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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-
uated. 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 (+4): 11.5 & 1.8 ml/
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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 £ 58 156.0 £5.5
Body weight (kg) 79.1 £ 13.3  65.0 £ 129
Abdominal circumference (cm) 91.1 £ 109 814 +£11.2
Hip circumference (cm) 98.6 £ 6.8 96.7 £+ 8.5
Oxygen uptake at ventilatory threshold 14.9 & 3.9 126 £25

(ml/kg/min)

Work rate at ventilatory threshold (W) 82.9 + 244 513 £+ 14.6

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 (BI: 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 VOzmaX 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 V02 and carbon dioxide production (VCOZ) were
measured breath by breath using a cardiopulmonary gas
exchange system (Oxycon Alpha; Mijnhrdt 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,, VC027 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 7 test,
x* test, logistic regression analysis, covariance analysis,



Environ Health Prev Med (2011) 16:185-190

187

one-way analysis of variance (ANOVA), and Scheffe’s
F test, where p < 0.05 was considered to be statistically
significant. We used the unpaired ¢ test to compare
parameters between subjects with and without cigarette
smoking; the y° test was used to evaluate the relationship
between cigarette smoking and exercise habits. Logistic
regression analysis and covariance analysis were also used
to adjust for parameters. ANOVA and Scheffe’s F test
were used to compare among subjects with and without
cigarette smoking and exercise habits. Pearson’s correla-
tion coefficients were calculated and used to test the sig-
nificance of the linear relationship between oxygen uptake
at VT and the number of cigarette smoked per day, the BI.

Results

The results of age and parameters at VT in subjects with
and without cigarette smoking are presented in Table 2.
A total of 166 men (40.8%) and 46 women (11.0%) were
current smokers. In men, there was no significant differ-
ence of age between subjects with and without cigarette
smoking. Oxygen uptake and work rate at VT in subjects
with cigarette smoking were significantly lower than those

in subjects without cigarette smoking. However, in women,
age in subjects with cigarette smoking was significantly
lower than that in subjects without cigarette smoking.
Therefore, to avoid the influence of age on parameters at
VT, we used age as a covariate and compared parameters at
VT using covariance analysis. Oxygen uptake in women
and work rate at VT in men with cigarette smoking were
significantly lower than in subjects without cigarette
smoking even after adjusting for age (Table 2).

It is well known that aerobic exercise level is closely
linked to exercise habits [5]. We evaluated the relationship
between cigarette smoking and exercise habits (Table 3).
A total of 164 men (40.3%) and 105 women (25.1%) were
defined as having exercise habits. In men, the prevalence of
subjects with cigarette smoking was significantly lower in
subjects with exercise habits than that in subjects without
exercise habits (Table 3). However, no significant differ-
ence in the prevalence of cigarette smoking in subjects with
and without exercise habits was noted in women.

To avoid the influence of age and exercise habits on
cigarette smoking, we used age, exercise habits, and
parameters of VT as explanatory variables, and cigarette
smoking as a response variable. No significant differences
of parameters at VT in subjects with and without cigarette

Table 2 Comparison of parameters at ventilatory threshold between subjects with and without cigarette smoking

Mean + SD P p (after p (after adjusting
- - adjusting for age
Clgarfstte Clgar.c-:tte for age) and exercise habits)
smoking (+) smoking (—)
Men
Number of subjects 166 241
Age (years) 41.8 £11.0 424 £ 11.7 0.5803
Oxygen uptake at ventilatory threshold (ml/kg/min) 143 £ 3.1 153 £ 44 0.0193 0.0595 0.1156
Work rate at ventilatory threshold (W) 79.8 + 20.7 85.0 £ 26.5 0.0333 0.0377 0.0764
Heart rate at ventilatory threshold (beats/min) 105.5 + 11.0 106.3 + 12.5 0.4683 0.9970 0.1839
Women
Number of subjects 46 372
Age (years) 39.6 £ 129 454 £ 11.8 0.0019
Oxygen uptake at ventilatory threshold (ml/kg/min) 12.0 £ 2.8 127 £ 2.4 0.1011 0.0120 0.0514
Work rate at ventilatory threshold (W) 52.9 £+ 18.1 51.1 £ 14.1 0.4092 0.6883 0.6414
Heart rate at ventilatory threshold (beats/min) 1062 + 11.4 107.1 £ 11.9 0.6136 0.2680 0.0881
cTi:a):ztza fgéﬁgg?ﬁ% Ei?:;?; Exe.rcise Exe.rcise )4 p (after adjusting
habits habits (+) habits (—) for age)
Men
Cigarette smoking (+) 52 114 0.0022 0.0024
Cigarette smoking (—) 112 129
Women
Cigarette smoking (+) 8 38 0.2002 0.5304
Cigarette smoking (—) 97 275
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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 ml/
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 (4), B:
cigarette smoking (—) exercise habits (4), C: cigarette
smoking (4) 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=—0.214, 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 VOZmaX 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 lung 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 (4+) Cigarette smoking (—) Cigarette smoking (+) Cigarette smoking (—)

Exercise habits (+)

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

Men
Number of subjects 52
Oxygen uptake at ventilatory threshold (ml/kg/min)  15.6 &+ 3.7
Work rate at ventilatory threshold (W) 84.8 + 252
Heart rate at ventilatory threshold (beats/min) 103.8 £ 12.2
Women
Number of subjects 8
Oxygen uptake at ventilatory threshold (ml/kg/min) 14.4 + 5.0
Work rate at ventilatory threshold (W) 70.0 &£ 27.0
Heart rate at ventilatory threshold (beats/min) 105.6 + 13.3

112 114 129
16.9 + 5.4 13.8 + 2.6% 13.8 &+ 2.5%
92.5 + 31.8 77.5 + 18.0° 78.6 & 18.8°

104.7 £ 13.3 106.2 + 10.3 107.7 £ 11.6

97 38 275
132 4+ 33 11.5 + 1.8%° 124+ 2.1
532 4 17.3° 49.34+13.5 50.3 + 12.8°
104.1 + 12.0 106.3%11.2 108.2 &+ 11.7°

Mean £+ SD
? p < 0.05 versus cigarette smoking (+), exercise habits (+)

® p < 0.05 versus cigarette smoking (—), exercise habits (4)
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The Brinkman index

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

The Bankman 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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