substituted by our proposed value (85 cm).
These findings suggest that a MetS criteria using WC
cut-offs of 85 cm for men and 80 cm for women can
identify a greater number of people with increased risks of
DM than the cut-offs for the Asian population (for men)
or the current Japan central obesity criteria (for women).

Several prospective studies outside Japan have investi-
gated the predictability of MetS (defined by IDF, NCEP,
WHO, and the European Group for the Study of Insulin
Resistance) for the development of DM [4]. The Hong
Kong Cardiovascular Risk Factor Prevalence Study showed
that the sensitivity of the modified NCEP-ATP III (similar
to the JIS criteria) tended to be higher compared with the
IDF criteria (41.7 % versus 31.9 %) in the total population
[3]. Further, another study in Beijing, China, also showed
that the sensitivity of the modified NCEP-ATP III was
higher than that of the IDF criteria (52 % versus 44 %)
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[35]. In our study, the JIS criteria (Asian WC cut-off
values, 44.1 % for men and 43.5 % for women; proposed
cut-off values, 54.5 % for men and 43.5 % for women) was
more sensitive for predicting incident DM than the
JCCMS criteria (Japanese central obesity criteria, 37.7 %
for men and 13.3 % for women; proposed cut-off values,
37.7 % for men and 25.8 % for women), whereas both two
criteria had similar positive predictive values (approxi-
mately ~28 %) and negative predictive values (>95 %).
Therefore, the JIS criteria seems to have superior sensitivity
to predict incident DM in East Asian populations.

Our additional analyses showed only a slight increase
in sensitivity in both sexes when WC was treated as an
optional component of the JCCMS criteria. This finding
suggests that including WC as an “optional” component
in the current JCCMS criteria has minimal impact on its
predictability for DM. One possible explanation is that
WC itself may not be a good risk predictor of DM. In
fact, FPG has much higher ability to identify individuals
with high risk of DM than do other components of the
MetS [3, 36, 37].

Limitations

The main strengths of our study include its prospective
design, large sample size, and sufficient number of DM
events. However, several limitations need to be considered.
First, because the majority of study participants were
employees of large companies, caution should be exercised
in generalizing the present finding to workers in smaller-
sized companies or non-working population. Second, the
sample size for women was relatively small and the
estimates obtained were unstable. Third, the methods of
blood glucose and HbAlc measurements differed among
the companies. Given the highest level of quality control
achieved in all of the participating companies, however,
measurement bias is unlikely. Measurement error is also
inevitable in the assessment of exposures including WC
and blood pressure. Such error usually occurs in random
manner and thus might have attenuated the association.
Fourth, because data on family history of DM and lifestyle
other than smoking (e.g., diet and physical activity) were
not collected in a standardized manner across the partici-
pating companies, we were unable to control for the
effects of these confounders. Lastly, our data are not able
to discriminate between type 1 and type 2 DM. However,
given that the prevalence of type 1 DM is as low as 1.75
per 10,000 in Japanese adults aged 20 years and over [38],
most cases in the present study maybe type 2 DM.

Conclusion

In conclusion, the results of the present study show that
WC cut-offs of 85 cm for men and 80 cm for women
are appropriate for predicting incident DM in the Japanese
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population. Use of the JIS criteria detected more cases of
incident DM compared to the JCCMS criteria.
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A2 12RO EERET—4

HhEREAME @mHg)
A# FfE  ihafE  {RERE

£k 92077 74.9 75.0 112
v | BIE 77959 758 76.0 110
R 14118 70.1 69.0 11,1
208K 1167 62.7 62.0 9.1

20-243% 4602 66.2 66.0 88

25-290%% 6696 684 68.0 9.0

30-342% 6731 712 71.0 94

35-30%% 8854 73.9 730 9.9

BiE [40-44%% 12303 76.3 76.0 103
45-293% 11942 784 78.0 106

50-542% 9489 79.9 80.0 102

. 55-50%% 9630 808 81.0 100
A 60-642% 5726 805 80.0 9.6
i 65 bl 819 78.9 79.0 94
@ 0&K 93 615 61.0 13
5] 20-243% 785 625 62.0 84
25-292% 1340 634 62.0 8.2

30-342% 1319 65.7 65.0 9.6

35-302% 1828 68.3 68.0 9.9

ik [40-243% 2895 70.1 69.0 107
45-493% 2187 73.0 72.0 113

50-542% 1602 745 74.0 110

55-592% 1239 75.6 76.0 106

60-643% 642 76.0 765 105

652 L 188 743 75.0 9.1

BMI

-

BMI 2K (uemazia)

14000

12000

9,456
9,326

10000

8000

6000

4000 -

2000 -

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 52 54

16/04/20

20



16/04/20

BMI
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%1 2R D0 13EERS F—4
BMI ke/m?)

AB FE  hR{E TR RE

2K 92335 23.38 2290 358

T B 78216 23.66 23.20 3.48

& 14119 21.81 21.00 3.70

20K 1168 21.56 21.10 2.81

20-245% 4619 2249 21.80 3.69

25-29% 6722 2294 2230 3.69

30-34% 6756 23.40 2280 3.71

35-395% 8888 23.68 23.10 3.65

B4 (40-445% 12334 24.01 2350 3.59

45-49% 11983 24.06 23.60 345

50-54% 9517 24.01 23.60 3.30

& 55-595% 9665 23.83 23.50 3.08

# 60-64% 5745 23.72 2350 2.89

i 65580 F 819 34493300 067

o CES 93 2117, 2070, 271

2 20-245% 785 20.91 2040 3.13

25-29i% 1340 20.95 2040 333

30-347% 1319 21.26 20.60 3.56

35-39% 1829 2159 20.70 3.18

X% |40-445% 2894 2188 21.05 3.83

45-495% 2187 2212 2140 381

50-547% 1603 22.16 2150 3.64

55-59i% 1239 2256 21.90 3.90

60-647% 642 2263 2220 341

65 Ll E 188 2253 2215 3.18
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16/04/20

12BN 2013EERDT—4
HEEH ©m)

A% Tl ichdfE  EAERE
ENE 76500 8251 82.00 957
e 65049 8361 83.00 9.13
& 11451 76.28 75.00 9.64
20K i 495 74 45 73.00 769
20-24%% 1773 77.08 75.20 9.30
25-29%% 2218 78.62 71.50 8.88
30-34% 2786 80.90 79.90 951
35-39%% 7918 8247 81.00 956
Bk [40-445% 12286 83.90 83.00 934
45-495%; 11932 84.50 83.65 9.06
50-545% 9484 8481 84.00 8.80
. 55-5974% 9623 84.79 84.00 8.26
A 60-6475 5717 84.76 84.20 783
Bé 658% LI E 817 83.66 84.00 7.70
@ 208K i 35 68.91 68.00 6.70
’ﬂ“ 20-247%% 307 70.67 69.50 7.19
25-29% 357 70.78 69.50 759
30-34%% 436 73.28 71.95 857
35-39%% 1584 75.06 7345 932
&tk [40-448% 2878 7607 7450 956
45-497% 2184 76.72 75.20 968
50-542% 1602 77.28 76.20 956
55-592%% 1238 78387 77.20 10.03
60-642% 642 7898 78.20 952
658 LIt 188 7794 77.00 908

EESMERZHEB DS MO T

« RE&
s JLT7TFZ=
BaLxFo—)L
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N E12MERD2013FEERS T4

PREE (mg/dL)
A (EHE (hRiE  EEREE
2k 52676 5.89 5.90 1.34
5 ELES 45945 6.11 6.10 1.23
s 6731 4.40 430 1.01
20 AR 340; 5.91 5.80 1.12
20-247% 1747 5.98 6.00 1.15
25-297%% 2860 6.05 6.00 1.21
30-347% 3246 6.10 6.10 1.22
35-397%% 5357 6.15 6.10 1.24
B4 [40-443% 6.19 6.20 1.24
45-497% 6.17 6.10 1.24
50-545F |  6244: ¢ 613 6100 124
55-507% 6.06 6.00 1.22
S 60-643% 5.99 6.00 124
iy 65m LI E H 5.94 6.00 1.21
E 207% K 43! 448 440 0.94
2 20-24%% |
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-0
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16/04/20

ILT7F=

ILFF=r BYE oimyanin) GLPF=Y & amganias)
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NEE125ERD2013EERDT—4

JLT7F=V (mg/dL)
AB FifE  [PRiE  EERE
E3CS 45574 0.83 0.80 0.31
51 ElE 40427 0.85 0.82 0.31
3 5147 0.62 0.60 0.29
20 ARA 336 0.83 0.81 0.09
20-247% 1586 0.83 0.81 0.11
25-207% 2337 0.83 0.80 017
30-347% 2772 0.83 0.81 0.11
35-303% 4790 0.84 0.80 0.40
PB4 40-447% 7198 0.84 0.81 0.29
45-497% 6570 0.86 0.84 0.29
50-54%% | 5540 086  ( 083 034
55-507% 5642 0.87 0.84 0.33
& 60-647% 3150 0.87 0.83 0.38
i 65/ £ 506 0.86 0.80 0.35
gr;-i 205% K ik 42 0.60 0.60 0.12
2l 20-247% 297 059 0.60 0.10
25-297% 392 0.59 0.60 0.09
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16/04/20

N2 12MRD2013EERST—4
#aLRFa—/L me/dD)

A% EHE (s ZREREE
BN 67697 1979 196.0 332
pery | B1E 57930 197.7 196.0 332
& 9767 1990 1970 337
20/ K 551 163.0 159.0 27.1
20-24%% 2228 169.2 1670 292
25-29%% 2920 179.3 176.0 314
30-34%% 3290 18838 1860 337
35-39%% 7080 196.0 194.0 326
Btk [40-4458 10282 200.3 1990 322
45-495% 9819 2026 201.0 320
50-54%% 8070 203.8 2030 316
& 55-59%% 8122 2028 202.0 32.1
A 60-6475% 4825 2009 199.0 316
B,; 658% LI E 743 1964 1950 320
@ 20K 45 178.8 1780 29.1
a1 20-24%% 320 1756 1720 28.7
25-29%% 495 18138 1710 337
30-34%% 489 180.2 1770 30.1
35-39%% 1420 186.8 184.0 305
i |40-445% 2324 1934 1910 291
45-498% 1713 2016 199.0 30.6
50-54%% 1268 2144 2130 330
55-59%% 970 2206 219.0 324
60-64%% 539 2170 216.0 314
658%LLE 184 2092 2065 328
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