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Recruitment for “A pilot study of randomized controlled trial to evaluate the efficacy of
lung cancer screening by thoracic CT”

Motoyasu Sagawa®, Makoto Tanaka”, Satoru Mizukami®, Kozo Nishida?,
Kenji Nishii®, Katsuo Usuda”, Hirokazu Aikawa”, Yuichiro Machida®,
Masakatsu Ueno”, Tsutomu Sakuma®

bDepartment of Thoracic Surgery, Kanazawa Medical University, Uchinada, Ishikawa 920-0293, Japan,
Bshikawa Medical Center for Cancer and Cardiovascular Diseases,
A0kayama Institute of Health and Prevention

Objective: To evaluate the efficacy of lung cancer
screening by thoracic computed tomography (CT), a
randomized controlled trial was planned in Japan. The
randomized trial was designed as follows: 1) participants were
randomly assigned into 2 groups, CT group and XP group; 2)
XP group would receive 10 times of lung cancer screening by
chest x-ray annually for 10 years; 3) smokers in CT group
would receive 10 times of lung cancer screening by thoracic
CT annually for 10 years; 4) non-smokers in CT group would
receive 3 times of lung cancer screening by thoracic CT and 7
times of chest x-ray during 10 years. A pilot study was
performed to evaluate the feasibility of the trial.

Methods: A letter for recruitment to participate in the above

Key Words:
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trial was mailed to the citizens in Hakui City, who were 50-64
years old and underwent regular lung cancer screening using
chest x-ray this year. In the letter we explained that 1) the
efficacy of lung cancer screening by thoracic CT had not been
proved yet; 2) only half of the participants could undergo
thoracic CT screening; 3) thoracic CT screening might cause
unfavorable consequences like radiation exposure, false-
positives or overdiagnosis.

Results: Of 329 persons who received the letter of recruitment,
117 replied. After meeting with us for detailed explanation,
111 persons participated in the above randomized trial.
Conclusion: The compliance of recruitment is high
(approximately one third) and the above trial may be feasible.

lung cancer screening, early detection, efficacy, thoracic CT screening
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Abstract The link between cigarette smoking and ven-
tilatory threshold (VT) was investigated. We used data for
407 men and 418 women not taking medication. Habits of
cigarette smoking were obtained through interviews by
well-trained staff. The influence of cigarette smoking on
oxygen uptake, work rate, and heart rate at VT was eval-
vated. Oxygen uptake at VT in women and work rate at VT
in men with cigarette smoking were significantly lower
than in subjects without cigarette smoking after adjusting
for age. The differences of parameters at VT did not reach
significant levels after adjusting for age and exercise habits
in both sexes. However, in women without exercise habits,
there was significant difference of oxygen uptake at VT
between women with and without cigarette smoking after
adjusting for age [cigarette smoking (+): 11.5 & 1.8 ml/

N. Miyatake (&<) - N. Sakano

Department of Hygiene, Faculty of Medicine,

Kagawa University, 1750-1, Miki, Kagawa 761-0793, Japan
e-mail: miyarin@med kagawa-u.ac.jp

T. Numata
Okayama Southern Institute of Health,
Okayama Health Foundation, Okayama 700-0952, Japan

K. Nishii
Okayama Health Foundation Hospital,
Okayama Health Foundation, Okayama 700-0952, Japan

T. Suzue - T. Hirao
Department of Public Health, Faculty of Medicine,
Kagawa University, Kagawa 761-0793, Japan

M. Miyachi - 1. Tabata
National Institute of Health and Nutrition,
Shinjuku, Tokyo 162-8636, Japan

kg/min, cigarette smoking (—): 12.4 & 2.1 ml/kg/min,
p = 0.0006]. The number of cigarettes smoked per day and
the Brinkman Index were not clearly correlated with oxy-
gen uptake at VT. A combination of promoting exercise
habits and prohibiting cigarette smoking might be recom-
mended for improving the aerobic exercise level, espe-
cially in women.

Keywords Cigarette smoking - Ventilatory threshold -
Oxygen uptake - Exercise habits

Introduction

Cigarette smoking has become an important public health
challenge, and it has been reported that 39.4% of men and
11.0% of women are current smokers in Japan [1]. Ciga-
rette smoking is also a strong risk factor for atherosclerosis
and cardiovascular disease in a dose-dependent manner [2].

Exercise is considered as a useful method for preventing
and improving atherosclerosis and cardiovascular disease.
The ventilatory threshold (VT) is defined as the upper limit
of aerobic exercise and is thought to serve as an accurate
and reliable standard for exercise prescription [3]. Since the
exercise intensity at VT is not harmful to cardiovascular
function, it can be safely applied to patients with myo-
cardial infarction as an exercise prescription [4]. We have
previously reported that aerobic exercise level was signif-
icantly lower in subjects with metabolic syndrome than that
in subjects without the syndrome [5], and the prevalence of
metabolic syndrome was significantly higher in subjects
with cigarette smoking than that in subjects without ciga-
rette smoking [6]. However, the relationship between cig-
arette smoking and aerobic exercise level defined by VT is
not fully discussed.
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The aim of this study is to explore the link between
cigarette smoking and VT in the Japanese population.

Subjects and methods
Subjects

We used data for 407 Japanese men (aged 42.1 & 11.4 years)
and 418 women (aged 44.8 + 12.0 years) (5.8%), retro-
spectively from a database of 14,345 subjects who met the
following criteria: they had (1) wanted to change their life-
style, i.e., diet and exercise habits, and had received an
annual health checkup from June 1997 to May 2007 at
Okayama Southern Institute of Health, (2) they had received
anthropometric and oxygen uptake at VT measurements and
evaluation of cigarette smoking as part of the annual health
checkup, (3) received no medications for diabetes, hyper-
tension, and/or dyslipidemia, and (4) provided written
informed consent (Table 1).

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

Anthropometric measurements

Anthropometric and body compositions were evaluated
based on the following parameters: height, body weight,
abdominal circumference, and hip circumference. Abdom-
inal circumference was measured at the umbilical level, and
the hip was measured at the widest circumference over the
trochanter in standing subjects after normal exhalation [7].

Cigarette smoking

The data on cigarette smoking were obtained at interviews by
well-trained staff in a structured way. The subjects were asked

Table 1 Clinical profiles of enrolled subjects

Mean + SD

Men Women
Number of subjects 407 418
Age (years) 42.1 £ 114 448 +12.0
Height (cm) 169.9 £ 5.8 156.0 £ 5.5

79.1 £ 133 65.0 £ 12.9
91.1 £109 814 +£11.2

Body weight (kg)
Abdominal circumference (cm)

Hip circumference (cm) 98.6 + 6.8 96.7 £ 85
Oxygen uptake at ventilatory threshold 149 £39 126 £2.5
(ml/kg/min)

Work rate at ventilatory threshold (W) 82.9 £ 244 51.3 + 146

Heart rate at ventilatory threshold 106.0 & 11.9 107.0 £+ 11.8
(beats/min)

__@_ Springer

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 ciga-
rettes smoked per day and their age at starting smoking. When
the answer was “no,” they were classified as nonsmokers.

Based on answers to those questions, the cumulative
amount of cigarette consumption expressed as the Brink-
man Index (BL: number of cigarettes consumed per day
multiplied by years of smoking) [8].

Exercise testing

A graded ergometer exercise protocol [9] was performed.
Two hours after breakfast, a resting electrocardiogram
(ECG) was recorded and blood pressure was measured.
Then, all participants were given graded exercise after
3 min of pedaling on a bicycle ergometer at zero load
(Excalibur V2.0; Lode BV, Groningen, The Netherlands).
The profile of incremental workloads was automatically
defined using the methods of Jones et al. [9], in which the
workloads reach the predicted VOypmax in 10 min. A ped-
aling cycle rate of 60 rpm was maintained. Loading was
terminated when the appearance of symptoms forced the
subject to stop. During the test, ECG was monitored con-
tinuously together with recording of heart rate (HR).
Exhaled gas was collected, and rates of oxygen consump-
tion VO, and carbon dioxide production (VCO,) were
measured breath by breath using a cardiopulmonary gas
exchange system (Oxycon Alpha; Mijnbrdt b.v., The
Netherlands). VT was determined by the standard of
Wasserman et al. [3], Davis et al. [10], and the V-slope
method of Beaver [11] from VO, VCOZ, and minute ven-
tilation (VE). At VT, VCO, (ml/kg/min), work rate (W),
and heart rate (beats/min) were measured and recorded.

Exercise habits

The data on exercise habits were obtained through inter-
views by well-trained staff in a structured way according to
the National Nutrition Survey in Japan [12]. The subjects
were asked if they currently exercise (over the level of
30 min per session, two times per week, and prolonged
duration for 3 months). When the answer was “yes,” they
were classified as subjects with exercise habits. When the
answer was “no,” they were classified as subjects without
exercise habits.

Statistical analysis

All data are expressed as mean =+ standard deviation (SD).
Statistical analysis was performed using an unpaired ¢ test,
x* test, logistic tegression analysis, covariance analysis,
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smoking were noted after adjusting for age and exercise
habits in both sexes (Table 2). We separately compared
oxygen uptake at VT in subjects without exercise habits.
After adjusting for age, no significant difference of oxygen
uptake at VT was noted between men with and without
cigarette smoking [cigarette smoking (+): 13.8 == 2.6 mV/
kg/min, cigarette smoking (—): 13.8 + 2.5 ml/kg/min,
p = 0.4089]. However, there was significant difference of
oxygen uptake at VT between women with and without
cigarette smoking [cigarette smoking (+): 11.5 &= 1.8 ml/
kg/min, cigarette smoking (—): 12.4 + 2.1 ml/kg/min,
p = 0.0006].

In addition, we compared the parameters of VT among
subjects with and without cigarette smoking and exercise
habits [A: cigarette smoking (-+) exercise habits (+), B:
cigarette smoking (—) exercise habits (4), C: cigarette
smoking (+) exercise habits (—), D: cigarette smoking (—)
exercise habits (—)] (Table 4). In men, oxygen uptake at
VT in group C and D was significantly lower than that in
group A and B. Work rate at VT in group C and D was
significantly lower than that in group B. No significant
differences of heart rate were not noted among the four
groups. In women, oxygen uptake at VT in group C was
significantly lower than that in group A and B. Work rate
at VT in group A was significantly higher than that in
group B, C, and D. Heart rate at VT in group D was sig-
nificantly higher than that in group B. Oxygen uptake at
VT in group A and B (with exercise habits) was higher
than that in group C and D (without exercise habits) in both
sexes, as in our previous report [5].

Finally, we evaluated the relationship between the
number of cigarettes smoked per day and oxygen uptake at
VT, and also between the BI and oxygen uptake at VT
(Fig. 1). The number of cigarettes smoked per day was not

correlated with oxygen uptake at VT in either sex
(men r = —0.172, p = 0.0265; women r = —0.294, p =
0.0470). BI was also not clearly correlated with oxygen
uptake at VT (men r = —0.192, p = 0.0132; women
r= —0214, p = 0.1535). In subjects without exercise
habits, the number of cigarettes smoked per day was not
correlated with oxygen uptake at VT in either sex (men
r = —0.072, p = 0.4487; women r = —0.180, p = 0.2791).
BI was also not clearly correlated with oxygen uptake at
VT (men r = —0.135, p = 0.1515; women r = —0.088,
p = 0.5976).

Discussion

Impairment of pulmonary oxygen exchange [13, 14],
downregulation of adrenergic receptors [15], and long-term
cardiac damage caused by stimulation of catecholamine by
smoking [16] may also in part explain lower oxygen uptake
at VT in subjects with cigarette smoking. Some cross-
sectional studies show that cigarette smoking is correlated
with cardiovascular fitness [17-19]. Hirsch et al. [17]
evaluated the immediate effects of cigarette smoking on
aerobic exercise capacity, and cigarette smoking resulted in
a significantly lower VOpmax and higher heart rate after
3 cigarettes/h for 5 h. Marti et al. [18] reported that, among
army conscripts, the distance covered in a 12-min endur-
ance run was inversely related to daily cigarette con-
sumption and years of smoking. Rotstein et al. [19] also
reported that smoking retards physiological responses to
submaximal exercise immediately after smoking three
cigarettes. In a longitudinal analysis, Sandvik et al. [20]
showed that decline in physical fitness and Jung function
was greater among smokers than that among nonsmokers

Table 4 Comparison of parameters at ventilatory threshold among subjects with and without cigarette smoking and exercise habits

A

B C D

Cigarette smoking (+) Cigarette smoking (—) Cigarette smoking (+) Cigarette smoking (—)

Exercise habits (+) Exercise habits (4) Exercise habits (—) Exercise habits (—)

Men

Number of snbjects 52 112 114 129

Oxygen uptake at ventilatory threshold (ml/kg/min) 15.6 + 3.7 169 + 54 13.8 & 2.6 13.8 £ 2.5%

Work rate at ventilatory threshold (W) 84.8 252 92.5 4+ 31.8 71.5 & 18.0° 78.6 + 18.8°

Heart rate at ventilatory threshold (beats/min) 103.8 £ 12.2 104.7 £ 133 106.2 £ 10.3 107.7 £ 11.6
Women

Number of subjects 8 97 38 275

Oxygen uptake at ventilatory threshold (ml/kg/min) 14.4 + 5.0 132 £33 11.5 &+ 1.8% 124 £21

Work rate at ventilatory threshold (W) 70.0 &£ 27.0 53.2 + 17.3° 49.3413.5" 50.3 + 12.8*

Heart rate at ventilatory threshold (beats/min) 105.6 £ 13.3 104.1 &+ 12.0 106.3+11.2 108.2 &+ 11.7°

Mean + SD
® p < 0.05 versus cigarette smoking (++), exercise habits (+)
4 p < 0.05 versus cigarette smoking (—), exercise habits (+)
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among 1,393 men over 7 years. In this study, we solely
evaluated the relationship between cigarette smoking and
aerobic exercise level defined by VT in the Japanese.
Exercise habits were closely linked to cigarette smoking in
men, and the differences of parameters at VT between
subjects with and without cigarette smoking were attenu-
ated after adjusting for age and exercise habits. However,
in women without exercise habits, oxygen uptake at VT in
women with cigarette smoking was significantly lower than
that in women without, after adjusting for age. In addition,
we compared oxygen uptake at VT among subjects with
and without cigarette smoking and exercise habits, and
found that oxygen uptake at VT in group B was highest
among four groups in men. Oxygen uptake at VT in
group C was lowest among four groups in both sexes.
Taken together, a combination of promoting exercise habits
and prohibiting cigarette smoking might be considered for
improving aerobic exercise level, especially in women.
Potential limitations still remain in this study. First, our
study was a cross-sectional and not a longitudinal study.
Second, 407 men and 418 women in our study voluntarily
underwent measurements; they were therefore more likely
to be health conscious compared with the average person.
Third, we could not show a clear relation between cigarette
smoking and oxygen uptake at VT. Fourth, the relationship
between cigarette smoking and exercise habits was not
noted in women. The low prevalence of subjects with
exercise habits and cigarette smoking might affect the
results. However, it seems reasonable to suggest that pro-
hibiting smoking and promoting exercise habits might

8 T - ¥ T T T - ¥ T »
2250 0 250 300 750 100012501500175020002250 200 0
The Brinkman index

200 400 600 8O0 1900 1200
The Bnnkman index

result in amelioration of aerobic exercise level in some
Japanese. Sandvik et al. [21] reported that physical fitness
was a graded, independent, long-term predictor of mortal-
ity from cardiovascular causes in healthy, middle-aged
men. To show this, further prospective studies are needed
in the Japanese.
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ABSTRACT

We investigated the link between work style (i.e.
day work and shift work) and cigarette smoking
in Japanese workers. We used data of 3,238 men
(39.3 £ 10.5 years) and 5,111 women (37.1 £ 10.9
years), aged 20 - 59 years, by cross-sectional
clinical investigation study. Work style i.e. day
work and shift work, cigarette smoking, status
of stress and stress coping were obtained by
questionnaires by well-trained medical staff. A
total of 227 men (7.0%) and 339 women (6.6%)
were shift workers, and 1346 men (41.6%) and
649 women (12.7%) were current smokers. Work
style was significantly linked to cigarette smok-
ing, stress and stress coping after adjusting for
age in women. In addition, the level of stress
coping in subjects with cigarette smoking was
significantly lower than that in subjects without
cigarette smoking even after adjusting for age in
women. However, these associations were not
noted in men. Work style was critically associ-
ated with cigarette smoking in Japanese female
workers.

Keywords: Work Style; Shift Work; Cigarette
Smoking; Stress Coping

1. INTRODUCTION

Economic globalization needs continuous processing
or operations around the clock to optimize manufactur-
ing system. A 24-hour continuous operation system has
become more popular and shift workers have become
also more popular in Japan. Several reports have showed
that shift work is associated with coronary artery disease
[1], hyper cholesterolemia [2,3], weight gain [4] and
hypertension [5].

Copyright © 2011 SciRes.

Cigarette smoking is an important public health chal-
lenge, and it has been reported that 39.4% of men and
11.0% of women are current smokers in Japan [6].
Cigarette smoking is also a strong risk factor for athero-
sclerosis and cardiovascular disease in a dose-dependent
manner [7]. However, the link between work style such
as day work and shift work, and cigarette smoking in
Japanese workers still remains to be investigated.

Therefore, in this study, we evaluated the link be-
tween work style and cigarette smoking and the effect of
stress and stress coping on cigarette smoking in Japanese
workers.

2. SUBJECTS AND METHODS

2.1. Subjects

We used data for 3238 Japanese male workers (39.3 +
10.5 years) and 5111 women (37.1 + 10.9 years), retro-
spectively from a database of 16,380 subjects who met
the following criteria: 1) they had wanted to change their
lifestyle i.e. diet and exercise habits, and had received an
annual health check-up from June 1997 to Dec 2009 at
Okayama Southern Institute of Health, 2) received evalua-
tion of work style, cigarette smoking, status of stress and
stress coping as part of the annual health check-up, 3)
they were day workers and/or shift workers, aged 20 - 59
years, and 4) provided written informed consent (Table
1).

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

2.2. Work Style

Subjects completed a self-administered questionnaire.
This included the following question regarding patterns
of work style: During your working life, until the present,
what shift (time of day) did you work most: mainly day
time, mainly night (i.e. fixed-night shift), or alternate

Openly accessible al hitp://www.scirp.org/journal/HEALTH/
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Table 1. Clinical profiles of enrolled subjects.

Men Women
Number of subjects 3238 5111
Age 393+ 105 37.1£109
Height (cm) 167.0£58 1572+ 5.4
Body weight (kg) 71.2+11.7 54.8+92
Body mass index (kg/m?) 24.6+3.7 222£36
Abdominal circumference (cm) 83.9+102 703+92
Hip circumference (cm) 94.6+6.2 91.0£6.1
Mean + SD

night and daytime (that is, rotating-shift work)? In this
study, we excluded 65 male and 131 female night work-
ers to evaluate the influence of shift work on cigarette
smoking compare to day workers.

2.3. Exposure Data

The self-administered questionnaire also inquired
about other characteristics of smoking status (never or
current smoker), status of stress (yes or no) and stress
coping (yes or no).

2.4. 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, 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 tro-
chanter in standing subjects after normal expiration [8].

2.5. Statistical Analysis

Data are expressed as mean = standard deviation (SD)
values. A comparison of parameters was performed by
i test and logistic regression analysis: p < 0.05 was con-
sidered to be statistically significant. Statistical analysis
was performed with StatView 5.0 (SAS Institute Inc.,
Cary, NC, USA).

3. RESULTS
A total of 227 men (7.0%) and 339 women (6.6%)

were shift workers, and the rate of shift workers was the

highest in 20’s in both sexes (Table 2).

Table 3 shows the comparison of cigarette smoking
as classified by age group. Current smokers were de-
creased with age in both sexes, and 1346 men (41.6%)

Copyright © 2011 SciRes.
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and 649 women (12.7%) were current smokers.

We also evaluated the status of stress (Table 4). 2071
men (64.0%) and 3,735 women (73.1%) women an-
swered as having stress, and the rate of subjects with
having stress was the highest in 30’s in both sexes.
However, subjects with having stress coping was com-
parably lower [1539 men (47.5%) and 2730 women
(53.5%)] (Table 5). The rate of subjects with having
stress coping was the highest in 20’s in men and in 50’s
in women.

In addition, we evaluated the relationship between
work style and cigarette smoking, status of stress and
stress coping. In women, the rate of current smoker and
having stress was significantly higher in shift workers
than those in day workers after adjusting for age (Table
6). The rate of having stress coping in shift workers was
significantly higher than that in day workers after ad-
justing for age. In men, those clear associations were not
noted.

Finally, we investigated the relationship between
cigarette smoking and status of stress and stress coping
(Table 7). The rate of having stress coping in current
smokers was significantly lower than that in non smok-
ers even after adjusting for age in women, but not in men.
The relationship between cigarette smoking and status of
stress was not noted in both sexes.

4. DISCUSSION

We evaluated the link between work style and ciga-
rette smoking in Japanese workers and we found that
close associations between shift work and cigarette
smoking in female workers. In addition, having stress
coping might be important for Japanese female workers
for prohibiting smoking.

In some literatures, work style was closely associated
with cigarette smoking especially male workers. Fujino
et al. reported that the rate of current smoker was higher
in shift male workers (59.5%) than that in day male
workers (55.4%) in Japan Collaborative Cohort Study
for the Evaluation of Cancer Risk (JACC Study) [1].
Dochi et al. also reported that the rate of current smoker
was higher in shift workers (68.8%) than that in day
workers (58.8%) in male workers in steel company [2].
Suwazono et al. also showed that shift work was closely
associated with cigarette smoking in male workers [4].
There were few studies that evaluated the relationship
between shift work and cigarette smoking in Japanese
female workers. Kageyama et al. reported that the
prevalenve of current smoker was 29%, being higher
than that in the general population of Japanese women
by evaluating 522 Japanese female staff nurses [9]. In
this study, it is note worthy that we found the relation-
ship between work style and cigarette smoking in women

Cpenly accessible at http://www.scirp.org/journal/HEALTH/
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even after adjusting for age. However, those associations associations might not be noted in men.

were not noted as previous study in men. Enrolled sub- According to the relation between work style and status
jects in this study were undertaken health check-up and of stress, 3-shift system of employment increases work-
they wanted to change their lifestyle. Therefore close related stress [10]. Parkes carried out cross-sectional

Table 2. Comparison of work style as classified by age group.

Men Women
Day work % Shift work % Day work % Shift work %
20-29 661 90.4 70 9.6 1575 90.0 175 10.0
30-29 888 92.6 7 75 1135 93.5 79 6.5
40-49 790 93.7 53 6.3 1207 953 59 47
50 -59 672 95.3 33 4.7 855 97.0 26 3.0
Total 3011 93.0 227 7.0 4772 93.4 339 6.6

Table 3. Comparison of cigarette smoking as classified by age group.

Men Women

Cigarette smoking (+) % Cigarette smoking (-) % Cigarette smoking (+) % Cigarette smoking (—) %

20-29 329 45.0 402 55.0 281 16.1 1469 83.9
30-29 413 43.1 546 56.9 179 14.7 1035 853
40-49 349 41.4 494 58.6 130 103 1136 89.7
50-59 255 36.2 450 63.8 59 6.7 822 933

Total 1346 41.6 1892 584 649 12.7 4462 873

Table 4. Comparison of stress as classified by age group.

Men Women
Stress (+) % Stress (-) % Stress (+) % Stress () %
20-29 443 60.6 288 394 1297 74.1 453 25.9
30-29 645 673 314 327 925 76.2 289 238
40-49 566 67.1 271 329 910 71.9 356 28.1
.50-59 417 59.1 288 40.9 603 68.4 278 31.6
Total 2071 64.0 1167 36.0 3735 73.1 1376 26.9

Table 5. Comparison of stress coping as classified by age group.

Men Women
Stress coping (+) % Stress coping (-) % Stress coping (+) % Stress coping (-) %
20-29 377 51.6 354 484 957 54.7 793 453
30-29 419 437 540 56.3 642 529 572 47.1
40 - 49 405 48.0 438 52.0 631 49.8 635 50.2
50 -59 338 479 367 52.1 500 56.8 381 . 43.1
Total 1539 475 1699 52.5 2730 534 2381 46.6

Copyright © 2011 SciRes. Openly accessible at http://www.scirp.org/journal/ HEALTH/
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Table 6. Relationship between work style and cigarette smoking, stress and stress coping.

N. Miyatake et al. / Health 3 (2011) 537-541

Men Cigarette smoking (+) Cigarette smoking (~) p p (After adjusting for age)
Day work 1248 1763
0.6113 0.7664
Shift work 98 129
Stress (+) Stress (-)
Day work 1924 1087
0.7950 0.8360
Shift work 147 80
Stress coping (+) Stress coping (-)
Day work 1419 1592
0.0951 0.1054
Shift work 120 107
Women Cigarette smoking (+) Cigarette smoking (-)
Day work 574 4198
<0.0001 <0.0001
Shift work 75 264
Stress (+) Stress (—)
Day work 3444 1328
<0.0001 <0.0001
Shift work 291 48
Stress coping (+) Stress coping (-)
Day work 2505 2267
<0.0001 <0.0001
Shift work 225 114
Table 7. Relationship between cigarette smoking and stress, stress coping.
Men Stress (+) Stress (—) p p (After adjusting for age)
Cigarette smoking (+) 840 506
0.1208 0.1053
Cigarette smoking () 1231 661
Stress coping (+) Stress coping {-)
Cigarette smoking (+) 602 744
0.0070 0.1054
Cigarette smoking (-) 937 955
Women Stress (+) Stress (—)
Cigarette smoking (+) 496 153
0.0396 0.0797
Cigarette smoking () 3239 1223
Stress coping (+) Stress coping (-)
Cigarette smoking (+) 321 328
0.0307 <0.0001
Cigarette smoking (—) 2409 2053

research targeting 736 two-shift workers and 1131 day
workers at an oil refinery, and concluded that the 2-shift
workers had higher job demand and less job control over
their work [11]. In female workers, Kageyama et al. re-
ported that the cigarette smoking-dependent tendency
was associated with recent life events and the presence

Copyright © 2011 SciRes.

of insomnia [9]. Stress is probably the most important
contributor to excess smoking levels [12]. American
study showed that officers who smoked experienced
high-stress levels more than twice that of non smokers
[13]. Therefore, stress coping may important for prohib-
iting cigarette smoking. Serxner et al. recommended that
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smoking cessation and prevention programs should fo-
cus on change in individual coping mechanisms [14].
We also found that the rate of stress in shift smokers was
higher than that in day workers and the rate of stress
coping was also higher in shift workers than that in day
workers after adjusting in women. Although the rate of
stress coping was higher in shift workers than that in day
workers, the rate of stress coping was significantly lower
than in current smokers than that in non smokers in
women. Taken together, it seems reasonable to suggest
that simply recommending proper stress coping except
cigarette smoking, might result in decreased cigarette
smoking in some Japanese female workers.

Potential limitations remain in this study. First, our
study was a cross sectional and not a longitudinal study.
Second, the 3238 Japanese male workers and 5111
women, all of whom wanted to change their lifestyle,
underwent measurements for this study: they were there-
fore more health-conscious than the average person. In
fact, in men, clear associations were not noted the rela-
tionship between shift work and cigarette smoking as
previous studies [1,2,4]. Third, we could not obtain the
data of the average number of cigarettes smoked per day
or subject’ age when they started smoking. Subjects who
smoked before the date of the analysis but who had
stopped by then would have therefore been categorized
as non-smokers. Fourth, status of stress and stress coping
was evaluated by simple questionnaire (yes or no).
Therefore, further prospective studies are needed in Jap-
anese workers to prove the link between work style and
cigarette smoking.
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Use of “AminoIndex Technology” for Cancer Screening

Naoyuki Okamoto

Amino acids play a central role in many biological activities. Several recent studies have
reported that plasma amino acids can be used as biomarkers to assess disease risk or progres-
sion, or to select proper treatment. This review summarizes recent clinical research using a
novel approach of multivariate analysis called “Aminolndex Technology”, which is based on
plasma amino acids profile for cancer screening. A multicenter study was conducted to ex-
plore and validate the application of “Aminolndex Technology” to cancer screening for gas-
tric, lung, colorectal, prostate, and breast cancers. Aminolndexe Cancer Screening (AICS)
scoring involves evaluating cancer based on amino acid concentrations using 5 types of AICS
values. AICS enables simultaneous testing for multiple cancers regardless of cancer or tissue
type. Furthermore, because AICS can detect stage 11 (stage B) or earlier cancers and can eas-
ily be performed on a plasma sample, it can be conducted in conjunction with comprehensive
medical examinations or regular health check-ups. It is expected that “Aminolndex Technol-

ogy” will be applied to cancer screening and various other areas of clinical utility.

Key Words : plasma amino, cancer screening, multivariate analysis, biomarker

mino acids are usually considered protein

subunits or nutrients. However, recent ad-

vances in the metabolomics of amino ac-
ids and high-throughput analytical techniques have
shown that amino acids in the body (e.g. in the
blood) can be used as biomarkers for evaluating
disease risk or progression and for selecting prop-
er treatment. For example, one study has reported
that the risk of developing diabetes mellitus can be
predicted from the metabolite profiles of a combina-
tion of 3-5 amino acids in the blood'. These new
biomarkers, which are derived from combinations
of amino acid concentrations, allow prediction of
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the risk of developing diabetes mellitus even when
adjusted for conventional insulin resistance-related
indices such as fasting insulin levels, homeostatic
model assessment of risk of insulin resistance, and a
75-g oral glucose tolerance test. Amino acid metab-
olism indices differ from conventional biochemical
indices and therefore may be regulated by a differ-
ent paradigm. 1 anticipate that further research into
amino acid metabolism will provide new informa-
tion about disease risk and progression.

Advances in analytical techniques are among the
most important reasons why novel findings concern-
ing amino acid metabolism, such as the ability to
predict the risk of developing diabetes, have been re-
ported over the last severa] years. Plasma amino acid
concentrations have conventionally been measured
using an amino acid autoanalyzer that combines ion-
exchange chromatography and a ninhydrin reaction.
However, this method is so time-consuming that it
has been used only for specific purposes, such as
clinical studies with limited blood samples or in the
diagnosis of inborn errors of metabolism. Progress
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in amino acid analysis techniques has led to using
liquid chromatograph mass spectrometry (LC-MS)
more frequently than the conventional method and
analysis using LC-MS has enabled high-throughput
measurement of plasma amino acids. Moreover,
with the spread of this technology an enormous da-
tabase of information is now available and it pro-
vides many clinically important insights into amino
acid metabolism. As a result, many new amino acid
metabolism findings have recently been reported.

In this review, I will first briefly discuss the role of
plasma amino acids in the body and then summarize
recent clinical research using novel plasma amino
acid biomarkers for cancer screening.

Functions of amino acids in the body

Amino acids account for approximately 20% of an
individual’s body weight so a 50 kg person has ap-
proximately 10 kg of amino acids, most of which
exist as proteins (Fig. 1). Free amino acids, known
as the amino acid pool, are found in cells, inter-
cellular components, plasma, and other biological
components. Amino acids, which are digested and
absorbed from foods and then enter the amino acid
pool, from which they are used for protein synthesis,
and are later returned to the amino acid pool as a
result of protein degradation or excreted in the urine
or feces. In this turnover process, the body replaces

its protein composition through metabolism every

2-3 months.

The concentration of free amino acids in the plas-
ma, which is part of the amino acid pool, is precisely
regulated by a variety of control mechanisms and is
maintained at a constant level in healthy individu-
als. Many studies have shown that various disease
states, such as hepatic or renal failure, Alzheimer's
disease, psychological disorders, and inflammatory
bowel disease, may alter the plasma amino acid bal-

Body (Body weight = 50 kg)

Meal k

"~ Plasma: 1g

Protein
’ 10kg

Free amin’ld acid pool
" Intracellular: 45 g
“Antercellular: 59

Urine/
stool

Fig. 1. Amino acid and plasma free amino acid
pool in body

4(912)

ance through aberrations in these regulatory mecha-
nisms®®. Also, as amino acid metabolism occurs ac-
tively in the muscle, the liver, the brain, the kidney,
and the small intestine, changes in the amino acid
metabolism balance in these organs are reflected as
changes in the plasma amino acid concentrations.

Metabolomics research and
“AminoIndex Technology”

Recent advances in analytical techniques have en-
abled disease states to be analyzed through the com-
prehensive measurement of metabolites'. However,
problems remain in the clinical setting with regard
to the reproducibility, quantification, and cost of this
type of analysis. The approach to such analysis us-
ing “Aminolndex Technology” is based on the as-
sessment of diseases and physical conditions using
plasma amino acid concentrations obtained through
the measurement of a particular subset of metabo-
lites. Measurement of amino acid metabolites is
particularly useful for predicting various conditions
because amino acid metabolism is closely related
to many other metabolic pathways, such as glucose
and lipid metabolism, and amino acids can therefore
be considered as “hubs” to which many types of me-
tabolites on the metabolic map are connected.

So the measurement of amino acid levels enables
us to infer the statuses of various aspects of the over-
all metabolic map, such as those of glucose or lipid
metabolism. In the previously mentioned study us-
ing metabolites as a measure of the risk of devel-
oping diabetes, an assay of 61 metabolites resulted
in the identification of 3 or 5 metabolites associated
with disease risk, all of which were amino acids. The
underlying concept of “Aminolndex Technology” is
to focus on these amino acids and to establish a re-
producible and quantifiable method of measurement
with applications in the clinical setting.

“Aminolndex Technology” is a technique in which
multivariate analysis of the plasma amino acid con-
centration (Fig. 2) is used to compute disease or
health condition scores. Through the use of statisti-
cal models, it can be used to predict the detection or
severity of a single disease and clarify the status of
multiple diseases or health conditions from a single
blood sample. Recent research using “Aminolndex
Technology” has been reported in other areas™ in ad-
dition to the cancer studies reported in this review,
and their clinical utility has been summarized in an-
other review’.
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