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Abstract

This study investigated the effects of workplace clean indoor air law (CIAL) coverage on worksite 

compliance with CIALs, smoking participation among indoor workers, and secondhand smoke 

(SHS) exposure among non-smoker indoor workers. This study improved on previous research by 

using the probability of a resident in a county covered by workplace CIALs taking into account the 

state, county, and city legislation. The county-level probability of being covered by a CIAL is 

merged into two large nationally representative US surveys on smoking behaviors: Tobacco Use 

Supplement of the Current Population Survey (2001–2010) and Behavioral Risk Factor 

Surveillance System (2000–2006) based on the year of the survey and respondent’s geographic 

location to identify respondents’ CIAL coverage. This study estimated several model 

specifications of including and not including state or county fixed effects, and the effects of 

workplace CIALs are consistent across models.

Increased coverage by workplace CIALs significantly increased likelihood of reporting a complete 

smoking restriction by 8% and 10% for the two different datasets, decreased smoking participation 

among indoor workers by 12%, and decreased SHS exposure among non-smokers by 28%.
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1. Introduction

Secondhand smoke (SHS) causes cardiovascular, pulmonary, and cancer-related morbidity 

and mortality in non-smokers (US Department of Health and Human Services, 2006, 2010). 

Since the release of the 1986 U.S. Surgeon General’s report, which linked the SHS to higher 

rates of lung cancer in nonsmokers, U.S. public awareness of the potential harm from the 

SHS has increased. To reduce public SHS exposure, U.S. local and state governments have 

increasingly implemented clean indoor air laws (CIALs) that restrict smoking in workplaces, 

restaurants, bars, schools, public places, and casinos.1

While the CIALs are implemented to reduce SHS exposure, the theory of tobacco social 

denormalization predicts that CIALs, combined with other strategies including tobacco 

taxation and the promotion of anti-tobacco industry sentiment will shift social norms 

towards anti-smoking thereby encouraging either cessation or decreased tobacco 

consumption among current smokers, and preventing tobacco uptake by new users 

(Hammond et al. 2006; Biener et al. 2000; Bauer et al. 2000). In particular, CIALs are 

hypothesized to shift norms and practices around smoking by moving the behavior outdoors 

and inconveniencing smokers, marking the behavior as socially unacceptable (US 

Department of Health and Human Services, 2000). A report from the U.S. Bureau of Labor 

Statistics indicated that employed people spent a substantial proportion of time at work,2 

and therefore, their smoking behaviors would be expected to be affected by their workplace 

smoking restrictions. A growing number of papers in economics and public health have 

examined whether the smoking restrictions in public places reduce smoking prevalence or 

cigarette consumption by smokers.

Early studies focused on the smoking restrictions adopted in individual worksites, as 

opposed to examining the broader trend of workplace CIAL implementation; these studies 

investigated the relationship between workplace smoking ban and changes in smoking 

behaviors. Some studies focused on a particular occupational location over a period of time, 

and compared individual respondents’ smoking behaviors before and after the adoption of 

workplace smoking bans (Kinne, Kristal, White, & Hunt, 1993; Sorsensen, Rigotti, Rosen, 

Pinney, & Prible, 1991; Stillman et al., 1990; Woodruff, Rosbrook, Pierce, & Glantz, 1993) 

and others compared smoking behaviors between group of respondents in workplaces with 

and without smoking bans (Longo et al., 1996). Fichtenberg & Glantz (2002) conducted a 

systematic review of 26 studies using the data between 1984 and1993 on the effects of 

smokefree workplaces and concluded that the smokefree workplaces are associated with 

reductions in smoking prevalence by 3.8 percentage points and reduced number of cigarettes 

per day by 3.1. Hopkins et al. (2010) reviewed 21 studies published between 1976 and 2005 

on the effects of smokefree workplaces on smoking prevalence, and concluded that the 

median association between smokefree workplaces and reduced smoking prevalence is 3.4 

percentage points.

1Sources from http://www.no-smoke.org/pdf/EffectivePopulationList.pdf; http://www.no-smoke.org/pdf/USOrdMap.pdf
2Table 4. Employed persons working (1) and time spent working on days worked by full- and part-time status and sex, jobholding 
status, educational attainment, and day of week, 2012 annual averages. (2012, March 2). U.S. Bureau of Labor Statistics. Retrieved 
June 11, 2014, from http://www.bls.gov/news.release/atus.t04.htm
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Recently, several studies took the advantages of the time-location variations of the 

implementation of comprehensive CIALs to study the impacts of state-level CIALs on 

smoking prevalence and smoking intensity; such broader studies avoid the potential 

methodological weakness of self-selection bias due to possible nonrandom match of 

smokers to firms that could bias the estimated impact of smoking bans (Yurekli & Zhang, 

2000; Tauras, 2006; Chaloupka 1992; Wasserman et al. 1991; Powell et al. 2005; Bitler, 

Carpenter, & Zavodny (2010); Liu (2010); Adda & Cornaglia (2010)).

Although most of the previous studies concluded that state CIALs significantly reduced 

smoking behaviors, the more recent studies claimed that there is no significant effect of state 

CIALs on the implementation of workplace smoking bans and worker smoking behaviors. 

For example, Bitler, Carpenter, & Zavodny (2010) compared smoking behaviors of workers 

who worked at the locations covered by the venue-specific state CIALs and those who did 

not. The authors found that report having a worksite smoking ban did not vary between the 

workers with and without state-level workplace CIALs, and consequently venue-specific 

state CIALs did not affect smoking behaviors in any targeted venue, except bars. As a result, 

Bitler, Carpenter, & Zavodny (2010) suggested that the smoking reductions associated with 

state CIALs found in previous research may be attributable to some other cause, and not to 

workplace CIALs. Similarly, Liu (2010) separated smoking behaviors into smoking 

initiation and cessation, and found no evidence that state CIALs affected either of these two 

behaviors.

A weakness in the current literature is that most studies either look at individual workplaces 

or examine the effects of state-level CIALs. However, CIAL passage may occur at the local 

level as well. Only, two studies took into account the influences of local smokefree 

ordinances on workplace smoking. Carpenter (2009) studied the effects of local workplace 

smoking ordinances in Ontario, Canada, on the worksite CIAL compliance and exposure at 

work. This study found that local ordinances significantly increased reported workplace 

compliance with CIALs, and decreased SHS exposure for blue collar workers, but not for 

other workers (whose workplaces had often implemented voluntary smoking bans prior to 

the passage of CIALs). Adda & Cornaglia (2010) investigated the effects of smoking bans 

on smoking behaviors and SHS exposure, but did not examine local vs state coverage. They 

constructed a state level estimate of total CIAL coverage, by computing the total population 

within the state covered by local and state CIALs in workplaces, or restaurants and bars. The 

CIAL information at state and local levels was obtained from the American Nonsmokers 

Right Foundation database. They found restaurant and bar CIAL coverage, but not 

workplace CIAL coverage, significantly reduced smoking prevalence: a state went from 0 to 

100% coverage in restaurant and bar significantly reduced the general prevalence by 2 

percentage points.

Indeed, it is important to include the effects of existing local CIALs when assessing the 

marginal effects of enacting a subsequent state CIAL. For example, although West Virginia 

had no statewide workplace CIAL, in 2009 many counties within West Virginia, including 

Kanawha County with the largest county population, has already adopted workplace CIALs, 

resulting in 74% of the population being covered by CIALs. Solely relying on the state level 

CIALs would completely miss the actual CIAL coverage in local level.
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This study investigated the impacts of workplace CIAL coverage on three outcomes: 

smoking participation among indoor workers, worksite compliance with the workplace 

CIALs, and SHS exposure among non-smoker workers, accounting for the effects of the 

coverage of county CIALs as well as municipal CIALs and existing local legislation when 

state CIALs took effect.

This study contributes to the existing literature in three ways. First, this study contributed in 

using the probability that an individual in any given county is covered by workplace 

smoking bans in a county by taking into account all workplace CIALs at city, county, and 

state levels. It extended Adda & Cornaglia (2010) by investigating the impacts of workplace 

CIAL coverage in county level instead of state level. The reason for doing so is because the 

smokefree legislation coverage in local level captures much precisely on individual’s actual 

law protections compared to the coverage in state level. Indeed, many previous studies 

investigating the effects of CIALs using large national-level sample of the US population 

focused on state level laws, and did not take into account of the situations where some local 

jurisdictions such as counties (or cities) may have already implemented such CIALs prior to 

the enactment of either the state (or county) CIAL. Such misclassification of CIALs may 

result in estimated law effect to be biased toward zero and yield non-significant effects.

Second, this study includes all indoor workers and investigates the relationship between 

workplace CIALs on smoking behavior using two large nationally representative US 

surveys: the Tobacco Use Supplement of the Current Population Survey (TUS-CPS) and 

Behavioral Risk Factor Surveillance System (BRFSS). Finally, this study focused on the 

period when a large number of local and state US jurisdictions implemented workplace 

CIALs (2000–2010). As indicated in Figure 1, the percentage of US population protected by 

a 100% workplace CIAL at the city, county, or state level increased significantly from 3% 

for private workplaces and 15% for public workplaces in 2000 to 54% and 81% in 2009. 

Worksites may voluntarily adopted smoking bans prior to the workplace CIALs; according 

to BRFSS in 2000, the first study wave, 72% of indoor workers reported that smoking is not 

allowed in any common or their work areas. This study period provided enough variations of 

CIAL implementation in estimation of the effects of CIALs on smoking related outcomes.

2. Data

Individual-level data came from two sources: the Tobacco Use Supplements to Current 

Population Survey (TUS-CPS) 2001/2002, 2003, 2006/2007, and 2010, and the Behavioral 

Risk Factor Surveillance System (BRFSS) 2000–2006.

The TUS-CPS is a nationally representative cross-sectional survey of households conducted 

by the US Census Bureau sponsored by National Cancer Institute and, since 2001, co-

sponsored by the Centers for Disease Control and Prevention. Each survey provides detailed 

information on smoking status, smoking history, workplace and home smoking policy, 

attitudes about smoking, as well as economic and demographic characteristics for a sample 

of over 100,000 individuals aged 15 years and older.

Cheng et al. Page 4

Health Econ. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The Behavioral Risk Factor Surveillance System (BRFSS) is a state-based system of health 

surveys that collects information on health risk behaviors, preventive health practices, and 

health care access primarily related to chronic disease and injury from a random sample of 

households with telephone within each US state. BRFSS was established in 1984 by the 

Centers for Disease Control and Prevention (CDC), and more than 350,000 adults are 

interviewed each year. This study used the 2000–2006 BRFSS data. This study focused on 

indoor workers (i.e., excluded outdoor workers) because the worksite CIALs restrict 

smoking indoors. This study does not include the BRFSS waves after 2006 because after 

2006 the BRFSS stopped asking employed respondents whether they work indoors or 

outdoors.

Because CIAL coverage was calculated at the county level, this analysis includes only those 

respondents in the TUS-CPS and BRFSS with publicly available county codes. For 

confidentiality reason, only the large counties are identified with county codes; so 38% of 

respondents in TUS-CPS and 85% of BRFSS respondents have county codes.

The probability of being covered by a CIAL in a county was computed as the percentage of 

county population covered by a workplace CIAL using two data sets: the Census-Estimated 

Population (CEP) Cities and Towns: Vintage 2009 All States, All Geographies data file and 

the American Nonsmokers’ Rights Foundation (ANRF) US Tobacco Control Database 

(Gonzalez et al 2013).

The ANRF database includes tobacco control ordinances, bylaws, and board of health 

regulations for US jurisdictions (city, county, and state). The database provides the detailed 

information on CIALs coded from the text of the law including date of passage, date of 

implementation, venues covered by the law (public workplaces, private workplaces, 

restaurants, and bars), strength of the laws (100% smokefree with no exemption and no 

designated areas, partial restrictions with some exemption or designated smoking areas, no 

restrictions at all), and jurisdiction of the law (state, town, whole county, unincorporated area 

of the county). The ANRF database includes law repeals and modifications. The current law 

status as of July 1 for the year in question was used when calculating coverage. The CEP 

data file contains the population of incorporated and unincorporated jurisdictions within US 

state. As described in detail in Gonzalez et al (2013), the fraction of the population within 

each US county covered by a comprehensive CIAL was calculated by combining the ANRF 

and CEP databases to identify the fraction of each counties’ population covered by a 100% 

smokefree law. A comprehensive workplace CIAL was defined as a law which bans smoking 

indoors with no exceptions. Gonzalez et al (2013) calculated population CIAL coverage by 

comprehensive private workplace CIALs and public workplace CIALs separately. In order to 

be designated comprehensive, the law cannot include exceptions to the smokefree rule. For 

example, if the law allowed for separately ventilated smoking rooms within a venue, venue 

size restrictions, or sole proprietor restrictions it was not designated as a comprehensive law. 

When calculating population coverage for each county in the United States, our measure 

took into account CIALs existing at the state, county, or city level. For example, counties in 

states that had passed CIALs were counted as being fully covered. Counties in states without 

CIALs were examined to see if county or city level laws existed. If such laws existed, the 

population of the jurisdiction in question (county or city) was counted as covered. State 
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preemption of local legislation is also taken into account when calculating coverage. The 

probability of coverage ranges from 0 (no one in the county is covered by a law) to 1 (the 

entire population of the county is covered by a CIAL).

The data on workplace CIAL coverage at the county level were merged into the TUS-CPS 

2001–2010 and BRFSS 2000–2006 based on respondent’s county of residence and survey 

year to identify the degree of law coverage to a county where the respondent lived. The 

TUS-CPS provides the information on whether the respondent worker worked in public or 

private sector, the BRFSS does not. When analyzing the TUS-CPS, we classified 

respondents by their status as a public (working for a federal, state, or local governmental 

entity) or private employee and assigned their CIAL coverage (using either the public or 

private workplace coverage) based on this designation. When analyzing the BRFSS, we used 

CIAL coverage in private workplaces for all BRFSS respondents’ law coverage measures 

because the BRFSS does not provide information on the occupation to respondents.

Although BRFSS has its own weakness, such as it covers shorter time series and it does not 

include information on private or public sector for employee respondents, this study still 

employed the BRFSS data in addition to the CPS-TUS data aiming to compare the results. 

BRFSS has several strengths over CPS-TUS – collection is more evenly spaced across 

calendar months and years, and more geographic areas are identified in this dataset (there 

are 921 counties identified in BRFSS, and 321 counties identified in CPS-TUS).

The final analysis is based on 70,274 and 257,691 observations from TUS-CPS and BRFSS, 

respectively. Three outcomes were estimated: (1) current smoking status, (2) the presence of 

a workplace smoking ban, and (3) SHS exposure among nonsmoker indoor workers.

In accordance with CDC standards, we used two questions to construct current smoking 

status. The first question respondents were asked was “Have you every smoked 100 

cigarettes in your lifetime?” Individuals who reported never smoking 100 cigarettes in their 

lifetime are classified as a non-smoker and coded as 0 for the current smoking status 

variable. If respondents identified themselves as having smoked 100 cigarettes, they were 

asked “Do you now smoke cigarettes every day, some days, or not at all?” Those who 

answered either “every day” or “some days” were coded as 1, current smokers, otherwise 

respondents were classified as 0, non-smokers.

The presence of a workplace smoking ban was measured by two questions in the TUS-CPS 

and BRFSS, “Which of these best describes your place of work’s smoking policy for indoor 

public or common areas such as lobbies, rest rooms, and lunch rooms?” and “Which of these 

best describes your place of work’s smoking policy for work areas?” For both questions 

possible answers include “Not allowed in any areas,” “Allowed in some areas,” “Allowed in 

all areas,” or “No official policy.” The self-reported workplace smoking ban measure was 

constructed by setting this variable equal to 1 for workers who reported smoking was “Not 

allowed in any areas” for both questions (i.e. the measure was set to 1 if smoking was “not 

allowed in any areas” for common areas and work areas), and equal to 0 otherwise. A self-

reported absence of workplace smoking ban measure was constructed as an alternative 

measure. No workplace restriction was set to 1 for workers who reported “Allowed in all 
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areas” or “No official policy” for both questions (the measure was set to 1 if smoking was 

“allowed in all areas” or “no official policy” for common areas and work areas), and equal to 

0 otherwise.

Non-smoker SHS exposure was measured via the TUS-CPS question “During the past two 

weeks has anyone smoked in the area in which you work?” SHS exposure was coded as 1 

for workers who reported “Yes” for that question, and 0 otherwise.

3. Empirical model

This study investigated the effect of workplace CIAL coverage in the county level on current 

smoking status, self-reported workplace smoking ban, and non-smoker SHS exposure. First, 

this study focused on indoor workers whose smoking behaviors are most likely influenced 

by workplace smoking restrictions to investigate whether or not workplace smoking 

restrictions reduce indoor workers’ likelihood of being a smoker. Second, it examined 

worksite compliance with workplace CIALs to understand whether laws engender 

compliance through actual workplace smokefree policies. Finally, this study used 

information on self-reported SHS exposure in the workplace to investigate the effect of 

workplace smoking restriction on worksite SHS exposure among indoor nonsmoking 

workers.

The following linear probability model was used to estimate the impact of workplace 

smoking ban on the three outcomes:

(1)

where Yict are various outcomes of interest for individual i in county c at time t (smoking 

status (0/1), self-reported workplace smoking ban (0/1), and SHS exposure (0/1)). CIALct is 

the probability of a respondent in a given county, year, and month being subject to a 

comprehensive workplace CIAL. Xict is a vector of individual characteristics including sex, 

race, age, education, family income, and marital status. Cc is a set of county fixed effects to 

capture all time-invariant county characteristics that may affect smoking behaviors. Trendc is 

the county-specific time trends in study period to capture the monotonic changing county 

characteristics which may affect smoking behaviors. State fixed effects were used in some 

specifications as the comparison to the previous studies. Tt is a set of year and month fixed 

effects that controls for any time-specific factors related to smoking behaviors. Standard 

errors were computed allowing for clustering at the county level.

A concern of the identification of the effect of workplace CIAL coverage on smoking related 

outcomes is that there might be common determinants omitted and associated with both the 

implementation of CIALs and smoking prevalence. For example, places with strong attitudes 

against cigarette smoking or anti-smoking programs and interventions may be more likely to 

implement workplace CIALs, and these attitudes and interventions may also influence 

smoking prevalence. Because it is possible that workplace CIALs are a reflection of general 

anti-smoking attitudes, which could lead the estimated impacts being biased upward, this 

study adopts the state fixed effects or county fixed effects to capture the time-invariant 
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smoking attitudes within state or county. The county fixed effect model accounts for the 

unobserved and potentially confounded heterogeneity between counties. This basic 

identification strategy, like the difference-in-difference model, relies on the within county 

variation in smoking outcome and CIALs over time and uses respondents who did not face 

changed CIALs as a control group for unrelated time-series variation. This model includes 

county-specific time trends to capture the county-specific smoking attitudes which changes 

monotonically by year.

The data provided substantial variations in county smokefree law coverage that allowed us to 

detect the impact of workplace CIALs on smoking status. During the study period in TUS-

CPS, 254 counties out of 329 counties had changes in public workplace CIALs, and 205 out 

of 329 counties had changes in private workplace CIALs with 103 counties changed 2001–

2006 and 120 counties changed 2007–2010. In BRFSS, there were 135 out of 921 counties 

had changes in private workplace CIALs 2000 to 2006. In addition, we ran a regression of 

CIALs on county fixed effects, year/month fixed effects, and county-specific time trends; the 

R2 is 0.71 and 0.67 for TUS-CPS and BRFSS, respectively, indicating the substantial within-

county variations in CIALs.

4. Results

4.1 Descriptive statistics

Table 1 presents the within-state-variation of the workplace CIAL coverage taking into 

account the CIALs in state, county, and city levels using TUS-CPS data in January 2000 and 

December 2009, respectively. In January 2000 TUS-CPS, among 50 states and the District 

of Columbia, 42 states had within-state variation in public workplace CIAL coverage. In 

December 2009, 13 states had within-state variation. The decreasing number of states having 

within state variation from 2000 to 2009 reflected the fact that after January 2000 many 

states passed state-level public workplace CIALs. For private workplace CIAL coverage, in 

January 2000, 11 states had within-state variation while many states had no private 

workplace CIAL coverage at either the local or state level. By December 2009, private 

workplace CIAL passage had increased at both the local and state level, yielding 19 states 

with within-state variation. The increasing number of states having within-state variation 

from 2000 to 2009 is due to the fact that many states had moved from no workplace CIAL 

coverage at all within a state, to increased coverage at the local level.

Table 2 reports descriptive statistics of smoking outcomes and demographic variables for all 

indoor workers in TUS-CPS and BRFSS with county identifiers. The statistics for all 

variables between TUS-CPS and BRFSS are consistent in general. Among indoor workers in 

the TUS-CPS sample, 14.3% are current smokers, compared to 21.9% for the BRFSS 

sample. The percentage of respondents self-reported that their workplaces are restricted 

from smoking is 78.9% and 72.9% in TUS-CPS and BRFSS, respectively.

There are differences in coverage by CIALs between TUS-CPS and BRFSS. The average 

probability of being covered by workplace CIALs is 32.9% for TUS-CPS and only 4.6% for 

BRFSS. The possible reasons for this difference that the datasets cover different time periods 

(BRFSS 2000–2006 and TUS-CPS 2001–2010), and the law coverage may not take place 
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until the late 2000s. Second, we used private workplace smoking ban for all respondents in 

the BRFSS sample because BRFSS does not provide occupation identifiers, while the TUS-

CPS provides detailed occupation categories that allowed us to distinguish the public and 

private workplace workers. The proportion of private workplaces covered by CIALs is 

consistently lower than the proportion of covered public workplaces every year. Third, 

workplace CIAL prevalence may be higher in the TUS-CPS than the BRFSS because public 

versions of TUS-CPS only include county codes for counties with significantly large 

populations. And some large-population states (California, Massachusetts, and New York) 

are excluded from the BRFSS sample because these state did not ask employed respondents 

whether they worked indoors or outdoors.3

4.2 Effects on smoking prevalence

Table 3 reports the effects of workplace CIAL coverage on smoking participation (measured 

by current smoking status) for indoor workers. In Columns (1) and (6), the model 

specification does not control for fixed effects in either state or county level. In Columns (2) 

and (7), state fixed effects were controlled. In Columns (3) and (8), county fixed effects were 

controlled instead. In Columns (4) and (9), in addition to county fixed effects, the county 

characteristics, such as average age, percentage of minority population, percentage of 

college graduates, average family income, and unemployment rate were controlled.4 We 

include the county level characteristics because the county characteristics might be 

correlated with both CIALs and smoking outcomes.5 In Columns (5) and (10), model 

specification controls for county fixed effects, the county characteristics, and county time 

trends.

Workplace CIAL coverage significantly reduced smoking prevalence among indoor workers 

across different model specifications. In the model which control for county fixed effects, 

county characteristics, and county time trends (column 5 and 10), going from 0% to 100% 

workplace CIAL county coverage reduced smoking participation by 1.8 percentage points 

for TUS-CPS sample and 2.4 percentage points for BRFSS sample. Given that the sample 

mean of smoking participation is 14.3% for TUS-CPS data and 21.9% for BRFSS data, the 

relative change is about 13% and 11% for TUS-CPS and BRFSS, respectively.6 These 

results are comparable to Carpenter (2009) which found that the bylaw adoption decreased 

the smoking prevalence by 12.7% in Ontario, Canada, although our results are smaller than 

3We conducted some further analysis and found that the three factors (different time periods, different geographic coverage, use the 
private workplace laws) all contribute to the difference. We used the ANRF database which includes all the county-level CIAL 
coverage in the US to analyze the difference. First, we compared the CIAL coverage of private workplace and the CIAL coverage of 
public workplace, and restrict both datasets covering the same period (2000–2010) and the same geographic areas (same counties). We 
found that the CIAL coverage in private workplace is lower than the coverage in public workplace (16.1% for CIAL coverage in 
private workplace and 34.6% for CIAL coverage in public workplace). Secondly, we compared the CIAL coverage 2001–2010 (CPS-
TUS period) and 2000–2006 (BRFSS period), and found that the CIAL coverage in the private workplace is 6.2% from 2000 to 2006 
lower than 17.6% from 2001 to 2010. Third, since BRFSS did not include respondents from the three states, California, 
Massachusetts, and New York, so we excluded those states from the dataset, and we found that after the California, Massachusetts, and 
New York are excluded, the CIAL coverage in the private workplace is 4.7% from 2000 to 2006 similar to what we got from BRFSS.
4The variance inflation factor (VIF) for multicollinearity for workplace CIALs is 3.65 for CPS data and 2.76 for BRFSS data 
suggesting that the multicollinearity is not a serious issue.
5Regional studies of the implementation of smokefree laws in the US (for example:(Bartosch & Pope, 1999; Deverell, Randolph, 
Albers, Hamilton, & Siegel, 2006; Ferketich et al., 2010; Gingiss, Boerm, Huang, & Hermer, 2009; Skeer, George, Hamilton, Cheng, 
& Siegel, 2004) have found that communities with high education and income are more likely to adopt 100% smokefree laws than 
communities with lower education and income levels, and there are also overall disparities in smokefree coverage by race/ethnicity 
(see(Gonzalez et al., 2013)).
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the effect magnitudes summarized in Fichtenberg and Glantz (2002) and Hopkins et al. 

(2010) which found that smokefree policies lead to a 17% and 14% reductions in smoking 

prevalence.7 The smaller effects observed in this study may reflect that there were more 

voluntary policies already in place when the CIALs went into effect than in the earlier 

studies.

In our models the estimated coefficient on cigarette taxes is −0.012 indicating that when tax 

rises by $1, smoking prevalence falls by 1.2 percentage points; this tax coefficient is 

comparable to that observed by Callison and Kaestner (2014) who also used the TUS-CPS 

data and concluded that the tax coefficient is −0.01 for the age group 18–74.

Our results indicate that CIALs have a stronger effect on smoking behavior than taxes. To 

obtain the 1.7 percentage points decrease in smoking prevalence resulting from workplace 

CIAL one would require cigarette taxes per pack to increase from the average level $0.89 

per pack in 2000–2010 to $2.31 per pack,8 indicating that CIALs have a major effect as a 

tobacco control intervention.

4.3 Compliance with legislation

It is intuitive to think that the implementation of workplace CIALs should increase indoor 

workers’ self-reported smoking restriction in their worksites; however, this is not always the 

case. For example, some worksites may voluntarily adopt smoking restrictions even without 

any state or local CIALs, or some employers may actively defy workplace CIALs. If the 

passage of workplace CIALs do not increase the actual smoking restrictions in worksites 

because they are not needed (voluntary rules have been previously adopted) or they are not 

complied with (active defiance of CIALs), then we should not expect workplace CIALs to 

have any influence on the smoking behaviors of indoor workers and there should not be a 

significant relationship between CIALs and the reported existence of a worksite smoking 

restriction.

The effects of workplace CIAL coverage on self-reported smoking restrictions at worksites 

are presented in Table 4. We estimated two outcome variables for measuring law 

compliance: (1) whether smoking is not allowed in work areas and common areas (yes: 1 

and no: 0), (2) whether no smoking restriction in either work areas or common areas (yes: 1 

and no: 0). In Columns (1) and (6), the model specification does not control for county or 

state fixed effects. In Columns (2) and (7), the model specification controls for state fixed 

effects and in Columns (3), (4), (8), and (9) the county fixed effects. In Columns (4) and (9), 

the model specification also controls for county characteristics. In Columns (5) and (10), the 

model specification controls for county fixed effects and county time trends.

6The interaction of survey year and CIAL coverage were included in the regression of smoking behaviors which serves as an 
alternative model specification. The non-significant interaction coefficients indicated that the influence of CIAL coverage does not 
significantly change over time. Therefore, this study lumped all survey years together and estimated the average effect of CIAL on 
smoking prevalence in these years.
7Fichtenberg and Glantz (2002) reported that the implementation of a comprehensive smokefree workplace policy was associated with 
a decrease in consumption of 3.1 cigarettes per day per continuing smoker. The total effect is 1.3 fewer cigarettes were smoked per day 
per employee (including both smokers and nonsmokers), which corresponds to a 29% relative reduction. This implies the relative 
reduction in prevalence is 17%: ((3.1–1.3)/3.1)*29% = 17%.
8To obtain a 1.7 percentage points decrease in smoking prevalence, tax needs to rise by $1.42 (1.7/1.2=1.42). Given that the average 
tax is $0.89 in our sample, a $1.42 tax rise leads the final tax $2.31.
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The results from the upper panel of Table 4 indicate that workplace CIAL coverage 

significantly increased the likelihood of reporting smoking was not allowed at work; the 

lower panel indicates that workplace CIAL significantly reduced the likelihood of reporting 

no restrictions on smoking at work. All estimates of the effect of workplace CIAL coverage 

are statistically significant, implying worksite compliance with CIALs.

The association between CIAL coverage and respondent’s actual workplace smoking 

restrictions provides strong evidence of law compliance, and indicates that the measure of 

workplace CIAL coverage this study used could be used as a proxy for respondents’ actual 

workplace smoking restrictions. Results suggested that when the CIAL coverage of a county 

increased from 0% to 100%, self-reported smoking restriction rose by 6.7 percentage points 

from the sample mean for TUS-CPS data, and by 7.1 percentage points for BRFSS data. 

Given that the sample mean of self-reported workplace smoking restrictions is 79% for 

TUS-CPS data and 73% for BRFSS data, the effect is between 8% (.067/.79) and 10% (.

071/.73).

4.4 Robustness check

Previous studies (Bitler, Carpenter, & Zavodny (2010); Liu (2010); Adda & Cornaglia 

(2010)) found that the state CIALs or the CIALs aggregated up at the state level do not 

statistically significantly influence smoking status. This study used the state CIALs from 

ANRF and ImpacTeen9, and estimated the impact of state CIALs on smoking status as the 

robustness check. The specifications including state CIALs yields results similar to previous 

studies. Our results failed to find a statistically significant effect of state CIALs on smoking 

status (columns (1), (2), (5), and (6)), likely due to misclassification of workers as not 

covered by a state CIAL when they are, in fact, covered by a county law.

Because of the limitation of the linear probability model that predict probabilities of 

smoking can be outside of [0,1], Columns (3) and (7) reported results from probit models of 

smoking participation that includes the full set of variables as in columns (5) and (10) of 

Table 3. To compare the results across model specifications, Table 5 reported the implied 

marginal effect of smoking ban on the probability of smoking, evaluated at the sample 

averages of the relevant variables.

To ensure results using TUS-CPS sample are comparable to BRFSS, we restricted TUS-CPS 

sample to 2001–2006 period and included the same set of variables as in column (4) of Table 

4. Results are consistent.

4.5 Placebo checks

Indoor workers are the subgroup of people who are most directly influenced by smoke-free 

workplace laws and policies. We conducted a placebo check to estimate models of smoking 

participation for other groups of people which are not protected by workplace smoking ban 

such as those who work outdoors, unemployed, and not in labor force (Table 6). For the 

TUS-CPS, those who were unemployed or not in labor force are not influenced by the 

9http://www.impacteen.org/tobaccodata.htm
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workplace CIALs. For the BRFSS, workplace CIALs do not impact smoking prevalence for 

those who worked outdoors, were unemployed, or not in labor force. In TUS-CPS, however, 

people who worked outdoors had reduced smoking prevalence if they lived where there were 

workplace CIALs, perhaps reflecting indirect social and normative changes.

4.6 Effects of leads and lags workplace CIAL coverage on smoking prevalence

The identification of Equation (1) relies on the within county variation in smoking outcome 

and CIAL coverage over time. The estimated correlation of workplace CIAL coverage and 

smoking prevalence could not make any inference on causal relationship from workplace 

CIAL coverage to smoking prevalence. Indeed, it is possible that the correlation is driven by 

a reverse causality from smoking prevalence to workplace CIAL coverage. In this section, 

we attempted to confirm that our estimated association between workplace CIAL coverage 

and smoking status was not due to the reverse causality from smoking prevalence to 

implementation of smokefree legislation (For example, an area with a high prevalence of 

non-smoker voters may promote passage of smokefree legislations). To test whether the 

reverse causality exists, we estimated whether the leads (t+1, t+2) and lags (t-1, t-2) 

workplace CIALs influenced smoking status at the current time (t). If the reverse causality 

exists, we would expect to see a negative correlation between the current smoking status (t) 

and workplace CIALs in later periods (t+1, t+2).

The results of the influences of the leads (t+1, t+2) and lags (t-1, t-2) workplace CIALs on 

smoking status at the current time (t) are presented in Table 7. The results indicated that the 

lags CIALs were associated with significantly decreased current smoking participation, and 

the leads CIALs were not significantly associated with current smoking participation, except 

for CIAL (t+1). The significant lag effect of CIALs indicates that the acceptance of the 

smokefree ordinance can be delayed possibly due to the initial resistance by its opponents 

and legal wrangling over its enforcement. Besides, it might take time for smoker workers to 

change their smoking behaviors due to the smoking restriction in their workplace. Indeed, 

the insignificant association between leads CIALs and current smoking participation, as well 

as the positive association between CIALs (t+1) and smoking participation (t) indicate the 

reverse causality is not a concern in this study. (Table 7).

4.7 Effects on exposure to SHS

Table 8 presents the results of the effects of workplace CIAL coverage on self-reported SHS 

exposure in worksite for indoor nonsmoker workers. Increasing workplace CIAL county 

coverage from 0 to 100% reduced worksite SHS exposure by 1.1 percentage points. Given 

that the sample mean of exposure to SHS is 3.9%, the effect is 28%.

5. Limitations

Our main model specifications include county fixed effects, county characteristics, and 

county specific time trends to control for the unobserved factors associated with CIALs and 

smoking behaviors. This model specification allows the unobserved factors vary by counties, 

and for each county the confounders could monotonically change by year. However, if the 

unobserved trends are not changing monotonically, this would pose a threat to the internal 
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validity. In addition, because only counties with large populations are identified and linked 

with workplace CIALs, the results of this study make inference for counties with large 

populations. There is little analysis investigating on the probability of a county adopting a 

law based on county size, and the CDC has done an analysis of the 50 largest cities in the 

US showing that the majority of these cities had adopted a law by 2012 (CDC 2012). 

However, there are significant variations between states in the passage of smokefree laws as 

an analysis of Massachusetts local-law diffusion found that areas with large minority 

populations were less likely to be covered with smokefree laws (Deverell et al. 2006), while 

an analysis of smokefree law coverage in Texas found that cities with large populations of 

minorities were more likely to have coverage (Gingiss et al. 2009). Another limitation this 

study has is the potential existence of cross-county jobs. If the respondent who worked in 

different county from where they lived, we may misclassify their workplace CIALs. 

However, McKenzie (2013) uses the American Community Survey 2006–2010 and Census 

2000 and indicates that a majority of U.S. workers worked in the same county of their 

residence. In 2006–2010, during a typical week 72.6% of U.S. workers worked within of 

their residence county, which is similar to the, 2000 finding of 73.3%. The influence of 

cross-county jobs on our results should be limited. While we are unable to directly assess if 

smokers are more likely to work in counties without CIALs in response to CIALs in their 

county of residence. However, if this potential situation exists, our results would be biased 

toward zero. Our results would underestimate the association between CIALs and smoking 

status.

6. Conclusion

This study expanded on previous research by using the probability of residents in a county 

being covered by workplace CIALs taking into account the state, county, and city legislation 

as a measure of workplace smoking ban, and examined their impact on smoking related 

outcomes. Previous research used the state CIALs and did not examine the impact of county 

or city policies. It is possible that some local jurisdictions such as counties (cities) may have 

implemented local-level CIALs prior to state laws, which leads to the measurement errors on 

the CIALs and the effects of CIALs biased toward zero. In particular, this study expanded 

Carpenter (2009), Adda and Cornaglia (2010), and Bitler et al. (2010) and focused on the 

current employees who worked indoors, divided them into workers who worked in public 

sector and those who worked in private sector, and linked them to the sector specific CIAL 

coverage in a county level.

We found that workplace CIALs significantly decreased worker smoking participation 

(being a current smoker) by around 10%. These results are robust to different model 

specifications. Furthermore, CIALs were associated with significant increases in actual 

smoking policies in worksites, 8% and 10% in TUS-CPS and BRFSS, indicating compliance 

with the law. Finally, nonsmoking indoor workers who lived in a county with workplace 

CIAL coverage are about 28% less likely to report SHS exposure at work independent of 

model specifications. This study provided evidence that workplace CIALs reduced 

nonsmokers’ SHS exposure as well as reduced workers’ smoking prevalence.
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Figure 1. Trend of proportion of population covered by workplace CIALs in state, county, and 
city levels and smoking prevalence, 2000–2009
Source: Authors’ computation using data from American Nonsmokers’ Rights Foundation, 

the Census-Estimated Population (CEP) Cities and Towns, Behavioral Risk Factor 

Surveillance System, and Tobacco Use Supplements to Current Population Survey.
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Table 2

Summary Statistics

Variable TUS-CPS BRFSS

Current smoking status 0.143 0.219

Self-reported workplace smoking restriction

 not allowed 0.789 0.729

 no restriction 0.079 0.046

Secondhand smoke exposure 0.039 N/A

Workplace smoking ban coverage 0.329 0.046

Gender

 male 0.444 0.482

 Female 0.556 0.518

Race

 non-Hispanic white 0.668 0.739

 non-Hispanic black 0.118 0.108

 Hispanic 0.124 0.102

 other races 0.090 0.051

Age at the survey year

 18–29 0.228 0.229

 30–39 0.251 0.251

 40–49 0.261 0.262

 50–59 0.191 0.188

 60 or older 0.068 0.070

Education

 less than high school 0.043 0.063

 high school 0.195 0.249

 some college 0.299 0.271

 College 0.464 0.417

Family income in nominal dollars

 less than 20k 0.066 0.086

 20–35k 0.121 0.180

 35–50k 0.131 0.164

 50–75k 0.207 0.192

 75k+ 0.399 0.293

 income missing 0.077 0.085

Marital status

 Married 0.547 0.616

 widowed, divorced or separated 0.167 0.148

 never married 0.287 0.236

Year
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Variable TUS-CPS BRFSS

 2000 0.157

 2001 0.199 0.157

 2002 0.098 0.178

 2003 0.242 0.115

 2004 0.159

 2005 0.119

 2006 0.184 0.144

 2007 0.091

 2010 0.186

Sample size 70,274 257,691
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