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Original Article

Risk Stratification Based on Metabolic Syndrome as well as Non-
Metabolic Risk Factors in the Assessment of Carotid Atherosclerosis

Hiroyuki Noda', Hiroyasu Iso', Shizuya Yamashita?, Hikaru Ueno®, Masayuki Yokode*, Nobuhiro Yamadas,
and Yasuyoshi Ouchi® for Defining Vascular Disease (DVD) Research Group

!Public Health, Department of Social and Environmental Medicine, Osaka University, Graduate School of Medicine, Osaka, Japan
?Department of Cardiovascular Medicine, Osaka University, Graduate School of Medicine, Osaka, Japan

*Department of Biochemistry and Molecular Pathophysiology, University 'of Occupational and Environmental Health, Japan,
School of Medicine, Fukuoka, Japan

#Department of Clinical Innovative Medicine, Translational Research Center, Kyoto University Hospital, Kyoto, Japan
*Department of Internal Medicine, Institute of Clinical Medicine, University of Tsukuba, Ibaraki, Japan
¢Department of Geriatric Medicine, Graduate School of Medicine, University of Tokyo, Tokyo, Japan

Aim: We aimed to develop a new approach to risk stratification using metabolic syndrome as well as
traditional non-metabolic risk factors, and to examine its validity in carotid atherosclerosis.

Methods: A total of 1,189 men and women aged 21-93 years old were stratified according to the absence
or presence of metabolic syndrome defined by Japanese criteria, non-metabolic risk factors, and a past
history of coronary heart disease. The risk stratification was as follows: (S-1) persons without a past his-
tory, non-metabolic risk factors and metabolic syndrome, (S-2a) those with metabolic syndrome only,
(S-2b) those with non-metabotic risk factors only, (S-3) those with non-metabolic risk factors and meta-
bolic syndrome but no past history, and (S-4) those with 2 past history. Carotid atherosclerosis was
defined as maximum intima-media thickness >1.1 mm of the far wall of the common carotid artery.
Results: Compared with individuals without these three risk components (S-1), the odds ratio was 7.2
(2:8-18.6) for a past history (5-4), 4.3 (1.7-10.9) for non-metabolic risk factors plus metabolic syn-
drome but no past history (S-3), 2.6 (1.1-6.4) for non-metabolic risk factors only (S-2b) and 0.5
(0.0-5.7) for metabolic syndrome only (S-2a). Net reclassification improvement from metabolic syn-
drome only (presence versus absence) to our risk stratification (>$-3 versus <S-3) was 16.4% (p<
0.0001), suggesting that our risk stratification improved the classification of atherosclerosis in com-
parison to metabolic syndrome only.

Conclusion: Risk stratification based on traditional non-metabolic risk factors plus metabolic syn-
drome rather than metabolic syndrome only appears to be more useful for the clinical assessment of
atherosclerosis, and probably in the prevention and control of atherosclerotic disease.

J Atheroscler Thromb, 2011; 18:000-000.

Key words; Metabolic syndrome, Risk factor, Carotid atherosclerosis, Risk stratification

worldwide disease management target'®, is a constel-

lation of cardiovascular risk factors associated with an
increased risk of cardiovascular disease®'®, and the
Japanese government started a nationwide screening

Introduction

Metabolic syndrome, which has become a major
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and intervention strategy for metabolic syndrome
since April 2008'9. However, recent epidemiclogical
studies have shown that the emphasis on metabolic
syndrome may dismiss some high-risk individuals,
especially in the non-obese population® > 1?, There-
fore, we need further classification of the population
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with and without metabolic syndrome to reduce mis-
classified high-risk patients in general clinical practice.

The Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Cho-
lesterol in Adults (Adult Treatment Panel ), Final
Report? concludes that individuals with a past history
of cardiovascular disease have a substantially higher
risk of coronary heart disease than those without, and
that current smoking, older age, and a family history
of cardiovascular disease are independent risk factors
for coronary heart disease. Because these risk factors
are easy to identify in general clinical practice, reclassi-
fication using this information as well as metabolic
syndrome may be more useful for the clinical assess-
ment of atherosclerosis.

For identification in dinical practice of groups at
high risk of atherosclerotic disease, we attempted to
develop a new method of risk stratification based on
the combination of metabolic syndrome and tradi-
tional non-metabolic risk factors. We also examined
the validity of this new stratification method in terms
of intima-media thickness {(IMT) of carotid arteries.

Materials and Methods

Study Population

We, the Defining Vascular Disease (DVD) group,
conducted a cross-sectional study of 41 collaborating
clinical centers in 2004. Healthy individuals and
patients with cardiovascular disease, who had clinical
records of risk factors and a history of cardiovascular
disease, were recruited as study subjects from the insti-
tutes. They consisted of 3,415 individuals (2,034 men
and 1,381 women) aged 16 to 97 years. We recruited
the participants at health check-ups and from clinical
outpatients at each clinical institute. The average
number of participants was 88 with 631 maximum,
and the percentage of individuals with a past history
of coronary heart disease was 0% to 17% among the
41 institutes. Informed consent was obtained to con-
duct an epidemiological study based on guidelines of
the Council for International Organizations of Medi-
cal Science'®. The study protocol was approved by
each institute’s human ethics review committee.

We excluded 1,422 individuals who did not
undergo carotid ultrasound examination and 804
without data of 2 past and/or family history and/or
waist circumference. We did not exclude patients with
familial hypercholesterolemia, because we did not col-
lect that information; however, none of the subjects
had serum total cholesterol levels =500 mg/dL. There-
fore, 1,189 individuals (581 men and 608 women),
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21 to 93 years old, from 18 clinical centers were
enrolled in this study.

Cardiovascular Risk Factors

The cardiovascular risk factor data included age,
height and weight, waist, circumference systolic and
diastolic blood pressure, serum total cholesterol,
HDL-cholesterol, triglycerides and glucose at fasting,
hs-CRP, use of medication for hypertension, hyperlip-
idemia and diabetes mellitus, smoking status (never
smoker, ex-smoker, and current smoker), alcohol
intake category (never drinker, ex-drinker, and current
drinker), past history of coronary heart disease, past
history of other vascular diseases (transient ischemic
attack, stroke, arteriosclerosis thrombangiitis obliter-
ans, and/or aortic aneurysm), and a family history of
coronary heart disease. We calculated body mass index
(BMI) as weight (kg) divided by the square of height
in meters (m?), LDL-cholesterol with the Friedewald
formula'® as LDL-cholesterol (mg/dL)=total choles-
terol (mg/dL)-HDL-cholesterol (mg/dL}-0.2*tri-
glycerides (mg/dL), and the LDL/HDL ratic as LDL-
cholesterol (mg/dL)/HDL-cholesterol {mg/dL). Only
two individuals had severely high levels of triglycerides
(2800 mg/dL), and we treated then as missing LDL-
cholesterol, because the estimated LDL-cholesterol
may have been biased.

Identification of Carotid Atherosclerosis

Carotid arteries were evaluated with high-resolu-
tion B-mode ultrasonography. We adopted the same
ultrasonography protocol used in one of the largest
population-based studies of carotid atherosclerosis
conducted among elderly Americans, i.¢., the Cardio-
vascular Health Study?”. The imaging protocol
involved obtaining a single longitudinal lateral view of
the distal 10 mm of the right and left common carotid
arteries (CCAs). To quantify the degree of thickening
of the carotid artery walls, we assessed the maximum
IMT of CCA, which was defined as the thickest sec-
tion of either the far right or left wall of the CCA.
Carotid atherosclerosis was measured at each clinical
center. The carotid atherosclerosis measurement was
not standardized, but we assumed that the maximum
IMT of CCA is frequently measured in clinical prac-
tice and may be reliable. Carotid atherosclerosis was
defined as maximum IMT of CCA 21.1 mm.

Risk Stratification Algorithm

For risk stratification, we used the presence or
absence of 1) a past history of coronary heart disease, 2)
non-metabolic risk factors and 3) metabolic syn-
drome, data which are easily obtained in medical prac-
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Fig. 1. Algorithm of risk stratification accotding to a past history of coronary heart dis-
case, non-metabolic risk factors, and metabolic syndrome.

*Non-metabolic risk factors include older
disease, and a past history of other vascular diseases.

tice.

The definition by the Japanese Committee to
Evaluate Diagnostic Standards for Metabolic Syn-
drome®? was used for the diagnosis of metabolic syn-
drome. This definition is based on abdominal obesity
(waist 285 cm for men and 290 cm for women) plus
two or more components of metabolic risk factors,
namely, 1) high blood pressure: 2130/85 mmHg; 2)
high glucose: fasting glucose 26.1 mmol/L (110
mg/dL); 3) dyslipidemia: HDL cholesterol <1.03
mmol/L (40 mg/dL) and/or triglycerides 21.69
mmol/L (150 mg/dL).

We stratified the participants into five categories
(S-1, S-2a, S-2b, S-3, and S-4) based on the absence
or presence of 1) a past history of coronary heart dis-
ease, 2) non-metabolic risk factors, and 3) metabolic
syndrome (Fig.1). Non-metabolic risk factors were:
2-1) older age: 245 years for men and 255 years for
women, 2-2) current smoker, 2-3) family history of
coronary heart disease, and 2-4) past history of other
vascular diseases (transitory ischemic attack, stroke,
arteriosclerosis obliterans, and/or aortic aneurysm).
Although LDL-cholesterol levels or novel risk factors
such as hs-CRP were not used for our risk stratifica-
tion, they wete used as adjustment variables.

Statistical Analysis

Student’s ¢ test and the chi square test were used
to compare the characteristics of subjects with and
without carotid atherosclerosis. A logistic regression
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¢, current smoking, family history of coronary heart

model including the random effect of clinical-center
levels was used to calculate crude and multivariable
odds ratios (ORs) and 95% confidence intervals
(95%ClIs) for carotid atherosclerosis according to risk
stratification. Tertiles of hs-CRP and the LDL/HDL
ratio wete used for multivariable adjustment as poten-
tial confounding factors, because the distribution of
hs-CRP and the LDL/HDL ratio were skewed.

To assess the improvement of misclassification
using our risk stratification, we calculated net reclassi-
fication improvement?V, which focuses on reclassifica-
tion tables constructed separately for participants with
and without incidences and quantifies the correct
movement in categories.

All statistical tests were two-sided and p<0.05
was regarded as significant. SAS, version 9.13 (SAS
Institute, Inc., Cary, NC, USA) was used for all statis-
tical analyses.

Results

Risk Factors between Subjects with and without
Carotid Atherosclerosis

Compared with subjects without carotid athero-
sclerosis, those with carotid atherosclerosis were older,
more likely to smoke, to use medication for hyperten-
sion and hyperlipidemia, and to have a past history of
coronary heart disease and other vascular diseases, and
were less likely to drink (Table 1). They also had
higher mean values of weight, body mass index, waist

;2011
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Table 1. Characteristics of cardiovascular risk factors stratified by the absence and presence of carotid atherosclerosis

Total Men Women
Carotid atherosclerosis Carotid atherosclerosis Carotid atherosclerosis
Mean SD/Percentage
=) *) pevalue ) &) p-value =) [S)] p-value
(n=784)  (n=405) (n=353) (n=228) (n=431)  (n=177)

Men, % 45.0 56.3 0.0002
Age, year 59.1#11.0 663499  <0.0001 57.8+117 6492103 <0.0001 603103 68.0%9.2 <0.0001
Current smoker, % 357 417 <0.0001 65.4 73.7 0.04 11.4 141 0.34
Current drinker, % 45.0 297 <0.0001 637 43.2 <0.0001 30.1 123 <0.0001
Past history of coronary heart disease, % 79 321 <0.0001 10.5 38.2 <0.0001 5.8 243 <0.0001
Past history of other vascular disease, % 4.5 9.1 0.002 45 96 0.02 44 8.5 0.05
Family histoty of coronary heart disease, % 15.7 18.5 0.22 13.0 202 0.03 17.9 16.4 0.72
Body mass index, kg/m? 23.3%36 24138 0.0007 240233 244%34 0.24 228438 23.8%42 0.004
Waist, em 8312100 854¢97 0.0001 85.7+85 865286 0.24 809+10.6 839+107  0.002
Systolic blood pressure, mmHg 1266+18.0 1359£19.0 <0.0000 12742167 1354181 <00001  1259%19.1 1364%20.1 <0.0001
Diastolic blood pressure, mmHg 73.0£104 745¢114  0.02 746x104 761%111  0.09 716103 724114 039
Fasting blood glucose, mg/dL 10374231 1143£35.6 <0.0001* 107.7£257 1146£341 <0.0001% 1004202 1140376 0017
Total cholesterol, mg/dL 212237 209+42 0.37 204236 203+41 0.72 21837 218243 0.98
LDL-cholesterol, mg/dL 130+ 33 132£39 0.26 125£31 128+36 0.30 134£34 13841 0.21
HDL-cholesterol, mg/dL 59£16 52¢15  <0.0001 53%15 48214  <0.0001 64216 57¢14  <0.0001
LDL/HDL ratio 235+0.89 270098 <0.0001 2.50£091 2.84%1.04 <0.0001 223+0.86 2.53%0.86  0.0001
Triglycerides, mg/dL 118486 12565 0.002* 137105 135269 0.01* 103%61 112£57 0.30*
Hs-CRP, mg/L L1£21  12#21 03" 12523 1424 045" 10220 10217  021*
Medication use for hypertension, % 67.9 85.4 <0.0001 69.5 87.5 0.001 66.4 82.7 0.01
Medication use for diabetes, % 68.6 78.9 0.07 614 76.2 0.05 79.2 824 0.81
Medication use for hypeslipidemia, % 40.6 576 <0.0001 341 54.3 0.001 4.0 612 0.01
Metabolic syndrome and its components

Metabolic syndrome, % 26.1 486 <0.0001 357 557 <0.0001 18.3 39.5 <0.0001

Abdominal obesity, % 36.6 474 0.0004 55.0 59.6 0.30 216 316 0.01

High blood pressure, % 53.8 77.0 <0.0001 56.4 76.8 <0.0001 517 774 <0.0001

High glucose, % 26.8 48.4 <0.0001 346 50.0 0.0003 204 463 <0.0001

Dyslipidemia, % 51.0 723 <0.0001 51.8 719 <0.0001 50.3 729 <0.0001

*: Student’s ¢-test using log-transformed values because of skewed distributions.

circumference, systolic and diastolic blood pressure,
fasting blood glucose, LDL/HDL ratio, and triglycer-
ides, and lower mean values of HDL-cholesterol, and
to have metabolic syndrome. These results did not
change substantially after stratification for men and
women; therefore, further analyses were conducted for
men and women combined, adjusted for sex.

Odds Ratios of carotid Atherosclerosis According
to Risk Factors

A significantly higher prevalence of carotid ath-
erosclerosis was observed in association with each of
the components except current smoking, a past his-
tory of other vascular diseases and a family history of
coronary heart disease (Table 2). The multivariable

odds ratios (95% confidence intervals) for carotid ath-
erosclerosis were 2.5 (1.6-3.9; p=0.0004) for the pres-
ence versus absence of a past history, 3.8 (1.7-8.8;
=0.003) for the presence versus absence of non-met-
abolic risk factors, and 1.4 (1.0-2.0; p=0.04) for the
presence versus absence of metabolic syndrome. These
results were similar for men and women (not shown
in the table). Among the components of metabolic
syndrome, high blood pressure and then high glucose
were strongly associated with the prevalence of carotid
atherosclerosis.

Risk Stratification Algorism and Odds Ratio of
Carotid Atherosclerosis
After risk stratification (Table 3 and Fig.2), we
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Table 2. Crude and multivariable odds ratios (OR) and 95% confidence intervals (95%CI) of carotid ath-
erosclerosis according to cardiovascular risk factors for men and women combined

No. No. of Crude Multivariable*

at risk cases OR (95%CI) OR (95%CI)

Past history of coronary heart disease 192 130 3.0 (2.0-4.5) 2.5 (1.6-3.9)
Non-metabolic risk factors 1,096 396 4.1(1.8-9.3) 3.8 (1.7-8.8)
Older age 1,015 384 3.9 (2.2-6.7) 3.8 (2.2-6.8)
Current smoking 473 193 1.5 (1.1-2.0) 1.3 (0.9-1.9)
Family history of coronary heart disease 198 75 1.0 (0.7-1.5) 1.0 (0.7-1.5)
Past history of other vascular diseases 72 37 1.5 (0.8-2.7) 1.4 (0.8-2.6)
Metabolic syndrome 324 148 1.7 (1.3-2.4) 1.4 (1.0-2.0)
Abdominal obesity 479 192 1.6 (1.2-2.2) 1.4 (1.0-1.9)
High blood pressure 734 312 24 (1.7-3.3) 2.2 (1.6-3.1)
High glucose 406 196 2.1 (1.5-3.0) 1.9 1.4-2.7)
Dyslipidemia 693 293 1.7 (1.3-2.4) 1.4 (1.0-2.0)

* Adjusted for sex, drinking status, hs-CRP (tertile), and LDL/HDL ratio {tertile).

observed the higher prevalence of carotid atherosclero-
sis in high-risk categories (S-2b, S-3, and S-4), com-
pared with the reference category (S-1). Adjustment
for potential confounding factors, i.e., sex, drinking
status, hs-CRB and the LDL/HDL ratio, did not
result in a substantial change in these associations. The
multivariable odds ratios (95%CI) for the study popu-
lation compared to subjects without a past history,
non-metabolic risk factors and metabolic syndrome
(S-1) were 7.2 (2.8-18.6) for subjects with a past his-
tory (S-4), 4.3 (1.7-10.9) for those with non-meta-
bolic risk factors and metabolic syndrome but no past
history (S-3), 2.6 (1.1-6.4) for those with non-meta-
bolic risk factors but no metabolic syndrome and no
past history (S-2b), and 0.5 (0.0-5.7) for those with
metabolic syndrome but no other two risk compo-
nents (S-2a). Net reclassification improvement from
metabolic syndrome only (presence versus absence) to
our risk stratification (25-3 versus < $-3) was 16.4%
(»<0.0001), suggesting that our risk stratification
improved the classification of atherosclerosis in com-
parison to metabolic syndrome only.

The odds ratios of potential confounding factors
was 1.2 (0.8-1.6) for sex (men versus women), 0.8
(0.6-1.1) for drinking status (current versus never
drinkers), 1.2 (0.8-1.6) for hs-CRP (the highest versus
lowest categories), and 1.9 (1.3-2.8) for LDL/HDL
ratio (the highest versus lowest categories).

When subjects in S-1 were further divided into
those without any metabolic risk factors (S-1a) and
those with metabolic risk factors (S-1b), these was
only one case of carotid atherosclerosis in S-1a and
seven in S-1b (not shown in Table). The respective
multivariable odds ratio of carotid atherosclerosis with

reference to S-la was 2.8 (0.3-30.3) for S-1b, 1.1
(0.1-25.6) for S-2a, 5.8 (0.7-51.6) for S-2b, 9.5
(1.1-85.8) for S-3, and 15.9 (1.7-146.5) for S-4.

Odds Ratio According to Risk Factors Stratified by
Abdominal Obesity

Of 996 subjects with metabolic risk factors, 552
(55%) had no abdominal obesity but had a similarly
high prevalence of a past history for coronary heart
disease (17.9% versus 19.1%) and of non-metabolic
risk facrors (93.1% versus 96.6%), as did those with
abdominal obesity (not shown in Table). As shown in
Table 4, we observed a higher prevalence of carotid
atherosclerosis in subjects with the higher number of
metabolic risk factors, irtespective of abdominal obe-
sity. Subjects with abdominal obesity but no other
metabolic risk factors had higher age- and sex-adjusted
triglyceride levels (67.1 mg/dL versus 89.6 mg/dL;
»=0.001) and lower HDL-cholesterol levels (64.8
mg/dL versus 57.7 mg/dL; p=0.009) than those with-
out abdominal obesity or other metabolic risk factors
(not shown in Table). There were no differences in the
mean blood pressure, glucose and LDL-cholesterol
levels between them. The excess prevalence of carotid
atherosclerosis was similarly observed for subjects with
each metabolic risk factor, i.e. high blood pressure,
high glucose and dyslipidemia, irrespective of abdomi-
nal obesity (Table 4).

Discussion

In this large cross-sectional study of Japanese
men and women, we developed a new risk stratifica-
tion for prevention and control of atherosclerotic dis-
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Table 3. Crude and multivariable odds ratio (95% confidence interval) for subjects with 21.1 mm of IMT(intima-media thickness)-
Cmax-far wall according to risk stratification using a past history of coronary heart disease, non-metabolic risk factors and
metabolic syndrome for men and women combined.

Past history of
coronary heart disease [ Absence ] Presence
Nen-metabolic risk factors - Absence —------} 1 2 3-4 1 2z 34
Metabolic syndrome Absence  Presence [ Absence ] | Presence ] %bscm/
tesence
Names of categories $1 S | §-2b ) { 53 ] S-4
No. at risk 82 10 374 244 43 113 110 21 192
No. of cases 8 1 84 71 11 4 45 13 130
Crude OR (95%CI) 1.0 08(0.1-87) 27(L1-67) 3.4(1.4-84) 27(09-86) 4.7(1.8125 6.0(23-15.6) 12.1(3.2453) 9.1(3.5-23.8)
Crude OR (95%CI) 1.0 0.8(0.1-85) [-e-eereme- - 30(1.271) e I —~  58(23-144) e ] 9.1(3.5-23.7)
Multivariable OR (95%CI) * 1.0 06(0.1-66) 26(1.1-65) 3.1(1.2-80) 25(0.8-82) 4.0(1.5-11.2) 49(1.8-13.4) 10.0(2.6-387) 7.9(3.0-21.1)
Multivariable OR (95%CI)* L0 05(0.057) [---mmmm ~ 26(1.1-64) —ee | E— —~  43(17-109) e ] 72(28-18.6)

*, Adjusted for sex, drinking status, hs-CRP (tertile), and LDL/HDL ratio (terrile).
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Fig.2. Multivariable odds ratio {95% confidence interval) for
subjects with 21.1 mm IMT (intima-media thickness)
according to risk stratification using a past history of
coronary heart disease, non-metabolic risk factors and
metabolic syndrome.

ease based on non-metabolic risk factors (past history
of coronary heart disease, older age, current smoker,
family history of coronary heart disease, past history
of other vascular diseases) and metabolic syndrome,
which we can easily obtain in general clinical practice.
We also examined the validity of this risk stratification
in relation to intima-media thickness (IMT) of com-
mon carotid arteries as an indicator of carotid athero-
sclerosis. Our risk stratification may improve the
detection of carotid atherosclerosis, compared with
that using metabolic syndrome alone, since the net
reclassification improvement from metabolic syn-
drome only to our risk stratification was large (16.4%,
£<0.0001).

The advantage of our risk stratification is its ease

of application because we used general information
from medical interviews and metabolic risk factors.
Previous frames for risk stratifications required the
measurement of serum total cholesterol?® ¥, creati-
nine, aspartate transaminase, alanine transaminase and
urinary protein®, total cholesterol®® and LDL-cho-
lesterol®”, but some risk factors (e.g. total cholesterol)
and creatinine are no longer measured in the Japanese
nationwide screening and intervention program for
metabolic syndrome'®.

Subjects with both non-metabolic risk factors
plus metabolic syndrome (S-3) had a 4.3 times higher
tisk of atherosclerotic disease than the reference group
(8-1), while the risk for subjects with non-metabolic
risk factors only (S-2b) was still 2.6 times higher. This
result suggests the importance of non-metabolic risk
factors in the risk stratification of high-risk individu-
als, as described in a previous study?®.

On the other hand, the presence of metabolic
syndrome was associated with a higher risk of athero-
sclerotic disease among subjects with non-metabolic
risk factors. Subjects with non-metabolic risk factors
plus metabolic syndrome (S-3) had a 1.7 higher preva-
lence of carotid atherosclerosis than those with non-
metabolic risk factors only (S-2b); therefore, our
results suggest the importance of both metabolic syn-
drome and non-metabolic risk factors for the detec-
tion of atherosclerotic disease.

It also should be mentioned that subjects with-
out metabolic syndrome included high-risk individu-
als, such as those with high blood pressure, high glu-
cose, ot dyslipidemia but not abdominal obesity, when
we used the Japanese criteria for metabolic syndrome
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Table 4. Multivariable odds ratios (OR} and 95% confidence intervals (95%CI) of carotid athetosclerosis according to metabolic
risk factors stratified by abdominal obesity for men and women combined

Abdominal obesity [ememnmammn Absence —--eereeeeei] [--------—-- Presence ----------s-- 1
Number of metabolic risk factors 0 1 2-3 0 1 2-3

No. at risk 158 239 313 35 120 324

No. of cases 8 56 149 7 37 148

Multivariable OR (95%CI)* 1.0 4.3(1.8-10.3) 8.5(3.7-20.0) 3.9(1.1-13.3)  5.9(2.3-14.7) 8.0(3.4-18.6)
High blood pressure =) {+) =) (+)

No. at risk 332 378 123 356

No. of cases with carotid atherosclerosis 61 152 32 - 160

Multivariable OR (95%CI)* 1.0 23(1.5-3.5) 1.3 (0.7-2.3) 2.501.7-3.9)
High glucose =) (+) ) +)

No. at risk 516 194 267 212

No. of cases 108 105 101 91

Multivariable OR (95%CI)* 1.0 3.3(20-5.2) 2.0 (1.3-3.0) 2.2 (1.4-3.5)
Dyslipidemia =} (+) =) (+)

No. at risk 339 371 157 322

No. of cases 67 146 45 147

Multivariable OR (95%CI)* 1.0 1.6(1.125) 1.7 (1.0-2.8) 2.0(1.3-3.2)

*, Adjusted for sex, drinking status, hs-CRP (tertile}, and LDL/HDL ratio (tertile).

where abdominal obesity as an essential component.
In fact, 55% of subjects with metabolic risk factors
had no abdominal obesity but had a similar high prev-

-alence of a past history of cotonary heart disease and
non-metabolic risk factors, as did those with abdomi-
nal obesity. Subjects with and without abdominal obe-
sity also had a similar high prevalence of carotid ath-
erosclerosis. Our finding correlates with the results
from recent cohort studies that non-overweight indi-
viduals with metabolic risk factors had a similar excess
risk of cardiovascular disease to overweight individuals
with metabolic risk factors!® 1> 17,

There are a few limitations to our study. First,
the epidemiological data were obtained from a cross-
sectional study. A causal inference could thus not be
assessed. However, evidence from previous cohort
studies and clinical trials supports the causality of
metabolic syndrome and non-metabolic risk factors in
the development of atherosclerosis. Second, our study
participants were recruited from medical centers,
which may have caused a selection bias. In fact, the
prevalence of metabolic syndrome (28.1% for men
and 25.7% for women) was higher than in the national
survey (23.0% for men and 8.9% for women), espe-
cially for women?. Risk prediction in our study may
thus have been underestimated. Third, carotid athero-

sclerosis was measured at each clinical center, and was
not centralized; however, previous studies showed that
the assessment of maximum IMT of CCA 21.1 mm
had high reliability and was of use for the prediction
of coronary heart disease events® 26?7, Fourth, we did
not measure some potential cardiovascular risk factors
(e.g. socioeconomic status and psychosocial factors),
which may have led to residual confounding. Fifth, in
our primary analysis, we did not divide S-1 into those
without any metabolic risk factors (S-1a) and those
with metabolic risk factors (S-1b) due to the relatively
small sample size of cases in S-1; however, as discussed
above, subjects with high blood pressure, high glucose
or dyslipidemia, but not abdominal obesity were also
likely to be at high risk. Thus, we need to pay atten-
tion to these patients in the prevention and control of
atherosclerotic disease. Finally, we recruited partici-
pants with a wide range of health status (i.c. health
check-ups and clinical outpatients), and excluded
2,226 subjects from our analyses due to missing data.
These selections may have led to potential bias; there-
fore, further studies are necessary to confirm the gen-
eralizability of our risk stratification.

In summary, the study presented here provides
epidemiological evidence that risk stratification based
on metabolic syndrome as well as non-metabolic risk
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factors is useful for the clinical assessment of athero-
sclerosis and probably in the prevention and control
of atherosclerotic disease. We also need to pay atten-
tion to high-risk individuals without abdominal obe-
sity, but with high blood pressure, high glucose or
dyslipidemia.
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Aims: To examine and evaluate the association between psychological distress and metabolic syn-
drome (MetS).

Methods: Between 2005 and 2006, 1,613 men and women aged 30-79 participated in annual health
examinations at Takarazuka City Health Promotion Center in Takarazuka, Japan. Psychological
stress was assessed with the General Health Questionnaire (GHQ) and MetS was evaluated using
three criteria based on those of the Japanese Society of Internal Medicine as the Japanese counterpart
of the third report of the National Cholesterol Education Program Expert Panel on Detection, Evalu-
ation, and Treatment of High Cholesterol in Adults (NCEP/ATPII) and the International Diabetes
Federation (IDF).

Results: The mean depression score after adjustment for age, smoking, alcohol intake and serum
total cholesterol levels was higher for men with than without MetS as defined by Japanese criteria as
well as for men with than without fasting glucose >110 mg/dL. Multivariable-adjusted, odds ratio
associated with increments of one standard deviation in the depression score was 1.48 (1.19-1.84) for
MetS, and anxiety and depression scores were 1.32 (1.08-1.61) and 1.24 (1.03-1.50) for fasting glu-
cose 2110 mg/dL, respectively. Similar trends were observed for the depression score and MetS as
defined by NCEP/ATPII and IDE For women, somatic symptoms, anxiety, and depression were not
associated with MetS and its components.

Conclusions: Depressive symptoms are considered to be associated with MetS and, more specifically,
glucose abnormality among urban Japanese men.

J Atheroscler Thromb, 2011; 18:000-000.

Key words; Cross-sectional studies, Depression, Metabolic syndrome, Psychological distress

Introduction

Metabolic syndrome (MetS) consists of a cluster
of abnormalities of metabolic origin, defined as a
combination of abdominal obesity, dyslipidemia, high
blood pressure and glucose abnormality™ ?, which
increases the risk of type 2 diabetes mellitus (DM) and
cardiovascular disease not only in Western popula-
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tions, but also in their Japanese counterparts®?.
Psychological distress is considered to be a risk
factor for MetS. A cross-sectional study of 87 mono-
zygotic and 86 dizygotic male twin pairs in the US
showed that depressive symptoms were associated with
metabolic risk factors such as body mass index, waist-
to-hip ratio, mean arterial pressure, triglycerides and
glucose®. A 7-year prospective study of 425 middle-
aged women in the US showed that depressive symp-
toms were predictive of a risk of MetS?. A 14-year
large-scale prospective study of 10,308 middle-aged
men and women in England showed that chronic
work stress was associated with a risk of MetS'%.
Finally, a recent 15-year prospective study of 523 mid-
dle-aged pre-menopausal women in the US also indi-
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cated that depressive symptoms and stressful life
events were associated with a risk of MetS'?.

However, few studies have addressed the associa-
tion between psychological distress and MetS in Asian
populations. A cross-sectional study of 1,215 male
Japanese workets showed a positive relationship
between depression and MetS'?, but no women were
included in this study.

The aim of this study was to determine whether
psychological distress is associated with MetS and its
components in Japanese men and women.

Methods

Participants

We conducted a cross-sectional study of 1,694
persons (868 men and 826 women) aged 30-79 years
who participated in annual health examinations for
citizens at Takarazuka City Health Promotion Center
in Takarazuka, Japan, between April 1, 2005 and
March 31, 2006. The study protocol was approved by
Takarazuka City Health Promotion Center and
informed consent was obtained from each participant.
We excluded patticipants with insufficient answers to
the psychological stress questionnaire and analyzed the
data of the remaining 1,613 participants (825 men
and 788 women).

Metabolic Risk Factors

All of the participants underwent risk factor
examinations at Takarazuka City Health Promotion
Center after an overnight fast. Blood pressure was
measured twice with a standard mercury sphygmoma-
nometer on the right arm of seated participants after a
5-minute rest, and the second measurement was used
in analysis. Hypertension was defined as systolic blood
pressure 2130 mmHg and/or diastolic blood pressure
285 mmHg, Blood was drawn from the seated partic-
ipants into a plain, siliconized glass tube after which
the serum was separated. Serum total cholesterol, tri-
glycerides and glucose were measured with enzymatic
assays, and high-density lipoprotein (HDL) choles-
terol was measured with a direct homogenous assay
using an Olympus AU-5431 spectrophotometer
(Olympus Japan Co., Ltd., Tokyo, Japan) at Hyogo
Prefecture Health Promotion Association.

The participants completed a self-administered
questionnaire about the frequency of alcohol intake
per week and the usual amount consumed daily in
units of “go” (a Japanese traditional unit of volume
measurement, corresponding to 23 g ethanol). Weekly
alcohol intake was calculated and then converted to
daily alcohol consumption. The questionnaire also

Published online: February 16, 2011

asked about smoking status (never, former, or current
smoker), and former or current smokers were asked
about the number of cigarettes smoked per day and
the number of smoking years.

We used the modified definition of MetS accord-
ing to the guideline of the Japanese Society of Internal
Medicine, known as the modified Japanese criteria'®.
Body mass index (BMI) 225 kg/m? was used as repre-
senting obesity for the analysis, because waist circum-
ference was not measured in this study. This BMI level
reportedly corresponds well to the Asian criterion for
a large waist circumfetence of 290 cm for men and
280 cm for women'?, MetS was defined as being
overweight (BMI 225 kg/m?) plus two or more of the
following components: 1) serum triglycerides 2150
mg/dL and/or HDL cholesterol <40 mg/dL, 2) fast-
ing glucose 2110 mg/dL, and 3) blood pressure 2130/
85 mmHg (Table 1).

We also used the modified criteria of the third
report of the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment
of High Cholesterol in Adults (NCEP/ATPI) ' and
of the International Diabetes Federation (IDF)'©,
MetS was defined by the modified NCEP/ATPII as
the presence of three or more of the following compo-
nents: 1) serum triglycerides 2150 mg/dL, 2) HDL
cholesterol <40 mg/dL for men and <50 mg/dL for
women, 3) fasting glucose 2100 mg/dL, 4) blood
pressure 2130/85 mmHg, and 5) BMI 225 kg/m?.
MetS was defined by the modified IDF as being over-
weight (BMI 225 kg/m?) plus two or more of the fol-
lowing components: 1) serum triglycerides >150
mg/dL, 2) HDL cholesterol <40 mg/dL for men and
<50 mg/dL for women, 3) fasting glucose 2100 mg/
dL, and 4) blood pressure 2130/85 mmHg (Table 1).

Psychological Distress Questionnaire

For the self-administered questionnaire on psy-
chological distress we used the 28-item version of the
General Health Questionnaire (28-item GHQ)',
which was derived from the 60 items in the original
version of the GHQ developed by Goldberg ez 4/.'®.

_All 28 questions were scored according to the Likert

method (1, 2, 3, 4: 1="not at all’, 2="no more than
usual’, 3=‘rather more than usual’ , and 4="much
more than usual’)'?. The 28-item GHQ is composed
of 4 subscales: 1) somatic symptoms, 2) anxiety, 3)
social dysfunction, and 4) depression; and each sub-
scale has 7 questions. The total score ranges from 7 to
28. The validity and reliability of the 28-item GHQ
has been confirmed'”. In the present study, the score
showed a normal distributive pattern as in a previous

studyw).
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