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ABSTRACT
While clean indoor air legislation at the state level is an evidence-based
recommendation, only limited evidence exists regarding the impact of clean indoor
air policies on state smoking prevalence. Using state smoking prevalence data from

T

1997-2010, a repeated measures observational analysis assessed the association

IP

between clean indoor air policies (i.e., workplace, restaurant, and bar) and state

CR

smoking prevalence while controlling for state cigarette taxes and year. The impacts
from the number of previous years with any clean indoor air policy, the number of

US

policies newly in effect during the current year, and the number of policies in effect

AN

the previous year were analyzed. Findings indicate a smoking prevalence predicted
decrease of 0.13 percentage points (p=0.03) for each additional year one or more

M

clean indoor air policies were in effect, a predicted decrease of 0.12 percentage

ED

points (p=0.09) for each policy newly in effect in the current year, and a predicted
decrease of 0.22 percentage points (p=0.01) for each policy in effect in the previous

PT

year on the subsequent year. Clean indoor air policies show measurable

CE

associations with reductions in smoking prevalence within a year of implementation
above and beyond taxes and time trends. Further efforts are needed to diffuse clean

AC

indoor air policies across states and provinces that have not yet adopted such
policies.
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INTRODUCTION
In the 1970s, U.S. states began adopting limits on smoking in public places.1
Today, just under half of the U.S. population is covered by comprehensive clean
indoor air policies that limit use of combustible tobacco products to protect non-

T

hospitality workplaces, restaurants, and bars.2 Evidence shows smoke-free

IP

environments improve health3 and are associated with immediate and substantial

CR

reductions in heart attacks.4 Exposure to involuntary smoking increases, among
other things, cognitive impairment in older adults,5 asthma in children,1 and

US

premature death.6 The evidence for these policies is compelling with multiple

AN

Surgeon Generals’ reports,1,7 Cochrane reviews,3,8 and other systematic reviews9
showing that reductions in involuntary smoking improve health.

M

There is also strong evidence that workplace smoke-free policies improve

ED

indoor air quality and decrease smoking prevalence at that workplace.9-15 On
average, workplace smoke-free policies are associated with a 3.8% decrease in

PT

smoking prevalence among employees.9

CE

While compelling evidence shows clean indoor air policies effectively reduce
involuntary smoking at workplaces, less attention has been paid to the role of state

AC

clean indoor air legislation at bars, restaurants, and workplaces in reducing smoking
prevalence.3,16 Workplace policies may not operate in the same way as clean indoor
air legislation that limits combustible tobacco use in public spaces such as bars and
restaurants. Non-employee customers frequent these spaces, and these policy
changes may change social norms about tobacco use.17 Media coverage of state
legislation may influence both norms and quit attempts.
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offered a strong
assessment of the available evidence for adoption of state clean air policies.16

T

However, it found limited to no evidence that directly examined overall state smoking

IP

prevalence in relation to state clean indoor air legislation.16 Only a single cross-

CR

sectional study of 2002 data assessing the association between state clean indoor
air policies and state smoking prevalence was noted.18 A 2009 International Agency

US

for Research on Cancer (IARC) review concluded that laws restricting smoking have

AN

positive benefits on health, but shows that a relatively small amount of literature
directly assesses the association between clean indoor air legislation and smoking

M

prevalence.19 In a 2016 Cochrane review, the authors noted, “inconsistent evidence

ED

emerged on the impact of smoking bans on reducing smoking prevalence
rates.”3(p20)

PT

While the benefits from clean indoor air policies are likely substantial, the

CE

impact has mainly been demonstrated in studies conducted in workplaces or
municipalities or assessing reductions in involuntary smoking.9,16 While there are

AC

important exceptions that examine this at the individual level20 or with fewer
states,15,18,21-22 the reviews above show less direct evidence of the effects of clean
indoor air policies on smoking rates above and beyond the effects of taxes and
trends over time at the state level.
There is a need to address this gap in evidence given the already compelling
rationale for adoption of clean indoor air legislation in states and the slowing
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progress of adoption.23 The purpose of this study was to investigate the relationship
between state clean indoor air policies and state smoking prevalence in the United
States over a 14-year time period taking into account state cigarette taxes and time
trends.

T

We hypothesized that the length of time clean indoor air policies had been in

IP

effect and the number of these policies in effect during both the current and previous

CR

year would all have a negative association with smoking prevalence in a state above

US

and beyond the effects of taxes and trends over time.

AN

METHODS

M

Data Sources

ED

Data on clean indoor air legislation, state cigarette taxes, and adult smoking
prevalence for all 50 states and the District of Columbia (DC) over 14 years were

PT

obtained from the CDC State Tobacco Activities Tracking and Evaluation database
(http://www.cdc.gov/statesystem/). Smoking prevalence reflects results from the

CE

1997-2010 Behavioral Risk Factor Surveillance System.24 Recent data were not

AC

included in the analyses because in 2011 the CDC changed the methodology it used
for estimating state-specific adult smoking.
Measures

We define clean indoor air policies as those prohibiting the use of combustible
tobacco products in indoor spaces with no exceptions (e.g., no designated areas).
Clean indoor legislation was operationalized as a count of three separate variables
calculated for each year and each state, (a) the presence of a statewide clean indoor
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air policy for bars, (b) the presence of a statewide clean indoor air policy for
restaurants, and (c) the presence of a statewide clean indoor air policy for private
worksites. Thus, states with comprehensive clean indoor air that covered bars,
restaurants, and workplaces were scored 3, while states with no clean indoor air

T

policy for these locations were scored 0. While comprehensive clean indoor air

IP

policies (i.e., clean indoor air policies at all hospitality and non-hospitality worksites

CR

and public places) are recommended, the use of a count allowed us to assess a
potential “dose-response” of policy strength. For each year and each state, we also

US

calculated the number of prior years in which one or more of these policies were in

AN

effect. Our measure of clean indoor air did not include any assessment of policies

ED

combustible tobacco products.

M

regarding electronic nicotine delivery systems (ENDS, e.g., e-cigarettes) or non-

Analysis Strategy

PT

We used an observational longitudinal cross-sectional design with 14 years of
data and conducted a repeated measures analyses using the SPSS® version 20

CE

Linear Mixed Model procedure. States were the subjects and year was the repeated

AC

effects variable. Hence state was a random effect. The dependent variable was adult
smoking prevalence. The explanatory variables were year, state cigarette tax
(dollars and cents per pack) and three state clean indoor air policy variables: (1)
Number of previous years in which the state had one or more of the three statewide
clean indoor air policies (i.e., workplace, restaurant, and/or bar considered
separately) in effect as reported by the CDC STATE System (variable range: 0 to 15
years), (2) number of clean indoor air policies for workplaces, restaurants, and bars

6

ACCEPTED MANUSCRIPT
newly in effect in the current year (variable range: 0 to 3), and (3) number of clean
indoor air policies in effect in the previous year (variable range: 0 to 3). To help
account for the observed non-linear decrease of smoking prevalence over time, a
centered year squared (square of year – 2003.5) variable was included as an

T

explanatory variable. The year was centered before squaring to reduce the

IP

correlation of this quadratic term with year. The explanatory variables were treated

CR

as fixed effects.

To fully answer the research questions, three separate models are reported.

US

These models were selected to understand policy relevance and its association

AN

between smoking prevalence in a given year and the number of years any clean air
policy had been in place (Model 1), policy implementation in that same year (Model

M

2), and the strength of the policy in place in the prior year (Model 3). Based on the

ED

Akaike information criterion, the model with the best “fit” had the explanatory
variables year, centered year squared, state cigarette tax (in dollars), and number of

AC

RESULTS

CE

set alpha = 0.05.

PT

clean indoor air policies in effect in the previous year. We used two-tailed tests and

We report three models in Table 1. Each model controls for the effect of state
cigarette taxes and time trends. Model 1 examines the relationship between the
length of time in years in which one or more clean indoor air policies was in effect in
the state and state smoking prevalence. There is a significant negative association
with adult smoking prevalence (an estimated decrease of 0.13 percentage points for
each additional year where one or more policy was in place, p=0.03). Model 2
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examines the association between the number of clean indoor air policies newly in
effect and state smoking prevalence in that same year. The coefficient showed no
significant association (p=0.09) between the number of new clean indoor air policies
in effect and state smoking prevalence in that same year. Model 3 examines the

T

relationship between the number of clean indoor air policies in effect in the previous

IP

year and smoking prevalence in the subsequent year. For each state clean indoor

CR

air policy in effect the previous year, the smoking prevalence decreases by an
estimated 0.22 percentage points (p=0.01). This suggests that the effect of newly

US

enacted clean air policies on smoking prevalence do not take place immediately but

AN

have more of an effect the longer the policy is in place.
In each of our models, adjusting for clean air policy variables and time trends,

M

each additional dollar of state tax is associated with just over a one-half percentage

ED

point decrease in state smoking prevalence. Additionally, we confirm a time trend of
declining smoking prevalence over time: The passing of each additional year was

PT

associated with a decline of just under a one-third percentage point decrease in

CE

state smoking prevalence. These findings suggest that, in adjusted models, the
association between taxes and reductions in state smoking prevalence are larger

AC

than for either time trends or clean indoor air policies. This is consistent with the
existing evidence that per-unit price increases are among the strongest tobacco
control interventions.25
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Table 1

-0.32)

-0.54
(-0.88 – -0.20)

-0.54
(-0.88

-0.19)

-0.53
(-0.87 – -0.19)

-0.22
(-0.37 – -0.07)

CE

PT

ED

M

AN

US

CR

-0.13
(-0.26 – -0.01)

-0.36
(-0.41 – -0.31)

T

-0.37
(-0.42

IP

-0.36
(-0.41 – -0.30)

DISCUSSION

AC

Our findings, using observational, longitudinal data and repeated measures
analysis, add to the limited evidence about the relationship between state-level clean
indoor air policies and state-level smoking prevalence. These results have multiple
implications. First, as assumed but largely untested,3 statewide clean indoor air
policies show evidence of a negative association with smoking prevalence on a state
level. Second, the analysis indicates the cumulative benefits associated with multiple
clean indoor air policies (i.e., taxes and clean air policies in bars, restaurants,
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workplaces). More comprehensive policies are recommended. Additionally, state
clean indoor air policies are associated with reduced smoking prevalence above and
beyond the impact of state cigarette taxes and vice versa. Tax increases and nontax approaches26 to increase the per-unit cost of tobacco products should be

T

considered by policymakers.27 For example, cities can consider adding cigarette butt

IP

litter mitigation fees to pay for cleanup.28 Clean indoor air policies denormalize

clean indoor air policies have been in place.

CR

smoking. Third, there are likely to be cumulative benefits for the number of years

US

The non-significant finding for the association between smoking prevalence

AN

and clean indoor air policies newly in effect in the same year may be explained by
two factors. One, variability of state policy implementation and, two, a time lag of the

M

policy’s effect. Many states implemented new clean indoor air policies in the latter

ED

half of the year leaving only a small window of time for it to affect smokers in that
year.

PT

Our findings add to very strong evidence on the importance of clean air

CE

legislation for improving population health. Extensive evidence has already shown
that state clean indoor air legislation has impacts on health through reductions in

AC

involuntary smoking.1,3,16,28 Extensive evidence also shows that smoke-free policies
in worksites reduce employee involuntary smoking and promote quitting.9,10,16
Health promotion approaches are compatible with clean indoor air policies. All
health promotion efforts relate to the concept of salutogenesis.29 Salutogenesis
focuses on the causes, creation and/or origins of health rather than the just
prevention of disease or other problems. Comprehensive health promotion policies
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should include clean indoor air policies because they are a necessary part of a
health promoting environment for all occupants, the smoker and the nonsmoker.30,31
Adoption and implementation of clean indoor air policies can promote societal,
economic, health, and social benefits, and highlighting these benefits may help

T

minimize unlikely but potentially concerning undesirable behaviors from clean indoor

IP

air policies.32,33

CR

Limitations

Our results should be interpreted in light of several limitations. First, our

US

modeling strategy treated different types of clean indoor air policies as having the

AN

same impact. Second, this research did not examine policies regarding ENDS
products and/or non-combustible tobacco. Future work should examine the

M

differential impact of types of clean indoor air policies. Third, we do not control for all

ED

other possible policies that could impact changes in smoking prevalence over time.
Fourth, we do not differentiate between policies in effect in January versus a policy

PT

in effect in December. Fifth, we do not account for non-tax policy approaches to

CE

increase the cost of tobacco products or the role of municipal cigarette taxes that
may vary across a state. Sixth, this is an observational study and while we are able

AC

to establish temporality, the role of confounding variables cannot be ruled out in
assessing causality between policy adoption and subsequent state smoking
prevalence.
Conclusion
Our findings should send a strong message and provide clear guidance to
state legislatures: Clean indoor air policies and efforts to increase the per-unit cost
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tobacco products are an important part of creating a health-promoting environment.
Evidence demonstrates that clean indoor air promotes health and reduces the harms
of involuntary smoking while simultaneously reducing smoking prevalence.

T

ACKNOWLEDGEMENTS

IP

N/A

CR

FUNDING
No funding declared.

US

DECLARATION OF INTERESTS

AN

No conflicts of interest are reported by the authors.

M

References

ED

1. US Department of Health and Human Services. The health consequences of

PT

involuntary exposure to tobacco smoke: a report of the Surgeon General. Atlanta
(GA): US Department of Health and Human Services, Centers for Disease Control

CE

and Prevention, Coordinating Center for Health Promotion, National Center for

2006.

AC

Chronic Disease Prevention and Health Promotion, Office on Smoking and Health;

2. Smokefree lists, maps, and data. Berkeley (CA): Americans for Nonsmokers'
Rights. http://www.no-smoke.org/goingsmokefree.php?id=519. Updated July 1,
2016. Accessed November 18, 2015.
3. Frazer K, Callinan JE, McHugh J, Van Baarsel S, Clarke A, Doherty K, et al.
Legislative smoking bans for reducing harms from secondhand smoke exposure,

12

ACCEPTED MANUSCRIPT
smoking prevalence and tobacco consumption. Cochrane Database Syst Rev
2016;2:CD005992.
4. Flouris AD, Vardavas CI, Metsios GS, Tsatsakis AM, Koutedakis Y. Biological
evidence for the acute health effects of secondhand smoke exposure. Am J Physiol

IP

T

Lung Cell Mol Physiol. 2010;298(1):L3-12.

5. Llewellyn DJ, Lang IA, Langa KM, Naughton F, Matthews FE. Exposure to

CR

secondhand smoke and cognitive impairment in non-smokers: national cross

US

sectional study with cotinine measurement. BMJ. 2009;338(b462):1-6.
6. Ghosh JKC, Wilhelm M, Ritz B. Effects of residential indoor air quality and

AN

household ventilation on preterm birth and term low birth weight in Los Angeles

M

County, California. Am J Public Health. 2013;103(4):686-94.

ED

7. US Department of Health and Human Services. The health consequences of
smoking—50 years of progress: a report of the Surgeon General. Atlanta(GA): US

PT

Department of Health and Human Services, Centers for Disease Control and

CE

Prevention, National Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health; 2014.

AC

8. Callinan JE, Clarke A, Doherty K, Kelleher C. Legislative smoking bans for
reducing secondhand smoke exposure, smoking prevalence and tobacco
consumption. Cochrane Database Syst Rev 2010;4:CD005992.
9. Fichtenberg CM, Glantz SA. Effect of smoke-free workplaces on smoking
behaviour: systematic review. BMJ. 2002;325(188):1-7.

13

ACCEPTED MANUSCRIPT
10. Bauer JE, Hyland A, Li Q, Steger C, Cummings KM. A longitudinal assessment
of the impact of smoke-free worksite policies on tobacco use. Am J Public Health.
2005;95(6):1024-1029.
11. Moskowitz JM, Lin Z, Hudes ES. The impact of workplace smoking ordinances in
California on smoking cessation. Am J Public Health. 2000;90(5):757-761.

IP

T

12. Chapman S, Borland R, Scollo M, Brownson RC, Dominello A, Woodward S. The

CR

impact of smoke-free workplaces on declining cigarette consumption in Australia and
the United States. Am J Public Health. 1999;89(7):1018-1023.

US

13. Farrelly MC, Evans WN, Sfekas AE. The impact of workplace smoking bans:
Results from a national survey. Tob Control. 1999;8(3):272-277.

AN

14. Longo DR, Johnson JC, Kruse RL, Brownson RC, Hewett JE. A prospective

Control. 2001;10(3):267-272.

M

investigation of the impact of smoking bans on tobacco cessation and relapse. Tob

ED

15. Lippert W, Gustat J. Clean indoor air acts reduce the burden of adverse
cardiovascular outcomes. Public Health. 2012;126(4):279-285.

PT

16. Reducing tobacco use and secondhand smoke exposure: smoke-free policies.

CE

Atlanta (GA): US Department of Health and Human Services, Community Preventive
Services Task Force; 2012.

AC

http://www.thecommunityguide.org/tobacco/smokefreepolicies.html. Accessed
November 18, 2015.
17.Satterlund TD, Lee JP, Moore RS. Changes in smoking-related norms in bars
resulting from California’s smoke-free workplace act. J Drug Educ. 2012;42(3):31518. Dinno A, Glantz S. Tobacco control policies are egalitarian: a vulnerabilities

14

ACCEPTED MANUSCRIPT
perspective on clean indoor air laws, cigarette prices, and tobacco use disparities.
Soc Sci Med. 2009;68(8):1439-47.
19. International Agency for Research on Health. Evaluating the effectiveness of

IP

Handbooks of Cancer Prevention, Tobacco Control, vol. 13.

T

smoke-free policies. Lyon, France: World Health Organization; 2009. IARC

20. Rhoads JK. The effect of comprehensive state tobacco control programs on

CR

adult cigarette smoking. J Health Econ. 2012;31(2):393-405.

US

21. Pierce JP, Gilpin EA, Emery SL, White MM, Rosbrook B, Berry CC, et al. Has
the California tobacco control program reduced smoking? JAMA. 1998;280(10):893-

AN

9.

M

22. Biener L, Harris JE, Hamilton W. Impact of the Massachusetts tobacco control

ED

programme: population based trend analysis. BMJ. 2000;321(7257):351-4.
23. Holmes CB, King BA, Babb SD. Stuck in neutral: stalled progress in statewide

PT

comprehensive smoke-free laws and cigarette excise taxes, United States, 2000-

CE

2014. Prev Chronic Dis. 2016;13:E80.
24. State Tobacco Activities Tracking and Evaluation (STATE) System BRFSS

AC

survey data (2010 and prior). Atlanta(GA): Centers for Disease Control and
Prevention, National Center for Chronic Disease Prevention and Health Promotion,
Office on Smoking and Health; 2014. https://chronicdata.cdc.gov/SurveyData/Behavioral-Risk-Factor-Data-Tobacco-Use-2010-And-P/fpp2-pp25. Accessed
November 18, 2015.

15

ACCEPTED MANUSCRIPT
25. Golden SD, Smith MH, Feighery EC, Roeseler A, Rogers T, Ribisl KM. Beyond
excise taxes: a systematic review of literature on non-tax policy approaches to
raising tobacco product prices. Tob Control. Forthcoming.
26. Contreary KA, Chattopadhyay SK, Hopkins DP, Chaloupka FJ, Forster JL,

T

Grimshaw V, et al. Economic impact of tobacco price increases through taxation: a

IP

community guide systematic review. Am J Prev Med. 2015;49(5):800-08.

CR

27. Schneider JE, Peterson NA, Kiss N, Ebeid O, Doyle AS. Tobacco litter costs and

US

public policy: a framework and methodology for considering the use of fees to offset
abatement costs. Tob Control. 2011;20(S1):i36-41.

AN

28. Hopkins DP, Razi S, Leeks KD, Priya KG, Chattopadhyay SK, Soler RE.

ED

2010;38(2 Suppl):S275-89.

M

Smokefree policies to reduce tobacco use. A systematic review. Am J Prev Med.

Publishers;1985.

PT

29. Antonovsky A. Health, stress, and coping. San Francisco, CA: Jossey-Bass

CE

30. Becker CM, Glascoff MA, Felts WM. Salutogenesis 30 years later: where do we
go from here?. Int Electron J Health Educ. 2010;13:25-32.

AC

31. Seligman ME, Csikszentmihalyi M. Positive psychology: an introduction.
In: Csikszentmihalyi M, editors. Flow and the foundations of positive
psychology. Berlin,Germany: Springer; 2014:279-297.
32. Ip G. Foolproof: why safety can be dangerous and how danger makes us safe.
New York, NY: Little Brown and Company; 2015:336.

16

ACCEPTED MANUSCRIPT
33. Chapman S, Haddad S, Sindhusake D. Do work-place smoking bans cause
smokers to smoke “harder”? results from a naturalistic observational study.

AC

CE

PT

ED

M

AN

US

CR

IP

T

Addiction. 1997;92(5):607-10.

17

ACCEPTED MANUSCRIPT
Highlights:



AC

CE

PT

ED

M

AN

US

CR

IP

T



18

