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Chronic obstructive pulmonary disease (COPD)
is a serious, chronic, progressive lower respira-
tory disorder characterized by airflow limitation
with varying degrees of chronic bronchitis and
emphysema. The primary risk factor for COPD
is cigarette smoke, with either direct exposure
(firsthand smoking) or indirect exposure
through secondhand smoke.1---3 COPD is a lead-
ing cause of physician office visits4 and emer-
gency department visits,5 and it is a primary
cause of hospitalization in older adults.4 COPD
is also associated with more comorbidities,6

reduced quality of life,7 decreased functional
status,8 depression,7 and cognitive deficits.9 In
2010, the economic burden associated with
COPD was approximately $50 billion, including
$29.5 billion for direct care, $8 billion in indirect
morbidity costs, and $12.4 billion for indirect
mortality costs.10 The health care costs associated
with COPD for the next 2 decades are projected
to be $800 billion.11 Although many states and
local US communities have enacted comprehen-
sive smoke-free workplace laws, southern, rural
tobacco-growing states and locales lag behind in
smoking cessation rates and protection of
workers from exposure to secondhand smoke.

The worldwide prevalence of COPD is esti-
mated at 10.1%.12 By comparison, the preva-
lence of COPD in southeastern Kentucky, a rural
tobacco-growing state, is nearly double at
19.6%.13 COPD is currently the third leading
cause of death in Kentucky and the United
States,14,15 and 9.3% of Kentucky adults have
been told by a provider that they have COPD.16

Kentucky is a national leader in smoking prev-
alence, with 29% of adults reporting current
tobacco use.17 One fourth (25%) of Kentucky
high school students and 12% of middle school
students are current cigarette smokers.18 As of
December 1, 2013, 66% of Kentuckians were
regularly exposed to secondhand smoke in
workplaces and public places.19

Previous studies have shown a decrease in
hospitalization20---22 and mortality rates23 for
respiratory diseases after smoke-free legislation.

As of June 30, 2011, communities in 28 Ken-
tucky counties had enacted smoke-free laws or
adopted Board of Health regulations limiting
exposure to some degree. The first ordinance
was implemented in Lexington-Fayette County
in April 2004,24 with the majority of public
policies taking effect in 2008---2011. The most
comprehensive ordinances and regulations,
100% smoke-free workplace and 100%
smoke-free enclosed public place laws, were
implemented in communities in 16 counties,
covering more than 30% of the state’s popula-
tion. Moderate smoke-free ordinances and
100% smoke-free enclosed public place laws
including restaurants and bars, but not all
workplaces, were in effect in 3 counties. Com-
munities in 9 counties had enacted weak
smoke-free laws or regulations, protecting
workers and patrons in some public and work-
place venues with significant exemptions (e.g.,
age restrictions, enclosed smoking rooms, res-
taurants only). Laws or regulations in 11 of the
28 counties covered the entire county. Although
some additional counties had very limited
smoking restrictions that applied only to mu-
nicipal buildings (not 100% public policies), we

did not include these laws in the study. Given
the prevalence of smoking and COPD in Ken-
tucky, and the presence of local smoke-free
public policies in some counties, we aimed to
determine the impact of smoke-free laws in
Kentucky on hospitalizations for COPD exacer-
bation. We hypothesized that areas with com-
prehensive smoke-free laws would have lower
COPD-related hospitalizations than those with
moderate---weak laws and those without laws,
controlling for sex, age, length of stay, race/
ethnicity, education, income, urban---rural status,
primary care physician supply, heart disease,
diabetes, smoking rate, quit attempt rate,
seasonality, and region of residence. A
secondary aim was to determine whether du-
ration of law influenced COPD hospitalizations,
controlling for these covariates. We hypothe-
sized that communities with established laws
would exhibit lower rates of COPD hospitaliza-
tion than those with newer or no laws.

METHODS

We obtained case data for all patients dis-
charged from any Kentucky hospital dated
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between July 1, 2003, and June 30, 2011,
from the centralized statewide administrative
database (Comp Data). Deidentified records
included primary discharge diagnoses,25 dates
of admission and discharge, sex, age, and
county of residence. We determined length of
stay using service dates; hospitalizations
shorter than 24 hours were coded as 0.5 day.
Length of stay was log-transformed to minimize
the impact of extreme high values. We com-
piled local smoke-free laws and regulations
from the Smoke-free Ordinance database at the
Kentucky Center for Smoke-free Policy on July
1, 2011. We coded laws and regulations as
comprehensive or moderate---weak and defined
them as established if they had been enacted at
least 1 year before a particular quarter and as
newer if they had been in effect less than 1
year. The rationale for the 12-month cutpoint
was a prior study demonstrating that those
living in communities with established laws of
18 months or longer were more likely to be
former smokers and report a longer time since
their last cigarette than those in communities
with newer laws enacted within 6 to 8 months.26

Selection of Cases

We reviewed primary diagnosis to deter-
mine whether the event qualified for inclusion
in the study. Selection of cases was limited to

those in patients with a primary discharge di-
agnosis of chronic bronchitis (diagnostic-related
group 491), emphysema (diagnostic-related
group 492), or chronic airway obstruction
not classified elsewhere (diagnostic-related
group 496).27,28

We chose diagnosis at discharge as the
criterion for inclusion because it is a more
accurate reflection of the true condition than
the admission diagnosis. We included in the
analysis all patients with the relevant Interna-
tional Classification of Diseases, Ninth Revision29

codes who were (1) aged 45 years or older, (2)
residents of Kentucky, and (3) discharged be-
tween July 1, 2003, and June 30, 2011.

Region of Residence

We classified the 120 counties in the state of
Kentucky into 1 of 58 regions, using a modifi-
cation of the classification scheme used by the
University of Kentucky Markey Cancer Control
Program and College of Public Health under
the direction of the Kentucky Department for
Public Health.30 The purpose of the classifica-
tion was to combine counties that are similar in
terms of demographics, socioeconomic factors,
health indicators, and geographical proximity.

We modified the original classification
scheme so that counties with smoke-free ordi-
nances or regulations would each form their

own region for the purpose of analysis (Figure 1).
Geographic pooling was necessary because of
the limited number of COPD hospitalizations per
quarter in the smaller counties, nearly all of
which do not have smoke-free policies and could
be combined with proximal counties without
policies. We classified counties with 1 or more
smoke-free policies, whether at the city or the
county level, as having this type of policy given
that most ordinances in Kentucky counties either
cover the entire county or are in the largest city
as in previous studies.31,32

Population Demographics and Other

Covariates

We used census information and data from
the Behavioral Risk Factor Surveillance System
to estimate population-level values for median
income, education, race/ethnicity, and adult
smoking and quit attempt rates. We obtained
county-level median income from the 2009
Census, percentage Hispanic33 from the 2010
Census,34 percentage with any postsecondary
education from the 2000 Census, and 3-year
aggregate estimates for county-level adult
smoking and quit attempt rates from the
2001---2011 Behavioral Risk Factor Surveil-
lance System surveys. For each year of COPD
cases, we used the 3-year aggregate smoking
and quit attempt rates based on that year and

Note. Black indicates county with a smoke-free law. Shading indicates county groups used for the analysis.

FIGURE 1—Smoke-free ordinances and regulations by county: Kentucky, July 1, 2011.
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the 2 previous years to estimate county-level
adult smoking and quit attempts. For example,
we used the 2001---2003 aggregate to estimate
these rates for 2003, and so on. We used 2003
Rural Urban Continuum codes to describe the
rurality of counties; 1 to 3 denoted urban and
4 to 9 denoted rural.35 County-level estimates
were weighted to form region-level estimates
for median income, smoking and quit attempt
rates, and average Rural Urban Continuum
codes for each of the 58 region of residence
categories; the weighting was done using annual
census estimates for county population size.

Other covariates included physician supply
(number of primary care physicians per
100 000) by county36 and comorbidities of
heart disease37 and diabetes,38 and we created
weighted region-level estimates. Higher levels
of primary care physician supply39 and smok-
ing cessation40 may be associated with fewer
COPD admissions. Comorbidities may contrib-
ute to higher admissions for COPD.

Statistical Methods

Descriptive statistics summarized the patient
population. We modeled quarterly rates for
COPD hospitalizations over the 8-year study
period using Poisson regression, with the neg-
ative binomial distribution specified to allow
for over- or underdispersion. The regression
model included the fixed effects of sex, age
(with 3 categories: 45---64, 65---84, and ‡ 85
years), and urban status of region. We de-
veloped 2 models, 1 with law strength and the
other with law duration; these indicator vari-
ables were fixed effects, and we included the
interaction between smoking rate and each of
the 2 strength variables (comprehensive and
moderate---weak) and 2 duration variables
(established and new) in each corresponding
model. We used the log of the estimated
population size as an offset variable in the
models, with population estimates specific to
the year, sex, and age category of the patients;
we included in both models the covariates
length of stay, race/ethnicity, education, in-
come, urban---rural status, primary care physi-
cian supply, heart disease, diabetes, smoking
rate, and quit attempt rate.

The models also contained an indicator for
time (i.e., quarter) to assess secular trends
unrelated to law implementation; this variable
was treated as continuous in the models, with

July---September 2003 numbered 1 and April---
June 2011 numbered 32. We added 3 in-
dicator variables to the models to account for
season of the year (January---March, April---June,
July---September; we used October---December
as the reference). In addition to including vari-
ables to account for secular trends over time and
seasonal variations in COPD, we also included
region of residence; this factor accounts for
population differences among regions in the
state that may influence COPD hospitalizations.
We determined model goodness of fit using the
deviance statistic. Data analyses were conducted
using SAS for Windows, version 9.3 (SAS In-
stitute, Cary, NC); we used an a level of .05
throughout.

RESULTS

From July 2003 through June 2011, 146 218
Kentucky residents aged 45 years and older
were discharged for COPD from hospitals
in the state. As shown in Table 1, the majority
of eligible discharges were women (58%)
between the ages of 65 and 84 years (53%).
The length-of-stay geometric mean was 1.3
days (geometric SD = 0.7). Table 2 provides an
overview of the descriptive characteristics of
the 58 regions in the state, with region sorted
by annual rate of COPD per 10 000 residents
aged 45 years and older, ranging from high to
low; the range was from 69.8 to 4.9 annual
hospitalizations per 10 000 at-risk individuals
ages 45 years and older. The regions with the
highest COPD rates tended to have higher
Rural Urban Continuum codes and higher
smoking rates than those with lower COPD
rates near the bottom of the table. In addition,
counties with smoke-free laws tended to be
clustered among the more urban counties with
the lowest COPD hospitalization rates. Both
Poisson regressions based on the negative
binomial distribution fit the data well; the ratio
of the deviance statistic to the degrees of
freedom was 1.1 for both models, close to the
null value of 1. The deviance per degrees of
freedom for the analogous model based on the
Poisson distribution was approximately twice
the size (2.0 for both), underscoring the supe-
rior fit of the negative binomial.

Adjusting for all patient characteristics,
population covariates, and seasonal and trend
factors, the relative risk of a COPD hospitalization

in communities with comprehensive smoke-
free policies was 0.781 compared with com-
munities having moderate---weak laws or no
laws restricting smoking in public places (v2 =
6.65, P= .01; 95% confidence interval =
0.647, 0.942; Table 3). For the second model,
used to test the effect of duration of law on
COPD exacerbations, the relative risk of
a COPD hospitalization in communities with
established laws was 0.789 compared with
communities with new or no laws (v2 = 9.91,
P= .002; 95% confidence interval = 0.680,
0.914). In both models, the protective factors
for decreased risk of COPD hospitalization
were being male, being younger (45---64 years),
and living in a community with higher levels of
postsecondary education. Conversely, those
living in areas with a larger percentage of
Hispanics and those with more primary care
physicians were at greater risk of experiencing
a COPD exacerbation leading to hospitaliza-
tion.

DISCUSSION

Controlling for personal and population
factors, those living in a community with
a comprehensive smoke-free law or regulation
were 22% less likely to experience hospital-
ization for COPD than those living in a
community with a moderate---weak law or
without a law. Moreover, those living in a com-
munity with an established law (in place for > 12
mo) were 21% less likely to have a COPD

TABLE 1—Sex and Age Distributions of

Primary COPD Cases (n = 146 218):

Kentucky; July 1, 2003–June 30, 2011

Demographic Factor No. (%)

Sex

Male 60 984 (41.7)

Female 85 234 (58.3)

Age, y

45–64 59 352 (40.6)

65–84 77 996 (53.3)

‡ 85 8870 (6.1)

Note. COPD = chronic obstructive pulmonary disease.
Primary COPD cases included all records with primary
diagnosis International Classification of Diseases,
Ninth Revision29 codes beginning with 491, 492, or
496 that met inclusion criteria.
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TABLE 2—Summary of Region of Residence: Kentucky, July 1, 2003–June 30, 2011

Counties in Region

No. of Counties

in Region

Annual COPD Rate

per 10 000 at Risk

Smoke-Free Law

Implementation Date

Strength of

Smoke-Free Law

Weighted Average

RUC code

Weighted Averagea

Smoking Rate (%)

Breathitt, Owsley, Perry, Wolfe 4 69.8 7.4 31.6

Clay, Leslie 2 49.1 7.7 33.1

Letcher 1 47.6 July 2006 Mod–weak 9.0 29.7

Floyd 1 44.9 November 2009 Comp 7.0 29.6

Bell, Harlan 2 44.5 7.0 29.8

Lee 1 43.7 August 2008 Mod–weak 9.0 35.8

Johnson 1 41.6 January 2007 Mod–weak 7.0 24.1

Pike 1 31.6 November 2007 Mod–weak 7.0 29.7

Carter, Knott, Lawrence, Martin 4 29.9 7.1 30.2

Metcalfe, Monroe, Wayne 3 27.5 8.0 28.7

Knox 1 24.6 7.0 28.6

Casey, Clinton, Cumberland, Hart, McCreary 5 24.6 8.7 29.8

Jackson, Rockcastle 2 23.4 7.9 29.2

Ballard, Fulton, Graves, Hickman 4 22.4 7.5 24.0

Estill, Magoffin, Powell 3 22.3 6.9 26.8

Caldwell, Crittenden, Livingston, Lyon, Union 5 22.2 6.9 25.1

Henderson 1 20.4 March 2007 Mod–weak 2.0 26.6

Boyd 1 19.4 October 2006 Comp 2.0 23.3

Bath, Elliott, Menifee, Morgan 4 19.0 8.0 31.2

Grayson, Muhlenberg, Ohio, Todd 4 17.7 6.3 27.4

Allen, Butler, Logan, Simpson 4 17.6 6.4 26.2

McCracken 1 16.9 April 2007 Mod–weak 5.0 20.3

Fleming, Lewis 2 16.8 7.5 28.6

Adair, Edmonson, Garrard, Green, Lincoln, Russell 6 16.8 6.8 28.4

Pulaski 1 16.3 5.0 25.5

Breckinridge, Hancock, Larue, Marion, Mercer 5 15.5 5.7 25.9

Christian 1 15.2 January 2011 Mod–weak 3.0 25.4

Webster 1 14.9 2.0 25.1

Bourbon, Bracken, Harrison, Nicholas, Pendleton, Robertson 6 14.3 3.5 26.3

Whitley 1 14.3 7.0 31.2

Mason 1 14.1 6.0 24.1

Carroll, Gallatin, Grant, Henry, Owen, Trimble 6 13.8 2.7 28.2

Taylor 1 13.3 September 2009 Comp 7.0 25.5

Laurel 1 12.9 August 2009 Comp 7.0 28.6

Boyle 1 12.5 August 2008 Comp 7.0 19.9

Franklin 1 12.2 August 2006 Mod–weak 4.0 24.6

Greenup 1 11.9 2.0 23.5

Carlisle, Calloway, Marshall, Trigg 4 11.8 6.5 22.2

Hardin 1 11.7 December 2006 Comp 3.0 23.8

Barren 1 11.3 June 2010 Comp 6.0 25.1

Montgomery 1 10.9 6.0 26.7

Hopkins 1 10.7 February 2009 Mod–weak 4.0 22.6

Rowan 1 10.4 August 2006 Comp 7.0 26.0

Nelson 1 10.1 June 2010 Comp 1.0 25.3

Warren 1 9.2 April 2011 Comp 3.0 22.7

McLean 1 9.1 3.0 24.0

Continued
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hospitalization than those in communities with
new laws (< 12 months) or no laws. The effect
of smoke-free laws on COPD is more subtle
than for some other diseases and may take
longer to be significant.21 A smoke-free law in
Prince Edward Island, Canada, did not result in
reduced hospitalization rates for COPD, but
this finding may have been attributable to the
limited time period postlaw as well as the rural
nature of the area, limiting residents’ exposure
to public places covered by the law.23 By
contrast, the smoke-free law in Beaumont,
Texas, resulted in a 36% decline in COPD
exacerbation hospitalizations among Whites
only.22 Similarly, a 38% reduction in COPD
mortality occurred after Ireland’s comprehen-
sive smoke-free workplace law, but only among
women.41 A meta-analysis conducted on the
relationship between smoke-free legislation
and hospital admissions found a decreased risk
for respiratory diseases.20

Smoke-free public policies, particularly
when they are comprehensive and have been
in place for at least 1 year, may provide pro-
tection against exacerbations of COPD that lead
to hospitalizations, with potential to save lives
and decrease health care costs. The results of
this research support previous findings that
respiratory health improves as a result of
smoke-free laws. In a previous study, the in-
vestigators reported a 22% decline in emergency
visits for asthma after enactment in Lexington,
Kentucky, of a smoke-free law covering all

enclosed public places.42 Hahn et al. also found
a 56% drop in hair nicotine levels in a sample of
smoking and nonsmoking bar and restaurant
workers after Lexington implemented a smoke-
free law.43 Smoking and nonsmoking workers
were less likely to report colds and sinus in-
fections after the law went into effect.

Kentucky, with a long history of tobacco
production, has relatively high smoking rates,
in part because of weak state tobacco control
laws.44 Tobacco has been 1 of the most
important forces in the state economy and is
a cultural icon. Tobacco is grown in 117 of
120 Kentucky counties,45 and the state pro-
duced 24.4% of all tobacco grown in the
United States in 2007.46 Slightly more than
half of Kentuckians live in these rural farming
areas and have a lower per capita income than
those in urban areas ($18 161 vs $23 555).34,47

Rural residents are less likely than their urban
counterparts to restrict smoking at home, work,
or public places, for the most part because of
socioeconomic disparities.48 Given that such
a high percentage of Kentuckians live in at-risk
rural areas and lack the protective factor of
income or smoke-free laws, the state faces
a higher risk of COPD.

Limitations

First, we used county groups because some
counties within Kentucky are very small, and
they have very few COPD hospitalizations.
Second, not all cases of COPD in the state may

have been included in the data set. Patients
may have died before reaching the hospital or
those residing in Kentucky may have gone to
a hospital in another state. Moreover, we did
not have the ability to link cases to each other
so we were unable to examine short-term
readmissions. Third, case-specific smoking sta-
tus would have been preferable over region-
specific smoking rate, but these data were
unavailable. Fourth, counties were considered
smoke-free even if the entire county was not
covered by a law (i.e., if a city within a county
was smoke-free, we counted the entire county
as smoke-free). Fifth, we were unable to control
for environmental air quality, a risk factor for
COPD, because these data were unavailable.
Sixth, we were unable to simultaneously con-
sider both strength and duration of law in
a single model because of the relatively small
number of community laws with combinations
of strength and duration categories (e.g., com-
prehensive or established). Finally, adherence
to (e.g., enforcement of) smoke-free laws may
have more to do with population health out-
comes than simply measuring existence of the
law, which was beyond the scope of our study.
Research is needed on adherence to smoke-
free laws and impact on population health
outcomes such as hospitalization for COPD.

Implications for Public Health

Policy outcomes research is needed to em-
power advocates and policymakers to enact

TABLE 2—Continued

Jefferson 1 9.1 November 2005 Variesb 1.0 22.5

Kenton 1 8.6 April 2011 Mod–weak 1.0 25.0

Daviess 1 8.4 January 2006 Mod–weak 3.0 21.6

Clark 1 8.2 January 2009 Comp 2.0 29.6

Boone, Campbell 2 7.9 1.0 19.5

Anderson, Jefferson, Washington 3 7.8 4.0 23.6

Madison 1 7.4 June 2007 Comp 4.0 21.0

Scott 1 7.4 October 2005 Comp 2.0 16.6

Bullitt, Meade, Shelby, Spencer 4 7.1 1.0 27.2

Woodford 1 5.5 August 2008 Comp 2.0 17.1

Oldham 1 5.1 May 2007 Mod–weak 1.0 16.3

Fayette 1 4.9 April 2004 Variesc 2.0 17.1

Note. Comp = comprehensive; COPD = chronic obstructive pulmonary disease; Mod–weak = moderate–weak; RUC = rural–urban continuum.
aWeighted averages were determined using population estimates of the counties included in the region.
bModerate–weak, then strengthened to comprehensive starting July 2007.
cModerate–weak, then strengthened to comprehensive starting November 2008.
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healthy public policy. Health policy change
creates a built environment in which the
healthy choice is the easy choice.49,50 Policy
change can be influenced by translating and
disseminating research findings to the public,
policymakers, and key health leaders. Our
study found that comprehensive smoke-free
policies can contribute to better health

outcomes for COPD, which can in turn negate
the risk factors of lower socioeconomic status
that many living in rural, tobacco-growing
communities face. j
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Primary care provider supply 1.026 (1.013, 1.039) < .001 1.026 (1.013, 1.039) < .001
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Moderate–weak law 0.883 (0.753, 1.035) .1 . . . . . .

Established law (‡ 12 mo) . . . . . . 0.789 (0.680, 0.914) .002

New law (< 12 mo) . . . . . . 0.847 (0.678, 1.058) .1
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New law · smoking rate . . . . . . 1.003 (0.995, 1.012) .5

Note. CI = confidence interval; COPD = chronic obstructive pulmonary disease; RR = relative risk. Fifty-seven indicators for
region of residence were included in the model.
aWeighted median income in $1000s for region of residence from 2009 US Census.
bWeighted 3-year aggregate adult smoking rate for region of residence from Behavioral Risk Factor Surveillance System.
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