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Abstract

Background: A comprehensive smoke-free air law was enacted on June 1, 2012 in most of Marion County, Indiana,
including all of the City of Indianapolis. We evaluated changes in acute myocardial infarction (AMI) admission rates
in Indianapolis and Marion County before compared to after the law.

Methods: We collected AMI admissions from five Marion County hospitals between May 2007 and December 2014.
We used Poisson regression to evaluate the overall effects of the law on monthly AMI hospitalizations, adjusting for
month, seasonality, meteorology, air pollution, and hospital utilization. We tested the interactions between the law and
AMI risk factors on monthly AMI admission rates to identify subpopulations for which the effects might be stronger.

Results: Monthly AMI admissions declined 20% (95% Cl 14-25%) in Marion County and 25% (95% CI 20-29%) in
Indianapolis after the law was implemented. We observed decreases among never (21%, 95% Cl 13-29%), former
(28%, 95% Cl 21-34%), and current smokers (26%, 95% C| 11-38%); Medicaid beneficiaries (19%, 95% Cl 9-29%) and
non-beneficiaries (26%, 95% Cl 20-31%). We observed decreases among those with a history of diabetes (Yes: 22%,
95% Cl 14-29%; No: 25%, 95% Cl 18-31%), congestive heart failure (Yes: 23%, 95% Cl 16-30%; No: 24%, 95% Cl 17-31%),
and hypertension (Yes: 23%, 95% Cl 17-28%: No: 26%, 95% Cl 15-36%).

Conclusions: We observed decreases in AMI admissions comparable with previous studies. We identified subpopulations
who benefitted from the law, such as former and current smokers, and those without comorbidities such as congestive

heart failure and hypertension.
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Background

Coronary heart disease due to tobacco smoking and sec-
ondhand tobacco smoke exposure contributed to ap-
proximately 99,300 deaths annually in the United States,
as of 2009 [1]. Coronary heart disease contributes to
acute myocardial infarctions (AMI) [1, 2]. A number of
previous studies have reported a decrease in incidence of
AMI after smoke-free legislation implementation in the
United States, Europe, and Canada [3—15]. The majority
of these studies showed a varying (5-70%), but statisti-
cally significant, decline in hospital admissions from
AMI in their respected geographical locations. However,
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it is unknown whether specific subgroups benefit more
from smoke-free air laws compared to others.

Marion County, Indiana is the most populous county
and is located in central Indiana. The city of Indianapolis
is its population center. In 2006, the city of Indianapolis
implemented an ordinance prohibiting smoking in most
restaurants and workplaces [16]. This law covers most of
Marion County, Indiana, with the exception of the cities of
Beech Grove, Lawrence, and Southport, and the Town of
Speedway. The Town of Speedway issued a less compre-
hensive law that exempts bars in 2006. The Indianapolis
ordinance was amended on June 1, 2012 to include all
businesses, most notably prohibiting smoking in bars and
taverns, with exemptions including tobacco-specialty
businesses and off-track betting facilities [16]. The 2012
amendment also prohibited the use of electronic cigarettes
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(e-cigarettes) in all locations where smoking was prohib-
ited. On July 1, 2012 the State of Indiana implemented its
smoke-free air law, which prohibited smoking in restau-
rants, most indoor public places, and within eight feet of
public entrances [17]. The state law allowed for local ordi-
nances to have precedence over the state if the local or-
dinance is more strict, which was the case in the city of
Indianapolis [16, 17]. The city ban included all of the
aspects mentioned in the state ban, but additionally
included bars, taverns, and e-cigarettes. The City of
Lawrence enacted a smoke-free air law, similar to the
Indianapolis law, on October 1, 2012.

Our objective for this study was to evaluate the inter-
mediate and long-term health effects of the 2012 amend-
ment to the Indianapolis smoke-free air law. Therefore,
we have evaluated the law’s effects on AMI hospital ad-
missions in the general population of Marion County as
well as among specific sub-groups, defined by sex, race,
smoking status, Medicaid status and comorbidities (dia-
betes, hypertension, congestive heart failure).

Methods

We conducted a retrospective hospital records review
study, reviewing medical records before compared to
after the smoking ban among five major hospitals in
Marion County, Indiana. We obtained data on AMI hos-
pital admissions and emergency department (ED) visits
for five major hospitals in Marion County from elec-
tronic medical records of the Indiana Network of Patient
Care (INPC) at the Regenstrief Institute. Admissions and
ED visits in these hospitals account for > 95% of all hos-
pitalizations in Marion County. We obtained ED visits
and hospital admissions for primary and secondary diag-
noses of AMI that occurred from May 1, 2007 through
December 31, 2014. We used International Classification
of Diseases, 9th version (ICD-9) code 410 or ICD-10
code 121 or 122 to define primary or secondary diagnosis
of AMI. We also included information on preexisting
conditions that may increase risk of AMI, including dia-
betes, congestive heart failure (CHF), or hypertension in
order to assess if these patients would benefit more or
less from the smoke-free air law. If a patient was admit-
ted more than once for AMI during the study period, we
included all AMI admissions and ED visits at least
28 days apart. In this report, we referred to all hospital
admissions and ED visits in which AMI was a primary
or secondary diagnosis as AMI admissions.

We determined the geographical location of each AMI
patient’s residential addresses at a zip code level. We
classified AMI admissions by zip codes within Indian-
apolis city limits and those within Marion County; for
this analysis, we excluded patients who resided outside
of Marion County. We considered Indianapolis and
Marion County separately, as there were some locations
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(Speedway, Beech Grove, and Southport) in Marion
County with less strict smoke-free airs compared to
Indianapolis. We determined each patient’s smoking sta-
tus (never smoked, current smoker, or former smoker)
via Current Procedural Terminology codes. We stratified
by smoking status to determine relative benefit of the
smoke-free air law by smoking status. Patients were de-
fined as a current or former smoker if they ever an-
swered yes to the question “Are you a smoker?” or were
diagnosed with a tobacco use disorder, toxic effect of to-
bacco, or history of tobacco use. Former smokers were
identified as smokers in the past but have more recently
identified as non-smokers using the same criteria. Smok-
ing status was determined based on the encounter most
recent to the date of admission. We obtained information
on whether each patient had been a Medicaid beneficiary
and if the patient had any insurance coverage based on
his/her latest insurance information at the time of admis-
sion. We also obtained demographic information includ-
ing, age at admission, sex, and race. We were unable to
individually contact patients; as such, all demographic in-
formation is gathered from medical records.

We obtained annual total population counts of Marion
County by sex and race for each year 2007-2012 from
the US Census, as well as projections for 2013 and 2014
(Woods & Poole Economics, Inc. Washington, D.C.
Copyright 2015) (Additional file 1: Tables S1 and S2).
We obtained age-specific population estimates for the
entirety of Marion County for each year 2007-2014
from the US Census, based on age group: < 65, 65-74,
and >75 years (census.gov). We chose to use these age
cutpoints to reflect both changing social behaviors
around the age of retirement (commonly 65) as well as
increasing risk of AMI with age. To account for the
trend of monthly hospital uses in Marion County, we
obtained monthly all-cause hospital discharges in
Marion County by sex and race for May 2007—December
2013 from the Marion County Health Department
and for January—December 2014 from the Indiana
State Department of Health.

We obtained hourly temperature and dew point tem-
peratures from 2007 to 2014 for all Indiana stations
from the National Oceanic and Atmosphere Administra-
tion’s Integrated Surface Database. To account for the
effects of temperature variations on AMI admission, we
calculated apparent temperatures for each zip code using
the formula (apparent temperature = —2.653 + [0.994 x
24-h mean air temperature (°C)] + [0.0153 x 24-h mean
dew point temperature (°C)?]), as described in Wilker et
al. [18]. To account for the effects of ambient air pollu-
tion on AMI admission [19], hourly fine particulate mat-
ter (PM,;s) levels were downloaded from the U.S.
Environmental Protection Agency’s website, and were
averaged for each day. Daily PM, 5 levels were averaged
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at a zip code level using inverse distance weighted
method based on data from stations within 200 km of a
zip code centroid, and where there were at least 18 h of
valid readings. We then estimated each patient’s average
monthly ambient PM,5 and apparent temperature ex-
posure based on their zip code of residence.

In descriptive tables, we show the mean monthly inci-
dence of AMI hospitalizations in Marion County before
and after the smoke-free air law by: sex, age (<65, 65—
74, >75), race (black, white, other/unknown), smoking
status (never, former, current), whether or not the pa-
tient was a Medicaid beneficiary, diabetes status, CHF
status, and hypertension status. We also graphed quar-
terly AMI admissions (per 100,000 residents) from May
1, 2007 to December 31, 2014 in Marion County for
black males and females and white males and females by
age group. We chose to graph AMI admissions by quar-
ter (three-month intervals) in order to improve clarity
of the graphics. All analyses are approved by Indiana
University Institutional Review Board.

Regression analyses
Given that sex and race have been shown to be import-
ant risk factors for AMI [20], we used Poisson regression
to determine whether the monthly AMI admission rates
differed in the population by sex and race. Without in-
clusion of the smoke-free air law, we modeled monthly
AMI admission counts using Poisson regression adjusting
our models for month (time trend), seasonality (annual
sine and cosine terms) [21], monthly mean apparent
temperature (at zip-code level), monthly ambient PM, 5
concentrations (at zip-code level), and total monthly all-
cause hospital discharges (by sex and/or race) in Marion
County. We modeled sex-specific monthly AMI admis-
sion rates by using natural logarithms of estimated sex-
and age-specific population of Marion County as a model
offset when modeling sex; natural logarithms of race- and
age-specific population counts as an offset when modeling
race; and natural logarithms of sex-, race- and age-specific
population counts as an offset when modeling sex and
race. All analyses of race were limited to black and white
individuals, due to few patients who self-identified as
other races and others with missing information on race.
To determine percent change in the monthly AMI ad-
mission rate after the smoke-free air law (compared to be-
fore the law), we used Poisson regression to model
monthly AMI admission rates (counts divided by person-
years) with natural logarithm of age-specific Marion
County population as an offset. Poisson regression is com-
monly used in studies examining differences in AMI ad-
mission rates in response to smoking bans [4—8], allowing
comparability of our study to others. We conducted ana-
lyses among all residents of Marion County and stratified
by risk factors including sex, race, sex and race, smoking
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status, Medicaid recipient status, and history of diabetes,
congestive heart failure (CHF), and hypertension. All
models were adjusted for time trend (linear term), season-
ality (annual sine and cosine terms) [21], monthly mean
apparent temperature (at zip-code level), monthly total
hospital discharges, and monthly ambient PM, 5 concen-
trations (at zip-code level). To examine whether there
might be subpopulations in which the effects of smoke-
free air law are stronger, we tested the potential inter-
action between smoke-free air law and these risk factors
by adding interaction terms to each model. As sensitivity
analyses, we limited our analysis to residents in Indianapo-
lis and to those with a primary diagnosis of AMI (exclud-
ing those with AMI secondary to another condition).
Analyses were conducted using SAS version 9.4 (SAS
Institute, Inc., Cary, NC). A two-sided p value of <0.05
was considered statistically significant.

Results
Descriptive results
Table 1 shows the mean age-adjusted monthly incidence
of AMI admissions in Marion County before compared
to after the smoke-free air law, overall as well as by
demographics (age group, sex, and race), smoking status,
Medicaid status, history of preexisting conditions (dia-
betes, congestive heart failure, hypertension), primary
diagnosis of AMI, and address within the city of Indian-
apolis. Overall, admissions of AMI decreased from a
mean of 62.3 per 100,000 per month prior to the ban to
51.5 per 100,000 per month after the ban. Those aged
75 years and over had the highest age-specific incidence
of AMI both before and after the ban (105.3 and 90.7
per 100,000, respectively); incidence of AMI decreased
among those 65-74 and 75 years and older. Incidence
decreased in males, current smokers, those of other/un-
known race, those who were not Medicaid beneficiaries,
those who were not diabetic, those with primary diagno-
sis of AMI, and those who lived within Indianapolis city
limits. Relatively few cases occurred in persons of other/
unknown race. Incidence of AMI decreased regardless of
CHF or hypertension status, although incidence was
higher among those with CHF and hypertension status.
We graphed quarterly AMI admission rates (per
100,000 residents) from July 1, 2007 to December 31,
2014 in Marion County by sex and race, shown separ-
ately for each age group: <65, 65-74, >75 years old
(Figs. 1, 2 and 3). Among those < 65, white and black fe-
males had consistently lower AMI rates compared to
white and black males; overall admission rates were simi-
lar by race with sexes. Among those 65-74, AMI admis-
sion rates were similar in strata of age and race, but white
males appeared to have the overall highest incidence.
Among those >75 year, females appeared to have a gener-
ally higher AMI admission rate compared to males,
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Table 1 Monthly age-adjusted incidence of AMI admissions per
100,000 residents of Marion County before and after smoking ban

Pre-ban Post-ban
(5/1/2007-5/31/2012)  (6/1/2012-12/31/2014)
Mean (SD) Mean (SD)
Total AMI admissions*  62.3 (41.5) 51.5(36.1)
Age
<65 10.7 (1.7) 10.2 (1.5)
65-74% 71.0 (14.2) 53.5 (14.5)
>75% 105.3 (18.7) 90.7 (20.5)
Sex
Female 323 (25.0) 272 (21.7)
Male* 30.0 (186) 242 (16.3)
Smoking status
Never 259 (20.7) 24.1 (20.0)
Former 270 (17.9) 23.7 (16.2)
Current® 94 (7.5) 41 (3.8)
Race
Black 152 (11.3) 14.3 (10.7)
White 374 (25.2) 332 (239)
Other/unknown* 9.7 (84) 42 (43)
Medicaid beneficiary
Yes 12.5 (89) 12.1 (8.0)
No* 49.8 (349 394 (29.3)
Diabetes
Yes 27.5(186) 23.7 (16.9)
No* 34.8 (25.1) 278 (20.3)
CHF
Yes* 36.7 (27.3) 269 (22.8)
No* 256 (16.1) 245 (16.0)
Hypertension
Yes* 506 (34.1) 42.1 (30.5)
No* 11.8 (94) 94 (7.2)
Primary diagnosis 384 (24.5) 295 (19.2)
of AMI*
Indianapolis only* 593 (394) 48.1 (33.6)

*p < 0.05 (t-test)

although rates were similar by race and sex; black females
appeared to have the highest rates. Overall, we did
not observe a clear decrease in AMI rates after the
smoke-free air law.

We conducted Poisson regression models (without
smoke-free air law) examining sex and race as potential
risk factors for AMI admission in our population
(Table 2). We concluded that sex and race are potential
risk factors for AMI admissions in our population. Males
had a 73% (95% CI 44%, 107%) higher monthly AMI ad-
mission rate compared to females. Compare to white
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individuals, monthly AMI admission rates for black indi-
viduals were higher by 13% (95% CI 2%, 26%). Com-
pared to white females, monthly AMI admission rates
for black females, white males, and black males were
higher by 35% (95% CI 19%, 54%), 66% (95% CI 52%,
82%) and 81% (95% CI 53%, 114%), respectively. These
differences were all statistically significant.

We conducted stratified Poisson regression of percent
changes in monthly AMI admission rates after the
smoke-free air law (Table 3) compared to before. We ob-
served these associations among those who lived any-
where in Marion County (20% decrease, 95% CI 14%,
25%) as well as those living in Indianapolis (25% de-
crease, 95% CI 20%, 29%). We observed statically signifi-
cant decreases in monthly AMI admission rates after the
smoke-free air law went into effect for all subgroups ex-
cept black females. White females had a 22% (95% CI
12%, 31%) decrease, white males had a 19% (95% CI
11%, 27%) decrease, and black males had a 21% (95% CI
7%, 33%) decrease in AMI admission rate. By sex, there
was a 26% (95% CI 20%, 32%) decrease in monthly AMI
admission rate among males and a 20% (95% CI 12%,
27%) decrease among females. Black individuals had a
15% (95% CI 4%, 25%) decrease and white individuals
had a 21% (95% 15%, 27%) decrease in AMI admissions.

Additionally, there was a 21% (95% CI 13%, 29%) de-
crease among never smokers, a 28% (95% CI 21%, 34%)
decrease among former smokers, and a 26% (95% CI
11%, 38%) decrease among current smokers. We ob-
served a 19% (95% CI 9%, 29%) decrease among Medic-
aid beneficiaries and a 26% (95% CI 20%, 31%) decrease
among those who have never had Medicaid. We ob-
served decreases in monthly AMI admission rates
among those with (22%, 95% CI 14%, 29%) and without
(25%, 95% CI 18%, 31%) a history of diabetes, those with
(23%, 95% CI 16%, 30%) and without (24%, 95% CI 17%,
31%) a history of CHF, and among those with (23%, 95%
CI 17%, 28%) and without (26%, 95% CI 15%, 36%) a his-
tory of hypertension. These associations were also ob-
served when limiting to those with a primary diagnosis of
AMI (16%, 95% CI 9%, 23%). We observed statistically sig-
nificant interactions between smoke-free air law status
and race/sex categories, smoking status, Medicaid benefi-
ciary status, history of CHE, and history of hypertension.

Discussion

The Indianapolis smoke-free air law was a public health
ordinance designed to eliminate individuals’ exposure to
tobacco smoking and secondhand smoke in indoor pub-
lic places and places of work. We evaluated the effect of
the smoke-free air law, effective June 1, 2012, on AMI
admissions in Marion County. We found a 20% decrease
in the monthly AMI admission rate after the ban among
residents in all of Marion County, as well as a 25%
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White Female Black Female

Fig. 1 Quarterly AMI admission rate per 100,000 by sex and
ordinance date
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decrease among those in Indianapolis specifically. As
Indianapolis residents are subject to the smoke-free air
law, but other residents of Marion County may not be,
this result aligns with our expectations of seeing stron-
ger associations where the ban was in effect. We exam-
ined changes in AMI rates by sex, race, sex/race strata,
smoking status, Medicaid status, diabetes history, CHF
history, hypertension history, and limited to a primary
diagnosis of AMI. All groups except black females had

decreases in AMI admissions after the ban. In addition,
we identified potential interactions, indicating that the
effect of smoke-free air law on AMI admissions may be
different by sex/race category, smoking status, Medicaid
status, CHF status, and hypertension status. These re-
sults are evidence of the public health benefits provided
to the population of Marion County from the smoke-
free air law. The overall decreases in admissions were
consistent with other studies [3, 7, 8].
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Our study examined sex and race as risk factors for
AMI in more depth than other studies that examined
the effects of smoke-free air laws on AMI. In regression
analyses, we found that males had a 26% decrease in
monthly AMI admission rates, females had a 20% de-
crease, black individuals had a 15% decrease, and white
individuals had a 21% decrease. White females had a

Table 2 Estimated percent differences in average monthly
incidence rate of AMI admissions from Poisson regression in
Marion County, by sex, race, and sex and race® °

Number (%) of

% difference in incidence

admissions rate (95% Cl)
Sex
Females 6707 (44.4%) REF
Males 8397 (55.6%) 73% (44%, 107%)
Race
White 9209 (61.0%) REF
Black 4047 (26.8%) 13% (2%, 26%)

Sex and Race
3905 (25.9%

( ) REF
1967 (13.0%)

(

(

35% (19%, 54%)
669% (52%, 82%)
81% (53%, 114%)

?Adjusted for month (time trend), seasonality (annual sine and cosine terms),
monthly mean apparent temperature (at zip-code level), monthly ambient PM2.5
concentrations (at zip-code level), and total monthly hospital discharges. Offset
was the log of the total age- sex- and/or race- specific population of

Marion County

bMissing/excluded: race—131 (0.87%) Hispanic or Latino, 12 (0.08%) American
Indian/Alaska Native, 27 (0.18%) Asian, 404 (2.67%) Native Hawaiian/Pacific
Islander, 29 (0.2%) multiracial, 261 (1.73%) other race, 984 (6.51%)
unknown/missing race

White Females
Black Females
White Males 5304 (35.1%,

zBlack Males 2080 (13.8%,

)
)

22% decrease, white males had a 19% decrease, and
black males had a 21% decrease. Interaction analyses in-
dicated that the effect of the smoke-free air law on
monthly AMI admission rates was different by sex/race
group. Only black females did not appear to benefit by
the smoke-free air law. Similar to our results, Cesaroni
et al. observed a stronger effect of a smoking ban on risk
of AMI among males [7]. We are not aware of other
studies that examined these associations by race.

We observed a decrease in monthly AMI admission
rates among current smokers (26%), former (28%) and
never smokers (21%). The interaction between smoke-
free air law and smoking status was significant, indicat-
ing current smokers and former have a greater decline
in monthly AMI admission rates compared to never
smokers. The results of this study, which showed the
greatest decline among current smokers, contradicted
the literature regarding the relationship between smok-
ing status and AMI. The literature suggested a decrease
in AMI among smokers, but the greatest decrease was
observed in individuals identifying themselves as “never
smokers” or “non-smokers” [6, 22]. It is possible that we
observed a decrease in monthly AMI admissions among
current smokers if smokers living under a smoke-free air
law smoked fewer cigarettes, and, therefore, were at a
lower risk of AMI. Studies in Italy and Canada have
shown decreased cigarette consumption and reduction
in the number of smokers after implementation of
smoke-free air laws [7, 12]. The Behavioral Risk Factor
Surveillance System (BRESS) reported a decrease in the
prevalence of smoking in Indiana from 25.6% in 2011 to
22.9% in 2014 [23]. Therefore, the reduction in monthly
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Table 3 Estimated percent change in monthly incidence rate after the smoking ban (95% Cl) from Poisson regression in Marion
County and Indianapolis, and in strata of risk factors (sex, race, smoking status, Medicaid, and diabetes, congestive heart failure, and
hypertension)® °

Number (%) of admissions % change in incidence rate (95% Cl) P-value for interaction ©

Location
Marion County 15,104 (100%) -20% (- 25%, — 14%)
Indianapolis only 14,392 (95.3%) —25% (= 29%, — 20%)
Sex 0.53
Males 8397 (55.6%) —26% (—32%, — 20%)
Females 6707 (44.4%) —20% (—27%, — 12%)
Race® 0.15
Black 4047 (26.8%) —15% (= 25%, —4%)
White 9209 (61.0%) =21% (- 27%, — 15%)
Sex and Race®
White Females 3905 (25.9%) —22% (= 31%, — 12%) REF
Black Females 1967 (13.0%) —2% (= 17%, 17%) <0.0001
White Males 5304 (35.1%) —19% (=27%, —11%) <0.0001
Black Males 2080 (13.8%) —219% (-33%, —7%) < 0.0001
Smoking
Never 5530 (36.6%) —21% (—29%, —13%) REF
Former 7421 (49.1%) —28% (—34%, — 21%) 0.03
Current 2153 (14.3%) —26% (—38%, — 11%) < 0.0001
Medicaid beneficiary <0.0001
Yes 3902 (25.8%) —19% (—29%, —9)
No 11,202 (74.2%) —26% (—31%, — 20%)
History of Diabetes 041
Yes 6491 (43.0%) —22% (—29%, — 14%)
No 8613 (57.0%) —25% (—31%, — 18%)
History of CHF < 0.0001
Yes 7308 (48.4%) —23% (—30%, — 16%)
No 7796 (51.6%) —24% (—31%, — 17%)
History of Hypertension 0.03

Yes 11,933 (79.0%)
No 3171 (21.0%)
Limited to primary AMI 9956 (65.9%)

—23% (= 28%, — 17%)
—26% (— 36%, — 15%)
—16% (= 23%, — 9%)

@Adjusted for month (time trend), seasonality (annual sine and cosine terms), monthly mean apparent temperature (at zip-code level), monthly ambient PM2.5
concentrations (at zip-code level), and total monthly hospital discharges. Offset was the log of the total age-specific population of Marion County
bMissing/excluded: race—131 (0.87%) Hispanic or Latino, 12 (0.08%) American Indian/Alaska Native, 27 (0.18%) Asian, 404 (2.67%) Native Hawaiian/Pacific Islander,

29 (0.2%) multiracial, 261 (1.73%) other race, 984 (6.51%) unknown/missing race

“Interaction between smoking ban and these risk factors assessed by adding interaction terms to each model

AMI admission rates observed in current smokers was
at least in part attributable to the decreased prevalence
of smoking in Indiana.

We observed a 19% reduction in monthly AMI admis-
sion rates among those who were Medicaid beneficiaries,
a proxy measure of socioeconomic status, and a 26% de-
crease among those who were not Medicaid beneficiar-
ies. The interaction term between smoke-free air law
and Medicaid status was significant, indicating a greater

decrease in monthly AMI admission rates among those
who were of higher socioeconomic status (not Medicaid
beneficiaries) compared to those of lower socioeconomic
status (Medicaid beneficiaries). In contrast, Cesaroni et
al. found that some of the largest decreases in their Ital-
ian study population were among those who lived in low
socioeconomic tracts [7]. Medicaid status might not be a
good surrogate of socioeconomic status in our study due
to potential misclassification of data obtained from



Weaver et al. BMC Public Health (2018) 18:232

electronic medical records. Our study is the first in the
US to attempt to identify subpopulations whose AMI
admission rates associated with a smoke-free air law
might by Medicaid status.

When evaluating change in monthly AMI admission
rates among those with and without comorbidities, we
found statistically significant decreases of 20% or more
among those with and without diabetes, CHF, and
hypertension. These decreases were greater among those
without comorbidities, but the interaction term was not
statistically significant for diabetes. Our results showed
significant decreases for monthly AMI admission rates
among individuals with and without hypertension; a
greater decrease was observed among those without
hypertension. Hypertension is common, occurring in ap-
proximately one-third of the American population and is
extremely common (76%) among AMI patients in our
study; a decrease in AMI admissions among those with
hypertension could have great public health importance
[21]. The results of this study suggested that individuals
without preexisting risk factors for AMI (diabetes, CHF,
hypertension) benefited the most from the smoking or-
dinance. It is possible that preexisting medical condi-
tions may limit some individuals’ social activities and,
therefore, they may not be in bars and restaurants and
thus would not be affected by the smoke-free air law.
Other studies on smoke-free air laws and AMI incidence
did not present results stratified by diabetes, CHE, or
hypertension status. Studies that examined secondhand
smoke exposure as a risk factor of AMI had differing re-
sults by diabetes status [24, 25]. These studies show that
the risk of AMI among those exposed to secondhand
smoke did not differ by hypertension status [24, 25]. It is
unclear whether those with preexisting risk factors for
AMI would see an additional benefit from a smoking ban.

This study had limitations. First, although we had de-
tailed information on AMI patients, we did not have de-
tailed information on risk factors of AMI in the general
population. Therefore, we were unable to determine
whether AMI admission rates decreased among individ-
uals with comorbid conditions or if the prevalence of
the comorbid conditions decreased. We had no informa-
tion on other common risk factors of AMI, such as
obesity, nutrition, or physical activity. Second, it is pos-
sible that temporal trends of smoking prevalence may
have affected our estimates. For instance, if smoking
prevalence decreased over time, we would have seen a
decrease in AMI admission rates among smokers that
may not be due to the ban. Third, there was potential
misclassification on self-reported factors, such as race
and smoking status in our study. Approximately 8.4% of
AMI patients had missing or unknown race, but those
who had missing or unknown race were excluded from
analyses for race. Additionally, due to small numbers, we
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did not examine AMI admission rates among those who
were neither black nor white (approximately 4% of ad-
missions). Fourth, this study relied on electronic medical
records for patient information. Therefore, we were un-
able to include certain potentially relevant factors, such
as occupation, diet, dyslipidemia, or activities outside of
Marion County.

This study also had strengths. First, we conducted
thorough analyses, including stratification by known risk
factors for AMI (sex, race, smoking status, Medicaid sta-
tus, history of diabetes, CHF, hypertension) and inter-
action between smoke-free air law and these risk factors.
Similar studies offered minimal examination of AMI
rates in strata of risk factors nor did they check for inter-
action in as much depth as we did in this report. Second,
our regression models accounted for month of admis-
sion, seasonality, apparent temperature, ambient PM, 5
concentrations, and monthly hospital utilization. Third,
our data included >95% of AMI admissions in Marion
County, allowing us confidence that our data are repre-
sentative of AMI in Marion County.

Overall, we observed a 20% decrease in AMI admis-
sions in the period of six months after the smoke-free
air law in Marion County. Our study showed great bene-
fit for all sex/race groups except black females in Marion
County. In conclusion, our results were consistent with
other studies that demonstrated reduced AMI risk after
enforcement of a smoke-free air law.

Conclusions

AMI admission rates declined in Indianapolis and Marion
County in the eighteen months following the implementa-
tion of the comprehensive smoke-free air law. This decline
was particularly notable among black males and current
smokers. The decrease in AMI admission rates was also
significant among former smokers, those who were not
Medicaid beneficiaries, those without a history of diabetes,
those without a history of congestive heart failure, and
those with and without a history of hypertension. Our re-
sults showed that the Indianapolis comprehensive smoke-
free air law is associated with decreased rate of AMI
admissions in Marion County. Similar smoking laws may
be effective at preventing AMIs in other locations.
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