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Table 3 - Logistic analysis of 113-HSD1 SNPs with the risk of metabolic syndrome adjusted by age and sex (both) or by age

(men or women).

Ms Control R (95%C.1.) P Pcorr
n/n' (%) - n/n’ (%)
Both
+9410T>A 61/370 (14.2) 91/686 (11.7) 1.5 (1.0-2.2) 0.041 NS
+17925C>T 249/182 (57.8) 453/324 (58.3) 1.0 (0.7-1.2) 0.683 NS
+27447G>C 118/313 (27.4) 199/578 (25.6) 1.1 (0.8-1.4) 0.632 NS
Men
+9410T>A 45/286 (13.6) 16/182 (8.1) 1.9 (1.1-3.5) 0.029 NS
Women
+9410T>A 16/84 (16.0) 75/504 (13.0) 1.1 (0.6-2.1) 0.683 NS

MS: metabolic syndrome, n: number of minor homozygote and heterozygote, n’: number of major homozygote, %: n/(n + n’) x 100, 95%C.L: 95%

confidence interval.

Odds ratio and 95%C.I. is expressed as per copy of the minor allele for additive model.

Pcorr is P values after Bonferroni correction.
NS means not significance.

and age (OR = 1.5 for allelic effect, 95%C.I,, 1.0-2.2; P =0.041
and Bonferroni corrected P =0.123). In only men, +9410T>A
SNP was nominally associated with metabolic syndrome,
while the higher frequency of metabolic syndrome in men
lead to the higher power in comparison with women. Taken
together all, after considering multiple comparisons we could
not find any statistically significant association between
metabolic syndrome and SNPs in the HSD11B1 gene. Further-
more, we could not find any significant association between
metabolic syndrome of the ATP III criteria and these three
SNPs, respectively. We next performed the covariance
analysis of the traits related to metabolic syndrome including
BMI, waist circumference, systolic and diastolic blood pres-
sures, fasting glucose, HbAlc, and triglyceride and HDL-
cholesterol levels in person with or without the +9410T>A
SNP, but the SNP did not affect these clinical parameters in
total population or only men (Table 4).

Next we studied haplotypes of the HSD11B1. The associa-
tion between haplotypes comprising SNP-5, -6, and -7 and
metabolic syndrome revealed that any haplotype could not
have a significant susceptibility to metabolic syndrome

(Table 5). The ATG haplotype was nominally associated with
a increased risk of metabolic syndrome in men (metabolic
syndrome 7.1%, control 4.0%; OR =1.82, 95%C.I.,, 1.01-3.25;
P =0.042 and Bonferroni corrected P =0.168), while the TTG
haplotype was nominally associated with a decreased risk of
metabolic syndrome in men (metabolic syndrome 26.4%,
control 32.6%; OR=0.74, 95%C.I., 0.57-0.98; P=0.033 and
Bonferroni corrected P=0.132). Although only the TTG
haplotype had decreased risk effect among haplotypes with
+9410T, the association of these haplotypes with metabolic
syndrome is mainly explained by +9410T>A SNP.

4. Discussion

This study was a case—control study using a population-based
urban Japanese cohort. Metabolic syndrome was diagnosed
according to the 2005 Japanese definition [18] and the control
subjects were defined as having none of the components of
this syndrome. Using these criteria, we obtained 431 indivi-
duals with metabolic syndrome and 777 control subjects for

Table 4 - Comparison of clinical parameters in urban Japanese men and women (n = 3005) according to 113-HSD1 gene

+9410T>A genotype.

Men (n = 1370)

Women (n = 1635)

P TT (n = 1400)

TT (n = 1180) TA + AA (n = 189) TA + AA (n =235) P
BMI (kg/mz) 241+0.1 23.0+ 2.9 0.502 229 +01 23.0+0.2 0.622
Waist (cm) 87.7 £0.2 87.5+06 0.800 844403 84.1 +0.6 0.695
SBP (mmHg) 1326+ 06 133.8+ 1.5 0.442 1298 £0.5 1293 £ 13 0.686
DBP (mmHg) 799+ 03 80.4 + 0.8 0.587 7721 £03 772+0.7 0.834
FBG (mmol/l) 5.83 + 0.04 5.96 + 0.11 0.256 5.47 +0.03 5.55 +£0.07 0.309
HbA1lc (%) 5.61 +0.03 5.70 £ 0.07 0.233 5.45 +0.02 5.47 + 0.05 0.607
TG (mmol/1) 1.47 +0.03 1.44 + 0.07 0732 1.12 + 0.02 1.15 + 0.04 0.582
HDLc (mmol/]) 1.35 £0.01 1.38+0.03 0.369 1,64 +0.01 1.62 +0.03 0418

SBP: systolic blood pressure, DBP: diastolic blood pressure, FBG: fasting blood glucose, TG: triglycerides, HDLc: HDL cholesterol. Data are shown
as the adjusted mean =+ SE. These values were obtained after adjusting for age by the least squares method. The laboratory data reported in
milligram per deciliter can be converted to SI units as follows: total cholesterol, HDL cholesterol: mg/dl x 0.02586 = mmoV/l; triglycerides: mg/
dl x 0.01129 = mmol/]; fasting blood glucose: mg/dl x 0.05556 = mmol/1.

P-values for the comparison between TT and TA + AA genotype groups.
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Table 5 - Frequency of 11B-HSD1 gene haplotypes constructed by SNPs + 9410T>A, +17925C>T, and +27447G>C and their

association with metabolic syndrome.

Gender Haplotype Total MS Control x> OR 95%C.1. P Pcorr
Both TCG 0515 0514 0510 0.040 1.02 0.86-1.20 0.841 NS
TTG 0.277 0.266 0.290 1.653 0.88 0.73-1.07 0.199 NS
TCC 0.133 0.147 0.140 0.225 1.06 0.84-1.34 0.635 NS
ATG 0.074 0.073 0.060 1.609 1.24 0.89-1.73 0.205 NS
Men TCG 0.509 0.526 0.477 2323 121 0.85-1.56 0.128 NS
TIG 0.280 0.264 0.326 4.563 0.74 0.57-0.98 0.033 NS
TCE 0.138 0.139 0.157 0.617 0.87 0.61-1.23 0.432 NS
ATG 0.073 0.071 0.040 4.141 1.82 1.01-3.25 0.042 NS
Women ere 0.521 0475 0.521 1427 0.83 0.62-1.12 0.232 NS
TTG 0.275 0.270 0.278 0.055 0.96 0.69-1.35 0.814 NS
TCC 0.129 0.175 0.135 2.290 136 0.91-2.04 0.130 NS
ATG 0.075 0.075 0.066 0.488 122 0.70-2.14 0.485 NS

MS: metabolic syndrome, 95%C.1: 95% confidence interval.
Pcorr is P values after Bonferroni correction.
NS means not significance.

the case-control study. We could not find any significant
association between SNPs in the HSD11B1 gene and metabolic
syndrome.

11B-HSD1 is expressed abundantly in adipose tissue and
reactivates cortisone to cortisol [1]. Recent experiments using
transgenic and knockout mice suggest that 118-HSD1 plays a
critical role in metabolic deterioration [6-9]. When cortisol
generation is increased in peripheral tissues, the overall
cortisol reaction is also increased. In humans, 11p-HSD1
expression is heightened in the adipose tissue of obese
individuals [10]. Therefore, 118-HSD1 is a promising target
for the pharmacological inhibition in metabolic syndrome
patients [11-13].

A previous study showed that a HSD11B1 gene polymorph-
ism is associated with BMI and insulin resistance in a group of
obese Pima Indian children [16] with type 2 diabetes mellitus
and hypertension and reported that 118-HSD1 mRNA con-
centrations were associated with adiposity [14,15]. The T — G
polymorphism in the 3rd intron (rs12086634) protects against
diabetes in Pima Indians [14] and reduces 11B-HSD1 gene
transcription in vitro [19], which is consistent with reduced
cortisol generation within cells. The rs12086634 polymorph-
ism was completely in linkage disequilibrium with the
1s932335 SNP (+27447G>C) that was analyzed in this study.
We did not find a positive association between the +27447G>C
SNP and metabolic syndrome in Japanese men.

There are some limitations in this study. First limitation
was the Japanese criteria for metabolic syndrome, which is
different from the ATP IlI criteria. Third, there were deviations
in social factors, including age, gender, race/ethnicity, geo-
graphic location, and socioeconomic status. This cohort
consisted of urban citizens residing in a subtropical area with
a temperate climate. Most subjects were Asian with a higher
percentage of elderly people.

In summary, the HSD11B1 gene is not associated with
metabolic syndrome in Japanese. However, taken together
with previous results, 118-HSD1 might be involved in meta-
bolic syndrome pathogenesis by modulating lipid metabolism
and gluconeogenesis. Further studies are needed to investi-
gate the role of 118-HSD1 in metabolic syndrome.
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Objective: The impact of elevated triglycerides (TG) and non-high density lipoprotein cholesterol (non-
HDLC) on the incidence of stroke and myocardial infarction (MI) has not been well evaluated in Asian
populations such as in Japan, which have a lower incidence of myocardial infarction, but a higher risk of
stroke than Western populations.

Methods: The authors conducted an 11.7-year prospective study ending in 2005 of 5098 Japanese aged
30-79 living in an urban population, initially free of stroke or MI. The relationship between serum lipids

ﬁiygvli;ocrec{‘siijes and the risk for stroke and MI was determined by dividing the participants into four groups stratified
Myocardial infarction by the combination of serum levels of TG and non-HDLC. The cut-off value was 1.7 mmol/L for TG and
Stroke 4.9 mmol/L for non-HDLC.

Results and conclusion: The total person-years were 59,774 (27,461 for men and 32,313 for women).
During the follow-up period, there were 113 cases of Ml and 180 of stoke (with 116 cerebral infarctions).
Compared with the low TG/low non-HDLC group, the hazard ratio (95% confidence interval) for MI in
the high TG/high non-HDLC group was 2.55 (1.53-4.24) after adjustment for other cardiovascular risk
factors. The hazard ratio for cerebral infarction in the high TG alone group was 1.63 (1.03-2.56); however,
the risk of cerebral infarction was not significantly increased in the other groups. High serum levels of
TG and non-HDLC are both important targets for the prevention of cardiovascular disease in Japan.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Cohort studies
Lipids and lipoprotein

1. Introduction Therefore, our a priori hypothesis was that the coexistence of

high serum TG and non-HDLC increases the risk of CAD and stroke

Previous studies suggested that high levels of serum total
cholesterol (TC) and low density lipoprotein cholesterol (LDL-C)
are causal risk factors for coronary artery disease (CAD) [1-4]
and possibly for ischemic stroke [5]. However, less attention has
been paid to high serum levels of triglycerides (TG) [6-8]. Fur-
thermore, although the US National Cholesterol Education Program
Adult Treatment Panel guideline I (NCEP-ATP III) has set goals
for non-high-density lipoprotein cholesterol (non-HDLC) after the
achievement of LDL-C goals in patients with elevated TG [9], the
impact of TG and non-HDLC on the incidence of cardiovascular
disease (CVD) has not been evaluated in the Japanese population,
which has a lower incidence of CAD but a higher risk of stroke than
Western populations [10].

* Corresponding author at: Department of Preventive Cardiology, National Car-
diovascular Center, 5-7-1, Fujishiro-dai, Suita, Osaka 565-8565,
Japan. Tel.: +81 6 6833 5012x2228/2188; fax: +81 6 6833 5300.
E-mail address: okamurat@hsp.ncvc.go.jp (T. Okamura).

0021-9150/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2009.09.012

in the Japanese population. To investigate this hypothesis, we
performed a long-term prospective study in an urban, community-
dwelling Japanese population.

2. Methods
2.1. Populations

The Suita study, a cohort study for CVD of urban residents was
established in 1989. The details of this study have been described
elsewhere [4,11-14]. Briefly, 6485 men and women aged 30-79
years had a baseline survey at the National Cardiovascular Cen-
ter between September 1989 and March 1994. Of these, a total
of 1387 were excluded for the following reasons: past history of
coronary heart disease or stroke (n=210), lack of participation
in the baseline survey (n=79), non-fasting visit (n=166), use of
lipid-lowering agents (n=125), missing data (n=109), and lost to
follow-up (n=698). Data from the remaining 5098 participants
(2404 men and 2694 women) were included in the analysis. This
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cohort study was approved by the Institutional Review Board of the
National Cardiovascular Center.

2.2. Baseline examination

Blood samples were collected after the participants had fasted
for at least 10 h. The samples were centrifuged immediately and
a routine blood examination was performed that included serum
total cholesterol (TC), HDL cholesterol, TG and glucose levels.

Blood pressure was measured in triplicate on the right arm after
5 min of rest by well-trained physicians using a standard mercury
sphygmomanometer. The average of the second and third mea-
surements was used for analysis. Hypertension was defined as
either a systolic blood pressure (SBP) > 140 mmHg, a diastolic blood
pressure (DBP)>90 mmHg or the use of antihypertensive agents.
Diabetes was defined as a fasting serum glucose >7.0 mmol/L
(126 mg/dL), the use of anti-diabetic agents, or both. Height with
bare feet and weight in light clothing were measured. Waist cir-
cumference (WC) was measured at umbilical level in a standing
position. Metabolic syndrome (MetS) was defined using modified
NCEP-ATP Ill criteria [13], of which abdominal obesity was defined
according to the International Obesity Task Force central obesity
criteria for Asia [15].

Public health nurses obtained information on the smoking,
drinking and medical histories.

2.3. Endpoint determination

The endpoint determination was previously reported [4,11-14].
The endpoints of the present study were: (1) the first myocardial
infarction (MI) or stroke event; (2) death; (3) leaving Suita city; or
(4) December 31, 2005.

The first step in the survey for MI and stroke involved check-
ing the health status of all participants by repeated clinical visits
every two years and yearly questionnaires by mail or telephone.
In the second step, in-hospital medical records of participants who
were suspected of having an Ml or stroke were reviewed by regis-
tered hospital physicians or research physicians, who were blinded
to the baseline information. The criteria for stroke were defined
according to the US National Survey of Stroke criteria [16]. For each
stroke subtype [i.e., cerebral infarction, intracerebral hemorrhage,
and subarachnoid hemorrhage], a definite diagnosis was estab-
lished based on the computed tomography, magnetic resonance
imaging, or autopsy. The criteria for definite and probable MI were
defined according to the criteria of the MONICA (Monitoring Trends
and Determinants of Cardiovascular Disease) project [17]. Sudden
deaths of unknown origin that occurred within 24 h of the onset
were classified as Ml in the present study.

2.4. Statistical analysis

The relationship between serum lipids and the risk of MI and
stroke was described by dividing the participants into four groups
stratified by the combination of serum levels of TG and non-HDLC.
We used 1.7 mmol/L (150 mg/dL) of serum TG as a cut-off point for
high serum TG according to the classification of NCEP-ATP III [9]
and that of the Japan Atherosclerosis Society [3]. The category of
non-HDLC >4.9 mmol/L (190 mg/dL) was defined as a high serum
non-HDLC, which was equivalent to 6.2 mmol/L (240 mg/dL) of TC
or4.1 mmol/L (160 mg/dL)of LDL-C, because non-HDLC was usually
0.8 mmol/L (30 mg/dL) higher than LDL-C [9,18-19].

Continuous variables between groups were compared by anal-
ysis of variance and categorical variables were compared by a
chi-square test. The hazard ratio (HR) for MI or stroke was cal-
culated using a proportional hazards model adjusted for age,
hypertension (dichotomous variable), diabetes, HDL-C, body mass
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index (BMI), smoking (never-smoked; ex-smoker; current smoker)
and drinking (never-drank; ex-drinker; regular drinker) (model 1).
Sex-combined analysis with further adjustment for sex was also
performed. Another statistical model after replacement of BMI and
hypertension with WC and SBP level (continuous variable) was also
performed (model 2).

All confidence intervals were estimated at the 95% level and
significance was set at a P value of <0.05. The Statistical Package
for the Social Sciences (SPSS Japan Inc. version 15.0], Tokyo, Japan)
was used for all the analyses.

3. Results

The median and interquartile range of serum TG in the base-
line survey was 1.29 mmol/L (0.90, 1.90) in men and 0.98 mmol/L
(0.73, 1.41) in women. The mean baseline serum non-HDLC was
3.93+0.91 mmol/L in men and 4.03 + 1.03 mmol/L in women.

The means or prevalence of major cardiovascular risk factors
in each group stratified by the combination of serum levels of TG
and non-HDLC are summarized in Table 1. There was no signifi-
cant difference in mean age and the prevalence of smoking among
the TG and non-HDLC groups for men. There were significant differ-
ences in all other variables. Mean BMI, waist circumference and the
prevalence of hypertension and diabetes were highest in the high-
TG/high non-HDLC group, whereas the values of these parameters
were lowest in the low-TG/low-non-HDLC group for both sexes.
The prevalence of Mets was much higher in the high-TG groups
than in the low-TG groups irrespective of non-HDLC level.

The total person-years were 59,774 (27,461 for men and 32,313
for women), with a mean follow-up period of 11.7 years. During
the follow-up period, there were 113 first MIs and 180 first strokes.
The strokes consisted of 28 intracerebral hemorrhages, 116 cere-
bral infarctions, 21 subarachnoid hemorrhages and 15 unclassified
cases.

Table 2 shows the number of cases, age and multivariable-
adjusted HRs for MI stratified by TG and non-HDLC. Compared
with the low TG/low non-HDLC group, the HR for MI in the high
TG/high non-HDLC group was 2.05 (95% confidence interval, CI,
1.08-3.90)in men, 3.79 (95% CI, 1.58-9.14) in women and 2.55 (95%
Cl, 1.53-4.24) in both sexes combined in multivariable adjusted
model 1.We did not observe a significant increase in the HR for Mlin
the other groups. Similar results were observed after replacement
of BMI and hypertension with WC and SBP level (model 2).

Table 3 shows the multivariable-adjusted HRs for cerebral
infarction stratified by levels of TG and non-HDLC. Compared with
the low TG/low non-HDLC group, the HR for cerebral infarction in
the high TG alone group (high TG/low non-HDLC group) was 1.45
(95% CI, 0.84-2.50) in men, 2.09 (95% CI, 0.92-4.73) in women and
1.63(95%Cl, 1.03-2.56) in both sexes combined in statistical model
1. There was no significant increase of cerebral infarction in the
other groups. Similar results were also observed in statistical model
2,

The incidence of total stroke, intracerebral hemorrhage and sub-
arachnoid hemorrhage was not related to TG and non-HDLC levels
in either sex. When the participants were divided into two groups
by age (<60 and >60), the results of all the analyses listed above
were similar in both age groups (data not shown).

4. Discussion

To our knowledge, this is the first cohort study in Japan to clarify
the risk for MI and ischemic stroke of high serum level of TG, non-
HDLC and both. The risk for MI of both high serum TG and non-
HDLC was considerably higher than the risk without both or with
only one. This relationship was similarly observed in both men and
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Table 1

Means and prevalence of major cardiovascular risk factors in each group stratified by the combination of serum levels of triglycerides (TG) and non-high-density lipoprotein

cholesterol (non-HDLC).

Variables Low TG/low Non-HDLC Low TG/high Non-HDLC High TG/low Non-HDLC High TG/high Non-HDLC Pvalue
Men
No. of subjects 1532 117 550 205
Non-HDLC (stratum mean), mmol/L 36 (0.7) 54 04 4.0 0.6 5.5 0.5
Triglycerides (stratum median), mmol/L 1.0 (0.8,1.3) 13 (1.0, 1.5) 212 (1.9,2.9) 2.4 (2.0,3.7)
Age, years 55.8 (13.5) 57.4 (12.9) 54.8 (12.7) 54.8 (11.8) 0.16
HDLC, mmol/L 14 (0.3) 13 (0.3) 14 (0.3) 1.1 (0.2) <0.01
BMI, kg/m? 223 (2.8) 23.1 (3.1) 23.8 (2.6) 24.2 (2.6) <0.01
Waist circumference, cm 80.8 (7.9) 82.7 (8.6) 85.7 (7.0) 86.3 (6.9) <0.01
Systolic blood pressure, mmHg 127 (21) 129 (20) 130 (20) 132 (21) <0.01
Diastolic blood pressure, mmHg 78 (12) 79 (12) 81 (11) 82 (11) <0.01
Hypertension, % 30.0 350 36.4 38.0 0.01
Diabetes, % 4.8 43 7:5 93 0.02
Metabolic syndrome, %™ 45 4.3 45,1 47.8 <0.01
Smoking, %
Current smoker 499 43.6 53.5 47.3 0.51
Ex-smoker 303 35.0 284 327
Never-smoker 19.8 214 18.2 20.0
Drinking, %
Current drinker 76.0 63.2 76.4 69.3 0.02
Ex-drinker 36 6.0 29 5.4
Never-drinker 204 30.8 20.7 254
Women
No. of subjects 1956 290 256 192
Non-HDLC (stratum mean), mmol/L 3.6 (0.7) 5.5 (0.5) 4.2 (0.5) 5.8 (0.8)
Triglycerides (stratum median), mmol/L 0.9 (0.7, 1.1) 12 (0.9,1.4) 2.0 (1.8,2.4) 2.4 (2.0,3.0)
Age, years 51.5 (12.9) 59.3 (9.6) 579 (11.2) 60.7 (8.8) <0.01
HDLC, mmol/L 15 (0.3) 14 (0.3) 1.2 (0.3) 11 (0.3) <0.01
BMI, kg./m2 217 (3.1) 229 (3.1) 236 (3.3) 24.2 (3.1) <0.01
Waist circumference, cm 75.5 (9.8) 79.8 (9.7) 82.7 (10.0) 83.5 [9.7) <0.01
Systolic blood pressure, mmHg 121 (21) 131 (21) 132 (21) 137 (21) <0.01
Diastolic blood pressure, mmHg 73 (12) 79 (12) 79 (12) 80 (13) <0.01
Hypertension, % 204 379 371 48.4 <0.01
Diabetes, % 24 45 6.6 7.8 <0.01
Metabolic syndrome, %™ 7i5 19.3 66.8 74.5 <0.01
Smoking, %
Current smoker 11.8 8.6 14.5 16.1 0.04
EX-smoker 3.5 28 2.7 6.3
Never-smoker 84.7 88.6 82.8 77.6
Drinking, %
Current drinker 349 293 28.5 24.5 <0.01
Ex-drinker 1.8 03 0.8 4.2
Never-drinker 63.3 703 70.7 71.4

TG, triglycerides; non-HDLC, non-high-density lipoprotein cholesterol; BMI, body mass index. Brackets indicate standard deviation.
Analysis of variance was used for comparisons of multiple group means and the chi-square test was used to compare proportions.

" Inter-quartile range.

" MetS was defined using modified NCEP-ATP [1I. Abdominal obesity was defined as a waist circumference >0.90 m in men and > 0.80 m in women. High blood pressure was
defined as average systolic/diastolic blood pressures of > 130/85 mm Hg and/or current medication for hypertension. High triglyceride was defined as serum triglycerides of
=1.7 mmol/L. Low HDL cholesterol was defined as serum HDL cholesterol levels of <1.03 mmol/L in men and of <1.29 mmol/L in women. High blood glucose was defined as
fasting blood glucose of >6.1 mmol/L and/or current use of anti-diabetic medication. MetS was defined as the presence of three or more of these components.

women. In contrast, the risk for ischemic stroke was highest in the
participants with high TG alone.

TG-rich lipoproteins have been shown to be atherogenic, and
thus, they are associated with coronary atherosclerosis [9,19-20].
As NCEP-ATP III pointed out [9], elevated non-HDLC is a good
therapeutic target in patients with high TG, because the serum
concentration of non-HDLC reflects not only LDL-C but also the
cholesterol content of all other TG-rich and apolipoprotein B con-
taining lipoproteins, such as very low density lipoprotein (VLDL),
intermediate density lipoprotein (IDL), small dense LDL particles
and their remnant lipoproteins [19-20]. In the Helsinki Heart study
[21], most of the risk for coronary heart disease (CHD) was con-
fined to participants with high levels of both TG and LDL-C. In the
West of Scotland Coronary Prevention Study [22], a higher inci-
dence of CHD was observed in men in both the pravastatin and
placebo groups when TG was at or above the median level. Pischon
etal. suggested that TG added significant information to non-HDLC

for CAD risk prediction in a nested case-control study [23]. Our
findings are consistent with previous studies.

Similar to previous studies in Japan [4,10], we found no asso-
ciation between non-HDLC and cerebral infarction even in the
presence of high serum TG, which may be due to a lower preva-
lence of atherothrombotic infarction than in Western populations.
The ARIC study indicated that TC was associated with increased
risk of non-lacunar, non-embolic stroke (atherothrombotic infarc-
tion), but not with lacunar or embolic stroke [24]. A recent report
from a Japanese rural population showed that LDL-C is a risk fac-
tor for only atherothrombotic infraction [25]. Unfortunately, due
to the relatively small stroke cases in our study, we were not able
to demonstrate an association between any subtype of cerebral
infarction and non-HDLC.

It is not clear why participants with high TG alone showed
the increased risk for cerebral infarction in the present study. In
a meta-analysis of 26 cohort studies in Asia-Pacific area, partici-
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Age and multivariable-adjusted hazard ratios (95% confidence intervals) for myocardial infarction stratified by TG and non-HDLC groups in an 11.7-year prospective study
of 5098 Japanese men and women.

Low TG/low Non-HDLC

Low TG/high Non-HDLC

High TG/low Non-HDLC

High TG/high Non-HDLC

Men

Person-years 17410 1288

Case, n 45 6

Age adjusted 1.00 1.63 (0.70-3.83)
Model 12 1.00 1.48 (0.62-3.49)
Model 2° 1.00 1.55 (0.66-3.66)
Women

Person-years 23652 3455

Case, n 14 5

Age adjusted 1.00 1.59 (0.57-4.40)
Model 12 1.00 1.63 (0.58-4.26)
Model 2° 1.00 1.55 (0.55-4.38)
Men and women

Person-years 41062 4743

Case, n 59 11

Age adjusted 1.00 1.51 (0.79-2.89)
Model 1? 1.00 1.42(0.74-2.74)
Model 2° 1.00 1.45(0.75-2.79)

6358

11
0.76 (0.39-1.48)
0.63(0.32-1.26)
0.64 (0.32-1.29)

2936
6
2.28 (0.88-5.94)
1.99 (0.71-5.57)
1.92 (0.69-5.34)

9294

17
1.04 (0.60-1.78)
0.86 (0.49-1.53)
0.87 (0.49-1.54)

2404

14
2.74(1.50-5.02)
2.05(1.08-3.90)
2.10(1.10-3.98)

2270
12
4.88 (2.25-10.6)
3.79(1.58-9.14)
3.18 (1.34-7.52)

4674
26
3.42 (2.15-5.44)
2.55(1.53-4.24)
2.48 (1.49-4.10)

TG, triglycerides; non-HDLC, non high-density lipoprotein cholesterol.
a Multivariable adjusted for age, body mass index, hypertension, diabetes, HDL (high-density lipoprotein) cholesterol, cigarette smoking and alcohol intake by a Cox

proportional hazard model. Sex was also adjusted in the men and women combined model.
b Replacement of body mass index and hypertension as covariates in model 1 with waist circumference and systolic blood pressure level.

pants grouped in the highest fifth of serum TG had a 50% increased
risk of stroke compared with those in the lowest fifth [26]. Recent
reviews have also concluded that hypertriglyceridemia seems to
be a causal risk factor for ischemic stroke [7-8]. However, above-
mentioned findings were not able to explain the low incidence
of cerebral infarction in the high TG/high non-HDLC group in the
present study. An elevated risk for Ml might mask the relationship
between TG and cerebral infarction; because there would be no fur-
ther follow-up after a first MI. Another large study concerning about
the relationship between serum TG and stroke should be needed.
Recently, we have reported that high serum LDLC and non-HDLC
are both associated with an increased risk of MI; and the predic-
tive value of non-HDLC for Ml is almost similar to that of LDL-C [4].
However, we did not use serum TG as a covariate to avoid over-
adjustment, because difference between serum level of LDLC and

Table 3

non-HDLC was automatically determined by serum TG level when
serum LDLC value was calculated by the Friedewald formula [27].
Considering all the findings together, non-HDLC and TG may be rec-
ommended as beneficial screening markers for primary prevention
of CAD in the Japanese community, as they are less expensive and
more convenient because non-HDLC can be calculated irrespective
of serum TG level.

The present study has some limitations. First, the single TG and
non-HDLC measurement at the baseline survey may have underes-
timated the relationship between these lipids and cardiovascular
disease due to regression dilution bias. Furthermore, we did not
evaluate longitudinal trend for each risk factor and its medica-
tion status after baseline survey. Especially, hypertriglyceridemia
is associated with not only present existence of metabolic com-
ponents, such as hypertension and diabetes, but also new onset

Age and multivariable-adjusted hazard ratios (95% confidence intervals) for cerebral infarction stratified by TG and non-HDLC groups in an 11.7-year prospective study of

5098 Japanese men and women.

Low TG/low Non-HDLC

Low TG/high Non-HDLC

High TG/low Non-HDLC High TG/high Non-HDLC

Men

Person-years 17410 1288

Case,n 46 2

Age adjusted 1.00 0.53 (0.13-2.19)
Model 12 1.00 0.54 (0.13-2.25)
Model 2P 1.00 0.56 (0.14-2.31)
Women

Person-years 23652 3455

Case, n 20 8

Age adjusted 1.00 1.77 (0.78-4.02)
Model 12 1.00 1.52 (0.66-3.50)
Model 2° 1.00 1.54 (0.67-3.54)
Men and women

Person-years 41062 4743

Case, n 66 10

Age adjusted 1.00 1.14 (0.58-2.23)
Model 12 1.00 1.12 (0.57-2.20)
Model 2° 1.00 1.12(0.57-2.21)

6358

22
1.51(0.91-2.52)
1.45 (0.84-2.50)
1.48 (0.86-2.56)

2936

10
2.62(1.23-5.60)
2.09(0.92-4.73)
2.10(0.93-4.73)

9294
32
1.82(1.19-2.79)
1.63 (1.03-2.56)
1.62 (1.03-2.55)

2404

5

0.99 (0.39-2.51)
0.92 (0.35-2.38)
0.75 (0.26-2.14)

2270
3
0.81(0.24-2.72)
0.69 (0.20-2.44)
0.77 (0.22-2.71)

4674
8
0.94 (0.45-1.95)
0.79 (0.37-1.69)
0.69 (0.62-1.88)

TG, triglycerides; non-HDLC, non high-density lipoprotein cholesterol.
a Multivariable adjusted for age, body mass index, hypertension, diabetes, HDL (high-density lipoprotein) cholesterol, cigarette smoking and alcohol intake by a Cox

proportional hazard model. Sex was also adjusted in the men and women combined model.

b Replacement of body mass index and hypertension (prevalence) as covariates in model 1 with waist circumference and systolic blood pressure levels.
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of them in the future [28,29). Second, we did not measure serum
apolipoprotein B (apoB) [22], apolipoprotein A1 (ApoA1) and LP(a)
[30], which some previous studies have shown to be strong risk fac-
tors for CAD [22]. Third, a recent study indicated that non-fasting
TG is a better predictor of CAD than fasting TG [31]. However, in a
large individual based meta-analysis in the Asia-Pacific region [26],
most blood samples were collected during fasting, and there was
a significant positive relationship between serum TG and CAD or
stroke.

In conclusion, a combination of higher serum levels of TG and
non-HDLC is associated with an increased risk of Ml in a Japanese
population. Furthermore, the risk for ischemic stroke was highest
in the participants with high TG alone; however, further research
should be needed. High serum levels of TG and non-HDLC are
both important targets for the prevention of cardiovascular dis-
ease, which requires evidence-based guidelines for management
in the primary care setting.
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Abstract (219words)

Background: There have been no large scale studies on the impact of diabetes mellitus (DM) on
A outcomes in Japanese patients undergoing coronary artery bypass grafting (CABG).

Methods: A multi-institutional retrospective cohort study was conducted in 14 Japanese centers. All
adult patients who underwent isolated CABG from 2007 to 2008 were included (n=1,522; 1,177
males; mean age: 68.5 years). The definitions of DM were all patients admitted with diagnosis of
DM and preoperative HbA1¢>6.5%. Univariate and multivariable analyses were performed to
identify the risk of morbidity and mortality.

Results: There were 849 DM and 572 non-DM patients. Preoperative, intraoperative and 3-day
average postoperative blood glucose (BG) were 146mg/dl, 172mg/dl and 168mg/dl in the DM group,
and 103mg/dl, 140mg/dl and 136mg/dl in the non-DM group (all p<0.0001). Although there were no
significant differences in postoperative cardiovascular events, the incidence of infection was
significantly higher in the DM group than in the non-DM group (9.2% vs 6.1%, P=0.036). The
all-cause death was also higher in the DM group than in the non-DM group (2.1% vs 1.1%, p=0.12),
and this was likely related to infection.

Conclusions: DM patients had worse perioperative BG control, higher incidence of infection, and
higher mortality than non-DM patients. These results indicate that perioperative BG control

guidelines should be standardized to obtain better surgical outcomes in Japanese DM patients.
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Introduction

The prevalence of diabetes mellitus (DM) has increased dramatically in Western countries over the

last several decades, leading in turn to increased mortality due to cardiovascular events [1]. This

trend is also apparent in Asian countries, especially in Japan, where the number of DM patients has

increased from 6.9 million to 8.9 million in the last decade (a 29% increase) [2]. The most important

life-threatening complication in DM patients is obviously coronary artery disease [3]. There has been

debate regarding the optimal treatment for DM patients; some physicians favor percutaneous

catheter intervention (PCI), while others favor coronary artery bypass grafting (CABG). Some

studies have shown that CABG yields better long-term outcomes in DM patients with multivessel

disease [4, 5]. However, it is well known that patients with DM who undergo CABG have worse

early and late outcomes than CABG patients without DM [6, 7]. Also, it has been shown that

intraoperative and postoperative blood glucose (BG) control has a significant effect on complications

such as infection and mortality [8-10]. However, there have been no large-scale studies on Japanese

DM patients undergoing coronary artery bypass grafting. To better understand the impact of DM on

coronary artery surgery and to establish the optimal BG control method during cardiac surgery, we

organized a multicenter/multidisciplinary research group, which we called the JMAP study group

(Japanese Study to Explore the Impact of Diabetes on Cardiac Surgery for Optimal Glycemic
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Control Protocol). Herein, we carried out a retrospective cohort study to identify the impact of DM

and BG control on surgical outcomes in Japanese patients undergoing CABG.

Patients and Methods

From 2007 to 2008, a total of 1,522 patients underwent isolated CABG in 14 cardiac surgery centers

in Japan. Patients who underwent redo CABG were included, but patients who underwent

concomitant procedures such as valvular procedures, aneurysm repair, arrhythmia surgery, repair of

ventricular septal perforation, and surgical ventricular restoration procedures were excluded from

this study. All the patient characteristics and operative data were extracted from the prospective

national database (the Japan Adult Cardiovascular Surgery Database: JACVSD), which is similar to

the Society of Thoracic Surgeons (STS) national database in the North America. Other study-specific

data like perioperative BG control, as well as other blood laboratory data and postoperative

complications including cardiovascular events and individual infections, which are not included in

the JACVSD, were obtained from medical records at each study site. These two sets of data were

merged and sent to a data center (the EBM Research Center, Kyoto University Graduate School of

Medicine, Kyoto, Japan).

Demographic variables are listed in Appendix I. Of note, the Japanese Diabetes Society (JDS) value
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of HbAlc (%) is converted into the National Glycohemoglobin Standardization Program (NGSP)

equivalent value (%) calculated by the following formula according to the JDS guidelines [11]:

HbA1lc (NGSP) (%) = HbAlc (JDS) (%) + 0.4 (%)

Postoperative variables were acute myocardial infarction (MI), cerebrovascular events, acute renal

failure and other cardiovascular events (including cardiac tamponade, ventricular tachycardia or

fibrillation, and complications after PCI). Postoperative infection was categorized into deep sternal

wound infection (anterior mediastinitis), superficial sternal wound infection, graft harvesting site

infection, blood stream infection, urinary tract infection, and pneumonia. Details of the definitions of

the clinical events are summarized in Appendix II. Hospital death included all-cause death within 30

days of operation or during initial hospitalization. All the aforementioned clinical events were

evaluated at the participating centers, and then assessed by the independent clinical events evaluation

committee (Appendix III). The primary composite endpoint was defined as a composite of acute MI,

cerebrovascular accidents, other cardiovascular events, all infections and their related deaths.

Although cardio-cerebrovascular events were thought to be important for DM patients, this

prespecified primary composite endpoint was not related to DM. Thus, we added a new composite

endpoint, which consisted of all infections, renal failure, and all cause deaths, and conducted an

additional analysis.
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DM patients were defined as those patients who were admitted to the participating hospitals with a

diagnosis of DM. Patients without a previous diagnosis of DM who had preoperative HbAlc > 6.5%

(NGSP) were also included {12]. The intraoperative BG was an average of 3-4 BG measurements

taken during surgery. The postoperative 3-day BG average was a composite average of the daily

mean BG levels (BG was measured up to 12 times per day following surgery) from the day of the

surgery to postoperative day 3.

Perioperative BG control methods varied from hospital to hospital, however, in all the participating

institutions, it was standard practice to treat hyperglycemia with continuous insulin infusion

whenever BG exceeded 200mg/dl.

Statistical Analyses

Baseline characteristics of the DM and the non-DM groups are described as mean + standard

deviation for continuous variables and proportions for categorical variables. P-values were

calculated by the t-test and the chi-squared test. We compared the proportions of primary and

additional composite endpoints and their components between the DM and the non-DM groups. Risk

ratios and associated 95% confidence intervals were calculated.
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Logistic regression analyses were conducted to estimate the magnitude of the effect of DM on the

additional composite endpoint, all infections, and all cause deaths adjusted by age (in 10-year

increments), gender, body mass index, congestive heart failure, renal insufficiency, chronic

obstructive pulmonary disease, peripheral artery disease, left ventricular ejection fraction < 50%,

operative status (elective vs urgent or emergency), bilateral internal thoracic artery use, and

intraoperative steroid use. Of note, two patients undergoing CABG as salvage were excluded from

the analyses. Odds ratios and their associated 95% confidence intervals were calculated. All analyses

were performed with JMP 8.0 statistics software (SAS Institute Inc., Cary, NC, USA). The two-sided

alpha level was set to 5%.

This study was approved by the Internal Review Board at all the participating hospitals and the

Ethics Committee of the Kyoto University Graduate School and Faculty of Medicine. All the

patients and their families gave written consent at the time of operation for participation in the

JACVSD.

Results
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A total of 1,522 enrolled patients were classified into two groups: the DM group (n=849) and the

non-DM group (n=572). Because there were no preoperative HbA 1c data for 101 patients without a

previous diagnosis of DM, these patients were excluded from this study. Patients' baseline

characteristics are shown in Table 1. There were no differences in terms of age, gender and body

mass index (BMI). However, depressed left ventricular systolic function (gjection fraction < 50%),

renal insufficiency, and peripheral artery disease were significantly higher in the DM group than in

the non-DM group. On the other hand, chronic obstructive pulmonary disease was less common in

the DM group. There was no difference in terms of usage of bilateral internal thoracic artery,

however intraoperative administration of intravenous steroids was more common in the non-DM

group. There were no differences in operative status. Off-pump techniques were used frequently in

both groups (about 70% of patients in each group).

Preoperative fasting, intraoperative and 3-day average postoperative BG were 146mg/dl, 172mg/dl

and 168mg/dl in the DM group, and 103mg/dl, 140mg/dl and 136mg/dl in the non-DM group,

respectively. At all measurement points, DM patients had significantly higher BG levels (p<0.0001).

As shown in Table 2, the all-cause deaths were 2.1% (n=18) in the DM group and 1.1% (n=6) in

non-DM group (p=0.124). There was no significant difference in the primary composite endpoint,

however, the additional composite endpoint was significantly higher in the DM group. In terms of
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complications, although there were no significant differences in the incidence of postoperative

cardiovascular events and cerebrovascular accidents, the incidence of overall infection was

significantly higher in the DM group than in the non-DM group (9.2% vs 6.1%, P=0.036). In

particular, the incidence of deep sternal wound infection was much higher in the DM group (2.0%)

than in the non-DM group (1.1%) although this did not reach statistically significance (p=0.163).

The cause of death in the DM group was predominantly related to infection (10/18), while in the

non-DM group there was only one patient who died of infection (1/6). On multivariable logistic

regression analyses, the statistically significant risk factors for the additional composite endpoint

included female gender, BMI, renal insufficiency, and chronic obstructive pulmonary disease (Table

3). Also, the statistically significant risk factors for infection were female gender, BMI and renal

insufficiency (Table 4). Finally, the statistically significant risk factors for all-cause death were renal

insufficiency, congestive heart failure, and emergency surgery (Table 5). The presence of DM was

not identified as a statistically significant risk factor for any of the endpoints and complications

including infection by multivariable analyses.

Discussion

In 2009, the Society of Thoracic Surgeons Blood Glucose Management Task Force published their

guidelines regarding BG management during adult cardiac surgery [13]. According to these
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guidelines, it is highly desirable to maintain BG < 180mg/dl during surgery and during the

immediate postoperative period with intravenous insulin infusion in DM patients. Although it is

unnecessary to use intravenous continuous insulin infusion in non-DM patients during surgery, both

DM and non-DM patients benefit from maintaining BG < 180mg/dl in order to prevent morbidity

and mortality [13]. Based on the current findings, our BG management approach seems to be

reasonable given the intraoperative and postoperative 3-day average BG with 172mg/dl and

168mg/dl, respectively, in the DM group. This begs the question of how low the target should be.

Furnary et al. reported from their prospective observational study that there was a highly significant

relationship between mortality and postoperative glucose levels rising above 175mg/dl [10]. Our

current BG levels in DM patients were barely below this cut-off value.

It has been reported that the presence of DM in patients undergoing CABG is a significant risk factor

for hospital mortality and morbidity including stroke, deep sternal wound infection and length of

hospital stay from the STS database analyses [13]. In addition, DM patients have worse long-term

survival than non-DM patients after surgery [6]. Our results show that DM has a significant

influence on the additional composite endpoint consisting of all-cause death, infection and acute

renal failure (10.8% vs 7.3%, p=0.027). Looking at each complication, infection was the most

significant factor contributing to this result (9.2% in DM group vs 6.1% in non-DM group, p=0.036).
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Also, DM patients tended to have higher mortality than non-DM patients (2.1% vs 1.1%, p=0.124).

Moreover, DM patients tended to have a much higher incidence of deep sternal wound infection than

non-DM patients (2.0% vs 1.1%, p=0.163), although this difference did not reach statistical

significance. However, the complication of infection definitely influenced mortality rates because

the majority of deaths were related to infection in the DM group. There is no doubt that DM patients

have unfavorable baseline characteristics such as diffuse coronary artery disease, peripheral artery

disease, high BMI, and worse renal function, all of which would contribute to worse short and

long-term outcomes compared to non-DM patients. The Portland Diabetic Project, which is an

on-going prospective study of over 5,000 DM patients, aims to show that tight glucose control from

the end of surgery until the 2nd postoperative day with continuous insulin infusion may eliminate the

diabetic disadvantage [15]. They showed that tight glucose control with a full 3 days of continuous

insulin infusion (the Portland Protocol) significantly reduced mortality (by 65%), deep sternal

wound infection (by 63%), and length of hospital stay (average 2-day reduction). Therefore, they

concluded that DM is not the true risk factor for the seemingly unfair diabetic disadvantage in terms

of increased mortality and morbidity. Since we showed that DM patients still have excess mortality

and morbidity compared to non-DM patients in the current study, we might be able to reduce these

excess complications by implementing tighter glucose control protocols.
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