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Findings from our study and previous ones suggest WC
differs according to the location of the measurement that the
magnitude of the difference varies according to sex and ethnic-
ity. In order to compare the prevalence of the metabolic syn-
drome worldwide, a particular WC site should be defined as the
standard. Currently, the NCEP-ATP III, IDE, and WHO each
have different WC sites in their guidelines. In the future, these
guidelines should be unified and standardized. Furthermore,
based on research findings such as those presented herein,
ethnicity-specific cutoft values should also be defined.

Such differences in WC measurements inevitably influence
the prevalence of the metabolic syndrome. When the NCEP-
ATP III criteria in 2005 (90 cm for men and 80 cm for women,
values used for Asian populations (17)) for the metabolic
syndrome were used with the WC values measured at WCl1,
WC2, and WC3 rather than at WC4 (the position defined by
the NCEP-ATP III criteria), 18, 10, and 3% fewer men and 26,
21, and 11% fewer women, respectively, met the criteria for the
metabolic syndrome. Thus, caution should always be exercised
when interpreting the prevalence of the metabolic syndrome
in studies where the WC was not measured at the site specified
by the guidelines that were being used. We proposed to use the
regression equation to convert each WC to another to adjust
for the difference among WCs measured at different locations
because there is a high correlation between each WC measure-
ment site.

In our study, the shapes of the ROCs and their AUCs did
not significantly differ among the four WC measurements for
either men or women, indicating that measurements at any of
the sites have a similar ability to screen for multiple compo-
nents of the metabolic syndrome. Willis et al. measured WC
at two locations (WC1 and WC3) among overweight subjects
(14) and found that WC1 was more strongly associated with
cardiovascular disease risk factors and the metabolic syndrome
than WC3. In our study, according to ROC stratified by BMI
(<25 and 225) to predict multiple risk factors, the AUC did not
differ significantly among four WC sites. Such inconsistency
may be partly attributable to ethnic differences.

The prevalence of metabolic syndrome is much higher in
men than in women according to an epidemiological study
of Japanese subjects (18,19) as well as the National Nutrition
Survey of Japan (20). Our results were similar to those of
previous studies. The AUC for all WC sites measured were
much greater in women (0.75-0.78) than in men (0.66-0.67).
Although the AUC, derived from sensitivity and specificity,
was greater in women than in men, the proportion of people
who had two or more risk factors among the screened peo-
ple (i.e., positive predictive value) was lower in women than
in men (e.g., 50.8-52.0% for men and 19.1-22.7% for women,
respectively, when sensitivity = 80%) because positive predic-
tive value depended on prevalence of risk factors in the target
population. The low positive predictive value could resultin the
low efficiency of screening, and therefore, we should carefully
consider not only sensitivity and specificity but also positive
predictive value to compare the performances of WC measure-
ments between men and women in this population.
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This finding may be ascribed to lifestyle differences between
the sexes. For example, men are much more likely to smoke
than women (21), and smoking is known to influence body
weight (22). Thus, smoking may attenuate the association
between WC measurements and clusters of metabolic risk
factors in men.

The major strengths of our study included the large sample
size (>1,000 subjects) and the provision of a training session on
WC measurements prior to the survey. This study has two lim-
itations. First, given the cross-sectional design, a longitudinal
study examining the risk of metabolic syndrome incidence
is needed to verity our results. Second, there were relatively
few female subjects in this study (n = 171). Additional larger
studies are required to confirm our findings in women. These
limitations should be addressed in future research.

In conclusion, a moderate-to-large difference in WC meas-
urements was observed, depending on the site of measure-
ment, in Japanese adults. The four WC measurements assessed
in the present study appear to have similar screening abilities
for multiple components of the metabolic syndrome. To ensure
accurate comparisons among studies, however, we strongly
recommend that the WC be measured at the site specified by
the guidelines adopted by each study.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at
http://www.nature.com/oby
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OBJECTIVE — We examined the relationships of visceral fat area (VFA), subcutaneous fat
area, and waist circumference, determined using computed tomography (CT), and BMI with
metabolic risk factors in a large Japanese population.

RESEARCH DESIGN AND METHODS — Study subjects comprised 6,292 men and
women who participated in the Hitachi Health Study and received CT examinations in 2007 and

2008.

RESULTS — Regarding the clustering of metabolic risk factors, the odds ratios (ORs) for the
VFA quintiles were 1.0 (ref.), 2.4, 3.4,5.0,and 9.7 for men and 1.0 (ref.), 1.5, 2.6, 4.6, and 10.0
for women (P < 0.001 for trends in both sexes). For the highest quintiles, the OR for VFA was

1.5 to 2 times higher than those of the other anthropometric indexes in both sexes.

CONCLUSIONS — We demonstrated a superior performance of VFA to predict the clus-
tering of metabolic risk factors compared with other anthropometric indexes.

etabolic syndrome (MS) has been

growing globally with the clusters

of obesity, high blood pressure,
impaired lipid metabolism, and hypergly-
cemia. Individuals with MS have a higher
risk of cardiovascular disease and a sub-
sequent increase in disease mortality or
morbidity (1-3). For the diagnosis of MS,
waist circumference (WC) is almost al-
ways used as one of the criteria, and this
measure is typically used as a simplified
measure of the visceral fat area (VFA) (4 -
7). Visceral fat is regarded as an endocrine
organ that secretes adipocytokines and
other vasoactive substances that can influ-

Diabetes Care 33:2117-2119, 2010

ence the risk of developing traits of MS
(8). A few studies have shown the impact
of visceral fat on MS and its components
in large-scale epidemiological research ef-
forts (9). The present study analyzed the
epidemiological impact of VFA compared
with that of subcutaneous fat area (SFA),
WC, and BMI against the clustering of
metabolic risk factors and its com-
ponents.

RESEARCH DESIGN AND

METHODS — Of 17,606 employees
and their spouses who, after more than
12 h of fasting, underwent a health exam-
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ination in Hitachi, Ibaraki Prefecture, be-
tween 2007 and 2008, we analyzed data
for 6,292 subjects (5,606 men and 686
women), aged 26 to 75 years, who under-
went a computed tomography (CT) ex-
amination, answered a questionnaire on
lifestyle and health, and did not have a
history of serious illness (cancer, cerebro-
vascular disease, or myocardial infarc-
tion). VFA, SFA, and WC were measured
using a CT scanner according to a proto-
col described elsewhere (10). The present
study was approved by the ethics com-
mittee of the National Center for Global
Health and Medicine. Written informed
consent was obtained from all subjects.

In this study, subjects with two or
more of the four risk factors (high bloed
pressure, high triglyceride, low HDL cho-
lesterol, and hyperglycemia) defined in
the criteria of the National Cholesterol
Education Program’s Adult Treatment
Panel II1 guidelines in 2005 (6), except for
WC, were defined as having the clustering
of metabolic risk factors. Subjects cur-
rently receiving treatment for hyperlipid-
emia, hypertension, or diabetes were
deemed as having the respective risk fac-
tors, regardless of the biochemical values.

We divided the subjects into quintiles
(Q1 to Q5) according to each anthropo-
metric value and calculated the odds ratio
(OR) of the clustering of metabolic risk
factors and its components adjusted for
age, smoking habits, alcohol consump-
tion, and regular physical activity using a
logistic regression analysis, with Q1 as the
reference. All analyses were performed
using SPSS for Windows, Version 15.0
(SPSS, Chicago, IL).

RESULTS — The mean VFA was
123.7 = 51.2 cm? in men and 85.1 =
45.2 cm? in women. The mean SFA was
134.8 * 56.6 cm? in men and 182.5 =
72.9 cm? in women. The ratio of VFA to
SFA was ~1:1 for men and 1:2 for
women. The mean WC was 86.4 * 8.3
cmin men and 83.2 & 9.2 cm in women.
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Association of fat depot with metabolic syndrome
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Figure 1—ORs for high triglyceride and the clustering of metabolic risk factors according to the quintiles (Q1-Q5) of VFA, SFA, WC, and BMI
adjusted for age, smoking habits (never, current, past), alcohol consumption (nondrinker, drinker consuming two go or less per day [a go is a
conventional unit of alcohol intake in Japan and contains ~23 g of ethanol], or consuming more than two go per day), and regular fitness habit
(yes/no). The symbols are the estimated ORs using Q1 as the reference category. The curves are fitted by the logistic regression models. The slope for
VFA is significantly steeper than those for SFA, WC, and BMI on high triglyceride and on clustering of metabolic risk factors (P < 0.05) except for
that on the clustering of metabolic risk factors in women. (A high-quality digital representation of this figure is available in the online issue.)

The mean BMI was 24.1 + 3.0 kg/m” in
men and 23.0 * 3.3 kg/m” in women.
The prevalence of the clustering of meta-
bolic risk factors was 46.0% in men and
30.0% in women.

In Fig. 1, the ORs for the clustering of
metabolic risk factors are shown accord-
ing to each anthropometric index. The
OR was 1.5 to 2 times higher for the Q5
VFA category than for the other Q5 cate-
gories for both men and women. The OR
(95% CD) of the VFA quintiles were, re-
spectively, 1.0, 2.4 (2.0-2.9), 3.4 (2.8-
4.2),5.0 (4.1-6.0), and 9.7 (8.0-11.9)
formenand 1.0, 1.5 (0.7-3.2), 2.6 (1.3—
5.3), 4.6 (2.3-9.1), and 10.0 (5.0-19.9)
for women (P < 0.001 for trends in both
sexes). According to the SFA quintiles,
ORs were, respectively, 1.0, 1.8 (1.5-
2.2), 2.6 (2.2-3.1), 3.1 (2.6-3.7), and
4.8 (4.0-5.8) formen and 1.0, 1.3 (0.7-
2.5), 2.3 (1.3-4.3), 3.5 (1.9-6.4), and
4.5 (2.5-8.4) for women (P < 0.001 for
trends in both sexes).

The OR for a high triglyceride level, a

low HDL level, high blood pressure, and
hyperglycemia increased with increasing
quintile categories of each anthropomet-
ric index. The OR (95% CI) of the Q5 VFA
category for a high triglyceride level was
9.0 (7.3-11.1) in men and for a low HDL
level was 7.1 (4.8—-10.5) in men and 11.0
(4.0-30.1) in women, exhibiting ex-
tremely high ORs.

The slope for VFA is significantly
steeper than those for SFA, WC, and BMI
on high triglyceride and on clustering of
metabolic risk factors (P < 0.05) except
for the slope on the clustering of meta-
bolic risk factors in women.

CONCLUSIONS — [n the present
study, a stronger association between an
increasing VFA and the clustering of met-
abolic risk factors and its components
than for an increasing SFA, WC, or BMI
was observed. Among metabolic risk fac-
tors, a high triglyceride level in men and a
low HDL cholesterol level in both men

and women showed particularly strong
associations with VFA.

BMI and WC are used clinically to
measure obesity, but do not exactly reflect
visceral adiposity. A previous report
showed that some individuals with a nor-
mal BMI and WC actually had an exces-
sive amount of visceral fat and metabolic
risk factors (11). In our study, the ORs for
the clustering of metabolic risk factors
were similar for BMI and WC in men, but
the OR for WC was lower than that for
BMI (which was similar to that for SFA) in
women. The OR of VFA and SFA differed
according to sex. Furthermore, a stronger
correlation was observed between WC
and SFA than between WC and VFA. Fox
et al. (9) reported similar results. These
findings suggest that WC measurements
in women may have the same meaning as
SFA measurements, explaining the simi-
larity of the OR for the clustering of met-
abolic risk factors in WC and SFA.

The present study adds evidence to
support an important role for VFA in the
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pathogenesis of metabolic risk factor clus-
tering in Japanese adults. Further studies
are needed to confirm this association
prospectively and to examine the impact
of VFA on the risk of cardiovascular
disease.
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Associations of Smoking Cessation With
Visceral Fat Area and Prevalence of Metabolic
Syndrome in Men: The Hitachi Health Study

Yumi Matsushita', Toru Nakagawa?, Shuichiro Yamamoto?, Yoshihiko Takahashi’,
Mitsuhiko Noda® and Tetsuya Mizoue'

Weight gain after smoking cessation may deteriorate metabolic risk profiles, including that for metabolic syndrome.
How risk profiles change according to the duration of smoking cessation and whether the visceral fat area (VFA)

or the subcutaneous fat area (SFA) contributes to these changes remains uncertain. The subjects comprised 5,697
Japanese men who underwent an abdominal computed-tomography examination during a health check-up. Using
never smokers as a reference group, the odds ratios of having metabolic syndrome and its components, defined
using the National Cholesterol Education Program Adult Treatment Panel llicriteria, were calculated for each smoking
category with adjustments for age, alcohol drinking, and physical activity (model 1) using a logistic regression
analysis. Additional adjustments were also made for either VFA (model 2) or SFA (model 3). Current smokers had the
lowest VFA (120.4cm?) whereas ex-smokers (124.0-132.0cm?) had a higher VFA than nonsmokers (123.1 cm?. Among
the ex-smokers, VFA tended to decrease with increasing years of smoking cessation. In model 1, the odds ratios

of having metabolic syndrome for current smokers and ex-smokers with smoking cessation for <4, 5-9, 10-14, and
>15 years were 1.02, 1.33, 1.36, 1.40, and 1.09, respectively. The elevated odds ratios among ex-smokers (<14 years)
were reduced by 35-55.6% after further adjustment for VFA but not for SFA. Smoking cessation is associated with a

deterioration of the metabolic risk profile, which can be ascribed, at least in part, to an increase in VFA not SFA.

Obesity (2010) doi: 10.1038/0by.2010.237

INTRODUCTION

Metabolic syndrome is associated with an increased risk of
cardiovascular mortality or morbidity (1,2). BMI is a measure
of overall obesity, but the importance of central obesity, which
can be easily measured as waist circumference, is known to
have a stronger relation to the prevalence of each component
of metabolic syndrome (hyperglycemia, diabetes, and hyper-
tension) than BMI (3).

Numerous studies have investigated the relationship
between smoking and body weight or BMI. Cigarette smokers
tend to have a lower BMI than nonsmokers (4-6), and smok-
ing cessation leads to weight gain to various extents (4,7,8).
This difference or change in body weight can be ascribed to
an increased metabolic rate and decreased caloric absorption
by smoking (9).

Because weight gain deteriorates metabolic profiles (10),
whether weight gain following smoking cessation leads to an
increased risk of metabolic syndrome is a concern. However,
epidemiologic data on the prevalence of metabolic syndrome

according to the duration of smoking cessation are limited.
Moreover, which type of fat deposition, the visceral fat area
(VFA) or the subcutaneous fat area (SFA), contributes to these
changes after smoking cessation is uncertain. Here, we assessed
the prevalence of metabolic syndrome and its risk components
in relation to the duration of smoking cessation and examined
the contribution of VFA and SFA to an increased prevalence, if
any, of metabolic syndrome after smoking cessation.

METHODS AND PROCEDURES
Overall, a total of 15,196 male employees and their spouses under-
went a annual health check-up after having fasted overnight. All the
examinations were performed in 2007 in Hitachi, Ibaraki prefecture.
Of these participants, 6,405 subjects received an abdominal computed-
tomography (CT) scan. We next excluded 708 subjects who did not
provide lifestyle information regarding smoking, physical activity, or
alcohol drinking. Finally, 5,697 men aged between 26 and 75 years were
included in the analysis.

Body height and weight were measured using an automated scale
(BE-220; TANITA; Itabashi-Ku, Tokyo, Japan), and the BMI was
defined as weight/height* (kg/m?). VFA, SFA, and waist circumference

'Department of Epidemiology and International Health, National Center for Global Health and Medicine, Tokyo, Japan; ?Hitachi, Ltd., Hitachi Health Care Center,
Ibaraki, Japan; *Department of Diabetes and Metabolic Medicine, National Center for Global Health and Medicine, Tokyo, Japan. Correspondence: Yumi Matsushita
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were measured using a CT scanner, the details of which are described
elsewhere (11). In brief, single slice imaging was performed at the umbili-
cal level in a spine position using a CT machine (Redix Turbo; Hitachi
Medico, Chiyoda-Ku, Tokyo). The imaging conditions were 120kV,
50mA, and a slice thickness of 5mm. VFA, SFA, and waist circumference
were calculated using the software fatPointer (Hitachi Medico).

The triglyceride and high-density lipoprotein (HDL) cholesterol
levels were measured using the oxygen method (Hitachi 7600; Sekisui
Medical; Chuo-Ku, Tokyo, Japan). The blood glucose level was meas-
ured using the glucose electrode technique (ADAMS glucose GA-1170;
Arkrey; Chukyo-Ku, Kyoto, Japan). Blood pressure was measured using
an oscillometric method (Kentaro ADVANCE BP-203RV 111 A/B; Colin;
Bunkyo-Ku, Tokyo, Japan). Written informed consent was obtained from
each participant. The present study was approved by the ethics review
committee of the National Center for Global Health and Medicine.

The subjects were divided into six groups: nonsmokers, current
smokers, and ex-smokers with <4, 5-9, 10-14, and >15 years of smoking
cessation. We tested the difference between current smokers and other
smoking status groups using pair-wise test after analysis of covariance
adjusted for age, regular physical activity (yes/no), and alcohol drinking
(nondrinker, drinker consuming 2 go or less per day (one go contains
~23 g of ethanol), or drinker consuming >2 go per day). The multiple
comparisons were adjusted by Bonferroni’s method (five comparisons).

Using nonsmokers as the reference, we calculated the odds ratios
of (i) waist circumference (=90 cm), (ii) high triglyceride level
(=150 mg/dl), (iii) low HDL cholesterol level (<40 mg/dl), (iv) high
blood pressure (systolic blood pressure =130 mm Hg and/or diasto-
lic blood pressure 285 mm Hg), (v) hyperglycemia (fasting glucose
level 2110 mg/dl), and (vi) metabolic syndrome as defined using the
National Cholesterol Education Program Adult Treatment Panel III
criteria (having three or more of components (i) to (v) listed above),
adjusted for age, regular physical activity (yes/no), and alcohol drink-
ing (nondrinker, drinker consuming 2 go or less per day, or drinker
consuming >2 go per day) (model 1). Additional analyses were
adjusted for VFA (model 2) or SFA (model 3). All analyses were per-
formed using logistic regression analysis. Subjects currently receiving
treatment for hyperlipidemia, hypertension, or diabetes were deemed
as having the respective risk factors, regardless of their biochemi-
cal values ((ii) to (vi)). All analyses were performed using SPSS for
Windows, version 15.0 (SPSS, Chicago, IL).

RESULTS

The subject characteristics are shown in Table 1. The mean (s.d.)
age of the subjects was 52.7 (10.0) years, the mean (s.d.) BMI
was 24.1 (3.0) kg/m?, and the mean (s.d.) VFA was 124.0(51.2)
cm’. The prevalence of metabolic syndrome was 19.2%.

Table 1 Characteristics of the subjects

Mean (s.d.)
n 5,697
Age, years 52.7 (10.0)
BMI, kg/m? 24.1(3.0)
Waist circumference, cm 86.4 (8.3)
Visceral fat area, cm? 124.0(51.2)
Subcutaneous fat area, cm? 134.8 (56.5)
High blood pressure, % 38.1
High triglyceride, % 356.3
Low HDL cholesterol, % 10.0
Hyperglycemia, % 26.9
Metabolic syndrome, % 19.2

The means of the anthropometric indexes according to
smoking status are shown in Table 2. Current smokers had
the lowest VFA (120.4cm?), whereas ex-smokers (124.0 to
132.0cm?*) had a higher VFA than nonsmokers (123.1cm?).
Among ex-smokers, the VFA tended to decrease with increas-
ing years of smoking cessation, and those with =15 years of
smoking cessation had almost the same VFA as nonsmokers.
Similar results were observed for SFA and waist circumference.
Current smokers had a lower mean BMI and waist circumfer-
ence than nonsmokers and ex-smokers. Ex-smokers with <15
years of smoking cessation had a higher mean waist circumfer-
ence than nonsmokers, whereas ex-smokers with >15 years of
smoking cessation had a mean BMI and waist circumference
similar to those of nonsmokers.

The odds ratios of having metabolic syndrome and its com-
ponents according to smoking status are shown in Table 3. For
metabolic syndrome, the odds ratios for current smokers and
ex-smokers with smoking cessation for <4, 5-9, 10-14, and
>15 years were 1.02, 1.33, 1.36, 1.40, and 1.09, respectively. The
odds ratio for ex-smokers with 215 years of smoking cessation
was almost the same as nonsmokers. The odds ratios of meta-
bolic syndrome for ex-smokers with <4 years of smoking ces-
sation in model 1 (1.33, 95% CI: 1.04-1.70) was reduced after
adjustment for VFA (1.16, 95% CI: 0.88-1.53) but remained
basically unchanged after adjustment for SFA (1.46, 95% CI:
1.12-1.90). Similar results were obtained in other groups with
different periods of smoking cessation. The odds ratios of hav-
ing metabolic syndrome for ex-smokers with <4, 5-9, and
10-14 years of smoking cessation after adjustment for VFA
(model 2) were 1.16, 1.16, and 1.26, respectively; these values
were 51.5%, 55.6%, and 35% lower than the values without
adjustment for VFA, respectively.

Regarding high blood pressure, current smokers had a sig-
nificantly lower odds ratio than nonsmokers (0.71; 95% CI:
0.61-0.82). Ex-smokers, irrespective of the length of period
of smoking cessation, had almost the same odds ratio as non-
smokers. Regarding high triglyceride levels, current smokers
had a significantly higher odds ratio (1.30; 95% CI: 1.13-1.50).
Also, ex-smokers with <4 and 10-14 years of smoking ces-
sation had significantly increased odds ratios of 1.26 (95%
CI: 1.03-1.55) and 1.36 (95% CI: 1.04-1.79), respectively.
Regarding low HDL cholesterol levels, current smokers had
a significantly higher odds ratio of 1.65 (95% CI: 1.32-2.06).
The odds ratios of ex-smokers were not significantly different
from that of nonsmokers. Regarding hyperglycemia, the odds
ratio (95% CI) of current smokers was 1.08 (0.93-1.27). On the
other hand, the odds ratios (95% CI) of ex-smokers with <4,
5-9, and 10-14 years of smoking cessation were 1.44 (1.16-
1.80), 1.50 (1.19-1.88), and 1.44 (1.07-1.92), respectively.

DISCUSSION

In this study, we examined the association of smoking cessation
and metabolic syndrome and its components while considering
the potential influence of VFA and SFA. We found that VFA,
SFA, and the prevalence of metabolic syndrome were higher
among ex-smokers (<15 years of smoking cessation) than

www.obesityjournal.org
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Table 2 Mean values of anthropometric indexes of subjects according to smoking status

EPIDEMIOLOGY

Ex-smokers (years of smoking cessation)

Current
Nonsmokers >15 10-14 5-9 <4 smokers
n 1,678 734 256 461 530 2,138
BMI, kg/m? 243 (0.1)* 24.3 (0.1)* 24.4(0.2) 24.5(0.1)** 24.1(0.1) 23.9(0.1)
Waist circumference, cm 86.4 (0.2) 86.4 (0.3) 87.2(0.5) 87.7 (0.4)** 87.0(0.4)" 85.9(0.2)
Visceral fat area, cm? 123.1(1.9) 124.0(1.9) 131.7 (3.2* 132.0 (2.4)™ 130.6 (2.2 120.4(1.1)
Subcutaneous fat area, cm? 137.7 (1.4)* 136.0 (2.1) 139.9 (3.4)* 142.9 (2.6)** 136.1(2.4) 129.6(1.2)
Visceral fat/subcutaneous fat area 0.95 (0.01)* 0.96 (0.01) 1.00(0.02) 0.97 (0.02) 1.01(0.02) 0.98 (0.01)
Note: Values are mean (s.e.) adjusted for age, regular physical activity, and alcohol drinking.
“P value <0.05, **P value <0.01, ***P value <0.001 (compared with current smokers).
Table 3 Association of period of smoking cessation with metabolic syndrome and its components
Nonsmokens Ex-smokers (years of quitting)
(Reference) >15 10-14 5-9 <4 Current smokers
n 1,578 734 256 461 530 2,138
Waist circumference  Model 1 1 1.01(0.83-1.23) 1.11(0.83-1.48) 1.33(1.07-1.66)" 1.13(0.91-1.40) 0.94 (0.81-1.09)
High blood pressure  Model 1 1 1.01(0.84-1.22) 1.17(0.89-1.55) 1.04(0.83-1.29) 0.98(0.80-1.21) 0.71(0.61-0.82)*
Model 2 1 1.00(0.83-1.22) 1.08(0.81-1.43) 0.95(0.76-1.19) 0.91(0.73-1.13)  0.72(0.62-0.83)"
Model 3 1 1.03(0.85-1.24) 1.16(0.87-1.53) 1.00(0.80-1.25) 1.00(0.80-1.23)  0.75(0.64-0.86)"
High Triglyceride Model 1 1 1.11(0.92-1.35) 1.36(1.04-1.79)* 1.13(0.91-1.41) 1.26(1.03-1.55)* 1.30(1.13-1.50)*
Model 2 1 1.11(0.91-1.36) 1.26(0.94-1.67) 1.01(0.80-1.28) 1.16(0.94-1.45) 1.38(1.19-1.60)*
Model 3 1 1.13(0.93-1.38) 1.36(1.08-1.79)* 1.10(0.88-1.37) 1.29(1.04-1.59)* 1.39(1.21-1.60)*
Low HDL Model 1 1 0.83(0.60-1.16) 1.02(0.64-1.65) 1.19(0.83-1.70) 1.05(0.74-1.50)  1.65(1.32-2.06)
cholesterol Model 2 1 0.82(0.59-1.15) 0.96(0.59-1.56) 1.08(0.75-1.55) 0.98(0.68-1.40) 1.70(1.36-2.13)"
Model 3 1 0.85(0.61-1.18) 1.01(0.62-1.63) 1.15(0.81-1.65) 1.07(0.75-1.53)  1.76(1.40-2.20)*
Hyperglycemia Model 1 1 1.08(0.88-1.32) 1.44(1.07-1.92)* 1.50(1.19-1.88)* 1.44(1.16-1.80)* 1.08(0.93-1.27)
Model 2 1 1.08(0.88-1.33) 1.36(1.01-1.83)* 1.41(1.12-1.79)* 1.37(1.10-1.72)* 1.11(0.94-1.30)
Model 3 1 1.10(0.90-1.34) 1.43(1.07-1.91)* 1.47(1.17-1.85)* 1.47(1.17-1.83)* 1.13(0.97-1.33)
Metabolic syndrome  Model 1 1 1.09(0.87-1.36) 1.40(1.02-1.92)* 1.36(1.05-1.75)* 1.33(1.04-1.70)* 1.02(0.86-1.22)
Model 2 1 1.08(0.84-1.39) 1.26(0.89-1.80) 1.16(0.87-1.54) 1.16(0.88-1.53) 1.06(0.87-1.29)
Model 3 1 1.16(0.91-1.48) 1.42(1.01-2.00)* 1.32(1.01-1.73)* 1.46(1.12-1.90)* 1.18(0.97-1.42)

Note: Values are odds ratios adjusted for age, physical activity, and alcohol drinking.
Waist circumference > 85cm. High blood pressure: systolic blood pressure 2130mmHg and/or diastolic blood pressure 285 mmHg. Triglyceride =150 mg/dl. HDL cho-
lesterol <40mg/dl. Impaired fasting glucose: fasting glucose 2110 mg/dl. Model 1: Values are odds ratios adjusted for age, regular physical activity, and alcohol drinking.
Model 2: Values are odds ratios adjusted for age, regular physical activity, and alcohol drinking, and visceral fat area. Model 3: Values are odds ratios adjusted for age,

regular physical activity, and alcohol drinking, and subcutaneous fat area.
*P < 0.05 compared with nonsmokers.

among nonsmokers and current smokers. However, the odds
ratio of metabolic syndrome among ex-smokers was decreased
after adjustment for VFA but not for SFA. Furthermore, the
odds ratios of metabolic syndrome and its component for
ex-smokers with >15 years of smoking cessation were almost
the same as those for nonsmokers, though ex-smokers with
<14 years of smoking cessation generally had higher odds
ratios than nonsmokers.

Several previous studies have reported the risk of metabolic
syndrome after smoking cessation. Ishizaka et al. assessed the
prevalence of metabolic syndrome according to the duration
of smoking cessation; using subjects who had never smoked as
the reference group, the odds ratios (95% CI) for ex-smokers

OBESITY

26

with <1, 1-4, and =5 years of smoking cessation were 2.17
(1.36-3.46), 1.97 (1.33-2.92), and 1.61 (1.26-2.08), respec-
tively (12). Similarly, Wada et al. showed that the odds ratios
(95% CI) for ex-smokers (who smoked 20-39 cigarettes per
day) with <5, 6-10, 11-20, and >20 years of smoking cessation
were 1.48 (1.21-1.81), 1.52 (1.16-2.00), 1.25 (1.01-1.54), and
1.09 (0.86-1.39), respectively (13). Both studies found that the
odds ratios of metabolic syndrome among ex-smokers tended
to decrease with an increasing duration of smoking cessation,
similar to the results of the present study. Further, we found
that the prevalence of metabolic syndrome and its components
among ex-smokers who had quit 215 years ago was similar
to those among nonsmokers. Hence, the risk of metabolic
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syndrome returns to the level of nonsmokers after 15-20 years
of smoking cessation.

Smokers often gain weight after they have quit smoking (4,6).
However, which component of body fat (VFA, SFA, or both)
increases after smoking cessation and how these changes influ-
ence the clustering of metabolic risk factors remain uncertain.
In the present study, both the VFA and the SFA were larger
in ex-smokers than in current smokers, as was the odds ratio
of metabolic syndrome. The increased odds ratio of metabolic
syndrome among ex-smokers for <14 years decreased by 35%
to 55.6 % after adjustment for VFA, whereas no appreciable
change was seen after adjustment for SFA, suggesting that VFA
has an important contribution to the increased prevalence of
metabolic syndrome after smoking cessation.

Regarding glucose metabolism, the odds ratios of hypergly-
cemia were higher among ex-smokers with <15 years of smok-
ing cessation than among current smokers. The increased odds
ratios among the ex-smokers (<14 years of smoking cessation)
were decreased by 15.9% to 18.2% after adjustment for VFA but
remained basically unchanged after adjustment for SFA. This
finding suggests that the increased prevalence of hyperglycemia
after smoking cessation might only partly contribute to the
increase in VFA and that hyperglycemia among ex-smokers
(<14 years of smoking cessation) might be caused by mecha-
nisms other than those associated with an increased VFA. For
example, smoking might directly increase insulin resistance
(9), and this adverse effect of smoking on glucose metabolism
might persist for several years after smoking cessation.

Current smokers had a higher odds ratio of having high
triglyceride levels despite their relatively lower BMI or VFA,
compared with the never-smoking group. This finding sug-
gests that smoking had a strong influence on lipid metabolism
that extended beyond its weight-reducing effect. The increased
odds ratios for high triglyceride levels among ex-smokers with
<4 years of smoking cessation was decreased by 38.5% after
adjustment for VFA but was unchanged after adjustment for
SFA. This finding suggests that an increase in VFA partially
accounts for the increase in triglyceride levels after smoking
cessation. The association of smoking with HDL cholesterol
was similar to that for triglycerides. One exception is that
the odds ratio of low HDL cholesterol was increased among
current smokers, but not among ex-smokers despite their
relatively higher VFA. This finding suggests that the favorable
effect of smoking cessation on HDL cholesterol is much greater
than the adverse effect of an increase in VFA following smok-
ing cessation.

Current smokers had a significantly lower odds ratio of
having high blood pressure, compared with never smokers,
whereas the odds ratios among ex-smokers were similar to that
among never smokers. Blood pressure is known to increase
after smoking (14). However, as indicated by the present report
and another epidemiologic study (15), smoking might have a
blood pressure lowering effect over the long term. The mecha-
nism whereby smoking decreases blood pressure is not clear.

Because development of coronary heart disease were pre-
dictive of smoking cessation (16), the inverse causality of
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the relationship between smoking cessation and metabolic
syndrome may happen. To examine this point, we analyzed the
data excluding the subjects currently receiving treatment for
hyperlipidemia, hypertension, or diabetes, however, the results
shown in Table 3 were materially unchanged.

The present study has several strengths and limitations. As
one of its strengths, we directly assessed abdominal fat accumu-
lation using CT scanning. This allowed the role of fat deposition
in the development of metabolic syndrome and its components
after smoking cessation to be examined more closely. Second,
the sample size of our study was sufficiently large (>5,500
subjects). Third, we adjusted for alcohol drinking and physi-
cal activity, which might confound the association between
smoking status and metabolic risk factors. Our study has some
limitations. First, only men were analyzed. The prevalence of
smoking among men and among women is quite different in
Japan (39.4% in men, 11.0% in women) (17), and the preva-
lence of being overweight (>25kg/m?) also differs between sexes
(30.4% in men, 20.2% in women) (17). Thus, the present results
may not be applicable to women. Second, the present study had
a cross-sectional design, and changes in the metabolic risk pro-
file during the course of smoking cessation were not monitored.
Because of the possibility of inverse causality (i.e., people who
developed cardiovascular diseases may tend to quit smoking),
we also analyzed data excluding subjects currently receiving
medication for hyperlipidemia, hypertension, or diabetes, and
confirmed the same results. Therefore, it was unlikely that the
inverse causality strongly biased the relationships of smoking
status with the metabolic syndrome and its components. A lon-
gitudinal study is needed to confirm the present findings. Third,
we did not search the dietary intake of our participants, so we
could not examine whether increased calorie intake and greater
fat intake are independently associated with increased VFA and
grew worse in metabolic risk factors.

Smoking cessation was associated with an increased preva-
lence of metabolic syndrome and its components, which could
be accounted for, at least in part, by an increase in VFA but
not in SFA in men. After 15 years of smoking cessation, the
prevalence of metabolic syndrome returned to the level of
nonsmokers. Advising individuals who try to quit smoking
to adopt healthy lifestyles, including regular physical activity
and a low calorie diet, should be considered to minimize the
increase in VFA after smoking cessation.
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