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Table 1. Medified criteria for clinical diagnosis of metabolic syndrome

Japanese NCEP/ATPI IDF
Criteria (1) plus any 2 or more of Any 3 or more of (1) plus any 2 or more of
the following 3 components the following 5 components the following 4 components
Obesity (1) BM1 225 kg/m? (1) BMI 225 kg/m? _ (1) BMI 225 kg/m?
Blood pressure (2) SBP 2130 mmHg and/or (2) SBP 2130 mmHg and/or (2) SBP 2130 mmHg and/or
P DBP 285 mmHg DBP >85 mmHg DBP 285 mmHg
.. (3) TG 2150 mg/dL and/or
Lipid HDL-C <40 mg/dL (3) TG 2150 mg/dL (3) TG 2150 mg/dL
(4) HDL-C <40 mg/dL for men (4) HDL-C <40 mg/dL for men
and <50 mg/dL for women and < 50 mg/dL for women
Fasting glucose (4) 2110 mg/dL (5) 2100 mg/dL (5) 2100 mg/dL

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: triglycerides, HDL-C: high-density lipoprotein choles-
terol, NCEP/ATPII: third report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High

Cholesterol in Adults, IDF: International Diabetes Federation.

To evaluate the reliability and construct validity
of the 28-item GHQ in the present subjects, we exam-
ined the factor-based validity by subjecting all 28
items to explanatory factors by means of principal axis
factor analysis. Four factors with eigenvalues of more
than 1.0 were extracted as in the previous study': 1)
somatic symptoms, 2) anxiety, 3) social dysfunction,
and 4) depression. The internal consistency values of
our questionnaire for these four factors, as measured
by Cronbach’s alpha coefficients, were 0.78, 0.62, 0.47,
and 0.98, respectively. Unfortunately, because the
alpha coefficient of social dysfunction was an unac-
ceptable alpha level, we deleted social dysfunction
from the analyses.

Statistical Analysis

Age-adjusted mean values or ratios of MetS, its
components and other cardiovascular risk factors were
compared for men and women by analysis of covari-
ance or logistic regression analysis. Mean values of dis-
tress scores in relation to MetS and its components
were examined using analysis of covariance after
adjustment for age (years), sex, smoking (never, for-
mer, and current smokers), alcohol intake (g/day), and
serum total cholesterol levels (mg/dL). Multiple logis-
tic regression analysis was used to estimate multivari-
able-adjusted odds ratios (OR) and confidence inter-
vals (CI) for MetS and its components associated with
an increment of one standard deviation in distress
scores. We further calculated the ORs of MetS for pet-
sons with a 225 percentile distress score, compared
with those with a €75 percentile distress score. The
SAS statistical package (version 9.1; SAS Institute
Inc., Cary, NC) was used for analyses, and p<0.05
was regarded as significant.

Results

Table 2 shows the characteristics of the partici-
pants. As expected, cardiovascular and metabolic risk
factors were more prevalent in men than in women.
The ratio of MetS, as defined by the modified Japa-
nese criteria, was four times higher for men than for
women, while that defined by the modified NCEP/
ATPI criteria and the modified IDF criteria was three
times higher.

The multivariable-adjusted mean depression
score was significantly higher and that of somatic
symptoms scotes tended to be higher for men with
than without MetS as defined by the modified Japa-
nese criteria, while mean depression scores were higher
for men with than without MetS as defined by the
modified NCEP/ATPIN and IDF criteria.

Multivariable-adjusted mean anxiety and depres-
sion scores wete higher for men with than without
fasting glucose 2110 mg/dL. In addition, mean
depression scores were higher for men with than with-
out serum triglycerides 2150 mg/dL and/or HDL
cholesterol <40 mg/dL. For women, somatic symp-
toms, anxiety, and depression scores were not associ-
ated with MetS or any of its components {data not
shown).

Table 3 shows multivariable-adjusted odds ratios
associated with an increment in psychological distress
scores of one standard deviation. In men, the respec-
tive ORs of somatic symptoms, anxiety and depres-
sion scores were 1.28 (95% CI, 0.99-1.66), 1.10 (95%
Cl, 0.86-1.42), and 1.48 (95% CI, 1.19-1.84) for
MeS as defined by the modified Japanese criteria, and
1.18 (95% CI, 0.96-1.45), 1.32 (95% CI, 1.08-1.61),
and 1.24 (95% ClI, 1.03-1.50) for fasting glucose 2110
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Table 2. Characteristics of 1613 men and women aged 30-79

yeats
L. Men Women
Characreristics w=825 n=788
Age (years) 60.0 58.0
Current drinkers (%) 72.6 30.7
Ethanol intake (g/day) 24.1 8.9
Current smokers (%) 24.7 6.0
BMI (kg/m?) 23.2 21.7
BMI 225 kg/m? (%) 219 11.7
SBP (mmHg) 123 117
DBP (mmHg) 76 71
DBP 285 :::ggg oo 394 264
TC (mg/dL) 207 218
TG (mg/dL) 122 91
HDL-C (mg/dL) 58 71
meomdats g
Fasting glucose (mg/dL) 98 91
Fasting glucose 2110 mg/dL (%) 14.4 4.1
MetS (Japanese criteria) (%) 8.1 1.8
MetS (NCEP/ATPII criteria) (%) 15.2 4.1
MetS (IDF criteria) (%) 11.0 2.9

BML: body mass index, SBP: systolic blood pressure, DBP: diastolic
blood pressure, TC: Total cholesterol, TG: triglycerides, HDL-C:
high-density lipoprotein cholesterol, NCEP/ATPIN: third report of
the National Cholesterol Education Program Expert Panel on Detec-
tion, Evaluation, and Treatment of High Cholesterol in Adults, IDF:
International Diabetes Federation, MetS: metabolic syndrome.

Values are presented as the means or proportions, adjusted for age.
Al values differed between the sexes (p<0.01).

mg/dL. These ORs for metabolic syndrome as defined
by the modified NECP/ATPH and IDF criteria asso-
ciated with an increment of one standard deviation in
depression scores were 1.24 (95% CI, 1.04-1.48) and
1.29 (95% CI, 1.06-1.57), respectively. No significant
associations were found between psychological distress
scores and MetS in women.

Compared with men with a <75 percentile
depression score, those with a 225 percentile depres-
sion score had approximately two to three times
higher ORs of MetS. The multivariable-adjusted ORs
of MetS (Japanese criteria), MetS (NCEP/ATPI),
and MetS (IDF) were 2.61 (95%CI 1.55-4.40, p<
0.001), 1.69 (95%CI 1.11-2.57, p<0.05), and 1.86
(95%Cl 1.16-2.98, p<0.05), respectively.

Published online: Februéry 16, 2011

Discussion

The present cross-sectional study of Japanese
men and women examined whether psychological dis-
tress and depression were associated with MetS. In
men, the prevalence of MetS as defined by the modi-
fied Japanese ctitetia was 48% higher for an increment
of one standard deviation in depression scores, and the
prevalence of MetS$ as defined by the modified NCEP/
ATPH and IDF criteria was 20 to 30% higher for a
corresponding increment in depression scores; there-
fore, depression was considered to be associated with
MetS across the various definitions of MetS.

Our results are consistent with findings from
studies of western populations®* 2), which showed
that MetS as defined by the modified NCEP/ATPII
criteria was associated with the prevalence of depres-
sion? 2V, A cross-sectional study of middle-aged Japa-
nese male workers showed a positive relationship
between depression and MetS'2. We found no associ-
ation of anxiety with MetS, which was also consistent
with the results of a previous study®”; however,
although the original 28-item GHQ had good inter-
nal consistency for all subscales'”, in this study, the
internal consistency was not so good for anxiety
(Cronbach’s alpha: 0.62) as for somatic symptoms and
depression. Therefore, this may have led to an under-
estimation of the association between anxiety and
MetS.

In our study, the prevalence of fasting glucese
2110 mg/dL was approximately 25% higher for an
increment of one standard deviation in anxiety and
depression scores for men. A 13-year prospective study
of 3,481 men and women aged > 18 years in the US
showed that major depressive disorder signals were
associated with an increased risk of type 2 DM?2. A
10-year prospective study of 37,291 men and women
aged 220 years in Norway found that symptoms of
depression and anxiety were also associated with an
increased risk of type 2 DM,

Various relevant findings have been reported in
the literature. Chronic stress may enhance the activa-
tion of the autonomic nervous system and the pitu-
itary-adrenal-cortical system??. Persons with compared
to without MetS reportedly have higher normetaneph-
rine (3-methoxynorepinephrine) output and also
reduced variability in heart rate and higher cortisol
metabolites®”. Normetanephrine output, reflecting
total a-and B-adrenergic activity, may rise due to
increased drive from the central nervous system and
the number of adrenergic neurons in adipose tissues??.
Furthermore, lower heart rate variability and higher
cortisol levels may be more relevant in relation to
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Table 3. Multivariable-adjusted® odds ratios (95%CI) associated with increments of one standard deviation in psychological dis-
tress scores for MetS factors and its components

No at risk (%) Somatic symptoms Anxiety Depression

Men )

MetS (Japanese) 67 (8.1) 1.28 (0.99-1.66) 1.10 {0.86-1.42) 1.48 (1.19-1.84)*"*

MetS (NCEP/ATPII) 125 (15.2) 1.12 (0.91-1.37) 0.99 (0.81-1.20) 1.24 (1404-1.48)“

MerS (IDF) 90 (10.9) 1.12 (0.89-1.41) 0.98 (0.78-1.22) 1.29 (1.06-1.57)*

BMI 225 kg/m? 181 (21.9) 1.10 (0.93-1.31) 1.00 (0.85-1.18) 1.15 (0.98-1.35)

TG 2150 mg/dL and/or *

HDL-C <40 mg/dL 236 (28.6) 1.11 (0.94-1.30) 1.04 (0.89-1.21) 1.17 (1.01-1.36)

Fasting glucose 2110 mg/dL 119 (14.4) 1.18 (0.96-1.45) 1.32 (1.08-1.61)** 1.24 (1.03-1.50)™

SBP 2130 mmHg and/or

DBP 285 mmHg 324 (39.3) 0.97 (0.83-1.13) 0.97 (0.84-1.13) 1.01 (0.87-1.16)
Women

MetS (Japanese) 14 (1.8) 1.24 (0.72-2.14) 1.03 (0.62-1.73) 1.10 (0.66-1.83)

MetS (NCEP/ATPHI) 32 (4.1) 1.07 (0.74-1.55) 0.92 (0.64-1.32) 1.03 (1.00-1.08)

MetS (IDF) 23 2.9 1.02 (0.66-1.57) 0.94 (0.62-1.43) 1.10 (0.73-1.64)

BMI 225 kg/m? 92(11.7) 1.07 (0.86-1.34) 1.08 (0.86-1.34) 1.08 (0.87-1.34)

TG 2150 mg/dL and/or

HDL-C <40 mg/dL ?1 (10.3) 1.03 (0.81-1.32) 0.86 {0.67-1.09) 0.87 (0.67-1.12)

Fasting glucose >110 mg/dL 32 (4.1) 1.00 (0.69-1.46) 1.12 (0.77-1.63) 0.95 (0.65-1.39)

SBP 2130 mmHg and/or

DBP 285 mmHg 208 (26.4) 1.04 (0.87-1.23) 1.03 (0.87-1.22) 1.08 (0.92-1.28)

CI: confidence interval, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: triglycerides, HDL-C: high-den-
sity lipoprotein cholesterol, IDF: International Diabetes Federation, MetS: metabolic syndrome, NCEP/ATPII: third report of the National Che-
lesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Cholesterol in Adults.

S Adjusted for age, sex, smoking, alcohol intake, and total cholesterol levels. *p<0.05, **p<0.01, ***»<0.001.

depression?®. Depression was inversely associated with
heart rate variability across multiple ethnic groups, but
anger and anxiety were not?”). Heart rate variability
characterizes autonomic influences on the heart, and
low heart rate variability has been identified as a risk
factor for coronary heart disease®. An increase in cor-
tisol levels may lead to an increased risk of metabolic
syndrome, probably because it generates insulin resis-
tance?¥, Moreover, psychological distress may contrib-
ute to the development of MetS through behavioral
pathways?”; for example, psychological distress influ-
ences human eating behaviors such as eating quickly
and eating until full, which are associated with being
overweight??.

For the women in our study population, depres-
sion scores were not associated with MetS or its com-
ponents. The reasons for this sex difference are not
known, and sex-specific findings from previous studies
have been inconsistent. A cross-sectional study of
1,598 men and women aged 30-80 years in France
showed that depression and depressive symptoms were
associated with MetS, irrespective of gender?”. A

cross-sectional study of 6,189 men and women aged
17-39 years in the United States found that the preva-
lence of MetS is elevated among women with a history
of depression, but such a trend was not found among
men®). The participants in that study were younger
and the prevalence of MetS (NCEP/ATPHI) among
women was higher than in our study (7.1% vs. 4.1%).

A cohort study of 5,698 men and women aged
31 years in Finland reported that neither men nor
women showed an association between depression or
anxiety and the risk of MetS??,

The present study has several limitations. First,
the prevalence of MetS in the present study was lower
by 17% for men and 9% for women than that
reported by the National Nutrition Survey in Japan,
200532, The reason for the lower prevalence of MetS
may be primarily due to the lower prevalence of being
overweight. Namely, the national prevalence of being
overweight (aged 40-74, BMI 225) was 34.1% in men
and 25.9% in women?®?, while in our study, the prev-
alence of being overweight (aged 30-79, BMI 225)
was 21.9% in men and 11.7% in women. Moreover,
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in Takarazuka city, the participation rate in general
health checkups (provided by the Health Services for
the Elderly Act, 1982) in 2005 was 48.2%>% which
was higher than the national average rate (43.8%)%.
Thus, the study participants were assumed to be more
health conscious than the general population. Second,
this study has a cross-sectional design which does not
allow for making causal inferences. Further prospec-
tive work is needed to confirm the relationships
between depression and MetS, while our findings were
consistent with the results from previous prospective
studies of western populations'®.

In conclusion, our findings suggest that depres-
sive symptoms may be linked with MetS and, more
specifically, glucose abnormality among urban Japa-
nese men. Prospective studies and clinical trials will be
needed to determine whether effective management of
depressive symptoms can improve MetS.
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Objective: Serum 1,5-anhydro-p-glucitol (1,5-AG) is well-known to be a useful clinical marker of both
short-term glycemic status and postprandial hyperglycemia. In addition, previous epidemiological stud-
ies have shown that an increased postload glucose level in an oral glucose tolerance test is a risk factor
for cardiovascular diseases (CVD). However, no previous prospective study has reported the association
between serum 1,5-AG levels and the risk of CVD. In this study, we examined whether serum 1,5-AG
levels can predict the incidence of first-ever CVD.

’;g-;‘;‘]’g’t‘::"n _based studies Methods: Our study was a population-based cohort study in an urban area of Japan. Study subjects com-
Cohort studies prised 2095 initially healthy Japanese (991 men and 1104 women, mean age: 58.5 years) with no history
Japanese of coronary heart disease (CHD) or stroke. They were followed up for an average of 11.1 years, and 147

CVD events (64 CHD and 83 strokes) were observed.
Results: The adjusted hazard ratios (HRs) of all CVD in men increased linearly (p=0.004). The HR in the
category with serum 1,5-AG levels of 14.0 pg/mL or less was 2.22 (95% confidence interval; 1.24-3.98)
compared to the reference category (24.5 p.g/mL or greater). Similar results were also shown with a
sensitivity analysis in non-diabetic men. Conversely, no significant relationship between serum 1,5-AG
levels and CVD risks was observed in women.
Conclusions: Our results suggest that measurement of serum 1,5-AG levels is useful to detect individuals,
especially men, at higher risk for CVD, regardless of the presence or absence of diabetes.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1,5-Anhydro-p-glucitol
Cardiovascular diseases
Postprandial hyperglycemia

1. Introduction additional costs, and is not always feasible in routine clinical set-
tings or during health check-ups. In contrast, measurement of

Serum 1,5-anhydro-p-glucitol (1,5-AG) levels are well-known serum 1,5-AG levels can be performed using a single non-fasting

to rapidly decrease concomitantly with the excretion of glucose in
urine, and serum 1,5-AG is a useful clinical marker for short-term
glycemic status and postprandial hyperglycemia [1-3].

Previous epidemiological studies have shown that an increased
postload glucose level in an oral glucose tolerance test (OGTT) is
a risk factor for cardiovascular diseases (CVD) [4,5]. A random-
ized controlled trial of individuals with impaired glucose tolerance
also reported that acarbose, an a-glycosidase inhibitor that sup-
presses the elevation of postprandial glucose levels, reduced the
incidence of CVD as well as type 2 diabetes [6]. These findings
suggest that detection and improvement of postprandial hyper-
glycemia is important for CVD prevention.

An OGTT is useful for the detection of postprandial hyper-
glycemia, however, it requires overnight fasting, long time,

* Corresponding author. Tel.: +81 6 6833 5012x2186; fax: +81 6 6833 5300.
E-mail address: makotow@hsp.ncvc.go.jp (M. Watanabe).

0021-9150/$ - seé front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2011.02.033

blood sample, relatively costs less, and may be an alternative to
OGTT. However, to our knowledge, no previous prospective study
has shown the association between serum 1,5-AG levels and the
risk of CVD in initially healthy individuals. We examined whether
serum 1,5-AG levels can predict the incidence of first-ever CVD in
a population-based cohort study of an urban area in Japan.

2. Methods

2.1. Study design and samples

The details of the Suita study have been described elsewhere
[7-9). Briefly, the Suita study is a prospective population-based
cohort study of an urban area in Japan. In 1989, 6485 Suita city
residents (age, 30-79 years) were randomly sampled and enrolled
as study participants. They underwent medical examinations every
2 years. Among these participants, 2406 participants underwent
medical examinations between April 1994 and February 1995, and
their serum samples were collected and stored at —80°C. In this
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study, we measured serum 1,5-AG levels in these stored samples.
Of these 2406 participants, 289 were excluded from the present
analysis for the following reasons: history of coronary heart dis-
ease (CHD) or stroke (n=78), lost to follow-up (n=132), serum
creatinine level of 176.8 mmol/L (2.0mg/dL) or more (n=4), and
data missing (n=97). Finally, the remaining 2095 participants (991
men and 1104 women) with serum 1,5-AG measurements were
included as subjects in the baseline study and were followed up
until December 31, 2007. Informed consent was obtained from all
subjects, and the institutional review board at the National Cerebral
and Cardiovascular Center approved this study.

2.2. Baseline data collection

The baseline survey included questionnaires, anthropomet-
ric measurements, and blood sample tests. Height and weight
were measured in light clothing, and body mass index (BMI)
was calculated as weight (kg) divided by the square of height
(m). Blood pressure was measured 3 times in more than 1-
min intervals by well-trained physicians in a sitting position
after at least 5min of rest, using a standard mercury sphygmo-
manometer [7], and the third measurement of blood pressure was
adopted for the present analyses. The levels of total serum choles-
terol, high-density-lipoprotein (HDL)-cholesterol and creatinine
were determined using an automatic analyzer in the laboratory
of the National Cerebral and Cardiovascular Center. Estimated
glomerular filtration rates (eGFR) were estimated with a following
equation for the Japanese: eGFR (mL/min/1.73 m?)=194 x serum
creatinine=1.994 x Age-0287 (% 0.739: if women)[10].

2.3. Measurement of 1,5-AG

In 2008, stored frozen serum samples were shipped to the clin-
ical laboratory company for measurement of 1,5-AG (Mitsubishi
Chemical Medience Corporation, Tokyo, Japan). 1,5-AG was mea-
sured using the enzymatic method with the “Determiner L 1,5-AG"
measurement kit manufactured by the Kyowa Medex Co., Ltd.
(Tokyo, Japan) and an H7700 Clinical auto-analyzer, manufactured
by the Hitachi High-Technologies Corporation (Tokyo, Japan). The
coefficient of variation was less than 5%.

2.4. Ascertainment of outcomes

Outcome ascertainment has been previously described else-
where [7-9]. The main outcome is the incidence of first-ever CVD
events (stroke and CHD). Physicians or nurses checked the health
status of each subject at biennial clinical visits to the National Cere-
bral and Cardiovascular Center, and all participants also completed
yearly questionnaires by either mail or telephone. The patients sus-
pected of developing stroke or CHD were confirmed by a review
of medical records performed by either the registered hospital
physicians or the cohort study research physicians. In addition, to
complete the surveillance, we also conducted a systematic search
of death certificates for fatal stroke and M. In Japan, all death cer-
tificates are forwarded to the Ministry of Health, Welfare, and Labor
and coded for the National Vital Statistics.

A stroke was defined according to criteria from the US National
Survey of Stroke [11]. Classification of stroke subtypes (ischemic
stroke, intracerebral hemorrhage, subarachnoid hemorrhage) was
based on the examination of computed tomographic scans, mag-
netic resonance images, or autopsies (subarachnoid hemorrhages
were excluded from the present analyses). With regard to myocar-
dial infarction (MI), definite and probable Ml were defined
according to the criteria of the MONICA project [12]. The criteria
for CHD were first-ever M, coronary angioplasty, coronary artery
bypass grafting and sudden cardiac death.

2.5. Statistical analysis

A previous report from Japan proposed a serum 1,5-AG level
of 14.0 pg/mL, irrespective of sex, as the cut-off for the diagnosis
of diabetes [13]. The distribution of serum 1,5-AG levels differed
between sexes. Accordingly, we adopted a serum 1,5-AG level of
14.0 pg/mL as the lower cut-off in common, and set the median
of those who had serum 1,5-AG of more than 14.0 pg/mL as the
upper cut-off (overall and according to sex), overall: 23.1 pwg/mL,
men: 24.5 ug/mL, women: 21.3 p.g/mL. These cut-offs were used to

compare baseline characteristics, crude incidence rates, and hazard

ratios (HRs). To calculate p values for continuous variables, one-
way analysis of variance was used, and for categorical variables,
Chi-square test was used. To compare in women the prevalence
of medication for diabetes and current alcohol drinking status,
Fisher’s exact test was used. The p values to test for a linear trend
in HRs were calculated.

A Cox proportional hazard model was used to estimate age- and
multivariate-adjusted HRs with 95% confidence intervals (Cls). The
HRs were adjusted for the following baseline covariates as follows

“for model 1, age; for model 2, model 1 plus BMI, hypertension (sys-

tolic blood pressure >140 mm Hg, diastolic blood pressure >90 mm
Hg, or the use of antihypertensive medication), hypercholes-
terolemia (total cholesterol >5.7mmol/L (220 mg/dL) or the use
of antihypercholesterolemic medication) [14], HDL-cholesterol,
eGFR, current cigarette smoking (non-current and current) and cur-
rent alcohol drinking (men; non-current/light to moderate/heavy,
women: non-current/current);, for model 3, model 2 plus diabetes
(fasting plasma glucose (FPG) >7.0 mmol/L (126 mg/dL), postpran-
dial plasma glucose (PPG) >11.1mmol/L (200 mg/dL), or use of
anti-diabetic medication). Fasting was defined as fasting time of 8 h
ormore (n=1401,67%), and postprandial was defined as that of less
than 8 h (n =694, 33%). We defined current alcohol drinking as non-
current drinking, light to moderate drinking (alcohol consumption
of less than 46 g/day), or heavy drinking (that of 46 g/day or more).
However, because women with heavy alcohol drinking were few
(n=8, 0.7%) and had no CVD incidence, we treated current alco-
hol drinking as non-current/current drinking in the multivariate
analyses of women. Menopause was added to model 2 and model
3 in women. Combined analyses of women and men adjusting for
sex were conducted only in CHD and ischemic strokes because sig-
nificant interactions between sex and serum 1,5-AG levels were
observed in all CVD (p=0.03) and all strokes (p=0.01).

In addition, three sensitivity analyses were conducted: First,
similar analyses were performed in non-diabetic men with FPG
or PPG less than 6.1 mmol/L (110mg/dL). Second, the definition of
postprandial in the diagnostic criteria for diabetes was changed to
a fasting time of 2 h or less (postprandial: n=28, 1%), and similar
analyses were conducted to confirm the influence of diabetes diag-
nostic criteria by PPG. Third, adjustment for waist circumferences
inmodel 2, instead of BMI, was conducted to estimate the influence
of insulin resistance. We did not enter both BMI and waist circum-
ferences into the models to avoid the colinearity problem because
waist circumferences highly correlated with BMI (correlation coef-
ficient: 0.84). In addition, triglycerides levels were categorized by
tertile and added to the model 2 in the combined analysis of women
and men with fasting time of 8 h or more (n=1401), and similar
analyses for CHD and ischemic strokes were conducted.

All p values were two-tailed, and p < 0.05 was considered statis-
tically significant. All analyses were conducted using SAS version
8.2 (SAS Institute, Cary, Carolina, USA).

3. Results

The mean (standard deviation) of serum 1,5-AG was 23.0 pg/mL
(9.2) in men and 20.0 pg/mL (7.0) in women. The overall dis-




