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Evidence for a direct association between
exposure to secondhand smoke (SHS) and a
range of health conditions is growing. A num-
ber of studies in the United States and other
countries1–10 and 2 meta-analyses11,12 have
shown a decrease in the incidence of acute
myocardial infarction (AMI) after the implemen-
tation of comprehensive smoking bans. Although
the early studies have been criticized for meth-
odological flaws (see, for example, Kabat13), later
larger and more rigorous studies also have
shown this reduction.1,6,7,10

Several studies have now also examined the
effect of smoking bans on other health condi-
tions. For example, Khuder et al.8 focused on
coronary heart disease, which included angina,
heart failure, atherosclerosis, and AMI. Juster
et al.7 examined impacts on both AMI and stroke,
and Pell et al.10 considered acute coronary
syndrome, which includes AMI and unstable
angina. A recent study of New Zealand’s national
smoking ban14 examined the effect on both
cardiovascular and pulmonary diagnoses. The
conditions included were those with ‘‘sufficient’’
(AMI and angina), ‘‘suggestive’’ (stroke and
asthma), and ‘‘inadequate’’ (exacerbations of
chronic obstructive pulmonary disease [COPD])
evidence of a causal relationship with SHS
according to the 2006 US Department of Health
and Human Services Surgeon General’s report.15

Although this is the only published study that
did not show a reduction in AMIs, possibly
because there was a nationwide partial smoking
ban in place for 14 years beforehand, it did
demonstrate a reduction in the numbers of
asthma, stroke, unstable angina, and COPD cases
compared with the year before the ban. These
reductions did not, however, survive a more
rigorous Poisson regression.

All studies mentioned previously utilized
data on hospital admissions for the conditions
of interest. Two other studies used survey
methods to obtain data from individuals

regarding their respiratory symptoms before
and after smoking bans. A study by Menzies
et al.16 used interviews, spirometry, and
blood tests of nonsmoking bar workers 1
month before and 2 months after Scotland’s
national smoking ban to show significant
reductions in respiratory (i.e., wheeze, short-
ness of breath, cough, phlegm) and sensory
(i.e., red or irritated eyes, painful throat and
nasal itch, runny nose, and sneeze) symp-
toms, serum cotinine levels, total white blood
cell and neutrophil counts, and increases
in forced expiratory volume in 1 second.
Another study17 used telephone interviews of
hospitality employees immediately before and
5 months after Norway’s total ban on smoking
in indoor hospitality venues. This study showed
a significant reduction in all 5 respiratory
symptoms measured (morning cough, daytime
cough, phlegm cough, dyspnea, and wheez-
ing). The reductions were largest in former
smokers.

Finally, all but 1 of the previously discussed
studies measured changes in health impacts
(hospital admissions or reported symptoms)
before and after the implementation of a single
smoking ban. By contrast, Juster et al.7 tracked
monthly hospital admissions in New York State
for AMI and stroke over a 10-year period by
county, and captured the impact of the state-
wide ban as well as the impacts of the various
county-level smoking bans that were in place
previously. The authors classified the county
bans as either comprehensive (smoking is pro-
hibited in all worksites, including bars, restau-
rants, and other hospitality venues) or moderate
(smoking is restricted in most worksites, but
not in hospitality venues). They found an in-
creased rate of reduction in hospital admissions
for AMI after the various bans were imple-
mented, but no immediate reduction—i.e., the
interaction between time and ban implementa-
tion was statistically significant, but the main
effect of ban implementation was not. They also
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found that the effect of the comprehensive
county bans was twice that of the moderate
bans, and that the statewide ban resulted in an
8% reduction in AMI admissions in the year
after implementation over what had already
been accomplished by the county bans. The
authors hypothesized that they saw a smaller
reduction in AMIs than that seen in earlier
studies (40% in Helena, Montana,4 and 27% in
Pueblo, Colorado1) because of the incremental
enactment of smoking bans and restrictions in
New York over time.

We used hospital admission data and data
on previous county bans to determine whether
Arizona’s statewide smoking ban reduced the
incidence of hospitalizations for AMI, unstable
angina, acute stroke, and acute asthma in the
state.

METHODS

In this study, we used hospital discharge data
gathered by the 87 hospitals in Arizona for the
purpose of routine reporting to the Arizona
Department of Health Services. We included
all records of Arizona residents admitted from
January 1, 2004, through May 31, 2008, with
primary diagnoses coded with the following
International Classification of Diseases, Ninth
Revision (ICD-9) codes18: AMI (410.x0 and
410.x1), unstable angina (411.1x), acute stroke
(430–434.xx, 436.xx, and 437.1x), and acute
asthma (493.xx). June 2008 data were avail-
able but excluded from the analyses because
they did not include patients admitted in June
who were discharged in July.

Causality

Because causality is difficult to infer from
observational data, these data were subjected
to several tests following Hill’s guidelines for
causality.19 The statewide smoking ban was
assumed to be a causal factor in the reduction in
hospital admissions if (1) there was a reduction in
admissions after the statewide ban was imple-
mented (temporality), (2) the reduction was
statistically significant (strength), (3) the reduction
in admissions in the counties with no previous
smoking bans in place was larger than it was in
counties with previous bans (dose–response),
and (4) there was only a reduction in health
conditions with sufficient or suggestive evidence
of a causal relationship with SHS exposure

(biologic plausibility). Hill’s guideline of consis-
tency among studies has already been shown
by the results of the studies reviewed in the
Introduction.

A number of cities and counties in Arizona
had various smoking bans in place before
May 1, 2007 (the date the statewide smoking
ban took effect). To test for Hill’s dose–
response guideline for causality, cases were
separated between those in hospitals in
counties that had these bans and those in
counties that did not. The Arizona counties
with no official county or city smoking bans in
place (other than bans in municipal buildings,
or, in 1 case—Mohave County—other than
a partial ban in a city making up less than
0.5% of the county’s population) were
Apache, Cochise, Gila, Graham, Greenlee,
La Paz, Mohave, Navajo, Pinal, and Yuma.
They will be referred to as ‘‘nonban counties’’
and their combined populations make up
slightly more than 17% of the state’s total
population. The remaining counties (Coco-
nino, Maricopa, Pima, Santa Cruz, and
Yavapai—i.e., ‘‘ban counties’’) had at least 1
major municipality with a complete smoking
ban in at least indoor worksites (other than
hospitality venues) that was continuous over
the 2004 to 2007 time period. The strongest
effect of the statewide ban should be seen
in the nonban counties.

To test for Hill’s biologic plausibility guide-
line for causality, we also obtained hospital
admissions data for 4 acute diagnoses that each
account for a substantial portion of hospital
admissions and that are not known to be
associated with SHS exposure: acute appendi-
citis, kidney stones, acute cholecystitis, and
ulcers. Records of Arizona residents admitted
in 2004 through May 2008 with primary
diagnoses coded with the following ICD-9
codes were included in this analysis: acute
appendicitis (540.x and 541), kidney stones
(592.x), acute cholecystitis (574.0x, 574.3x,
574.6x, and 575.0), and ulcer (531–533.xx
except for 531.7x, 532.7x, and 533.7x). No
change in admissions was expected to be seen
in these diagnoses in the period after the
implementation of the statewide ban.

Data Analysis

We analyzed the data with Poisson regres-
sion. The number of cases for each diagnosis

category, for either all counties with no pre-
vious smoking bans or all counties with pre-
vious bans, was the dependent variable. The
estimated adult population (or total popula-
tion for asthma and appendicitis) for each
group of counties each year was used as the
offset variable. A dummy variable with the
value of ‘‘1’’ indicated cases from nonban (i.e.,
no previous ban) counties and, used alone,
this variable captured any difference in the
prevalence rate of each condition between the
groups of counties. A dummy variable that
had the value of ‘‘1’’ in the months including
and after May 2007 and ‘‘0’’ otherwise was
used to capture the effect of the time period
after the implementation of the statewide
smoking ban. An interaction between these
dummy variables allowed the effect of the
statewide ban to be different in ban and
nonban counties, and measured the change in
admissions in the nonban counties over and
above that seen in the ban counties during the
post–statewide ban period. Seasonality was
constrained to be the same for each year
and for all counties, but was allowed to be
defined by the data through the inclusion of
variables for month, month-squared, and
month-cubed. An annual linear trend was
included to capture any general trend in the
incidence of each diagnosis. An interaction
term with the nonban counties variable cap-
tured any difference in this trend between the
groups of counties.

No age- or sex-adjustment was made in
the hospital admission data for 2 reasons.
First, no adequate estimate of Arizona’s
population by age, sex, and county for these
years was available, and, second, an analysis
of the population’s components by age and
sex from statewide estimates for this period
differed by less than one half of 1% year to
year.

The hospital discharge data set also contains
information on the total charges incurred for
each patient’s stay and on the expected source
of payment for the majority of those charges.
We used this information for hospital stays by
Arizona residents for each of the diagnoses to
calculate an estimate of the average cost sav-
ings attributable to the statewide smoking ban.
We ran the analyses with the GENLIN pro-
cedure in SPSS 16.0 for Windows (SPSS Inc,
Chicago, IL).
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RESULTS

Figure 1 and Figure 2 show the rate of
hospital admissions (per 100000) by diagnosis
for 3 full years prior to and 1 full year after
the statewide smoking ban for counties
with no significant smoking bans in place prior
to the statewide ban (nonban counties) and
for counties with some smoking bans in place
(ban counties). (A table showing the number of
cases and rates by year for each diagnosis
[Table A.1], and a table showing the average
age and percentage of cases who were female
[Table A.2] are available as a supplement to
the online version of this article at http://
www.ajph.org.)

It is possible that the difference in rates
between the nonban and ban counties was
influenced by the effects of the smoking bans in
place before the implementation of the state-
wide ban. However, it is more likely that the
differences in rates reflect the more urban (ban
counties) versus more rural (nonban counties)
incidence of these diagnoses. If the statewide
smoking ban reduced the incidence of hospital
admissions for a diagnosis, the rate for that
condition for May 2007 through April 2008
should be lower than that expected with any

trend seen across the previous 3 years, espe-
cially for nonban counties.

Table 1 gives the estimated change in hos-
pital admissions for each diagnosis expected to
be affected by SHS. These estimates are based
on the Poisson regression results and the P
values shown are those of the coefficients
estimated for the 2 ban effects variables. As
expected, all estimates for the nonban counties
are negative and statistically significant at the
a<0.05 level. For example, there are esti-
mated to be 159 fewer cases of hospital ad-
mission for AMI in nonban counties in the 13
months after the ban than what would have
been expected from the rates seen in ban
counties during the same period.

Because they lack a dose–response com-
parison group according to Hill’s guidelines for
causality, the estimates for the ban counties are
not as easy to interpret. The only claim that
can be made regarding these estimates is that
they indicate a change in the number of cases
in counties with previous bans after the imple-
mentation of the statewide ban. The estimat-
ed change in admissions for AMI in ban
counties is positive and statistically significant;
it is negative and statistically significant for
asthma, and negative but not statistically

significant for stroke and angina. It is unclear
whether these changes are attributable to the
statewide smoking ban or to some other factor
that may have had an influence on hospital
admissions for these diagnoses in the May 1,
2007, to May 31, 2008, period.

Under the guideline of biologic plausibil-
ity, none of the estimates of ban effects for
the diagnoses not expected to be affected
by SHS (acute appendicitis, kidney stones,
acute cholecystitis, and ulcers) should be
statistically different than zero. This criterion
was met.

Table 2 contains an estimate of the cost
savings attributable to the statewide smoking
ban in nonban counties over the first 13
months after its implementation: $16.8 million.
Approximately $2.3 million of this would have
been paid by Medicaid. Because hospital
charges generally overstate actual economic
costs because some insurers pay lower-than-
average cost,20 this figure may be an overesti-
mate. However, as noted earlier, these estimates
are based on a reduction in the number of cases
in nonban counties over what could be expect-
ed in ban counties, thus, this figure could also
be an underestimate of the actual savings in
hospital costs because of the ban.

Note. AMI = acute myocardial infarction. For ease of interpretation, this figure only shows data for 3 full years prior to the implementation of the ban although 40 months of pre-ban data were

included in the analysis, and it only shows data for 1 full year after the ban although 13 months of post-ban data were included in the analysis.
aPer 100 000 of the total population.

*P < .05, for the estimated change in the number of hospital admissions for each diagnosis after the implementation of the statewide ban.

FIGURE 1—Rate of hospital admissions (per 100000 adult population) for secondhand smoke–associated diagnoses, by county smoking ban

status and year, for (a) AMI, (b) angina, (c) asthma,a and (d) stroke: May 2004–April 2008.
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DISCUSSION

Within the context of the growing body of
consistent evidence from studies in other states
and regions, the results of this study support
the case for substantial health benefits from
Arizona’s comprehensive statewide smoking
ban in areas with no previous bans. According
to this analysis there was a statistically signifi-
cant decrease in the number of AMI, angina,
stroke, and asthma cases admitted to hospitals
in counties with no previous smoking bans,
compared with counties with previous bans,
during the months following the implementa-
tion of the statewide comprehensive ban. In
addition, these decreases were seen in those
counties during the post–statewide ban peri-
od only in diagnoses with ‘‘sufficient’’ or ‘‘sug-
gestive’’ evidence of a causal relationship with
SHS exposure according to the US Department
of Health and Human Services Surgeon Gen-
eral’s 2006 report.15 None of the relevant
coefficients for 4 diagnoses unrelated to SHS
exposure (acute appendicitis, kidney stones,
acute cholecystitis, and ulcers) were statistically
different than zero.

Therefore, according to Hill’s guidelines for
causality, there is evidence that the following
reductions (and percentage reductions) in hos-
pital admission cases in the nonban counties
from May 1, 2007, to May 31, 2008, are at-
tributable to the statewide ban:159 (13%) fewer
AMI cases, 63 (33%) fewer angina cases,
198 (14%) fewer stroke cases, and 249 (22%)
fewer asthma cases. The estimated savings in
hospital costs from these reductions is $16.8
million. These estimates may underestimate the

impact of the statewide ban in these counties
because they are estimates of reductions
in admissions in addition to what could have
been expected in ban counties. Note also that the
reductions for AMI, stroke, and asthma come
despite the lower rates of incidence for these
diagnoses in nonban versus ban counties (Figure
1). Juster et al.7 also found larger reductions in
hospital admissions in counties that went from no
ban to a comprehensive ban than in those going
from a moderate to a comprehensive ban.

Note. For ease of interpretation, this figure only shows data for 3 full years prior to the implementation of the ban although 40 months of pre-ban data were included in the analysis, and it only

shows data for 1 full year after the ban although 13 months of post-ban data were included in the analysis.
aPer 100 000 of the total population.

FIGURE 2—Rate of hospital admissions (per 100000 adult population) for diagnoses not associated with secondhand smoke, by county smoking

ban status and year for (a) acute cholecystitis, (b) appendicitis,a (c) kidney stones, and (d) ulcers: May 2004–April 2008.

TABLE 1—Estimated Change in the Number of Hospital Admissions After Implementation of

the Arizona Statewide Smoking Ban, by Diagnosis: May 1, 2007–May 31, 2008

Ban County Effects

Additional Effects in Nonban Counties Over

Those Seen in Ban Counties

Change in Number

of Cases

Percentage Change

in Number of Cases P

Change in Number

of Cases

Percentage Change

in Number of Cases P

Acute myocardial

infarction

375 4 .027 –159 –13 .01

Unstable angina –3 –1 .934 –63 –33 .014

Acute stroke –266 –2 .155 –198 –14 .001

Acute asthma –306 –4 .035 –249 –22 <.001
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Impacts in Countries With Previous

Smoking Bans

The relationship between the changes seen
in admissions in the ban counties and the
statewide ban is less clear. It would have been
ideal to have had hospital admission data from
nearby counties in other states with levels of
previous smoking bans in place similar to what
was seen in the ban counties over the same
time period, but with no statewide smoking
ban. A comparison between the changes seen
in these counties and the ban counties would
have more clearly separated the impact of the
statewide ban from the influence of other
causal factors on admissions for the counties
with previous bans. Unfortunately, no such
data were available. California has had a state-
wide smoking ban since January 1995; New
Mexico instituted its statewide smoking ban in
June 2007; Utah instituted its statewide ban
in January 2007; and Nevada has had a state-
wide partial ban (enclosed workplaces and res-
taurants, but not casinos) since November 2006.

Therefore, although it is tempting to claim
that the statistically significant reduction in
asthma in ban counties is because of the state-
wide ban, it could also be attributable to a re-
duction during that period in some other causal
factor for asthma itself or for its diagnosis.
The statistically significant increase seen in AMI
would be even harder to explain as being caused
by the statewide ban. It lacks both the dose–
response and biologic plausibility arguments for
causality. These changes are likely because of an
increase in causal factors for AMI or for its
diagnosis other than the statewide ban.

Comparisons With Other Studies

A number of previous studies have demon-
strated reductions in hospital admissions for

AMI1–10 after the implementation of smoking
bans. The most recent of 2 meta-analyses12

yielded a pooled estimate of a 19% reduction in
hospital admission rates for AMI, which is
consistent with an estimate put forth by Pechacek
and Babb21 of 18% to 19% as being the maxi-
mum impact that could be expected to be asso-
ciated with a ban. Juster et al.7 estimated a 19%
reduction in AMI admissions had there been
no local bans in existence before New York’s
statewide ban was implemented, and an 8%
reduction with the local bans. Our study showed
a 13% reduction in AMI hospital admissions in
counties with no previous bans compared with
counties with previously existing municipal or
county bans. This 13% reduction is comparable
to the 11% difference (19% minus 8%) between
the Juster et al. study’s 2 estimates. However,
instead of an 8% reduction in AMI admissions
after implementation of the statewide ban for
counties with previous bans (which would have
been consistent with Juster et al.), our study
showed an unexplained 4% increase in AMI
admissions in the post–statewide ban period.

To our knowledge, our study is the first to
demonstrate reductions in hospital admissions
for angina, stroke, and asthma after the imple-
mentation of a smoking ban. Edwards et al.14

examined the impact of New Zealand’s compre-
hensive smoking ban on these diagnoses, and on
AMI and exacerbations of COPD. However,
although post-ban reductions were seen in ad-
mission rates for angina, stroke, asthma, and
COPD, these reductions disappeared when Pois-
son regression was applied. When one considers
our results, it is possible that the Edwards et al.
study suffered from the lack of a dose–response
comparison group. New Zealand’s comprehen-
sive smoking ban was implemented 14 years
after an earlier national law banned smoking

in public facilities (including retail areas), most
shared offices, and [imposed] partial restrictions
(‡ half of the area designated as nonsmoking) for
work cafeterias, restaurants and meal serving
areas of pubs and other licensed venues.14(p1)

It is possible that statistically significant reduc-
tions in hospital admissions would have been
seen if a comparison had been available to
hospital data from an otherwise similar region
with either no previous ban (as was available
for this study) or with a similar previous ban
and no new comprehensive ban.

Juster et al.7 found no impact on hospital
admissions for stroke for either previous
partial bans or for the comprehensive state-
wide ban. The authors used a broader range
of ICD-9 codes to identify stroke (ICD-9 codes
430–438.xx) than was used in the present
study; it is possible that the inclusion of non-
acute stroke diagnoses such as cerebral ath-
erosclerosis (ICD-9 code 437.0) and the late
effects of cerebrovascular disease (ICD-9 code
438.xx) diminished the expected effect. In
the case of unstable angina, it is unfortunate
that neither the Khuder et al. study,8 which
looked at coronary heart disease (AMI, angina,
heart failure, and atherosclerosis), nor the Pell
et al. study,10 which looked at acute coronary
syndrome (AMI and unstable angina), separated
the impacts found across the various underlying
diagnoses.

Juster et al.7 is the only other study that found
estimated cost savings from a smoking ban. They
used an estimate of the average in-hospital cost
per AMI of $14772, which was substantially
lower than the average charge of $45033 per
AMI found in our data. There are 2 reasons for
this difference. First, as mentioned previously,
hospital charges regularly overestimate actual
costs.20 Second, the $14772 figure used in Juster
et al. is based on1992 to1993 data.22 Adjusting
this 1992 to 1993 estimate to 2008 dollars by
using the consumer price index for medical care
gives an average cost of $26208 per AMI, which
is closer to but still substantially lower than the
$45033 estimate used in this study. However,
the study that was the source of the $14772 cost
estimate also contained an average charge esti-
mate of $24794. When this figure is adjusted to
2008 dollars, it becomes $43989 per AMI,
a figure comparable to the average charge
estimate of $45033 per AMI that we used in our
study.

TABLE 2—Estimated Impact of the Arizona Statewide Smoking Ban on Hospital Charges:

May 1, 2007–May 31, 2008

Number of Cases Reduced Average Total Charge per Case

Estimated Savings

(Millions of Dollars)

Acute myocardial infarction 159 $45 033 $7.2

Unstable angina 63 $13 866 $0.9

Acute stroke 198 $24 836 $4.9

Acute asthma 249 $15 330 $3.8

Total savings $16.8

RESEARCH AND PRACTICE

March 2011, Vol 101, No. 3 | American Journal of Public Health Herman and Walsh | Peer Reviewed | Research and Practice | 495



Limitations and Conclusions

We have attempted to be conservative in
interpreting our findings by using Hill’s guide-
lines for causality. Even so, as with any study
that relies on observational rather than exper-
imental data, there are limitations to these data.
We used a census of hospital admissions data
available in Arizona for the 53 months of
the study; however, the generalizability of the
size of the effects to other regions is limited by
the demographics of the state’s population and
its distribution across the state. Although the
ban counties provided a comparison group to
study the effects for the nonban counties, as
noted previously, we had no similar compari-
son group for the ban counties (i.e., ban coun-
ties with no statewide ban). Therefore, the
inconsistent findings for SHS-related diagnoses
in ban counties (some decreases, some in-
creases) are difficult to interpret.

We provide evidence that Arizona’s state-
wide smoking ban reduced the incidence of
hospital admissions for AMI, stroke, asthma,
and angina in the 13 months after its imple-
mentation, at least in counties with no previous
bans. We also illustrated the cost savings of
these drops in admissions. Taken with the
growing number of other studies showing
substantial health benefits from comprehensive
bans on smoking, and the recent Institute of
Medicine conclusion that bans reduce coronary
heart disease risk,23 there is now little room to
doubt their effectiveness. If one considers the fact
that only about 40% of the US population is
presently covered by a comprehensive smoke-
free law,24 and the need for effective and cost-
saving options in health care, comprehensive
smoking bans should be considered by any
governmental agency, employer, or other orga-
nization seeking to advocate or implement poli-
cies that improve health and reduce health care
costs. j
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