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ABSTRACT
Objectives: The present study was designed to
investigate the smoking and heavy smoking trends and
identify possible related factors among Korean male
workers from 2007 to 2012 by occupational groups.
Methods: The data were derived from the fourth
(2007–2009) and fifth (2010–2012) waves of the
Korean National Health and Nutrition Examination
Survey (KNHANES). Occupational groups were
categorised into three groups, which were non-manual,
manual and service and sales groups. Age-adjusted
prevalence rates of smoking and heavy smoking (>20
cigarettes/day) in men aged 25–64 years were
calculated. Factors associated with heavy smoking were
investigated using logistic regression analyses.
Results: Smoking rate in manual workers decreased
gradually over time (p for trend <0.0001). Smoking
rate was higher in manual than non-manual workers,
but the difference reduced over time (p for trend
<0.0001). Heavy smoking rate decreased from 2007 to
2012 (p for trend <0.0001). Heavy smoking rate was
higher in manual than non-manual workers; however,
this difference increased over time. Stress, depressive
mood and long working hours (≥60 h/week) were
associated with heavy smoking.
Conclusions: Antismoking policy should focus on
current and heavy smokers. Workplace antismoking
programmes should consider working hours and
stress, especially in manual workers.

INTRODUCTION
Smoking is one of the main risk factors for
many diseases. Cigarette smoking can cause
cancers of the lung, oral cavity, pharynx,
larynx, oesophagus, pancreas, bladder and
reproductive system,1 2 chronic lung dis-
eases,3 cardiovascular diseases4 and others.
Smokers are reported to have their life
expectancy shortened by at least one decade
in the USA.5 Therefore, many countries have
implemented policies to reduce smoking
rates including restriction of tobacco advertis-
ing, limitations on the age at which cigarettes
can be bought, and the creation of smoke-

free areas. In South Korea, comprehensive
smoking control policies have been in place
since 1995, and smoking prevalence among
men has reduced.6

There are synergistic effects between
smoking and hazardous substances in the
workplace such as asbestos,7 chemicals,8

radon9 and others.10 Workers who both
smoke and are exposed to hazardous sub-
stances are at high risk of cancers of the lung
and bladder.11 12 Compared with non-
manual workers, manual workers are at
increased risk of exposure to the aforemen-
tioned hazardous substances, with synergistic
effects on health for those who also smoke.
Therefore, a smoke-free working environ-
ment is important for a worker’s health.13

Many companies recognised the importance
of eliminating smoking in the workplace,
and adapted policies to limit or prohibit
smoking in their employees.14 15 Workplace
antismoking programmes were reported to
be effective in reducing the smoking preva-
lence in the general population, because
people spend a lot of time in their work-
places.16 In South Korea, the smoking preva-
lence was higher in manual than in
non-manual workers in 2009, suggesting that
more active smoking control policies specific
to manual workers were needed.17

Strengths and limitations of this study

▪ The data analysed in this study were derived
from a well-designed systematic nationwide
survey.

▪ This study identified the work-related factors
associated with heavy smoking.

▪ Smoking status of ‘current smoking’ was not
clearly defined, which would lead to an under-
estimation of the smoking prevalence rate.

▪ Socioeconomic status, education and other
factors which might be related to heavy smoking
were not considered.
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The amount of smoking is also an important consider-
ation because heavy smokers may be at greater risk than
light smokers of smoking-related diseases. It was reported
that there are dose-response relationships between
smoking index (pack-years) and lung cancer, and between
heavy smoking (current smokers with 20 or more pack-
years) and the risk of metabolic syndrome.18 19

Nevertheless, few studies about recent smoking trends
among occupational groups focus on heavy smokers.
Given the high risk of smoking-related diseases in
manual workers, up-to-date research on smoking rate
trends looking at heavy smoking and occupational
groups is needed. The results will help to identify those
groups that are at increased risk of smoking-related dis-
eases and create helpful and appropriate interventions.
This study was designed to investigate recent trends in
the smoking rate and amount of smoking and identify
possible related factors among Korean male workers of
different occupational groups.

METHODS
The data for analysis
In South Korea, the Ministry of Health and Welfare and
the Center for Disease Control jointly carry out the
Korea National Health and Nutrition Examination
Survey (KNHANES) periodically to evaluate Korean
health and nutritional status.20 The first, second and
third wave surveys were conducted in 1998, 2001 and
2005, respectively. Since 2007, the survey has been con-
ducted annually and data from 2007 to 2009 and from
2010 to 2012 were integrated, respectively, into the
fourth and fifth wave surveys. Participants were selected
for KNHANES from among non-institutionalised
civilians using a stratified, multistage, clustered probabil-
ity sampling design. This sampling method is
certified as producing representative statistics by the
Korean Department of Statistics. All KNHANES data are
accessible from the KNHANES website (https://
knhanes.cdc.go.kr).
We analysed data obtained from the fourth (2007–

2009) and fifth (2010–2012) wave surveys of KNHANES.
In the fourth (2007–2009) KNHANES wave survey, 200
sampling units comprising 4600 households were ran-
domly sampled every year. In the fifth (2010–2012)
KNHANES wave survey, 192 sampling units comprising
3800 households were randomly sampled every year. In
total, 1176 sampling units comprising 25 200 households
sampled from 2007 to 2012 were used in this study.
Participants included men aged 25–64 years, whereas
women, men aged <25 or ≥65 years, the unemployed
and students were excluded.

Definitions of current smoking and heavy smoking
Smoking status was assessed according to participants’
answers to the question ‘Do you currently smoke?’
Participants were considered to be current smokers if
they answered ‘I smoke everyday’ or ‘I sometimes

smoke’, and reported that they had smoked more than
five packs (100 cigarettes) in their whole life. A current
smoker with a daily consumption of more than 20 cigar-
ettes was considered to be a heavy smoker.

Occupational groups
In the fourth and fifth wave surveys, KNHANES cate-
gorised occupations into 11 groups. We classified these
occupations into three groups: non-manual, manual and
service or sales. Non-manual workers included general
managers, professionals and office workers. Manual
workers included those in the agriculture and fishing
industries, crafts and related people, plant and machine
operators, assemblers and those in elementary occupa-
tions (construction and mining).

Variables associated with heavy smoking
Work hours were classified into two groups: ≤60 and
>60 h per week. Participants reported their level of stress
as none, mild, moderate or severe. When a participant
checked ‘moderate’ or ‘severe’, this participant was clas-
sified as being in the stress group. Depression was
assessed by answers (yes or no) to the question “Have
you experienced a depressed mood for two or more con-
tinuous weeks during the previous 1 year?” The answer
‘yes’ was taken to indicate that the participant had psy-
chological stress. Suicidal thoughts were assessed by
responses (yes or no) to the question “Have you thought
about suicide during the previous 1 year?” Participants
were asked whether they had been educated about
smoking cessation during the previous year.

Statistical analysis
The age-standardised prevalence rates of current smoking
and heavy smoking, stress, depression, suicidal thoughts,
working hours and education about smoking cessation
were calculated from data for each wave of KNHANES.
Direct standardisation to 10 year age groups was per-
formed using the age distribution of the 2005 and 2010
South Korean census populations as the standard popula-
tion. Logistic regression analyses were performed to
analyse the relationship between current or heavy smoking
rate and occupational group in terms of the prevalence
ratio (PR). Trends in the OR and PR were estimated by
examining the p value for an interaction term of occupa-
tions and the variables that identified the year of the data
in the model. SAS for Windows V.9.2 (SAS Institute, Inc.,
Cary, NC, USA) was used for statistical analyses.

RESULTS
The age-standardised smoking rates in South Korean
male current smokers (aged 25−64 years) are shown
(table 1). The current smoking rate in manual workers
decreased gradually over time (p for trend <0.0001). In
contrast, the current smoking rate in non-manual and
service or sales workers increased from 2007 to 2010/
2011, after which it decreased (p for trend <0.0001).
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Table 1 Age-standardised prevalence rates (95% CI), OR and prevalence ratio (PR) of current smokers; data on Korean men aged 25–64 years participating in the

Korean National Health and Nutrition Examination Survey

2007 2008 2009 2010 2011 2012
p For
trend

Total 47.8 (44.3 to 51.4) 50.6 (49.1 to 52.0) 49.9 (48.6 to 51.2) 52.0 (50.2 to 53.8) 50.1 (48.0 to 52.2) 47.0 (44.9 to 49.0) <0.0001

Non-manual 38.7 (30.1 to 47.2) 43.7 (39.2 to 48.2) 44.4 (40.1 to 48.7) 46.6 (41.7 to 51.5) 43.8 (38.6 to 48.9) 40.9 (35.3 to –46.4) <0.0001

General managers and

professionals

38.9 (24.2 to 53.5) 45.2 (38.1 to 52.3) 45.5 (38.3 to 52.6) 46.1 (37.5 to 54.6) 43.2 (34.8 to 51.6) 41.1 (31.4 to 50.8) –

Office workers 36.5 (15.1 to 57.8) 42.0 (26.9 to 57.2) 39.9 (32.5 to 47.4) 46.1 (36.3 to 55.9) 45.2 (32.2 to 58.2) 40.0 (27.4 to 52.7) –

Manual 57.0 (48.9 to 65.0) 56.1 (52.4 to 59.8) 55.6 (51.8 to 59.4) 57.8 (51.5 to 64.0) 54.5 (48.8 to 60.2) 50.6 (43.9 to 57.4) <0.0001

Agricultural and fishery

workers

52.5 (40.7 to 64.3) 63.4 (46.0 to 80.8) 47.1 (18.7 to 75.5) 43.7 (19.1 to 68.3) 43.9 (0.0 to 140.7) 55.4 (5.0 to 105.8) –

Craft and related workers,

plant and machine operators

and assemblers

54.7 (43.0 to 66.4) 56.3 (51.0 to 61.6) 56.0 (50.4 to 61.5) 56.5 (48.3 to 64.7) 53.6 (45.1 to 62.1) 52.5 (42.6 to 62.4) –

Elementary occupations

(construction and mining)

68.0 (31.6 to 104.4) 51.4 (26.8 to 75.9) 56.7 (37.7 to 75.8) 60.8 (24.6 to 96.0) 57.1 (32.2 to 82.0) 41.6 (3.81 to 79.4)

Service or sales workers 52.0 (36.4 to 67.5) 50.0 (40.8 to 59.3) 52.9 (43.9 to 62.0) 53.4 (43.0 to 63.9) 54.7 (43.8 to 65.5) 46.5 (29.6 to 63.4) <0.0001

OR of manual vs non-manual 2.00 (1.43 to 2.80) 1.67 (1.33 to 2.10) 1.63 (1.32 to 2.01) 1.60 (1.20 to 2.13) 1.47 (1.11 to 1.94) 1.41 (1.05 to 1.88) <0.0001

OR of service vs non-manual 1.96 (1.22 to 3.16) 1.31 (0.94 to 1.81) 1.46 (1.07 to 1.99) 1.32 (0.97 to 1.82) 1.56 (1.14 to 2.13) 1.13 (0.73 to 1.74) 0.0389

PR of manual vs non-manual 1.33 (1.12 to 1.59) 1.14 (1.02 to 1.26) 1.10 (0.99 to 1.22) 1.10 (0.99 to 1.23) 1.08 (0.96 to 1.21) 1.10 (0.97 to 1.26) <0.0001

PR of service vs non-manual 1.43 (1.16 to 1.78) 1.07 (0.93 to 1.24) 1.14 (1.00 to 1.30) 1.11 (0.97 to 1.28) 1.19 (1.02 to 1.39) 1.03 (0.85 to 1.25) <0.0095
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Among non-manual workers, the current smoking rates
in general managers and professionals were higher than
in office workers apart from in 2010 and 2011. Among
manual workers, the current smoking rates in the elem-
entary occupational group decreased dramatically from
2007 (68.0%) to 2012 (41.6%). The current smoking
rate of service or sales workers was greatest in 2011
(54.7%). Current smoking was more likely and prevalent
in manual compared with non-manual workers in 2007
(OR 2.00, 95% CI 1.43 to 2.80; PR 1.33, 95% CI 1.12 to
1.59), but the difference between the groups reduced
over time (in 2012: OR 1.41, 95% CI 1.05 to 1.88; PR
1.10, 95% CI 0.97 to 1.26). The OR and PR for current
smoking in sales workers compared with non-manual
workers fluctuated over time from 2007 to 2012, but
tended to decrease (p for trend <0.05) (table 1).
Age-standardised rates of heavy smoking in South

Korean men aged 25−64 years are shown (table 2). The
rate of heavy smoking decreased from 2007 to 2012
(7.59% in 2007 and 5.84% in 2012). Trends for heavy
smoking rates to decrease were observed in manual,
non-manual and service or sales workers (p for trend
<0.0001). Among the three occupational groups, the
prevalence of heavy smoking from 2007 to 2012 was
highest in manual workers. Among non-manual workers,
heavy smoking was more prevalent among general man-
agers and professionals than among office workers.
Among manual workers, the heavy smoking prevalence
rates in the elementary occupational group decreased
dramatically from 8.30% (2007) to 2.99% (2012). The
heavy smoking rates in service or sales workers fluctu-
ated but decreased overall from 8.52% (2007) to 5.80%
(2012). Unlike current smoking rates, the likelihood
and prevalence of heavy smoking became greater in
manual workers compared with non-manual workers
over the period 2007 (OR 1.67, 95% CI 0.88 to 3.18; PR
1.50, 95% CI 0.86 to 2.63) to 2012 (OR 3.11, 95% CI
1.63 to 5.93; PR 2.83, 95% CI 1.62 to 4.96) (p for trend
<0.0001). The likelihood and prevalence of heavy
smoking in service or sales workers compared with non-
manual workers did not change significantly from 2007
(OR 1.62, 95% CI 0.88 to 3.18; PR 1.46, 95% CI 0.71 to
3.01) to 2012 (OR 2.04, 95% CI 0.80 to 5.16; PR 2.39,
95% CI 1.15 to 4.96).
The results of logistic regression analyses for heavy

smoking are reported in table 3. Moderate to severe stress,
depressive mood, suicidal thoughts and long working
hours (≥60 h/week) were all significantly associated with
heavy smoking. Education about smoking cessation within
the previous year was not significantly associated with the
outcome of heavy smoking. In multivariable analysis, mod-
erate to severe stress, depressive mood and long working
hours (≥60 h/week) remained significant after adjusting
for age and other variables including stress, depressive
mood, suicidal thought, working hours and education for
smoking cessation. Long working hours (≥60 h/week)
had the greatest association with heavy smoking (OR 1.41,
95% CI 1.13 to 1.75).

DISCUSSION
There are two main results in this study. First, heavy
smoking rate in manual workers was higher than that in
non-manual workers, and the difference between the
groups increased over time in contrast to the current
smoking rate. Second, stress, depressive mood and long
working hours (≥60 h/week) were associated with heavy
smoking.
According to Jang et al,17 the difference in current

smoking rate between manual and non-manual workers
increased from 1998 to 2005 and then decreased from
2005 to 2009. Overall, these results indicate that the dif-
ference in the current smoking rate between manual
and non-manual workers has been diminishing since
2005, although smoking remains more likely and more
prevalent in manual workers.
The observed increase in current smoking rate in non-

manual and service or sales workers may be associated
with the economic crisis of 2008. The economic crisis
induced the restructuring and personnel reduction of
many companies, especially financial institutions, which
increased job insecurity, especially among non-manual
and service workers, and may have led to increased rates
of smoking in these groups. Manual workers were rela-
tively unaffected by the restructuring, possibly explaining
why their smoking rate did not show a response to the
crisis.
The observation that differences in heavy smoking

rates between manual and non-manual workers
increased over time indicates that antismoking policies
were less effective in manual workers who smoked
heavily compared with non-manual workers. Stress,
depressive mood and long working hours were all signifi-
cantly associated with heavy smoking.
Current smoking rate is different by age group.

Current smoking rate increased with age and was
highest in the 30s age group, and then decreased with
age.21 22 On the other hand, the rate of smoking cessa-
tion increased with age. In addition to age, various
other factors have been reported to be associated with
current smoking. So and Yeo23 reported that various
factors including low educational level of an individual
and parents were associated with early smoking initi-
ation. Low education level was also reported to be
related to the quantity of cigarettes smoked by
smokers.24 Low socioeconomic status was reported to be
related to a failure of smoking cessation.25 Stressful
events in early life might be a risk factor for early
smoking initiation in adolescence.26 Race, ethnicity and
culture were reported to be factors related to current
smoking prevalence.27

Jang et al28 reported that the most dominant motiv-
ation to smoke was reported to be habit, followed by
stress. They also reported that risk for current smoking
increased directly in proportion to increased psycho-
logical stress. Both occupational and non-occupational
stress were reported to be related to smoking.29 In this
study, stress was a significant variable related to heavy
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Table 2 Age-standardised prevalence rates (95% CI), OR and prevalence ratio (PR) of heavy smokers; data on Korean men aged 25–64 years participating in the Korean

National Health and Nutrition Examination Survey

2007 2008 2009 2010 2011 2012
p For
trend

Total 7.59 (6.52 to 8.66) 8.24 (7.88 to 8.69) 6.83 (6.50 to 7.17) 6.50 (6.08 to 6.92) 5.29 (4.86 to 5.72) 5.84 (5.30 to 6.38) <0.0001

Non-manual 5.78 (3.81 to 7.35) 5.68 (4.73 to 6.63) 4.92 (4.25 to 5.59) 4.72 (3.62 to 5.83) 4.35 (3.50 to 5.20) 2.65 (2.05 to 3.24) <0.0001

General managers and

professionals

6.94 (3.43 to 10.5) 6.28 (4.73 to 7.82) 5.46 (4.19 to 6.73) 5.68 (3.80 to 7.56) 4.83 (3.21 to 6.46) 3.69 (2.33 to 5.06) –

Office workers 3.20 (1.93 to 4.47) 4.98 (1.97 to 7.99) 3.90 (2.71 to 5.10) 3.58 (0.92 to 6.24) 4.22 (1.88 to 6.56) 0.75 (0.54 to 0.96) –

Manual 10.2 (6.38 to 13.9) 10.3 (8.96 to 11.7) 9.44 (8.00 to 10.9) 8.70 (6.57 to 10.8) 7.17 (5.65 to 8.69) 7.89 (6.27 to 9.52) <0.0001

Agricultural and fishery

workers

8.24 (0.00 to 19.0) 12.3 (0.00 to 29.3) 9.12 (0.00 to 18.4) 5.77 (0.00 to 12.9) 11.7 (0.00 to 25.7) 6.08 (2.66 to 9.50) –

Craft and related workers,

plant and machine operators

and assemblers

9.46 (4.38 to 14.5) 10.7 (8.61 to 12.8) 10.2 (7.91 to 12.5) 9.10 (6.23 to 12.0) 5.68 (4.27 to 7.09) 8.85 (6.10 to 11.6) –

Elementary occupations

(construction and mining)

8.30 (0.00 to 22.3) 7.42 (3.60 to 11.2) 4.99 (2.61 to 7.38) 7.47 (0.00 to 18.3) 4.87 (0.00 to 12.6) 2.99 (0.91 to 5.07) –

Service or sales workers 8.52 (3.39 to 13.7) 6.31 (3.65 to 8.97) 8.43 (5.35 to 11.5) 6.97 (3.15 to 10.8) 2.12 (0.86 to 3.38) 5.80 (2.45 to 9.15) <0.0001

OR of manual vs non-manual 1.67 (0.88 to 3.18) 1.82 (1.16 to 2.84) 1.95 (1.23 to 3.05) 2.09 (1.18 to 3.70) 1.56 (0.89 to 2.73) 3.11 (1.63 to 5.93) <0.0001

OR of service vs non-manual 1.62 (0.72 to 3.64) 1.14 (0.56 to 2.33) 1.76 (1.07 to 2.88) 1.68 (0.78 to 3.59) 0.47 (0.14 to 1.55) 2.04 (0.80 to 5.16) 0.4420

PR of manual vs non-manual 1.50 (0.86 to 2.63) 1.71 (1.20 to 2.44) 1.69 (1.17 to –2.42) 1.93 (1.28 to 2.93) 1.41 (0.89 to 2.22) 2.83 (1.62 to 4.96) <0.0001

PR of service vs non-manual 1.46 (0.71 to 3.01) 0.99 (0.58 to 1.70) 1.57 (0.99 to 2.49) 1.29 (0.72 to 2.31) 0.40 (0.14 to 1.13) 2.39 (1.15 to 4.96) 0.6212
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smoking. According to the results of previous studies
and this study, stress is related to current smoking and
heavy smoking.
Depression is significantly related to smoking: smokers

with depression are less likely to quit smoking30 31 and
are more likely to experience severe withdrawal symp-
toms compared with smokers who are not depressed.32

Malpass and Higgs33 report that enhanced craving
might play a role in the maintenance of smoking in
depression. Depressive mood is also one of the signifi-
cant factors associated with heavy smoking in this study.
Some studies reported an association between long

working hours and current smoking prevalence. Jang
et al28 reported that Korean workers who worked long
hours had a higher current smoking prevalence than a
reference group which did not work long hours.
Artazcoz et al and Cho et al34 35 reported that those who
work long hours have a higher current smoking preva-
lence than those who do not. It is also reported that
long working hours disturb work-life balance and emo-
tional well-being.36 37 Therefore, it is possible that job
stress, work-life imbalance and disturbed emotional well-
being are all associated with the higher current smoking
prevalence in those who have long working hours.
This study has some limitations. First, the question

about smoking status did not clearly define what is
meant by ‘current smoking.’ Differences in interpret-
ation may give rise to inaccuracies in smoking rate. For
example, some workers who were trying to give up
smoking may have been classed inaccurately as
ex-smokers rather than as current smokers. This would
lead to an underestimation of the current smoking
prevalence rate. However, this was relatively unimportant
in this study, which focused on heavy smoking. Heavy
smoking was clearly defined, and therefore the preva-
lence is thought to be accurate. Second, this study con-
sidered factors associated with smoking, but only those
related to working conditions. Information about many
extrinsic factors (such as socioeconomic status,

education and others), which could be related to
current and heavy smoking, was not available. This high-
lights the need for future studies considering these
factors.
In South Korea, the National Health Promotion Act

was published in 1995. This law contains the antismok-
ing policy, which includes the regulation of tobacco
advertisement, designation for smoke-free buildings and
zones, attachment of age-verification devices to tobacco
vending machines, and the imposition of tobacco
charges. The antismoking campaign began in 1998 and
focused on antismoking education and publicity pro-
grammes. The antismoking policy and campaign played
an important role in smoking cessation in South Korea:
prevalence rates of smoking and heavy smoking have
decreased. According to the results of this study,
however, neither contributed to smoking cessation by
heavy smokers, especially manual workers, since the dif-
ference in heavy smoking rate between non-manual and
manual workers gradually increased. According to this
study, factors such as long working hours, stress and
depressive mood may be related to heavy smoking. We
recommend that antismoking policies should focus on
heavy smokers, and that workplace antismoking pro-
grammes should consider the effects of long working
hours and stress, particularly in manual workers.
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