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Table 4. Comparison of coffee, tea and green tea consumption between subjects with and without metabolic components.

Meabolic syndrome (-) Metabolic syndrome (+) p  p(After adjusting for age) P
Men
Number of subjects 116 34
Age 46.0+13.0 489+9.38 0.2279
Coffee consumption (cup/week) 9.6+9.1 120+£87 0.1756 0.9010 0.6155"
Tea consumption (cup/week) 1.7+45 0.8+20 0.2478 0.3793 0.2520™
Green tea consumption (cup/week) 6.8£6.9 45+£54 0.0783 0.8514 0.0072""
Women
Number of subjects 217 10
Age ' 4284147 503£95 0.0005
Coffee consumption (cup/week) 87+91 6.1+£5.0 0.3670 0.4577 0.0312°
Tea consumption (cup/week) 22+£30 1321 0.3649 0.8545 03780
Green tea consumption (cup/week) 75+£87 494456 0.3432 0.9777 0.0208"""

*: After adjusting for age, exercise habits, smoking habi}s, tea consumption and greeen tea consumption; *: After adjusting for age, exercise habits, smoking

habits, coffee consumption and green tea consumption;

coffee, tea and green tea consumption. Some studies
have showed that habitual coffee consumption may im-
prove insulin resistance and abdominal glucose metabo-
lism [9-11]. However, we evaluated simplistic scientific
and speculative approach to study these subjects without
any laboratory measurements i.e. adipokines and insulin
resistance. In addition, small sample size (low statistical
power) in subjects with metabolic syndrome, especially
women, and possibility of misclassification relying only
on purported consumption made it difficult to prove the
link. Fourth, for, example, the coffee consumption was
reported to be 10.6 cups/week/person in 2008, and it is
the highest between 40 and 59 (men: 13.5 cups/week/
person, women: 14.2 cups/week/person) in Japanese by
All Japan Coffee Association [7]. The coffee consump-
tion was gradually increasing [7]. In this study, the mean
of the coffee consumption was lower than that in the
previous report. Further prospective studies are needed in
Japanese subjects in Japanese.
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ABSTRACT

We investigated the changes in exercise habits and
brachial-ankle pulse wave velocity (baPWYV) with
lifestyle modification in Japanese. We used data for
105 men (48.2 = 13.8 years) and 110 women (48.6 +
12.1 years) without any medications with a 1-year
follow up. Subjects were given advice for dietary and
lifestyle improvement. At the 1-year follow up, body
weight and body mass index (BMI) were significantly
decreased in both sexes. Abdominal circumference
was significantly decreased in men. In addition, changes
in exercise habits were noted in both sexes. In separate
analysis in subjects without exercise habits at baseline,
the changes in baPWYV with exercise habits at follow
up was lower than that without exercise habits at
follow up in both sexes, but not at a significant level.
Lifestyle modification may increase exercise habits,
however, it did not evidently change baPWYV in this
population.

Keywords: Lifestyle Modification; baPWV; Exercise
Habits

1. INTRODUCTION

Arterial stiffness represents one of the major hemody-
namic factors determining pulse pressure even at an early
stage of disease and its changes have been shown to be
an independent predictor of hard endpoints in patients
with a high cardiovascular risk. Pulse pressure and heart
rate constitute other outcomes that may be useful as ad-
ditional factors in risk assessment [1]. Pulse wave velo-
city (PWV) is measured from the initial upstroke of pres-
sure wave and constitutes an established index of arterial
stiffness. It is directly related to arterial compliance and
other factors describing arterial stiffness [2]. PWV is not
only a good tool for assessing vascular damage, but also
an independent predictor of all-cause and cardiovascular
mortality [3].

It is well known that regular physical activity has been
shown to increase HDL and reduce resting blood pres-
sure, triglycerides, abdominal fat accumulation, fasting
blood sugar, and insulin responses to oral glucose chal-
lenge test [4-8]. The prevalence of subjects with exercise
habits in Japan was reported to be 29.1% in men and
25.6% in women by the National Nutrition Survey in
Japan [9]. Therefore, evaluation of the relationship be-
tween exercise habits and PWV may provide quite useful
data for preventing future diseases in the Japanese ge-
neral population.

In this study, we evaluated the changes in exercise
habits and brachial-ankle PWV (baPWYV) with lifestyle
modification in Japanese without medications.

2. SUBJECTS AND METHODS
2.1. Subjects

We used data for 105 Japanese men (48.2 + 13.8 years)
and 110 Japanese women (48.6 + 12.1 years) among
4200 subjects (1580 men and 2620 women), who met the
following criteria: 1) received a health check-up in-
cluding special health guidance (from April 2006 to Au-
gust 2010) and a follow-up check-up 1-year later, 2) re-
ceived anthropometric and exercise habits measurements
as part of the annual health check-up, 3) received no
medications for diabetes, hypertension, and/or dyslipi-
demia, and 4) provided written informed consent (Table
1).

At the first health check-up, all subjects were given
instructions by well-trained medical staff on how to
change their lifestyle as special health guidance. Nutri-
tional instruction was provided with a well-trained nu-
triationist, who planned a diet for each subject based on
their data and provided simple instructions (i.e. not to eat
too much and to consider balance when they eat). Exer-
cise instruction was also provided by a well-trained phy-
sical therapist, who encouraged each subject to increase
their daily amount of steps walked.

Ethical approval for the study was obtained from the
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Table 1. Changes in parameters of enrolled subjects.

Baseline (Mean + SD) Follow-up (Mean £ SD) P
Men

Number of subjects 105

Age 482+ 13.8

Height (cm) 1705 £ 6.0

Body weight (kg) 713+ 11.6 700+ 11.1 0.0003
Body mass index (kg/m®) 245£37 241+34 0.0002
Abdominal circumference (cm) 85.6+10.2 842+96 0.0033
Hip circumference (cm) 95.1£6.6 95.0+8.1 0.8221
baPWV (right) (cm/s) 1329.1 £210.0 1326.8+198.5 0.8261
baPWV (left) (cm/s) 13334 £ 2179 1326.8 £196.4 0.5129
baPWYV (mean) (cm/s) 1331.2+2124 1326.8+1952 0.6529

Women

Number of subjects 110

Age 48.6x12.1

Height (cm) 157.5+5.0

Body weight (kg) 543+76 537+£75 0.0171
Body mass index (kg/m?) 21.9+31 21.7+3.0 0.0175
Abdominal circumference (cm) 76.4+87 76.8 8.8 0.5053
Hip circumference (cm) 91252 90.6 5.1 0.0623
baPWV (right) (cm/s) 1241.1£189.1 1231.9+182.8 0.3532
baPWV (left) (cm/s) 1258.6 +198.7 1254.3 £206.0 0.7391
baPWV (mean) (cn/s) 1249.9£192.0 1243.1 +186.3 0.5147

Ethical Committee of Okayama Health Foundation.

2.2. Anthropometric Measurements

The anthropometric parameters were evaluated by using
the following respective parameters such as height, body
weight, body mass index (BMI), abdominal circumfe-
rence, hip circumference. BMI was calculated by weight/
[height]* (kg/m?). The abdominal circumference was
measured at the umbilical level and the hip was measured
at the widest circumference over the trochanter in standing
subjects after normal expiration [10].

2.3. PWYV Measurements

The baPWV was measured using a form PWV/ABI
(Colin, Co., Ltd., Komaki, Japan) after resting at least 15
minutes as described previously [11]. This instrument
records PWV, blood pressure, electrocardiogram and
heart sounds simultaneously. The subjects were examined
in the spine position after at least 5 minutes rest, with
electrocardiogram electrodes placed on both wrists, a
microphone for detecting heart sounds placed on the left
edge of the sternum, and cuffs wrapped on both the
brachia and ankles. The cuffs were connected to a ple-

Copyright © 2012 SciRes.

thymographic sensor that determines volume pulse form
and an oscillometric pressure sensor that measures blood
pressure. Volume waveforms for the brachium and ankle
were stored, and the sampling time was 10 s with auto-
matic gain analysis and quality adjustment.

2.4. Exercise Habits

The data on exercise habits were obtained at interviews
conducted by well-trained staff using the structured
method of the National Nutrition Survey in Japan. The
subjects were asked if they currently exercise (over 30
min per session, 2 times per week for duration of 3
months). When the answer was “yes”, they were classi-
fied as subjects with exercise habits. When the answer
was “no”, they were classified as subjects without exer-
cise habits.

2.5. Statistical Analysis

Data are expressed as means + standard deviation (SD)
values. A comparison of parameters between the 2 groups
was made using the unpaired #-test, y* test and covariance
analysis; p < 0.05 was considered to indicate statistical
significance.
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3. RESULTS

The clinical parameters at the baseline and the 1-year
follow up are summarized in Table 1. Body weight, BMI
and abdominal circumference were significantly reduced
with lifestyle modification after one year in men. Body
weight and BMI were also significantly reduced after
one year in women. However, baPWV was reduced after
one year in both sexes, but not at a significant level.

We also evaluated the changes in exercise habits in
enrolled subjects (Table 2). Subjects with exercise habits
were significantly increased in both sexes.

The changes in parameters in subjects without exercise
habits at baseline were also investigated (Table 3). With
lifestyle modification, body weight, BMI and abdominal

subjects without exercise habits at follow up in both
sexes, but not at a significant level even after adjusting
for age (men: p = 0.3204, women: p = 0.3462) (Table 4).

4. DISCUSSION

The main objective of this study was to explore the
changes in exercise habits and baPWV in apparently
healthy Japanese with lifestyle modification with a 1-
year follow up.

In some literatures, the link between exercise and
PWYV has been reported. Gando ez a/. have reported that

Table 2. Changes in exercise habits of enrolled subjects.

circumference were significantly reduced with lifestyle Follow-up
modification after one year in men. Body weight and Exercise Exercise P
BMI were also significantly reduced after one year in habits (+) habits (-)
women. However, baPWV was also reduced after one Men
year in both sexes, but not at a significant level. Exercise habits (+) 36
Finally, among subjects without exercise habits at B2l o o o @ bits O 38 25 0.0052
baseline, we further compared the change in baPWV Women
between subjects with and without exercise habits at . )
follow up. The changes in baPWV in subjects with  paseline L oc M0l () 2 <0.0001
exercise habits at follow up were lower than those in Exercise habits (-) 25
Table 3. Changes in parameters of enrolled subjects without exercise habits at baseline.
Baseline (Mean + SD) Follow-up (Mean = SD) P
Men

Number of subjects 63

Age 454+£124

Height (cm) 1719+5.1

Body weight (kg) 73.5+122 719+ 11.8 0.0013

Body mass index (kg/m?) 249+40 243+£39 0.0011

Abdominal circumference (cm) 874+106 85.7+105 0.0092

Hip circumference (cm) 96.5+6.9 96.6+9.5 0.8989

baPWYV (right) (cm/s) 1313.4 42009 1302.7+172.9 0.4220

baPWV (left) (cm/s) 1317.4 £207.6 1305.2+229 0.3716

baPWV (mean) (cm/s) 1315.4+£202.3 1304.0£175.3 0.385]

Women

Number of subjects 77

Age 490+11.8

Height (cm) 157747

Body weight (kg) 54.6+77 540+£73 0.0357

Body mass index (kg/m?) 220+£32 21.8+3.0 0.0481

Abdominal circumference (cm) 763+ 88 77.1+89 0.1943

Hip circumference (cm) 91.0+£54 90.7 £ 5.1 0.3186

baPWV (right) (cm/s) 1256.1 £ 197.8 1241.6+184.9 0.2160

baPWV (left) (cm/s) 1270.1 £203.6 127002174 0.9916

baPWV (imean) (cim/s) 1263.1 £ 198.6 1255.8+190.4 0.5532
Copyright © 2012 SciRes. OJEpi
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Table 4. Comparison of changes in baPW'V between subjects with and without exercise habits at follow up (subjects without exercise

habits at baseline).

Number of subjects Mean = SD P p (after adjusting for age)
Men

Exercise habits (—) — (+) 38 -21.0+£99.0
0.3749 0.3204

Exercise habits (=) — (-) 25 301115

Women

Exercise habits (=) — (+) 25 291+ 101.1
0.2206 0.3462

Exercise habits () — (=) 52 32+£110.0

longer time spent in light physical activity is associated
- with attenuation of arterial stiffening, especially in older
people by cross-sectional analysis of 538 healthy Japa-
nese [12]. Yamamoto K et al. also reported that baPWV
was higher in poor-flexibility than in high-flexibility
group [13]. In longitudinal analysis, Kawasaki et al.
showed that a 6-month, twice-a-week exercise program
emphasizing swimming significantly decreased baPWV
in 11 men and 24 women [14]. Figueroa et al. also re-
ported that a 12-week moderate-intensity combined cir-
cuit resistance and endurance exercise training improves
arterial stiffness in 12 subjects [15]. In addition, home-
based resistance training decreased baPWV inl12 healthy
premenopausal women [16]. In this study, with lifestyle
modification at an annual health check-up, subjects with
exercise habits were significantly increased. Among sub-
jects without exercise habits, the changes in baPWV in
subjects with exercise habits at follow up was more de-
creased than that in subjects without exercise habits at
follow up, but not at a significant level. Therefore, it
seems reasonable to suggest that simply promoting exer-
cise habits might result in decrease baPWV in some
Japanese.

Potential limitations remain in our study. First, the
small sample size in our study makes it difficult to infer
causality between exercise habits and baPWV. baPWV
did not significantly change with a 1-year follow up.
Possibly, these results may come from low statistical
power and/or misclassification of life-style modification.
Second, we also could not reveal the mechanism of the
linkage between exercise habits and baPWV. Insulin
resistance is associated with arterial stiffness independent
of obesity [17]. Exercise habits may improve insulin
resistance and baPWV. The third, the 105 men and 110
women among 4200 subjects, all of whom wanted to
change their lifestyle, underwent measurements for this
study: they were therefore more health-conscious than
the average person. Further prospective and large sample
size studies are required in Japanese subjects.
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ABSTRACT

To investigate the link between cigarette smok-
ing and flexibility in the Japanese population,
we used data of 4234 men and 9169 women,
aged 20 - 79 years, in this cross-sectional in-
vestigation study. Flexibility such as sit and
reach were measured. In addition, habits of ciga-
rette smoking and exercise were obtained by
well-trained medical staff. The effect of cigarette
smoking on flexibility was evaluated. A total of
1613 men (38.1%) and 995 women (10.9%) were
having habits of cigarette smoking. Flexibility in
men was decreased with aging and that in
women increased with aging under 60’s. Flexi-
bility in subjects with cigarette smoking was sig-
nificantly lower than that in subjects without
cigarette smoking even after adjusting for age
and exercise habits in both sexes. Cigarette
smoking might be modifiable factor of flexibility
in the Japanese.

Keywords: Cigarette Smoking; Flexibility; Exercise
Habits

1. INTRODUCTION

Cigarette smoking is a public health problem, and it
has been reported that 32.2% in men and 8.4% in women
are current smokers in Japan [1]. Cigarette smoking has
also reported to be a strong risk factor for atherosclerosis
and cardiovascular disease in a dose-dependent manner
[2].

In 2006 in Japan, levels of maximal oxygen uptake
and muscle strength were recommended as exercise and
physical activity reference quantity for health promotion
2006 (EPARQ2006) by the Ministry of Health, Labor
and Welfare, Japan [3] However, optimal value of the
flexibility was not recommended [3] and the link be-

Copyright © 2012 SciRes.

tween cigarette smoking and flexibility in a large sample
of Japanese has not yet been fully discussed.

Therefore, in this study, we evaluated the effect of
cigarette smoking on flexibility in the Japanese.

2. SUBJECTS AND METHODS
2.1. Subjects

We used data of 4234 men (43.3 = 13.9 years) and
9169 women (42.4 + 13.9 years) in a cross-sectional
study. Subjects met the following criteria (Table 1): 1)
they underwent an annual health check-up from June
1999 to November 2009 at Okayama Southern Institute
of Health; 2) they had flexibility, exercise habits and
cigarette smoking evaluated as part of their annual health
check-up; and 3) all subjects provided written informed
consent for the use of their data in the study.

Ethical approval for the study was obtained from the
Ethical Committee of Okayama Health Foundation.

2.2. Anthropometric Measurements

The anthropometric parameters were evaluated by us-
ing the following respective parameters such as height,
body weight, body mass index (BMI), abdominal cir-
cumference and hip circumference. BMI was calculated
by weight/[height]* (kg/m?). The abdominal circumfer-
ence was measured at the umbilical level and the hip was
measured at the widest circumference over the trochanter
in standing subjects after normal expiration [4].

2.3. Cigarette Smoking

The data on cigarette smoking was obtained at in-
terviews by well-trained staff in a structured way. The
subjects were asked if they currently smoked cigarettes.
When the answer was “yes”, they were classified as
current smokers. When the answer was “no”, they were
classified as non-smokers.

Openly accessible at hitp://www.scirp.org/journal/health/
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2.4. Flexibility

The flexibility of all the participants was measured as
follows. Sit-and-reach measurements were obtained to
assess the overall flexibility in the forward flexion, with
the measurements recorded as the distance (in centi-
meters) between the fingertips and toes. The subject's
knees were kept straight throughout the test and ankles
were maintained at 90 degrees by having the soles of the
feet pressed against a board perpendicular to the sitting
surface [5].

2.5. Exercise Habits

The data on exercise habits were obtained at in-
terviews conducted by well-trained staff using the struc-
tured method of the National Nutrition Survey in Japan.
The subjects were asked if they currently exercise (over
30 min per session, 2 times per week for duration of 3
months). When the answer was “yes”, they were classi-
fied as subjects with exercise habits. When the answer
was “no”, they were classified as subjects without
exercise habits.

2.6. Statistical Analysis

Data are expressed as means + standard deviation (SD)
values. A comparison of parameters was made using the
unpaired #-test, x2 test, one-factor ANOVA, Sheffes’F test,

Table 1. Clinical profiles of enrolled subjects.
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covariance analysis and logistic regression analysis;
where p < 0.05 was considered to indicate statistical sig-
nificance.

3. RESULTS

Clinical profiles of enrolled subjects were summarized
in Table 1. Flexibility was 2.9 + 10.1 cm in men and 9.5
+ 8.9 cm in women. A total of 1613 men (38.1%) and
995 women (10.9%) were having habits of cigarette
smoking (Table 2) and the prevalence of subjects with
cigarette smoking decreased with aging.

Changes in flexibility as classified by age groups were
evaluated. In men, flexibility was significantly decreased
with aging. However, flexibility was significantly in-
creased with aging under 60’s in women (Table 3). In
addition, it is well known that exercise habits were
closely associated with cigarette smoking [6]. Therefore,
we evaluated the relationship between cigarette smoking
and exercise habits (Table 4). Significant relationship
between cigarette smoking and exercise habits was noted
in both sexes.

Finally, we compared flexibility between subjects with
and without cigarette smoking (Table 5). Flexibility in
subjects with cigarette smoking was significantly lower
than that in subjects without cigarette smoking. The dif-
ferences were remained even after adjusting for age and
exercise habits.

Men Women
Mean+SD  Minimum Maximum Mean+SD Minimum Maximum
Number of subjects 4234 9169
Age 433+139 20 79 424+139 20 79
Height (cm) 169.0£6.2 1453 190.9 1563 «5.7 1343 179.3
Body weight (kg) 704+11.7 39.1 175.7 551+9.0 32.1 116.9
Body mass index (kg/m?) 246+36 136 61.5 226+36 129 48.7
Abdominal circumference (cm) 843+102 58.0 157.0 721+£96 433 123.6
Hip circumference (cm) 94263 71.0 1455 91.0+6.0 58.5 1320
Flexibility (cm) 29+10.1 -38.0 336 95£89 -35.5 35.8
Table 2. Prevalence of subjects with cigarette smoking.
Men Women
Number of subjects % Number of subjects %
20-29 379 444 388 172
30-39 434 423 269 13.6
40 - 49 375 41.8 202 10.8
50-59 390 36.8 103 5.7
60 - 69 113 20.9 32 3.0
70-179 22 16.8 1 0.5
Total 1613 38.1 995 10.9

Copyright © 2012 SciRes.
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Table 3. Changes in flexibility as classified by age groups.

Men Women
Mean = SD P Mean = SD P
20-29 49+99 8.0+96
30-39 33+103 a 92+90 a
40-49 33+£99 a 98+86 a
50-59 1.8+97 a 103+85 ab
60 - 69 1.0+£97 abc 113+£80 abc
70-79 -14+11.7 abed 99+84
a:p<0.05vs20-29;b:p<0.05vs30-39;c:p<0.05vs40-49;d: p<0.05vs 50 -59.
Table 4. Relationship between cigarette smoking and exercise habits.
Exercise habits (+) Exercise habits (—) P
Men
Cigarette smoking (+) 424 1189
<0.0001
Cigarette smoking (-) 1056 1565
Women
Cigarette smoking (+) 147 848
<0.0001
Cigarette smoking (—) 2279 5895
Table 5. Comparison of flexibility between subjects with and without cigarette smoking.
. S p (After adjusting for age,
+ : .
Number of subjects Mean=SD  p p (After adjusting for age) exercise habits)
Men
Cigarette smoking (+) 1613 22+102
0.0002 0.0500 <0.6001
Cigarette smoking (-) 2621 33+£100
Women
Cigarette smoking (+) 995 79+9.8
<0.0001 0.0342 <0.0001
Cigarette smoking (-) 8174 9.7+838

4. DISCUSSION

The main finding of this study is that cigarette smok-
ing was might be modifiable factor of flexibility in the
Japanese population.

In some literatures, the relationship between cigarette
smoking and flexibility has been showed [7-9]. Conway
has reported that they examined 1357 Navy men and
fitness was negatively associated with cigarette smoking
[7]. Boyce et al. also showed that smokers had signify-
cantly lower fitness scores in sit and reach flexibility in
514 police officers [8]. However, Ricci ez al. reported that
there were significant differences for age and flexibility
in relation to the history of smoking i.e. ex-smoking

Copyright © 2012 SciRes.

women were shown to be younger and be more flexible
than those who had never smoked [9]. They did not ad-
just for age when they compare flexibility between sub-
jects with and without cigarette smoking. In this study,
we solely evaluated the relationship between cigarette
smoking and flexibility ie. sit-and-reach measurements
in Japanese. Exercise habits were closely linked to ciga-
rette smoking and the differences flexibility between
subjects with and without cigarette smoking were not
attenuated even after adjusting for age and exercise hab-
its. We have also reported that aerobic exercise level de-
fined by ventilatory threshold was associated with ciga-
rette smoking in Japanese [6]. Sedentary lifestyle may
contribute to the functional decline of subjects and ciga-

Openly accessible at hitp://www.scirp.org/journal/health/
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rette smoking may accelerate alterations in several sys-
tems and organic functions. Poor trunk flexibility is as-
sociated with arterial stiffening [10]. Taken together, a
combination of promoting exercise habits and prohibit-
ing cigarette smoking might be considered for improving
flexibility in Japanese.

Potential limitations still remain in this study. First,
our study was a cross sectional and not a longitudinal
study. Second, 4234 men and 9169 women in our study
voluntarily underwent measurements: they were there-
fore more likely to be health-conscious compared with
the average person. Third, the difference of changes in
flexibility between men and women with aging were
noted. Forth, we could not clarify the mechanism of the
link between cigarette smoking and flexibility. Smokers
often show lower levels of current and past leisure-time
physical activity, hormonal disorders and nutritional
deficits [11]. However, it seems reasonable to suggest
that prohibiting smoking might result in the amelioration
of flexibility in some Japanese. To show this, further
prospective studies are needed in the Japanese popula-
tion.
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s To investigate the link between cigarette smoking and muscle strength in Japanese men.

ds: We used data on 4249 Japanese men, aged 43.3113.9 years, in this cross-sectional investigation study. Grip strength and
leg strength were measured as indicators of overall muscle strength. Meanwhile, subjects’ cigarette smoking habits were recorded by
trained medical staff. The effect of cigarette smoking on muscle strength was evaluated.
Hesuits: A total of 1618 men (38.1%) were smokers and 1481 men (34.9%) exercised reqularly. Significant differences in muscle
strength were noted between men with and without a Brinkman index of 400 or greater, after adjusting for age. After adjusting for
age, height, body weight and exercise habits, associations between the Brinkman index and leg strength and the ratio of leg strength
to body weight were attenuated.
Conclusions: Cigarette smoking might be negatively associated with muscle strength, especially grip strength in Japanese men.

ords: Smoking, Muscle strength, Grip strength, Leg, Exercise

INTRODUCTION

Cigarette smoking is a worldwide public health challenge,
and it has been reported that, in Japan, 32.2% of men and
8.4% of women are current smokers [1]. Cigarette smoking is
also a strong risk factor for atherosclerosis and cardiovascular
disease in a dose-dependent manner [2]. Therefore, curbing
smoking habits is urgently necessary.
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Itis also well known that low and dedlining muscle strength
is linked to increased mortality, independent of physical activ-
ity and muscle mass [3]. Levels of maximal oxygen uptake (aer-
obic exercise level) and muscle strength were recommended
by as the Exercise and Physical Activity Reference Quantity for
Health Promotion 2006 study sponsored by Japan's Ministry of
Health, Labour and Welfare [4]. In a previous study, we dem-
onstrated that aerobic exercise level and cigarette smoking
are closely linked {5], and suggested that curbing smoking
habits was would be useful for increasing aerobic exercise lev-
el. Therefore, smoking habits may also affect muscle strength.
Although resistance training has also been advocated as the
most suitable exercise for increasing muscle strength [6,7], the
link between cigarette smoking and muscle strength in a large
sample of Japanese has not yet been fully discussed. In this
study, we evaluated the effect of cigarette smoking on muscle
strength in Japanese men.
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METHODS

We used data on 4249 men (43.1=13.9 years), aged 20 to
79 years, in a cross-sectional study. Subjects met the following
criteria: 1) they underwent an annual health check-up from
June 1999 to November 2009 at the Okayama Southern Insti-
tute of Health, 2) as part of their annual health check-up, they
had muscle strength, exercise habits and smoking habits eval-
uated, 3) all subjects provided written informed consent for
the use of their data in the study (Table 1). Ethical approval for
the study was obtained from the Ethics Committee of the
Okayama Health Foundation.

The anthropometric parameters were evaluated by using
the indicators of height, body weight, body mass index (BMI),
abdominal circumference, and hip circumference. BMI was
calculated by weight/(height)? (kg/m?). The abdominal circum-
ference was measured at the umbilical level and the hip was
measured at the widest circumference over the trochanter in
standing subjects after normal expiration.

The data on cigarett(; smoking was obtained through struc-
tured interviews conducted by public health nurses trained for
this study. The subjects were asked if they currently smoked
cigarettes. When the answer was ‘yes; they were classified as
current smokers and further questions were asked regarding
the average number of cigarettes smoked per day and at what

Current N

smokers onsmokers p-value
NO of subjectsw 161_8 - 2631
Age 40.8+125 449+145  <0.001
Height (cm) .. 169.6+5.9 168.7£6.3 <0.001
Body weight (kg) 70.8£12.1 701+11.4 0.03
Body mass index (kg/m’) 246+38 246435 0.99
Right grip strength [kg) 449+8.0 433+84 - <0.001
Left grip strength (kg) 42.9+786 412480 <0.001
Leg strength (kg) 66.6-16.9 64.8+175 0.001
Leg strength/body weight 0.95+0.22 0.93+0.23 0.01
Subjects with exercise habits 424 (28.6%) 1057 (71.4%) <0.001

Values are presented as mean=£SD.

L
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age they started smoking. In the case of a'no’answer, they were
classified as non smokers. We could not classify those who used
to smoke but had since stopped smoking.

Based on answers to those questions, the cumulative amount
of cigarette consumption was expressed as the Brinkman in-
dex (number of cigarette consumed per day multiplied by
years of smoking) [8]. A Brinkman index greater than or equal
to 400 was classified as a heavy current smoker and less than
400 was a light current smoker.

To assess muscle strength, grip and leg strength were mea-
sured [9]. Grip strength and leg strength were measured using
a dynamometer suited for each measurement (THP-10, Sakai,
Tokyo, Japan; COMBIT CB-1, Minato, Osaka, Japan; respective-
ly). Isometric leg strength was measured by seating the sub-
ject in a chair, instructing him or her to grasp the armrests to
fix the body position, and then instructing the subject to ex-
tend his or her leg to 60° with a dynamometer attached to the
ankle joint by a strap. More detailed descriptions of the proce-
dure have been published in previous reports [9,10], which
have also shown the accuracy of this type of measurement
[10]. All muscle strength measurements were recorded in 2 tri-
als; the strongest performance was the one used for analysis.
To standardize the influence of body weight, we calculated
the ratio of leg strength to body weight; a ratio of 1.0 kilogram
in leg strength per kilogram body weight has been a standard
in past studies [10].

i3 Vs
Using the structured method of the National Nutrition Sur-
vey in Japan, data on exercise habits were obtained through
structured interviews conducted by staff trained for this study.
The subjects were asked if they currently exercise (over 30
minutes per session, 2 times per week for a duration of 3
months). When the answer was ‘yes, they were classified as
subjects with regular exercise habits. When the answer was
‘no, they were classified as subjects without regular exercise
habits.

Data are expressed as means =+ standard deviation values. A
comparison of parameters, that is, age, and anthropometric
and muscle strength parameters, between smoking and non-
smoking subjects was made using the unpaired t-test. Covari-
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ance analysis was used to adjust for age, and a multiple logis-
tic regression analysis and odds ratio was also used and ad-
justed for various potential confounders; p<0.05 was consid-
ered to indicate statistical significance. Correlation coefficients
were calculated and used to test the significance of the linear
relationship between muscle strength and the Brinkman index.

s?r?r;:g:ts Nonsmokers  p-value

20-29y

No. of subjects 379 477

Right grip strength (kg) 47.3+7.7 46.41+7.6 0.10

Left grip strength (kg) 448+75 43.8+7.3 0.05

Leg strength (kg) 71.64+16.3 72.7+186.7 0.33

Leg strength/body weight  1.02+£0.22 1.06+0.23 0.01
30-39y

No. of subjects © 437 591

Right grip strength (kg) 467+7.2 459+77 01

Left grip strength (kg) 446+7.0 436=+7.3 0.02

Leg strength (kg) 69.7:£16.7 71.1£16.8 017

Leg strength/body weight ~ 0.98+£0.21 1.00+£0.23 0.19
40-49y

No. of subjects 375 526

Right grip strength (kg) 457174 453178 0.45

Left grip strength (kg) 438469 435+7.3 0.44

Leg strength (kg) 68.6+£15.3 67.7+16.2 0.41

Leg strength/body weight ~ 0.96£0.21 0.9410.21 0.16
50-59 y

No. of subjects 292 598

Right grip strength (kg) 421471 4244175 0.62

Left grip strength [(kg) 40.3+£6.7 405175 0.82

Leg strength (kg ' 60.7£14.8 61.6+14.4 0.41

Leg strength/body weight ~ 0.88+£0.19 0.894+0.19 0.46
60-69 y

No. of subjects 113 429

Right grip strength (kg) 36.8+6.9 374468 043

Left grip strength (kg) 36.0+6.5 36.0+6.6 0.99

Leg strength (kg) 51.4+124 53.2+13.0 0.19

Leg strength/body weight  0.79+£0.18 0.81£0.19 0.36
70-79y

No. of subjects 22 110

Right grip strength (kg) 335+74 32.3+7.0 0.45

Left grip strength (kg) 313473 30767 0.7

Leg strength (kg) 41.3+12.2 416105 0.85

Leg strength/body weight  0.69+£0.19 0.660.18 0.49

Values are presented as mean = SD.

Cigarette Smoking and Muscle Strength

In addition, a partial correlation coefficient was calculated to
adjust for age, height and body weight.

RESULTS

Clinical profiles and a comparison of parameters between
smoking and nonsmoking subjects are summarized in Table 1.
A total of 1618 men (38.1%) had smoking habits and 1481
men (34.9%) had exercise habits. Height, body weight, and
muscle strength parameters were significantly higher, while
age and exercise habits were significantly lower, in current
smokers than in nonsmokers. We compatred muscle strength
between smoking and nonsmoking men classified by age
group (Table 2). Among men in their 20, those who smoked
had significantly higher left-hand grip strength significantly
lower leg strength/body weight than those who did not smoke.
Among men in their 30, those who smoked also had signifi-
cantly higher left-hand grip strength than those who did not
smoke, However, differences such as these were not noted
among any other age groups.

We also investigated the relationship between cigarette
smoking and muscle strength (Table 3). The Brinkman index
(n=1618, 499 £ 406) was weakly and negatively correlated
with parameters of muscle strength, that is, grip strength, leg
strength and leg strength/body weight. After adjusting for
age, height, and body weight, however, no clear relationship,
expressed as a partial correlation coefficient, was noted be-

toele ctrammethy wri Brinbmar
SCIE SLrengin ang ofinkman

* Correlation  Partial correlation
coefficient coefficient!
ﬁfél}t grip strength (kg) -0.208 - DOZG o
Left grip strength (kg) -0.197 0.012
Leg strength (kg) -0.200 0.010
Leg strength/body weight -0.208 , 0.013

'Adjusting for age, height and body weight.

woking and ex-

Begular exer- No exercise
cise hahits hahits

pvalue p-value'

424(26.2) 1194 (73.8)
1057(40.2) 1574 (59.8)

Currem“ smokers
<0.001 <0.001
Nonsmokers

Values are presented as number (%),
'Adjusting for age, height and body weight.
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tween the Brinkman Index and muscle.

We also evaluated the relationship between smoking habits
and exercise habits (Table 4). Men who smoked cigarettes were
significantly less likely to have exercise habits (424 men, 26.2%)
than those who do not smoke (1057 men, 40.2%), even after
adjusting for age, height, and body weight.

We compared muscle strength between men along their
classification by the Brinkman index (Table 5). Parameters of
muscle strength, that is, grip strength, leg strength, and leg
strength/body weight in men with a Brinkman index greater
than or equal to 400 were significantly lower than those in
men with a Brinkman index less than 400. Significant differ-
ences in grip strength were remained even after adjusting for
age, height, body weight, and exercise habits. However, differ-
ences in leg strength and leg strength/body weight were at-
tenuated and not statistically significant after adjusting for
age, height, body weight, and exercise habits. Finally, we in-
vestigated the relationship between each of three types of
smoking habits (non smoker; light current smoker, Brinkman
index <400; heavy current smoker, 2400 Brinkman index)
and muscle strength (Table 6). Even after adjusting for age,
height, body weight, and exercise habits, a significant relation-
ship between smoking habits and grip strength was noted by

ith Detween smokers

Brinkman Brinkman

index index  p-value p-value' p-value?
=400 <400
No. of subjects 847 m
Right grip 438480 462478 <0.001 <0.001 0.004
strength (kg)
Left grip 419175 441£75 <0001 <0.001 0.001
strength (kg)
Leg strength 64.04+16.7 695+16.6 <0.001 <0.001 0.37
{ka)
Legstrength/  0.91£0.21 0.99+0.22 <0.001 0.03 0.38
body weight

'Adjusting for age.
*Adjusting for age, height, body weight, and exercise habits.
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logistic regression analysis.

DISCUSSION

The main finding of this study was that cigarette smoking
was associated with muscle strength in Japanese men. The re-
lationship between cigarette smoking and muscle strength
has been studied previously [11-13]. Kumar and Kumar [11]
have reported that muscle strength, as measured by the Kraus-
Weber physical fitness test, showed a significant decrease in
cigarette-smoking athletes ages 19 to 30 years, compared to
nonsmoking athletes. Lee et al. [12], in their cross-sectional
study of sarcopenia in 4000 community-dwelling older Chi-
nese men and women was associated with cigarette smoking,
chronic iliness, physical inactivity, underweight, poorer physi-
cal strength in the upper limbs, as well as poorer overall well-
being. In a longitudinal study, Kok et al. [13] reported that knee
muscle strength was inversely associated with cigarette smok-
ing. In addition, smoking 100 g a week resulted in a reduction
of 2.9% knee muscle strength in men and a reduction of 5.0%
in women.

In this study, we solely evaluated the relationship between
cigarette smoking and grip strength, leg strength, and leg
strength/body weight in Japanese men. Without adjusting for
confounding factors, muscle strength in cigarette-smoking
men, was higher than that in men who did not smoke. How-
ever, such differences were attenuated when factoring in age
group, particularly among the elderly groups of subjects. The
maximum of the differences in strength between current
smokers and non smokers were almost 1 kg in each age group.
According to the National Nutrition Survey in Japan, the prev-
alence of subjects with exercise habits increases with age, while
daily step counts and smoking habits decrease with age [14].
Thus, lower exercise intensity and shorter exercise time in el-
derly adults, in addition to smoking habits, may have affected
our results.

It is well known that exercise habits are closely associated
with muscle strength [15]. Exercise habits were also closely

Right grlp str}ength (kg) Left grip strengtﬁkg)

: Leg éyire;}gth’(i’(ﬁ”)' Leg strengtfi/f}ytjmdy welght :

1.0 (reference)
0.983 (0.968, 0.998)
0.974 (0.963, 0.986)

Current smokers (400 < Brinkman index)
Current smokers (Brinkman index <400)
Nonsmokers

Data are expressed as odds ratio (35% confidence interval).
Adjusting for age, height, body weight, and exercise habits.

1.0 (reference)
0.987(0.971,1.002)
0.971(0.960, 0.983)

1.0 {reference)
0.608(0.360, 1.031)
0.819(0.548, 1.224)

1.0 {reference)
0.993{0.985, 1.000)
0.997 (0.991, 1.003)
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linked to cigarette smoking in this study. After adjusting for
muscle confounding factors, including exercise habits, grip
strength in current smokers with a Brinkman index greater
than 400 was significantly lower than that in current smokers
with an index of less than 400. In turn, differences in leg
strength and leg strength/body weight were attenuated and
not statistically significant after adjusting for age, height, body
weight, and exercise habits.

The reasons for this discrepancy between leg strength and
grip strength are not clear. Perhaps leg strength is employed
more in daily life than in grip strength. The difference in daily
usage might affect these results. We have also reported that
aerobic exercise level defined by ventilatory threshold was as-
sociated with cigarette smoking in Japanese [5]. Taken togeth-
er, the degree of smoking in heavy current smokers may affect
muscle strength, especially grip strength. A combination of
promoting exercise habits and prohibiting smoking habits
should be considered for improving muscle strength in Japa-
nese men.

Potential limitations remain in this study. First, our study
was a cross sectional and not a longitudinal study. Second,
4249 men in our study voluntarily underwent measurements:
They were therefore more likely to be health-conscious com-
pared with the average person. Third, we could not show a
clear relationship between cigarette smoking and muscle
strength in men. Fourth, we did not evaluate women. Fifth, we
could not identify the mechanism that the links cigarette
smoking and muscle strength. Smokers often have hormonal
disorders, nutritional deficits, and lower levels of current and
past leisure-time physical activity [16]. In addition, those are
potential factors that may influence muscle strength and could
not be evaluated in this study.

Nonetheless, it seems reasonable to suggest that prohibit-
ing smoking and promoting exercise habits might result in
improved muscle strength in some Japanese men. To demon-
strate this clearly, further prospective studies of the Japanese
are needed.
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