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Frequency of Exposure to Secondhand Smoke Outside the Home Is Associated
with a Lower FEV1/FVC in Male Workers Regardless of Smoking Status
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Abstract : Decreased respiratory function associated with aging leads to the onset of chronic obstructive pulmonary
disease (COPD) and increased risk of death in the elderly. Prevention of a decline in respiratory function from a
young age is important. This study aimed to clarify the factors that affect decreased forced expiratory volume in
one second (FEV1)/forced vital capacity (FVC), an index of obstructive respiratory disorder caused by airway ob-
struction, by considering the influence of body composition and lifestyle. We recruited 262 employed adult men
and determined their lifestyle-related factors, including smoking status, past or current secondhand smoke (SHS)
exposure, exposure to SHS outside the home, and physical activity (PA). Body composition and respiratory function
were also measured. The data were then compared with those of non-smokers using logistic regression analysis,
adjusting for age. We also investigated factors influencing FEV1/FVC using multiple regression analysis, adjusting
for age, height, smoking status, and lifestyle. Current smokers and heavy smokers exhibited significantly lower
amounts of PA and had a higher body fat%, visceral fat area, prevalence of cohabitation with smokers, and frequency
of SHS exposure outside the home, and FEV1/FVC was significantly lower in heavy smokers. A multiple regression
analysis revealed that FEV1/FVC was associated only with the frequency of SHS exposure outside the home. It is
important for occupational health personnel of a company to advise both non-smokers and smokers to avoid SHS to
prevent chronic obstructive pulmonary disease onset. This needs to be coupled with encouragement to quit smoking,
especially for heavy smokers.
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Introduction

The prevalence of chronic obstructive pulmonary
disease (COPD) has increased worldwide in recent
years. According to estimates by the World Health
Organization, COPD will be the third leading cause of
death globally in 2030 [1]. Meanwhile, 8.6% of adults
over 40 years old in Japan have COPD (approximately
5.3 million), according to an epidemiological survey
conducted in 2004 [2]. Thus, COPD is a major disease
that requires urgent examination and countermeasures
against declining respiratory function among working-
age people. Clarifying the factors related to decreased
respiratory function is an urgent task needed to inform
prevention efforts.

The Guidelines of the Japan Respiratory Society de-
fine COPD as a “disease of the lungs that is caused by
long-term inhalation exposure to noxious substances
such as tobacco smoke” [3]. Importantly, the primary
cause of COPD development is tobacco smoke. To-
bacco smoke is divided into mainstream smoke, in-
haled directly by the smoker, and secondhand smoke
(SHS), which is inhaled by the surrounding people; the
respiratory function of the smoker decreases due to,
for example, cigarette smoke adversely affecting the
muscles [4-6]. Exposure to SHS has also been report-
ed to be a risk factor for COPD, bronchial asthma, and
respiratory infection, including reduced respiratory
function [7]. Therefore, avoidance of SHS is recom-
mended to prevent the decline of respiratory function.
It is recommended that smokers modify their own
smoking habits.

Recent reports have indicated that smokers not only
have increased abdominal obesity, but also decreased
physical activity (PA) and poor nutritional balance [8-
12]. In particular, abdominal obesity has been shown
to be associated with decreased respiratory function,
which is the subject of this study [13]. To the authors’
knowledge, however, no comprehensive previous
studies have considered these variables. The purpose
of this study was to comprehensively analyze the fac-
tors that affect forced expiratory volume in one sec-
ond (FEV1)/forced vital capacity (FVC), an index of
obstructive respiratory disorder caused by airway ob-
struction, by considering the influence of body compo-
sition and lifestyle, and to present effective preventive

measures of COPD in workers.
Participants and Methods

Participant recruitment

To perform this study, the respiratory function of
male employees from five companies was measured
over the course of two years, beginning in the 2016
fiscal year. These measurements were performed at
the health assessments conducted by the Kyushu Rosai
Hospital research center for the promotion of health
and employment support. Of the 324 individuals who
were approached, 320 provided written informed con-
sent after being informed of the purpose of the study
and being assured that their data would be anonymous.
Of these, three participants with cardiovascular dis-
ease, two with cerebrovascular disease, three with can-
cer, 39 with respiratory disease (either past or present),
and 11 participants who submitted incomplete self-
administered questionnaires were excluded. Thus, a
total of 262 healthy male workers were included in this
study. With regard to the type of industry in which the
participants worked (classified according to the inter-
national standard classification of occupations (major
groups) [14]), the study cohort comprised the follow-
ing: managers (n=89); professionals, technicians, and
associate professionals (n=133); clerical support work-
ers (n=29); services and sales workers (n=06); craft and
related trade workers (n=2); and others (n=3).

The study was approved by the ethics committee of
medical research, University of Occupational and En-
vironmental Health, Japan (No. H28-049).

Participant information and lifestyle
Self-administered questionnaires were used to ob-
tain the following information: age, height, receiv-
ing treatment for a disease, prevalence of metabolic
syndrome (METS) risk factors (hypertension, dys-
lipidemia, diabetes, and obesity), smoking status,
prevalence of cohabitation with smokers (from birth
to present), frequency of exposure to SHS outside the
home, drinking habits, average duration of sleep on
weekdays, and PA. In terms of smoking status, par-
ticipants were classified as “non-smokers,” “ex-smok-
ers,” or “current smokers” [15]. The smoking index
of ex-smokers and current smokers was calculated by



Secondhand Smoke Exposure and FEV1/FVC in Workers 17

multiplying the number of years of smoking by the av-
erage number of cigarettes smoked/day. As done in a
previous study [16], current smokers were classified as
heavy smokers if they smoked more than 20 cigarettes/
day. Regarding the frequency of exposure to SHS out-
side the home, the participants were asked “Do you go
to places that smell of cigarettes?” If the answer was
“Yes”, the frequency of exposure to SHS was classi-
fied as the frequency with which participants visited
places where smoking is common, such as a Japanese
upright pinball game, restaurants, and pubs. Drinking
habits were estimated as the total amount of alcohol
consumed in a week (g/week), calculated on the basis
of the type of alcohol consumed and the frequency of
consumption. PA was evaluated using the short ver-
sion of the international physical activity question-
naire (IPAQ), Japanese edition, for which reliability
and validity have been confirmed in previous stud-
ies [17, 18]. PA (kcal) was determined using the PA
intensity calculation developed by Murase et a/ [18].
Each participant's weekly average PA was calculated
by multiplying PA duration by intensity (low, moder-
ate, or vigorous, determined using the IPAQ), then the
weekly average was divided by seven to calculate the
daily average. Total PA (kcal/day) was calculated us-
ing energy/m/ of oxygen intake (= 0.005 kcal) and 1
metabolic equivalent = 3.5 m//kg/min.

Body composition

Body weight, body mass index, body fat%, fat-free
mass, and regional muscle mass were measured using
a body composition analyzer (InBody 720, InBody
Co., Ltd., Seoul, Korea) that performed bioelectric im-
pedance analysis. This measurement was conducted
while participants were in a standing position and took
approximately 90 seconds. Upper limb muscle mass
and lower limb muscle mass were calculated using the
results of regional muscle mass.

A visceral fat measuring device (HDS-2000 Duals-
can, Omron Healthcare Co., Ltd., Kyoto, Japan) was
used to measure visceral fat. This instrument measures
the visceral fat area (VFA) using the dual impedance
method, and has been found to show a high correla-
tion with measurements made using X-ray computed
tomography [19]. For the present study, the measure-
ments were obtained with the participants in a supine

position, and VFA was measured by examining the
cross-sectional area of the abdomen, fat-free area, and
subcutaneous fat area.

Respiratory function

Spirometry was performed in accordance with
guidelines specified by the committee of pulmonary
physiology of the Japanese Respiratory Society [20].
FVC, FEV1, and FEVI/FVC were measured using
an electronic spirometer (Autospiro AS-507, Minato
Medical Science Co., Ltd., Osaka, Japan) while the
participants were in a seated position. Predicted FVC
and predicted FEV1 were calculated using an equation
developed by the Japanese Respiratory Society [21].

Statistical analysis

For statistical analysis, we examined differences
between ex-smokers, current smokers, heavy smokers,
and non-smokers in terms of participant age, using the
Mann-Whitney U test. Information on each smoking
participant, except age, lifestyle, body composition,
and respiratory function, was compared with that of
non-smokers as age-adjusted variables, using multiple
logistic regression analysis; odds ratios (OR) and 95%
confidence intervals (95%CI) were also calculated.

The relationships between participant information,
lifestyle, body composition and FEV1I/FVC were then
analyzed for each level of smoking status using Pear-
son’s correlation coefficient and Spearman’s rank cor-
relation coefficient for continuous variables. Addition-
ally, differences in FEV1/FVC between groups based
on the prevalence of METS risk factors and cohabita-
tion with smokers, respectively, were examined using a
two-sample ¢-test and the Mann-Whitney U test.

In order to investigate factors affecting FEV1/FVC,
multiple stepwise linear regression analysis was per-
formed, with FEVI/FVC as the dependent variable.
In Model 1, age, height, and smoking status (non-
smokers, ex-smokers, and all current smokers) were
set as adjustment variables. In Model 2, cohabitation
with smokers at birth, cohabitation with smokers at
present, drinking habits, average duration of sleep on
weekdays, total PA, and PA according to the intensity
of activity were added as adjustment variables. In or-
der to avoid potential issues of multicollinearity, we
confirmed that the variance inflation factor (VIF) of
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independent variables was less than 10. All analyses
were performed using SPSS Statistics 25.0 (IBM Co.,
Armonk, NY). P-values less than 0.05 were consid-
ered statistically significant.

Results

Characteristics of participants

The values obtained through analysis are described
below as mean + standard deviation or median (inter-
quartile range 25-75%) for normally and not normally
distributed data, respectively. Categorical data are ex-
pressed as frequencies and percentages. Table 1 shows
the information, body composition, lifestyle, and re-
spiratory function of the 262 participants.

Difference based on smoking status

The difference between each indicator in terms of
the smoking status of the participants is shown in Table
2. First we determined that the ex-smokers and heavy
smokers were significantly older than the non-smokers.
Consequently, we decided to conduct multiple logistic
regression analysis adjusted for age to compare each
indicator with that of the non-smoking group.

As a result, the presence of dyslipidemia and body
fat% were found to be significantly higher in the ex-
smokers than the non-smokers. For current smokers,
body fat%, VFA, cohabitation rate with current smok-
ers, and frequency of exposure to SHS were signifi-
cantly higher, and total PA and vigorous PA were sig-
nificantly lower. The same was true of heavy smokers,
and FEV1/FVC was significantly lower.

Correlation analysis between FEV1I/FVC and other
factors

Table 3 shows the correlation between FEVI/FVC
and other factors for each smoking status. For the non-
smokers, FEVI/FVC showed a significant negative
correlation with both age and alcohol consumption.
For ex-smokers, FEVI/FVC had a significant negative
correlation with age only. Finally, for current smokers,
there was a significant negative correlation with age,
smoking index, and alcohol consumption in terms of
FEVI/FVC. Additionally, among the current smokers,
heavy smokers had a significant positive correlation
with body fat%.

Table 1. Participant information: body composition, life-
style, and respiratory function

Variables

Male n=262

Participant information

Age (years) 48.5 (40.8-57.0)

Height (cm) 170.7+5.8

METS risk n, (%) 59 (22.5)
Hypertension n, (%) 34 (13.0)
Dyslipidemia n, (%) 25 (9.9)
Diabetes n, (%) 13 (5.0)
Obesity n, (%) 3 (1.1)

Body composition
Weight (kg) 68.2 (61.8-75.6)

Body mass index (kg/m’)
Body fat% (%)
Fat-free mass (kg)

23.4 (21.5-25.4)
22.5 (18.5-25.9)
53.1 (49.7-56.7)

Upper limb muscle mass (kg) 5.6 (5.1-6.1)
Lower limb muscle mass (kg) 17.4+2.1
Trunk muscle mass (kg) 23.2£2.6

Visceral fat area (cm?)
Lifestyle
Smoking index

67.7 (48.0-89.3)

11.0 (0.0-380.0)
Smoking status

Non-smokers n, (%) 123 (46.9)

Ex-smokers n, (%) 77 (29.4)

Current smokers n, (%) 62 (23.7)
Cohabitation with smokers at birth n, (%) 147 (56.1)
Cohabitation with smokers at present n, (%) 12 (4.6)

Frequency of exposure to SHS out the home 0.7 (0.0-4.0)
(times/month)

Alcohol consumption (g/wk)

Average duration of sleep on weekdays
(hours/day)

Total physical activity (kcal/day)
Low physical activity (kcal/day)

96.0 (0.0-197.7)
6.0 (6.0-7.0)

108.2 (57.0-238.8)
49.3 (0.0-97.6)

Moderate physical activity (kcal/day) 0.0 (0.0-40.3)
Vigorous physical activity (kcal/day) 0.0 (0.0-90.8)
Respiratory function
FVC (1) 4.1 (3.8-4.6)
FVC (% pred.) 99.2+10.9
FEV1 (1) 3.4 (3.1-3.8)
FEV1 (% pred.) 93.8+10.1
FEVI/FVC (%) 81.2+5.8

Values are described as mean =+ standard deviation or median (in-
terquartile range 25-75%) for normally or not normally distributed
data, respectively. Categorical data are expressed as frequency and %.
METS: metabolic syndrome, SHS: secondhand smoke, FVC: forced
vital capacity, FEV1: forced expiratory volume in one second.

Relationship between FEVi1/FVC and other factors
The relationships between FEV1/FVC and other fac-
tors in terms of smoking status are shown in Table 4. For
current smokers, a higher METS risk, indicated through
high levels of factors such as hypertension and diabetes,
was found to be related to a decrease in FEVI/FVC.
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Table 3. Correlation analysis between FEV1/FVC and other factors for each smoking status

Variables Non-smokers Ex-smokers Current smokers n=62
n=123 n=77 All current Heavy smokers
smokers n=62 n=37
Age (years) 051" -0.33" -0.53"" -0.07
Height (cm) 0.04 -0.02 -0.07 -0.15
Weight (kg) 0.09 -0.07 -0.01 0.19
Body mass index (kg/m’) 0.05 -0.10 0.03 0.27
Body fat% (%) -0.07 0.05 0.02 0.34*
Fat - free mass (kg) 0.01 -0.12 -0.05 -0.02
Upper limb muscle mass (kg) -0.06 -0.13 -0.07 0.01
Lower limb muscle mass (kg) 0.04 -0.14 -0.07 -0.06
Trunk muscle mass (kg) -0.04 -0.10 -0.06 0.01
Visceral fat area (cm?) -0.04 -0.07 -0.12 0.24
Smoking index — -0.20 -0.49™"" -0.19
Frequency of exposure to SHS out the home (times/month) -0.01 -0.09 -0.08 -0.13
Alcohol consumption (g/wk) -0.26" 0.08 -0.27" -0.20
Average duration of sleep on weekdays (hours/day) 0.09 0.05 -0.13 0.00
Total physical activity (kcal/day) -0.06 -0.18 0.04 -0.17
Low physical activity (kcal/day) -0.10 -0.13 -0.11 -0.19
Moderate physical activity (kcal/day) -0.17 -0.11 0.22 -0.17
Vigorous physical activity (kcal/day) 0.05 0.02 0.06 -0.20

*: P<0.05 assessed by Pearson correlation coefficient, ", P<0.001, " P<0.01 and ": P<0.05 assessed by Spearman’s rank correlation
coefficient. SHS: secondhand smoke, FVC: forced vital capacity, FEV1: forced expiratory volume in one second

Table 4. Relationship between FEV1/FVC and other factors based on smoking habit

Variables Non-smokers n=123 Ex-smokers n=77 Current smokers n=62
All current smokers Heavy smokers
n=62 n=37
n FEVI/FVC (%) n  FEVI/FVC (%) n FEVI/FVC (%) n FEVI/FVC (%)

METS risk

Yes 21 81.0+4.38 22 80.1+3.7 16 77.5+6.2% 11 76.8+5.2

No 102 823+5.8 55 80.2+5.6 46 81.6+6.4 26 79.0+£5.8
Hypertension

Yes 15 81.6+4.0 9 813=+24 10 76.0=4.5% 8 75.0+4.4

No 108 82.2+5.9 68 80.0+54 52 81.4£6.6 29 79.2£5.7
Dyslipidemia

Yes 5 79.6£7.7 14 80.6+3.9 6 79.5+4.7 3 81.6+4.4

No 118 82.2%5.6 63 80.1+54 56 80.6+6.7 34 78.0£5.7
Diabetes

Yes 4 84.6+32 5 80.2%£3.0 4 72.8+4.3% 4 72.8+4.3*%

No 119 82.0£5.7 72 80.2+5.3 58 81.1+6.4 33 79.0£5.5
Obesity

Yes 2 85.4(83.5-87.2) 1 — 0 — 0 —

No 121 81.3(78.5-85.6) 76 80.2+5.2 62 80.5£6.6 37 78.3£5.6
Cohabitation with smokers at birth

Yes 67 80.8(78.7-853) 42 79.8(77.3-83.3) 38 80.7+5.5 23 79.2+53

No 56 81.8(77.9-859) 35 80.7(78.2-82.8) 24 80.3+8.1 14 76.8+6.1
Cohabitation with smokers at present

Yes 2 79.4(78.2-80.6) 1 — 9 79.4£6.6 7 77.5£6.2

No 121 81.6(78.6—85.8) 76 80.2+5.2 53 80.7+ 6.6 30 78.5£5.6

Values are described as mean =+ standard deviation or median (interquartile range 25-75%). *: P<0.05 versus no by two sample ¢ tests.
METS: metabolic syndrome, FVC: forced vital capacity, FEV1: forced expiratory volume in one second
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Table 5. Result of multiple regression analysis with FEV1/FVC as the dependent variable
Model 1
Standardized coeftficient 95% CI
-0.148%* -0.30 — -0.05

Variable Model 2
Standardized coefficient 95% CI

-0.143* -0.30 — -0.04

Frequency of exposure to SHS out the home

**: P<0.01, *: P<0.05, Model 1: age, height, and smoking status were adjusted. Model 2: age, height, smoking status, cohabitation with
smokers at birth, cohabitation with smokers at present, alcohol consumption, average duration of sleep on weekdays, total physical activity,
and physical activity according to the intensity of activity were adjusted, CI: confidence interval, SHS: secondhand smoke, FVC: forced

vital capacity, FEV1: forced expiratory volume in one second

Result of multiple regression analysis with FEV1/FVC
as the dependent variable

Table 5 shows the results of multiple regression
analysis in which FEV1/FVC was a dependent vari-
able, and adjustments were made for age, height, and
smoking status. The results showed that only frequen-
cy of exposure to SHS outside the home was a signifi-
cant related factor; similar results were obtained for
Models 1 and 2. The multiple regression models for
all conditions were significant.

Discussion

Through this study, the current smokers were shown
to burn fewer calories and engage in less PA, and to
have a higher body fat% and VFA than did the non-
smokers. This result was similar to the findings of
previous studies [10-12]. Another study showed that
VFA temporarily increases following smoking ces-
sation, but thereafter decreases as smoking cessation
continues [22]. Because PA is expected to reduce vis-
ceral fat, it may be helpful to provide current smokers
with smoking cessation guidance to help them improve
their PA. A novel finding in this study was that current
smokers are highly likely to reside with other smokers,
and also to have a high frequency of exposure to SHS
outside the home. The unfavorable tendency regard-
ing these body compositions and lifestyle was particu-
larly marked in the heavy smokers.

In particular, this study showed that the frequency
of exposure to SHS outside the home was related to
a decrease in FEVI/FVC, regardless of one’s smok-
ing status. Preventing a decrease in FEVI/FVC is
important, particularly among younger people, given
that FEVI/FVC is an index of obstructive respiratory
disorder. Hagstad et al reported that as exposure to
passive smoking, such as in the home or workplace,

increased, so did the risk of COPD, independently of
other factors [23]. Thus, this study result clarifying the
influence of the frequency of exposure to SHS outside
the home seems to be of great significance.

Secondhand smoke exposure in the workplace has
decreased in recent years in Japan, due to the estab-
lishment of designated smoking rooms and smoke-free
buildings in the workplace [24]. There were also no
cases of SHS exposure in the office at the five compa-
nies surveyed in this research. Owing to the decrease
in Japanese citizens overall smoking rate [25] and
increased social awareness regarding SHS, the num-
ber of smokers who do not smoke inside their homes
is also increasing [25]. Therefore, non-smokers pre-
sumably have little exposure to SHS in closed spaces,
except when regularly visiting restaurants that take
inadequate or no measures against SHS. For this rea-
son, this study has sensitively detected the influence of
SHS outside the home in non-smokers. Meanwhile,
unexpected results were obtained even in smokers: the
exposure to SHS outside the home influences respira-
tory function. Owing to smokers frequenting smoking
areas, this group is exposed to both SHS from other
smokers and mainstream smoke, which is inhaled
directly by the smoker. Therefore, it is inferred that
smokers cannot ignore the influence of SHS on respi-
ratory function.

These results provide the basis for minimizing ex-
posure to SHS for non-smokers. Another interesting
observation is that SHS also poses an increased risk
of obstructive respiratory function even in smokers.
Thus, it is important for occupational health person-
nel to advise both non-smokers and smokers to avoid
SHS.

A previous study has reported that parents’ smoking
habits affect the development of children’s respiratory
function [26]. However, this study did not extract co-
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habitation with smokers at birth as a factor affecting
FEVI/FVC. The study excluded potential participants
with respiratory diseases such as bronchial asthma
and COPD; therefore, passive smoking history at birth
may not be related to respiratory function.

There are two limitations in this study. First, at
only five, few companies were targeted for the study,
and this may limit generalizability. Moreover, since
one out of the five companies used a closed smoking
room, and four companies had an open smoking area
outdoors, it was not possible to unify the situation of
passive smoking during work hours. In addition, as
the smoking rate of men in their 30s to 50s in Japan
ranges from 37 to 42% [25], the smoking rate in the
five companies was clearly low at 23.7%. Future
studies should be conducted using companies with a
unified measure against SHS, as well as companies
with a smoking rate similar to the average of same age
workers. Second, this research was cross-sectional.
In future, we will perform prospective longitudinal
studies on the factors related to respiratory function
mentioned in this study, and we will construct a strat-
egy for preventing respiratory depression through in-
tervention. Specifically, we will take muscle mass and
frequency of exposure to SHS into consideration.

Conclusion

A high frequency of exposure to SHS outside the
home was extracted as a factor influencing the decline
in FEV1/FVC, regardless of an individual's smoking
status. Avoiding SHS outside the home is a primary
preventive measure not only for non-smokers but also
for smokers. It is important for occupational health
personnel of a company to advise both non-smokers
and smokers to avoid SHS to prevent chronic obstruc-
tive pulmonary disease onset. This needs to be cou-
pled with encouragement to quit smoking, especially
for heavy smokers.
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