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Abstract
Background: We investigated the effect of longitudinal status change in metabolic syndrome (MetS) assessed by
two different criteria on new onset of type 2 diabetes (NODM) in a Japanese population.
Methods: The participants were 827 non-diabetic citizens who had undergone medical examinations in 1994 and
2003 or 2004. We used two different criteria of MetS: the interim criteria by 6 institutions (MetS-INT) and Japanese
criteria (MetS-JP). According to the interim criteria, individuals defined as having MetS have any three of the following
five components of MetS: obesity, hyperglycemia, high blood pressure, hypertriglyceridemia and low HDL cholesterolemia. According to the Japanese criteria, individuals defined as having MetS must have abdominal obesity plus any
two of the following three factors; hyperglycemia, high blood pressure and dyslipidemia (hypertriglyceridemia and/
or low HDL-cholesterolemia). According to the status change in MetS, participants were divided into four groups: a
non-MetS to non-MetS group, a non-MetS to MetS group, a MetS to non-MetS group and a MetS to MetS group. We
calculated odds ratios of these four groups for NODM.
Results: NODM occurred in 65 participants. The odds ratios for NODM were 4.86, 4.97 and 7.50 in the non-MetS-INT
to MetS-INT group, MetS-INT to non-MetS-INT group and MetS-INT to MetS-INT group, respectively. On the other
hand, the odds ratios were 4.28 and 15.55 in the non-MetS-JP to MetS-JP group and MetS-JP to MetS-JP group,
respectively. After adjustment for high fasting plasma glucose at baseline, magnitude of the odds ratio of MetS to
MetS group was larger in the Japanese criteria group than in the interim criteria group.
Conclusions: Determining the status of MetS routinely and paying attention to status change in MetS may be
important for prevention of type 2 diabetes. MetS defined by the criteria which includes obesity as a prerequisite
component may be a stronger risk for type 2 diabetes than MetS defined by the criteria which includes obesity as one
of components.
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Background
Metabolic syndrome (MetS) is one of the useful predictors for future occurrence of type 2 diabetes as well as
cardiovascular disease [1–8]. However, there are different
criteria for diagnosis of MetS, which cause some confusion because there are some differences in prevalence of
MetS by using various criteria. A joint interim statement
has been issued by the International Diabetes Federation (IDF) Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute (NHLBI);
American Heart Association (AHA); World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. According
to the statement, abdominal obesity should not be a prerequisite for diagnosis, but it is 1 of 5 criteria, 3 of which
constitute a diagnosis of metabolic syndrome [9]. On
the other hand, according to the Japanese criteria [10],
as in the previous IDF criteria [11], abdominal obesity is
a prerequisite for diagnosis of MetS because there is an
emphasis in the Japanese criteria that abdominal obesity
is a background for risk accumulation in the pathological mechanism of metabolic syndrome. Because obesity,
especially abdominal obesity, is considered to be a strong
risk factor for new onset of type 2 diabetes (NODM) [12,
13], there may be some difference in the predictive power
for NODM if abdominal obesity is prerequisite or not.
To prevent occurrence of type 2 diabetes and cardiovascular disease, life style intervention is important
for individuals with MetS [14, 15]. A recent large-scale
observational study showed that life style intervention
in individuals with MetS was related with 25 % riskreduction of type 2 diabetes and 50 % risk-reduction of
cardiovascular disease [15]. During life style intervention period, repeated assessment of whether they satisfy
MetS criteria or not is important for determining the
effectiveness of the life style intervention [16]. Although
many studies have shown that MetS at baseline is a useful predictor of the future occurrence of type 2 diabetes,
the impact of longitudinal status change in MetS on new
onset of type 2 diabetes has not been determined.
In this study, we therefore investigated the effect of longitudinal status change in MetS defined by two different
criteria on NODM in a general Japanese population.
Methods
Participants

We have been conducting a cohort study called “The
Tanno–Sobetsu study” since 1977. Annual health checkups, including standard blood and urine tests and an
electrocardiogram, have been conducted for all residents
aged 30 years or more of Tanno town and Sobetsu town.
The two towns are in rural areas of Hokkaido, the northernmost island of Japan, and the major industry in both

Page 2 of 9

towns is agriculture. Most of participants in this cohort
are middle-aged and elderly people and their life style,
prevalence of obesity, blood pressure, and blood glucose and serum lipid levels are similar to the results of
a national survey in Japan. Therefore, this cohort is considered to represent Japanese middle-aged and elderly
population.
In this study, of 1908 residents who were aged 30 years
or older when they received medical examinations in the
two towns in 1994, 938 also underwent medical examinations in 2003 or 2004. From the 938 residents, we
excluded 70 individuals without data for MetS components and 41 individuals who had type 2 diabetes in 1994
(individuals with fasting plasma glucose (FPG) ≥126 mg/
dl [17] and/or individuals on medication for type 2 diabetes). The remaining 827 individuals were participants in
this study.
This study was approved by the Ethics Committee of
Sapporo Medical University and we received written
informed consent from all participants.
Measurement items

Waist circumference, body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP),
fasting plasma glucose (FPG), total cholesterol (T.chol),
triglycerides (TG), and HDL cholesterol (HDL-C) were
measured in each participant. After 5 min of rest, blood
pressure levels (SBP and DBP) were measured twice in a
sitting position and average values were used for analysis.
FPG level, T.chol level, TG level and HDL-C level were
measured by the hexokinase method, cholesterol oxidase method, enzymatic method and the direct method,
respectively.
Criteria of metabolic syndrome

Participants with MetS were determined according to
two different criteria: the interim criteria by 6 institutions
[9] and the Japanese criteria [10]. Differences among the
two criteria are simply described below.
According to the interim criteria, individuals defined
as having MetS (MetS-INT) have any three of the following five components of MetS: elevated waist circumference (waist circumference ≥90 cm for men and
≥80 cm for women; Asian criteria), hypertriglyceridemia
(TG ≥150 mg/dl and/or on drug treatment for elevated
triglycerides), low HDL cholesterolemia (HDL-C <40 mg/
dl for men and <50 mg/ml for women), high blood pressure (SBP ≥130 mmHg and/or DBP ≥85 mmHg and/or
treatment for previously diagnosed hypertension) and
high FPG (FPG ≥100 mg/dl).
According to the Japanese criteria, individuals defined
as having MetS (MetS-JP) must have abdominal obesity (waist circumference ≥85 cm for men and ≥90 cm
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Table 1 Comparisons of international criteria of metabolic syndrome and Japanese criteria of metabolic syndrome
International criteria

Japanese criteria

Absolutely required

None

Criteria

Any three of the five criteria below

Central obesity (waist circumference ≥85 cm for men
and ≥90 cm for women

Obesity

Elevated waist circumference (waist circumference ≥90 cm for (Central obesity already required)
men and ≥80 cm for women; Asian criteria)

Obesity, plus two of the three criteria below

High blood pressure SBP ≥130 mmHg and/or DBP ≥85 mmHg and/or treatment
for previously diagnosed hypertension

SBP ≥130 mmHg and/or DBP ≥85 mmHg and/or treatment for
previously diagnosed hypertension

Dyslipidemia

TG ≥150 mg/dl and/or HDL-C <40 mg/dl for both gender and/
or specific treatment for these

TG ≥150 mg/dl and/or on drug treatment for elevated
triglycerides
HDL-C <40 mg/dl for men and <50 mg/dl for women

Hyperglycemia

FPG ≥100 mg/dl

FPG ≥110 mg/dl

SBP systolic blood pressure, DBP diastolic blood pressure, TG triglycerides, HDL-C HDL cholesterol, FPG fasting plasma glucose

for women) plus any two of the following three factors:
dyslipidemia (TG ≥150 mg/dl and/or HDL-C <40 mg/dl
and/or specific treatment for these), high blood pressure
(SBP ≥130 mmHg and/or DBP ≥85 mmHg and/or treatment for previously diagnosed hypertension) and high
FPG (FPG ≥110 mg/dl) (Table 1).
Statistical analysis

According to the status change in MetS between 1994
and 2003 or 2004, participants were divided by using
each of the criteria separately into four groups: a nonMetS to non-MetS group, a non-MetS to MetS group, a
MetS to non-MetS group and a MetS to MetS group. We
calculated the odds ratio of MetS at baseline and the odds
ratios of the above four groups for NODM (individuals
with FPG ≥126 mg/dl [17] or individuals who were on
medication for type 2 diabetes on the basis of the 2003 or
2004 medical examination data).
IBM SPSS Statistics ver.22 was used for statistical analysis. The significance level in all analyses was
set at p < 0.05. All numerical values are expressed as
mean ± SD or medians and ranges. Student’s t test,
analysis of variance (ANOVA), the Kruskal–Wallis test,
Dunnett’s test and Fisher’s exact test with Bonferroni correction were used for examination of intergroup differences compared with the non-MetS to non-MetS group
and for frequency comparison. Multiple logistic regression analysis was used to estimate the odds ratios of
NODM. Age, sex were selected as confounding factors in
model 1. Then high FPG (FPG ≥100 mg/dl for MetS-INT
and ≥110 mg/dl for MetS-JP) at baseline was additionally
included in the Model 2 (Model 2).

Results
Table 2 shows the baseline characteristics of participants
by gender. Mean age, waist circumference, TG, FPG
and percentages of participants with abdominal obesity

assessed by the Japanese criteria, smoking, IFG, high TG,
low HDL-C assessed by the Japanese criteria and MetSJP were significantly higher in men than in women. SBP,
T.chol, HDL-C and percentage of participants with low
HDL-C assessed by the interim criteria were significantly
higher in women than in men. There were no significant
differences in BMI, DBP, percentages of participants with
a family history of type 2 diabetes, abdominal obesity
assessed by the Asian criteria, high blood pressure and
MetS-INT between men and women.
Figure 1 shows the follow-up results in this study. During the follow-up period, NODM occurred in 65 participants. When using the MetS criteria by 6 institutions,
there were 666 individuals in the non-MetS-INT group
and 161 in the MetS-INT group at baseline. Of the 666
individuals in the non-MetS-INT group, 487 remained
in the non-MetS-INT category in 2003 or 2004, and the
remaining 173 individuals changed to the MetS-INT
category in 2003 or 2004. One hundred fifteen of the
161 individuals in the MetS-INT group remained in the
MetS-INT category in 2003 or 2004, and the remaining
46 individuals changed to the non-MetS-INT category
(Fig. 1a). When using the Japanese MetS criteria, there
were 760 individuals in the non-MetS-JP group and 67 in
the MetS-JP group at baseline. Of the 760 individuals in
the non-MetS-JP group, 644 remained in the non-MetSJP category in 2003 or 2004, and the remaining 116 individuals changed to the MetS-JP category in 2003 or 2004.
Thirty-four of the 67 individuals in the MetS-JP group
remained in the MetS-JP category in 2003 or 2004, and
the remaining 33 individuals changed to the non-MetSJP category (Fig. 1b).
Table 3 shows the baseline characteristics among
status-change categories defined by the interim criteria of MetS. BMI, waist circumference, SBP, DBP, FPG
and percentages of participants with abdominal obesity, high BP, high FPG, high TG and low HDL-C were

Ohnishi et al. Diabetol Metab Syndr (2016) 8:64

Page 4 of 9

Table 2 Baseline characteristics of subjects by sex, 1994
Men

Women

n

347

480

Mean age (years)

59.6 ± 9.0

58.3 ± 8.5

Family history of type 2 diabetes (%)
Body mass index (kg/m2)
Waist circumference (cm)

9.2

23.5 ± 3.1

83.2 ± 9.2

11.3

23.5 ± 2.8

p

0.034
0.387
0.784

75.2 ± 8.1

<0.0001

Abdominal obesity (Asian criteria) (%)

23.3

29.0

0.079

Abdominal obesity (Japanese criteria) (%)

42.1

5.6

<0.0001

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dl)
Triglycerides (mg/dl)
HDL-C (mg/dl)
Fasting plasma glucose (mg/dl)
Smoking (%)

131.3 ± 17.3

78.4 ± 9.1

183.8 ± 29.7

144.2 ± 106.7

53.2 ± 13.5

94.8 ± 10.4

69.7

134.1 ± 19.2

77.7 ± 9.8

199.6 ± 31.6

117.7 ± 76.6

0.028
0.320
<0.0001
<0.0001

57.7 ± 13.5

<0.0001

7.3

<0.0001

93.0 ± 8.8

0.008

High blood pressure (%)

56.8

58.8

0.617

Impaired fasting glucose (%)

27.4

19.6

0.009

High triglycerides (≥150 mg/dl) (%)

30.3

17.1

<0.0001

Low HDL-C (INT) (<40 mg/dl for men and <50 mg/dl for women) (%)

15.3

27.1

<0.0001

Low HDL-C (JP) (<40 mg/dl for men and women) (%)

15.3

8.8

0.004

MetS-INT (%)

20.7

18.5

0.477

MetS-JP (%)

17.3

1.5

<0.0001

Abdominal obesity by Asian criteria: 90 cm for men and 80 cm for women; Abdominal obesity by Japanese criteria: 85 cm for men and 90 cm for women; MetS-INT
metabolic syndrome assessed by the interim criteria by 6 institutions, MetS-JP metabolic syndrome assessed by the Japanese criteria

significantly higher in the non-MetS-INT to MetS-INT
group, MetS-INT to non-MetS-INT group and MetSINT to MetS-INT group than in the non-MetS-INT to
non-MetS-INT group (reference group). Mean age and
T.chol were higher in the non-MetS-INT to MetS-INT
group and MetS-INT to MetS-INT group than in the
reference group. The percentage of men was lower in the
non-MetS-INT to MetS-INT group and was higher in
the MetS-INT to non-MetS-INT group than in the reference group. The percentage of participants with a family history of type 2 diabetes was higher in the MetS-INT
to MetS-INT group than in the reference group. HDL-C
was lower in the above three groups than in the reference
group.
Table 4 shows the baseline characteristics among status-change categories defined by the Japanese criteria of
MetS. BMI, waist circumference, SBP, DBP, FPG, percentage of men, and percentages of participants with
abdominal obesity, high BP, high FPG, high TG and low
HDL-C were significantly higher in the non-MetS-JP
to MetS-JP group, MetS-JP to non-MetS-JP group and
MetS-JP to MetS-JP group than in the non-MetS-JP to
non-MetS-JP group (reference group). Mean age was
higher in the non-MetS-JP to MetS-JP group and MetSJP to non-MetS-JP group than in the reference group.

T.chol was higher in the non-MetS-INT to MetS-INT
group than in the reference group. The percentage of participants with a family history of type 2 diabetes tended
to be higher in the MetS-JP to MetS-JP group than in the
reference group, but the difference was not statistically
significant. HDL-C was lower in the above three groups
than in the reference group.
Table 5 shows the results of multiple logistic regression analysis. The odds ratios for NODM in individuals
with MetS-INT and individuals with MetS-JP at baseline
adjusted for age and sex were 3.46 and 5.15, respectively
(Model 1). When we additionally adjusted for high FPG
at baseline (Model 2), MetS-INT lost its significance, but
the odds ratio of MetS-JP was 3.45 and still retained its
statistical significance. As for status change of MetS, the
odds ratios for NODM were 4.86, 4.97 and 7.50 in the
non-MetS-INT to MetS-INT group, MetS-INT to nonMetS-INT group and MetS-INT to MetS-INT group
(Model 1), respectively. However, in Model 2, only the
odds ratio of non-MetS-INT to MetS-INT group and
MetS-INT to MetS-INT group retained its significance.
On the other hand, the odds ratios were 4.28 and 15.55
in the non-MetS-JP to MetS-JP group and MetS-JP to
MetS-JP group, respectively (Model 1), and both of them
still retained their significance after adjustment for high
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a
1994

Non-MetS-INT
group
666 individuals

MetS-INT group
161 individuals

b

1994

Non-MetS-JP group
760 individuals

MetS-JP group
67 individuals

2003, 2004
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Individuals newly defined
as having type 2 diabetes
in 2003 or 2004
(FPG ≥ 126mg/dl or those who
were on medication for diabetes)

Non-MetS-INT
487 individuals
MetS-INT
179 individuals

15 individuals
22 individuals

Non-MetS-INT
46 individuals

7 individuals

MetS-INT
115 individuals

21 individuals

2003, 2004
Non-MetS-JP
644 individuals

28 individuals

MetS-JP
116 individuals

19 individuals

Non-MetS-JP
33 individuals

4 individuals

MS-JP
34 individuals

14 individuals

Fig. 1 a Shows number of individuals newly defined as having type
2 diabetes in four status-change groups when using the interim
criteria of MetS. b Shows number of individuals newly defined as
having type 2 diabetes in four status-change groups when using
the Japanese criteria of MetS. MetS-INT metabolic syndrome defined
by the interim criteria, MetS-JP metabolic syndrome defined by the
Japanese criteria follow-up results by different criteria of MetS

FPG at baseline (Model 2). Status change of MetS-JP to
non-MetS-JP was not selected as a significant risk for
NODM. Magnitude of the odds ratio of MetS to MetS
group was larger in the Japanese criteria group than in
the interim criteria group.

Discussion
The main findings of this study are [1] MetS assessed
by both of the criteria at baseline were significant predictors of NODM and MetS-JP only retained its significance after adjustment for high FPG at baseline, [2]
status change of non-MetS to MetS was a significant risk
for NODM, and maintenance of status of MetS was the
strongest risk for NODM, and [3] magnitude of the odds
ratio of MetS to MetS group was larger in the Japanese
criteria group than in the interim criteria group.
The results of this study showed that MetS-JP still
maintained its significance after adjustment for high FPG
at baseline. According to the Japanese criteria of MetS
[10], the definition of MetS must include abdominal

obesity as in the previous International Diabetes Federation (IDF) definition [11], because the accumulation of
visceral fat in individuals with MetS is considered to be
important for the mechanism underlying the accumulation of risk factors for cardiovascular disease. Abdominal
obesity, which is one of the background factors of insulin resistance, may lead to the accumulation of coronary
risk factors and to the development of type 2 diabetes.
Ford et al. [18] reported that MetS was a risk factor for
future occurrence of type 2 diabetes in Europeans and
that abdominal obesity and impaired fasting glucose
(IFG) were the two strongest predictors of incident diabetes. Marott et al. [19] also reported that waist circumference and glucose level were strongly associated with
occurrence of type 2 diabetes. Mukai et al. reported that
when using the criteria of metabolic syndrome reported
by AHA/NHLBI [20], metabolic syndrome that did not
include the IFG component was also a significant risk
factor for the development of type 2 diabetes and that
the coexistence of metabolic syndrome and IFG greatly
increased the risk of future type 2 diabetes in the general
Japanese population [7]. Therefore, the Japanese criteria
of MetS, which can efficiently identify individuals with
the coexistence of abdominal obesity and high FPG, may
be a more useful predictor for NODM than the interim
criteria.
In this study, new change to MetS was a strong risk
for the development of type 2 diabetes and maintenance
of the status of MetS was the strongest risk factor for
NODM when using both criteria. Status change of MetS
may be an indication of the duration of MetS, and the
results of this study may mean that the longer the duration of MetS is, the higher is the risk for development of
type 2 diabetes. After adjustment for high FPG at baseline, magnitude of odds ratio of MetS to MetS group was
larger in the Japanese criteria group than in the interim
criteria group. One of the reasons why status change
of MetS-JP was a stronger risk for type 2 diabetes than
status change of MetS-INT may be the issue of whether
abdominal obesity is prerequisite or not. Because abdominal obesity plays an important role in the status change
of MetS-JP, status change of MetS-JP to MetS-JP means
a continuation of abdominal obesity. On the other hand,
status change of MetS-INT to MetS-INT does not
always mean continuation of abdominal obesity because
abdominal obesity is not a prerequisite for diagnosis in
the criteria. Another reason may be that there are several
differences in the cut-off points of components of MetS
between the criteria. Differences in the cut-off points of
waist circumference, high FPG level and HDL-C level
may affect the prevalence of MetS and the percentages
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Table 3 Baseline characteristics among status-change categories defined by international criteria of metabolic syndrome
Non-MetS-INT
to Non-Met-INT

Non-MetS-INT
to MetS-INT

MetS-INT
to Non-MetS-INT

MetS-INT
to MetS-INT

n

487

179

46

115

Mean age (years)

57.8 ± 9.1

59.8 ± 7.8*

60.8 ± 7.5

Men (%)
Family history of type 2
diabetes (%)
Body mass index (kg/m2)

44.8
5.5

22.5 ± 2.5

#

#

28.4

65.2

6.3

46.5

#

2.2

24.3 ± 2.7*

62.8 ± 7.8*

16.3

25.7 ± 2.1*

27.1 ± 2.4*

p

<0.001a
<0.001b
0.005b
<0.001a

75.7 ± 8.3

79.8 ± 8.5*

91.7 ± 5.2*

89.7 ± 7.5*

<0.001a

150.4 ± 16.1*

<0.001a

Diastolic blood pressure
(mmHg)

76.3 ± 9.1

79.3 ± 9.3*

85.7 ± 9.3*

83.3 ± 9.0*

<0.001a

Total cholesterol (mg/dl)

189.9 ± 30.7

196.6 ± 32.6*

194.8 ± 32.9

203.6 ± 33.1*

0.001a

157 (47–1127)

<0.001§

59.3 ± 13.2

51.5 ± 13.4*

50.6 ± 10.2*

46.7 ± 10.7*

<0.001a

65.3

73.6

50.0

65.1

0.001b

Waist circumference (cm)
Systolic blood pressure
(mmHg)

Triglycerides (mg/dl)
HDL-C (mg/dl)
Fasting plasma glucose (mg/dl)
Smoking never smoker (%)

128.8 ± 17.4

93 (42–635)
91.7 ± 8.9

135.4 ± 17.5*

145.2 ± 16.3*

125 (45–554)

141 (52–506)

95.1 ± 8.8*

100.6 ± 8.8*

101.6 ± 10.5*

<0.001a

Ex-smoker (%)

8.6

5.8

21.7

Current smoker (%)

26.1

20.7

28.3

17.4

Abdominal obesity (Asian
criteria) (%)

12.3

27.4#

60.9#

87.2#

<0.001b

High blood pressure (%)

45.4

64.9#

91.3#

94.2#

<0.001b

High fasting plasma
glucose (%)

13.3

#

23.1

#

65.2

#

53.5

<0.001b

High triglycerides (%)

10.7

25.5#

65.2#

60.5#

<0.001b

10.5

#

#

#

<0.001b

Low HDL-C (%)

30.3

47.8

17.4

54.7

Asian criteria of abdominal obesity, waist circumference ≥90 cm for men and ≥ 80 cm for women

High blood pressure, systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg and/or medication for hypertension

High fasting plasma glucose, fasting plasma glucose ≥100 mg/dl; high triglycerides, triglycerides ≥150 mg/dl; Low HDL-C, HDL cholesterol <40 mg/dl for men
and <50 mg/dl for women
Continuous variables are expressed as means ± SD or medians (range)
* p < 0.05 vs. Non-MetS to Non-MetS group using Dunnet’s test
#

p < 0.05 vs. Non-MetS to Non-MetS group using Bonferroni correction

a

Analysis of variance (ANOVA)

b

Fisher’s exact test

c

Kruskal–Wallis test

of men and individuals with higher levels of FPG in the
MetS group. When using the Japanese criteria, prevalence of MetS-JP was lower than that of MetS-INT, but
percentages of men and individuals with IFG, which is
considered to be a risk factor for NODM, were higher in
the MetS-JP group than in the MetS-INT group. These
may also explain why the results of status change of MetS
to non-MetS were different between MetS-INT and
MetS-JP.
One of clinical implications of this study is that
the results may be useful in education for community dwellers with MetS by public health workers. The
impact of maintained status of MetS on NODM may
motivate community dwellers with MetS to change
their life styles. It is known that life style intervention

for individuals with impaired glucose tolerance (IGT)
or MetS can prevent type 2 diabetes [21–25]. In the
present observational study, we could not find an effect
of status change in MetS to non-MetS on prevention of
NODM. Further interventional studies are needed to
assess the effect of improvement in the status of MetS
on NODM.
There are some limitations in this study. First, we could
not assess the gender difference in the effect of status
change of MetS on NODM because our sample size was
relatively small. Further large-scale studies are needed to
evaluate the gender difference. Second, there may be a
self-selection bias because we included participants who
received the health checkups in both 1994 and 2003 or
2004. Therefore, we may have underestimated the impact
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Table 4 Baseline characteristics among status-change categories defined by Japanese criteria of MetS
Non-MetS-JP to non-Met-JP Non-MetS-JP to MetS-JP MetS-JP to Non-MetS-JP MetS-JP to MetS-JP p
n

644

116

33

34

Mean age (years)

58.2 ± 8.9

60.9 ± 7.1*

62.2 ± 7.4*

61.2 ± 10.3

0.001a

85.3

<0.001b

Family history of type 2
diabetes (%)

6.2

6.9

3.0

17.6

0.087b

Body mass index (kg/m2)

22.9 ± 2.7

25.1 ± 2.8*

25.0 ± 1.9*

27.2 ± 3.3*

<0.001a

Men (%)

34.9

53.5

#

#

93.9

#

130.9 ± 18.2

84.2 ± 7.4*

89.9 ± 4.3*

94.2 ± 6.5*

<0.001a

Systolic blood pressure
(mmHg)

76.1 ± 8.3

146.3 ± 16.9*

<0.001a

Diastolic blood pressure
(mmHg)

77.0 ± 9.5

79.8 ± 8.5*

82.5 ± 7.4*

86.0 ± 8.5*

<0.001a

Total cholesterol (mg/dl)

191.7 ± 31.4

200.3 ± 34.3*

192.7 ± 27.8

194.0 ± 31.0

0.064a

181.5 (62–1127)

<0.001c

92.5 ± 9.0

51.4 ± 13.0*

46.0 ± 10.9*

43.6 ± 11.4*

<0.001a

Fasting plasma glucose
(mg/dl)

57.8 ± 13.3

103.0 ± 11.0*

<0.001a

Smoking never smoker (%)

71.9

53.5

39.4

35.3

<0.001b

Waist circumference (cm)

Triglycerides (mg/dl)
HDL-C (mg/dl)

98.5 (42–635)

137.1 ± 17.6*

144.9 ± 15.5*

129.5 (51–1109)
96.0 ± 9.2*

186 (47–506)
100.2 ± 10.5*

Ex-smoker (%)

7.0

14.7

24.2

26.5

Current smoker (%)

21.1

31.9

36.4

38.2

Abdominal obesity (Japanese
criteria) (%)

10.3

34.5#

100.0#

100.0#

<0.001b

High blood pressure (%)

52.3

67.2#

93.9#

97.1#

<0.001b

#

30.3

#

38.2

<0.001b

#

High fasting plasma glucose
(%)

4.0

7.8

High triglycerides (%)

15.2

32.8#

81.8#

70.6#

<0.001b

#

#

#

<0.001b

Low HDL-C (%)

7.8

17.2

30.3

44.1

Japanese criteria of abdominal obesity, waist circumference ≥85 cm for men and ≥90 cm for women

High blood pressure, systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg and/or medication for hypertension

High fasting plasma glucose, fasting plasma glucose ≥110 mg/dl; High triglycerides, triglycerides ≥150 mg/dl; Low HDL-C, HDL cholesterol <40 mg/dl for both men
and women
Continuous variables are expressed as means ± SD or medians (range)
* p < 0.05 vs. Non-MetS to Non-MetS group using Dunnet’s test
#

p < 0.05 vs. Non-MetS toNon-MetS group using Bonferroni correction

a

Analysis of variance (ANOVA)

b

Fisher’s exact test

c

Kruskal–Wallis test

of status change of MetS on NODM. Third, we could not
assess the components of both criteria of MetS for which
changes are important to predict NODM and we could
not assess the appropriate cut-off points of components
of both criteria because of the small sample size. Further
studies are needed to examine these issues. Forth, we
may underestimate number of new onset type 2 diabetes
because we did not conduct 75 g oral glucose tolerance
test to define new onset of type 2 diabetes. Fifth, we could
not consider effects of several confounding factors such
as antihypertensive agents, family history of type 2 diabetes and body mass index in multiple logistic regression
models because of small sample size. Further large-scale

studies are needed to consider effects of several confounding factors other than fasting plasma glucose level
at a time.

Conclusion
In conclusion, the results of this study show that not only
MetS at baseline but also longitudinal status change in
MetS are useful for assessing the risk of future development of type 2 diabetes. Our results suggest that routinely determining the status change of MetS and paying
attention to status change of MetS may be important
for prevention of the future occurrence of type 2 diabetes. Status change of MetS defined by the criteria which
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Table 5 Odds ratios of MetS at baseline and longitudinal status change in MetS for new onset of type 2 diabetes
MetS-INT

MetS at baseline

MetS-JP

Model 1

Model 2

Model 1

Model 2b

3.46** (2.02–5.91)

1.49 (0.82–2.69)

5.15** (2.60–10.20)

3.45** (1.68–7.05)

Model 2

Model 1

Model 2b

Model 1

a

a

Non-MetS to non-MetS

1.00

1.00

1.00

1.00

Non-MetS to MetS

4.86** (2.44–9.70)

4.16** (2.03–8.53)

4.28** (2.27–8.08)

4.11** (2.08–8.13)

**

MetS to non-MetS

4.97 (1.89–13.07)

1.75 (0.63–4.89)

3.06 (0.95–9.87)

0.93 (0.25–3.48)

MetS to MetS

7.50** (3.67–15.33)

3.38** (1.57–7.25)

15.55** (6.71–36.07)

6.64** (2.46–17.89)

Model 1 adjusted for age, sex
Model 2 Model 1 + FPG ≥100 mg/dl at baseline
Model 3 Model 1 + FPG ≥110 mg/dl at baseline

MetS-INT metabolic syndrome assessed by the interim criteria by 6 institutions, MetS-JP metabolic syndrome assessed by the Japanese criteria
* p < 0.05
** p < 0.01

includes obesity as a prerequisite component may be a
stronger risk for type 2 diabetes than MetS defined by the
criteria which includes obesity as one of components.
Author’s contributions
HO contributed to the study design and analysis plan, collected the data,
analyzed the data, and wrote, reviewed, and edited the manuscript. SS, HA
and TF contributed to the study design and analysis plan, collected the data,
and reviewed and edited the manuscript. MM and TM contributed to the
study design and analysis plan, and they reviewed and edited the manuscript.
All authors read and approved the final manuscript.
Author details
1
Department of Public Health, Sapporo Medical University School of Medicine, Sapporo, Hokkaido, Japan. 2 Department of Cardiovascular, Renal
and Metabolic Medicine, Sapporo Medical University School of Medicine, Sapporo, Hokkaido, Japan. 3 Department of Basics and Clinical Medicine, Sapporo
Medical University School of Health Science, Sapporo, Hokkaido, Japan.
Acknowledgements
We sincerely thank the public nurses and other staff in the two towns and
thank the participants in the Tanno and Sobetsu study for their dedication.
Competing interests
The authors declare that they have no competing interests.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of Sapporo Medical University and we received written informed consent from all participants.

2.

3.

4.

5.
6.
7.

8.

9.

Funding
This work was supported by Japan Society for the Promotion of Science (JSPS)
KAKENHI Grant Number 25460768.
Received: 7 March 2016 Accepted: 29 August 2016

10.
11.
12.

References
1. Ford ES. Risks for all-cause mortality, cardiovascular disease, and diabetes
associated with the metabolic syndrome: a summary of the evidence.
Diabetes Care. 2005;28(7):1769–78.

13.

Hanley AJ, Karter AJ, Williams K, Festa A, D’Agostino RB Jr, Wagenknecht
LE, et al. Prediction of type 2 diabetes mellitus with alternative definitions
of the metabolic syndrome: the Insulin resistance atherosclerosis study.
Circulation. 2005;112(24):3713–21.
Lorenzo C, Williams K, Hunt KJ, Haffner SM. The National Cholesterol
Education Program—Adult Treatment Panel III, International Diabetes
Federation, and World Health Organization definitions of the metabolic
syndrome as predictors of incident cardiovascular disease and diabetes.
Diabetes Care. 2007;30(1):8–13.
Sattar N, McConnachie A, Shaper AG, Blauw GJ, Buckley BM, de Craen AJ,
et al. Can metabolic syndrome usefully predict cardiovascular disease
and diabetes? Outcome data from two prospective studies. Lancet.
2008;371(9628):1927–35.
Wannamethee SG, Shaper AG, Lennon L, Morris RW. Metabolic syndrome
vs Framingham Risk Score for prediction of coronary heart disease, stroke,
and type 2 diabetes mellitus. Arch Intern Med. 2005;165(22):2644–50.
Wilson PW, D’Agostino RB, Parise H, Sullivan L, Meigs JB. Metabolic
syndrome as a precursor of cardiovascular disease and type 2 diabetes
mellitus. Circulation. 2005;112(20):3066–72.
Mukai N, Doi Y, Ninomiya T, Hata J, Yonemoto K, Iwase M, et al. Impact
of metabolic syndrome compared with impaired fasting glucose on the
development of type 2 diabetes in a general Japanese population: the
Hisayama study. Diabetes Care. 2009;32(12):2288–93.
Salminen M, Kuoppamaki M, Vahlberg T, Raiha I, Irjala K, Kivela SL. Metabolic syndrome defined by modified International Diabetes Federation
criteria and type 2 diabetes mellitus risk: a 9-year follow-up among the
aged in Finland. Diabetes Vasc Dis Res. 2013;10(1):11–6.
Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,
et al. Harmonizing the metabolic syndrome: a joint interim statement of
the International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation.
2009;120(16):1640–5.
Matsuzawa Y. Metabolic syndrome—definition and diagnostic criteria in
Japan. J Atheroscler Thromb. 2005;12(6):301.
Alberti KG, Zimmet P, Shaw J. The metabolic syndrome—a new worldwide definition. Lancet. 2005;366(9491):1059–62.
Ohnishi H, Saitoh S, Takagi S, Katoh N, Chiba Y, Akasaka H, et al. Incidence of type 2 diabetes in individuals with central obesity in a rural
Japanese population: the Tanno and Sobetsu study. Diabetes Care.
2006;29(5):1128–9.
Mamtani MR, Kulkarni HR. Predictive performance of anthropometric
indexes of central obesity for the risk of type 2 diabetes. Arch Med Res.
2005;36(5):581–9.

Ohnishi et al. Diabetol Metab Syndr (2016) 8:64

14. Choo J, Yoon SJ, Ryu H, Park MS, Lee HS, Park YM, et al. The Seoul
Metropolitan Lifestyle Intervention Program and Metabolic Syndrome
Risk: a retrospective database study. Int J Environ Res Pub Health.
2016;13(7):667.
15. Kim D, Yoon SJ, Lim DS, Gong YH, Ko S, Lee YH, et al. The preventive
effects of lifestyle intervention on the occurrence of diabetes mellitus
and acute myocardial infarction in metabolic syndrome. Public Health.
2016.
16. Walden P, Jiang Q, Jackson EA, Oral EA, Weintraub MS, Rubenfire M.
Assessing the incremental benefit of an extended duration lifestyle intervention for the components of the metabolic syndrome. Diabetes Metab
Syndr Obes. 2016;9:177–84.
17. Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi A, Araki E, et al. Report
of the committee on the classification and diagnostic criteria of diabetes
mellitus. J Diabetes Investig. 2010;1(5):212–28.
18. Ford ES, Schulze MB, Pischon T, Bergmann MM, Joost HG, Boeing H. Metabolic syndrome and risk of incident diabetes: findings from the European
Prospective Investigation into Cancer and Nutrition-Potsdam Study.
Cardiovasc Diabetol. 2008;7:35. doi:10.1186/1475-2840-7-35.
19. Marott SC, Nordestgaard BG, Tybjaerg-Hansen A, Benn M. Components
of the metabolic syndrome and risk of type 2 diabetes. J Clin Endocrinol
Metab. 2016;101(8):3212–21.

Page 9 of 9

20. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,
et al. Diagnosis and management of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Institute Scientific
Statement. Circulation. 2005;112(17):2735–52.
21. Eriksson KF, Lindgarde F. Prevention of type 2 (non-insulin-dependent)
diabetes mellitus by diet and physical exercise. The 6-year Malmo feasibility study. Diabetologia. 1991;34(12):891–8.
22. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker
EA, et al. Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med. 2002;346(6):393–403.
23. Orchard TJ, Temprosa M, Goldberg R, Haffner S, Ratner R, Marcovina S,
et al. The effect of metformin and intensive lifestyle intervention on the
metabolic syndrome: the Diabetes Prevention Program randomized trial.
Ann Intern Med. 2005;142(8):611–9.
24. Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects of diet and
exercise in preventing NIDDM in people with impaired glucose tolerance.
The Da Qing IGT and Diabetes Study. Diabetes Care. 1997;20(4):537–44.
25. Yamaoka K, Tango T. Effects of lifestyle modification on metabolic syndrome: a systematic review and meta-analysis. BMC Med. 2012;10:138.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

