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Objective: It is unknown if the gap in smoking rates observed between
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298,042). Results: There were significant annual reductions in smok-
ing rates for all adult US workers in both survey periods. Several
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ach year cigarette smoking is respon-
sible for over 438,000 deaths in the
United States." Over 251,000 of
these deaths are due to cancer with a
corresponding 42.7 million years of
potential life lost.

Higher rates of smoking in blue-
versus white-collar occupations have
been noted in the United States for the
past 40 years.>” Lee and colleagues
reported large differences in the smok-
ing rates among over 200 occupational
groups using nationally representative
data from the National Health Inter-
view Survey (NHIS).* Pooled cigarette
smoking rates in the period 1987 to
1994 varied from 4% in clergy and
physicians to 58% in roofers, with
consistently higher smoking rates
among blue- versus white-collar work-
ers. Furthermore, significant reduc-
tions in smoking rates during this time
period occurred exclusively among se-
lect white-collar occupations, consis-
tent with a previous report suggesting
that a growing proportion of smokers
are employed in blue-collar jobs.

Data from the 2000 NHIS indicated
that smoking rates in blue-collar work-
ers were more than twice those of
white-collar workers.® However, occu-
pation-specific trend analyses have not
been completed for the US workforce
in recent years. The present study ex-
amined smoking trends in 41 major
occupational categories in the US
workforce over two survey periods,
1987 to 1994 and 1997 to 2004.

Materials and Methods

The NHIS is a multipurpose house-
hold survey of the US civilian non-
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institutionalized population conducted
yearly since 1957.7® The 1987 to 1994
NHIS collected information on job and
occupational characteristics on all
adult household members. Individual
smoking status was available for over
145,000 adults who participated in the
NHIS Supplements in 1987, 1988 and
1990 to 1994.* In the majority of
cases, the participants themselves an-
swered all the questions (79%); for the
remaining participants, the responses
were obtained from their relatives or
other proxies. In the period 1987 to
1994, annual NHIS household survey
response rates ranged from 94% to
97%.°~">

Starting with year 1997, the NHIS
underwent a major revision, which
featured annual assessment of occu-
pational and smoking status obtained
directly from one randomly selected
adult household member. Individual
smoking status was collected from
152,671 workers who participated
in the 1997 to 2004 NHIS. Annual
response rates to the 1997 to 2004
adult core interview ranged from
70% to 80%.'°">

Prior to 1997, employment infor-
mation was collected on all adults
who reported working during two
weeks prior to the survey; starting in
1997, employment information was
collected from adults who stated they
were working during one week prior
to the NHIS survey. Forty-one stan-
dardized occupational codes were
provided in the NHIS database from
1987 to 2004.%*

With the exception of 1989, in the
years 1987 to 1994 at least some
adult respondents or their designated
proxy informants were asked about
their current cigarette use, although
the wording of the question did vary
slightly from year-to-year.* From 1997
forward, participants were asked, “Do
you now smoke cigarettes every day,
some days, or not all?” For all survey
years, those responding that they were
current smokers or that they smoked
every day or some days were classified
as current smokers.

Due to the complex sample survey
design, analyses were completed with
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adjustments for sample weights and
design effects.”” For pooled annual
prevalence estimates, the sample
weights were adjusted as specified by
Botman and Jack.?® To assess smoking
trends within each survey period (1987
to 1994 and 1997 to 2004), a weighted
linear regression model was fitted to
the annual design-adjusted rates within
occupational groups. The weight used
for each annual rate was the inverse of
its variance. Trend analyses were also
computed and reported for the entire
survey period 1987 to 2004, but should
be interpreted in light of survey design
and protocol changes, which were im-
plemented in 1997.

Results

For each occupational group, the
pooled smoking rates were lower in
the 1997 to 2004 survey period rela-
tive to years 1987 to 1994 (Table 1).
In the most recent survey period, the
pooled rate for all workers was
24.5% (95% confidence interval:
24.1-24.8). Applied to the estimated
number of workers, there are approx-
imately 31 million smokers in the US
workforce. Construction workers had
the highest reported rates of smoking
(38.8% [37.4—40.2]); workers em-
ployed in the health diagnosing pro-
fessions reported the lowest rates
(5.0% [3.6—6.3]). All of the 13 oc-
cupations with smoking rates above
30% were blue-collar.

There were significant annual re-
ductions in smoking rates for all
workers over survey periods 1987 to
1994 and 1997 to 2004 (yearly re-
duction = 0.6%; P < 0.001), with a
slightly lower yearly reduction over
the entire survey period (0.4%; P <
0.001) (Table 2). With two excep-
tions (teachers and farm operators),
there were downward trends in
smoking rates for all worker groups
in the years 1997 to 2004, nine of
which were statistically significant
(ie, P < 0.05). Several blue-collar
occupational groups had larger an-
nual smoking rate reductions in the
most recent survey period relative to
the earlier survey period. For exam-
ple, the annual smoking rate decline

for workers employed in the con-
struction and extractive trades was
—0.44% (P = 0.48) and —0.72%
(P = 0.04), respectively in years
1987 to 1994 and 1997 to 2004. This
trend was even more pronounced for
food service workers (—0.16% [P =
0.52]; —0.92% [P = 0.001]).

Discussion

Despite evidence of recent de-
clines for some blue-collar worker
groups, pooled smoking rates for
1997 to 2004 indicated that the dif-
ferences in rates in white-collar ver-
sus blue-collar workers, observed for
decades in the United States,>*> re-
mained strikingly and unacceptably
large, especially in light of the over-
arching goal of Healthy People 2010
to reduce health disparities in the US
population.”” For example, 1997 to
2004 pooled smoking rates exceeded
35% for construction, extractive trade,
forestry, fishing, food service, con-
struction labor, and material moving
equipment operator workers which
comprise approximately 10% of the
US workforce. These rates are more
than five and one half times greater
than that reported by health diagnos-
ing workers, the occupational group
with the lowest reported smoking
rates.

As noted previously,® there are
several data limitations including
differences in wording of the ques-
tions used to assess smoking prior to
1997, as well as questionnaire and
design changes implemented in
1997. Therefore, Table 2 trend anal-
yses, which included the entire sur-
vey period 1987 to 2004, should be
interpreted with caution. Our ability
to detect statistically significant
trends varied according to the size of
the occupational group; in some
cases sample size was inadequate to
test for trends (eg, forestry and fish-
ing occupations). Finally, prevalence
rates were based on self-report with-
out biochemical validation. Although
self-report has been shown to corre-
late with biochemical evidence of
tobacco smoke exposure,”® we can-
not rule out the possibility that the
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TABLE 1

Estimated Prevalence of Cigarette Smoking in US Occupational Groups for yr 1987-1994, 1997-2004 and 1987-2004, the
National Health Interview Survey (NHIS)

1987-19941 1997-2004 1987-20041
Estimated US Pooled Pooled Pooled
Occupationt Population§ N Prevalence 95% CI N Prevalence  95% CI N Prevalence 95% ClI

Construction and 5,789,709 5256 40.8 39.2-42.5 6533 38.8 37.4-40.2 11,789 39.7 38.6-40.8
extractive trades

Forestry and fishing 148,887 195 42.3 35.1-49.4 161 38.7 290.7-47.8 356 40.7 35.0-46.3
occupations

Food service 5,356,422 5825 39.7 37.8-41.6 6656 38.5 37.1-40.0 12,481 39.1 37.9-40.2

Construction laborers 1,053,405 671 43.4 38.6-48.1 1292 37.0 33.9-40.1 1963 39.5 36.8-42.1

Material moving 1,172,950 1242 40.7 37.0-44.5 1289 35.2 32.3-38.2 2531 37.9 35.5-40.3
equipment operators

Motor vehicle operators 3,999,166 3901 39.7 37.9-414 4662 34.2 32.7-35.7 8563 36.7 35.6-37.9

Machine operators/ 4,379,879 6480 37.2 35.7-38.6 5471 33.8 32.4-353 11,951 35.6 34.6-36.7
tenderers, except
precision

Freight, stock, material 3,835,038 3881 34.9 32.8-37.0 4395 32.3 30.6-34.1 8276 33.6 32.2-34.9
handlers

Fabricators, assemblers, 2,637,020 3076 35.1 33.0-36.9 3178 32.1 30.2-33.9 6254 33.5 32.2-34.9
inspectors,
samplers

Mechanics and repairers 4,667,434 4573 36.0 34.2-37.7 5118 31.9 30.5-33.4 9691 33.8 32.7-34.9

Precision production 3,394,969 4449 32.7 31.0-34.5 3928 31.5 29.9-33.2 8377 32.2 30.9-33.3
occupations

Cleaning and building 3,085,111 3842 35.0 33.0-36.9 4155 29.6 27.8-31.3 7997 32.3 31.0-33.6
service

Farm workers and other 1,974,101 1849 32.5 29.6-35.4 2621 29.6 27.4-31.8 4470 30.9 29.1-32.6
agricultural workers

Health service 2,634,186 3063 32.8 30.7-35.0 3705 29.3 27.6-31.0 6768 30.8 29.5-32.2

Other protective service 966,500 974 34.4 30.7-38.0 1217 28.8 25.7-31.8 2191 31.3 29.0-33.7
occupations

Other transportation, 189,086 170 37.6 29.1-46.1 188 27.7 20.0-35.4 358 32.1 26.2-38.0
except motor
vehicles

Other sales 6,148,028 7343 28.1 26.7-29.4 7270 26.9 25.6-28.2 14,613 275 26.5-28.4

Supervisors and 3,830,633 4210 26.8 25.1-28.5 4361 25.6 24.1-27.0 8571 26.1 25.0-27.3
proprietors

Mail and message 882,798 1199 28.1 25.0-31.2 1081 23.4 20.5-26.4 2280 25.8 23.6-28.0
distributing

Other administrative 11,301,244 12,443 25.2 24.2-26.3 14,247 22.8 21.9-23.6 26,690 23.9 23.2-24.5
support

Financial records 2,091,637 3192 26.9 25.0-28.8 2644 22.3 20.6-23.9 5836 24.7 23.4-26.0
processing occupations

Health technologists/ 1,854,395 1964 23.8 21.5-26.1 2279 22.2 20.3-24.1 4243 229 21.4-24.4
technicians

Managers administrators, 12,437,864 14,173 25.7 24.7-26.7 14,486 22.0 21.2-22.7 28,659 23.7 23.1-24.3
except public
administration

Personal service 2,745,870 3360 25.3 23.1-27.4 3640 20.9 19.4-22.4 7000 23.0 21.7-24.2

Sales representatives, 4,215,048 4488 23.4 21.8-24.9 4826 20.1 18.8-21.4 9314 21.6 20.6-22.6
commodities and
finance

Technologists, technicians 2,644,043 3460 23.1 21.4-24.7 3130 20.1 18.5-21.7 6590 21.6 20.5-22.8
except health

Secretaries, 2,661,059 6056 23.5 22.1-24.9 3373 19.5 17.9-21.0 9429 22.0 20.9-23.0
stenographers and
typists

Computer equipment 377,953 892 271 23.7-30.5 467 19.3 15.0-23.6 1359 24.3 21.6-27.0
operators

Private household 684,973 1292 23.6 20.7-26.5 1052 18.9 15.9-21.8 2344 21.4 19.3-23.5
occupations

Police and firefighters 1,434,652 1350 27.5 24.4-30.6 1628 18.4 16.3-20.5 2978 22.5 20.6-24.4

(Continued)
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TABLE 1
(Continued)
1987-19941 1997-2004 1987-2004+1
Estimated US Pooled Pooled Pooled
Occupationt Population§ N Prevalence 95% CI N Prevalence  95% CI N Prevalence 95% CI
Management related 5,102,148 5367 21.5 20.0-22.9 6210 18.4 17.2-9.5 11,577 19.8 18.9-20.7
occupations
Writers, artists, 2,297,894 2788 20.7 19.0-22.4 2902 17.8 16.2-19.4 5690 19.2 18.0-20.4
entertainers, athletes
Officials and 776,174 754 21.0 17.2-24.8 961 151 12.7-175 1715 17.7 15.5-19.8
administrators, public
administration
Farm operators and 855,724 1723 17.0 14.8-19.2 933 14.7 12.0-17.4 2656 16.1 14.4-17.8
managers
Health assessment/ 3,317,369 3700 18.7 17.1-20.3 4003 13.7 12.6-14.9 7703 15.9 15.0-16.9
treating occupations
Natural mathematical/ 2,631,818 1790 15.0 12.9-17.0 3093 13.5 12.2-14.8 4883 14.0 12.9-15.2
computer scientists
Architects and surveyors 227,354 256 14.3 9.7-18.8 260 13.4 8.9-17.9 516 13.8 10.6-17.0
Engineers 1,982,478 2499 16.4 14.5-18.3 2134 12.4 11.0-13.9 4633 145 13.3-15.7
Other professional 2,936,535 3111 15.8 14.3-17.3 3641 12.0 10.9-13.2 6752 13.7 12.8-14.6
specialty occupations
Teachers, librarians, 6,858,940 7546 125 11.6-13.4 8328 10.3 9.6-11.0 15,874 11.3 10.7-11.8
counselors
Health diagnosing 1,056,918 968 6.2 4.7-7.6 1153 5.0 3.6-6.3 2121 5.5 4.5-6.5
occupations
All Workers 126,637,408 145,371 27.8 27.4-28.2 152,671 24.5 24.1-24.8 298,042 26.1 25.8-26.3

1tSmoking was not assessed in 1989.

FOccupations are ranked according to pooled 1997-2004 smoking rates.
§Calculated from annual total employment estimates derived from NHIS sampling, 1997-2004.

accuracy varied across occupations.
For example, the social acceptability
of smoking likely varies across oc-
cupational groups and workers
within some groups may be more
reluctant to report smoking (eg, phy-
sicians, clergy).”

The challenges in bringing effec-
tive smoking cessation programs to
diverse blue-collar occupations are nu-
merous, but not insurmountable. %!
For example, Sorensen, Barbeau, and
colleagues have proposed a social-
contextual model for reducing tobacco
use among blue-collar workers which
seeks to address the interplay among
individual, interpersonal, community,
worksite, and organization factors
which contribute to the initiation and
continued use of tobacco products
among blue-collar workers.”! Partial
support for this model was demon-
strated in a study which paired health
promotion (including smoking cessa-
tion) in the broader context of worker
safety in blue-collar workers, leading
to a doubling of 6-month smoking

cessation quit rates relative to blue-
collar workers exposed only to the
health promotion intervention (11.8%
versus 5.9%). In contrast, white-collar
workers exposed to both treatment
arms did not experience a similar in-
crease in quit rates (9.9% versus
12.7%).

There are a number of possibilities
consistent with the social-contextual
model to account for the positive
findings noted in blue-collar, but not
white-collar workers, including 1)
awareness of work hazards which
impact blue-collar workers may have
sensitized workers to the inherent
risks of personal behaviors such as
smoking, 2) the perception that the
employer was concerned about worker
safety made workers more ‘open’ to
making quit attempts, and 3) provi-
sion of the integrated program may
have lowered a sense of fatalism
among workers that injury and per-
sonal health risks are outside of their
control.>* These intriguing results in-
dicate that additional research on the

development of smoking cessation in-
terventions in collaboration with man-
agement should be a high priority.

Moving quickly toward increasing
the number of worksites which offer
smoking cessation services to blue-
collar workers should be a national
priority given the large disparity in
rates noted above. Select blue-collar
workers are also at increased risk due
to potentially synergistic effects of oc-
cupational exposures in causing signif-
icant lung disease,”>”* including a
50-fold increased risk of lung cancer in
smokers exposed to asbestos.””

In addition, the ability to make a
measurable impact on smoking rates
in blue-collar populations would al-
most certainly require the support of
the Federal government, for exam-
ple, through the provision of tax
credits for employers who offer
smoking cessation services to their
employees.>® Finally, one of the sim-
plest and most cost-effective forms
of smoking prevention is for health
care providers to recommend smok-
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TABLE 2

Cigarette Smoking Trends in US Occupational Groups, the National Health Interview Survey (NHIS), 1987-1994, 1997-2004

and 1987-2004

1987-1994+1 1997-2004 1987-20041
Occupationt Slope SE=* P Slope SE+ P Slope SE=+ P
Construction and extractive trades —0.44 0.58 0.481 -0.72 0.28 0.044 -0.22 0.12 0.080
Forestry and fishing occupations 8§ § §
Food service -0.16 0.23 0.524 -0.92 0.16 0.001 -0.17 0.08 0.061
Construction laborers —0.68 0.82 0.445 -0.77 1.02 0.478 -0.59 0.26 0.043
Material moving equipment operators —1.44 0.30 0.005 —0.95 0.96 0.361 -0.77 0.21 0.003
Motor vehicle operators —-0.34 0.53 0.548 —-0.38 0.34 0.307 —0.48 0.11 0.001
Machine operators/tenderers, except —0.54 0.17 0.024 —0.46 0.25 0.114 -0.37 0.06 <0.0001
precision
Freight, stock, material handlers —-0.24 0.53 0.671 —0.63 0.27 0.060 —-0.30 0.11 0.013
Fabricators, assemblers, inspectors, —-1.25 0.52 0.060 —-1.00 0.58 0.136 —-0.47 0.17 0.016
samplers
Mechanics and repairers —-0.46 0.61 0.489 —-0.43 0.32 0.234 -0.39 0.12 0.007
Precision production occupations -0.93 0.36 0.050 -1.18 0.47 0.044 -0.30 0.14 0.053
Cleaning and building service 0.38 0.50 0.477 —-1.37 0.12 <0.0001 -0.53 0.13 0.001
Farm workers and other agricultural -1.13 0.81 0.219 -0.82 0.24 0.014 -0.43 0.16 0.015
workers
Health service -0.47 0.42 0.316 -0.67 0.35 0.108 -0.40 0.10 0.002
Other protective service occupations -1.20 0.52 0.070 —-0.94 0.88 0.327 -0.73 0.20 0.003
Other transportation, except motor § § §
vehicles
Other sales —0.54 0.19 0.035 —0.75 0.31 0.052 -0.22 0.08 0.020
Supervisors and proprietors —-0.78 0.52 0.198 —-0.39 0.38 0.345 -0.22 0.13 0.109
Mail and message distributing —0.20 0.79 0.809 —0.59 0.47 0.255 -0.43 0.16 0.019
Other administrative support -0.71 0.29 0.059 —0.51 0.22 0.059 —0.33 0.08 0.001
Financial records processing occupations 0.04 0.29 0.907 —-0.13 0.27 0.644 -0.37 0.08 0.000
Health technologists/technicians -0.82 0.34 0.059 —0.49 0.54 0.398 -0.32 0.13 0.032
Managers administrators, except public —-0.83 0.35 0.066 —-0.72 0.26 0.033 —0.45 0.09 0.000
administration
Personal service -0.92 0.45 0.099 -0.29 0.37 0.462 -0.48 0.11 0.001
Sales representatives, commodities and —0.35 0.31 0.312 —0.85 0.29 0.025 -0.37 0.09 0.001
finance
Technologists, technicians except health 0.05 0.39 0.910 -0.12 0.54 0.829 -0.28 0.13 0.047
Secretaries, stenographers and typists —0.66 0.30 0.082 —0.64 0.27 0.055 —0.46 0.08 <0.0001
Computer equipment operators 0.86 1.15 0.495 § §
Private household occupations —-0.67 0.75 0.409 —-0.07 0.90 0.941 —-0.43 0.20 0.051
Police and firefighters -1.25 0.48 0.047 -0.80 0.48 0.151 -1.00 0.14 <0.0001
Management related occupations —0.58 0.42 0.227 —0.16 0.22 0.513 —0.33 0.09 0.003
Writers, artists, entertainers, athletes -0.85 0.38 0.075 -0.79 0.27 0.028 —0.40 0.10 0.002
Officials and administrators public admin —0.21 0.98 0.842 —0.76 0.48 0.165 —0.61 0.17 0.003
Farm operators and managers —0.67 0.44 0.192 0.56 0.33 0.155 -0.20 0.12 0.126
Health assessment/treating occupations —-1.09 0.42 0.050 -0.33 0.21 0.170 -0.52 0.10 0.000
Natural mathematical/computer scientists —-0.60 0.47 0.254 -0.80 0.25 0.019 -0.27 0.11 0.038
Architects and surveyors 8§ § §
Engineers -0.82 0.46 0.138 —0.44 0.37 0.279 -0.43 0.11 0.002
Other professional specialty occupations —0.54 0.17 0.028 —0.36 0.24 0.192 -0.39 0.06 <0.0001
Teachers, librarians, counselors —0.45 0.20 0.081 0.29 0.16 0.125 —0.20 0.07 0.013
Health diagnosing occupations § § §
All Workers —0.63 0.14 0.006 —0.56 0.03 <.0001 -0.39 0.04 <0.0001

TSmoking was not assessed in 1989.

FOccupations are ranked according to pooled 1997-2004 smoking rates.

§Prevalence rates estimates for individual survey yr were not included in the trend analysis if the sample size was less than 45 or the
standard error exceeded 30% of the prevalence estimate; trends were not calculated when excluded data points exceeded 25% of the total

number of yr included in the trend analysis.

ing cessation to their patients.’®

Clinicians should offer smoking ces-
sation assistance to all of their pa-
tients who smoke. Special attention

should be directed at their patients
employed in blue-collar occupations
given their high smoking rates and
the potential for synergistic occupa-

tional exposures which may further
compromise their health.

Policy initiatives are another
means to address the continued high
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rates of smoking in blue-collar
worker groups. For example, relative
to white-collar workers, blue-collar
workers are least likely to report
having a worksite smoking ban at
their place of work®’; non-smoking
blue-collar workers often have
higher serum cotinine levels (a me-
tabolite of nicotine), relative to many
white-collar worker groups.®® Imple-
mentation of worksite smoking bans
leads to lower rates of smoking, re-
duced smoking levels, and even
changes in social norms which low-
ers the acceptability of smoking.?’
Therefore, continued movement to-
ward the elimination of smoking at
all worksites not only serves to lower
secondhand smoke exposures, but
may also help move smokers toward
quit attempts. Presently, only 16.7%
of the US population resides in states
or municipalities with comprehen-
sive clean indoor air legislation
which prohibits smoking in the
workplace, including those working
in bars and restaurants.’® Partner-
ships between the tobacco control
community and labor unions, which
currently represent over six million
blue-collar and service workers in
the United States,*” can also be used
to promote the dissemination of
workplace smoking prohibitions.*'

Conclusion

It has been over 40 years since the
publication of the first Surgeon Gen-
eral’s Report linking smoking to can-
cer,” yet tobacco use remains the
leading cause of preventable mortal-
ity in the United States.** Results of
the present analysis indicate that blue-
collar workers continue to smoke at
high rates relative to other working
groups. The workplace should be
viewed by occupational health and to-
bacco control communities as a key
venue for lowering smoking rates, par-
ticularly within the blue-collar work-
force. Such approaches not only will
serve to reduce tobacco-related health
disparities, but could also lead to lower
costs as employees quit smoking.***~*
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