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Original Article

Aims: Smoking impairs endothelial function as an acute effect. However, few population-based studies have 
examined the association between smoking status and endothelial function or the dose–response and duration–
response association of smoking with endothelial function. We examined whether smoking habits were associated 
with impaired endothelial function depending on smoking dose and duration. 

Methods: We conducted a cross-sectional study of 910 men and women aged 30–79 years from 2013 to 2016. 
Statistical analyses of the data were conducted between 2016 and 2017. Endothelial function was assessed by 
brachial artery flow-mediated dilation (FMD) measurement. Low FMD was defined in two ways as the cutoff 
point based on the lowest quartile of %FMD (＜5.1%) and median of %FMD (＜6.8%), regarding as impaired 
endothelial function. We investigated the smoking status in terms of cigarettes consumed per day and the dura-
tion of smoking. 

Results: Heavy and chronic smokers were associated with a high prevalence of impaired endothelial function. 
Those associations did not change substantially after adjustment for other cardiovascular risk factors. Among all 
participants, the multivariable-adjusted ORs (95% CIs) of low FMD (＜5.1%) with reference to never smokers 
were 2.23 (1.00–5.14) for current heavy smokers of ≥ 30 cigarettes per day, 1.83 (1.04–3.20) for heavy smokers 
of ≥ 40 pack-years, and 2.16 (1.15–4.06) for chronic smokers of ≥ 40 years. For low FMD (＜6.8%) those values 
was 2.17 (1.01–5.05), 1.70 (1.01–2.86), and 1.98 (1.07–3.69), respectively.

Conclusions: Similar associations were observed among only men. Heavy or long-term tobacco smoking may 
induce impaired endothelial function.

tobacco smoke. Despite strong epidemiological evi-
dence3-5), the mechanisms about the cardiovascular 
effects of smoking are complex; they are the least 
understood among the risk factors of CVD6).

Impaired endothelial function is considered a key 
early disorder in the development of coronary athero-
sclerosis7), and its early detection may be useful in pre-

1. Introduction

Tobacco smoking is attributable to around six 
million deaths1). Tobacco use is estimated to cause 
12% of deaths among persons aged 30 and over 
worldwide1). More than 7000 different chemicals2), 
mostly poisonous, are contained in tobacco and 
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designed armrest and probe holder. To create a flow 
stimulus in the brachial artery, a sphygmomanometric 
cuff was placed on the forearm. After the brachial 
artery diameter was measured at baseline, the cuff was 
inflated to at least 50 mmHg above systolic pressure 
to occlude artery inflow for 5 min and then deflated. 
FMD was expressed as the percentage change in peak 
vessel diameter from that of baseline. The coefficient 
of inter-operator variability for FMD measurements 
in our laboratory was 5.7%; that of intra-operator 
variability was 11.1% after 2 months and 10.8% after 
4 months20).

Information about smoking status (number of 
cigarettes smoked per day and duration of smoking) 
was obtained by trained interviewers. Individuals who 
smoked ≥ 1 cigarettes per day were defined as current 
smokers; those who had quit smoking were defined as 
former smokers. Height was measured with the partic-
ipants in their stocking feet, and weight was measured 
while wearing light clothing. We calculated body mass 
index (BMI) as weight (kg) divided by the square of 
height (m2). After 5 min of rest and with the partici-
pants seated, blood pressure was measured by physi-
cians and nurses using standard mercury sphygmoma-
nometers on the right arm18). Hypertension was 
defined as systolic blood pressure ≥ 140 mmHg, and/
or diastolic blood pressure ≥ 90 mmHg, or the use of 
antihypertensive medication. Serum total cholesterol 
and plasma glucose were measured by the enzymatic 
and hexokinase methods21), respectively. Diabetes mel-
litus was defined as borderline or high plasma glucose 
(fasting glucose ≥ 110 mg/dL or non-fasting glucose ≥ 
140 mg/dL) or being under medication for diabetes. 
An interview was conducted to ascertain alcohol 
drinking status, usual weekly physical activity, and 
medication use for hypertension. For alcohol drinking 
habits, the interviewer collected information about 
usual weekly intake of alcohol in units of go (a tradi-
tional Japanese unit of volume corresponding to 23 g 
ethanol). Participants who reported consuming ≥ 0.3 
go per week were considered current drinkers.

2.3 Statistical Analysis
Low FMD was defined in two ways as the cutoff 

point of the lowest quartile22, 23) of %FMD (＜5.1% 
in the present study) and the median24, 25) of %FMD 
(＜6.8% in the present study). Pack-years was calcu-
lated as (number of cigarettes smoked per day/20× 
number of years smoked). We present the characteris-
tics of the study participants according to smoking 
status, pack-years, and years of smoking as age-
adjusted and sex-adjusted means (standard errors) or 
proportions. We examined differences in the mean 
values of the confounding factors among smoking sta-

venting CVD. Increasing evidence indicates that 
smoking may damage endothelial function through 
oxidative stress and inflammation8-12). Indications 
regarding endothelial function are most widely 
assessed using flow-mediated dilation (FMD). FMD is 
a noninvasive measurement of brachial artery diameter 
changes following an increase in shear stress induced 
by reactive hyperemia13). According to systematic 
reviews with meta-analysis14, 15),brachial FMD showed 
a significant predictive value for cardiovascular events. 

Smoking has an acute adverse effect on FMD16, 17). 
However, there is limited evidence about the associa-
tion between active smoking status and FMD.

The aim of this study was to investigate the asso-
ciation among active smoking status, duration of 
smoking (pack-years), and impaired endothelial func-
tion in a general population.

2. Materials and Methods

2.1 Study Population Sample
We conducted FMD measurements in two com-

munities covered by the Circulatory Risk in Commu-
nities Study (CIRCS): a mid-western urban suburban 
community (Yao, Osaka Prefecture) and a northeast-
ern rural community (Ikawa, Akita Prefecture). The 
CIRCS is a dynamic community-based cohort study 
that covers five communities in Japan, including Yao 
and Ikawa18). From 2013 to 2016, we recruited 517 
men and 393 women aged 30–79 years who under-
went annual cardiovascular risk surveys. Statistical 
analyses of the data were conducted between October 
2016 and April 2017. The study protocol was 
approved by the ethics committee of the Osaka Cen-
ter for Cancer and Cardiovascular Disease Prevention 
and of Osaka University (No. 13483-4).

2.2 Measurement of FMD and Cardiovascular Risk 
Factors

FMD measurement was performed in a room 
with the participants in a resting, supine state during 
the measurement. Trained operators measured FMD 
using high-resolution ultrasonography and a forearm 
occlusive cuff according to current guidelines13). The 
right brachial artery diameter was measured by a high-
resolution linear artery transducer (10 MHz), 
equipped with computer-assisted analysis software 
(UNEXEF18G, UNEX Co., Nagoya, Japan)19). The 
brachial artery was imaged at a location 5–10 cm 
above the elbow. When the clearest image of the ante-
rior and posterior intimal interfaces between the 
lumen and vessel was obtained, the transducer was 
held at the same point throughout the scan. To stan-
dardize the position of the probe, we used a specially 
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prevalence of low FMD (either ＜5.1% or ＜6.8%); 
however, smokers who currently smoked ≥ 30 ciga-
rettes per day did show a significantly higher preva-
lence among total subjects and men. Such an associa-
tion was not observed among women because no 
women smoked ≥ 30 cigarettes per day. The multivari-
able-adjusted ORs (95% CIs) of low FMD (＜5.1%) 
with reference to never smokers were 1.18 (0.75–1.84) 
for former smokers, 1.26 (0.75–2.13) for currently 
smoking ＜30 cigarettes per day, and 2.23 (1.00–
5.14) for currently smoking ≥ 30 cigarettes per day 
among total subjects; among men, those values were 
0.92 (0.52–1.62), 1.25 (0.78–2.00), and 2.22 (1.01–
4.95), respectively. The corresponding multivariable-
adjusted ORs (95% CIs) of low FMD (＜6.8%) were 
1.05 (0.73–1.49), 1.07 (0.70–1.64), and 2.17 (1.01–
5.05) among total subjects; among men, those values 
were 0.75 (0.44–1.27), 1.08 (0.69–1.69), and 2.16 
(1.00–5.00). 

Age-adjusted, sex-adjusted and multivariable-
adjusted ORs (95% CIs) of low FMD (either ＜5.1% 
or ＜6.8%) according to pack-years and years of 
smoking appear in Table 3. Smokers who had smoked 
≥ 40 pack-years had a higher prevalence of low FMD 
than never smokers among total subjects and men. 
Such an association was not observed among women 
because only two participants had smoked ≥ 40 pack-
years; among those, none had low FMD. After further 
adjustment for other cardiovascular risk factors, those 
associations did not change substantially. Multivari-
able-adjusted ORs (95% CIs) of low FMD (＜5.1%) 
with reference to never smokers were 1.10 (0.70–1.70) 
for smokers ＜20 pack-years, 1.14 (0.69–1.90) for 
smokers 20–40 pack-years, and 1.83 (1.04–3.20) for 
smokers ≥ 40 pack-years among total subjects (p for 
the trend=0.03); among men those values were 0.85 
(0.46–1.57), 1.04 (0.58–1.88), and 1.75 (1.00–3.28), 
respectively (p for the trend=0.03). The correspond-
ing multivariable-adjusted ORs (95% CIs) of low 
FMD (＜6.8%) were 1.00 (0.70–1.42), 1.04 (0.67–
1.61), and 1.70 (1.01–2.86) among total subjects; 
among men, those values were 0.74 (0.42–1.28), 0.96 
(0.64–1.46), and 1.76 (1.13–3.09). With regard to 
smoking duration, the multivariable-adjusted ORs 
(95% CIs) of low FMD (＜5.1%) for participants 
who had smoked for ≥ 40 years versus those who 
never smoked were 2.16 (1.15–4.06) among total sub-
jects (p for the trend=0.03), and 1.97 (1.00–3.89) (p 
for the trend=0.01) among men. The corresponding 
multivariable-adjusted ORs (95% CIs) of low FMD 
(＜6.8%) were 1.98 (1.07–3.69) and 2.05 (1.10–
3.86).

tus, pack-years, and years of smoking by analysis of 
covariance; we assessed the proportions of potential 
confounding factors using the chi-square test; we 
examined differences in the median values of FMD 
using the nonparametric test. We calculated age-
adjusted, sex-adjusted, and multivariable-adjusted ORs 
and 95% CIs of low FMD (either ＜5.1% or ＜6.8%) 
using logistic regression analysis according to smoking 
categories: never smokers, former smokers, current 
smokers of ＜30 cigarettes per day, and current smok-
ers of ≥ 30 cigarettes per day; ＜20 pack-years, 20–40 
pack-years, and ≥ 40 pack-years; duration of smoking 
of ＜20 years, 20–40 years, and ≥ 40 years. We adjusted 
for the potential confounding factors with the follow-
ing: age (years); sex; community; BMI (kg/m2); sys-
tolic blood pressure (mmHg); high-density lipopro-
tein (HDL)-cholesterol and non-HDL cholesterol lev-
els (mmol/L); serum triglycerides (mmol/L); diabetes 
mellitus (yes or no); current drinking status (yes or 
no); physical activity (yes or no); use of antihyperten-
sive medication (yes or no); medication use for diabe-
tes (yes or no); medication use for dyslipidemia (yes or 
no); and baseline brachial artery diameter (mm). We 
tested the p for trend by using the median of each 
group as a continuous variable.

We performed all statistical analyses with SAS, 
version 9.4 software (SAS Institute Inc., Cary, NC, 
USA). All probability values for statistical tests were 
two tailed, and p＜0.05 was regarded as statistically 
significant.

3. Results

The mean values of %FMD were 7.1% among 
all participants: 6.7% in men, 7.8% in women (p＜ 
0.001). The proportion of current smokers was 22% 
of all participants: 33% in men, but only 9% in 
women (p＜0.001).

Table 1 shows age-adjusted and sex-adjusted 
mean values and proportions of cardiovascular risk 
factors according to smoking status, pack-years, and 
duration of smoking. The prevalence of low FMD 
(either ＜5.1% or ＜6.8%), absence of diabetes melli-
tus, and mean value of systolic blood pressure were 
higher among current ≥ 30 cigarettes per day smokers, 
≥ 40 pack-year smokers, and smokers who had 
smoked for ≥ 40 years than in the less smoking groups 
(p＜0.05); those variables were higher than in the 
never smokers. The mean values of %FMD were 
lower for heavy and longer smokers than for never 
smokers (p＜0.05).

As evident in Table 2, compared with never 
smokers, former and current smokers who smoked ＜
30 cigarettes per day showed no significantly higher 



Smoking and Endothelial Function

839

Table 1. Age- and Sex-adjusted Mean Values and Proportion of Cardiovascular Risk Factors according to Smoking Status

Never Former Current

＜30 cigarettes/day ≥ 30 cigarettes/day

Number
Age
Men, %
Mean of flow-mediated dilation, %
Flow-mediated dilation ＜5.1, %
Median of flow-mediated dilation, %
Flow-mediated dilation ＜6.8, %
Minimum and maximum of flow-mediated dilation, %
Baseline brachial artery diameter, mm
Current drinkers, %
Physical activity, %
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Hypertension, %
Use of antihypertensive medication, %
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL
Diabetes mellitus, %

364
50.7 (0.5)

25
7.37 (0.17)

18
7.20

48
0.7, 20.3

3.94 (0.03)
45
49

23.5 (0.2)
122 (1)

80 (1)
20
15

211.2 (2.1)
63.2 (0.9)

101.4 (7.2)
13

342
54.3 (0.5)＊＊＊

76＊＊＊

7.05 (0.16)
26＊

6.60＊

50
0.7, 18.2

3.95 (0.03)
65＊＊＊

50
23.4 (0.2)
125 (1)＊

80 (1)
30＊

16
208.1 (2.1)

64.3 (0.8)
112.4 (6.9)

14

170
51.6 (0.7)

79＊＊＊

7.01 (0.23)
28＊

6.45＊

53
1.3, 17.4

3.97 (0.04)
59＊＊

35＊＊

23.2 (0.3)
125 (1)＊

80 (1)
30＊

25＊＊

205.7 (2.9)
58.8 (1.2)＊＊

148.9 (9.7)＊＊＊

17

34
50.8 (1.6)

100＊＊＊

6.21 (0.51)＊

42＊＊

6.00＊

68＊

1.9, 16.2
4.11 (0.09)

82＊＊＊

21＊＊

23.9 (0.6)
129 (3)＊

81 (2)
33＊＊

23
207.8 (6.4)
59.8 (2.6)

167.0 (21.5)＊＊

38＊＊＊

Never Number of cigarettes smoked, pack-years

1- 20- 40-

Number
Age
Men, %
Mean of flow-mediated dilation, %
Flow-mediated dilation ＜5.1, %
Median of flow-mediated dilation, %
Flow-mediated dilation ＜6.8, %
Maximum and minimum of flow-mediated dilation, %
Baseline brachial artery diameter, mm
Current drinkers, %
Physical activity, %
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Hypertension, %
Use of antihypertensive medication, %
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL
Diabetes mellitus, %

364
50.7 (0.5)

25
7.37 (0.17)

18
7.20

48
0.7, 20.3

3.94 (0.03)
45
49

23.5 (0.2)
122 (1)

80 (1)
20
15

211.2 (2.1)
63.2 (0.9)

101.4 (7.2)
12

256
48.8 (0.5)＊＊

59＊＊＊

7.10 (0.19)
23

6.80
50

0.7, 17.4
3.91 (0.03)

65＊＊＊

48
23.4 (0.2)
122 (1)

79 (1)
23
15

207.9 (2.3)
62.9 (0.9)

126.6 (7.7)
12

175
55.1 (0.6)＊＊＊

93＊＊＊

7.01 (0.24)
24

6.40＊

51
1.3, 18.2

4.03 (0.04)
60＊＊

42
23.5 (0.3)
126 (1)＊

82 (1)
34＊

26＊

207.5 (3.0)
61.6 (1.2)

125.4 (10.1)
17

115
60.4 (0.8)＊＊＊

98＊＊＊

6.63 (0.30)＊

33＊＊

5.90＊＊＊

60＊

1.5, 17.8
4.01 (0.05)

64＊＊＊

36＊

23.0 (0.4)
127 (2)＊

79 (1)
28
26＊

205.6 (3.6)
61.6 (1.5)

128.7 (12.3)
30＊＊＊
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(6.6%) for nonsmokers and 12.4% (5.8%) for smok-
ers27). According to an Italian study of 206 men (68 
never smokers, 53 light smokers, and 85 regular smok-
ers) with a mean age of 51.5 years, the mean values 
(95% CIs) of %FMD were 9.00% (7.79%–10.21%) 
for never smokers, 6.09% (5.00%–7.18%) for light 
smokers, and 6.12% (4.99%–7.24%) for regular 
smokers28). To the best of our knowledge, the present 
investigation is the first to show an association 
between detailed smoking status (dose and duration) 
and impaired endothelial function in a large popula-
tion-based study.

The mechanisms of tobacco smoking and func-
tional changes in the endothelium are complicated 
and still unclear. A possible mechanism for lowering 
FMD induced by smoking is reduced production of 
nitric oxide (NO) and increased expression of adhe-
sion molecules, leading to impaired endothelial func-
tion29). NO is known to be a key signaling molecule 
in vascular homeostasis; it is formed by endothelial 
NO synthase30, 31). Abnormalities in NO production 
accompany such diseases as angiogenesis-associated 
disorders because NO performs an important func-
tion in regulating blood vessel diameter and blood 
flow29, 31, 32). NO rapidly diffuses out of vascular endo-
thelial cells and into the underlying smooth muscle 
cells, causing relaxation, and into nearby adhering 

4. Discussion

The core findings of the present population-
based study are as follows: (1) The %FMD was lower 
in current smokers than in never smokers; (2) smokers 
who had smoked 30 or more cigarettes per day had a 
twofold higher prevalence of low FMD (either ＜5.1% 
or ＜6.8%) than never smokers; (3) heavy and chronic 
tobacco smoking was associated with a higher preva-
lence of low FMD (either ＜5.1% or ＜6.8%): heavy 
smokers of either 40 or more pack-years or chronic 
smokers who had smoked for 40 or more years had an 
approximately twofold higher prevalence of low FMD 
than never smokers.

The lower mean values of %FMD in smokers 
compared with never smokers was consistent with pre-
vious reports on a positive association between tobacco 
smoking and impaired endothelial function26-28). A 
UK case-reference study of 200 men and women (80 
never smokers, 40 former smokers, and 80 current 
smokers) aged 15–57 years reported mean values 
(standard deviations) of %FMD of 10.0% (3.3%) for 
nonsmokers, 5.1% (3.8%) for former smokers, and 
4.0% (3.9%) for current smokers26). A Japanese case-
reference study of 57 men and women (31 nonsmok-
ers and 26 smokers) aged 20–40 years found mean 
values (standard deviations) of %FMD of 16.1% 

(Cont Table 1)

Never Years smoked, years

1- 20- 40-

Number
Age
Men, %
Mean of flow-mediated dilation, %
Flow-mediated dilation ＜5.1, %
Median of flow-mediated dilation, %
Flow-mediated dilation ＜6.8, %
Maximum and minimum of flow-mediated dilation, %
Baseline brachial artery diameter, mm
Current drinkers, %
Physical activity, %
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Hypertension, %
Use of antihypertensive medication, %
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL
Diabetes mellitus, %

364
50.7 (0.5)

25
7.37 (0.17)

18
7.20

48
0.7, 20.3

3.94 (0.03)
45
49

23.5 (0.2)
122 (1)

80 (1)
20
15

211.2 (2.1)
63.2 (0.9)

101.4 (7.2)
13

209
48.6 (0.6)＊＊

67＊＊＊

7.14 (0.21)
21

6.90
48

0.7, 18.2
3.92 (0.04)

68＊＊＊

52
23.5 (0.2)
121 (1)

79 (1)
24
16

210.3 (2.5)
64.6 (1.0)

113.4 (8.6)
11

259
53.6 (0.5)＊＊＊

91＊＊＊

7.03 (0.19)
26

6.40＊

53
1.3, 17.4

4.00 (0.04)
61＊＊＊

38＊

23.4 (0.2)
125 (1)

81 (1)
29
24＊

204.7 (2.4)
61.1 (1.0)

119.1 (8.0)
19＊

78
64.6 (1.0)＊＊＊

100＊＊＊

6.33 (0.35)＊＊

37＊＊

5.50＊＊＊

65＊

1.5, 17.8
3.99 (0.06)

59＊

38＊

23.0 (0.4)
127 (2)＊

79 (1)
31
22

207.6 (4.3)
59.2 (1.8)

140.3 (14.6)＊＊＊

24＊

＊p＜0.05, ＊＊p＜0.01, ＊＊＊p＜0.001 compared with never smokers
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ization of the findings. Another strength is the use of a 
noninvasive technique for measuring %FMD and the 
standardized measurements for other cardiovascular 
risk factors, which assure the quality of this epidemio-
logical study.

With respect to limitations, we were unable to 
define a causal relationship in the present study owing 
to its cross-sectional design. We were unable to reli-
ably examine the association between smoking and 
low FMD in women: women had lower and shorter 
consumption of tobacco than men. Only two women 
had smoked 40 or more pack-years, and no woman 
smoked 30 or more cigarettes per day or had smoked 

platelets in the lumen of the blood vessel, inhibiting 
platelet adhesion and aggregation30-32). Numerous 
studies have reported that components involved in 
tobacco smoke induce oxidative stress and inflamma-
tion8-10, 33); thus, smoking increases oxidative damage 
to the endothelium and increases platelet adhesion to 
the endothelial membrane34, 35). Because of this dam-
age, the activation and expression of endothelial NO 
synthase is inhibited and synthesis of NO is 
decreased30, 31, 33, 34), resulting in impaired endothelial 
function. 

One strength of the present investigation is that 
it is the first population-based study to allow general-

Table 2. Odds Ratios (95% CIs) of Low FMD according to Smoking Status

Never Former Current

＜30 cigarettes/day ≥ 30 cigarettes/day

Total subjects
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age- and sex-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age- and sex-adjusted OR (95% CI)
Multivariable OR (95% CI)a

 
364

62
17

1.00
1.00
161

44
1.00
1.00

 
342

93
27

1.17 (0.76-1.78)
1.18 (0.75-1.84)

185
54

1.07 (0.76-1.52)
1.05 (0.73-1.49)

 
170

46
27

1.26 (0.77-2.06)
1.26 (0.75-2.13)

93
55

1.21 (0.80-1.83)
1.07 (0.70-1.64)

 
34
14
41

2.24 (1.01-4.97)＊

2.23 (1.00-5.14)＊

24
71

2.32 (1.03-5.24)＊

2.17 (1.01-5.05)＊

Men
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

89
23
27

1.00
1.00

50
56

1.00
1.00

260
76
29

0.97 (0.56-1.68)
0.92 (0.52-1.62)

146
56

0.85 (0.51-1.40)
0.75 (0.44-1.27)

134
43
32

1.32 (0.85-2.06)
1.25 (0.78-2.00)

79
59

1.26 (0.83-1.91)
1.08 (0.69-1.69)

34
14
41

2.13 (1.02-4.46)＊

2.22 (1.01-4.95)＊

24
71

2.27 (1.04-4.95)＊

2.16 (1.00-5.00)＊

Women
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1,%
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

275
38
14

1.00
1.00
111

40
1.00
1.00

82
17
21

1.73 (0.91-3.30)
1.73 (0.85-3.53)

39
48

1.47 (0.89-2.44)
1.52 (0.89-2.59)

36
3
8

0.51 (0.15-1.72)
0.57 (0.16-2.06)

14
39

0.91 (0.45-1.84)
0.99 (0.47-2.10)

0
0
0
-
-
0
0
-
-

＊p＜0.05 compared with never smokers
a. Multivariable variables included age, sex, community, baseline brachial artery diameter, body mass index, systolic blood pressure, use of antihy-
pertensive medication, non-HDL cholesterol, HDL cholesterol, triglycerides, medication use for dyslipidemia, diabetes mellitus, medication use for 
diabetes, current drinking status and physical activity
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for 40 or more years. Further investigation is necessary 
to confirm whether heavy and chronic smoking 
induce impaired endothelial function in women. 

We found that tobacco smoking—specifically 
heavy and chronic smoking—was associated with 
endothelial function in a general Japanese population. 
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Table 3. Odds Ratios (95% CIs) of Low FMD according to Pack-years and Years of Smoking

Never Number of cigarettes smoked, pack-years P for
trend

1- 20- 40-

Total
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age- and sex-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age- and sex-adjusted OR (95% CI)
Multivariable OR (95% CI)a

 
364

62
17

1.00
1.00
161

44
1.00
1.00

 
256

59
23

1.13 (0.73-1.73)
1.10 (0.70-1.70)

129
50

1.07 (0.76-1.51)
1.00 (0.70-1.42)

 
175

50
29

1.21 (0.73-1.99)
1.14 (0.69-1.90)

97
55

1.11 (0.72-1.70)
1.04 (0.67-1.61)

 
115

44
38

1.81 (1.06-3.11)＊

1.83 (1.04-3.20)＊

76
66

1.70 (1.02-2.79)＊

1.70 (1.01-2.86)＊

 
 
 

＜0.01
0.02
0.03

 
＜0.01

0.05
0.06

Men
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

  
89
24
27

1.00
1.00

50
56

1.00
1.00

152
40
26

0.97 (0.54-1.75)
0.85 (0.46-1.57)

83
55

0.94 (0.55-1.59)
0.74 (0.42-1.28)

 
163

49
30

1.16 (0.66-2.07)
1.04 (0.58-1.88)

90
55

0.96 (0.57-1.62)
0.96 (0.64-1.46)

 
113

44
39

1.73 (1.01-3.15)＊

1.75 (1.00-3.28)＊

76
67

1.67 (1.05-2.66)＊

1.76 (1.13-3.09)＊

 
 
 

0.04
0.03
0.03

 
0.05
0.07
0.06

Women
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

 
275

38
14

1.00
1.00
111

40
1.00
1.00

 
104

19
18

1.39 (0.76-2.55)
1.58 (0.83-3.00)

46
44

1.17 (0.74-1.85)
1.25 (0.78-2.01)

 
12

1
8

0.57 (0.07-4.52)
0.59 (0.07-4.93)

7
58

2.07 (0.64-6.68)
2.53 (0.74-8.63)

 
2
0
0

-
-
0
0

-
-

 
 
 

0.76
0.98
0.91

 
0.46
0.53
0.35



Smoking and Endothelial Function

843

Report of the Surgeon General: How Tobacco Smoke 
Causes Disease: What it Means to You. U.S. Department 
of Health and Human Services, Centers for Disease Con-
trol and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, Office on Smoking 
and Health, 2010. https://www.cdc.gov/tobacco/data_sta-
tistics/sgr/2010/consumer_booklet/pdfs/consumer.pdf. 
(accessed February 2017)

3) U.S. Department of Health and Human Services: The 
Health Consequences of Smoking—50 Years of Progress: 
A Report of the Surgeon General. Atlanta: U.S. Depart-
ment of Health and Human Services, Centers for Disease 
Control and Prevention, National Center for Chronic 
Disease Prevention and Health Promotion, Office on 
Smoking and Health, 2014. https://www.surgeongeneral.

Conflict of Interest

All the authors have no conflicts of interest to 
report.

References
1) U.S. National Cancer Institute and World Health Orga-

nization: The Economics of Tobacco and Tobacco Con-
trol. National Cancer Institute Tobacco Control Mono-
graph 21, 2016. https://cancercontrol.cancer.gov/brp/
tcrb/monographs/21/docs/m21_complete.pdf (accessed 
September 2017)

2) U.S. Department of Health and Human Services: A 

(Cont Table 3)

Never Years smoked, year P for
trend

1- 20- 40-

Total
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age- and sex-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age- and sex-adjusted OR (95% CI)
Multivariable OR (95% CI)a

 
364

62
17

1.00
1.00
161

44
1.00
1.00

 
209

46
22

1.01 (0.64-1.61)
1.07 (0.66-1.75)

103
49

0.99 (0.69-1.44)
0.98 (0.66-1.45)

 
259

74
29

1.31 (0.85-2.04)
1.20 (0.75-1.94)

144
56

1.20 (0.83-1.73)
1.05 (0.71-1.57)

 
78
33
42

2.14 (1.18-3.86)＊

2.16 (1.15-4.06)＊

55
71

2.07 (1.16-3.71)＊

1.98 (1.07-3.69)＊

 
 
 

＜0.01
＜0.01

0.03
 

＜0.01
0.02
0.08

Men
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

 
89
24
27

1.00
1.00

50
56

1.00
1.00

 
140

32
23

0.80 (0.44-1.48)
0.75 (0.40-1.41)

72
51

0.83 (0.48-1.41)
0.69 (0.39-1.21)

 
210

68
32

1.30 (0.75-2.25)
1.14 (0.64-2.02)

122
58

1.08 (0.66-1.78)
0.89 (0.52-1.50)

 
78
33
42

1.99 (1.04-3.80)*
1.97 (1.00-3.89)*

55
71

2.10 (1.21-3.64)*
2.05 (1.10-3.86)*

  
  
 

＜0.01
＜0.01

0.01

0.04
0.02
0.05

Women
No. of subjects
No. of low FMD ＜5.1
Proportion of low FMD ＜5.1, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

No. of low FMD ＜6.8
Proportion of low FMD ＜6.8, %
Age-adjusted OR (95% CI)
Multivariable OR (95% CI)a

275
38
14

1.00
1.00
111

40
1.00
1.00

 
69
14
20

1.59 (0.81-3.13)
1.87 (0.89-3.94)

31
45

1.21 (0.71-2.05)
1.30 (0.74-2.25)

 
49

6
12

0.87 (0.35-2.18)
0.76 (0.28-2.10)

22
45

1.20 (0.65-2.22)
1.27 (0.67-2.42)

 
0
0
0
-
-
0
0
-
-

 
 
 

0.78
0.98
0.90

 
0.44
0.48
0.39

＊p＜0.05 compared with never smokers
a. Multivariable variables included age, sex, community, baseline brachial artery diameter, body mass index, systolic blood pressure, use of antihy-
pertensive medication, non-HDL cholesterol, HDL cholesterol, triglycerides, medication use for dyslipidemia, diabetes mellitus, medication use for 
diabetes, current drinking status and physical activity



Cui et al.

844

Tobacco vs Electronic Cigarette Smoking on Oxidative 
Stress and Vascular Function. Chest, 2016; 150: 606-612

17) Miyata S, Noda A, Ito Y, Iizuka R, Shimokata K: Smok-
ing acutely impaired endothelial function in healthy col-
lege students. Acta Cardiol, 2015; 70: 282-285

18) Imano H, Kitamura A, Sato S, Kiyama M, Ohira T, Yam-
agishi K, Noda H, Tanigawa T, Iso H, Shimamoto T: 
Trends for blood pressure and its contribution to stroke 
incidence in the middle-aged Japanese population: the 
Circulatory Risk in Communities Study (CIRCS). Stroke, 
2009; 40: 1571-1577

19) Maruhashi T, Soga J, Fujimura N, Idei N, Mikami S, Iwa-
moto Y, Kajikawa M, Matsumoto T, Hidaka T, Kihara Y, 
Chayama K, Noma K, Nakashima A, Goto C, Tomiyama 
H, Takase B, Yamashina A, Higashi Y: Relationship bet-
ween flow-mediated vasodilation and cardiovascular risk 
factors in a large community-based study. Heart, 2013; 
99: 1837-1842

20) Liu K, Cui R, Eshak ES, Cui M, Dong JY, Kiyama M, 
Okada T, Kitamura A, Umesawa M, Yamagishi K, Imano 
H, Ohira T, Iso H: Associations of central aortic pressure 
and brachial blood pressure with flow mediated dilatation 
in apparently healthy Japanese men: The Circulatory Risk 
in Communities Study (CIRCS). Atherosclerosis, 2017; 
259: 46-50

21) Cui R, Iso H, Yamagishi K, Tanigawa T, Imano H, Ohira 
T, Kitamura A, Sato S, Naito Y, Shimamoto T: Ankle-arm 
blood pressure index and cardiovascular risk factors in 
elderly Japanese men. Hypertens Res, 2003; 26: 377-382

22) Kulshreshtha A, Zheng Y, Quyyumi AA, Veledar E, Votaw 
J, Uphoff I, Bremner DJ, Goldberg J, Vaccarino V: Endo-
thelial Dysfunction is Associated with Occult Coronary 
Artery Disease Detected by Positron Emission Tomogra-
phy. IJC Metab Endocr, 2014; 4: 28-32

23) Shimbo D, Muntner P, Mann D, Viera AJ, Homma S, 
Polak JF, Barr RG, Herrington D, Shea S: Endothelial 
dysfunction and the risk of hypertension: the multi-ethnic 
study of atherosclerosis. Hypertension, 2010; 55: 1210-
1216

24) Akamatsu D, Sato A, Goto H, Watanabe T, Hashimoto 
M, Shimizu T, Sugawara H, Sato H, Nakano Y, Miura T, 
Zukeran T, Serizawa F, Hamada Y, Tsuchida K, Tsuji I, 
Satomi S: Nitroglycerin-mediated vasodilatation of the 
brachial artery may predict long-term cardiovascular 
events irrespective of the presence of atherosclerotic dis-
ease. J Atheroscler Thromb, 2010; 17: 1266-1274 

25) Meyer B, Mörtl D, Strecker K, Hülsmann M, Kulemann 
V, Neunteufl T, Pacher R, Berger R: Flow-mediated vaso-
dilation predicts outcome in patients with chronic heart 
failure: comparison with B-type natriuretic peptide. J Am 
Coll Cardiol, 2005; 46: 1011-1018

26) Celermajer DS, Sorensen KE, Georgakopoulos D, Bull C, 
Thomas O, Robinson J, Deanfield JE: Cigarette smoking 
is associated with dose-related and potentially reversible 
impairment of endothelium-dependent dilation in healthy 
young adults. Circulation, 1993; 88: 2149-2155

27) Yufu K, Takahashi N, Hara M, Saikawa T, Yoshimatsu H: 
Measurement of the brachial-ankle pulse wave velocity 
and flow-mediated dilatation in young, healthy smokers. 
Hypertens Res, 2007; 30: 607-612

28) Amato M, Frigerio B, Castelnuovo S, Ravani A, Sansaro 

gov/library/reports/. (accessed January 2017)
4) Alexander M: Tobacco use and the risk of cardiovascular 

diseases in developed and developing countries. London, 
UK: Queen’s College, University of Cambridge; 2013. 
https://doi.org/10.17863/CAM.16250

5) Gellert C, Schöttker B, Müller H, Holleczek B, Brenner 
H: Impact of smoking and quitting on cardiovascular out-
comes and risk advancement periods among older adults. 
Eur J Epidemiol, 2013; 28: 649-658

6) Messner B, Bernhard D: Smoking and cardiovascular dis-
ease: mechanisms of endothelial dysfunction and early 
atherogenesis. Arterioscler Thromb Vasc Biol, 2014; 34: 
509-515

7) Ross R: Atherosclerosis – an inflammatory disease. N Engl 
J Med, 1999; 340: 115-126

8) Yanbaeva DG, Dentener MA, Creutzberg EC, Wesseling 
G, Wouters EF: Systemic effects of smoking. Chest, 2007; 
131: 1557-1566

9) Csiszar A, Podlutsky A, Wolin MS, Losonczy G, Pacher P, 
Ungvari Z: Oxidative stress and accelerated vascular 
aging: implications for cigarette smoking. Front Biosci, 
2009; 14: 3128-3144

10) Campesi I, Carru C, Zinellu A, Occhioni S, Sanna M, 
Palermo M. Tonolo G, Mercuro G, Franconi F: Regular 
cigarette smoking influences the transsulfuration pathway, 
endothelial function, and inflammation biomarkers in a 
sex-gender specific manner in healthy young humans. Am 
J Transl Res, 2013; 5: 497-509

11) Sugiura T, Dohi Y, Takase H, Yamashita S, Fujii S, Ohte 
N: Oxidative Stress is Closely Associated with Increased 
Arterial Stiffness, Especially in Aged Male Smokers with-
out Previous Cardiovascular Events: A Cross-Sectional 
Study. J Atheroscler Thromb, 2017; 24: 1186-1198 

12) Wang D, Juonala M, Viikari JSA, Wu F, Hutri-Kähönen 
N, Raitakari OT, Magnussen CG: Exposure to Parental 
Smoking in Childhood is Associated with High C-Reac-
tive Protein in Adulthood: The Cardiovascular Risk in 
Young Finns Study. J Atheroscler Thromb, 2017; 24: 
1231-1241 

13) Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, 
Charbonneau F, Creager MA, Deanfield J, Drexler H, 
Gerhard-Herman M, Herrington D, Vallance P, Vita J, 
Vogel R; International Brachial Artery Reactivity Task 
Force: Guidelines for the ultrasound assessment of endo-
thelial-dependent flow-mediated vasodilation of the bra-
chial artery: a report of the International Brachial Artery 
Reactivity Task Force. J Am Coll Cardiol, 2002; 39: 257-
265

14) Ras RT, Streppel MT, Draijer R, Zock PL: Flow-mediated 
dilation and cardiovascular risk prediction: a systematic 
review with meta-analysis. Int J Cardiol, 2013; 168: 344-
351

15) Matsuzawa Y, Kwon TG, Lennon RJ, Lerman LO, Ler-
man A: Prognostic Value of Flow-Mediated Vasodilation 
in Brachial Artery and Fingertip Artery for Cardiovascular 
Events: A Systematic Review and Meta-Analysis. J Am 
Heart Assoc, 2015; 4. http://dx.doi.org/10.1016/j.jvs.2017. 
07.056

16) Carnevale R, Sciarretta S, Violi F, Nocella C, Loffredo L, 
Perri L, Peruzzi M, Marullo AG, De Falco E, Chimenti I, 
Valenti V, Biondi-Zoccai G, Frati G: Acute Impact of 



Smoking and Endothelial Function

845

32) Ignarro LJ, Cirino G, Casini A, Napoli C: Nitric oxide as 
a signaling molecule in the vascular system: an overview. J 
Cardiovasc Pharmacol, 1999; 34: 879-886

33) Cacciola RR, Guarino F, Polosa R: Relevance of endothe-
lial-haemostatic dysfunction in cigarette smoking. Curr 
Med Chem, 2007; 14: 1887-1892

34) Pittilo RM, Clarke JM, Harris D, Mackie IJ, Rowles PM, 
Machin SJ, Woolf N: Cigarette smoking and platelet 
adhesion. Br J Haematol, 1984; 58: 627-632

35) Davis JW, Shelton L, Eigenberg DA, Hignite CE, Wata-
nabe IS: Effects of tobacco and non-tobacco cigarette 
smoking on endothelium and platelets. Clin Pharmacol 
Ther, 1985; 37: 529-533

D, Tremoli E, Squellerio I, Cavalca V, Veglia F, Sirtori 
CR, Werba JP, Baldassarre D: Effects of smoking regular 
or light cigarettes on brachial artery flow-mediated dila-
tion. Atherosclerosis, 2013; 228: 153-160

29) Bauer V, Sotníková R: Nitric oxide -the endothelium-
derived relaxing factor and its role in endothelial func-
tions. Gen Physiol Biophys, 2010; 29: 319-340

30) Rubbo H, Darley-Usmar V, Freeman BA: Nitric oxide 
regulation of tissue free radical injury. Chem Res Toxicol, 
1996; 9: 809-820

31) Ignarro LJ: Nitric oxide as a unique signaling molecule in 
the vascular system: a historical overview. J Physiol Phar-
macol, 2002; 53: 503-514



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


