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Despite the benefits of smoke-free legislation on adult health, little is knownabout its impact on children's health.
We examined the effects of tobacco control policies on the rate of emergency department (ED) visits for child-
hood asthma (N= 128,807), ear infections (N= 288,697), and respiratory infections (N= 410,686) using out-
patient ED visit data in Massachusetts (2001−2010), New Hampshire (2001–2009), and Vermont
(2002−2010). We used negative binomial regression models to analyze the effect of state and local smoke-
free legislation on ED visits for each health condition, controlling for cigarette taxes and health care reform leg-
islation.We found no changes in the overall rate of ED visits for asthma, ear infections, and upper respiratory in-
fections after the implementation of state or local smoke-free legislation or cigarette tax increases. However, an
interaction with children's age revealed that among 10–17-year-olds state smoke-free legislation was associated
with a 12% reduction in ED visits for asthma (adjusted incidence rate ratios (aIRR) 0.88; 95% CI 0.83, 0.95), an 8%
reduction for ear infections (0.92; 0.88, 0.97), and a 9% reduction for upper respiratory infections (0.91; 0.87,
0.95). We found an overall 8% reduction in ED visits for lower respiratory infections after the implementation
of state smoke-free legislation (0.92; 0.87, 0.96). The implementation of health care reform in Massachusetts
was also associated with a 6–9% reduction in all children's ED visits for ear and upper respiratory infections.
Our results suggest that state smoke-free legislation and health care reformmay be effective interventions to im-
prove children's health by reducing ED visits for asthma, ear infections, and respiratory infections.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

The global expansion of smoke-free legislation has improved popu-
lation healthwith reductions in hospital admissions for coronary events
and heart disease (Callinan et al., 2010; Tan andGlantz, 2012). Although
more recent evidence suggests that these benefits may also extend to
respiratory diseases, including asthma, the majority of research has fo-
cused on adults (Tan and Glantz, 2012). Despite decreases in second-
hand smoke over the past decade in the US, children continue to have
higher levels of exposure than adults (Homa et al., 2015). Children's
principal source of exposure occurs in the home, particularly for
young children (US Department of Health and Human Services, 2006).
While one third of US children live with at least one smoker, half of

children from low-income households live with two or more smokers
(King et al., 2009).

The US Surgeon General (US Department of Health and Human
Services, 2006) and other systematic reviews (Tinuoye et al., 2013;
Jones et al., 2011; Burke et al., 2012; Jones et al., 2012) have concluded
that parental smoking increases children's risk for prevalent and inci-
dent asthma and wheeze, middle ear disease (including acute and
chronic ear infections), and lower respiratory illnesses. However, only
a few studies have examined the impact of smoke-free legislation on
children's health. Two longitudinal studies, in Scotland and England,
have shown reductions in hospital admissions for childhood asthma
after country-wide bans on smoking in public places (Mackay et al.,
2010; Millett et al., 2013). Other studies have found decreases in hospi-
tal admissions or emergency department (ED) visits for asthmaafter the
introduction of state or local smoke-free legislation among all ages to-
gether, (Naiman et al., 2010; Herman andWalsh, 2011) adults and chil-
dren separately, (Rayens et al., 2008; Landers, 2014) or an effect among
adults and not children (Shetty et al., 2011). However, methodological
limitations include the lack of a control group, (Mackay et al., 2010;
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Millett et al., 2013; Herman and Walsh, 2011; Rayens et al., 2008) not
accounting for other tobacco control policies, (Mackay et al., 2010;
Millett et al., 2013; Naiman et al., 2010; Herman and Walsh, 2011;
Rayens et al., 2008) or not distinguishing state from local policies
(Herman and Walsh, 2011; Shetty et al., 2011). More recent studies
have found reductions in hospitalizations for children's respiratory
tract infections, primarily attributed to decreases in lower respiratory
infections, after the introduction of country-wide smoke-free legislation
(Been et al., 2015; Lee et al., 2016). Despite plausible mechanisms, (US
Department of Health and Human Services, 2006) we are not aware of
any studies that have examined the effects of secondhand smoke expo-
sure on children's hospital admissions or ED visits for ear infections.

Tobacco control programs often take a multi-pronged approach,
(World Health Organization, 2003) highlighting the importance of con-
sidering the impact of multiple policies rather than examining them in
isolation. Cigarette taxes have been very effective at improving popula-
tion health by reducing the uptake of smoking and encouraging
smokers to either quit or reduce tobacco consumption (Chaloupka et
al., 2012). In 2006, Massachusetts enacted health care reform legisla-
tion, which included a provision for Medicaid recipients to gain access
to low-cost or free tobacco cessation medications and counseling and
widespread promotional efforts to increase provider and patient aware-
ness (Commonwealth of Massachusetts; Massachusetts Department of
Public Health Tobacco Cessation and Prevention Program). Land and
colleagues found that in the 30 months post-implementation, nearly
40% of Medicaid smokers used the benefit and smoking decreased ap-
proximately 26% (Land et al., 2010a). Medicaid recipients who utilized
the benefits were also less likely to have inpatient hospital claims for
coronary events and heart disease post-implementation compared to
pre-implementation (Land et al., 2010b). However, studies in Massa-
chusetts have not evaluated potential downstream effects of these pol-
icies on children's health.

To address these limitations in the literature, we conducted a quasi-
experimental study to examine the effects of state and local smoke-free
legislation on the rate of ED visits for childhood asthma, ear infections,
and respiratory infections in Massachusetts, New Hampshire, and Ver-
mont, controlling for cigarette taxes and health care reform legislation.

2. Methods

The Massachusetts Center for Health Information and Analysis,
(Massachusetts Division of Health Care Finance and Policy) NewHamp-
shire Department of Health and Human Services, (New Hampshire
Department of Health and Human Services) and Green Mountain Care
Board (Vermont Department of Banking, Insurance, Securities and
Health Care Administration) collect patient-level data on all ED visits
as required by law. In Massachusetts, 74 acute care hospitals report
data. We obtained the ED database from January 1, 2001 through Sep-
tember 30, 2010, which captured all ED visits in Massachusetts' acute
care hospitals and satellite emergency facilities that did not result in ad-
mission to an inpatient or outpatient observation stay. In New Hamp-
shire, all 26 acute care hospitals report data. We obtained the
restricted inpatient and outpatient hospital discharge files from January
1, 2001 through December 31, 2009. In Vermont, all 14 acute care hos-
pitals report data.We obtained the restricted hospital discharge files for
ED visits, which were extracted from the inpatient and outpatient data
files, from January 1, 2002 through December 31, 2010. As inpatient
and outpatient visits account for approximately 2% of all visits in New
Hampshire and 3% in Vermont, both types were included.

The Boston College Institutional Review Board reviewed this study
and considered it exempt; each participating state also approved the
protocol.

We limited the analyses to children age 0–17yearswhopresented to
the ED in each state. All three states used the International Classification
of Diseases ninth revision, clinical modification (ICD-9-CM) to code di-
agnoses associated with hospital utilization (National Center for

Health Statistics, Centers for Disease Control and Prevention). We iden-
tified all ED visits with a principal diagnosis of: asthma as code 493; ear
infections as codes 381 and 382 (including nonsuppurative and suppu-
rative otitis media and Eustachian tube disorders); acute lower respira-
tory infections as codes 466, 480–488, including bronchitis, pneumonia,
and influenza; and acute upper respiratory infections as codes 460–465.
For each patient contact, we extracted themonth/year of visit, age (0–4,
5–9, 10–17 years), sex (female, male), and zip code (linked to munici-
pality of residence). Data on race was not consistently collected across
states. We also created a health insurance indicator because of increas-
ing rates of children covered by public insurance over the study period
(Racine et al., 2014). We calculated the fraction of visits covered by
Medicaid versus commercial insurance at the state-age-year level for
accidents (codes 800-999), as patients are unlikely to be turned away
based on their ability to pay.

2.1. Policy measures

Table 1 presents the date that smoke-free legislation, cigarette tax
changes, and health care reform legislation came into effect in Massa-
chusetts, New Hampshire, and Vermont. Using the month/year of each
child's ED visit, we identified whether the visit occurred before or
after each policy came into effect and the current cigarette tax.

2.2. Smoke-free legislation

We obtained the effective dates of 100% smoke-free legislation for
workplaces and restaurants for each state and municipality from the
American Nonsmokers' Rights Foundation (American Nonsmokers'
Rights Foundation). In Massachusetts, restaurants and workplaces be-
came 100% smoke-free in July 2004. Prior to state-wide implementa-
tion, 94/351 municipalities had 100% smoke-free restaurant policies
and 65/351 had 100% smoke-free workplace policies (American
Nonsmokers' Rights Foundation). Since 108 municipalities had either
restaurant or workplace policies (51 had both), we coded exposure to
any local smoke-free policy. In New Hampshire, restaurants became

Table 1
Dates that cigarette taxes, smoke-free legislation, and health care reform legislation came
into effect in Massachusetts, New Hampshire and Vermont.

Massachusetts New
Hampshire

Vermont

2001 Tax $0.76 Tax $0.52 Tax $0.44
2002 Tax $0.76 Tax $0.52 Tax $0.44
2003 Tax $1.51 (7/25/02) Tax $0.52 Tax $0.93

(7/1/02)
2004 Tax $1.51

7/5/04: Smoke-free workplaces,
restaurants

Tax $0.52 Tax $1.19
(7/1/03)

2005 Tax $1.51 Tax $0.52 Tax $1.19
9/1/05:
Smoke-free
restaurants

2006 Tax $1.51
07/1/06: Medicaid recipients receive
low-cost tobacco cessation therapies as
part of Health Care Reform

Tax $0.80
(7/1/05)

Tax $1.19

2007 Tax $1.51 Tax $0.80
9/17/07:
Smoke-free
restaurants

Tax $1.79
(7/1/06)

2008 Tax $1.51 Tax $1.08
(7/1/07)

Tax $1.79

2009 Tax $2.51 (7/1/08) Tax $1.33
(10/1/08)

Tax $1.99
(7/1/08)
7/1/09:
Smoke-free
workplaces

2010 Tax $2.51 Tax $1.78
(7/1/09)

Tax $2.24
(7/1/09)
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100% smoke-free in late September 2007. None of the municipalities
were smoke-free prior to state-wide implementation. In Vermont,
restaurants became 100% smoke-free in September 2005 and
workplaces became 100% smoke-free in July 2009. We coded
exposure to the state policy from September 2005 onwards. Prior
to state-wide implementation, 4 municipalities had a smoke-free
restaurant policy.

2.3. Cigarette excise taxes

We obtained the cigarette excise tax for each state from the Tax Bur-
den on Tobacco, (Orzechowski andWalker, 2011)whichwere translated
into real December 2010 dollars based on the national Consumer Price
Index (USDepartment of Labor Bureau of Labor Statistics). InMassachu-
setts, cigarette tax increases occurred in July of 2002 and 2008 resulting
in a tax of $2.51 per pack in 2010. In New Hampshire, there were ciga-
rette tax increases in July of 2005, 2007, 2008, and 2009 resulting in a
tax of $1.78 per pack in 2010. In Vermont, there were cigarette tax in-
creases in July of 2002, 2003, 2006, 2008, and 2009 resulting in a tax
of $2.24 per pack in 2010.

2.4. Health care reform legislation

In April 2006, the Massachusetts legislature passed health care re-
form legislation which required all individuals to have health insurance
(Commonwealth of Massachusetts). The law also mandated coverage
for two types of tobacco cessation treatment for the Medicaid popula-
tion: behavioral counseling and all Food and Drug Administration-ap-
proved medication. Since July 1, 2006, in every 12-month period
Medicaid recipients have been allowed up to 16 individual or group
counseling sessions and two 90-day courses ofmedications for smoking
cessation. The co-payment is only $1–3. More information is available
online (Massachusetts Department of Public Health). In conjunction,
there were informational fact sheets, website resources, and campaigns
to increase the awareness of these benefits to providers and patients
(Massachusetts Department of Public Health Tobacco Cessation and
Prevention Program)

2.5. Statistical analysis

Our estimation procedure used a negative binomial regression
model, which examined the effect of each policy on the number of ED
visits. The dependent variablewas the number of ED visits for each diag-
nosis (asthma, ear infection, and respiratory infections) collapsed to
municipality-level counts for each subgroup, age-gender, for each
month/year. To account for differences in the population of each sub-
group, we used an exposure variable, GroupPop, constructed as munici-
pality-level, group-specific, population counts. The denominator was
created using census level data from 2000 and 2010, while the inter-
census years were interpolated implementing a nonlinear smoothing
interpolation technique using county-level data (Chen and Andrews,
2008).

Negative binomial regression, an extension of Poisson regression, is
an appropriate technique for analyzing count data which exhibits
overdispersion, with the variance of the error process larger than the
conditional mean. In this formulation, individual municipality-level ob-
servations are assumed to follow a Poisson regressionmodel,withmean
μj=exp(xjβ), with anomitted variable νj such that eνj follows aGamma
distribution with mean 1 and variance α:

yj∼Poisson μ�
j

� �

μ�
j ¼ exp xjβ þ ν j

� �

eνj∼Gamma 1=α;αð Þ

In this parameterization, α is the overdispersion parameter. Disper-
sion for the jth observation is equal to 1 + αexp(xjβ), so that Var(yj) =
μ j(1 + αμ j). The exposure variable GroupPop is included in xj as its log-
arithm, with coefficient constrained to 1.

The estimated regression coefficients are interpreted as incidence
rate ratios (IRR), which is the change in the likelihood of ED visits asso-
ciated with the policy change. We also adjusted for the proportion of
children covered by Medicaid at the state-age-year level to account for
increasing trends in public insurance (Racine et al., 2014). Calendar
time, asmonth and year of visit, was included to control for known sea-
sonality of asthma and other health conditions (Johnston and Sears,
2006; Nair et al., 2011). Municipality fixed effects control for time-in-
variant municipality-level characteristics that may be associated with
the outcome of interest, including income and social norms related to
smoking. To allow for correlation between the error terms at themunic-
ipality level, we clustered standard errors bymunicipality. As individual
identifiers were not available, we were not able to cluster based on re-
peat visits for individual children.

We introduced interactions between state smoke-free legislation
and children's ages to determine whether there was a differential effect
of smoke-free legislation. We did not explore interactions with local
smoke-free legislation due to the minimal variation in municipalities
with policies across all three states. We repeated this series of analyses,
separately, for each health outcome. Based on the paper by Been and
colleagues, (Been et al., 2015) we conducted analyses for upper and
lower respiratory infections separately. We also tested for the differen-
tial impact of state smoke-free legislation across municipalities with
and without local smoke-free legislation, but we found no evidence
for an interaction for any health outcome (results not shown). As a ro-
bustness check we repeated the analysis with appendicitis, (Landers,
2014) as rates should not be affected by the implementation of tobacco
control policies. All analyses were conducted using Stata statistical soft-
ware, version 14.1.

3. Results

Fig. 1 illustrates the number of monthly ED visits for children age 0–
17 years whose principal diagnosis was asthma, ear infections, or lower
or upper respiratory infections in (a) Massachusetts, (b) New Hamp-
shire, and (c) Vermont over the study period. Although there were
more visits for all health outcomes in Massachusetts and New Hamp-
shire compared to Vermont, the seasonal pattern for all outcomes was
consistent across states. Overall, children age 0–4 years weremore like-
ly to visit the ED for asthma, ear infections, and respiratory infections
than children ages 5–9 and 10–17 years (Table 2). Across all health out-
comes and states, boys were more likely to visit the ED than girls.

In total, there were 128,807 ED visits for asthma across all three
states. We found no changes in the overall rate of ED visits for asthma
after the implementation of state or local smoke-free legislation, ciga-
rette tax increases, health care reform, or changes inMedicaid coverage
(Appendix A). However, an interaction with children's age showed that
state smoke-free legislation was associated with a 12% reduction in ED
visits for asthma among children age 10–17 years (adjusted IRR 0.88;
0.83, 0.93) (Table 3). In contrast, there was no evidence for an effect
in younger children.

There were an additional 288,697 ED visits for ear infections. Simi-
larly, we found no overall effect of state or local smoke-free legislation
or cigarette taxes on ED visits for ear infections (Appendix A), but an in-
teraction revealed that state smoke-free legislationwas associated with
an 8% reduction in ED visits for ear infections only among children age
10–17 years (0.92; 0.88, 0.97) (Table 3). The implementation of health
care reform in Massachusetts and proportion of children covered by
Medicaid were also associated with a 9% (0.91; 0.86, 0.96) and 63%
(0.37; 0.23, 0.59) reduction in ED visits for ear infections, respectively.

Lower respiratory infections composed 25% of all respiratory infec-
tions. There were 139,239 ED visits for lower respiratory infections.

280 S.S. Hawkins et al. / Preventive Medicine 89 (2016) 278–285



The implementation of state smoke-free legislationwas associatedwith
an overall 8% reduction in ED visits for lower respiratory infections
(0.92; 0.87, 0.96) (Appendix A). According to the child's age, state
smoke-free legislation was associated with a 10% reduction in ED visits
for lower respiratory infections in 0–4-year-olds (0.90; 0.85, 0.94) and
an 11% reduction for 10–17-year-olds (0.89; 0.84, 0.95) (Table 3).
Every $1.00 increase in cigarette taxes was associated with a 9% reduc-
tion in ED visits for lower respiratory infections (0.91; 0.84, 0.98). The
proportion of children covered by Medicaid was also associated with a

78% reduction in ED visits for lower respiratory infections (0.22; 0.11,
0.43).

There were 410,686 ED visits for upper respiratory infections. Al-
though we found no overall effect of state smoke-free legislation on
ED visits for upper respiratory infections (Appendix A), the introduction
of state smoke-free legislationwas associated with a 9% reduction in ED
visits for upper respiratory infections only among 10–17-year olds
(0.91; 0.87, 0.95) (Table 3). The implementation of health care reform
in Massachusetts and proportion of children covered by Medicaid
were also associated with a 6% (0.94; 0.90, 0.99) and 59% (0.41; 0.26,
0.64) reduction in ED visits for upper respiratory infections, respective-
ly. In contrast, we found no evidence for associations between local
smoke-free legislation or cigarette taxes and ED visits for upper respira-
tory infections.

In a robustness check, we found no associations between the imple-
mentation of tobacco control policies and appendicitis (Appendix B).

4. Discussion

Using population-level data, we evaluated a natural experiment cre-
ated by the enactment of tobacco control and health care policieswithin
and across Massachusetts, New Hampshire, and Vermont. While we
found no overall effect of state or local tobacco control policies on
children's ED visits for asthma, ear infections, or upper respiratory infec-
tions, the enactment of state smoke-free legislationwas associatedwith
an 8–12% reduction in ED visits among children age 10–17 years after
controlling for cigarette taxes and health care reform legislation. The
one exception was lower respiratory infections, in that the enactment
of state smoke-free legislation and a $1.00 increase in cigarette taxes
were associated with an overall 8–9% reduction in ED visits. Further-
more, the implementation of health care reform in Massachusetts was
associatedwith a 6–9% reduction in children's ED visits for ear infections
and upper respiratory infections. Our findings add to the growing body
of evidence that the health benefits of tobacco control and health care
policies extend to children.

State hospital discharge data collect information on every hospital
contact and are mandated by law, (Massachusetts Division of Health
Care Finance and Policy;New Hampshire Department of Health
and Human Services; Vermont Department of Banking, Insurance,
Securities and Health Care Administration) removing potential sam-
pling bias. Children attend EDs when there is an acute episode, which
is likely a robust measure of changes in their environment. Secondhand
smoke via parental smoking increases children's risk for asthma, ear in-
fections, and respiratory illnesses (USDepartment of Health andHuman
Services, 2006; Tinuoye et al., 2013; Jones et al., 2011; Burke et al., 2012;
Jones et al., 2012). After smoking in public places was banned in Scot-
land there were substantial reductions in fine particulate matter con-
centrations in pubs (Semple et al., 2007) and salivary cotinine levels, a
metabolite of nicotine, in children (Akhtar et al., 2007). Hospital dis-
charge data captures all urgent cases and we only used the children's
principal diagnosis, suggesting that the data should be sensitive to re-
cent policy changes. Linking zip codes to municipalities allowed us to
distinguish between potential effects of state versus local smoke-free

Fig. 1. Monthly emergency department visits for asthma, ear infections, and respiratory
infections among children in a) Massachusetts between January 2001 and September
2010, b) New Hampshire between January 2001 and December 2009, and c) Vermont
between January 2002 and December 2010. a) In Massachusetts, 100% smoke-free
restaurant and workplace legislation was implemented in 07/2004 (shown), health care
reform (smoking cessation treatment) was implemented in 07/2006, and cigarette tax
increases occurred in 07/2002 and 07/2008 resulting in a tax of $2.51 per pack in 12/
2010. b) In New Hampshire, 100% smoke-free restaurant legislation was implemented
in 09/2007 (shown) and cigarette tax increases occurred in 07/2005, 07/2007, 07/2008,
and 07/2009 resulting in a tax of $1.78 per pack in 12/2010. c) In Vermont, 100% smoke-
free restaurant legislation was implemented in 09/2005 (shown), smoke-free workplace
legislation was implemented in 07/2009, and cigarette tax increases occurred in 07/
2002, 07/2003, 07/2006, 07/2008, and 07/2009 resulting in a tax of $2.24 per pack in 12/
2010.
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legislation as well as state differences in cigarette taxes and health care
reform legislation between Massachusetts, New Hampshire, and Ver-
mont for childhood asthma, ear infections, and respiratory infections.
Furthermore, ear infections have yet to be examined in the literature.

Previous studies have found decreases in hospital admissions or ED
visits for childhood asthma either overall (Naiman et al., 2010;
Herman and Walsh, 2011) or among children only (Mackay et al.,
2010; Millett et al., 2013; Rayens et al., 2008; Landers, 2014) after the

Table 2
Demographics of children's emergency department visits for asthma, ear infections, and lower and upper respiratory infections.

State Asthma Ear infections Lower respiratory infections Upper respiratory infections

ED visits n
(%)

Mean ED visits per 1000
children

ED visits n
(%)

Mean ED visits per 1000
children

ED visits n
(%)

Mean ED visits per 1000
children

ED visits n
(%)

Mean ED visits per 1000
children

Massachusetts 112,808 231,481 113,137 337,628
Child's age

0–4 years 46,322
(41%)

1.05 157,125
(68%)

3.56 72,657
(64%)

1.65 186,531
(55%)

4.23

5–9 years 30,387
(27%)

0.66 48,614
(21%)

1.06 18,878
(17%)

0.41 67,031
(20%)

1.46

10–17 years 36,099
(32%)

0.45 25,742
(11%)

0.32 21,602
(19%)

0.27 84,066
(25%)

1.05

Child's sex
Female 44,548

(39%)
0.54 107,879

(47%)
1.30 50,205

(44%)
0.60 161,651

(48%)
1.95

Male 68,260
(61%)

0.78 123,602
(53%)

1.42 62,932
(56%)

0.72 175,977
(52%)

2.02

New
Hampshire

10,317 39,653 18,149 50,728

Child's age
0–4 years 3567

(35%)
0.68 24,196

(61%)
4.63 9726

(54%)
1.86 23,310

(46%)
4.46

5–9 years 2715
(26%)

0.45 9737
(25%)

1.60 3586
(20%)

0.59 10,974
(22%)

1.80

10–17 years 4035
(39%)

0.37 5720
(14%)

0.52 4837
(27%)

0.44 16,444
(32%)

1.50

Child's sex
Female 3931

(38%)
0.37 18,719

(47%)
1.77 8143

(45%)
0.77 25,076

(49%)
2.36

Male 6386
(62%)

0.55 20,934
(53%)

1.79 10,006
(55%)

0.86 25,652
(51%)

2.20

Vermont 5682 17,563 7953 22,330
Child's age

0–4 years 2166
(38%)

0.62 11,013
(63%)

3.13 5095
(64%)

1.45 12,053
(54%)

3.43

5–9 years 1413
(25%)

0.37 4233
(24%)

1.10 1239
(16%)

0.32 4314
(19%)

1.12

10–17 years 2103
(37%)

0.29 2317
(13%)

0.32 1619
(20%)

0.22 5963
(27%)

0.82

Child's sex
Female 2253

(40%)
0.30 8305

(47%)
1.10 3601

(45%)
0.48 10,816

(48%)
1.44

Male 3429
(60%)

0.48 9258
(53%)

1.30 4352
(55%)

0.61 11,514
(52%)

1.61

Abbreviation: ED, emergency department.

Table 3
Emergency department visit stratum-specific incidence rate ratios by age group for smoke-free legislation and other policies on asthma, ear infections, and lower and upper respiratory
infections among children in Massachusetts (2001–2010), New Hampshire (2001–2009), and Vermont (2002–2010).

Asthma Ear infections Lower respiratory infections Upper respiratory infections

IRRa (95% CIb) IRRa (95% CIb) IRRa (95% CIb) IRRa (95% CIb)

Interaction with child's age
State smoke-free legislation

0–4 years 1.00 (0.95, 1.06) 0.97 (0.92, 1.01) 0.90 (0.85, 0.94) 1.03 (1.00, 1.08)
5–9 years 1.05 (0.99, 1.11) 0.98 (0.94, 1.03) 1.01 (0.95, 1.08) 0.96 (0.92, 1.01)
10–17 years 0.88 (0.83, 0.93) 0.92 (0.88, 0.97) 0.89 (0.84, 0.95) 0.91 (0.87, 0.95)

Local smoke-free legislation 1.02 (0.94, 1.11) 1.01 (0.93, 1.09) 1.03 (0.94, 1.12) 1.06 (0.98, 1.14)
Cigarette taxc 0.95 (0.89, 1.01) 0.97 (0.92, 1.02) 0.91 (0.84, 0.98) 0.98 (0.94, 1.02)
Health care reform (MA only) 1.02 (0.96, 1.08) 0.91 (0.86, 0.96) 1.00 (0.94, 1.06) 0.94 (0.90, 0.99)
Medicaid 0.81 (0.40, 1.62) 0.37 (0.23, 0.59) 0.22 (0.11, 0.43) 0.41 (0.26, 0.64)
Child's sex

Female 1 1 1 1
Male 1.28 (1.23, 1.33) 1.04 (1.02, 1.05) 1.08 (1.06, 1.11) 1.03 (1.01, 1.05)

Abbreviations: IRR, incidence rate ratio; MA, Massachusetts.
a Adjusted for: Month/year of visit and municipality.
b Standard errors are clustered by municipality.
c Translated into real 2010 dollars from national Consumer Price Index.
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introduction of country, state, or local smoke-free legislation, with sim-
ilar effects across ages and socioeconomic status (Mackay et al., 2010;
Millett et al., 2013). Only two studies have reported decreases in ED
visits for respiratory infections (Been et al., 2015; Lee et al., 2016). How-
ever, methodological limitations, including not having a control group
(Mackay et al., 2010; Millett et al., 2013; Herman and Walsh, 2011;
Rayens et al., 2008; Been et al., 2015; Lee et al., 2016) or not considering
other tobacco control policies, (Mackay et al., 2010; Millett et al., 2013;
Naiman et al., 2010; Herman andWalsh, 2011; Rayens et al., 2008; Been
et al., 2015; Lee et al., 2016) reduces the ability to rule out alternative
explanations. Landers examined the impact of state and county
smoke-free legislation on asthma hospital discharges in adults and chil-
dren using the Healthcare Cost and Utilization Project state inpatient
data for 12 intervention and 5 control states (Landers, 2014). These
are the national version of our data, although Massachusetts and New
Hampshire were not included. Landers found that only county smoke-
free legislation reduced asthma hospital discharges and higher cigarette
taxes were associated with fewer hospital discharges for children only
(Landers, 2014).We found that state smoke-free legislation was associ-
ated with reductions in ED visits for asthma, ear infections, and upper
respiratory infections only in 10–17-year-olds. In previous work, we
have shown that parents of adolescents are less likely to have a no
smoking policy and more likely to smoke indoors than households
with younger children (Hawkins and Berkman, 2011a; Hawkins and
Berkman, 2011b). Adolescents are alsomore likely to spend time in set-
tingswhere smoke-free ordinances are implemented than younger chil-
dren. Together, state smoke-free legislationmay particularly benefit this
older age group.

Been and colleagues reported that decreases in respiratory infec-
tions after smoke-free legislation was implemented in England were
primarily attributed to a reduction in lower respiratory infections,
while upper respiratory infections had a slower decline (Been et al.,
2015). Recently, Lee and colleagues found that the enactment of
smoke-free legislation in Hong Kong was associated with a reduction
in hospital admissions for lower respiratory tract infections, with a larg-
er effect among 6–18-year-olds than preschool children (Lee et al.,
2016). We also found decreases in lower respiratory infections among
all children after the implementation of state smoke-free legislation
and cigarette tax increases, while state smoke-free legislation only re-
duced upper respiratory infections in older children. By taking into ac-
count multiple policy changes over this time period we identified
additional policies benefiting childhood health, including the imple-
mentation of health care reform in Massachusetts and the proportion
of children covered by Medicaid, which were both associated with re-
ductions in ED visits for ear infections and upper respiratory infections
among all children.

The Massachusetts hospital discharge data included ED visits that
did not result in admission to an inpatient or outpatient observation
stay, so we were not able to examine the most severe cases and there
were very few inpatient asthma visits in New Hampshire (2%) or Ver-
mont (3%). It is possible that some of the most severe cases of asthma,
and thus the most responsive to policy changes, were missed. Local
smoke-free legislation in New England is primarily created at the mu-
nicipality level and not the county level (American Nonsmokers'
Rights Foundation). For example, there are 14 counties in Massachu-
setts and 351 municipalities. Collapsing cities into counties removes
some of the within and between variation necessary to separate local
and state effects. Evaluating the downstream policy effects of smoke-
free legislation on child health is an emerging field. Additional research
is needed that addresses current limitations in the evidence base, uses
consistent definitions of health outcomes, and expands the focus to
other outcomes causally associated with secondhand smoke exposure.

As of July 2006,MassachusettsMedicaid recipients were provided ac-
cess to free and low-cost tobacco cessation therapies (Massachusetts
Department of Public Health). Since research has demonstrated reduc-
tions in smoking among Medicaid recipients and inpatient hospital

claims for coronary events and heart disease, (Land et al., 2010a; Land
et al., 2010b) our aim was to examine whether any health benefits ex-
tend to children. We found that health care reform legislation in Massa-
chusetts decreased children's ED visits for ear infections and respiratory
infections. Although we were not able to examine mechanisms, there
are two potential reasons for these findings. First, low-income house-
holds have higher levels of secondhand smoke exposure thanhouseholds
at or above the federal poverty level (Homa et al., 2015). Reducing or
eliminating smoking among adults would reduce children's secondhand
smoke exposure and the likelihood of acquiring an ear or respiratory in-
fection requiring an ED visit. Hospital discharge data do not collect infor-
mation on parental smoking or smoke exposure in the home. Second,
Massachusetts health care reform has been shown to reduce the number
of uninsured children, (Kenney et al., 2010) due to both greater subsi-
dized coverage of children and indirectly through their parents' coverage
(Commonwealth of Massachusetts). Although the hospital discharge
data includes health insurance status, the census does not collect this in-
formation. We included an indicator of the proportion of children cov-
ered by Medicaid at the state-age-year level to account for increasing
trends in public insurance, which was also associated with a reduction
in ED visits for ear and respiratory infections. A comparison of ED utiliza-
tion between Massachusetts, New Hampshire, and Vermont over the
time that Massachusetts implemented health care reform revealed no
changes in the trends; in fact, from 2004 through 2009, the ED utilization
trend continued upwards in all three states (Chen et al., 2011). Regard-
less of themechanism for reducing ED visits, our findings have important
implications for the Affordable Care Act. Focusing on prevention either by
reducing parental smoking or utilizing primary care physicians rather
than the ED for carewill likely improve children's health aswell as reduce
health care costs.

Only including three states in New England in our analysis may po-
tentially limit the generalizability of our findings to other states. Massa-
chusetts has been at the forefront of tobacco control policies for the past
decade (Koh et al., 2005). We hypothesize that our findings could po-
tentially underestimate the effect of policy changes among states with
fewer or weaker tobacco control policies. As of October 2015, 14 states
had no state-wide smoke-free legislation (American Nonsmokers'
Rights Foundation) and 18 states had cigarette taxes under $1.00
(Campaign for Tobacco-Free Kids). Furthermore, many of the smoking
cessation benefits through the Affordable Care Act are similar to those
from Massachusetts health care reform, such as providing Medicaid
coverage of tobacco cessation therapies (Centers for Medicare and
Medicaid Services). Once the Affordable Care Act is fully implemented,
it will be important to evaluate the downstream effects of local and
state smoke-free policies and cigarette taxes before and after national
health care reform on children's health.

Annually in the US, more than 290,000 cases of asthma for
children age 0–14 years and nearly 100,000 cases of recurrent ear in-
fections for 0–5-year-olds are attributed to secondhand smoke
(Healton et al., 2004). Our results contribute to the accumulating ev-
idence base that tobacco control policies may be effective public
health interventions to improve children's health. Despite older chil-
dren having fewer visits to the ED for asthma, ear infections, and re-
spiratory infections, we found that state smoke-free legislation
further reduced ED visits for these health conditions among children
age 10–17 years. Our findings suggest that the benefits of smoke-free
legislation on children's health could extend beyond asthma
(Mackay et al., 2010; Millett et al., 2013; Naiman et al., 2010;
Herman and Walsh, 2011; Rayens et al., 2008; Landers, 2014;
Shetty et al., 2011) and respiratory infections (Been et al., 2015;
Lee et al., 2016) to reducing ear infections.

Conflicts of interest

All authors declare there are no conflicts of interest.

283S.S. Hawkins et al. / Preventive Medicine 89 (2016) 278–285



Transparency document

The Transparency document associated with this article can be
found in the online version.

Acknowledgments

This work was supported by a grant from the Eunice Kennedy
Shriver National Institute of Child Health & Human Development
(R00HD068506) to Dr. Hawkins. The content is solely the responsibility
of the authors and does not necessarily represent the official views of
the National Institutes of Health. This work was also supported by a Re-
search Incentive Grant from Boston College to Dr. Hawkins.

Wewould like to acknowledge theMassachusetts Division of Health
Care Finance and Policy as the source of the hospital discharge data for
that state. The Division has been superseded by theMassachusetts Cen-
ter for Health Information and Analysis (CHIA). CHIA assumes no re-
sponsibility for conclusions drawn from any analysis of data that was
provided to the authors. The interpretations of the data are our own
and not those of the CHIA.

Hospital discharge data for use in this study were supplied by the
Vermont Association of Hospitals and Health Systems- Network Ser-
vices Organization (VAHHS-NSO) through the Green Mountain Care
Board (GMCB). All analyses, interpretations or conclusions based on
these data are solely that of the authors. VAHHS-NSO and GMCB dis-
claim responsibility for any such analyses, interpretations or conclu-
sions. In addition, as the data have been edited and processed by
VAHHS-NSO, GMCB assumes no responsibility for errors in the data
due to coding or processing by hospitals, VAHHS-NSO's data processing
contractor or any other organization, including the authors.

We would like to acknowledge the New Hampshire Department of
Health and Human Services as the source of the hospital discharge
data for that state. The analyses, conclusions, interpretations, and rec-
ommendations drawn from these data are solely those of the authors,
and are not necessarily those of the New Hampshire Department of
Health and Human Services.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ypmed.2016.06.005.

References

Akhtar, P.C., Currie, D.B., Currie, C.E., Haw, S.J., 2007. Changes in child exposure to environ-
mental tobacco smoke (CHETS) study after implementation of smoke-free legislation
in Scotland: national cross sectional survey. BMJ 335 (7619), 545.

American Nonsmokers' Rights Foundation, d. Chronological Table of US Population
Protected by 100% Smokefree State or Local LawsAvailable at: http://www.no-
smoke.org/pdf/EffectivePopulationList.pdf (Accessed October 15, 2015).

Been, J.V., Millett, C., Lee, J.T., van Schayck, C.P., Sheikh, A., 2015. Smoke-free legislation
and childhood hospitalisations for respiratory tract infections. Eur. Respir. J. 46 (3),
697–706.

Burke, H., Leonardi-Bee, J., Hashim, A., Pine-Abata, H., Chen, Y., Cook, D.G., et al., 2012. Pre-
natal and passive smoke exposure and incidence of asthma and wheeze: systematic
review and meta-analysis. Pediatrics 129 (4), 735–744.

Callinan, J.E., Clarke, A., Doherty, K., Kelleher, C., 2010. Legislative smoking bans for reduc-
ing secondhand smoke exposure, smoking prevalence and tobacco consumption.
Cochrane Database Syst. Rev. (4), CD005992.

Campaign for Tobacco-Free Kids, d. State Excise Tax Rates & RankingsAvailable from:
https://www.tobaccofreekids.org/research/factsheets/pdf/0097.pdf (Accessed on Oc-
tober 15, 2015).

Centers for Medicare & Medicaid Services, d. Affordable Care Act: BenefitsAvailable from:
http://www.medicaid.gov/AffordableCareAct/Provisions/Benefits.html (Accessed on
March 14, 2014).

Chaloupka, F.J., Yurekli, A., Fong, G.T., 2012. Tobacco taxes as a tobacco control strategy.
Tob. Control. 21 (2), 172–180.

Chen, B., Andrews, S.H., 2008. An empirical review of methods for temperol distribution
and interpolation in the national accounts. Surv. Curr. Bus. 88 (May), 33–39.

Chen, C., Scheffler, G., Chandra, A., 2011. Massachusetts' health care reform and emergen-
cy department utilization. N. Engl. J. Med. 365 (12), e25.

Commonwealth of Massachusetts, d. Chapter 58 of the Acts of 2006: An Act Providing Ac-
cess to Affordable, Quality, Accountable Healthcare Available from: http://www.
mass.gov/legis/laws/seslaw06/sl060058.htm.

Hawkins, S.S., Berkman, L., 2011a. Parental home smoking policies: the protective effect of
having a young child in the household. Prev. Med. 53 (1–2), 61–63.

Hawkins, S.S., Berkman, L., 2011b. Increased tobacco exposure in older children and its ef-
fect on asthma and ear infections. J. Adolesc. Health 48 (6), 647–650.

Healton, C., Green, M., Haviland, M.L., Allen, J.A., Farrelly, M.C., Girlando, M.E., et al., 2004.
Policy report 2, secondhand smoke tearing families apart. The Health and Economic
Burden of Smoking on Children. American Legacy Foundation, Washington, DC.

Herman, P.M., Walsh, M.E., 2011. Hospital admissions for acute myocardial infarction, an-
gina, stroke, and asthma after implementation of Arizona's comprehensive statewide
smoking ban. Am. J. Public Health 101 (3), 491–496.

Homa, D.M., Neff, L.J., King, B.A., Caraballo, R.S., Bunnell, R.E., Babb, S.D., et al., 2015. Vital
signs: disparities in nonsmokers' exposure to secondhand smoke–United States,
1999–2012. MMWR Morb. Mortal. Wkly Rep. 64 (4), 103–108.

Johnston, N.W., Sears, M.R., 2006. Asthma exacerbations. 1: epidemiology. Thorax 61 (8),
722–728.

Jones, L.L., Hashim, A., McKeever, T., Cook, D.G., Britton, J., Leonardi-Bee, J., 2011. Parental
and household smoking and the increased risk of bronchitis, bronchiolitis and other
lower respiratory infections in infancy: systematic review and meta-analysis. Respir.
Res. 12, 5.

Jones, L.L., Hassanien, A., Cook, D.G., Britton, J., Leonardi-Bee, J., 2012. Parental smoking
and the risk of middle ear disease in children: a systematic review andmeta-analysis.
Arch. Pediatr. Adolesc. Med. 166 (1), 18–27.

Kenney, G.M., Long, S.K., Luque, A., 2010. Health reform in Massachusetts cut the
uninsurance rate among children in half. Health Aff. 29 (6), 1242–1247 (Millwood).

King, K., Martynenko, M., Bergman, M.H., Liu, Y.H., Winickoff, J.P., Weitzman, M., 2009.
Family composition and children's exposure to adult smokers in their homes. Pediat-
rics 123 (4), e559–e564.

Koh, H.K., Judge, C.M., Robbins, H., Celebucki, C.C., Walker, D.K., Connolly, G.N., 2005. The
first decade of the Massachusetts tobacco control program. Public Health Rep. 120
(5), 482–495.

Land, T., Rigotti, N.A., Levy, D.E., Paskowsky,M., Warner, D., Kwass, J.A., et al., 2010b. A lon-
gitudinal study of medicaid coverage for tobacco dependence treatments in Massa-
chusetts and associated decreases in hospitalizations for cardiovascular disease.
PLoS Med. 7 (12), e1000375.

Land, T., Warner, D., Paskowsky, M., Cammaerts, A., Wetherell, L., Kaufmann, R., et al.,
2010a. Medicaid coverage for tobacco dependence treatments in Massachusetts
and associated decreases in smoking prevalence. PLoS ONE 5 (3), e9770.

Landers, G., 2014. The impact of smoke-free laws on asthma discharges: a multistate anal-
ysis. Am. J. Public Health 104 (2), e74–e79.

Lee, S.L., Wong, W.H., Lau, Y.L., 2016. Smoke-free legislation reduces hospital admissions
for childhood lower respiratory tract infection. Tob. Control. http://dx.doi.org/10.
1136/tobaccocontrol-2015-052541.

Mackay, D., Haw, S., Ayres, J.G., Fischbacher, C., Pell, J.P., 2010. Smoke-free legislation and
hospitalizations for childhood asthma. N. Engl. J. Med. 363 (12), 1139–1145.

Massachusetts Department of Public Health, d. Masshealth Tobacco Cessation
BenefitAvailable from: http://quitworks.makesmokinghistory.org/tools-resources-3/
masshealth.html (Accessed on June 19, 2012).

Massachusetts Department of Public Health Tobacco Cessation and Prevention Program,
n. MassHealth Smoking Cessation Benefit Briefing Notes Available from: http://
www.mass.gov/eohhs/docs/dph/tobacco-control/masshealth-smoke-cessation-
benefit.pdf.

Massachusetts Division of Health Care Finance and Policy, n. Acute Hospital Care Mix Da-
tabases Available from: http://www.mass.gov/chia/researcher/hcf-data-resources/
case-mix/.

Millett, C., Lee, J.T., Laverty, A.A., Glantz, S.A., Majeed, A., 2013. Hospital admissions for
childhood asthma after smoke-free legislation in England. Pediatrics 131 (2),
e495–e501.

Naiman, A., Glazier, R.H., Moineddin, R., 2010. Association of anti-smoking legislationwith
rates of hospital admission for cardiovascular and respiratory conditions. CMAJ 182
(8), 761–767.

Nair, H., Brooks, W.A., Katz, M., Roca, A., Berkley, J.A., Madhi, S.A., et al., 2011. Global bur-
den of respiratory infections due to seasonal influenza in young children: a systemat-
ic review and meta-analysis. Lancet 378 (9807), 1917–1930.

National Center for Health Statistics, Centers for Disease Control and Prevention, e. Inter-
national Classificiation of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
Available from: http://www.cdc.gov/nchs/icd/icd9cm.htm.

New Hampshire Department of Health and Human Services, d. Hospital Discharge Data
Available from: http://www.dhhs.nh.gov/DPHS/hsdm/hospital/index.htm.

Orzechowski, W., Walker, R.C., 2011. The tax burden on tobacco. Historical Compilation
46. Orzechowski & Walker, Arlington, VA.

Racine, A.D., Long, T.F., Helm, M.E., Hudak, M., Racine, A.D., Shenkin, B.N., et al., 2014.
Children's Health Insurance Program (CHIP): accomplishments, challenges, and pol-
icy recommendations. Pediatrics 133 (3), e784–e793.

Rayens, M.K., Burkhart, P.V., Zhang, M., Lee, S., Moser, D.K., Mannino, D., et al., 2008. Re-
duction in asthma-related emergency department visits after implementation of a
smoke-free law. J. Allergy Clin. Immunol. 122 (3), 537–541 (e3).

Semple, S., Creely, K.S., Naji, A., Miller, B.G., Ayres, J.G., 2007. Secondhand smoke levels in
Scottish pubs: the effect of smoke-free legislation. Tob. Control. 16 (2), 127–132.

Shetty, K.D., DeLeire, T., White, C., Bhattacharya, J., 2011. Changes in U.S. hospitalization
and mortality rates following smoking bans. J. Policy Anal. Manage. 30 (1), 6–28.

Tan, C.E., Glantz, S.A., 2012. Association between smoke-free legislation and hospitaliza-
tions for cardiac, cerebrovascular, and respiratory diseases: a meta-analysis. Circula-
tion 126 (18), 2177–2183.

284 S.S. Hawkins et al. / Preventive Medicine 89 (2016) 278–285

http://dx.doi.org/10.1016/j.ypmed.2016.06.005
doi:10.1016/j.ypmed.2016.06.005
doi:10.1016/j.ypmed.2016.06.005
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0005
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0005
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0005
http://www.no-smoke.org/pdf/EffectivePopulationList.pdf
http://www.no-smoke.org/pdf/EffectivePopulationList.pdf
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0015
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0015
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0015
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0020
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0020
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0020
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0025
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0025
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0025
https://www.tobaccofreekids.org/research/factsheets/pdf/0097.pdf
http://www.medicaid.gov/AffordableCareAct/Provisions/Benefits.html
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0040
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0040
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0045
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0045
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0050
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0050
http://www.mass.gov/legis/laws/seslaw06/sl060058.htm
http://www.mass.gov/legis/laws/seslaw06/sl060058.htm
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0060
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0060
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0065
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0065
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0070
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0070
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0075
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0075
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0075
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0080
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0080
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0080
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0085
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0085
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0090
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0090
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0090
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0090
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0095
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0095
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0095
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0100
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0100
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0105
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0105
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0110
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0110
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0110
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0115
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0115
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0115
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0115
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0120
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0120
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0125
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0125
http://dx.doi.org/10.1136/tobaccocontrol-2015-052541
http://dx.doi.org/10.1136/tobaccocontrol-2015-052541
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0135
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0135
http://quitworks.makesmokinghistory.org/tools-resources-3/masshealth.html
http://quitworks.makesmokinghistory.org/tools-resources-3/masshealth.html
http://www.mass.gov/eohhs/docs/dph/tobacco-control/masshealth-smoke-cessation-benefit.pdf
http://www.mass.gov/eohhs/docs/dph/tobacco-control/masshealth-smoke-cessation-benefit.pdf
http://www.mass.gov/eohhs/docs/dph/tobacco-control/masshealth-smoke-cessation-benefit.pdf
http://www.mass.gov/chia/researcher/hcf-data-resources/case-mix/
http://www.mass.gov/chia/researcher/hcf-data-resources/case-mix/
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0155
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0155
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0155
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0160
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0160
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0160
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0165
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0165
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0165
http://www.cdc.gov/nchs/icd/icd9cm.htm
http://www.dhhs.nh.gov/DPHS/hsdm/hospital/index.htm
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0180
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0180
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0185
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0185
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0190
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0190
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0190
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0195
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0195
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0200
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0200
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0205
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0205
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0205


Tinuoye, O., Pell, J.P., Mackay, D.F., 2013. Meta-analysis of the association between sec-
ondhand smoke exposure and physician-diagnosed childhood asthma. Nicotine
Tob. Res. 15 (9), 1475–1483.

US Department of Health and Human Services, 2006. The Health Consequences of Invol-
untary Exposure to Tobacco Smoke: A Report of the Surgeon General. US Department
of Health and Human Services, Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health Promotion, Office on Smoking
and Health, Atlanta, GA.

US Department of Labor Bureau of Labor Statistics. Consumer Price Index for All Urban
Consumers: All Items. (1947-01-01 to 2010-31-12).

Vermont Department of Banking, Insurance, Securities and Health Care Administration, e.
Vermont Hospital Utilization Reports and Discharge Data Sets Available from: http://
healthvermont.gov/research/hospital-utilization.aspx.

World Health Organization, 2003. WHO Framework Convention on Tobacco Control.
World Health Organization, Geneva, Switzerland.

285S.S. Hawkins et al. / Preventive Medicine 89 (2016) 278–285

http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0210
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0210
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0210
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0215
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0215
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0215
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0215
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0215
http://healthvermont.gov/research/hospital-utilization.aspx
http://healthvermont.gov/research/hospital-utilization.aspx
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0225
http://refhub.elsevier.com/S0091-7435(16)30130-X/rf0225


Appendix A. Emergency department visit incidence rate ratios for smoke-free legislation

and other policies on asthma, ear infections, and lower and upper respiratory infections

among children in Massachusetts (2001-2010), New Hampshire (2001-2009), and

Vermont (2002-2010)

Asthma Ear infections Lower respiratory
infections

Upper respiratory
infections

IRRa (95% CIb) IRRa (95% CIb) IRRa (95% CIb) IRRa (95% CIb)
State smoke-free legislation 0.97 (0.92, 1.02) 0.96 (0.92, 1.01) 0.92 (0.87, 0.96) 0.98 (0.94, 1.02)
Local smoke-free legislation 1.02 (0.94, 1.11) 1.01 (0.93, 1.08) 1.02 (0.94, 1.12) 1.06 (0.98, 1.14)

Cigarette taxc 0.95 (0.89, 1.01) 0.97 (0.92, 1.02) 0.91 (0.84, 0.97) 0.98 (0.94, 1.03)

Health care reform (MA only) 1.02 (0.96, 1.09) 0.91 (0.86, 0.96) 1.00 (0.94, 1.06) 0.94 (0.90, 0.99)

Medicaid 0.83 (0.42, 1.62) 0.37 (0.23, 0.58) 0.20 (0.10, 0.40) 0.44 (0.28, 0.69)

Child’s age
0-4 years 1 1 1 1

5-9 years 0.66 (0.62, 0.70) 0.31 (0.29, 0.33) 0.25 (0.23, 0.27) 0.35 (0.34, 0.37)

10-17 years 0.48 (0.43, 0.54) 0.09 (0.08, 0.10) 0.16 (0.14, 0.18) 0.26 (0.24, 0.27)

Child’s sex
Female 1 1 1 1

Male 1.27 (1.22, 1.33) 1.04 (1.02, 1.05) 1.08 (1.06, 1.11) 1.03 (1.01, 1.05)

Abbreviations: IRR, incidence rate ratio; MA, Massachusetts
a Adjusted for: Month/year of visit and municipality
b Standard errors are clustered by municipality
c Translated into real 2010 dollars from national Consumer Price Index



Appendix B. Emergency department visit incidence rate ratios for smoke-free legislation

and other policies on appendicitis among children in Massachusetts (2001-2010), New

Hampshire (2001-20 09), and Vermont (2002-2010)

Appendicitis
IRRa (95% CIb)

State smoke-free legislation 0.98 (0.79, 1.23)
Local smoke-free legislation 0.95 (0.77, 1.17)

Cigarette taxc 1.27 (0.93, 1.73)

Health care reform (MA only) 2.22 (1.77, 2.78)

Medicaid 0.12 (0.01, 1.59)

Child’s age
0-4 years 1

5-9 years 4.21 (3.10, 5.72)

10-17 years 6.34 (4.21, 9.54)

Child’s sex
Female 1

Male 0.84 (0.76, 0.93)

Abbreviations: IRR, incidence rate ratio; MA, Massachusetts
a Adjusted for: Month/year of visit and municipality
b Standard errors are clustered by municipality
c Translated into real 2010 dollars from national Consumer Price Index
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