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Artery in Young and Middle-Aged Smokers
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Abstract

Background: Though the favorable effect of physical activity and 
the hazardous effect of smoking on the progression of atherosclero-
sis have been well studied, the interactive effect of the two factors 
has seldom been investigated.

Methods: A total of 1,090 subjects from among examinees of 
screening for brain diseases (an annual medical checkup of the 
brain) from April 2007 to March 2008 were studied to clarify the 
effect of physical activity on current, former and never smokers in 
relation to maximum carotid intima-media thickness (IMT). Uni-
variate and multivariate analyses were performed to investigate the 
relationship between maximum IMT and independent variables 
such as age, gender, coexisting disease, physical activity, alcohol 
drinking, family history, symptoms, BMI, systolic blood pressure, 
diastolic blood pressure, blood sugar, total cholesterol, HDL cho-
lesterol, triglyceride, Bathel index and time since smoking cessa-
tion.

Results: Univariate analysis revealed that only never smokers 
exhibited a significant relationship between physical activity and 
maximum IMT. Multiple regression analyses performed for three 
age specific groups (≤ 49, 50 - 59, ≥ 60), demonstrated that physical 
activity was not a significant predictor of maximum IMT in current 

and former smokers 49 years old and younger, and current smokers 
50 - 59 years old, though the other multivariate analyses showed no 
meaningful results, including for never smokers.

Conclusions: The present study revealed that for young and mid-
dle-aged current smokers, the favorable effect of physical activity 
on the prevention of carotid atherosclerosis might be attenuated by 
detrimental effect of smoking.

Keywords: Physical activity; Smoking; Carotid artery; Intima-
media thickness; Atherosclerosis

Introduction

A great deal of evidence has shown that appropriate physical 
exercise may promote health. It has been reported that an 
adequate amount of physical activity reduces cardiovascular 
and cerebrovascular events, and an increased risk of stroke 
is associated with physical inactivity [1]. Concerning physi-
cal activity and intima-media thickness (IMT), most reports 
demonstrate the association of physical inactivity and in-
crease in IMT, though some contradictory reports exist [2-4]. 

Cigarette smoking is also known to increase the risk of 
cerebrovascular as well as cardiovascular events. Cigarette 
smoking has been well-documented as a risk factor for isch-
emic stroke in general, with relative risks of 1.5 - 5.7 [5]. It 
is also well-reported that smoking degrades carotid IMT [6], 
a well-known surrogate marker for atherosclerosis [7].

However, with the exception of portions in studies of 
separate physical activities and smoking effects [1, 8, 9], 
few investigators have analyzed in detail the interactive re-
lationship of physical activity and smoking to atherosclero-
sis. We investigated examinees of the “brain dock”, part of 
an annual physical examination (“ningen dock” or “human 
dry dock”) that screens for cerebral diseases, and analyzed 
results to clarify the effect of physical activity on smokers 
with regard to atherosclerotic changes of the carotid artery. 
We employed maximum IMT of the carotid artery to evalu-
ate carotid atherosclerosis and focused on whether smoking 
attenuates the favorable effect of physical activity on carotid 
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atherosclerosis.

 
Methods

   
Subjects

A total of 2012 subjects (1369 men, 643 women, aged 54.25 
± 9.58 years) visited the Health Management Center at Chu-
nichi Hospital (Nagoya, Japan) from April 2007 to March 
2008 for screening of brain diseases (medical checkup of the 
brain) as part of an annual physical examination. A self-ad-
ministered questionnaire including smoking status, physical 
activity, coexisting disease, alcohol use, family history and 
present symptoms was applied. The set of the brain-checkup 
examination included carotid ultrasonography, blood pres-
sure measurement and routine blood tests. 

A clerk randomly collected 20 records once or twice a 
week without consideration of the identity of the subjects. 
Fifty-eight collections in the period above resulted in a ran-
domly selected total of 1,160 subjects. Among them, 30 
subjects had no data for blood sampling due to the subjects’ 
opting out. Twenty-eight subjects ceased smoking within 
3 years and 7 persons wrote 0 for the period they had quit 
smoking, with no further description of smoking history. 
One subject had no description of smoking history and 4 had 
other incomplete items on the questionnaire. Finally, 1,090 
subjects were enrolled the present study. The study design 
was approved by the local ethical committee and the ethics 
guidelines for clinical studies by the Japanese Health Labor 
and Welfare Ministry (2007) were strictly observed. 

Carotid Ultrasonography

Carotid IMT of the common and internal carotid arteries 
were evaluated using high-resolution sonography equipped 
with a linear transducer at 7.5 MHz in B mode (HDI5000 
SonoCT, HITACHI, Japan) by 3 trained investigators with 
no knowledge of the background of the subjects. IMT of 
each common carotid artery (CCA) and internal carotid ar-
tery (ICA) was measured on a frozen frame in the longitu-
dinal plane.  The maximum IMT was defined as the thickest 
wall of the lateral and medial walls of the CCAs and ICAs 
on both sides. Plaques are included when maximum IMT is 
measured.

Items in analysis and definitions

Smoking status was classified into 3 categories: (1) Current 
smoker: a person who has smoked at least one cigarette per 
day for the preceding three years or more. The Bathel index 
was calculated as the number of cigarettes smoked per day 
multiplied by of years of smoking. (2) Former smoker: a per-
son who has smoked at least one cigarette per day at some 

period, but has not smoked for the preceding 3 years or more. 
(3) Never smoker: a person who has never smoked in his or 
her lifetime. 

Self-reported physical activity was classified into 3 cat-
egories: (1) Low physical activity: an inactive person who 
does not meet the criteria for moderate or high physical ac-
tivities. (2) Moderate physical activity: daily walking for 
at least one hour or comparable activity. (3) High physical 
activity: weekly exercising or sports (jogging, swimming, 
training at gym, tennis, golf, etc.) for at least half an hour 
twice a week. They were scored 0, 1, and 2, respectively.

Alcohol use was categorized as 0, 1, or 2, which cor-
responded to none or less than 1 unit/day (1 unit equal to 20 
g of pure alcohol), 1 - 3 units/day and more than 3 units/day, 
respectively.

Numbers of coexisting diseases were categorized as 0, 
1, 2, 3 or more. Diseases were counted if they were known 
to be risk factors for atherosclerosis, for instance hyperten-
sion, diabetes mellitus, hyperlipidemia, cerebral infarction 
and ischemic heart disease.

Family history was counted if the examinee’s parents 
and siblings had diseases known to be risk factors for athero-
sclerosis, such as hypertension, diabetes mellitus, hyperlip-
idemia, cerebral infarction and ischemic heart disease. They 
were counted and categorized as 0, 1, 2, 3 and more. 

Body mass index (BMI) was calculated as the weight in 
kilograms divided by the square of the height in meters.

The number of present symptoms which examinees de-
scribed was counted and categorized as 0, 1, 2, 3 and more, 
and included such symptoms as headache, numbness of 
limbs, tinnitus, floating feelings, dizziness, memory loss and 
speaking problems.

Among routine blood tests, blood sugar, total cholester-
ol, high-density-lipoprotein (HDL) -cholesterol and triglyc-
eride were chosen for analysis. As low-density-lipoprotein 
(LDL) -cholesterol was optionally included in testing by ex-
aminees’ choice and more than a few of them had no values 
recorded, the item was excluded from the present analysis.

Statistical analysis

All statistical evaluations were performed with statistical 
software (JMP version 5, SPS, NC; Statview version 4.5, 
SPS, NC) and all results are presented as mean ± SD. To test 
whether a difference existed between more than two groups, 
Kruskal Wallis and Chi-square tests were used. A multiple 
test procedure (Bonferroni correction) was employed. P 
values less than 0.05 were considered to indicate a signifi-
cant difference. A univariate selection of candidate predictor 
variables for maximum IMT was conducted. The correlation 
between two continuous variables was quantified by using 
Spearman rank order correlation coefficients (ρ values) with 
a zero correlation except for categoric variable (sex) using 
the Mann-Whitney U test. We applied maximum IMT as a 
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dependent variable and independent variables as candidate 
predictors were as follows: age, sex, coexisting disease, 
physical activity, alcohol use, family history, symptoms, 
body mass index (BMI), systolic blood pressure, diastolic 
blood pressure, blood sugar, total cholesterol, HDL-choles-
terol and triglycerides. All subjects were subsequently divid-
ed into three age groups (≤ 49, 50 - 59, 60 ≤ years old) and 
multivariate analysis was performed for each age group. Be-
fore the multiple linear regression analysis was performed, 
nine dependent variables were selected by cluster analysis 
(the Ward method was applied to calculate the distance of 
variables) to avoid multicolinearity among the dependent 
variables. Sex was included in the model as a variable coded 
as 1 (for male) or 0 (for female). Multivariate regression 
analysis with the least squares method for the nine selected 
dependent valuables was performed for each age group with 
a status of three for smoking. Dependent valuables with 
p values < 0.05 for the F statistics in the analysis with R-
squared ≥ 0.2 were considered as significant predictors for 
the independent variable.

 
Results

  
The enrolled 1,090 examinees consisted of 756 males and 
334 females. The clinical characteristics of subjects and 
mean values of continuous variables for each group of smok-
ing status are summarized in Table 1. Average ages of cur-
rent smokers were rather lower than those of former smokers 
and current smokers had a lower proportion of females than 
never smokers (P < 0.01). Mean values for total and HDL- 
cholesterol of current smokers were lower than other groups, 
while their triglyceride values were higher. Mean values for 
maximum IMT were higher in current smokers than in never 
smokers (P < 0.01).

The difference between the three physical activity 

groups concerning maximum IMT in each smoking status 
group was analyzed (Table 2). In current and former smok-
ers, no significant differences were found among the three 
physical activity groups, whereas in never smokers, a sig-
nificant difference was found concerning maximum IMT 
between low and high physical activity groups (P = 0.011).

Univariate analysis of the independent variables also 
showed a significant reverse association between physical 
activity and maximum IMT only in the never smoker group 
(ρ = -0.136, P = 0.001, Table 3).

Following the division of the three age subgroups (≤ 49, 
50 - 59, 60 ≤ years old) (Table 4), multivariate analysis was 
tested for people of every smoking status in each age group 
regarding maximum IMT in relation to the selected nine 
independent variables by cluster analysis (Table 4). In the 
group with subjects 49 years old and younger, physical activ-
ity was not selected as a significant predictor for maximum 
IMT in current and former smokers (F = 1.024, P = 0.315 
and F = 0.968, P = 0.334, respectively). In current smokers, 
physical activity was not chosen as a significant predictor for 
maximum IMT in the 50 - 59-year-old group (F = 0.125, P = 
0.724). In groups for other ages and for smoking status, the 
analyses were not chosen for low R-square values. 

Discussion
  
Physical activity seems a plausible factor in decreasing car-
diovascular and cerebrovascular event risks. Sacco et al. [1] 
found through analysis of the Northern Manhattan Stroke 
Study, a population-based incidence and case-control study, 
that leisure-time physical activity was significantly protective 
for stroke and that a dose-response relationship was shown 
for both intensity and duration of physical activity. Hu et al. 
[10] prospectively followed 47,721 subjects and found that a 
high level of leisure time physical activity reduced the risk of 

Table 2. Multigroup Analysis of Maximum IMT With Reference to Smoking Status and Each Intensity of Physical Activity

P*: Kruskal-Wallis test, P**: Bonferroni/Dunn post-hoc test.

Current-smoker groups Former-smoker groups Never-smoker groups

P* 0.657 0.252 0.003 

P** (low vs moderate physical activity groups)  -  - 0.343 

P** (moderate vs high physical activity groups)  -  - 0.253 

P** (low vs high physical activity groups)  -  - 0.011 
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all subtypes of stroke, and that active daily commuting also 
reduced the risk of ischemic stroke. Through a meta-analysis 
of 23 studies (18 cohort and 5 case-control), Lee et al. [11] 
found that highly active individuals had a 27% lower risk of 
stroke incidence or mortality (relative risk 0.73) than low-
active individuals, and that moderately and highly active in-
dividuals had lower risk of both ischemic and hemorrhagic 
strokes than low-active individuals. Wendel-Vos et al. [12] 
reported from the results of meta-analysis of observational 
data from 31 publications that moderately intense physical 
activity, compared with inactivity, showed a protective ef-
fect on total stroke for both occupational (relative risk: RR 
= 0.64) and leisure time physical activity (RR = 0.85). High 
level occupational physical activity protected against isch-
emic stroke compared with both moderate (RR = 0.77) and 
inactive occupational levels (RR = 0.57). 

Gillum et al. [9] investigated 5,852 persons and found 
low and non-recreational activity in women as well as men 

were associated with an increased risk of stroke (relative risk 
1.83%). Similar mechanisms that account for the protective 
effect of physical activity against coronary heart disease may 
also be postulated for the protective effect against stroke: re-
duction of blood pressure, raising HDL cholesterol, and the 
like. Endres et al. [13] demonstrated that regular physical ac-
tivity reduced brain injury after acute focal cerebral ischemia 
in an animal model. They demonstrated that regular physical 
activity of mice on a treadmill upregulated eNOS expression 
and augmented reduction of cerebral infarct size and brain 
swelling, while the effect was completely absent in eNOS-
deficient mice.

Cigarette smoking is a well-known risk factor for isch-
emic stroke, and various studies have reported on it. Love et 
al. [14] inspected young adults (15 - 45 years old) and report-
ed that a smoker was 1.6 times more likely to have a cerebral 
infarction than a nonsmoker, and that there was a cumulative 
dose effect with each additional pack-year, causing a greater 

Table 3. Univariate Analysis for Maximum IMT With Each Factor in Three Smoking Status Groups

Spearman correlation test except Mann-Whitney analysis for gender †. IMT: intima-media thickness; HDL cholesterol: high-density-
lipoprotein cholesterol.

Current smoker Former smoker Never smoker

Variables ρ P ρ P ρ P

Physical activity -0.053 0.403 -0.025 0.695 -0.136* 0.001 

Age 0.435 < 0.0001 0.313 < 0.0001 0.474 < 0.0001

Coexisting disease 0.284 < 0.0001 0.215 0.001 0.272 < 0.0001

Alcohol drinking 0.050 0.389 0.033 0.602 -0.020 0.634 

Family history -0.007 0.916 0.066 0.171 -0.016 0.689 

Present symptom 0.013 0.835 0.088 0.299 -0.060 0.144 

Body mass index 0.022 0.728 0.048 0.451 0.108 0.009 

Systolic blood pressure 0.146 0.021 0.299 < 0.0001 0.255 < 0.0001

Diastolic blood pressure -0.061 0.334 0.212 0.001 0.179 < 0.0001

Blood Sugar 0.065 0.302 0.127 0.047 0.192 < 0.0001

Total cholesterol 0.108 0.089 0.034 0.592 0.181 0.013 

HDL cholesterol -0.033 0.598 -0.057 0.376 -0.127 0.002 

Triglyceride -0.109 0.083 0.040 0.531 0.181 < 0.0001

Bathel index 0.365 < 0.0001  -  -  -  -

Periods since ceasing smoking  -  - -0.161 0.012  -  -

Male sex †  - 0.071  - 0.007  - 0.001 
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risk of cerebral infarction. Robbins et al. [15] demonstrated 
that a dose-dependent increased risk of ischemic stroke was 
also reported in male physicians, with a relative risk of 2.0 
when smoking 1-19 cigarettes per day and 2.7 when smok-
ing more than 20 cigarettes per day. Bhat et al. [16] ana-
lyzed the data from the Stroke Prevention in Young Women 
Study, a population-based case-control study of risk factors 
for ischemic stroke in women aged 15 - 49 years old, and re-
ported a strong dose-response relationship between cigarette 
smoking and ischemic stroke risk in young women. Mast 
et al. [17] collected data from two prospective studies and 
showed that smoking was significantly associated with high-
grade carotid artery stenosis (> 60%), especially in white 
smokers who smoked 20 pack-years or more, and that this 
effect was independent of other risk factors. Regarding IMT, 
Nakashima et al. [18] reported a positive correlation between 
maximum IMT and smoking in hemodialysis patients, but 
no correlation between mean IMT and smoking. They con-
sidered the possibility that mean IMT was related merely to 
arterial wall thickening, while maximum IMT was related 
to atheroma formation. They reported mean IMT correlated 
with age, hypertension and dyslipidemia, while maximum 
IMT correlated with age, diabetes and smoking. Adachi et al. 
[19] also reported that smoking status was not a risk factor 
for mean IMT, though positive associations between mean 
IMT and both blood pressure and low HDL cholesterol were 
found. Bots et al. [20] recommended the use of mean maxi-
mum IMT rather than mean common IMT as the primary 
outcome measure in random controlled trials. Taking into ac-
count these various findings, in this study we applied maxi-
mum IMT rather than mean IMT to investigate the relation-
ship between smoking, physical activity and atherosclerosis. 

The interaction of smoking and physical activity on 
stroke has been less well studied, except in portions of stud-
ies focused on separate physical activities and smoking ef-
fects. In most studies, smoking factors were adjusted in the 
model as one of the undesignated risk factors [8]. In their 
work concerning leisure-time physical activity and ischemic 
stroke risk, Sacco et al. [1] stated briefly that the protective 
effect of physical activity did not differ according to smok-
ing status like other risk factors such as hypertension, diabe-
tes and cardiac disease. Gillum et al. [9] speculated that high 
recreational physical activity was less protective in white 
male smokers than in nonsmokers, but did not produce de-
tailed data.

In our study, we initially found from the comparison 
among three groups of physical activities of each smoking 
group for maximum IMT that only never smokers demon-
strated a significant difference between low and high physi-
cal activity groups. Univariate analysis performed to evalu-
ate the contribution of physical activity to carotid maximum 
IMT in each group of smoking status also revealed that only 
never smokers showed a significant difference, while cur-
rent and former smokers did not. These results indicate that 

never smokers with high physical activity tend to have lower 
IMT, whereas smokers tend to have higher IMT even with 
high physical activity. This suggests the possibility that the 
favorable effect of physical activity might be countered by 
smoking.

Age-specific multiple linear regression analysis of the 
items did not select physical activity as a significant predic-
tor of maximum IMT for current smokers in the 49 year-old 
and younger and 50 - 59 year-old groups. In the 49 year-old 
and younger group, physical activity was not chosen as a 
predictor of maximum IMT either for former smokers. These 
results could be interpreted as the possible attenuation of the 
beneficial effect of physical activity by the harmful effect 
of smoking, as was shown in univariate analysis. Howev-
er, as no other analyses were selected due to low R-square 
values in the present multivariate analysis including the 
never smoker group, another interpretation of the above re-
sults might be that maximum IMT was affected by multiple 
complex factors other than the dependent factors selected 
by cluster analysis, including physical activity, which were 
well-known factors related to atherosclerosis. 

However, at least for young and middle-aged current 
smokers under 59 years old, beneficial effect of exercise or 
daily physical activity unfortunately appears to be offset by 
the hazardous effect of smoking. 

We defined a former smoker as a person who has 
smoked at least one cigarette per day at some period, but 
has not smoked for the preceding 3 years or more. Stroke 
risk decreases significantly 3 years after cessation of ciga-
rette smoking and is at the level of nonsmokers by 5 years 
[21, 22]. The Framingam study [21] indicated that the risk of 
stroke decreased significantly 2 years after stopping smoking 
and was at the level of non-smokers by 5 years after cessa-
tion. Within 2 years of quitting smoking, the relative risk of 
stroke was reduced by 22% compared with continued smok-
ing [22]. Though the average period since quitting smoking 
was as long as 15.9 ± 9.1 years, physical activity was not 
chosen as a predictor of maximum IMT in former smokers 
in the youngest age group (≤ 49 years old) like in current 
smokers. The fact that the present study did not account for 
the amount and duration of smoking before cessation for the 
former smokers may have affected these results. 

This study has some limitations. First, though the sub-
jects were randomly selected each week throughout the tar-
geted period by a person unconnected with the study, there 
remains the possibility of selection bias. Secondly, inter- and 
intraobserver variability may have been possible in the ca-
rotid IMT measurement by ultrasonography, though all three 
examiners were well-trained experts. Third, physical ac-
tivities in the study were classified into 3 groups according 
to the intensity of the activity, but were not quantitatively 
determined using criteria such as the MET score or IPAQ 
(International Physical Activity Questionnaire [23, 24] and 
divided into finer categories. Fourth, medication such as 
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statin [25], antihypertensive [26] and antiplatelet drugs [27] 
which are reported to decrease IMT, though mostly mean 
IMT, were not considered in this study. Lastly, this study 
did not take into consideration exposure of non-smokers to 
environmental smoke, which has been reported to increase 
the risk of cardio- and cerebrovascular events in comparison 
with non-smokers not exposed to smoke [28-30]. 

Conclusion

The present study showed that, at least in young and mid-
dle-aged smokers (≤ 59 years old), physical activity did not 
demonstrate a beneficial effect on the maximum IMT of the 
carotid artery. It is possible that for current smokers, the fa-
vorable effect of physical activity on the prevention of ca-
rotid atherosclerosis will be offset by detrimental effect of 
smoking.
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