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An estimated 49% of persons in the United
States are covered by smoke-free legislation
protecting workers from secondhand smoke in
all indoor, private, nonhospitality workplaces
(e.g., offices, factories, warehouses), restaurants,
and bars.1 In the absence of smoke-free legis-
lation, employers can implement company-
specific smoke-free policies, increasing the
number of workers protected from exposure
to secondhand smoke.

Despite the existence of smoke-free laws
and policies, 1 in 10 nonsmoking US workers
continues to report regular exposure to sec-
ondhand smoke in the workplace.2 Second-
hand smoke exposure is associated with
chronic diseases such as lung cancer, coronary
heart disease, and stroke and with adverse
reproductive effects, including low birth
weight, when mothers are exposed during
pregnancy.3 Two thirds of first-time mothers
work at some point during their pregnancy,
meaning that a substantial proportion of fetuses
could be exposed to secondhand smoke at their
mother’s workplace.4

There are few data available on the preva-
lence of workplace secondhand smoke among
pregnant women in the United States or on the
characteristics of pregnant women and their
workplaces associated with secondhand smoke
exposure. This information would help us
identify which pregnant workers remain at
risk for secondhand smoke exposure despite
the growing number of smoke-free laws and
policies in the United States.

From previous studies, we know that not all
US workers are equally likely to be exposed to
secondhand smoke at work. Workplace sec-
ondhand smoke exposure is more common
among men than women, decreases with age
and educational attainment, and is most prev-
alent among blue-collar workers and in in-
dustries such as mining and construction.2,5,6

Because of the differences in prevalence of
exposure by gender, age, and type of employ-
ment, estimates of prevalence from the worker

population as a whole (men and women of all
ages) are likely not generalizable to women of
reproductive age.

We investigated the prevalence of reported
workplace secondhand smoke exposure among
women of reproductive age as a proxy for
the prevalence of exposure during pregnancy
and sociodemographic and workplace charac-
teristics associated with workplace secondhand
smoke exposure in this population.

METHODS

The National Health Interview Survey
(NHIS) is an annual cross-sectional household
survey of the health and health behaviors of
the civilian, noninstitutionalized population of
the United States conducted by the National
Center for Health Statistics, Centers for Disease
Control and Prevention.7 NHIS, ongoing since
1957, is administered in person by trained
interviewers from the US Census Bureau.
Major themes of NHIS include chronic diseases,
health limitations, and interactions with the
health care system. NHIS includes basic ques-
tions on participants’ work, including current

industry and occupation, work hours, and
workplace injuries and poisonings.

In 2010, the National Institute for Occupa-
tional Safety and Health sponsored an Occu-
pational Health Supplement, which collected
additional information on work, including
a more detailed work history and information
on work organization, chemical and physical
agent exposures, and psychosocial exposures
such as job insecurity and workplace bullying.8

A question on workplace secondhand smoke
exposure was also included: “During the past
12 months, were you regularly exposed to
tobacco smoke from other people at work twice
a week or more?”

Inclusion Criteria

We included women aged 18 to 44 years
who participated in the 2010 NHIS Occupa-
tional Health Supplement, who reported that
they were working for pay within the past 12
months, and who answered either “yes” or “no”
to the survey question on workplace second-
hand smoke exposure.

We included only current nonsmokers in
our analyses. We defined a current nonsmoker

Objectives. We characterized workplace secondhand smoke exposure among

nonsmoking women of reproductive age as a proxy for workplace secondhand

smoke exposure during pregnancy.

Methods. We included nonsmoking women aged 18 to 44 years employed

during the past 12months who participated in the 2010 National Health Interview

Survey. We estimated the prevalence of workplace secondhand smoke exposure

and its associations with sociodemographic and workplace characteristics.

Results. Nine percent of women reported workplace secondhand smoke

exposure. Prevalence decreased with increasing age, education, and earnings.

Workplace secondhand smoke exposure was associated with chemical exposure

(prevalence odds ratio [POR] = 3.3; 95% confidence interval [CI] = 2.3, 4.7); being

threatened, bullied, or harassed (POR=3.2; 95% CI = 2.1, 5.1); vapors, gas, dust,

or fume exposure (POR=3.1; 95% CI = 2.3, 4.4); and worrying about unemploy-

ment (POR= 3.0; 95% CI = 1.8, 5.2), among other things.

Conclusions. Comprehensive smoke-free laws covering all workers could

eliminate inequities in workplace secondhand smoke exposure, including

during pregnancy. (Am J Public Health. 2015;105:e33–e40. doi:10.2105/AJPH.

2014.302380)

RESEARCH AND PRACTICE

Supplement 3, 2015, Vol 105, No. S3 | American Journal of Public Health Johnson et al. | Peer Reviewed | Research and Practice | e33



as a woman who reported smoking either fewer
than 100 cigarettes in her lifetime or at least
100 cigarettes in her lifetime but was currently
not smoking at all. We did not apply any
further exclusion criteria.

Variables of Interest

Our outcome of interest was prevalence of
workplace secondhand smoke exposure. We
calculated this prevalence among all respon-
dents and within strata of sociodemographic
and workplace characteristics.

Sociodemographic characteristics of interest
were age (18---24, 25---29, 30---34, 35---39, and
40---44 years), race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, and
other), country of birth (United States and
other), region of the country (Midwest, North-
east, South, and West), education (for all
women and restricted to women aged 25---44
years; less than high school, high school or
equivalent, some college, bachelor’s degree,
and graduate degree), and perceived health
status (excellent, very good, good, and fair or
poor).

For questions about work, if respondents
were currently working, they answered on the
basis of their current job; otherwise, they
answered on the basis of their most recently
held job within the past 12 months. Trained
coders from the US Census Bureau coded
industry and occupation using US Census
codes on the basis of the 2007 North American
Industrial Classification System and the 2010
Standard Occupational Classification system
from respondents’ descriptions of their type of
business and work activities. NHIS grouped
these jobs into 21 simple and 79 detailed
industry codes and 23 simple and 94 detailed
occupation codes.

Questions on current or most recent job
characteristics included employer type (private,
government, self-employed); employer size
(1---9, 10---99, 100---499, ‡500); work sched-
ule (day, evening, night, rotating, other); yearly
earnings from all jobs ($0---$19 999, $20 000---
$44 999, ‡ $45 000); whether employer offers
paid sick leave; whether respondent worried
about unemployment; ability to combine
family and work responsibilities; and regular
exposure to vapors, gas, dust, or fumes. All
respondents were asked if they had experi-
enced any of the following at any job during the

past 12 months: being threatened, bullied,
or harassed; handling or coming into skin
contact with chemicals twice a week or more;
or regularly working outdoors. Women who
were currently employed were asked whether
they were working multiple jobs, the number of
hours they worked per week at all jobs (1---20,
21---40, ‡41), and whether their employer
offered health insurance.

Statistical Analysis

We calculated prevalence (%) and 95%
confidence intervals (CIs) for workplace sec-
ondhand smoke exposure. To investigate as-
sociations between sociodemographic and
work characteristics and secondhand smoke,
we used logistic regression to estimate preva-
lence odds ratios (PORs) and 95% CIs for these
associations. We calculated P values for linear
trend for ordinal variables; for numeric vari-
ables, we used the midpoint of each category as
the value for the category in the calculation
of P for trend. We have not reported any
results for which the coefficient of variation
(CV) exceeded 50% or for which there were
fewer than 5 exposed women; for all results
with CVs between 30% and 49%, these esti-
mates are potentially unstable.

We created predictive models to identify
the characteristics most predictive of workplace
secondhand smoke exposure. Variables eligible
for inclusion in the model were sociodemo-
graphic and work characteristic variables as-
sociated with workplace secondhand smoke
exposure with a P level of less than .05 in
bivariate analyses. We used forward selection,
entering each variable in turn (beginning from
the lowest type 3 Wald P value) and removing
any with a P value of .05 or greater.

We conducted all analyses in SAS version
9.3 (SAS Institute, Cary, NC) and used SAS
survey procedures to take into account the
complex sampling design of NHIS. Analytic
weights are included with the NHIS data set,
so when the data are properly weighted in
the analysis, the findings are representative of
the civilian, noninstitutionalized population
of the United States and account for survey
nonresponse bias.7 Because age distributions
differ between the general population and
pregnant women, we used a previously de-
scribed method to adjust the NHIS analytic
weights using age- and race/ethnicity-specific

birth rates so that the data better reflect the age
distribution of pregnant women.9,10

We calculated single-year age- and race/
ethnicity-specific birth rates using data from
the National Vital Statistics System (number
of births for year 2010 in each age and race/
ethnicity stratum)11and the US Census (number
of women in year 2010 in each age and race/
ethnicity stratum).12 We multiplied NHIS ana-
lytic weights by the age- and race/ethnicity-
specific birth rates to create the age-adjusted
analytic weights we used in the analysis.

RESULTS

We included 4088 nonsmoking women
aged 18 to 44 years who were working for pay
within the past 12 months; using the birth rate
weighting, this represents 2.3 million pregnant
women. Nine percent (95% CI = 8%, 10%)
of these women reported regular exposure to
secondhand smoke at work during the past
12 months, corresponding to an estimated
200 000 nonsmoking working pregnant
women exposed.

Prevalence of workplace secondhand
smoke exposure decreased with increasing
age (P= .020) and educational attainment
(P= .001; Table 1). Higher prevalence of ex-
posure was reported by non-Hispanic Black
women (POR=2.2; 95% CI = 1.4, 3.5; non-
Hispanic Black vs non-Hispanic White) and
women living in the South (POR=1.6; 95%
CI =1.1, 2.3; South vs Midwest). When we
created a predictive model for the socio-
demographic variables, only education and
race/ethnicity were retained in the final
model.

Workplace characteristics associated with
secondhand smoke exposure included working
non---day shifts, working outdoors, being paid
an hourly wage, and having low earnings
(Table 2). Workplace secondhand smoke ex-
posure was strongly associated with the pres-
ence of other potential workplace hazards
and stressors, including chemical exposures
(POR=3.3; 95% CI = 2.3, 4.7); being threat-
ened, harassed, or bullied at work (POR=3.2;
95% CI = 2.1, 5.1); exposure to vapors, gas,
dust, or fumes (POR=3.1; 95% CI = 2.3, 4.4);
and worrying about unemployment (POR=3.0;
95% CI=1.8, 5.2 for strongly agree vs strongly
disagree). Variables retained in the predictive
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TABLE 1—Prevalence of Workplace Secondhand Smoke Exposure by Sociodemographic Characteristics: National Health Interview Survey, United

States, 2010

Characteristic Unweighted No. Weighted No. % Exposed (95% CI)

Weighted No.

Exposed

Crude POR

(95% CI)

Predictive Model

POR (95% CI)a Pb

Overall 4 088 2 322 049 9 (8.0, 10.0) 204 421

Age, y

18–24 856 726 754 10 (8.0, 13.0) 74 912 2.0 (1.2, 3.2)

25–29 811 678 159 9 (7.0, 11.0) 61 293 1.7 (1.1, 2.8)

30–34 803 566 940 8 (6.0, 11.0) 46 850 1.6 (1.0, 2.4)

35–39 819 284 245 6 (4.0, 8.0) 17 788 1.2 (0.7, 1.9)

40–44 799 65 952 5 (4.0, 7.0) 3 578 1.0 (Ref)

Race/ethnicity

Non-Hispanic White 1 945 1 341 369 7 (6.0, 9.0) 95 041 1.0 (Ref) 1.0 (Ref)

Non-Hispanic Black 795 385 437 14 (10.0, 19.0) 55 422 2.2 (1.4, 3.5) 1.9 (1.2, 3.0)

Hispanic 1 007 465 412 9 (6.0, 12.0) 42 134 1.3 (0.9, 1.9) 1.1 (0.8, 1.7)

Other 341 129 832 9 (4.0, 14.0) 11 824 1.3 (0.7, 2.4) 1.5 (0.8, 2.8)

Country of birth

United States 3 103 1 920 427 9 (7.0, 10.0) 164 757 1.0 (Ref)

Other 983 400 257 10 (6.0, 13.0) 39 663 1.2 (0.8, 1.8)

Missing 2 1 365

Region

South 1 533 844 007 11 (9.0, 13.0) 90 805 1.6 (1.1, 2.3)

Northeast 604 364 078 9 (5.0, 13.0) 31 924 1.3 (0.7, 2.2)

West 1 072 577 632 8 (5.0, 10.0) 44 431 1.1 (0.7, 1.7)

Midwest 879 536 333 7 (5.0, 9.0) 37 261 1.0 (Ref)

Education (all women) .001

< high school 400 168 382 10 (5.0, 14.0) 16 386 2.4 (1.0, 5.4) 2.2 (0.9, 5.3)

High school or equivalent 763 424 099 10 (7.0, 13.0) 41 821 2.4 (1.2, 4.7) 2.2 (1.1, 4.4)

Some college or associate’s degree 1 422 845 110 11 (8.0, 14.0) 94 955 2.8 (1.4, 5.4) 2.6 (1.3, 5.0)

Bachelor’s degree 995 613 914 6 (4.0, 8.0) 39 679 1.5 (0.8, 3.0) 1.5 (0.7, 3.1)

Graduate degree 498 264 583 4 (2.0, 7.0) 11 580 1.0 (Ref) 1.0 (Ref)

Missing 10 5 962

Education (women ‡ 25 y)c

< high school 315 109 375 11 (6.0, 17.0) 12 482 2.8 (1.1, 7.0)

High school or equivalent 573 270 989 10 (7.0, 13.0) 27 699 2.5 (1.2, 5.0)

Some college or associate’s degree 1 017 483 402 10 (7.0, 12.0) 46 837 2.3 (1.2, 4.7)

Bachelor’s degree 832 471 318 7 (4.0, 9.0) 31 279 1.6 (0.7, 3.2)

Graduate degree 487 255 625 4 (2.0, 7.0) 11 212 1.0 (Ref)

Missing 8 4 586

Health status

Excellent 1 533 924 900 8 (6.0, 10.0) 71 585 1.0 (Ref)

Very good 1 457 851 299 8 (6.0, 10.0) 70 522 1.1 (0.7, 1.6)

Good 887 459 921 11 (8.0, 14.0) 51 161 1.5 (1.0, 2.2)

Fair or poor 210 85 566 13 (6.0, 20.0) 11 153 1.8 (0.9, 3.5)

Missing 1 362

Note. CI = confidence interval; POR = prevalence odds ratio.
aVariables remaining in model after forward selection of sociodemographic variables at a threshold of P < .05.
bP value for trend for the predictive model.
cNot included in the predictive model.
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model were chemical exposures; being
threatened, harassed, or bullied; exposure to
vapors, gas, dust, or fumes; worrying about
unemployment; earnings; and employer size.

We created a combined predictive model
including the 12 sociodemographic and
workplace variables associated with work-
place secondhand smoke exposure at a
P level of less than .05 in bivariate analyses
(Tables 1 and 2). Following forward elimi-
nation, only workplace variables remained;
these were the same variables retained in the
predictive model for workplace characteris-
tics (Table 2).

Prevalence of workplace secondhand smoke
in the 5 most common simple industry and

occupation groups (on the basis of weighted
sample size in our study population) are shown
in Table 3; results for all simple and detailed
industry and occupation groups with suffi-
cient sample size for analysis are available as
a supplement to the online version of this
article at http://www.ajph.org. Of the 5 most
common industries and occupations, preva-
lence of workplace secondhand smoke expo-
sure was higher in the accommodation and
food services industry (19%; adjusted
POR = 2.7; 95% CI = 1.6, 4.7) than in all
other industries and in food preparation and
serving-related occupations (19%; adjusted
POR = 2.1; 95% CI = 1.1, 3.9) than in all
other occupations.

Among the detailed industry groups, the
accommodation industry had the highest
prevalence of workplace secondhand smoke
exposure (36%; POR=6.0; 95% CI = 1.9,
19.3), followed by miscellaneous store retailers
(25%; POR=4.1; 95% CI = 1.1, 15.3;
CV=39%), and nursing and residential care
facilities (19%; POR=2.5; 95% CI = 1.3, 4.9).
Among the detailed occupation groups, the
highest prevalence of exposure was among law
enforcement workers (27%; POR=4.5; 95%
CI =1.1, 18.8; CV=42%), food and beverage
serving workers (21%; POR=2.2; 95%
CI =1.0, 4.7), and building cleaning and pest-
control workers (19%; POR=2.1; 95%
CI =1.0, 4.6).

TABLE 2—Prevalence of Workplace Secondhand Smoke Exposure by Work Characteristics: National Health Interview Survey, United States, 2010

Variable Unweighted No. Weighted No.

% Exposed

(95% CI)

Weighted No.

Exposed

Crude POR

(95% CI)

Predictive Model

POR (95% CI)a Pb

Employer type

Private company 3 091 1 804 572 10 (8, 11) 172 398 1.0 (Ref)

Government 759 407 089 7 (4, 9) 26 962 0.7 (0.5, 1.0)

Self-employed 238 110 389 5 (1, 8)c 5061 0.5 (0.2, 1.0)

Employer size .22

1–9 916 498 395 6 (4, 9) 31 791 1.0 (Ref) 1.0 (Ref)

10–99 1 528 921 368 11 (9, 13) 99 683 1.8 (1.0, 3.0) 2.1 (1.2, 3.7)

100–499 746 427 660 10 (7, 14) 44 824 1.7 (1.0, 3.0) 2.5 (1.4, 4.6)

‡ 500 741 386 308 6 (4, 8) 23 017 0.9 (0.5, 1.8) 1.2 (0.6, 2.4)

Missing 157

Working > 1 jobd

Yes 322 195 512 9 (4, 14) 18 215 1.2 (0.6, 2.2)

No 3 279 1 815 442 8 (7, 9) 145 043 1.0 (Ref)

Missing 487 311 095

Regularly work outdoors

Yes 417 233 063 14 (10, 18) 31 906 1.8 (1.3, 2.5)

No 3 671 2 088 986 8 (7, 10) 172 515 1.0 (Ref)

Hours worked/wkd,e

1–20 502 308 334 8 (4, 12) 24 087 1.0 (Ref)

21–40 2 433 1 346 194 8 (6, 9) 107 107 1.0 (0.6, 1.9)

‡ 41 649 341 053 9 (6, 13) 31 581 1.2 (0.6, 2.4)

Missing 504 326 468

Work schedule

Day 2 912 1 579 111 7 (6, 8) 113 527 1.0 (Ref)

Evening 239 153 026 19 (10, 28) 28 759 3.0 (1.6, 5.5)

Night 176 100 423 16 (9, 23) 16 029 2.5 (1.4, 4.2)

Rotating 457 305 748 10 (7, 14) 32 065 1.5 (1.0, 2.3)

Other 300 176 657 8 (4, 12) 14 040 1.1 (0.6, 2.0)

Missing 4 7 085

Continued
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TABLE 2—Continued

Yearly earnings from all jobs, $ .003

0–19 999 1 297 743 611 11 (9, 14) 84 374 2.7 (1.6, 4.9) 2.4 (1.4, 4.2)

20 000–44 999 1 265 722 828 9 (7, 11) 66 926 2.2 (1.3, 3.8) 2.0 (1.2, 3.6)

‡ 45 000 757 355 356 4 (2, 6) 15 748 1.0 (Ref) 1.0 (Ref)

Missing 769 500 254

Paid by the hour

Yes 2 690 1 582 123 10 (9, 12) 165 190 2.0 (1.4, 3.0)

No 1 390 729 019 5 (4, 7) 39 231 1.0 (Ref)

Missing 8 10 908

Employer offers paid sick leave

Yes 2 162 1 192 669 8 (6, 10) 93 660 1.0 (Ref)

No 1 895 1 106 619 10 (8, 12) 108 418 1.3 (0.9, 1.8)

Missing 31 22 761

Employer offers health insuranced

Yes 2 314 1 254 512 8 (7, 10) 102 256 1.0 (Ref)

No 1 260 729 899 8 (6, 10) 57 406 1.0 (0.7, 1.4)

Missing 514 337 639

Harassed, bullied, threatened

Yes 316 186 515 21 (14, 28) 39 266 3.2 (2.1, 5.1) 2.4 (1.3, 4.2)

No 3 769 2 130 965 8 (6, 9) 165 155 1.0 (Ref) 1.0 (Ref)

Missing 3 4 569

Worried about unemployment < .001

Strongly agree 516 248 105 16 (10, 22) 40 028 3.0 (1.8, 5.2) 3.1 (1.7, 5.7)

Agree 813 440 689 9 (6, 12) 39 574 1.5 (0.9, 2.5) 1.5 (0.9, 2.6)

Disagree 1 599 951 139 9 (7, 11) 83 470 1.5 (0.9, 2.4) 1.5 (0.9, 2.6)

Strongly disagree 1 152 674 381 6 (4, 8) 41 152 1.0 (Ref) 1.0 (Ref)

Missing 8 7 735

Easy to combine work and family responsibilities

Strongly agree 1 228 719 645 8 (6, 11) 58 983 1.0 (Ref)

Agree 2 067 1 189 531 8 (7, 10) 101 074 1.0 (0.7, 1.5)

Disagree 586 304 063 11 (8, 15) 34 159 1.4 (0.9, 2.2)

Strongly disagree 192 96 528 11 (5, 16) 10 205 1.4 (0.7, 2.5)

Missing 15 12 283

Dermal chemical exposures

Yes 672 379 300 19 (15, 23) 72 327 3.3 (2.3, 4.7) 2.1 (1.4, 3.0)

No 3 415 1 941 835 7 (6, 8) 132 094 1.0 (Ref) 1.0 (Ref)

Missing 1 914

Vapors, dust, gas, or fume exposures

Yes 580 293 900 20 (15, 24) 57 866 3.1 (2.3, 4.4) 2.4 (1.6, 3.6)

No 3 500 2 023 821 7 (6, 9) 146 555 1.0 (Ref) 1.0 (Ref)

Missing 8 4 328

Note. CI = confidence interval; POR = prevalence odds ratio.
aVariables remaining in the model after forward selection of workplace characteristics at threshold P < .05.
bP for trend for the predictive model.
cCoefficient of variation = 39%.
dWe asked only women who are currently working.
eAnswered by the designated family respondent; could be either self-report or proxy report.
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DISCUSSION

We estimate that 9% of US nonsmoking
pregnant women are regularly exposed to
secondhand smoke in the workplace; addi-
tionally, our results demonstrate that this ex-
posure varies markedly by sociodemographic
and workplace characteristics and by industry
and occupation. Characteristics that indicate
low socioeconomic status and potentially
hazardous workplace conditions were strongly
associated with exposure, suggesting that
women who are already at the highest risk for
adverse pregnancy outcomes are those most
likely to be exposed to workplace secondhand
smoke.

Smoke-free workplace laws and policies are
effective public health interventions for pro-
tecting workers from secondhand smoke ex-
posure.13 However, most laws and policies in
the United States do not cover outdoor workers
or workers in private residences, and many
do not cover workers in restaurants, bars,
hotels, or casinos, leaving large groups of
workers unprotected.1 Accordingly, we found
that women working outdoors were more
likely to report secondhand smoke exposure
than were indoor workers. A limitation of our
analysis was that we had no information about
which women worked in private residences.

Workers in the accommodation and food
services industry (which includes restaurants
and bars) had some of the highest reported
prevalences of workplace secondhand smoke
exposure in our analysis, consistent with
workers in these industries being less likely to
be protected than were workers in nonhospi-
tality industries.

The marked differences observed by socio-
demographic characteristics might reflect that
workers with low socioeconomic status are
the most likely to work in industries or occu-
pations not covered by smoke-free laws or
policies. We used predictive models to identify
the strongest predictors of workplace second-
hand smoke exposure and found that work-
place and not sociodemographic characteristics
were the strongest predictors. The presence
of a smoke-free workplace law or policy is
a strong determinant of exposure. Our finding
that variables that indicate low socioeconomic
status are associated with exposure highlight
characteristics of the women whose workplaces
are not subject to these laws and of those for
whom exposure to workplace secondhand
smoke continues to occur.

We recognize a limitation in the question-
naire related to secondhand smoke exposure:
we were unable to determine whether sec-
ondhand smoke exposure reported by study

participants was intentional. An example of
intentional exposure is spending time with
smokers on a break, whereas an example of
unintentional exposure is a client or customer
smoking in the workplace when the worker
would rather maintain a smoke-free workplace.
Therefore, our estimates of the prevalence of
secondhand smoke exposure represent more
than what could be prevented by comprehen-
sive smoke-free laws and policies. Policies
prohibiting smoking anywhere on the company
premises are becoming more common and
could help to reduce the prevalence of any
secondhand smoke exposure.

We focused our analyses on the potential for
fetal harm caused by workplace secondhand
smoke exposure, an exposed population that
receives little attention in the occupational
safety and health literature. Secondhand smoke
is an example of a hazardous workplace expo-
sure that affects not only the workers who
have direct exposure but their families as
well.14 The workplace is an important source
of secondhand smoke for both the mother and
baby during pregnancy, particularly if the
mother is otherwise avoiding smoking and
exposure to secondhand smoke in other
venues. A recent study showed that the
enactment of smoke-free legislation resulted
in a decreased prevalence of preterm birth in

TABLE 3—Prevalence of Workplace Secondhand Smoke Exposure in the 5 Most Common Industries and Occupations Reported by Study

Participants: National Health Interview Survey, United States, 2010

Industry or Occupation Unweighted No. Weighted No. % Exposed (95% CI) Weighted No. Exposed Crude POR (95% CI)a Adjusted POR (95% CI)b

Industry

Health care and social assistance 951 536 714 9 (6.0, 11.0) 47 296 1.0 (0.7, 1.4) 0.8 (0.6, 1.0)

Education services 529 311 213 4 (2.0, 6.0) 12 227 0.4 (0.2, 0.7) 0.4 (0.2, 0.7)

Retail trade 447 307 251 10 (6.0, 14.0) 29 992 1.1 (0.7, 1.9) 1.2 (0.6, 2.2)

Accommodation and food services 353 220 920 19 (14.0, 25.0) 42 877 2.9 (1.9, 4.2) 2.7 (1.6, 4.7)

Professional, scientific, and technical services 271 159 413 3 (1.0, 5.0)c 4 822 0.3 (0.1, 0.7) 0.5 (0.2, 1.3)

Occupation

Office and administrative support 756 441 797 6 (4.0, 9.0) 28 328 0.7 (0.4, 1.0) 0.8 (0.4, 1.3)

Sales and related 460 295 295 10 (6.0, 14.0) 29 569 1.2 (0.7, 2.0) 1.3 (0.7, 2.4)

Education, training, and library 398 240 663 2 (1.0, 4.0)c 5 666 0.2 (0.1, 0.5) 0.2 (0.1, 0.5)

Health care practitioners and technical 342 182 548 8 (5.0, 12.0) 15 292 0.9 (0.6, 1.5) 1.1 (0.6, 2.0)

Food preparation and serving related 271 173 175 19 (12.0, 26.0) 32 406 2.6 (1.6, 4.3) 2.1 (1.1, 3.9)

Note. CI = confidence interval; POR = prevalence odds ratio.
aOdds of exposure compared with all other industries or occupations.
bAdjusted for chemical exposure; earnings; employer size; harassment, bullying, or threats; exposure to vapor, gas, dust, or fumes; and worrying about unemployment.
cCoefficient of variation ‡ 30% and < 50%.
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the population, demonstrating that smoke-free
laws and policies offer health benefits to a
greater number of people than only workers
themselves.15

We did not identify any previous nationally
representative studies evaluating predictors
of workplace secondhand smoke exposure
specific to US women of reproductive age.
However, results of previous studies of all
US workers are similar to ours, showing that
higher prevalence of exposure to workplace
secondhand smoke (either exposure to sec-
ondhand smoke or absence of a smoke-free
workplace policy) is associated with younger
age, non-Hispanic Black race/ethnicity, lower
educational attainment, lower income, and
working in food service occupations.2,5,16---18

These similar results are seen in studies con-
ducted decades apart, demonstrating ongoing
inequities in workplace secondhand smoke
exposure.

Workplace characteristics aside from indus-
try and occupation have been infrequently
investigated in association with secondhand
smoke exposure; inclusion of these variables
was a strength of our study. Smoking can
interact with other occupational exposures to
increase risk for some diseases; secondhand
smokemight have similar interactive effects.19---21

Our finding that 1 in 5 women exposed to
chemicals, vapors, gas, dust, or fumes at work
are also exposed to secondhand smoke at
work suggests that a substantial proportion of
workers are exposed to this increased risk for
occupational disease. Psychological stressors
such as worrying about unemployment or
being threatened, harassed, or bullied at work
were also strongly associated with workplace
secondhand smoke exposure. Women who
worried about losing their jobs or who feel
intimidated at work might not be able to talk to
their employers about creating a smoke-free
environment at work without fear of reprisal.
Enactment of state or local smoke-free laws will
be the most effective means to protect workers
who are unable to advocate their own work-
place smoke-free policies.

Estimating the prevalence of workplace
secondhand smoke exposure among pregnant
women in the United States is a challenge
because there are few nationally representative
data sets including both a large number of
pregnant women and detailed information on

workplace exposures. One limitation of our
data reweighting was our inability to take
into account that some women might change
their job, working status, or hours worked
during pregnancy, which could affect their
potential for exposure to workplace second-
hand smoke. A study of US mothers of live-
born infants showed that self-reported work-
place secondhand smoke exposure decreased
by 12% from the 3 months before conception
through the third trimester of pregnancy.22

A second limitation was use of US live birth
certificates as the basis for calculating weights;
a substantial proportion of pregnancies do not
end in live birth, and characteristics of mothers
and their occupations might differ between
mothers who have live births and those who
have other birth outcomes.

Predictors of workplace secondhand smoke
exposure identified in our study might not
be predictors of exposure in other countries,
where women might work in different types of
jobs, smoke-free legislation might differ, or
a greater or lesser proportion of the general
population smokes. The inverse associations
that we observed between age and education
and secondhand smoke exposure were not
seen in a study of workplace secondhand
smoke exposure among women aged 15 to
49 years in low- and middle-income countries.
The prevalence of workplace secondhand
smoke exposure was substantially higher in
these countries than in the United States
(14%---53%), underscoring the importance
of workplace secondhand smoke as a global
public health problem.23

Our results come from a contemporary
population of women living in the United
States, where smoke-free laws and policies are
inconsistently applied. They suggest that
workplace secondhand smoke exposure clus-
ters with risk factors for adverse pregnancy
outcomes, such as low educational attainment,
low income, and potentially hazardous work-
place exposures, meaning that an already
vulnerable population of women and fetuses
is the most likely to be exposed to second-
hand smoke in the workplace. Employer-
based smoke-free policies and workplace
smoking cessation programs are important
interventions that employers can implement
in the absence of smoke-free laws in their
region. Having comprehensive smoke-free

laws covering all US workers, regardless of
industry or occupation, would be an effective
public health intervention for protecting
workers and their families and for eliminating
inequities in workplace secondhand smoke
exposure. j

About the Authors
Candice Y. Johnson, Sara E. Luckhaupt, and Christina
C. Lawson are with the National Institute for Occupational
Safety and Health, Centers for Disease Control and Pre-
vention, Cincinnati, OH. Candice Y. Johnson is also with the
Epidemic Intelligence Service, Centers for Disease Control
and Prevention, Atlanta, GA.
Correspondence should be sent to Candice Johnson, PhD,

National Institute for Occupational Safety and Health,
1090 Tusculum Ave, MS R-15, Cincinnati, OH 45226
(e-mail: cyjohnson@cdc.gov). Reprints can be ordered at
http://www.ajph.org by clicking the “Reprints” link.
This article was accepted October 2, 2014.
Note. The findings and conclusions of this study are

those of the authors and do not necessarily represent the
views of the Centers for Disease Control and Prevention.

Contributors
C. Y. Johnson led development of the project, conducted
the analyses, and drafted the article. All authors con-
tributed to development of the project, interpretation of
results, and revisions to the article.

Acknowledgments
The National Health Interview Survey and preparation of
this article were funded by the US government.

Human Participant Protection
Institutional review board approval was not needed
because the data were de-identified and publicly available.

References
1. American Nonsmokers’ Rights Foundation. Over-
view list—how many smokefree laws? 2014. Available
at: http://www.no-smoke.org/pdf/mediaordlist.pdf.
Accessed February 28, 2014.

2. Calvert GM, Luckhaupt SE, Sussell A, Dahlhamer
JM, Ward BW. The prevalence of selected potential
hazardous workplace exposures in the US: findings from
the 2010 National Health Interview Survey. Am J Ind
Med. 2013;56(6):635---646.

3. The Health Consequences of Smoking—50 Years of
Progress: A Report of the Surgeon General. Atlanta, GA: US
Department of Health and Human Services; 2014.

4. Laughlin L. Maternity Leave and Employment Pat-
terns: 2006---2008. Washington, DC: US Census Bureau;
2011.

5. Fujishiro K, Stukovsky KD, Roux AD, Landsbergis P,
Burchfiel C. Occupational gradients in smoking behavior
and exposure to workplace environmental tobacco
smoke: the Multi-Ethnic Study of Atherosclerosis. J Occup
Environ Med. 2012;54(2):136---145.

6. Alker H, Fitzsimmons K. On-the-Job Exposure to
Environmental Tobacco Smoke (ETS) in Massachusetts.
Boston: Massachusetts Department of Public Health;
2013.

RESEARCH AND PRACTICE

Supplement 3, 2015, Vol 105, No. S3 | American Journal of Public Health Johnson et al. | Peer Reviewed | Research and Practice | e39

mailto:cyjohnson@cdc.gov
http://www.no-smoke.org/pdf/mediaordlist.pdf
http://ajph.aphapublications.org/action/showLinks?pmid=22261926&crossref=10.1097%2FJOM.0b013e318244501e
http://ajph.aphapublications.org/action/showLinks?pmid=22821700&crossref=10.1002%2Fajim.22089


7. National Health Interview Survey, 2010. Hyattsville,
MD: National Center for Health Statistics; 2011.

8. National Institute for Occupational Safety and
Health. National Health Interview Survey Occupational
Health Supplement. 2013. Available at: http://www.cdc.
gov/niosh/topics/nhis. Accessed March 5, 2014.

9. Axelrad DA, Cohen J. Calculating summary statistics
for population chemical biomonitoring in women of
childbearing age with adjustment for age-specific natality.
Environ Res. 2011;111(1):149---155.

10. Parker J, Branum A, Axelrad D, Cohen J. Adjusting
National Health and Nutrition Examination Survey sam-
ple weights for women of childbearing age. Vital Health
Stat. 2013;2(157):1---29.

11. Centers for Disease Control and Prevention. Vital-
Stats: 2010 birth data. 2010. Available at: http://www.
cdc.gov/nchs/VitalStats.htm. Accessed January 8, 2014.

12. US Census Bureau, Population Division. Estimates
of the resident population by sex, single year of age, race,
and Hispanic origin for the United States: April 1, 2010
to July 1, 2011. 2012. Available at: http://factfinder2.
census.gov/faces/nav/jsf/pages/index.xhtml. Accessed
January 8, 2014.

13. International Agency for Research on Cancer.
Evaluating the Effectiveness of Smoke-Free Policies. Lyon,
France: International Agency for Research on Cancer;
2009.

14. McDiarmid MA, Weaver V. Fouling one’s own nest
revisited. Am J Ind Med. 1993;24(1):1---9.

15. Been JV, Nurmatov UB, Cox B, Nawrot TS, van
Schayck CP, Sheikh A. Effect of smoke-free legislation on
perinatal and child health: a systematic review and meta-
analysis. Lancet. 2014;383(9928):1549---1560.

16. Gerlach KK, Shopland DR, Hartman AM, Gibson JT,
Pechacek TF. Workplace smoking policies in the United
States: results from a national survey of more than
100,000 workers. Tob Control. 1997;6(3):199---206.

17. Delnevo CD, Hrywna M, Lewis MJ. Predictors of
smoke-free workplaces by employee characteristics: who
is left unprotected? Am J Ind Med. 2004;46(2):196---202.

18. Shopland DR, Anderson CM, Burns DM, Gerlach
KK. Disparities in smoke-free workplace policies among
food service workers. J Occup Environ Med. 2004;46
(4):347---356.

19. Misra DP, Nguyen RH. Environmental tobacco
smoke and low birth weight: a hazard in the workplace?
Environ Health Perspect. 1999;107(suppl 6):897---904.

20. Baste V, Moen BE, Riise T, Hollund BE, Øyen N.
Infertility and spontaneous abortion among female hair-
dressers: the Hardaland Health Study. J Occup Environ
Med. 2008;50(12):1371---1377.

21. Markowitz SB, Levin SM, Miller A, Morabia A.
Asbestos, asbestosis, smoking, and lung cancer: new
findings from the North American insulator cohort.
Am J Respir Crit Care Med. 2013;188(1):90---96.

22. Anderka M, Romitti PA, Sun L, et al. Patterns of
tobacco exposure before and during pregnancy. Acta
Obstet Gynecol Scand. 2010;89(4):505---514.

23. Centers for Disease Control and Prevention. Current
tobacco use and secondhand smoke exposure among
women of reproductive age—14 countries, 2008---2010.
MMWR Morb Mortal Wkly Rep. 2012;61(43):877---882.

RESEARCH AND PRACTICE

e40 | Research and Practice | Peer Reviewed | Johnson et al. American Journal of Public Health | Supplement 3, 2015, Vol 105, No. S3

http://www.cdc.gov/niosh/topics/nhis
http://www.cdc.gov/niosh/topics/nhis
http://www.cdc.gov/nchs/VitalStats.htm
http://www.cdc.gov/nchs/VitalStats.htm
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://ajph.aphapublications.org/action/showLinks?pmid=24680633&crossref=10.1016%2FS0140-6736%2814%2960082-9
http://ajph.aphapublications.org/action/showLinks?pmid=10592147&crossref=10.1289%2Fehp.99107s6897
http://ajph.aphapublications.org/action/showLinks?pmid=23114255
http://ajph.aphapublications.org/action/showLinks?pmid=21035114&crossref=10.1016%2Fj.envres.2010.10.002
http://ajph.aphapublications.org/action/showLinks?pmid=9396104&crossref=10.1136%2Ftc.6.3.199
http://ajph.aphapublications.org/action/showLinks?pmid=19092492&crossref=10.1097%2FJOM.0b013e3181858723
http://ajph.aphapublications.org/action/showLinks?pmid=15273973&crossref=10.1002%2Fajim.20041
http://ajph.aphapublications.org/action/showLinks?pmid=23590275&crossref=10.1164%2Frccm.201302-0257OC
http://ajph.aphapublications.org/action/showLinks?pmid=8352287&crossref=10.1002%2Fajim.4700240102
http://ajph.aphapublications.org/action/showLinks?pmid=15076653&crossref=10.1097%2F01.jom.0000121129.78510.be
http://ajph.aphapublications.org/action/showLinks?pmid=20367429&crossref=10.3109%2F00016341003692261

