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研究成果の概要（和文）：これまでの研究により蓄積された健診データをもとに、メタボリックシンドローム発症高リ
スク群のライフスタイルを明らかにしてきた。本研究では特に喫煙習慣に注目して解析を行った。喫煙者は非喫煙者と
比較して炎症が遷延していること、女性喫煙者において観察期間中の頸動脈内膜中膜複合体厚の経年変化は有意に大き
く、内臓脂肪面積も大きいことを見いだし、男女別の健康被害への影響を初めて明らにした。さらには喫煙習慣や睡眠
、ストレス等の変化が、老化と関わるKlothoへの影響につき検討した。「老化・炎症」といった観点から喫煙の生活習
慣病への関与を初めて明らかにし、禁煙が果たす疾病予防の科学的意義を明らかにした。

研究成果の概要（英文）：Smoking and metabolic syndrome are major public health problems in modern society 
and are important risk factors of cardiovascular disease. Smokers presented high IL-6 and CRP than 
never-smokers. For female smokers, visceral fat area was significantly high when compared to 
never-smokers. Smoking habit was considered as one of the important risk factors of visceral fat 
accumulation and progression of subclinical atherosclerosis in women. Serum levels of soluble α-klotho 
(αKl) were significantly higher in smokers than in never-smokers. SαKl was positively correlated with 
IL-6 and was associated with IL-6-related environmental stresses. Smoking affected the anti-inflammatory 
network and metabolic disorders. Acceleration of aging induced by smoking habit can be explained from two 
aspects, inflammation and metabolic disorders, associated with sαKl and FGF-21. The present data could 
provide new insights into the prevention of aging and aging-related diseases induced by smoking habit.

研究分野：循環器内科学

キーワード： 生活習慣病　ライフスタイル　喫煙　炎症

  ３版



１．研究開始当初の背景	
 

日本人の死因の中で、脳血管および心血管

障害に基づく死亡者数が最も多く、厚生労

働省は医療費削減を目的として、生活習慣

病の予防を強く推奨する声明を 2005年に
発表した。また、本邦でもすべての年代に

おいてライフスタイルに大きな変化が認め

られ、これらライフスタイルの変化が生活

習慣病の増加に深く関わっている可能性が

指摘されている。 
	
 申請者らは平成 18-19年度 科学研究費	
 
基盤研究（C）により、健常人を対象とした
解析において、メタボリックシンドローム

予備軍では高感度 CRP (hs-CRP) や IL-6な
どの炎症性サイトカインの血中レベルが上

昇することを初めて報告し (Circ J 71: 
1234, 2007)、メタボリックシンドロームの
リスク因子の重複には腹部肥満の存在がき

わめて重要であり、逆に腹部肥満がなけれ

ばその他のリスク因子が増加しても炎症性

サイトカインの上昇を認めない、というき

わめて興味深い結果を報告した 
(Cardiovascular Diabetology 6: 27, 2007)。
さらに、平成 20-22年度 科学研究費	
 基盤
研究（C）により、メタボリックシンドロー
ムの基盤病態である動脈硬化の進展には、

リスク因子の中でも特に腹部肥満の関与が

強いこと、酸化ストレスも腹部肥満により

増大することを明らかにしてきた。 
 

２．研究の目的 
	
 喫煙と動脈硬化との関連性についてはかね

てより指摘されているが、本研究において睡

眠や食事などのライフスタイルの中で、特に

喫煙習慣に注目して解析を行い、喫煙による

健康障害を明らかにする。また、男女別に喫

煙の影響について解析を行い、メタボリック

シンドローム発症にかかわる喫煙の影響に

おける性差の存在を明らかにすることを目

的とする。	
 

	
 本研究成果により、生活習慣病予防へとつ

ながるライフスタイル改善に向けての指導

方法において、男女別に予防法・生活指導法

を確立する必要性を明確にし、男女それぞれ

における個別の禁煙指導の重要性を明らか

にする。	
 

	
 

３．研究の方法	
 
	
 過去5年間および本研究課題実施期間の大阪
大学職員定期健康診断受検者（約 6,000 名/年）

を対象とし、受検者のライフスタイルの問診お

よび健診データをもとに解析を行う。経年的に

得られた血液検査データ、アディポサイトカイ

ンの測定および頸動脈の内膜中膜複合体厚

(IMT) を解析し、過去にさかのぼり動脈硬化性
病変の進展に影響を及ぼす因子を検討し、メタ

ボリックシンドロームの古典的リスク因子、

アディポサイトカイン、生活習慣などの観点か

ら明らかにするとともに、これらのリスク因子

の増悪・改善と IMTの変化に関して男女別に
検討を加える。	
 

	
 

４．研究成果	
 

	
 男性喫煙者は非喫煙者と比較して有意に２

年間の観察期間中のIMTの増加が大きく、過去
喫煙者においても非喫煙者と比較して大きい

傾向を認めた（図１）。さらに、観察期間中の

IMTの増加には、収縮期血圧、中性脂肪、HbA1c、
LDL-コレステロールおよび喫煙が関与してい
たが、多変量解析によりLDL-Cと喫煙の強い関
与が明らかとなった。また、観察期間中のIMT
の増加程度においても、喫煙本数ではなく喫煙

期間が関与していた。過去喫煙者において10

年以上の禁煙期間でIMTの増加は低い傾向を
認めたが、禁煙後10年未満と比較して有意で
はなかった。	
 

	
 男性喫煙者は非喫煙者と比較して有意に血

中IL-6およびhs-CRP値が高く、また過去喫煙
者も非喫煙者と比較してこれらが高い傾向に

あり、炎症が遷延している可能性が示唆された

（図２）。興味深いことに、喫煙本数ではなく

喫煙期間がIL-6およびhs-CRP値と相関するこ
とも明らかとなった。	
 

	
 以上の研究結果より、喫煙期間が動脈硬化

進展に強く関係していることが初めて明ら

かとなり、より早期に禁煙指導に介入するこ

とが慢性炎症の持続といった観点より重要

であると考えられた。	
 

	
 

	
 
	
 

図 1.観察期間中の IMTの変化	
 
*<0.05 vs never smoker 
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found in only 38 out of 355 individuals in the cohort (10.7%), 
without significant association with smoking habit.

Factors of smoking habit such as duration of smoking or 
number of cigarettes per day in current and past smokers are 
listed in Table 2. Current smokers were liable to have a longer 
smoking history, but there was no significant change in the 
number of cigarettes, and there were very few heavy smokers 
consuming >40 cigarettes per day in each group.

Progression of IMT During Follow-up and Association With 
MetS Components
After 2 years of follow-up, both maximum and mean IMT in 
all subjects significantly increased (P<0.0001) compared with 
baseline (Figure 1). Single regression analysis between the tra-
ditional risk factors and the change in IMT (delta-IMT) from 
before to after 2 years follow-up is given in Table 3. Among 
them, systolic BP, serum TG, LDL-C and HbA1c as well as 
smoking habit were significantly correlated with delta-maxi-
mum IMT, whereas serum UA correlated only with delta-mean 
IMT, and serum LDL-C as well as HbA1c were associated with 
both parameters. In contrast, age, BMI, waist circumference, 
diastolic BP, HDL-C and FPG were not correlated with delta-
IMT.

Change in IMT During Follow-up and Association With 
Smoking Habit
Figure 2 charts delta-IMT during 2 years follow-up along 
with smoking habit (never, past and current smoker). Current 
smoking was associated with a tendency for increase in both 
delta-maximum and delta-mean IMT, which was significant in 
delta-maximum IMT. Past smokers tended to have less of an 
increase, and this did not reach significance. Among the afore-
described MetS parameters as well as smoking habit, stepwise 
regression analysis (Table 4) showed that only smoking habit 
and serum LDL-C were significantly correlated with delta-max-
imum IMT, suggesting that these 2 parameters would be inde-
pendent contributors for increased progression of atheroscle-
rosis. Furthermore, to clarify whether MetS components had 
changed during the 2-year observation period, we additionally 
evaluated the relationship between IMT and the mean of the 

Figure 2.  Difference in ( ) 
maximum and ( ) mean in-
tima-media thickness (IMT) 
from baseline to 2 years fol-
low-up vs. smoking habit. 
Data given as mean ± SD. 
*P<0.05 vs. never smokers.

Table 4.

　　
　　

　　 　　

　　 　　

Figure 3.  Smoking cessation period and increase of intima-
media thickness (IMT).



	
 

	
 

	
 
	
 
図2.	
 非喫煙者、過去喫煙者、喫煙者における血

中サイトカインレベル	
 *<0.05 vs never smoker 
	
 

	
 次に女性における喫煙の影響について解

析を行った。平均年齢51歳の女性喫煙者にお

いても非喫煙者と比較して有意に血中IL-6
およびhs-CRP値が高く、観察期間中のIMT
の経年変化は喫煙者において大きかった。ま

た、男女ともに喫煙者は非喫煙者と比較して

中性脂肪が高く、HDL-コレステロールが低
かったが、興味深いことに女性喫煙者は非喫

煙者と比較して有意に内臓脂肪面積(VFA)が
大きくなっていた(表１)。男性喫煙者におい

ても非喫煙者と比較してVFAが大きくなる
傾向を認めたが、女性においてその差が顕著

であった。さらに表２に示すように女性喫煙

者におけるVFAは1日の喫煙本数や
Brinkman指数とも正の相関を持つことも示
された。

	
 
	
 
表１.	
 女性喫煙者、非喫煙者における比較	
 

	
 

	
 
	
 
表２.	
 女性喫煙者における内蔵脂肪面積と喫煙

量の相関	
 

	
 

	
 一般的に女性においては内臓脂肪に比べ

皮下脂肪が多いことが知られているが、女性

喫煙者においては男性喫煙者には見られな

い内臓脂肪面積の増大を伴うことを初めて

明らかにした。女性は男性よりも体内におけ

る脂肪の割合は高いが、分布様式は異なってい

る。女性は臀部、下腹、大腿など体の末梢に脂

肪が蓄積しやすく、「皮下脂肪型」の脂肪蓄積

様式である。一方、男性は体の中心に脂肪が蓄

積するため「内臓脂肪型」の脂肪蓄積様式をと

る。女性は閉経後、エストロゲン低下も伴うこ

とから脂肪蓄積様式が「皮下脂肪型」から「内

臓脂肪型」へと変化し、内臓脂肪が蓄積すると

考えられている。	
 
	
 女性喫煙者・非喫煙者をそれぞれ閉経年齢の

平均である50歳前と50歳以降の２つのグルー

プにわけて詳細な検討を行ったところ、VFA
の増加は内臓脂肪が増加しにくいと考えられ

る若年女性のグループで得に顕著に認められ

た。また、問診項目より内臓脂肪増加に影響を

与えると考えられる運動習慣や食生活につい

ても検討を行ったが、今回の対象者では VFA
との相関関係は認められなかった。	
 

	
 	
 以上の結果より、喫煙が女性において内臓脂

肪を増加させる重要な因子であることが考え

られた。喫煙は女性の閉経を早め、月経周期に

も影響を及ぼす、またホルモン分泌にも影響を

与えることが知られている。現在のところ、喫

煙と血中エストロゲンについての直接的な関

係は得られていないが、血中アンドロゲンとの

関係については報告されおり、今回の結果から

も喫煙が性ホルモン分泌に何らかの影響を与

えている可能性が考えられた。	
 

	
 	
 

	
 本課題研究では、炎症性サイトカインの解析

から、喫煙習慣が慢性炎症に関わっていること、

動脈硬化の進展に強く関与していることを明

らかにした。また、メタボリックシンドローム

発症にかかわる喫煙の影響における性差の存

在を初めて明らかにした。内臓脂肪の増加は高

血圧、脂質異常症、高血糖といった様々な生活

習慣病と深く関わっている。喫煙習慣もメタボ

リックシンドロームと同様に心血管疾患の強

力な危険因子として知られており、共に現代社

会における主要な健康問題である。	
 

	
 さらには、本研究成果で明らかになったよう

に、喫煙は女性において男性以上の健康障害を

もたらす危険性が高い可能性がある。若い女性

の喫煙者の増加は個人の喫煙年数が長期化す

ることが考えられ、より健康障害が重篤となる

ことも示唆される。これらの健康障害の多くは

禁煙を行うことで改善することも示されてお

り、特に若年女性の喫煙者が問題となっている
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2-year blood test results (Table S1). We observed that only 
mean LDL-C during 2 years of follow-up had a significant 
association with progression of both maximum and mean IMT, 
further suggesting the important contribution of LDL-C to the 
progression of atherosclerosis. As to period of smoking cessa-
tion, longer estimated cessation >10 years tended to provide 
further moderation of progression of delta-maximum IMT 
(Figure 3), but was not significant (P=0.1139 and 0.534 in 
maximum and mean IMT, respectively). We then further in-
vestigated the association of atherosclerosis progression with 
either smoking or smoking cessation period, and found that 
positive correlation with smoking period might be stronger than 
the negative correlation with smoking cessation period among 
past smokers, although not significant (Table S2).

Smoking Habit, Serum IL-6, Adiponectin and hs-CRP
To further elucidate the underlying mechanisms, serum IL-6, 
adiponectin, and hs-CRP at baseline were evaluated. As shown 
in Figure 4, serum IL-6 and hs-CRP at baseline were signifi-
cantly higher in current smokers (1.22±0.53 pg/ml and 0.63± 
0.65 mg/L, respectively), compared with never and past smok-
ers. Serum adiponectin tended to be higher in never smokers 
than past and current smokers, but no significant difference was 
observed. Furthermore, we found that IL-6 and hs-CRP had a 
significant positive correlation with the duration of smoking, 
and hs-CRP also had a significant negative correlation with 
duration of smoking cessation among past smokers (Table S3). 
Taken together, moderated progression of subclinical athero-
sclerosis was achieved in past smokers compared to current 
smokers, associated with complete reversal of inflammatory 
activation. This implies that smoking cessation and associated 
inflammatory deactivation might be another critical factor for 
inhibiting accelerated progression of subclinical atherosclero-
sis in addition to LDL-C lowering in men.

Discussion
In the present group of apparently healthy men we found that 
atherosclerosis, as evaluated via carotid IMT, significantly pro-
gressed, and was independently and significantly accelerated as 
serum LDL-C increased and as smoking habit progressed, as 
shown on multiple regression analysis. Serum hs-CRP and IL-
6 were significantly higher in only current smokers, but in past 
smokers were completely the same as in never smokers.

Many previous studies have reported that smoking is a 
major promoter of atherosclerotic change,17 and that cessation 
of smoking is strongly recommended, and is associated with 
possible reduction of risk for CVD.18,19 Direct and quantitative 
evaluation of the impact of smoking cessation on long-term 
atherosclerotic change, however, was still to be documented. 
Here, in the present study, we have carried out a prospective 
2-year follow-up of IMT changes in apparently healthy men. 
This had been done only in 1 previous report in healthy men/
women,19 which primarily supported the present findings of in-
complete recovery from accelerated mean IMT increase after 
2 years. The direct mechanistic linkage underlying smoking 
cessation and atherosclerotic progression, however, had not 
been investigated.

For the first time, we analyzed IMT change over time along 
with smoking habit, MetS status and multiple inflammatory 
parameters. We evaluated 89 samples from participants who 
agreed to additional blood sampling in writing, and on analy-
sis of direct correlation between IL-6, hs-CRP and IMT, IL-6 
had P=0.054 for positive correlation, whereas CRP did not 
have any association with IMT. Accordingly, our previous re-
port evaluated this issue in a similar cohort of 153 apparently 
healthy men, and successfully observed the identical tendency.15 
Briefly, IL-6 was significantly correlated with either delta-max-
imum (P=0.02) or delta-mean (P=0.008) IMT, whereas the hs-
CRP correlation was not significant (P=0.24 in delta-maximum 

Figure 4.  Comparison of ( ) serum interleukin (IL)-6, ( ) adiponectin and ( ) high-sensitivity C-reactive protein (hs-CRP) levels 
at baseline vs. smoking habit. Data given as mean ± SD. *P<0.05 vs. never smokers.
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Evaluation of Carotid Atherosclerosis
Carotid atherosclerosis in the women was evaluated by perform-
ing ultrasound examination of the carotid artery as described 
previously.19 Changes in the IMT (delta [D] maximum IMT and 
D mean IMT) during 1 year were measured for 69 women who 
visited annually for medical checkup (31 smokers, 38 never-
smokers). 

Statistical Analysis
Data were analyzed using SPSS 19 (IBM Corp, Armonk, NY, 
USA). Kendall’s rank correlation coefficient and stepwise mul-
tiple regression analysis were used to analyze variables. Stu-
dent’s t-test or Mann-Whitney U test was used to assess the 
difference between 2 groups. Statistical significance was set at 
P<0.05.

Results
Characteristics of Subjects
Characteristics of the study subjects are summarized in Table 1. 
The mean age of total subjects was 51.7±4.8 years. Triglycerides 
(TG) were significantly higher and high-density lipoprotein-
cholesterol (HDL-C) significantly lower in smokers than never-
smokers in both women and men. Systolic blood pressure (SBP) 
was significantly higher only in male smokers than never-smok-
ers. On the other hand, HbA1c was significantly higher only in 
female smokers than never-smokers. VFA was also significantly 
high in female smokers comparing with never-smokers. Male 
smokers showed higher VFA than male never-smokers, but it 
was not significant. Moreover, the number of cigarettes smoked 
per day and Brinkman index significantly correlated with VFA 
in female smokers (Table 2). In spite of the significant accu-
mulation of visceral fat, WC did not show any significant en-
largement in female smokers. In addition, other anthropometric 
measures of obesity, such as BMI and WC did not show any 
significant differences between smokers and never-smokers 
for either women or men.

Determinants of VFA in Women
To elucidate the determinants of visceral fat accumulation in 
female smokers, the relationship between VFA and possibly af-

chronic or frequent medicine from at least 1 year before the 
health examinations, and did not suffer acute illness within the 
preceding 2 weeks. Informed consent was given by all subjects 
prior to participation in the study following approval of the study 
by the Ethics Committee of Osaka University.

Clinical Data and Lifestyle Assessments
Information on medical history, use of medicines, and personal 
lifestyle information were obtained via questionnaires. All in-
formation was reconfirmed in expert interview by a trained 
nurse. Lifestyle information (smoking habit, alcohol intake, psy-
chological stress, and sleep duration) were semiquantified by 
the following scale: smoking habit: 0= never smoker, 1= cur-
rent smoker; alcohol intake: 1= almost none, 2= on 1–3 days 
per week, 3= on 4–6 days per week, 4= almost every day; psy-
chological stress: 1= almost none, 2= sometimes feel stress, 3= 
often feel stress, 4= almost always feel stress; sleep duration: 
1= 6–7 hours per day, 2= 5 hours per day, 3= 4 hours per day.

Waist circumference (WC) at the umbilical level was mea-
sured in the late exhalation phase while standing. Visceral fat 
area (VFA) determined by computed tomography (CT) is re-
ported to associate more closely with components of MetS than 
other anthropometric measurements such as WC and body mass 
index (BMI).20 However in this study, we measured VFA by 
impedance method as detailed previously because of its con-
venience, low cost, and safety.21

Laboratory Measurements
Serum was collected from subjects after overnight fasting and 
kept below −20°C until assay. Additional blood tests for serum 
interleukin (IL)-6 and high-sensitivity C-reactive protein (hs-
CRP) concentrations were performed for 42 women (20 smok-
ers, 22 never-smokers) using previously described methods.19,22

Table 1. Characteristics of the Study Subjects

All
Female Male

Smokers Never-smokers P value Smokers Never-smokers P value
n 477 55 107 107 208

Age (years) 51.7±4.8　　 51.7±4.8　　 51.7±4.8　　 51.7±4.8　　 51.7±4.8　　
BMI (kg/m2) 22.9±3.0　　 21.8±3.8　　 21.0±2.3　　 0.16　　 23.9±3.0　　 23.6±2.6　　 0.65　　
WC (cm) 80.6±8.7　　 74.8±10.2 73.6±6.4　　 0.42　　 84.7±7.3　　 83.4±7.0　　 0.13　　
SBP (mmHg) 120±16　　 117±18　　 112±14　　 0.15　　 126±13　　 122±16　　 0.028
DBP (mmHg) 77±13 72±13 69±12 0.10　　 82±10 81±12 0.27　　
VFA (cm2) 84.5±39.9 60.1±37.8 47.5±19.1 0.040 105.6±35.8　　 97.1±34.8 0.05　　
UA (mg/dl) 5.5±1.3 4.4±1.2 4.4±0.8 0.83　　 6.1±1.2 5.9±1.2 0.16　　
TG (mg/dl) 109±88　　 94±59 70±29 0.027 151±127 111±80　　 0.001
HDL-C (mg/dl) 60±15 63±15 70±14 0.005 53±14 57±13 0.004
LDL-C (mg/dl) 126±29　　 123±27　　 126±27　　 0.53　　 124±30　　 128±30　　 0.13　　
FPG (mg/dl) 90±12 86±10 84±6　　 0.47　　 93±10 94±13 0.58　　
HbA1c, % 5.1±0.4 5.2±0.4 5.1±0.3 0.049 5.2±0.5 5.1±0.4 0.24　　

Data are mean ± SD. Values in bold, P<0.05.
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; SBP, systolic blood pressure; TG, triglycerides; UA, uric acid; VFA, visceral fat area; WC, 
waist circumference.

Table 2. Correlation Between Visceral Fat Area and Level of 
Smoking in Women

τ P value
Cigarettes per day 0.261 0.03　　
Brinkman index 0.223 0.042
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Evaluation of Carotid Atherosclerosis
Carotid atherosclerosis in the women was evaluated by perform-
ing ultrasound examination of the carotid artery as described 
previously.19 Changes in the IMT (delta [D] maximum IMT and 
D mean IMT) during 1 year were measured for 69 women who 
visited annually for medical checkup (31 smokers, 38 never-
smokers). 

Statistical Analysis
Data were analyzed using SPSS 19 (IBM Corp, Armonk, NY, 
USA). Kendall’s rank correlation coefficient and stepwise mul-
tiple regression analysis were used to analyze variables. Stu-
dent’s t-test or Mann-Whitney U test was used to assess the 
difference between 2 groups. Statistical significance was set at 
P<0.05.

Results
Characteristics of Subjects
Characteristics of the study subjects are summarized in Table 1. 
The mean age of total subjects was 51.7±4.8 years. Triglycerides 
(TG) were significantly higher and high-density lipoprotein-
cholesterol (HDL-C) significantly lower in smokers than never-
smokers in both women and men. Systolic blood pressure (SBP) 
was significantly higher only in male smokers than never-smok-
ers. On the other hand, HbA1c was significantly higher only in 
female smokers than never-smokers. VFA was also significantly 
high in female smokers comparing with never-smokers. Male 
smokers showed higher VFA than male never-smokers, but it 
was not significant. Moreover, the number of cigarettes smoked 
per day and Brinkman index significantly correlated with VFA 
in female smokers (Table 2). In spite of the significant accu-
mulation of visceral fat, WC did not show any significant en-
largement in female smokers. In addition, other anthropometric 
measures of obesity, such as BMI and WC did not show any 
significant differences between smokers and never-smokers 
for either women or men.

Determinants of VFA in Women
To elucidate the determinants of visceral fat accumulation in 
female smokers, the relationship between VFA and possibly af-

chronic or frequent medicine from at least 1 year before the 
health examinations, and did not suffer acute illness within the 
preceding 2 weeks. Informed consent was given by all subjects 
prior to participation in the study following approval of the study 
by the Ethics Committee of Osaka University.

Clinical Data and Lifestyle Assessments
Information on medical history, use of medicines, and personal 
lifestyle information were obtained via questionnaires. All in-
formation was reconfirmed in expert interview by a trained 
nurse. Lifestyle information (smoking habit, alcohol intake, psy-
chological stress, and sleep duration) were semiquantified by 
the following scale: smoking habit: 0= never smoker, 1= cur-
rent smoker; alcohol intake: 1= almost none, 2= on 1–3 days 
per week, 3= on 4–6 days per week, 4= almost every day; psy-
chological stress: 1= almost none, 2= sometimes feel stress, 3= 
often feel stress, 4= almost always feel stress; sleep duration: 
1= 6–7 hours per day, 2= 5 hours per day, 3= 4 hours per day.

Waist circumference (WC) at the umbilical level was mea-
sured in the late exhalation phase while standing. Visceral fat 
area (VFA) determined by computed tomography (CT) is re-
ported to associate more closely with components of MetS than 
other anthropometric measurements such as WC and body mass 
index (BMI).20 However in this study, we measured VFA by 
impedance method as detailed previously because of its con-
venience, low cost, and safety.21

Laboratory Measurements
Serum was collected from subjects after overnight fasting and 
kept below −20°C until assay. Additional blood tests for serum 
interleukin (IL)-6 and high-sensitivity C-reactive protein (hs-
CRP) concentrations were performed for 42 women (20 smok-
ers, 22 never-smokers) using previously described methods.19,22

Table 1. Characteristics of the Study Subjects

All
Female Male

Smokers Never-smokers P value Smokers Never-smokers P value
n 477 55 107 107 208

Age (years) 51.7±4.8　　 51.7±4.8　　 51.7±4.8　　 51.7±4.8　　 51.7±4.8　　
BMI (kg/m2) 22.9±3.0　　 21.8±3.8　　 21.0±2.3　　 0.16　　 23.9±3.0　　 23.6±2.6　　 0.65　　
WC (cm) 80.6±8.7　　 74.8±10.2 73.6±6.4　　 0.42　　 84.7±7.3　　 83.4±7.0　　 0.13　　
SBP (mmHg) 120±16　　 117±18　　 112±14　　 0.15　　 126±13　　 122±16　　 0.028
DBP (mmHg) 77±13 72±13 69±12 0.10　　 82±10 81±12 0.27　　
VFA (cm2) 84.5±39.9 60.1±37.8 47.5±19.1 0.040 105.6±35.8　　 97.1±34.8 0.05　　
UA (mg/dl) 5.5±1.3 4.4±1.2 4.4±0.8 0.83　　 6.1±1.2 5.9±1.2 0.16　　
TG (mg/dl) 109±88　　 94±59 70±29 0.027 151±127 111±80　　 0.001
HDL-C (mg/dl) 60±15 63±15 70±14 0.005 53±14 57±13 0.004
LDL-C (mg/dl) 126±29　　 123±27　　 126±27　　 0.53　　 124±30　　 128±30　　 0.13　　
FPG (mg/dl) 90±12 86±10 84±6　　 0.47　　 93±10 94±13 0.58　　
HbA1c, % 5.1±0.4 5.2±0.4 5.1±0.3 0.049 5.2±0.5 5.1±0.4 0.24　　

Data are mean ± SD. Values in bold, P<0.05.
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; SBP, systolic blood pressure; TG, triglycerides; UA, uric acid; VFA, visceral fat area; WC, 
waist circumference.

Table 2. Correlation Between Visceral Fat Area and Level of 
Smoking in Women

τ P value
Cigarettes per day 0.261 0.03　　
Brinkman index 0.223 0.042



現在、積極的に女性の喫煙についての注意喚起

や禁煙推進プログラムを進めていくべきであ

ると考える。	
 

	
 

	
 本研究成果は、生活習慣病予防へとつながる

ライフスタイル改善に向けての指導方法にお

いて、男女別に予防法・生活指導法を確立する

必要性を初めて明確にし、男女それぞれにおけ

る個別の禁煙指導の重要性を示した。これまで

の研究において、我々は男性と女性において動

脈硬化発症機序に違いがあることを報告して

いる。平成25年度に「健康日本２１」が大幅改

訂され、この中で禁煙がかなり重視されるとと

もに、近年若年女性の喫煙率が低下していない

ことも含め、今後の禁煙指導に対して重要な情

報を提供すると思われる。	
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