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Mild Metabolic Abnormalities, Abdominal Obesity and the Risk of
Cardiovascular Diseases in Middle-Aged Japanese Men
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Aim: We investigated the individual and population impacts of mild abnormalities associated with
metabolic syndrome (blood pressure, lipids and glucose) and abdominal obesity, for which lifestyle
modification is initially applicable, on cardiovascular disease risk.

Methods. Using a cohort study of 2,685 Japanese men aged 35 to 59 years with an 11-year follow-up
period, we calculated the relative risks for cardiovascular diseases due to mild metabolic abnormali-
ties that included at least one of the following three conditions: 1) systolic blood pressure 130-139
mmHg and/or diastolic blood pressure 85-89 mmHg; 2) triglycerides 150-299 mg/dL and/or high-
density lipoprotein cholesterol 35-39 mg/dL; and 3) fasting plasma glucose 110-125 mg/dL and/or
abdominal obesity. Participants with a mild metabolic abnormality were compared to participants
with no metabolic abnormality or abdominal obesity. The population attributable fraction of these
abnormalities for cardiovascular diseases was also estimated. _

Results: At baseline, 9.8% and 21.8% of the total population had a mild metabolic abnormality with
or without abdeminal obesity, respectively, while 7.5% had isolated abdominal obesity without any
metabolic abnormality. A mild metabolic abnormality with or without abdominal obesity and iso-
lated abdominal obesity increased the risk of cardiovascular disease by 2.68-fold, 1.49-fold, and
2.36-fold, respectively. Approximately 20% of cardiovascular diseases in the total population were
attributable to either mild metabolic abnormalities or isolated abdominal obesity.

Conclusion: The importance of lifestyle modification should be acknowledged, especially in cases of
mild metabolic abnormality and/or abdominal obesity, which may contribute to approximately 20%
of the population burden for cardiovascular diseases.

J Atheroscler Thromb, 2010; 17:934-943.
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Introduction

Cardiovascular risk factors, such as elevated blood
ptessure, abnormal lipid profiles and disordered glu-
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cose metabolism, have a graded linear relationship
with the risk of cardiovascular diseases, including cor-
onary heart disease and stroke®. On the basis of this
evidence, more rigorous intervention is applicable for
worse conditions. Thus, individuals with moderate-to-
severely abnormal findings are generally required to be
under medical control. Individuals with only mildly
abnormal findings are usually encouraged to improve
these abnormalities, using non-pharmacological thet-
apy, at health checkups and with healthcare advice,
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even though the individuals may have several mildly
abnormal findings.

In 2008, the Japanese national government intro-
duced a nationwide public health strategy to reduce
the burden of cardiovascular diseases due to abdomi-
nal obesity and associated metabolic disorders, mainly
elevated blood pressure, high triglycerides, low high-
density lipoprotein (HDL) cholesterol, and disordered
glucose metabolism®®. In this strategy, which is influ-
enced by the Japanese concept and diagnostic criteria
of metabolic syndtome?, priority is given to obese
individuals who have metabolic disorders, with the
concept that such individuals should modify their life-
style in order to decrease the accumulation of abdomi-
nal fat, which in turn may lead to the control of blood
pressure and lipid and glucose levels. In addition, the
severity of metabolic disorders is also considered to
determine whether individuals should be treated first
using pharmacological or non-pharmacological thera-
pies. Although non-obese individuals with a metabolic
abnormality are not prior candidates in this strategy,
appropriate healthcare advice should be provided for
such non-obese individuals. Non-obese individuals
with 2 mild metabolic abnormality are also in need of
non-pharmacological therapy initially, but this therapy
is, at least partially, different from what is required for
obese individuals with a mild metabolic abnormality.
There is therefore a need to examine the risk of devel-
oping cardiovascular diseases, taking into account the
above situations as they apply to the Japanese popula-
tion. It is particularly important for public health pur-
poses, such as medical checkups and healthcare advice,
to estimate the population burden of cardiovascular
diseases due to mild metabolic abnormality with and
without abdominal obesity, for which appropriate non-
pharmacological therapy should be applied, depend-
ing on the presence or absence of abdominal obesity.
To the best of our knowledge, little is known about
the risk of developing cardiovascular diseases due to
mild metabolic abnormalities associated with meta-
bolic syndrome and/or abdominal obesity in the
Japanese population, as previous studies have mainly
examined the association between metabolic disorders
(or morbid conditions pursuant to this syndrome) and
the risk of these diseases, without considering the
severity of the metabolic disorders and excluding indi-
viduals who are taking medication for metabolic dis-
orders'™'®. We used a cohort study in middle-aged
Japanese men to investigate the individual and popu-
lation impacts of mild abnormalities associated with
metabolic syndrome and/or abdominal obesity on the
tisk of cardiovascular diseases.

Participants and Methods

Study Design and Participants

The study population consisted of Japanese men
who worked for a metal products factory in Toyama
prefecture, Japan. The Industrial Safety and Health
Law in Japan requires employets to conduct annual
health examinations for all employees. Details of this
study population have been reported previously!> '>2%,
A total of 2,952 male employees aged 35 to 59 years,
who underwent a health examination in 1996, were
enrolled in the study, with subsequent follow-up for
11 years until March 2007. The present cohort study
was approved by the Institutional Review Committee
of Kanazawa Medical University for Ethical Issues.

Of the 2,952 participants, 267 were excluded
due to either a history of previous cardiovascular dis-
ease (n=11), taking medications for either hyperten-
sion, hypercholesterolemia, hypertriglyceridemia
and/or diabetes (#=211), missing information at the
time of the baseline survey (n=12), or failure to
obtain information in the follow-up survey (n=33).
The remaining 2,685 participants were included in
the analyses.

Baseline Examination

Data collected at study entry included age, medi-
cal history, smoking and alcohol drinking habits, lei-
sure-time physical activity, and anthropometric indi-
ces, including waist circumference, blood pressure,
serum total cholesterol, HDL cholesterol, triglycerides
and fasting plasma glucose. Fasting blood samples were
obtained by cubital venipuncture and then shipped to
one laboratory (BML, Inc., Toyama, Japan) for analy-
sis. Plasma glucose levels were measured enzymatically
using an automatic analyzer. Total cholesterol and tri-
glyceride levels were measured by enzyme assay using
another automatic analyzer, while HDL cholesterol
levels were measured by a direct determination
method. A single blood pressure measurement was car-
ried out by trained staff using a mercury sphygmoma-
nometer after the participants had rested for five min-
utes in the seated position. Waist circumference was
measured above the iliac crest and below the lowest rib
margin during minimal respiration in the standing
position. Medical history, cigarette smoking and alco-
hol drinking habits, and leisure-time physical activity
were evaluated using a self-administered questionnaire.

Definition of the Absence or Presence of Mild or
Moderate-to-Severe Metabolic Abnormalities and
Abdominal Obesity

Abnormalities in blood pressure, lipids (triglycer-
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Table 1. Definition of normal, mildly abnormal and moderate-to-severely abnormal levels of

blood pressure, lipids and glucose

Abnormal
Normal
Mildly Moderate-to-severely
Blood pressure SBP <130 mmHg SBP 130-139 mmHg SBP 2140 mmHg
and and/or and/or
DBP <85 mmHg DBP 85-89 mmHg DBP 290 mmHg
Lipids TG <150 mg/dL TG 150-299 mg/dL TG 2300 mg/dL
and and/or and/or
HDLC 240 mg/dL HDLC 35-39 mg/dL HDLC 234 mg/dL
Glucose FPG <110 mg/dL FPG 110-125 mg/dL FPG 2126 mg/dL

Abbreviations: SBP, systolic blood pressure; DBB, diastolic blood pressure; TG, triglycerides; HDLC, high-
density lipoprotein cholesterol; FPG, fasting plasma glucose.
The present definitions were based on the Japanese metabolic syndrome criteria® and the Japanese Tokutei
Kenshin Tokutei Hoken Shidou (health checkups and healthcare advice specifically focusing on metabolic syn-
drome) criteria®®; the lower cut-off value of mildly abnormal glucose was defined using the former criteria.

ides and/or HDL cholesterol) and glucose were
defined using the criteria of the Japanese Society of
Internal Medicine on behalf of the Japanese Commit-
tee to Evaluate Diagnostic Standards for Metabolic
Syndrome?. Each abnormality was then classified fur-
ther as being either mildly or moderate-to-severely
abnormal, using the criteria adopted by the Japanese
health checkups and healthcare advice, with particular
focus on metabolic syndrome (“Tokutei Kenshin Toku-
tei Hoken Shidow”)*®. Mildly abnormal blood pres-
sure, lipids (triglycerides and/or HDL cholesterol),
and glucose were defined as meeting the criteria for
which individuals need support to modify their unde-
sirable lifestyle in order to improve metabolic disor-
ders according to the criteria of the Tokutei Kenshin
Tokutei Hoken Shidou (health checkups and healthcare
advice specifically focusing on metabolic syndrome).
Moderately-to-severely abnormal blood pressure, lip-
ids and glucose were defined as meeting the criteria
for which individuals should be advised to consult a
physician. Details of this classification are shown in
Table 1. The lower cut-off value for mildly abnormal
glucose was set as 110 mg/dL, which represents the
Japanese metabolic syndrome criteria® and not 100
mg/d, the criteria used in the Japanese Tokurei Kenshin
Tokutei Hoken Shidou (health checkups and health-
care advice specifically focusing on metabolic syn-
drome)5®.

The study participants were diagnosed as having
no, mild, or moderate-to-severe metabolic abnormal-
ity after comprehensive evaluation of blood pressure,
lipids, and glucose (Table 2). Participants who did not
have abnormal blood pressure, lipid profile or glucose
levels were classified as having “no metabolic abnor-

mality”. Participants who had at least one mild abnor-
mality of either blood pressure, lipids or glucose with-
out moderate-to-severely abnormal blood pressure,
lipids or glucose were classified as having a “mild met-
abolic abnormality”. Participants who had at least one
moderate-to-severe abnormality in either blood pres-
sure, lipids or glucose were classified as having a
“moderate-to-severe metabolic abnormality”.

Abdominal obesity, defined as a waist circumfer-
ence 285 cm, was treated separately from abnormal
blood pressure, lipids and glucose, as the criteria for
Japanese metabolic syndrome regards it as a manda-
tory element?.

*

Follow-Up Survey

Vital status and the incidence of cardiovascular
diseases were ascertained in March 2007, representing
a follow-up period of over 11 years. For participants
who stayed at the target factory, questionnaires on
medical history at annual health checkups and medi-
cal certifications of sickness absence were used to
obtain information on the cardiovascular disease his-
tory during the follow-up petiod. For retired partici-
pants, questionnaires on cardiovascular disease history
were sent annually by mail. For deceased participants,
information was obtained from family members. The
medical records of every participant who was consid-
ered as having a history of cardiovascular disease from
this procedure were reviewed to confirm the diagnosis,
without knowledge of the variables at baseline. In
some deceased cases, death certifications were refer-
enced. If a participant had died or a retited participant
did not reply to the questionnaire on cardiovascular
disease history, follow-up was stopped at that point.
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Table 2. Definition of no, mild, or moderate-to-severe metabolic abnormalicy after comprehensively evaluating blood pressure,

lipids and glucose

No metabolic abnormality

Mild metabolic abnormality

Moderate-to-severe metabolic abnormality

Having all the following conditions:

Having at least one of the following conditions:

Having at least one of the following conditions:

1) Normal blood pressure 1) Mildly abnormal blood pressure 1) Moderate-to-severely abnormal blood
(SBP <130 mmHg and (SBP 130-139 mmHg and/or pressure
DBP <85 mmHg) DBP 85-89 mmHg) (SBP 2140 mmHg and/or
2) Normal lipids 2) Mildly abnormal lipids DBP 290 mmHg)
(TG <150 mg/dL and (TG 150-299 mg/dL and/or 2) Moderate-to-severcly abnormal lipids
HDLC 240 mg/dL) HDLC 35-39 mg/dL)} (TG 2300 mg/dL and/or
3) Normal glucose 3) Mildly abnormal glucose HDLC 234 mg/dL)
(FPG <110 mg/dL) (FPG 110-125 mg/dL) - . 3) Moderate-to-severely abnormal glucose
without any of the following conditions: (FPG 2126 mg/dL)

1) Moderate-to-severely abnormal blood pressure
(SBP 2140 mmHg and/or DBP 290 mmHg)
2) Moderate-to-severely abnormal lipids
(TG 2300 mg/dL and/or HDLC 234 mg/dL)

3) Moderate-to-severely abnormal glucose

(FPG 2126 mg/dL)

Abbreviations: SBD, systolic blood pressure; DBE, diastolic blood pressure; TG, triglycerides; HDLC, high-density lipoprotein cholesterol; FPG,

fasting plasma glucose.

The diagnostic criteria for myocardial infarction
were modified from those of the MONItoring trends
and determinants of CArdiovascular disease (MON-
ICA) project conducted by the World Health Organi-
zation?V. Myocardial infarction was defined as suffer-
ing typical chest pain with findings of abnormal and
petsistent Q or QS waves on an electrocardiogram
and/or changes in cardiac enzyme activity. Sudden
cardiac death was defined as death within one hour of
onset, a witnessed cardiac arrest or absupt collapse.
Angina pectoris was also included as a coronary heart
disease event in individuals who underwent coronary
artery angioplasty or bypass surgery. Stroke was defined
as suffering a focal neurological disorder with rapid
onset, which persisted for at least 24 hours or until
death, with supporting evidence from imaging exami-
nations, such as computed tomography or magnetic
resonance imaging. The diagnosis of stroke subtype
was classified on the basis of the imaging examinations.
. The outcome used in the present study was a

first-ever incident event of all cardiovascular diseases
that included coronary heart disease and stroke. The
former included myocardial infatction, sudden cardiac
death, and angina pectoris requiring an intervention
for the coronary arteries, while the latter included
cerebral infarction, cerebral hemorrhage, subarachnoid
hemorrhage, and unspecified stroke.

Statistical Analysis
The three metabolic abnormality groups (i.e., no,
mild, or moderate-to-severe metabolic abnormality)

defined in the previous section (Table 2) were strati-
fied further according to the presence or absence of
abdominal obesity. This yielded the following six
groups: 1) no metabolic abnormality without abdomi-
nal obesity; 2) mild metabolic abnormality without
abdominal obesity; 3) moderate-to-severe metabolic
abnormality without abdominal obesity; 4) no meta-
bolic abnormality with abdominal obesity; 5) mild
metabolic abnormality with abdominal obesity; and 6)
moderate-to-severe metabolic abnormality with
abdominal obesity. Hazard ratios, compared to the no
metabolic abnormality without abdominal obesity
group, were calculated for the five other groups. A
Cox proportional hazard model was used to calculate
the hazard ratios and their corresponding 95% confi-
dence intervals for the outcomes in each group. This
model incorporated the following variables as covari-
ates: age (35-39, 40-44, 45-49, 50-54, 55-59 years),
smoking habits (current, former, never smoked), drink-
ing habits (heavy, light, occasional, no drinking), lei-
sure-time physical activity (hard, moderate, light, no
activity) and non-HDL cholesterol level (<170, 2170
mg/dL). Non-HDL cholesterol was calculated as total
cholesterol - HDL cholesterol and was used as a covari-
ate instead of low-density lipoprotein cholesterol, the
level of which could not be calculated for participants
with extremely high triglyceride levels®?.

The population attributable fraction, which rep-
resents the contribution of mild and moderate-to-
severe metabolic abnormalities to cardiovascular dis-
ease in the study population, was then estimated as
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Table 3. Baseline risk characteristics of the 2,685 male study participants in a workplace, Toyama, Japan {1996). Data arc presented
for the total study population and also grouped according to metabolic abnormality and abdominal obesity status.

Without abdominal obesity With abdominal obesity
Overall No metabolic  Mild metabolic MOdﬂ'm-.m No metabolic  Mild metabolic Modcr-to-‘sev ? values'
abnormaliti abnormaliti metabolic abnormaliti abnormality metbalic

Y oy abnormalitiy Y 7 abnormalitiy
Participants 2,685 1,015 584 342 202 264 242
Age (yr9) £5.2(£65)  443(262)  453(£63)  470(£68)  449(%62)  450(262)  470(263) <0.0i
Height (cmm) 1678 (£60) 1674(£60) 1672(261) 167.0(£61)  169.1(58) 1692(£60) 1688(260) <001
Weight (kg) 654(£88)  614(x67)  629(266)  627(272)  738(%65)  750(x70)  754(£7.0) <001
Body mass index (kg/m?) B2(£2])  28(£20)  25(:21)  24(221)  258(220)  261(x22)  264(21) <001
Waist circumference (cm) 79.8 (£7.6) 754 (£5.4) 77.6 (£49) 77.7 (£4.9) - 88.7(£3.7) 89.3 (£4.0) 89.8 (243) <0.01
Cigarette smoking (%) 0.34

Never 29.1% 19.8% 26.7% 31.9% 29.2% 29.5% 27.3%

Former 11.3% 103% 10.8% 10.5% 15.3% 11.0% 14.9%

Current 59.6% 59.9% 62.5% 57.6% 55.4% 59.5% 57.9%

Aleohol drinking (%) <0.01

No 22.7% 24.5% 20.5% 19.3% 18.3% 23.9% 27.3%

Occasional 30.9% 31.0% 32.2% 289% 32.7% 29.2% 302%

Light 276% 84% 26.0% 289% 29.7% 31.8% 19.4%

Heary 18.8% 16.1% 21.2% 22.8% 19.3% 15.2% 23.1%
Leisure-time physical activiy (%) 0.10

No 66.6% 66.7% 67.5% 617% 66.8% 68.2% 68.6%

Light 19.4% 17.1% 19.9% 2.8% 21.3% 18.2% 236%

Moderate 9.9% 114% 8.6% 10.8% 8.4% 10.6% 5.4%

Hard £1% 48% 41% 47% 3.5% 3.0% 25%
Zﬁggé;“°dp“”““ 1213 (£133) 1134(£86) 13B8(£107) 1353(2144)  1153(£79) 1B6(2100) 126(x141) <00l
aﬁgwmm“ 763(£100) 709(£72)  7T71(£82)  861(x105)  T29(+70)  783(273)  844(£108) <001
$$E§Mm“ 99 (70-146)  79(61-102) 126@1-173) 11S(-177)  94(2-116) 153 (100-190) 164 (110-260) <001
(Sl:;f;L‘)*DLd"""“m‘ S52(£150) 599 (x141) 545(147) 547(x182)  $3.0(£97)  485(:1L8)  45.8(%139) <001
xﬁi?”mldmmm' 1485 (£340) 1390 (£310) 1496(£349) 1503 (£362)  150.6(£284) 1633(£322) 1669 (£326) <001
&?#mmm 90 (85-97)  88(83-93)  91(85-97)  94(87-105)  89(85-95)  92(86-98)  97(89-109) <00l

Abbreviations: HDL cholesterol, high-density lipoprotein cholesterol; Moder-to-sev, Moderate-to-severe.
Values are expressed as the mean (£standard deviation), median (interquartile range) or the % of participants in that category; *median is pre-

sented due to the skewed distributions.

YOm:—way analysis of variance, Kruskal Wallis test or chi- square tests werc used to compare each risk characteristic among the six groups.

proportion % (hazard ratio —1)/hazard ratio®, using
the proportion of incident cases in the metabolic
abnormality group and the multivariate-adjusted haz-
ard ratio derived from this analysis.

Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences Version 12.0]
for Windows (SPSS Japan Inc., Tokyo, Japan). All
probability values were two-tailed and the significance
level was set at p<0.05.

Results

Characteristics of the Study Population

The baseline characteristics of the 2,685 study
participants in total and grouped according to the
severity of metabolic abnormality and abdominal obe-
sity status are summarized in Table 3. The mean age
of the study population was 45.2 years. Of the total
participants, 39.1% had neither metabolic abnormal-
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Table 4. Hazard ratios for the incidence of cardiovascular disease due to mildly or moderate-to-severely
abnormal levels of each metabolic disorder and abdominal obesity, in 2,685 male participants
over 11 years of follow-up (1996-2007)

Cardiovascular diseases
Participants B Multivariate-adjusted
vents HR (95% CD*

Blood pressure

Normal 1,768 29 1.00 reference

Mildly abnormal 530 13 1.37 (0.70-2.65)

Moderate-to-severely abnormal 387 16 1.99 (1.04-3.79)
Lipids (triglycerides/high- density lipoprotein cholesterol)

Normal 1,910 34 1.00 reference

Mildly abnormal 591 16 1.11 (0.60-2.07)

Moderate-to-severely abnormal 184 8 1.27 (0.55-2.93)
Glucose

Normal 2,483 48 1.00 reference

Mildly abnormal 123 5 1.39 (0.54-3. 57)

Mederate-to-severely abnormal 79 5 1.70 (0.65-4.45)
Abdominal obesity status

Non-obese 1,977 32 1.00 reference

Obese 708 26 1.87 (1.07-3.26)

Abbreviations: HR, hazard ratio; CI, confidence interval.
Hazard ratios, with normal acting as the reference, were calculated using a Cox proportional hazards regression model
adjusted for age, smoking habits, drinking habits, leisute- time physical activity, serum non-high-density lipoprotein

cholesterol, the three residual factors (blood pressute, lipids, and glucose) and abdominal obesity status.

ity nor abdominal obesity, 21.8% had a mild meta-
bolic abnormality without abdominal obesity, 12.7%
had a moderate-to-severe metabolic abnormality with-
out abdominal obesity, 7.5% had isolated abdominal
obesity without any metabolic abnormality, 9.8% had
a mild metabolic abnormality with abdominal obesity
and 9.0% had a moderate-to-severe metabolic abnor-
mality with abdominal obesity. The mean age
increased with worsening metabolic abnormalities for
participants with and without abdominal obesity. With
a few exceptions, mean blood pressure, triglyceride
and fasting glucose levels increased with worsening
metabolic abnormalities, whereas mean HDL choles-
terol decreased with worsening metabolic status. Mean
non-HDL cholesterol also increased ‘with worsening
metabolic abnormalities.

~ Individual Risk of Cardiovascular Diseases Due to
Each Metabolic Disorder and Abdominal Obesity
The study involved 26,882 person-years of fol-
low-up in the 2,685 study participants. The mean
overall follow-up period was 10.0 years. During fol-
Jow-up, 58 first-ever incident events of cardiovascular
diseases were recorded, including 20 myocardial infarc-

tions, 4 sudden cardiac deaths, 5 cases of angina pec-
toris with coronary intervention, 17 cerebral infarc-
tions, 8 cerebral hemorrhages, and 4 subarachnoid.
hemorrhages. The crude incidence rate of cardiovas-
cular diseases in the study population was 2.16/1000
person-years.

Table 4 shows that the increased severity of ele-
vations in blood pressure, dyslipidemia or disordered
glucose metabolism was likely to independently
increase the risk of cardiovascular disease. Abdominal
obesity was also an independent risk factor for cardio-
vascular diseases.

Individual Risk of Cardiovascular Diseases Due to
Mild or Moderate-to-Severe Metabolic Abnormalities
and/or Abdominal Obesity

Table 5 shows the hazard ratios for the incidence
of cardiovascular disease due to mild or moderate-to-
severe metabolic abnormalities and/or abdominal obe-
sity. Compared to the absence of any metabolic abnor-
mality and abdominal obesity, a moderate-to-severe
metabolic abnormality without abdominal obesity, a
mild metabolic abnormality with abdominal obesity
and a moderate-to-severe metabolic abnormality with
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Table 5. Hazard ratios for the incidence of cardiovascular disease due to mild or moderate-to-severe metabolic abnormali-

ties and/or abdominal obesity, in 2,685 male participants over 11 years of follow-up (1996-2007)

No metabolic Mild metabolic Moderate-to-severe
abnormalitiy abnormalitiy metabolic abnormalitiy
Without abdominal obesity
Participants 1,051 584 342
Total person-years of follow-up 10,739 5,821 3,399
Cardiovascular events 11 10 11
Crude rate per 1000 person-years 1.02 1.72 3.24

Age- adjusted HR (95% CI)*
Multivariate-adjusted HR (95% CI)**

With abdominal obesity
Participants 202
Total person-years of follow-up 1,982
Cardiovascular events 5
Crude rate per 1000 person-years 252
Age-adjusted HR (95% CI)*

Multivariate-adjusted HR (95% CI)™*

1.00 reference
1.00 reference

2.34 (0.81-6.74)
2.36 (0.81-6.82)

1.54 (0.65-3.63)
1.49 (0.63-3.52)

2.51 (1.08-5.82)
2.52 (1.08-5.87)

264 242
2,611 2,329
8 13
3.06 5.58

2.81 (1.13-7.00)
2.68 (1.07-6.73)

4.36 (1.94-9.82)
4.12 (1.80-9.43)

Abbreviations: HR, hazard ratio; CI, confidence interval.

Hazard ratios were calculated by a Cox proportional hazards regression model, with no metablic abnormality without abdominal obesity
acting as the reference; *adjusted for age; **adjusted for age, smoking habits, drinking habits, leisure-time physical activity and serum

non-high-density lipoprotein cholesterol.

abdominal obesity increased the risk of cardiovascular
disease by 2.52-fold, 2.68-fold, and 4.12-fold, respec-
tively. All three of these hazard ratios were statisti-
cally significant. Mild metabolic abnormality without
abdominal obesity and isolated abdominal obesity
without any metabolic abnormality also tended to
increase the risk of cardiovascular disease by 1.49-fold
and 2.36-fold, respectively.

Population Risk of Cardiovascular Diseases Due to
Mild or Moderate-to-Severe Metabolic Abnormalities
and/or Abdominal Obesity

Fig. 1 shows the estimations of population attrib-
utable fractions for cardiovascular disease. These cal-
culations showed that 19.3% of cardiovascular diseases
that occurred in the study population were attribut-
able to either a mild metabolic abnormality or abdom-
inal obesity alone without any metabolic abnormal-
ity, 5.7% to a mild metabolic abnormality without
abdominal obesity, 5.0% to isolated abdominal obe-
sity, and 8.6% to a mild metabolic abnormality with
abdominal obesity. Furthermore, 28.4% of cardiovas-
cular diseases were attributable to a moderate-to-severe
metabolic abnormality.

Discussion

This cohort study in middle-aged Japanese men

demonstrated that the risk of cardiovascular disease
was likely to be higher in participants who had a mild
metabolic abnormality either with or without abdomi-
nal obesity and in participants who had isolated
abdominal obesity without any metabolic abnormality
for whom non-pharmacological therapy was required
initially, compared to participants who had neither a
metabolic abnormality nor abdominal obesity. Mild
metabolic abnormality or isolated abdominal obesity
contributed up to 20% of the cardiovascular diseases
that occurred in the study population. The unique
feature of this report is that the risk of cardiovascular
disease due to the components of metabolic syndrome
was evaluated from the viewpoint of intervention as a
priority in health checkups and healthcare advice.

The mild metabolic abnormality based on our
definitions is usually considered to require non-phar-
macological therapy initially to improve the abnor-
mality, regardless of the presence or absence of abdom-
inal obesity. In contrast, moderate-to-severe metabolic
abnormality based on our definitions is usually con-
sidered to require consultation with a physician®®,
Our results are reasonable according to this principle
of health checkups and healthcare advice, when we
viewed our results separately in obese and non-obese
participants. The risk of cardiovascular disease tended
to be the first and second highest in participants with
a moderate-to-severe metabolic abnormality and in
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No metabolic Mild metabolic Moderate-to-severe No metabolic Mild metabolic Moderate-to-severe
\ abnormality abnormality metabolic almormaliJiy\ abnormality abnormality metabolic nhmnmlif}]
‘Without abdominal obesity ‘With abdominal obesity

Fig. 1. Population attributable fraction for the incidence of cardiovascular disease due to mild or moder-
ate-to-severe metabolic abnormalities and/or abdominal obsesity, in the study population over 11

years of follow-up (1996-2007).

participants with a mild metabolic abnormality, respec-
tively, regardless of the abdominal obesity status,
despite the corresponding risk originally being higher
in participants with abdominal obesity than in those
without. Surprisingly, our results indicate that some
obese individuals with a mild metabolic abnormality
have a cardiovascular risk that is as high as that in
non-obese individuals with a moderate-to-severe met-
abolic abnormality. This suggests that it may be better
to advisé some obese individuals with a mild meta-
bolic abnormality to consult a physician prior to rec-
ommending ‘non-pharmacological therapy, due to
their possible high risk of cardiovascular disease.
Obese participants with two or more mild metabolic
disorders, who met the Japanese metabolic syndrome
criteria (i.e., presence of abdominal obesity accompa-
nied by two or more metabolic disorders)”, may have
a higher cardiovascular risk than obese participants
with only a single metabolic disorder. This concern
arises from the findings of a previous study in a West-
ern population carried out by Vasan and colleagues®.
They observed that coronary heart disease event rates
rose with increasing number of borderline abnormali-
ties in blood pressure (systolic 120-139 mmHg or
diastolic 80-89 mmHg), serum low-density lipopro-
tein cholesterol (100-159 mg/dL), high-density lipo-
protein cholesterol (40-59 mg/dL), glucose (fasting
110-125 mg/dL or 2-hour post-prandial 140-199 mg/
dL) and smoking habits (former smoking), although
this previous study did not investigate abdominal

obesity or serum triglycerides, which are components
of the metabolic syndrome, but did record serum
low-density lipoprotein cholesterol levels and smoking
habits?). In fact, the Japanese Tokutei Kenshin Tokutei
Hoken Shidou (health checkups and healthcare advice
specifically focusing on metabolic syndrome) crite-
ria®® places importance on both the number and
severity of metabolic abnormalities in health checkups
and healthcare advice. Unfortunately, our study did
not include a sufficiently large number of parricipants
or events to conduct additional analyses using the
number of mild metabolic abnormalities to further
classify the participants. Further studies on a greater
number of participants and cases are therefore war-
ranted to clarify whether there is a further increase in
cardiovascular disease risk in individuals with a cluster
of mild metabolic disorders, compared to individuals
with only a single metabolic disorder.

When non-obese and obese individuals were
combined in our analyses, the burden of cardiovascu-
lar disease due to mild metabolic abnormalities and
isolated abdominal obesity was equivalent to approxi-
mately two-thirds of the corresponding burden due to
moderate-to-severe metabolic abnormalities. Approxi-
mately 15% of cardiovascular diseases in our study
population were attributable to either abdominal obe-
sity in association with a mild metabolic abnormality
or isolated abdominal obesity. Ideally, rigorous life-
style modification that decreases the accumulation of
abdominal fat without the administration of medica-
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tion is initially applicable. In other words, a value of
15% represents the ideal expected reduction in the
burden of cardiovascular disease resulting from rigor-
ous lifestyle modification to decrease abdominal fat
accumulation without the need to take medication.
On the other hand, other lifestyle modifications, such
as reducing dietary sodium intake, are also of impor-
tance, especially in non-obese individuals with mild
metabolic abnormalities, a group that contributed to
approximately 5% of the cardiovascular diseases
observed in our study population. This suggests that
non-obese individuals with a mild metabolic abnor-
mality should not be overlooked from the viewpoint
of public health for the prevention of cardiovascular
diseases in the Japanese population, who are relatively
lean. The burden of cardiovascular disease due to com-
bined mild and moderate-to-severe metabolic abnor-
malities was greater in obese participants than in non-
obese participants: 30.6% (=5.0% +8.6% + 17.0%)
vs. 17.1% (=5.7%+ 11.4%). This pattern contradicts
the finding in a previous Japanese study, which
showed a greater population attributable fraction for
ischemic cardiovascular disease among non-obese men
with metabolic disorders (33%) than obese men with
metabolic disorders and individuals with obesity alone
(22%)9. This difference may be partially due to the
different characteristics berween these two study pop-
ulations, suggesting that our observed burden of car-
diovascular disease due to mild and moderate-to-
severe metabolic abnormalities without abdominal
obesity is underestimated, whereas the corresponding
burden due to mild and moderate-to-severe merabolic
abnormalities with abdominal obesity is overestimated.

The present study had several limitations. First,
as our study participants consisted solely of male
workers in one factory, it is necessary to take care
when generalizing our results. Furthermore, partici-
pants who had already started to take medication for
metabolic disorders prior to study entry were excluded.
Second, the metabolic abnormalities in this report
included high blood pressure, high triglycerides, low
HDL cholesterol, and high glucose, which are compo-
nents of metabolic syndrome, but did not include
high total cholesterol, which is another determinant of
cardiovascular disease risk?. Dyslipidemia was evalu-
ated using a combination of triglyceride and HDL
cholesterol levels based on the Japanese metabolic syn-
drome criteria”. In addition, mildly abnormal glucose
control was defined as a fasting glucose level between
110 and 125 mg/dL; however, broadly similar hazard
ratios were observed for cardiovascular disease due to
mild and moderate-to-severe metabolic abnormalities

and/or abdominal obesity, when the lower cut-off

value was set as 100 mg/d, based on the Japanese
Tokutei Kenshin Tokutei Hoken Shidou (health check-
ups and healthcare advice specifically focusing on
metabolic syndrome) criteria®® (data not shown).
Third, we measured waist circumference,’ using the
landmark above the iliac crest and below the lowest
rib margin, which is different from the protocol in
Japanese metabolic syndrome criteria, which uses the
level of the umbilicus for the measurements?; how-
ever, one study suggested that the association between
waist circumference and cardiovascular diseases is
unlikely to depend on the measurement protocol?”.
Fourth, abdominal obesity was treated separately from
blood pressure, lipids, and glucose, not only because it
is an essential factor in Japanese metabolic syndrome
criteria®, but also because of a lack of evidence of mild
and moderate-to-severe increases in waist circumfer-
ence. Fifth, the follow-up survey protocol differed
between participants who stayed at the target factory
and retired participants. Although information on car-
diovascular disease could be easily and completely
obtained for participants staying at the factory, there
were difficulties and failures in obtaining the corre-
sponding information from retired participants. While
this difference in data collection may have resulted in
bias, the follow-up rate of the cohort was very high
(99%) and therefore we consider that it is acceptable
to disregard this possibility. Finally, we used a compos-
ite outcome in which coronary heart disease and
stroke events were combined due to the relatively
small number of events. In addition, coronary heart
disease included cases of angina pectoris that required
intervention for the coronary arteries.

In conclusion, obese and non-obese individuals
with mildly abnormal blood pressure, lipids and/or
glucose, and obese individuals without any metabolic
disorders may have, on average, an approximately
2-fold increased risk of cardiovascular disease, compared
to individuals with neither metabolic disorders nor
abdominal obesity. The importance of lifestyle modifi-
cation should be acknowledged, especially in cases of a
mild metabolic abnormality and/or abdominal obesity,
which may contribute to approximately 20% of the
population burden of cardiovascular diseases.
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Aéms: This study investigated the association between dietary glycemic index (GI)/glycemic load (GL)
and serum lipids in middle-aged Japanese men and women.

Methods: The study participants were employees of a metal products factory in Japan: 2,257 men
and 1,598 women aged 35 years or older. Dietary GI and GL were assessed using a self-administered
diet history questionnaire. Serum lipid levels, adjusted for age, body mass index, alcohol consump-
tion, smoking, physical activity, menopause status, and dietary intake of total enesgy, saturated fatty
acids, monounsaturated fatty acids, polyunsaturated fatty acids, cholesterol and fiber, were compared
among GI/GL quintiles for each gender.

Results: No significant associations were observed between GI and ad]usted serum lipids in men or
women. In contrast, GL was inversely associated with HDL-cholesterol in men and women (p for
trend=0.001 for men and <0.001 for women), and positively associated with non-HDL-cholesterol (p
for trend=0.010), LDL-cholesterol (p for trend=0.035) and triglycerides (p for trend=0.011) in
women; however, alcohol drinking affected these associations; there was no association between GL
and serum lipids in male nondrinkers and between GL and LDL-cholesterol in female nondrinkers.
Conclusion: GL was inversely associated with HDL-cholesterol and positively associated with non-
HDL-cholesterol in Japanese women. These associations in men were not observed in nondrinkers.
A high-GL diet for women may have an atherogenic effect through these serum lipid abnormalities.
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Introduction
In 1981, Jenkins ez 4/, noticed that foods with an

equivalent carbohydrate content were associated with
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a variable rise in postprandial glucose and reported
glycemic indices (GIs) reptesenting a numerical mea-
sure of hyperglycemic response to glucose load for 51
different kinds of food". Dietary GI can be calculated
based on the GI for each food and the carbohydrate
contribution of each food to the overall diet. Glycemic
load (GL) is a measure that considers both dietary GI
and the amount of carbohydrate intake?. Recently, an
association between dietary GI/GL and several dis-
eases, including type 2 diabetes and cancer, has been
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reported?.

The association between GI and high-density
lipoprotein cholesterol (HDL-C) was reported in pre-
vious studies involving Western and Asian popula-
tions'%; however, some studies conducted in Western
countries'” ' have reported no significant association
between GI/GL and HDL-C. In contrast, a recent U.S.
study in middle-aged women reported not only a sig-
nificant inverse association between GI and HDL-C
but also a significant positive association between GI
and low-density lipoprotein cholesterol (LDL-C)”.
Reports on the association between GI/GL and serum
lipids are limited, and the results are largely inconsis-
tent.

Previous studies have frequently been conducted
in the U.S. and Europe, and only a few reports are
from Asian populations®’® with higher rice intake
and lower fat intake, which is significantly different,
in terms of the foods contributing to dietary GI, to
the intake of Western populations'?. Studies from
Japan are limited to women, and there are no studies
available regarding middle-aged Japanese men. Fur-
thermore, only one study from an Asian population
examined the association between GI/GL and LDL-C,
and there are no reposts evaluating the association
between GI/GL and non-HDL-C.

The present study was designed to determine the
association between dietary GI/GL and serum lipids
in a large population comprised of Japanese middle-
aged men and women who had different dietary hab-
its to Western populations.

Methods

Participants

The participants were 4,593 employees (2,813
men and 1,780 women), aged 35-years or older, of a
manufacturer that produces zippers and aluminum
sashes in Toyama Prefecture, Japan. In 2003, a regular
mass health examination and a self-administered diet
history questionnaire were conducted. Of the 4,593
employees, 4,327 (94%) (2,590 men and 1,737
women) underwent the health examination and
responded to the diet survey. Employees with total
calorie intake below 500 keal or above 5,000 kcal (»=
16), those with extremely high triglycerides (>400
mg/dL) and inadequately calculated LDL-C (n=46),
and those on medication for hyperlipidemia (»=136),
hypertension (7=226), and diabetes mellitus (»=48)
were excluded. Thus, 3,855 participants (2,257 men
and 1,598 women) were analyzed in this report.

Data Collection

Body height and weight were measured during a
regular annual health examination conducted at the
company in 2003. Body mass index (BMI)} was calcu-
lated as the weight (kg) divided by the height squared
(m?). Total cholesterol, triglycerides, and HDL-C were
measured using fasting blood samples. Total choles-
terol and triglycerides were measured enzymatic ally,
and HDL-C was measured directly. Quality control
was conducted for the lipid measurements based on
the Centers for Disease Control and Prevention / US
Cholesterol Reference Method Laboratory Nerwork.
LDL-C was calculated using the Friedewald formula
as described below ' :

LDL-C (mg/dL)=total cholesterol (mg/dL)-HDL-C
(mg/dL) - triglycerides (mg/dL) x 0.2

Non-HDL cholesterol (non-HDL-C) was calcu-
lated as total cholesterol minus HDL-C.

Smoking status (presence or absence of a smok-
ing habit), intensity of physical activity (none, mild,
moderate or severe), and the menopause status for
women were determined based on a health examina-
tion questionnaire.

Dietary Assessment
Dietary habits during the preceding month were

assessed using a self-administered diet history ques-
tionnaire (DHQ)'?. The DHQ was developed to esti-

" mate the dietary intake of macronutrients and micro-

nutrients for epidemiological studies in Japan. A
detailed description of the methods used for calculat-
ing dietary intake and the validity of the DHQ have
been published previously'* '¢'®, Estimates of dietary
intake for 147 food and beverage items, energy and
nutrients were calculated using an ad hoc computer
algorithm developed for the DHQ based on the Stan-
dard Tables of Food Composition in Japan.

Calculation of Dietary GI and GL

The GI of a food is defined as the 2-hour incre-
mental area under the blood glucose response curve
after consumption of a food portion containing a spe-
cific amount (usually 50 g) of available carbohydrate,
divided by the cottesponding area after consumption
of a portion of a reference food (usually glucose or
white bread) containing the same amount of available
carbohydrate, and multiplied by 100 to be expressed
as a percentage?. We calculated dietary GI by multi-
plying the percentage contribution of each individual
food to daily available carbohydrate intake by the GI
value of the food and summed these products. Avail-
able carbohydrate was calculated as total carbohydrate
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minus dietary fiber?. We also calculated dietary GL
by multiplying the dietary GI by the total amount of
daily available carbohydrate intake (divided by 100).
Of the 147 food and beverage items included in the
DHQ, six (4.1%) are alcoholic beverages, eight (5.4%)
contain no available carbohydrate and 63 (42.9%)
contain less than 3.5 g available carbohydrate per serv-
ing. The calculation of dietary GI and GL was thus
based on the remaining 70 items with GI values rang-
ing from 16 to 91. A detailed description of the calcu-
lation of dietary GI and GL used in the present study
as well as a table of GI values for each item have been
published elsewhere ¥,

Statistical Analysis

The gender-specific mean values of age, height,
weight, BMI, and serum lipids (total cholesterol, tri-
glycerides, HDL-C, LDL-C, and non-HDL-C) in
each GI/GL quintile were determined. The mean
serum lipid levels were calculated in each GI/GL quin-
tile adjusted for age and BMI (model 2} or for multi-
ple variables (i.e. age, BMI, alcohol consumption,
smoking status, dcgree of habitual exercise, meno-
pausal status (women), total energy intake, dietary
intakes of saturated fatty acid (SFA), monounsatu-
rated fatty acid (MUFA), n-3 polyunsaturated fatty
acids (PUFA), n-6 PUFA, dietary cholesterol and
dietary fiber) (model 3) through analysis of covari-
ance. For each variable, categorization and dummy
variable adjustment were performed; three categories
of alcohol consumption determined by the DHQ for
men (nondrinker, consumed less than 20 g/day, con-
sumed 20 g or more) and two categories of alcohol
consumption for women (nondrinker or drinker), two
categories of smoking status (current smoker or not),
three categories for the degree of habitual exercise (no,
light, moderate to strong), and five categories (quintile)
for total energy intake (kcal/day), SFA (g/day), MUFA
(g/day), n-3 PUFA (g/day), n-6 PUFA (g/day), dietary
" cholesterol (mg/day) and dietary fiber intake (g/day).
Triglycerides were converted logarithmically for analy-
sis. Linear trends with increasing levels of dietary GI
and GL were tested by assigning each participant the
median value for the category and modeling this value
as a continuous variable. Similar analyses were con-
ducted in subgroups based on drinking status (non-
drinkers or drinkers)} in both men and women, and in
subgroups based on the menopausal status (pre- or
postmenopause) in women. Statistical analysis was
conducted using the Statistical Package for the Social
Sciences (SPSS version 17.0}; SPSS, Tokyo, Japan).
P<0.05 was considered significant.

Results

The characteristics of the study participants are
shown in Supplemental Table 1. The mean ages were
47.4 years for men and 47.0 years for women. The
mean BMIs were 23.3 kg/m? for men and 22.4 kg/m?
for women. Thirty-nine percent of women were post-
menopausal. The mean carbohydrate and fat intake (%
of energy) were 57.8% and 21.4% for men and 59.2%
and 25.8% for women, respectively. The mean dietary
Gls were G9.3 for men and 68.0 for women, The
mean dietary GLs (/1,000 kca]) were 88.2 for men
and 89.2 for women. White rice was the largest con-
tributor to dietary GI/GL (61.6% for men and 53.6%
for women), followed by bread (6.9%), noodles
(5.5%), and confectionery (5.1%) for men and con-
fectionery (10.1%), bread (8.9%), and sugar (5.3%)
for women (data shown in Supplemental Table 2).

In men and women, being in the higher GI and
GL quintiles was associated with a significantly higher
mean age, and no significant association between
either GI or GL and BMI was observed (GL results
are shown in Table 1 and 2). Higher GL was also
associated with less alcohol, a lower habitual exercise
rate, lower dietary energy intake, lower fatty acid
intake, and higher catbohydrate intake.

GI was not significantly associated with serum
lipids in men, and higher GI was associated with sig-
nificantly higher triglycerides and non-HDL-C in
women (data shown in Supplemental Table 3). When
the mean serum lipid levels in the GI quintiles
adjusted for multiple variables were determined, GI
was significantly and inversely associated only with
TG for men (p for trend=0.029), and no significant
association between GI and serum lipids was observed
for women (data not tabulated).

The mean serum lipid levels in each GL quintile
are shown in Table 3 and 4. In men (Table 3), higher
GL was associated with significantly lower HDL-C
and higher LDL-C and non-HDL-C in the univariate
analyses (model 1) and age and BMI-adjusted models
(model 2). When adjusted for multiple variables
(model 3), higher GL was significantly associated only
with Jower HDL-C. The association between GL and
LDL-C or non-HDL-C was not significant when
drinking status was included in the model (data not
tabulated), and also in the multivariate-adjusted
model (model 3). In women (Table 4), higher GL was
associated with significantly lower HDL-C, higher
total cholesterol, triglycerides, LDL-C, and non-
HDL-C (model 1). Higher GL was significantly asso-
ciated with lower HDL-C and with higher triglycer-
ides, LDL-C, and non-HDL-C in the age and BMI-
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Table 1. Bascline characteristics of male study participants according to glycemic load quintiles
Quintiles of dietary glycemic load
Q1 (lowest) Q2 Q3 Q4 Q5 (highest) ?
n=452 n=451 n=452 n=451 n=451

Glycemic load (/1,000 kcal) <73.0 73.1-83.4 83.5-91.9 92.0-103.3 2103.4
Age (years) 46.7%6.9 47.6x6.8 47.0+68 47769 47.9%6.9 0.010
Body height (cm) 169.1£6.1 169.7 £6.1 169.4£5.9 168.9£6.1 168.5£6.5 0.041
Body weight (kg) 670294 67593 67.5£9.8 65.948.7 66598 0076
Body mass index (kg/mz) 23.3%2.7 23.4%28 23430 23.0%2.8 23.3x3.1 0.481
Current smoker (%) 58.8 53.7 54.2 47.0 54.1 0.011
Alcohol drinker (%) ‘ <0.001

Nondrinkers 2.2 8.4 13.7 226 36.6

Light drinkers (<20 g/day) 20.4 36.8 45.4 50.3 50.3

Moderate/heavy drinkers (220 g/day) 77.4 54.8 40.9 27.1 13.1
Habitual exercise (%) 0.003

No 65.9 65.6 68.1 67.0 74.9

Light 19.2 20.4 184 19.5 16.0

Moderate/Strong 14.2 14,0 13.1 129 8.6
Energy intake (kcal/day) 2,417 2625 2,268 £554 2,191+582 2,103 548 2,024+ 644  <0.001
Carbohydrate intake (g/day) 278.5%72.6 303.1+75.7 316.9%87.5 326.1x87.1 350.6£113.6 <0.001
Fat intake (g/day) 69.3£30.9 60.0+£21.9 54.1%20.5 46.8+16.2 35.2+14.9 <0.001
Protein intake (g/day) 77.5+£27.1 71.0£23.2 65.5%21.3 61.1%17.6 525184 <0.001
Carbohydrate intake (%Energy) 46.3%5.6 53.4%3.1 57.8+27 62.0%2.9 69.3x4.5  <0.001
Fat intake (%Energy) 25.5%7.5 23.6%5.7 22.0%5.2 19.9x4.4 15643  <0.001
SFA (g/day) 17.328.2 15.1£6.0 13.9£5.38 12,1245 92+43  <0.001
MUFA (g/day) 25.6+12.4 21.7+£8.3 19.4£7.5 16.5%6.2 12,1£5.5 <0.001
n3PUFA (g/day) 3.6+1.8 3.0%1.3 2.6x1.1 23209 1.7%0.8 <0.001
nGPUFA (g/day) 13.6£6.0 11.9£43 10.6%3.8 9.3%3.3 73£30  <0.001
Dietary cholesterol (mg/day) 3532+171.1 301.4%140.6 259.2%124.6 226.5%106.8 158.6%942 <0.001
Fiber intake (g/day) 12.3%49 11.8+4.5 11.2+4.2 10.6£3.9 9.6x4.0  <0.001
Dietary glycemic index 67.1£4.5 68.4%3.6 69.1x3.4 70.1£3.2 71.5%3.1  <0.001

Glycemic index-white rice (%) 52.8+23.7 58.0+20.6 60.3£20.1 65.1%£19.6 71.3%19.6 <0.001

Glycemic index-bread (%) 7.128.4 7.8+83 7483 6.6x7.9 54%7.7 <0.001

Glycemic index-noodles (%) 7.2%7.4 5.9%5.1 5.5+5.1 4649 40%44  <0.001

Glycemic index-confectioneries (%) 6.1+5.7 5.4%4.7 5.0£4.0 4738 32+39  <0.001

Glycemic index-sugar (%) 6.124.0 5.2%3.5 5.0%35 43%32 3.5+27 <0.001
White rice intake (g/day) 285.9+148.4 359.4%148.1 403.6%159.7 463.4+175.1 579.8%+244.6 <0.001

Values are the mean +standard deviation or %.

adjusted model (model 2) and also in the multivariate-
adjusted model (model 3).

Because drinking status had a large effect on the
multivariate-adjusted model results, we analyzed the
subgroups separately based on drinking status in men
and women. Compared to nondrinkers, dietary GL
and carbohydrate intake were lower in both male and
female drinkers, while fat intake was higher in male
drinkers but lower in female drinkers (data in Supple-
ment Table 4). In male nondrinkers (z=377), no

associations between GL and serum lipid levels were
observed (Table 5). In male drinkers (7=1,880) the
associations between GL and serum lipid levels were
similar to those of all men. In female nondrinkers
(n=949), higher GL was associated with significantly
lower HDL-C, higher triglycerides, and higher non-
HDL-C, but was not associated with LDL-C (Table 6).
In female drinkers (n=649), higher GL was associated
with significantly lower HDL-C, higher non-HDL-C
and higher LDL-C.
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Table 2. Baseline characteristics of female study participants according to glycemic load quintiles

Quintiles of dietary glycemic load

Q1 (lowest) Q2 Q3 Q4 Q5 (highest) ?
n=320 n=320 n=319 n=320 n=319
Glycemic load (/1,000 kcal) <76.8 76.9-84.8 84.9-92.0 92.1-101.3 >101.4
Age (years) 45464 45.8%6.6 46.9%6.9 47468 49.5£63  <0.001
Body height (cm) 156.8+5.4 156.4%5.5 156.0£5.2 156.0%5.7 1544+57  <0.001
Body weight (kg) 55.1%8.7 54.6%+8.8 54583 54.8+8.8 53.5%8.9 0.044
Body mass index (kg/m?) 22.4%34 22.3%34 22.3%33 22534 22.4%35 0.668
Menopause (%) 31.3 31.3 39.5 41.9 53.0 <0.001
Current smoker (%) 4.7 4.7 31 1.6 3.1 0.160
Alcohol drinker (%) <0.001
Nondrinkers 41.6 50.9 58.6 67.2 78.7
Light drinkers (<20 g/day) 50.6 47.8 39.5 31.3 21.0
Moderate/heavy drinkers (220 g/day) 7.8 13 1.9 1.6 0.3
Habitual exercise {%) 0.007
No 73.4 75.9 80.6 81.9 85.6
Light 13.4 122 11.6 8.8 6.6
Moderate/Strong 12.5 11.9 7.2 9.1 7.5
Energy intake (kcal/day) 2,112 614 1,977 452 1,846 £ 407 1,744 £471 1,568£461  <0.001
Carbohydrate intake (g/day) 265.6%x784  274.9%65.2 27122609  273.1%755  268.0%80.0 0.830
Fat intake (g/day) 7655274  63.5%162  S541x151 447137  325%122 <0.001
Protein intake (g/day) 75.4%232 67.0x17.5 59.5+13.6 54.2+15.2 43.2+£14.3 <0.001
Carbohydrate intake (%Energy) 50.3x4.2 55.5%2.5 58.8%2.5 62.6%2.8 68442  <0.001
Fat intake (%Encrgy) 323249 28.8+3.2 26.1%3.2 22.9%29 18.4%3.7 <0.001
SFA (g/day) 19.8%7.8 17.0£5.3 144249 11.8+42 8.6x3.8 <0.001
MUFA (g/day) 27.6+10.9 22.2%6.0 18.8%5.6 151249 10.9£42  <0.001
n3PUFA (g/day) 3.7x1.6 29=x1.0 25209 2.1x0.8 1.5%0.6 <0.001
n6PUFA (g/day) 14.75.5 12.1x3.3 10.4+2.9 8.6x26 65%22  <0.001
Dietary cholesterol (mg/day) 340.6+149.2 296.3+1204 236.8=82.3 200.1+£80.2 137.9£80.5 <0.001
Fiber intake (g/day) 14.1£5.4 13.1%4.3 12.0£3.7 11.0x3.7 9.0x34 <0.001
Dietary glycemic index 65.3%4.0 67.1%£3.3 68.1%3.0 68.7x3.1 70.6%x3,0 <0.001
Glycemic index-white rice (%) 41.3+21.1 48.7%18.1 54.0%18.6 58.2x17.8 65.5%17.4 <0.001
Glycemic index-bread (%) 9.7£7.9 9.9%8.0 9.0%8.1 8.7£9.0 6777  <0.001
Glycemic index-noodles (%) 5.5+5.0 48447 4.0%39 4.3%4.3 3442 <0.001
Glycemic index-confectioneries (%) 11.9£7.9 11.1%6.3 9.8%6.1 8.4+6.0 7.5%6.0 <0.001
Glycemic index-sugar (%) 6.2£3.6 5.7*3.4 5.1%35 5.0+3.8 4.1%26 <0.001
White rice intake (g/day) 212.8+119.0  273.6x115.3 305.7+111.3 337.5%123.2 392.3%136.1 <0.001

Values are the mean # standard deviation or %.

Women were analyzed separately in subgroups
based on the menopausal status (pre- or postmeno-
pause, data shown in Supplement Table 5). Although
no difference in GI was observed between pre- and
post-menopause, postmenopausal women were associ-
ated with a higher GL than premenopausal women,
higher carbohydrate intake, and lower fat intake. Post-
menopausal women showed higher mean serum lipids
than premenopausal women. The associations between

GL and serum lipid levels were similar between pre-
and postmenopausal women.

Discussion

The present study investigated the association
between serum lipids and dietary GI/GL in a large.
population of Japanese middle-aged men and women.
The results indicated a significant inverse association
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