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Smoking Patterns, Quit Behaviors, and Smoking
Environment of Workers in Small Manufacturing
Companies
Erika A. Pinsker, MPH,1 Deborah J. Hennrikus, PhD,1 Peter J. Hannan, MStat,1 Harry A. Lando,
1
2
PhD, and Lisa M. Brosseau, ScD

Background This study describes smokers employed at 47 small manufacturing
companies in Minnesota, USA.
Methods Smokers (n ¼ 713) participating in a group-randomized trial completed a
baseline survey on their smoking patterns, quit behaviors, smoking environment,
workplace attitudes about smoking, and correlates of smoking. These characteristics were
examined by job type and a latent class analysis (LCA) was performed to group workers
with similar characteristics.
Results Production workers had the highest prevalence of daily smoking (88% vs. 68%
among managers), and addiction (61% vs. 26% among managers), and the highest mean
level of perceived stress (6.4 vs. 4.9 among managers). The LCA identiﬁed three subgroups
of smokers that differed in levels of barriers to cessation. Production workers were most
likely to be in the group with greater barriers (P ¼ 0.01).
Conclusions These results underscore the importance of targeting interventions to
production workers and those who exhibit the greatest barriers to cessation. Am. J. Ind.
Med. 58:996–1007, 2015. © 2015 Wiley Periodicals, Inc.
KEY WORDS: workplace; occupations; smoking; smoking cessation; manufacturing
workers; blue-collar workers; occupational health

INTRODUCTION
Although smoking rates have declined among those with
white-collar occupations, prevalence of smoking among
blue-collar workers (e.g., production, maintenance, construction, and other laborers) has remained high [Barbeau
et al., 2004; Lee et al., 2007]. The smoking prevalence among
all manufacturing workers is high at approximately 24%
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[National Center for Health Statistics, 2013]. However, there
are differences among job types with rates ranging from 16%
among managers to 29% among production workers
[National Center for Health Statistics, 2013]. Approximately
70% of manufacturing workers are blue-collar production
workers and workers in other nonsupervisory positions
[United States Department of Labor, 2014]. Manufacturing
workers are at risk for exposure to occupational risk factors
that pose independent health risks, and in combination to
smoking can lead to elevated risk of disease [Walsh et al.,
1991; Sorensen et al., 1996; Schulte et al., 2012; Pronk NP,
2013]. Therefore, research on smoking and cessation is
especially important among this population.
While there has been research on smoking prevalence
among manufacturing workers, there has been little
research on smoking patterns, quit behaviors, smoking
environment, workplace attitudes about smoking, and
correlates of smoking among this group [Centers for
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Disease Control and Prevention, 2010]. Among general
population groups, previous research has found that
smoking patterns such as amount (number of cigarettes
per day) and frequency (daily vs. nondaily smoking)
smoked, and greater dependence on smoking predict
failure to quit [Richmond et al., 1993; Farkas et al., 1996;
Hyland et al., 2006; Tindle and Shiffman, 2011; Walker
and Loprinzi, 2014]. Several quit behaviors have been
found to be associated with successful smoking cessation,
such as talking to a doctor about quitting, [Senore et al.,
1998; Lancaster et al., 2000; Fiore et al., 2008] having
attempted to quit in the past, [Borland et al., 1991; Hyland
et al., 2006] expressing intentions to quit and conﬁdence
in one’s ability to quit, [Borland et al., 1991; Mackenzie
et al., 2004; Hyland et al., 2006], and the use of cessation
aids either alone or in combination, such as nicotine
replacement therapy, cessation medications, and smoking
cessation programs [Hartmann-Boyce et al., 2013]. In
addition, environmental factors are related to smoking
cessation. For instance, individuals who live with another
smoker or have a large proportion of friends and
coworkers who smoke are less likely to be successful at
quitting, [Richmond et al., 1993; Senore et al., 1998;
Mons
o et al., 2001; Walker and Loprinzi, 2014] whereas
individuals who receive support for smoking cessation
from those around them are more likely to succeed
[Borland et al., 1991; Lawhon et al., 2009].
In terms of correlates of smoking, high levels of stress,
including general life stress and job stress, have been found
to be associated with high prevalence of smoking, [Green and
Johnson, 1990; Brisson et al., 2000; Kassel et al., 2003] and
individuals with high stress levels have more difﬁculty
quitting smoking [Ayyagari and Sindelar, 2010; Bryant et al.,
2011]. In addition, many individuals who drink alcohol also
smoke cigarettes, [Hughes, 1995; Falk et al., 2006] and
current alcohol use is associated with lower likelihood of
smoking cessation [Breslau et al., 1996; Hays et al., 1999;
Satre et al., 2007; Reitzel et al., 2014]. Previous research has
also found that advice from a doctor increases the quit rate
among patients [Kottke et al., 1988; Fiore et al., 2008;
Lancaster et al., 2000]. Therefore, individuals who visit the
doctor and dentist regularly may be more likely to receive
such advice and, as a result, more likely to quit smoking.
Lastly, individuals who smoke have been found to be less
physically active than former or never smokers [Kaczynski
et al., 2008; Wen et al., 2011]. Those who smoke and are
physically active, are more likely to attempt to quit smoking
[deRuiter et al., 2008].
This paper focuses on a wide range of behaviors and
characteristics of smokers employed at small manufacturing
companies, deﬁned as companies employing between 20 and
150 individuals. Although small manufacturing companies
represent one ﬁfth of all manufacturing companies in
the U.S., [United States Census Bureau, 2010] and constitute
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an important site for blue-collar worker employment,
[United States Department of Labor, 2014] most of the
research on workplace health among manufacturing workers
has focused on larger companies employing greater than 150
workers [Emmons et al., 1994; Sorensen et al., 2003; Yap
et al., 2009; Brehm et al., 2011]. As smaller worksites are less
likely to offer worksite wellness programs due to barriers
including lack of resources, personnel to oversee such
programs, and expertise on health promotion, workers at
small manufacturing workplaces represent a priority
population for health research and promotion [Linnan
et al., 2008; Harris et al., 2014].
In addition, much of the research that has focused on job
types and smoking has classiﬁed production workers and
managers as two distinct job types [Lee et al., 2007; Smith
and Leggat, 2007; Ayyagari and Sindelar, 2010]. However,
we found that some employees consider themselves to be
both production workers and managers (i.e., production
managers). Therefore, this paper examines the behaviors and
characteristics of production managers, or production staff
who also have a managerial or supervisory role, and
compares them to those of employees in other job types.
The aims of this paper are to 1) describe the smoking
patterns, quit behaviors, smoking environment, workplace
attitudes about smoking, and correlates of smoking in
workers employed at small manufacturing companies; 2)
explore differences in these behaviors and characteristics by
job type (managers, production managers, production staff,
support, research and development or engineering, and
sales); and 3) identify subgroups of workers with similar
smoking behaviors and characteristics.

MATERIALS AND METHODS
Research Design
This report is an analysis of the baseline data from the
Wellness Works study. Wellness Works was a group
randomized trial in which small manufacturing workplaces
were randomized to either an immediate or delayed
intervention targeting workplace safety and smoking cessation. Randomization to each treatment condition occurred
after the completion of a baseline survey of all employees.

Subjects and Data Collection
Procedures
Workplace recruitment
Forty-seven small manufacturing businesses located in
the Minneapolis and St. Paul metro area of Minnesota
participated in the study. Eligibility criteria included
employing 20–150 workers, being a manufacturing
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company, being an independent company or a subsidiary that
has latitude to make independent decisions about health and
safety improvements, anticipate no major changes in the
company in the upcoming year, employ at least four smokers,
and agree to study procedures. Companies had to be able to
make independent decisions about health and safety
improvements and have at least four smokers to ensure
that they would be able to participate in the safety-smoking
cessation intervention and beneﬁt from participation.
Manufacturing businesses were identiﬁed from two
databases that enumerate all businesses in the U.S., Reference USA and D&B Million Dollar. Being a manufacturer
was determined using the manufacturing ﬁeld on these
databases and veriﬁed using the North American Industry
Classiﬁcation System (codes: 31, 32, 33). We identiﬁed
2,716 businesses using the databases, however initial
screening excluded 1,562 businesses due to ineligibility
and the presence of duplicates. We attempted to contact
1,154 companies that met size and type of business criteria to
complete the screening process and invite participation; 852
of these businesses did not meet eligibility criteria or were
not reachable. Three hundred and two businesses were found
to be eligible, 84 of these businesses were sufﬁciently
interested to agree to a recruitment visit, and 47 businesses
enrolled in the study. Examination of the characteristics of
participating companies and the socio-demographic characteristics of their employees indicated that the companies are
roughly representative of small manufacturing companies in
the Twin Cities region (Egelhoff et al., In Press).

Survey procedure and participants
Baseline data were collected through surveys of
employees at participating businesses between December 2010 and November 2012. In most cases, study staff
administered the survey during work time. Survey packets
included a letter explaining the survey, the survey, and a $2
bill as an incentive. At businesses that did not allow release
time from work to complete the survey, we conducted a
drawing for a $25 gift card for survey completers. If surveys
were not received within 10 business days, we re-sent
surveys to non-completers. Surveys translated into Spanish
and Hmong were provided at workplaces that had workers
who preferred to complete the survey in their native
language.
Eighty-six percent (2652/3072) of the employees
working at the 47 participating businesses completed the
baseline survey. Return rates for individual businesses
ranged between 50% and 100%; the median return rate was
90%. Prevalence of smoking among all manufacturing
workers sampled was 27% (n ¼ 713). By job type, smoking
prevalence was highest among production workers (32%),
followed by production managers (26%), support staff
(25%), sales staff (21%), research and development/

engineering (16%), and managers (11%). The 713 smokers
comprise the sample for this paper.
The companies that did not allow on-site survey
administration (n ¼ 6) tended to have lower return rates
(between 50% and 84%). The smoking prevalence in these
lower-response companies ranged between 8% and 35%; it
was not consistently higher or lower than the overall
prevalence found in all companies (i.e., 27%).
This study was approved by the University of Minnesota
Research Subjects Protection Programs Institutional Review
Board Human Subjects Committee. Written informed
consent was obtained from all participants.

Measures
Demographic characteristics and job
type
Demographic characteristics included: age, sex, ethnicity (Hispanic/Latino or not), race (White, Black or African
American, Asian, Native Hawaiian or Other Paciﬁc Islander,
American Indian/Alaska Native, Other), and education level
(Grade School, Junior High, High School, Vocational
Training beyond High School, Some college, College/
University Degree, Graduate or Professional Education).
Multiple imputation was used to impute small amounts of
missing data for race (4% of sample), age (2%), and
education level (2%). For analyses, race/ethnicity was
dichotomized into White or Other and education level was
dichotomized into High School or Less and More than High
School.
To assess job type, respondents were asked to select all
job types that applied to them from a list of ten: support,
production, sales, management, research and development,
engineering, quality control, inventory/shipping, maintenance, and other (specify). We then grouped the responses
into six job type categories based on similarity of job type: 1)
production workers (those who selected only production and/
or production-like jobs such as quality control, inventoryshipping, and maintenance), 2) management (those who
selected only management), 3) production managers (those
who selected both production or production-like jobs and
management), 4) sales, 5) support, and 6) research and
development or engineering.

Smoking patterns
Respondents were asked whether they had smoked a
cigarette, even a puff, in the last seven days [Hughes et al.,
2003]. They were then asked if they had ever smoked
cigarettes on a regular basis (i.e., at least 100 cigarettes in
their lifetime) [Centers for Disease Control and Prevention,
2012]. Those who had smoked regularly were asked whether
they now smoked cigarettes every day, some days, or not at
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all. A respondent was considered a smoker if s/he indicated
smoking at least 100 cigarettes in his/her life and being a
current daily or nondaily smoker.
Other smoking patterns measured were number of
cigarettes smoked per day (daily smokers only) or per month
(nondaily smokers only; this was converted to cigarettes per
day for analyses); addiction to smoking (i.e. whether the ﬁrst
cigarette of the day was smoked within 30 minutes of
waking); [Heatherton et al., 1991] and use of smokeless
tobacco. The respondent was asked if he/she currently used
smokeless tobacco, including chewing tobacco, snuff, or
snus every day, some days, or not at all [Centers for Disease
Control and Prevention, 2009]. Those who responded that
they used smokeless tobacco daily or some days were
considered smokeless users.

Quit behaviors
Participants were asked whether they had quit smoking
for 24 hours or more in the preceding year, talked with a
doctor about quitting smoking in the past 12 months, were
seriously considering quitting smoking in the next 6 months,
[National Cancer Institute, 2003] and their level of
conﬁdence that they would be able to quit smoking
permanently (e.g., self-efﬁcacy to quit) on a scale of 0
(not at all conﬁdent) to 10 (very conﬁdent). The survey also
included questions about ever use of a formal quit-smoking
program, nicotine replacement therapy (nicotine patch, gum,
lozenge, inhaler, and/or nasal spray), and cessation medication (Zyban or bupropion, Chantix or Varenicline).

Smoking environment
Respondents were asked whether there are other
smokers in their household and the proportion of their
close friends and coworkers who currently smoke
cigarettes (almost all, more than half, about half, less
than half, almost none, and none). For most analyses, the
proportion of close friends and coworkers who currently
smoke was collapsed into half or more and less than half.
The respondent was also asked to rate on a scale of 1 (not at
all supportive) to 5 (extremely supportive) how supportive
each of the following groups would be of the respondent
quitting smoking: family, friends, coworkers, and company
management.

Workplace attitudes about smoking
Respondents were asked how many coworkers:
“Would support people at this workplace who are trying
to quit smoking” and “Think that smoking is a bad habit”
(few or none, some, most or all) [Ribisl and Reischl,
1993]. For analyses, these items were collapsed into most/
all and some/less.
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Correlates of smoking
Perceived stress was assessed by the 4-item Perceived
Stress Scale, a widely used instrument whose reliability and
validity has been demonstrated in many populations [Cohen
and Williamson, 1988]. Respondents rated the frequency in
the past month of experiencing four feelings (e.g., feeling
unable to control the important things in one’s life; feeling
that things were going one’s way) on a scale of 0 (never) to 4
(very often). The Cronbach’s alpha for these items in
baseline survey respondents was 0.71, indicating acceptable
reliability. A perceived stress total score was calculated, with
high scores associated with high perceived stress.
Job stress was assessed by ﬁve items adapted by Sapp
et al., 2010 from the Karasek Job Content Questionnaire
[Karasek et al., 1998]. Two items measured job demands
(e.g., “My job makes conﬂicting demands on me”); one item
assessed skill discretion (“I have a lot of say about what
happens on my job”); and two items assessed decision
authority (e.g., “My job requires that I learn new things”). As
suggested by Sapp et al. we created a weighted measure of
job control from the skill discretion and decision authority
items and then subtracted the job control measure from the
sum of the job demand items. After shifting to make the
minimum zero, and scaling to make the maximum 8, the
resulting measure of job stress varied from 0 to 8 and was
roughly normally distributed.
Respondents were asked if they had had at least one
drink of any alcoholic beverage in the last 30 days [Centers
for Disease Control and Prevention, 2009]. Those who had
were asked how many days per week or per month they had
consumed at least one drink of any alcoholic beverage in the
last 30 days and, during that period, about how many drinks
they consumed on the days that they drank. We calculated the
total number of alcoholic drinks per month and then divided
by 30 to generate drinks per day. Women who averaged more
than one drink per day and men who averaged more than two
were considered risky alcohol users [National Institute on
Alcohol Abuse and Alcoholism, 2014].
We asked respondents how long it had been since they
visited a doctor and a dentist for a routine checkup [Centers
for Disease Control and Prevention, 2009]. For each
provider, they indicated whether the visit was within the
past year, 2 years, 5 years, or 5 or more years ago. For most
analyses, time since last check-up was dichotomized into
within the past year and more than 1 year.
Participants were asked the number of days in a usual
week that they did moderate and vigorous physical activity
outside of work for more than 10 minutes; and for days on
which they were moderately and vigorously active for at least
ten minutes, how much total time per day the respondent did
those activities [Centers for Disease Control and Prevention,
2009]. Total physical activity was calculated by multiplying
the number of days on which physical activity was performed
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by the number of minutes of activity and dividing by sixty to
determine hours per week of physical activity. Analyses were
performed on the square root transformation of this variable
since it was considerably positively skewed.
Participants were asked to indicate if they would like to
receive information on various health topics including
reducing cholesterol, controlling high blood pressure, losing
weight, healthy eating, exercising, and reducing stress,
among others. The number of health interests indicated were
summed.

Analyses
Only data provided by smokers were included in
analyses. Descriptive statistics including demographics,
smoking patterns, quit behaviors, smoking environment,
workplace attitudes about smoking, and correlates of
smoking were examined for all smokers (STATA v13).
Differences in these variables were then examined by job
type, controlling for age, sex, and company using generalized
estimating equations (logistic regression for dichotomous
outcomes and linear regression for continuous outcomes), in
order to account for clustering by company. Predictive
probabilities of dichotomous outcomes and predicted means
of continuous outcomes were then estimated (STATA v13
Margins). Two covariance patterns were examined, exchangeable and independent, and after examination of model
ﬁt (quasi-likelihood under the independence model criterion
“QIC”), the independent covariance pattern was chosen
[Hardin & Hilbe, 2002].
To identify subgroups of smokers based on their
smoking patterns, smoking environments, quit behaviors,
and correlates of smoking, a latent class analysis (LCA) was
performed (SAS v9.2, proc LCA). LCA creates a latent
variable, representing subgroups of participants, using
variables that were directly measured. In order to develop
the latent variable, all of the directly measured variables were
categorized in order to ensure sufﬁcient cell sizes for each
category in the analysis. Dichotomized variables (yes, no)
included quit attempts in the past 12 months; addiction; past
use of a formal quit-smoking program, nicotine replacement
therapy, or cessation medications; smokeless tobacco use;
and talked to a doctor about quitting in the past 12 months.
Trichotomized variables included cigarettes per day (1–3, 4–
10, or 11–80), self-efﬁcacy to quit (0–4, 5–7, or 8–10), and
physical activity (0–2, >2 to 7, >7 hr per week). Four
categories were deﬁned for proportions of friends and
coworkers who smoke (more than half, about half, less than
half, or almost none/none); support to quit from family,
friends, co-workers, and management (1–2, 3, 4, and 5); time
since last routine doctor or dentist visit (1, 2, 5, or >5 years);
interest in health topics other than smoking (none, 1, 2–3, or
>¼4); and job stress (0–1, 2–3, 4–5, 6–8). Finally, ﬁve

categories were deﬁned for perceived stress (0–3, 4–5, 6–7,
8–9, or >¼10). Estimation was requested and converged for
2, 3, and 4 groups. The 2-group solution resulted in one large
and one small group, the 3-group solution split the larger
group of the 2-group solution, and in the 4-group solution
ambiguous assignments (e.g., probabilities close to 0.5
between two groups) were more prevalent; therefore, three
groups were chosen.
After the latent variable was developed, analysis of
variance (SAS v9.2) was used to describe the distribution of
smoking patterns, quit behaviors, smoking environment,
workplace attitudes about smoking, and correlates of
smoking over the three subgroups identiﬁed, adjusting for
age, sex, and company as a random effect. Simple t-tests for
differences of the variables between members of the latent
classes were examined. To determine whether job type was
related to these ordered latent classes, a generalized linear
model was used with a cumulative logit link, adjusting for
age, sex, and company as a random effect. The inverse link
was used to give predicted prevalences and predicted
(adjusted) numbers in the cross-tabulation of latent class
by job type, conditional on the number in each job type. A x2
test of independence in the 6  3 table (df ¼ 10) is reported.

RESULTS
Table I outlines the demographic characteristics,
smoking patterns, quit behaviors, smoking environment,
workplace attitudes about smoking, and correlates of
smoking for the manufacturing workers who were current
smokers (n ¼ 713). The smokers were predominantly male
(79%), white (84%), and production workers (70%). A
majority were daily smokers (85%), over half indicated
evidence of addiction (56%), 11% were smokeless tobacco
users in addition to cigarette smokers, and 64% reported
considering quitting in the next 6 months.
Production workers (P) had higher prevalences of
characteristics regarded a priori as less favorable to cessation
than managers (M), production managers (P/M), support
staff (Su), research and development or engineering (R&D/
E), or sales staff (Sa), controlling for age, sex, and company
(n ¼ 708) (Table II). For example, they had the highest
prevalence of daily smoking (88% (P) vs. 68% (M), 84% (P/
M), 78% (Su), 63% (R&D/E), and 68% (Sa) (P ¼ 0.050 for
the overall group difference)) and addiction (61% (P) vs.
26% (M), 50% (P/M), 48% (Su), 29% (R&D/E), and 28%
(Sa) (P < 0.001)). They were the most likely to indicate that
half or more of their close friends smoke (62% (P) vs. 41%
(M), 54% (P/M), 44% (Su), 28% (R&D/E), and 37% (Sa)
(P < 0.001)) and that half or more of their coworkers smoke
(44% (P) vs. 31% (M), 37% (P/M), 20% (Su), 16% (R&D/E),
and 18% (Sa) (P < 0.001)). They had the lowest mean
support to quit from friends (3.8 (P) vs. 4.1 (M), 4.1 (P/M),
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TABLE I. Characteristics of Employees at 47 Small Manufacturing Companies in theTwin Cities, Minnesota Who Are Current Smokers (n ¼ 713)
Variable
Demographics
Age
Male sex
White race
More than high school education
Job type
Manager
Production manager
Production
Support
Research and development or Engineering
Sales
Smoking patterns
Daily smoker
Cigarettes per day
Addicted
Smokeless tobacco user
Quit behaviors
Quit attempt, past12 months
Talked with doctor about quitting, 12 months
Considering quitting, 6 months
Self-efficacy to quit
Past use of any cessation aids
Past use of nicotine replacement therapy
Past use of cessation medication
Past use of formal quit-smoking program
Smoking environment
Household member smokes
Half or more close friends smoke
Half or more coworkers smoke
Support to quit
Family
Friends
Coworkers
Company management
Workplace attitudes about smoking
Most or all coworkers support those trying to quit
Most or all coworkers think smoking is a bad habit
Correlates of smoking
Perceived stress
Job stress
Risky alcohol use
>1year since last routine doctor visit
>1year since last routine dentist visit
Physical activity, hours per week
Number of health interests

N

Percent or median (min^ max)

693
713
713
713
708

42 (18^73)
79%
84%
55%
4%
13%
70%
8%
2%
3%

713
684
684
702

85%
10 (.03 ^80)
56%
11%

700
705
689
709
690
675
661
647

63%
26%
64%
6 (0^10)
47%
38%
26%
8%

704
707
701

48%
57%
40%

676
676
668
650

5 (1^5)
4 (1^5)
3 (1^5)
4 (1^5)

709
706

36%
46%

704
678
648
644
664
681
713

6 (0^16)
3 (0^8)
20%
46%
49%
4 (0^31.5)
2 (0^9)

Addicted refers to the proportion who smoked their 1st cigarette within 30 min of waking; self-efficacy to quit has a possible range of 0^10 with higher scores indicating
greater self-efficacy; support to quit has a possible range of 1^5 with higher scores indicating greater support; perceived stress has a possible range of 0^16 with
higher scores indicating greater stress; job stress has a possible range of 0^8 with higher scores indicating greater job stress; risky alcohol users included women who
averaged more than one drink per day and men who averaged more than two; number of health interests is the sum of health topics that participants would like
to receive information about.

The minimum cigarettes smoked per day was less than one because nondaily smokers were included in this analysis.
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TABLE II. Differences in Characteristics of Employees at 47 Small Manufacturing Companies in theTwin Cities, Minnesota Who are Smokers by Job
Type (n ¼ 708)
Percent or mean (SE)

Variable
Smoking patterns
Daily smoker

N

Manager
(n ¼ 25)

Production
manager
(n ¼ 96)

Production
(n ¼ 495)

Support
(n ¼ 55)

R&D or
Engineering
(n ¼16)

Sales
(n ¼ 21)

P-value

690

68%

84%

88%

78%

63%

68%

0.050

Cigarettes per day

667

11.2 (2.41)

13.2 (0.98)

12.7 (0.46)

10.5 (1.50)

7.3 (2.03)

8.8 (1.56)

0.040

Addiction
Smokeless tobacco user

665
681

26%
5%

50%
11%

61%
11%

48%
11%

29%
8%

28%
3%

<0.001
0.120

680
679

62%
36%

59%
32%

61%
26%

84%
31%

86%
0%

80%
28%

<0.001
0.623

668
687

58%
7.1 (0.72)

67%
6.0 (0.25)

63%
6.0 (0.13)

72%
7.2 (0.35)

73%
7.1 (0.69)

74%
7.5 (0.62)

0.282
0.007

Quit behaviors
Quit attempt, past12 months
Talked to doctor about quitting,
12 months
Considering quitting, 6 months
Self-efficacy to quit
Past use of any cessation aids

669

56%

57%

44%

53%

48%

47%

0.153

654

40%

44%

35%

42%

39%

44%

0.388

Past use of cessation medication

638

42%

33%

22%

36%

20%

31%

0.095

Past use of formal quit-smoking
program

642

17%

8%

7%

10%

0%

0%

0.464

Household member smokes
Half or more close friends smoke

682
686

53%
41%

52%
54%

49%
62%

41%
44%

37%
28%

26%
37%

0.087
<0.001

Half or more coworkers smoke

44%

20%

16%

18%

<0.001

Past use of nicotine replacement
therapy

Smoking environment

680

31%

37%

Support to quit
Family

659

4.6 (0.20)

4.4 (0.14)

4.4 (0.05)

4.8 (0.08)

4.7 (0.18)

4.7 (0.16)

<0.001

Friends

660

4.1 (0.25)

4.1 (0.11)

3.8 (0.05)

4.3 (0.12)

4.4 (0.18)

4.3 (0.20)

<0.001

Coworkers
Company management

652
636

3.9 (0.25)
4.2 (0.23)

3.9 (0.12)
4.1 (0.12)

3.4 (0.07)
3.6 (0.10)

4.0 (0.16)
4.4 (0.15)

3.8 (0.23)
3.7 (0.29)

3.4 (0.33)
3.7 (0.28)

<0.001
<0.001

Most or all coworkers support those
trying to quit

688

56%

43%

32%

46%

41%

55%

0.007

Most or all coworkers think

686

78%

52%

43%

44%

71%

37%

<0.001

Workplace attitudes about smoking

smoking is a bad habit
Correlates of smoking
Perceived stress

684

4.9 (0.50)

5.6 (0.33)

6.4 (0.17)

5.6 (0.39)

5.8 (.94)

5.3 (0.57)

0.028

Job stress
Risky alcohol use

658
633

2.0 (0.43)
13%

2.5 (0.16)
20%

3.6 (0.08)
21%

3.7 (0.27)
16%

3.3 (.23)
35%

3.3 (0.23)
9%

<0.001
0.240

>1year since last routine doctor visit

626

43%

43%

47%

51%

52%

41%

0.950

>1year since last routine dentist visit
Physical activity, hours per week

646
664

18%
4.0 (0.94)

50%
5.9 (0.53)

53%
6.1 (0.29)

42%
5.4 (.60)

51%
5.2 (1.0)

56%
5.5 (1.4)

<0.001
0.347

Number of health interests

690

2.7 (0.46)

2.4 (0.17)

2.3 (0.13)

2.6 (0.24)

1.4 (0.44)

2.0 (0.55)

0.276

Analyses are adjusted for age, sex, and company. P-value is for an overall group difference.
Addicted refers to the proportion who smoked their 1st cigarette within 30 min of waking; self-efficacy to quit has a possible range of 0^10 with higher scores indicating
greater self-efficacy; support to quit has a possible range of 1^5 with higher scores indicating greater support; perceived stress has a possible range of 0^16
with higher scores indicating greater stress; job stress has a possible range of 0^8 with higher scores indicating greater job stress; risky alcohol users included women
who averaged more than one drink per day and men who averaged more than two; number of health interests is the sum of health topics that participants would
like to receive information about.
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4.3 (Su), 4.4 (R&D/E) and 4.3 (Sa) (P < 0.001)) and were the
least likely to indicate that most or all coworkers support
those trying to quit (32% (P) vs. 56% (M), 43% (P/M), 46%
(Su), 41% (R&D/E), and 55% (Sa) (P ¼ 0.007)). Further,
they had the highest mean level of perceived stress (6.4 (P)
vs. 4.9 (M), 5.6 (P/M), 5.6 (Su), 5.8 (R&D/E), and 5.3 (Sa)
(P ¼ 0.028)).
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The LCA identiﬁed 3 subgroups of smokers, Fewest
Barriers, Some Barriers, and Greatest Barriers to cessation
(Table III). Members of the Fewest Barriers group had the
most favorable characteristics for smoking cessation. They
had the highest self-efﬁcacy to quit; were the least likely to
indicate that half or more of their coworkers smoke; reported
the highest support to quit from family, friends, coworkers,

TABLE III. Results from the Latent Class Analysis: Identified Subgroups of Employees at 47 Small Manufacturing Companies in theTwin Cities, Minnesota Who Are Current Smokers (n ¼ 713)
Percent or Mean (SE)
Variable
Smoking patterns
Daily smoker
Cigarettes per day
Addiction
Smokeless tobacco user
Quit behaviors
Quit attempt, 12 months
Talked with doctor about quitting, 12 months
Considering quitting, 6 months
Self-efficacy to quit
Past use of any cessation aids
Past use of nicotine replacement therapy
Past use of cessation medication
Past use of formal quit-smoking program
Smoking environment
Household member smokes
Half or more close friends smoke
Half or more coworkers smoke
Support to quit
Family
Friends
Coworkers
Company management
Workplace attitudes about smoking
Most or all coworkers support those trying to quit
Most or all coworkers think smoking is a bad habit
Correlates of smoking
Perceived stress
Job stress
Risky alcohol use
>1year since last routine doctor visit
>1year since last routine dentist visit
Physical activity, hours per week
Number of health interests

Fewest Barriers (n ¼ 231)

Some Barriers (n ¼ 253)

Greatest Barriers (n ¼ 229)

78%a
11.0 (0.62)a
53%a
7%a

83%a
11.9 (0.66)a
51%a
14%a

94%b
14.2 (0.65)b
63%a
10%a

67%a,b
25%a
69%a
7.1 (0.20)a
43%a
34%a
25%a
5%a

68%a
34%b
68%a
6.5 (0.16)b
52%a
43%a
29%a
12%b

54%b
20%a
56%b
5.0 (0.17)c
45%a
35%a
23%a
6%a,b

51%a
47%a
26%a

39%b
53%a
39%b

54%a
72%b
53%c

5.0 (0.02)a
4.9 (0.03)a
4.9 (0.03)a
4.9 (0.04)a

4.7 (0.04)b
4.1 (0.04)b
3.4 (0.06)b
3.7 (0.10)b

3.6 (0.10)c
2.7 (0.06)c
2.4 (0.05)c
2.7 (0.11)c

62%a
56%a

32%b
43%b

15%c
39%b

5.3 (0.19)a
2.9 (0.15)a
20%a
60%a
53%a
6.6 (0.42)a
2.1 (0.18)a

6.1 (0.22)b
3.6 (0.14)b
19%a
51%b
54%a
5.8 (0.41)a
2.5 (0.10)a

7.1 (0.15)c
3.6 (0.12)b
21%a
50%a,b
41%b
5.5 (0.34)a
2.4 (0.20)a

Analyses are adjusted for age, sex, and company. a,b,cValues within a row that share the same letter are not statistically significantly different (P > 0.05). Addicted
refers to the proportion who smoked their 1st cigarette within 30 min of waking; self-efficacy to quit has a possible range of 0^10 with higher scores indicating greater
self-efficacy; support to quit has a possible range of 1^5 with higher scores indicating greater support; perceived stress has a possible range of 0^16 with higher scores
indicating greater stress; job stress has a possible range of 0^8 with higher scores indicating greater job stress; risky alcohol users included women who averaged
more than one drink per day and men who averaged more than two; number of health interests is the sum of health topics that participants would like to receive information
about.
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TABLE IV. Identified Subgroups of Employees at 47 Small Manufacturing Companies in theTwin Cities, Minnesota Who are Current Smokers by Job
Type (n ¼ 708)
N (%)

LCA group
Fewest Barriers
Some Barriers
Greatest Barriers

Manager
(n ¼ 25)

Production
manager
(n ¼ 96)

Production
(n ¼ 495)

Support
(n ¼ 55)

R&D or
Engineering
(n ¼16)

Sales
(n ¼ 21)

13.7 (55%)
7.9 (32%)
3.4 (13%)

42.9 (45%)
34.0 (35%)
19.1 (20%)

151.2 (31%)
188.6 (38%)
155.2 (31%)

31.5 (57%)
16.3 (30%)
7.2 (13%)

9.7 (60%)
4.5 (28%)
1.8 (12%)

8.8 (42%)
7.6 (36%)
4.6 (22%)

P-value
0.010

Analyses are adjusted for age, sex, and company. Numbers of employees are predicted, rather than observed. P-value is for 6 job-types relating to 3 latent classes
from a generalized linear model (x2 test with10 df).

and company management; were the most likely to indicate
that most or all of their coworkers support those trying to quit
and think that smoking is a bad habit; and had the lowest
levels of perceived stress and job stress. Members of the
Some Barriers group were the most likely to have talked with
a doctor about quitting in the past 12 months and least likely
to have a household member who smoked. However, overall
they had less favorable characteristics for smoking cessation
compared to the Fewest Barriers group, including lower selfefﬁcacy to quit, higher likelihood to indicate that half or more
coworkers smoke, less support to quit from family, friends,
coworkers, and company management, lower likelihood to
state that most or all of their coworkers support those trying
to quit or think that smoking is a bad habit, and higher
perceived stress and job stress.
The Greatest Barriers group had the least favorable
characteristics for smoking cessation. For example, they had
the highest prevalence of daily smoking; were the least likely
to be considering quitting in the next 6 months, most likely to
indicate that half or more of their close friends or coworkers
smoke, and the least likely to indicate that most or all of their
coworkers support those trying to quit; and had the highest
perceived stress level. Production workers (Table IV) were
the most likely to be represented in the Greatest Barriers
group (31% (P) vs. 13% (M), 20% (P/M), 13% (Su), 12%
(R&D/E), and 22% (Sa) (P ¼ 0.010)).

DISCUSSION
This study examined smoking patterns, quit behaviors,
smoking environment, workplace attitudes about smoking,
and correlates of smoking in smokers employed at small
manufacturing companies in the Minneapolis and St. Paul
metro area, MN. As expected, we found that production
workers appear to have higher prevalence of smoking and
overall smoking environments, smoking patterns, and quit
behaviors that are less favorable to cessation compared to

workers with other job types. This is consistent with previous
ﬁndings that blue-collar workers have smoking characteristics
that are less conducive to quitting when compared to whitecollar workers [Giovino et al., 2000; Barbeau et al.,
2004] However, previous ﬁndings were limited to differences
in prevalence, cessation, age of initiation, and intensity of
smoking (number of cigarettes smoked per day) and therefore,
these ﬁndings signiﬁcantly expand knowledge in this area.
An additional ﬁnding is that production managers
represent a distinct group of employees who should not be
categorized with either managers or production workers in
terms of their smoking behaviors and characteristics.
Production managers share similarities with both managers and production workers but also have distinct smoking
behaviors and characteristics. For example, production
managers were similar to managers in their past use of any
cessation aids and support for quitting from friends,
coworkers, and company management; similar to production workers in their smokeless tobacco use, self-efﬁcacy
to quit, risky alcohol use, and time since last routine
dentist visit; and had values for addiction, proportion of
close friends who smoke, perceived workplace attitudes
about smoking, and stress that were distinct from both
managers and production workers. In addition, we found
smoking prevalence among managers to be lower than
previous estimates (11% vs. 16%) [National Center for
Health Statistics, 2013]. This is likely due to the exclusion
of production managers from the manager job type.
Production managers had a much higher smoking
prevalence than individuals who described themselves
solely as managers (26% vs. 11%). This ﬁnding further
demonstrates the importance of distinguishing between
these job types.
Limitations of this study include our focus on
manufacturing workers from the Minneapolis and St.
Paul metro area, Minnesota and our sample being
predominately male (79%) and white (84%), which limits
the generalizability of these ﬁndings to other populations.
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However, other studies that have focused on manufacturing workers have also found a majority of male and white
workers [Emmons et al., 1994; Sorensen et al., 2003; Hunt
et al., 2007; Brehm et al., 2011]. An additional limitation
of this study is that we decided not to conduct pairwise
comparisons when examining the smoking behaviors and
characteristics by job type. We made this decision due to
the small sample sizes among the managers (n ¼ 25),
research and development or engineering (n ¼ 16), and
sales workers (n ¼ 21) and the likelihood that we would
not be able to detect statistically signiﬁcant differences
between these groups. Given that the aims of this paper
are descriptive, we decided to instead provide a P-value
for the overall group difference as a guide indicating
whether these job types have differences in smoking
behaviors and characteristics. Another limitation is our
reliance on self-report to determine smoking status
without biochemical validation, such as cotinine measurement. However, studies have found self-reported
smoking status to be reasonably accurate, with the largest
issue being underreporting of smoking [Patrick et al.,
1994; Gorber et al., 2009; Wong et al., 2012]. It is
unlikely that underreporting of smoking was a large issue
in this study, given that we found slightly higher smoking
prevalence than previous studies among manufacturing
workers (27% vs. 24%) [National Center for Health
Statistics, 2013]. These limitations are unlikely to have
differentially impacted smoking characteristics among
workers of different job types.
The ﬁndings of this study and the fact that smaller
worksites face challenges in offering worksite wellness
programs, [Linnan et al., 2008; Harris et al., 2014] rein] reinforce the conclusion that manufacturing workers at
small companies represent a group that is in need of health
promotion efforts, speciﬁcally smoking cessation promotion. Interventionists could leverage the particular
advantages that small companies have for implementing
workplace health programs including fewer hierarchical
layers, which facilitates policy or program changes, a
more intimate work culture that can facilitate participation
in health programs, and more visible management who
can serve as health promoters [Harris et al., 2014].
Interventionists could utilize these ﬁndings to develop targeted interventions for employees who are at the
highest risk of continued smoking. Individuals in the
Greatest Barriers group had the least favorable characteristics for smoking cessation, including high levels of
daily smoking and stress and low levels of support for
quitting. Therefore individuals in this group face
additional challenges to cessation compared to workers
in the Some and Fewest Barriers to cessation groups.
Interventionists could use the ﬁndings from the LCA to
identify groups that are at the greatest risk of continued
smoking, such as groups that share similarities to the
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Greatest Barriers group, and tailor intervention efforts to
these groups. Although production workers were the most
likely to be represented in the Greatest Barriers group
(31%), 20% of production managers and 22% of sales
workers were also included in this group. Therefore,
cessation efforts that solely target production workers
may fail to aid all manufacturing workers who are at the
highest risk of continued smoking.
Future directions for this study include determining
whether job type or number of barriers (based on LCA
subgroup membership) is associated at 12-month followup with 1) quitting smoking and/or 2) awareness of and
responsiveness to the Wellness Works integrated workplace safety and smoking cessation intervention.
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