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In introductory remarks during the press con-
ference to launch the 2006 report, Health Con-
sequences of Involuntary Exjiosure to Tobacco

Smoke: A Report of the Surgeon General Sui-geon

General Richard Carmona stated that "the debate
is over. The science is dear: secondhand smoke
is not a mere annoyance, but a serious health
hazard that caases premature death and disease
in children and nonsmoking adults."^ That report
brought into public focus the epidemioiogicai and
medical evidence that has been accumulating
i-apidly in recent years about the dangers of
secondhand tobacco smoke (SHS)--also known as
environmental tobacco smoke, passive smoking,
and involuntary smoking.

Knowledge about these dangers has ad-
vanced rapidly since the 1972 surgeon gen-
eral's report first considered the health risks of
SHS.̂ "^ The 1986 sui^eon generíü's report The
Health Consequences of Involuntary Smoking,

found evidence that exposure to SHS is linked to
important medical conditions—induding coro-
nary heart disease, heart attacks, and chronic
respiratory symptoms.' In 1992, the Environ-
mental Protection Agency dassified SHS as a
carcinogen''; more than 50 cardnogens have
now been identified as components of SHS/'̂ "**

The 2006 surgeon general's report found
suffident evidence to infer a causal relationship
between exposure to SHS and both lung cancer
and coronary heart disease. For infants and
children, the evidence is sufTicient to infer
causality for low birthweight. sudden infant
death syndrome (SIDS), lower-respiratory ill-
ness, odtis media, and asthma.' Each year in the
United States there are an estimated 3400
lung cancer deaüis, 46000 deaths from heart
disease and heart attacks, and 430 cases of SIDS
resulting from StIS exposui'e.'*'

However, the economic impact of SHS—and
of efforts to limit smoking in public places—is
still debated. Peer-reviewed studies have found
that "smoke-free" \avfs have no adverse effects
on hospitality industry sales and employment"
For example, in the 9 months following the

Objectives. Using the risk categories established by the 2006 US surgeon
general's report, we estimated medical treatment costs related to exposure to
secondhand tobacco smoke (SHS) in the state of Minnesota.

Methods. We estimated the prevalence and costs of treated medical condi-
tions related to SHS exposure in 2003 with data from Blue Cross and Blue Shield
(Minnesota's largest insurer), the Current Population Survey, and population
attributable risk estimates for these conditions reported in the scientific litera-
ture. We adjusted treatment costs to the state level by health insurance category
by using the Medical Expenditure Panel Survey.

Results. The total annual cost of treatment in Minnesota for conditions for
which the 2006 surgeon general's report found sufficient evidence to conclude a
causal link with exposure to SHS was $228.7 million in 2008 dollars-equivalent
to $44.58 per Minnesota resident. Sensitivity analyses showed a range from
$152,1 million to $330.0 million.

Conclusions. The results present a strong rationale for regulating smoking in
public places and were used to support the passage of Minnesota's Freedom to
Breathe Act of 2007. (4m J Public Health. 2009;99754-759. doi:10.2105/AJPH.
2008,1374301

March 2003 implementation of a "smoke-free"
policy for restaurants and bars in New York City,
employment in restaurants and bars increased by
10600 jobs and taxable receipts rose by 9'yo,'̂

The impact of SHS on health care costs is less
well understood. In the United States, a study in
Marion County, Indiana, identified $53.9 mil-
lion in costs related to health care and prema-
ture loss of life attributable to SHS exposure-
equivalent to $62,68 per capita annually.'̂  A
sliidy in New York Cify calculated annual costs of
$99 million related to infants' developmental
delays caused by prenatal exposure to SHS.''' A
2005 report from the American Sodely of Ac-
tuaries calculated that $2,6 billion was spent for
medical care in the United States for lung cancer
and heart disease (induding heart attacks) in
nonsmokers. caused by exposure to SHS. The
report calculated an additional $3.2 billii)n in
economic losses—induding losl wages, benefits,
and household services—caused by exposure to
SHS, On a per-capita basis, this is equivalent to
$9.02 for medical care and $11.10 for additional
economic losses,'"**̂ ^

These studies have not used standardized
methodologies or data sources, and only a iew

unpublished studies of the medical economic
costs of SHS provide state-level findings. Be*
cause many of the policy decisions to ban
smoking in public places are made at the state
level, the detailed analysis presented here will
be relevant to the remaining half of the states
contemplating such regulations.

In our study of costs related to exposure to
SHS in the state of Minnesota, we used a largr
dataset of administrative claims data—from
Blue Cross and Blue Shield of Minnesota
(Blue Ci-oss). the state's largest insurer—to
estimate both the prevalence of treated med-
ical conditions related to exposure to SHS and
the costs of that treatment. Tliese data on
prevalence and costs drew on the epidemio-
iogicai evidence compiled in the recent, de-
finitive 2006 surgeon general's report of the
health consequences of SHS exposure. With
concepts from health services research, epi-
demiology, economics, and accounting, these
data were extrapolated to estimate the annual
health care costs of SHS to the state of
Minnesota.

All calculations were based on data for the
year 2003, the most recent year for which all
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necessary epidemiological, medical, and finan-
dal data were available. The state's population
Üiat year was 5.1 million people, and tlie adult
smoking prevalence was 18.O"/o."' In 2003,
65.3"/i) of adult Minnesotans reported any ex-
posure to SHS in the past 7 days.' ' Among
nonsmokere-the populalion that was Ihe focus
of this stui^—Ihe rate of exposure to SHS was
59%

METHODS

We used 5 main steps to generate our
prevalence and cost estimates, (1) identify
health conditions caused by secondhand
smoke exposure. (2) detennine the prevalence
for each condition among Blue Cross members.
(3) adjust the treated prevalence to the state
level, (4) detennine tiie number of episodes
attiibutable to secondhand smoke, and (5)
detennine the cost per episode.

Health Conditions Caused by
Secondhand Smoke Exposure

The 2006 surgeon general's report pro-
vides a list of health conditions for which
there is sufficient evidence currently available
to draw a causal link with exposure to SHS.'
For children, these additions include low
birthweight-defined as a wei^t of less than 2.5
kg at birtli (because of matemal exposure to
SHS); SIDS; acute lower respiratory illnesses
(children aged 0-4 years); and otitis media,
middle ear effusion, asthma, and wheeze illness
(diildren aged a-17 years). For adults 18 yeare
and older, there are 2 conditions for which
there is sufficient evidence of a causal link with
exposure to SHS—lung cancer and coronary
heait disease.

We mapped these conditions to Blue Cross
claims data with the assistance of claims
coding specialists at Blue Cross. The linal
disease list excluded a small number of sub-
conditions related to these conditions—such
as "cough, phlegm, wheeze, and breathless-
ness among school children" and "lower level
of lung function during childhood"—because
Ihest" could not be clearly mapped to coded
medical conditions with administrative claims
data We did not include SIDS because it
leads to immediate mortality instead of
treatment. We also excluded conditions the
surgeon general identified as having a

"suggestive but not sufficient" causal link with
exposure to SHS.

Treated Prevalence for Each Condition
Among Blue Cross Members

The tenn "treated prevalence" used here
indicates episodes of each SHS-related condi-
tion that actually received treatment and, thus,
incurred medical costs. We used episode treat-
ment gi-oup (ETG) codes, applied to adminis-
trative claims data from Blue Cross, to identify
individuals with an episode—and the average
cost per episode-for each of these conditions
for calendar year 2003. The ETG methodology
is a widely used episode-building system that
dt aws on administrative claims data.

The ETG codes use diagnosis information
submitted by physicians and other health cai-e
providers on insurance claims to identify the
start of treatment of a given condition, and then
a^-egate subsequent treatment events and
costs that pertain to the index condition, in-
duding professional services; inpatient and
outpatient hospital services; laboratory, radiol-
ogy, and pathology services; and prescribed
Pharmaceuticals. The ETG codes were
designed to provide a consistent and clinically
homogeneous set of categories that could serve
as an analytical unit with which to measure the
treatment patterns of patients across time.'"
Because HTG codes group all daims related to a
sin^e clinical episode of illness, they offer a
usefuJ method to establish the treated prevalence
of disease and to accurately assess related costs.

Using ETG codes, we calculated the treated
prevalence of conditions among the 1.3 million
Blue Cross members in Minnesota, These
members belonged to 3 broad insurance
groups; piivatc commercJal insurance, Minne-
sotaCai-e, and the Prepaid Medical Assistance
Progi am, MinnesotaCare is a subsidized health
care program for low-income Minnesota resi-
dents offered by Blue Cross and other insurers
in the state; it is credited with contributing to
redudng Minnesota's level of uninsured per-
sons to among tbe lowest in the nation.''* It is
funded by premiums, a tax on health care pro-
viders, the state, and federal matching dollars,
MinnesotaCare is i-un as a prepaid bealth main-
tenance organization offered throu^ a network.

The Prepaid Medical Assistance Pi-ogi-am is a
Medicaid managed-care program paid for by
the state and the federal governments. (In

addition, the state's General Assistance Medical
Care program provides medical care for a
montlily average of 37000 low-income Min-
nesotans who do not qualily for Medical
Assistance and other state and federal
programs—primarily low-income adults aged
21 to 64 years who do not have any dependent
children.) These 3 categories represent 3 of the
6 major insurance-status categories for the
state. Through these 3 programs. Blue Cross
insures 26% of Minnesota's population, in-
duding 23% of the population younger than
18 yeai-s and 32% of the working population
aged 19 to 64 years.

Adjust Treated Prevalence to the
State Level

By definition, tlic Blue Cross mt̂ mber pop-
ulation does not indude unijisured persons and
has only partial data for additional broad cat-
egories of insured persons—including private
insuiance. military insurance, Medicaid, and
Medicare. To project the treated prevalence
among Blue Cross members to the full popu-
lation in the state, we used the Blue Cross
daims data, the Current Population Survey.^"
Minnesota Department of Health data, and
Medicai-e data—as described in the following
paragraphs.

The Current Population Survey provides the
distribution of Minnesota's population into 6
different insurance-status groups, by age and
gender (Table 1). Because the Cun-ent Popula-
tion Sui-vey systematically underestimates the
number of individuals in Medicaid pro-
grams,̂ '*-̂ ^ we also used data from the Minne-
sota Health Access Sui-v(y,̂ ' the Minnesota
Department of Health, and the Minnesota
Department of Human Servicê s to categorize the
population of Miruiesota by health insurance
status in 2003, For the Medicare population, the
Centti- for Medicaid and Medicare Services pro-
vides Minnesota-specific data"̂ ^

We calculated a weighted treated preva-
lence for eadi of tbe state's main insurance
categories, by applying the treated prevalence
of each condition in the Blue Cross populations
to other state [jopulations, with adjustinents for
age group and gender where appropriate.

First, we projected the treated prevalence for
the insurance categories that directly corre-
spond to the Blue Cross insurance categories.
Next, the Blue Cross treated prevalence ratios
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TABLE 1-Health Insurance Status of Minnesota's Population, by Age: 2003

primary Type of Health Insurance

Private

GAMC and Medical Assistance

MinnesotaCare

Military (Tricare)

Medicare

None

Total

Aged 0-17 Years

871285

226059

57920

6047

9593

58945

1229849

Aged 18-64 Years

2562162

175174

96972

47062

71944

300302

3253616

Aged > 65 VeafS

28926

0'

0'

21027

594619

1244

645816

Mo. (%)

3462373(67.5)

401233(7.8)

154892(3.0)

74136(1.4)

676156(13.2)

360490 (7.0)

5129281(100)

Note. GAMC "General Assistance Medical Care (a smail state-funded program for low-income persons who do not quali^for
medical assistance).
Source. Oata were from the Current Population Survey.™ Minnesota Health Access Sunwy,^ Center for Medicaid and Medicare
Seivices administrative count data,^ and Minr>esota Oepartment of Human Services.̂ ^
"Individuals wifli dual eligibility for Medicaid ot MinnesotaCare and Medicare were categorized as Medicare.

were applied to the military group and the
group with no insuraiiœ coverage. For military
insurance, treated prevalence rates for Blue
Cross private insurance served as a proxy,
because the Tricare military insurance pro-
gram is run as a private entity. To represent the
uninsured group, we used the treated preva-
lence rates for Blue Cross Prepaid Medical
Assistance Program members. For conditions
affecting adults, separate treated prevalence
rates were calcul^ed and e^plied for the 2
different age groups, 18 to 64 years and 65
years and older.

ITiere are 2 exceptions to this method of
calculating the weighted treated prevalence of
conditions linked to SHS. First, the prevalence
of low birthweight was derived directly from
data from the Minnesota Department of Health
for calendar year 2003 because vital records
data for the whole state are directly available,
making extrapolation unnecessary.^'' For low
birthweight, we applied separate rates for male
and female children for eadi of the insuranœ
categories. Secondly, data Irom the American
Cancer Society and the Agency for Health Care
Research and Quality provide separate estimates
of treated prevalence for Ihe Medicare líopiüa-
üon.''̂ '̂ ^ As a seœndary Medicai'e payer throu^
supplementary policies, Blue Cross does not have
confíete claims data for this population.

Determine Number of Episodes
Attributable to Secondhand Smoke

The next step was to estimate the proportion
of the episodes for each condition that can in

fact be causally attributed to exposure to SHS
by using the most recent valid estimates of
the population attributable risk (PAR). The
PAR is defined as the proportion of disease
occurring in the total population that is attrib-
utable to the exp)osure.̂ ^

We used the most recent valid estimates in
the published literature of the PAR for lung
cancer, coronary heart disease, low birth-
weight, aaite lower respiratory illnesses, and
odds media and middle ear efHision.̂ -'"'̂ '̂'̂  hi
each of these cases, the setting was relevant for
our study in Minnesota. For asthma, for which
we have solid prevalence data—and for which
there is no scientifically soimd estimate in the
published literature—we calculated the PAR from
the relative risk estimates reported in the 2006
surgeon general's report and prevalence data
from the Minnesota Department of Health."̂
The fonnula for calculating the PAR in this way
is as follows:

(1)
Preva]encex(RR-l)

Prevalencex(RR-l)+ 1

For each condition, the number of Mirme-
sotans with episodes is multiplied by the ap-
plicahle PAR to calculate the number of cases
of each condition in Minnesota that can be
attributed to exposure to SHS. We also carried
out sensitivity analysis for the PAR estimates.

Determine Cost per Episode

For all conditions except for low birthwei^t
we analyzed 2003 Blue Cross claims

data-stratified by age, gender, and insurance
group—to calculate the average cost to treat a
single episode of eadi disease for private insur-
ance, including costs from all sites of service and
billing sources. For low birthwei^t cost, we used
recent estimates of the per-episode cost from the
literature. (A recent study in California provides
the best estimate of the costs of care for low
birthweight children and their mothers. For all
low birthweight births, the mean costs were
$33 970 for care for the infant and an additional
$7820 for care for the mother—for a total cost
of $41790.^^) We then used the 2003 Medical
Expenditure Panel Survey (MEPS) to determine
the ratio of the averse costs in each insurance-
status category to the category ol private
insurance.'*'* We used the MEPS data foi- the
Midwest region because there is not a sufficiently
lai^e sample at the state level for separate
estimates lor each insurance category.

Table 2 shows the ratios of average medical
expenditures, with a comparison of different
fypes of insurance to private commercial in-
surance coverage. We then used these ratios
to adjust the average cost per case calculated
from Blue Cross commercial insurance to de-
termine the average cost for each condition
and insurance category. Dollar values from
2003 were converted to 2008 dollars using
the US Consumer Price Index for medical

TABLE 2-Health Insurance Status of

Minnesota's Popuiation in 2003 and

Ratios of Average Total Medical

Expenditures in the Midwest: Medical

Expenditure Panel Survey, 2003

Primary Average Total

Healtti Medical
Insurance Expenses,

Status Distribution, % 2003$ Ratio'

Private

Medicaid

Medicate

Militaiy (Tricare)

Uninsured

Total

66.8

9.2

13.5

0.8

9.7

100

2337

3201

8631

4255

1028

3176

1.00

1.37

3.69

1.82

0.44

Source. Medical Expenditure Panel Survey.
'Compared with private commercial insurance coverage.
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RESULTS

Table 3 shows the results for the calculations
of the susceptible populations for each of the
conditions that are causally related to exposure
to SHS, the weighted treated prevalence of
these conditions, and the resulting number of
Minnesotans estimated to have suffered from
these conditions in 2003, These results are
displayed by age groups because of the differ-
ence in SHS-retated diseases between adults
and children and the difference in prevalence
and cost data sour'ces for adults aged 18 to 64
years and those aged 65 years and older.

Table 4 displays the results of the process
described in steps 4 and 5 of the "Methods"
section-in which we used the PAR to calculate
the percentage of each disease in the popula-
tion that resulted from SHS exposure and then
adjusted the average cost per episode for each
age and insurance coverage group with the
MEPS expenditure ratios. We used these data
to calculate a weighted average for the average
annual treatment costs for individuals with
these conditions. Table 4 shows the weighted
average cost for each condition and age group
from step 5, as well as the estimated number of

Minnesotans with an episode of each type of
condition, and the total costs calculated in
2003 and 2008 dolíais.

We carried out 2-way sensitivity analyses
for both the PAK estimates and the ratios
used from the MEPS to calculate the cost
adjustments—simultaneously varying the PAR
by 25%, and the cost estimates by 15%,
both upvyard and downward. TTie results
showed a range from a total of $ 15 2,1 million to
$330,6 mülion.

DISCUSSION

We found substantial costs assodated with
exposure to SHS in the state of Minnesota. For
calendar year 2003, the total cost of treatment
of conditions for which the 2006 surgeon
general's report Ibund that there was sufficient
evidence to make a causal link with exposure to
SHS was $228.7 million, adjusted to 2008
dollars. This is equivalent to $44.58 per Min-
nesota resident.

We took advantage of a unique data source-
claims data from Blue Cross and Blue Shield
of Minnesota, the largest insurer in the state—as
well as the evidence compiled by the 2006

TABLE 3-Treated Prevalence of Conditions Causally Related to Secondhand Tobacco

Smoke Exposure: Minnesota, 2003

Conditions

Minnesota popuiation aged 0-17 y"

Low billiiveight'^

Acute iower respirstoiy iiinesses

Otitis medía and middie-ear effusion

Asthma, wheeze iiiness

Minnesota population aged 18-64 y''

Lung cancer

Coronaiy heart disease

Minnesota population aged>65 y'

Lung cancer

Coronary heart disease

Minnesota Susceptible

Population in 2003'

70053"

273300*

1229849

1229849

3253616

3253616

615816

615816

Weighted Treated

Prevalence

0.06308

0.11692

0.19135

0.04077

0.00107

0.02272

0.00689

0.04341

No. With Episodes of

These Conditions

4419

31953

235333

50135

3466

73914

4450

28033

'Population Data were from the Current Population Survey."^
treated prevalence data were from Blue Cross claims data for aduits aged 18-64 years and for children-with the exception of low
birthweight, which is reported by the Minnesota Department of Health vital records.^^
•^Defined as less than 2500 g.
"All birtfis.
""Population younger than 4 years.
'Data on treated prevalence for those aged > 65 yea/s for lung cancer were from the National Cancer Institute^'; data on consnaiy
heart disease were from Agency for Health Care Research and Quality.^'

surgeon general's report, to calculate the most
detailed and methodologically rigorous esti-
mate to date of the economic costs of SHS
exposure.

We relied on Blue Cross data to estimate
both the treated prevalence and the costs of
medical conditions caused by exposure to SHS.
Beaiuse Blue Cross is the largest insurer in the
state, with a range of programs including cov-
erage for low-income populations (Prepaid
Medical Assistance Program) and commercial
private insurance, the Blue Cross claims data
represent the single best estimate of these costs.
Wh(!rever available, reliable outside sources
supplemented the treated prevalence data.

In this study, we assumed that Blue Cross
prevalence rates and average treatment costs
could be applied to the remainder of the state's
population. The prevalence and cost estimates
were both adjusted-by using the Current
Population Survey and the MEPS, respectively—
to take account of differences in age and gender
acrcss dilTerent insurance coverage groups.
Theie is Ißcely to be a level of imprecision in
these adjustments. Estimates of treated preva-
lence for the elderly population were based on
data from the American Cancer Sode^ {for
lung cancer) and Medicare data from Agency
for Health Care Reseaidi and Quality (for heart
disease and stroke). In both cases, the data were
specific to Minnesota.

Tlie attribution of causality—that spedfic
proportions of the medical conditions dted
were caused by exposure to SHS—was a key
step in our methods and one that was sensitive
to the parameters used. To attribute causality
to exposure to SHS, we used PAR estimates
fi'om the peer-i-eviewed literature—except for
asthma, which was calculated directly from the
relative risk estimates in the 2006 .surgeon
general's report.

By definition, the PAR is sensitive to the
overall prevalence of the condition in question:
estin-iates of the PAR can only be transferred
from one setting to another if the prevalence of
the condition is similar. Our results are also
sensitive to calculations that compare the
cost of medical care for population groups not
insured by Blue Cross and Blue Shield-
particularly the Medicare population and the
uninsured—to the costs for groups that are.
We therefore carried out 2-way sensitivity
analysis for both the PAR estimates and the
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TABLE 4-Costs of Conditions Attributable to Secondhand Tobacco Smoke (SHS), by Age

Group: Minnesota, 2003

No. With

Episodes PAR, %

No. of Episodes

Attributable

to SHS

Cost per

Episode, 2003$

Total Cost, Total Cost,

Millions Millions

of 2003$ of 2008$

Aged 0-17 y"
Low birthweight

Acute lower-respiratory

illnesses

Otitis media and

middle-ear effusion

Asthma, wheeze illness

Aged 18-64 y"

Lung cancer

Coronary heart disease

Aged > 65 ŷ

Lung cancer

Coronary heart disease

Grand total

4413

31953

235333

18,0

25,0

14.0

50135 35.0

3466

73914

4450

28033

4,9

6.9

4.9

6,9

794

7988

32947

17547

170

5100

218

1934

41790

848

521

1052

23200

9650

58303

24252

33.2

6.8

17,2

18.5

3.9

49.2

12.7

46,9

40,3

8.2

20,9

22.4

4.8

59.7

15,4

56,9

228,7

Me. PAR = population attributable risk.

'PAR for asthma and wheeze illness were calculated from the 2006 surgeon general's reporf and prevalence data from the

Minnesota Oepariiiient of Heaiüî ^; PAR for iow birthweight, acute lovrer respiratory illnesses, otitis media, and middle-ear effuaon

were calculated from Zollinger et al,^

"PAR for lung cancer and coronary heart disease calculated from Zollinger et al,^ and Woodward and Laugesen.^ The California

Environmental Protection Agency 2005 report Proposed Identification ol EnvironmtKal Tobacco Smoke as s Toxic Air Contaminant^

includes a review of scientific Sudles in the Urtited Sates and finds MRs in the range of 2,2% to 5.6% for Ijng cancer and 2,5% to

8,0% for coranary heart disease.
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ratios used from the MEPS to calailate the cost
adjustments—simultaneously varying the PAR
by 25% and costs by 15°/o, both upward anà
downward.

It is important to note that the disease list we
used in this study included only those medical
conditions identified in the surgeon general's
report as having sufficient evidence of a causal
link with exposure to SHS, and did not include
those considered to have a suggestive but not
sufficient link. Long-temi cai'e costs, a large
categoiy, were not included, because it was
beyond the scope of this study to attribute long-
tenn care costs to specific conditions related to
SHS. Indirect costs related to the opportunity
cost of time lost because of illness and obtain-
ing assodated medical care—potential income
or other benefits lost because of illness—were
likewise not included. Similarly, the psycho-
logical costs of the negative efteds of SHS, such
as pain and suffering, were not calculated.
Together, these costs could be substantial.
Additionally, we tised a 1-year time frame and

did ntjt take account of any costs that would
occur in future years.

The 2003 Minnesota Adult Tobacco Survey
estimated that 18,0% of adults in the state were
sniokei-s and that 6.5.S"/!) of adults were ex-
posed to SHS in any location in the 7 days prior
to the survey. '^ The I'esults of this study have
already provided jasüfication to policymakers in
that state for statewide legislation to restrict
smoking in all woritplaces, including restaui'ants
and bars. The Minjiesota Freedom to Breathe
Act of 2007, whidi came into effert on October
1, 2007. prohibits smoking in public transporta-
tion, indoor public plaa?s. and places of em-
ployment, including bare, restaurants, private
dubs, offices, and stores.

State-level medical cost data may be particu-
larly valuable for policymakers in states that have
not passed such statewide smoking bans. Across
the United States, the rising cost of health care has
created a crisis for state legislators. Connecting
SHS exposure to rising medical costs could pro-
vide justification for passing these laws, •
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No prulucül ;ij)pri>vii¡ was rirqiiire<l—only secondary,
a^egated, and deidentilied data were used for this
study.
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