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Exposure to secondhand smoke (SHS) has
been linked to several fatal illnesses among
infants and adults.1 Worldwide, 603 000
deaths have been attributed to SHS exposure.2

In the United States, the Centers for Disease
Control and Prevention reported that 46 000
adults died from ischemic heart disease
(IHD) and 3400 adults died from lung cancer
annually between 2000 and 2004 as a result
of SHS exposure.1,3 In addition, 776 infants
were reported to have died as a result of
maternal exposure in utero each year.1,3 Pre-
mature death results in years of productive
life lost as well as economic losses.

Active smoking has been shown to place
a disproportionately high burden on com-
munities of color,4 including Blacks and His-
panics.5,6 Blacks have also been shown to be
more likely to be exposed to SHS.7---9 How-
ever, the economic impact of SHS exposure on
different racial/ethnic groups has yet to be
examined.

Previous studies have estimated the im-
pact of SHS exposure on mortality using self-
report exposure measures or assuming that
those who live with smokers are exposed, but
these measures yield much lower exposure
estimates than biomarker-determined expo-
sure. In 2003 to 2004, 14.8% of adults
reported home or work exposure, but fully
42.4% had detectable serum cotinine.8

Several recent studies have examined the
association between cotinine levels and car-
diovascular disease and reported a greater
risk of cardiovascular disease among SHS---
exposed adults than among those not
exposed.10,11

The purpose of this study was to estimate
the number of SHS---attributable deaths, years
of potential life lost (YPLL), and the value
of lost productivity for different US racial/
ethnic groups in 2006. We estimated the
number of SHS---attributable deaths for adults
using cotinine-measured SHS exposure for the
first time.

METHODS

We estimated 3 SHS---attributable mortality
outcome measures: deaths, YPLL, and pro-
ductivity losses. Because separating the health
impacts of active and passive smoking is diffi-
cult, we focused on nonsmokers, as have most
previous studies of the health effects of SHS
exposure.2 We calculated mortality measures
for 2 conditions (lung cancer and IHD) found
in adults (aged 20 years and older) and 4
conditions (sudden infant death syndrome, low
birth weight, respiratory distress syndrome,
and other respiratory conditions of newborns)
found in infants younger than 1 year. We
selected these conditions because strong sta-
tistical evidence has indicated a causal link
between SHS exposure and death from the
condition.1,12 For each condition, we deter-
mined the number of SHS---attributable deaths
and the number of YPLL and the productivity
losses associated with these deaths. We des-
cribe each of these 3 SHS---attributable mortality
measures in detail in the Deaths Attributable to
Seconhand Smoke section.

Data Sources

We used multiple data sources for the
current study. The National Health and Nutri-
tion Examination Survey is a household survey
conducted by the National Center for Health
Statistics of the Centers for Disease Control
and Prevention. It contains a nationally repre-
sentative sample of noninstitutionalized civilians
of all ages selected on the basis of a complex
sampling design.13 Participants complete a face-
to-face interview survey, which includes ques-
tions about demographic and socioeconomic
characteristics, health-related conditions,
smoking and tobacco use, and exposure to SHS.
They then receive a physical examination,
which includes drawing blood samples for
serum cotinine analysis for all individuals aged
3 years and older. Beginning in 1999, Blacks,
Mexican Americans, adolescents aged 12 to 19
years, older adults aged 60 years or older, and
low-income people have been oversampled to
improve the stability of the statistical estimates
for these subgroups. We analyzed data from
the 2003 to 2006 National Health and Nutri-
tion Examination Survey cycles, which were
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pooled to increase the sample size. The com-
bined dataset included 12 704 adults: 6562
non-Hispanic Whites, 2436 non-Hispanic
Blacks, 3230 Hispanics, and 476 others.

The National Health Interview Survey is
a cross-sectional household interview survey.
The sampling plan permits the representative
sampling of US dwelling units containing
members of the civilian noninstitutionalized
population (households and noninstitutional
group quarters such as college dormitories).14

Since 2006, Asians, Blacks, and Hispanics have
been oversampled.14 The 2006 National
Health Interview Survey contains information
on 23 322 adults: 14 041 non-Hispanic
Whites, 3820 non-Hispanic Blacks, 4032
Hispanics, and 1429 others.

The Multiple Cause of Death Data contains
records for all deaths that occur in the 50 states
and the District of Columbia each year and is
compiled by the National Center for Health
Statistics.15 The 2006 Multiple Cause of Death
Data file1 contains information on 2 426 264
deaths.

Measures

Race/ethnicity. We considered 4 different
race/ethnicity groups: non-Hispanic Whites (re-
ferred to as Whites), non-Hispanic Blacks (re-
ferred to as Blacks), Hispanics, and other race/
ethnicity, including Asians, Pacific Islanders,
American Indian/Alaska natives, and multiple
races.
Secondhand smoke exposure. Data on infant

exposure to maternal smoking in utero are
available from birth certificates. In 2006, 17
states included a question asking about tobacco
use during each trimester of pregnancy as
well as in the 3 months before becoming
pregnant.16 Exposure estimates are reported
for Whites, Blacks, and Hispanics. We used
the exposure reported for all races and origins
for the other race/ethnicity category.

We determined adult SHS exposure from
the 2003---2006 National Health and Nutrition
Examination Survey data, which includes both
self-reported SHS exposure and serum coti-
nine---measured SHS exposure. The primary
estimates we report are based on cotinine-
measured SHS exposure. We conducted a sensi-
tivity analysis using self-reported SHS exposure.
Cotinine-measured SHS exposure was defined
as having a detectable serum cotinine level of

0.05 nanograms per milliliter or higher.7 Self-
reported exposure to SHS at home was defined
as living in a household in which any household
member smokes inside the home. Self-reported
workplace SHS exposure was defined as smell-
ing the smoke from other people’s cigarettes,
cigars, or pipes for 1 or more hour during the
previous week. Anyone exposed to SHS at home
or at work was considered to be exposed
according to self-report.
Smoking prevalence. To determine the

number of deaths among nonsmokers, we
needed to determine the number of deaths from
active smoking. Thus, for the analyses we needed
the prevalence of current, former, and never
smoking. All infants younger than 1 year were
assumed to be never smokers. Among adults,
a current smoker was someone who had smoked
at least 100 cigarettes in his or her lifetime and
who currently smoked. A former smoker was
someone who had smoked 100 cigarettes but
did not now smoke. A never smoker was
someone who had not smoked 100 cigarettes.
We obtained adult smoking prevalence from the
2006 National Health Interview Survey data.
Deaths from causes related to secondhand

smoke.We obtained the total number of deaths
from the 2006 Multiple Cause of Death Data
for each condition by gender, 5-year age group,
and race/ethnicity. We identified deaths from
the 6 SHS---associated conditions from the
International Classification of Disease, 10th
Revision, codes:

Ischemic heart disease: I20---I25
Lung cancer: C33---C34
Low birth weight: P07
Sudden infant death syndrome: P22
Respiratory distress syndrome: P23---P28
Respiratory conditions of the newborn: R95

Relative risk of death. The relative risk (RR) of
death represents the rate of death among those
exposed compared with the rate of death
among those who were not exposed. We
obtained adult RRs of death for current and
former smoking from the 2004 adult module
of the Smoking-Attributable Mortality, Mor-
bidity, and Economic Costs computer applica-
tion maintained by the Centers for Disease
Control and Prevention.17 We obtained the RR
for IHD from SHS exposure from Whincup
et al.10 This study prospectively measured the

risk of coronary heart disease associated with
SHS exposure using serum cotinine concen-
tration. They reported a RR of 1.32. We
obtained the RR for lung cancer from the 2005
California Environmental Protection Agency
(EPA) report,1 which recommended using
a RR of 1.29, the lower bound of the range it
reported. This estimate was reported in “the
best US study which quantified the exposure on
the basis of cotinine levels.”1(p7) We obtained
the RRs of deaths from infant exposure to
maternal smoking in utero from the 2004
Maternal and Child Health module of Smoking-
Attributable Mortality, Morbidity, and Eco-
nomic Costs;17 these RRs, which are for infants
younger than1year, reflect risks from maternal
smoking during pregnancy: low birth weight,
1.83; sudden infant death syndrome, 2.29;
respiratory distress syndrome, 1.30; and re-
spiratory conditions of newborns, 1.41.

Deaths Attributable to Secondhand

Smoke

We determined the number of SHS---
attributable deaths for each condition by mul-
tiplying the SHS---attributable fraction by the
total number of deaths for that condition
among nonsmokers.
Secondhand smoke---attributable fraction

among nonsmokers. The SHS---attributable
fraction, SAFshs, is calculated by the standard
epidemiological formula as18

ð1Þ SAFshs ¼ 1� Pshsð Þ þ Pshs � RRshs � 1½ �=
1� Pshsð Þ þ Pshs � RRshs½ �;

where Pshs is the prevalence of SHS exposure
among nonsmokers, and RRshs is the RR of
death of SHS---exposed nonsmokers compared
with that of unexposed nonsmokers.
Number of deaths among nonsmokers. Be-

cause separate mortality statistics for smokers
and nonsmokers in the United States are not
available, we estimated the number of deaths
among nonsmokers. All infants were regarded
as nonsmokers. For the 2 adult conditions
(lung cancer and IHD), we determined the
number of deaths among nonsmokers follow-
ing the method used by Gan et al.19 and Oberg
et al.2 First, we determined the number of
excess deaths attributable to current smoking
for each condition. Second, we subtracted these
excess deaths from the total deaths among
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all adults for each condition to derive the total
number of deaths that were not attributable to
current smoking but that resulted from other
(i.e. nonsmoking) risk factors that affect both
smokers and nonsmokers.20 Third, we appor-
tioned the total non---smoking-attributable
deaths for each condition to smokers (those
who die from the disease but whose death is
not attributable to smoking) and nonsmokers
according to the proportion of smokers and
nonsmokers in the adult population. These
steps are expressed by the following formula:

ð2Þ Dnons ¼ D� D · SAFcsð Þ½ � · 1� Pcsð Þ;

where Dnons is the total number of deaths
among nonsmokers, D is the total number of
deaths among all adults, SAFcs is the smoking-
attributable fraction from current smoking, and
Pcs is the prevalence of adult current smoking
in United States.

We derived SAFcs from the prevalence of
smoking and the relative risk of death from
smoking according to the standard epidemio-
logical formula18

ð3Þ SAFcs ¼ Pcs � RRcs � 1ð Þ½ �=½Pns
þ Pfs � RRfs þ Pcs � RRcs�;

where Pcs is the prevalence of adult current
smoking in the United States, Pns is the

prevalence of never-smoking adults in the
United States, Pfs is the prevalence of former-
smoking adults in the United States, RRcs is the
RR of death from current smoking, and RRfs

is the RR of death from former smoking.

Years of Potential Life Lost Attributable

to Secondhand Smoke

We estimated SHS---attributable YPLL as
the product of SHS---attributable deaths and
the average number of years of life expectancy
remaining at the age of death, which were
obtained from the 2006 United States Life
Tables by Hispanic Origin.21 Years of life expec-
tancy remaining were determined separately
for Whites, Blacks, Hispanics, and others.

Productivity Losses Attributable to

Secondhand Smoke

We estimated the value of lost productivity
from SHS---attributable deaths as the product of
SHS---attributable deaths and the present value
of lifetime earnings for each person who died.
We calculated 2006 age- and gender-specific
present value of lifetime earnings using a com-
puter program maintained at the University of
California, San Francisco. The program takes
into account life expectancy, the probability
that a person of a given age and gender will
be in the labor market or keeping house,

labor market earnings, and an imputed value
for household production. Future earnings
were discounted at 3% to convert all dollars
into their 2006 present value. Further details
about this program are available elsewhere.22

These productivity losses represent an indi-
rect social cost rather than a forgone dollar
expenditure.

RESULTS

Infant rates of exposure to maternal smoking
in utero and adult SHS exposure measured
by detectable serum cotinine are provided in
Table 1. Infant exposure in utero ranged
from 2.8% for Hispanics to 18.1% for Whites.
Adult SHS exposure ranged from 34.7% for
Hispanics to 58.4% for Blacks. On the basis
of bivariate logistic regression analysis, Black
adults had significantly greater exposure rates
than did Whites in all age groups and for men
and women. For the other race/ethnicity group,
we estimated SHS exposure by combining
all aged 20 years and older because of small
sample size. The highest SHS exposure was
for Black men aged 45 to 64 years (63.6%)
followed by Black men aged 20 to 44 years
(62.7%). Black women aged 20 to 44 years
had a higher exposure rate (62.3%) than did
any other women.

TABLE 1—Infant Exposure to Maternal Smoking In Utero (2006) and Adult Cotinine-Measured Secondhand Smoke

Exposure (2003–2006) by Gender, Age, and Race/Ethnicity: United States

Age, Y White, Mean (95% CI) Black, Mean (95% CI) Hispanic, Mean (95% CI) Other,a Mean (95% CI) All, Mean (95% CI)

All infantsb < 1 18.1 10.6 2.8 13.2 13.2

All adults ‡ 20 36.9 (32.1, 41.8) 58.4* (52.6, 64.2) 34.7 (30.3, 39.0) 40.0 (29.9, 50.1) 39.1 (35.2, 42.9)

Men

‡ 20 43.2 (38.3, 48.1) 61.4* (54.1, 68.6) 40.9 (35.5, 46.4) 41.6 (25.1, 58.1) 44.5 (40.4, 48.6)

20–44 50.5 (43.4, 57.5) 62.7* (52.6, 72.7) 41.9 (34.9, 49.0) 41.6 (25.1, 58.1) 49.7 (44.2, 55.1)

45–64 40.0 (33.6, 46.4) 63.6* (55.1, 72.1) 40.6 (26.7, 54.5) 41.6 (25.1, 58.1) 42.2 (36.8, 47.5)

‡ 65 36.7 (31.5, 41.9) 50.7* (39.3, 62.0) 33.8 (18.8, 48.8) 41.6 (25.1, 58.1) 37.5 (32.8, 42.2)

Women

‡20 32.1 (26.6, 37.7) 56.6* (50.8, 62.4) 29.6 (24.8, 34.4) 39.0 (29.8, 48.2) 35.0 (30.8, 39.2)

20–44 32.6 (26.2, 38.9) 62.3* (55.1, 69.6) 29.9 (23.1, 36.7) 39.0 (29.8, 48.2) 36.9 (32.7, 41.2)

45–64 34.9 (26.9, 42.9) 50.7* (42.4, 59.1) 30.4 (21.0, 39.8) 39.0 (29.8, 48.2) 36.3 (29.7, 42.8)

‡65 27.6 (22.4, 32.8) 48.9* (36.3, 61.6) 24.9 (14.1, 35.8) 39.0 (29.8, 48.2) 29.2 (24.3, 34.2)

Note. CI = confidence interval.
aCell sizes < 25 were combined for stability of estimates.
bInfant exposure rates derived from Martin, Hamilton, Sutton, et al.16 Confidence intervals were not available.
*Statistically significant difference from Whites (Ref) at P < .05, 2-tailed test, based on bivariate logistic regression.
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Deaths Attributable to Secondhand

Smoke

In 2006, more than 42 000 Americans died
of SHS---attributable diseases, including more
than 41 000 adults and nearly 900 infants
(Table 2). Among these deaths, 80% were
Whites, 13% were Blacks, and 4% were His-
panics. IHD accounted for 34 000 deaths, and
lung cancer caused 7000 deaths. Fully 36%
of the infants who died of low birth weight
caused by exposure to maternal smoking in
utero were Blacks, as were 28% of those dying
of respiratory distress syndrome, 25% dying of

other respiratory conditions, and 24% dying
of sudden infant death syndrome.

Years of Potential Life Lost

These deaths represented a loss of nearly
600 000 YPLL (Table 2), or an average of
14.2 years per death. However, they were
not equally distributed across racial/ethnic
subgroups. Blacks accounted for fully 15%
of YPLL. The average YPLL per death was
17.0 for Hispanics and 17.1 for Blacks com-
pared with 13.6 for Whites because people
of color died at younger ages than did Whites.

Value of Lost Productivity

As a result of the deaths from SHS---
attributable diseases, $6.6 billion was lost
in productivity (Table 3), which amounts to
$158 000 per death. However, the value
of lost productivity per death differed by race/
ethnicity, ranging from $238 000 for Blacks
and $193 000 for Hispanics to $181 000 for
other race/ethnicity and $142 000 for Whites.

Sensitivity Analysis

We conducted sensitivity analyses for the
estimates of IHD and lung cancer. Conducting

TABLE 2—Deaths Attributable to Secondhand Smoke (SHS) and Years of Potential Life Lost (YPLL) by Cause of Death,

Gender, and Race/Ethnicity: United States, 2006

White Black Hispanic Other Total

Cause of Death

SHS–Attributable

Deaths, No. YPLL, No.

SHS–Attributable

Deaths, No. YPLL, No.

SHS–Attributable

Deaths, No. YPLL, No.

SHS–Attributable

Deaths, No. YPLL, No.

SHS–Attributable

Deaths, No. YPLL, No.

Infants (aged < 1 y)

Low birth weight

Male 132 9946 83 6261 12 877 12 882 239 17 966

Female 102 8191 71 5655 9 732 11 847 192 15 426

Total 235 18 137 154 11 917 21 1609 22 1730 432 33 393

Sudden infant death syndrome

Male 140 10 548 46 3442 6 442 10 721 202 15 154

Female 95 7651 38 3029 4 333 4 327 141 11 340

Total 236 18 199 84 6471 10 775 14 1048 343 26 494

Respiratory distress syndrome

Male 11 824 4 322 1 60 1 63 17 1269

Female 7 582 4 326 1 47 0 37 12 992

Total 18 1406 8 648 1 107 1 100 29 2261

Respiratory conditions

Male 24 1769 9 654 2 115 1 81 35 2619

Female 15 1197 7 534 1 95 1 86 24 1912

Total 38 2966 15 1188 3 210 2 167 59 4531

Adults (aged ‡ 20 y)
Ischemic heart disease

Male 15 638 204 375 2086 30 336 872 14 476 556 7792 19 152 256 980

Female 11 425 120 386 2293 30 029 648 9211 433 5331 14 799 164 958

Total 27 063 324 761 4379 60 365 1520 23 688 989 13 124 33 951 421 938

Lung cancer

Male 3720 53 243 410 5874 117 1908 128 1787 4374 62 813

Female 2435 38 886 359 5933 74 1421 91 1588 2959 47 829

Total 6155 92 129 769 11 807 190 3330 219 3375 7333 110 642

Total

Male 19 666 280 706 2638 46 889 1008 17 879 707 11 327 24 019 356 801

Female 14 080 176 894 2771 45 508 736 11 839 541 8217 18 128 242 457

Total 33 746 457 599 5410 92 397 1745 29 718 1247 19 544 42 147 599 258

Note. Columns may not sum because of rounding.
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sensitivity analyses for the infant conditions
was not possible because neither confidence
intervals of exposure nor alternative estimates
of RR were available. For the adult conditions,
we estimated SHS---attributable deaths, YPLL,
and lost productivity using the upper and lower
bounds of the 95% confidence interval of
cotinine-measured exposure and self-reported
exposure at home or at work, and upper and

lower values for RR. We obtained the RR
values from the California EPA report:11.2 to
1.68 for IHD and 1.29 to 1.74 for lung cancer.
The results are shown in Table 4.

Estimates for the number of SHS---attributable
IHD deaths ranged from 31000 to 36000 using
cotinine-measured exposure and from 6000 to
11000 using self-reported exposure. Estimated
deaths from lung cancer ranged from 6500 to

8500 using cotinine-measured exposure and
from 1400 to 2300 using self-reported exposure.
Varying the relative risks results in estimated
deaths from IHD ranging from22000 to 65 000
and those from lung cancer ranging from 7300
to 16 300. The range of estimates of YPLL
and lost productivity as well as the range of
each measure by race/ethnicity are also shown
in Table 4.

TABLE 3—Value of Lost Productivity From Deaths Attributable to Secondhand Smoke by Cause of Death, Gender,

and Race/Ethnicity: United States, 2006

White Black Hispanic Other Total

Cause of Death

Total, $

Thousands

Per

Death, $

Total, $

Thousands

Per

Death, $

Total, $

Thousands

Per

Death, $

Total, $

Thousands

Per

Death, $

Total, $

Thousands

Per

Death, $

Infants (aged < 1 y)

Low birth weight

Male 161 788 1 221 623 101 849 1 221 623 14 261 1 221 623 14 354 1 221 623 292 253 1 221 623

Female 98 899 968 308 68 280 968 308 8841 968 308 10 231 968 308 186 251 968 308

Total 260 687 1 111 326 170 129 1 105 548 23 102 1 110 452 24 585 1 101 691 478 504 1 108 726

Sudden infant

death syndrome

Male 171 583 1 221 623 55 988 1 221 623 7197 1 221 623 11 732 1 221 623 246 500 1 221 623

Female 92 380 968 308 36 574 968 308 4017 968 308 3945 968 308 136 916 968 308

Total 263 963 1 119 158 92 563 1 107 176 11 214 1 116 955 15 677 1 146 167 383 416 1 117 251

Respiratory distress

syndrome

Male 13 401 1 221 623 5233 1 221 623 977 1 221 623 1024 1 221 623 20 636 1 221 623

Female 7032 968 308 3939 968 308 565 968 308 443 968 308 11 978 968 308

Total 20 433 1 120 726 9173 1 098 237 1542 1 114 803 1466 1 132 218 32 614 1 114 536

Respiratory conditions

Male 28 778 1 221 623 10 634 1 221 623 1872 1 221 623 1317 1 221 623 42 601 1 221 623

Female 14 449 968 308 6453 968 308 1143 968 308 1044 968 308 23 089 968 308

Total 43 227 1 123 389 17 087 1 111 784 3015 1 111 394 2361 1 094 965 65 690 1 118 754

Adults (aged ‡20 y)
Ischemic heart

disease

Male 2 655 392 169 801 557 357 267 147 198 542 227 686 109 370 196 854 3 520 661 183 826

Female 697 792 61 075 301 604 131 527 67 693 104 529 39 764 91 798 1 106 854 74 792

Total 3 353 184 123 901 858 962 196 136 266 235 175 201 149 134 150 830 4 627 515 136 299

Lung cancer

Male 609 949 163 962 91 099 222 231 20 516 175 992 19 881 155 473 741 445 169 495

Female 241 003 98 961 47 941 133 557 10 215 138 979 12 535 137 441 311 693 105 338

Total 850 952 138 245 139 040 180 834 30 731 161 679 32 415 147 966 1 053 138 143 608

Total

Male 3 640 892 185 139 822 162 311 608 243 366 241 321 157 677 223 108 4 864 096 202 507

Female 1 151 555 81 785 464 791 167 730 92 474 125 619 67 961 125 727 1 776 781 98 013

Total 4 792 446 142 015 1 286 953 237 905 335 839 192 500 225 638 180 905 6 640 877 157 563

Note. Columns may not sum because of rounding.

RESEARCH AND PRACTICE

November 2012, Vol 102, No. 11 | American Journal of Public Health Max et al. | Peer Reviewed | Research and Practice | 2177



TA
B
LE

4
—
S
en
si
ti
vi
ty
A
na
ly
si
s
of

D
ea
th
s
A
tt
ri
bu
ta
bl
e
to

S
ec
on
dh
an
d
S
m
ok
e,

Ye
ar
s
of

P
ot
en
ti
al

Li
fe

Lo
st
,
an
d
Lo
st

P
ro
du
ct
iv
it
y
fr
om

Is
ch
em

ic
H
ea
rt

D
is
ea
se

an
d
Lu
ng

C
an
ce
r:
U
ni
te
d
S
ta
te
s,
2
0
0
6

W
hi
te

Bl
ac
k

Hi
sp
an
ic

Ot
he
r

To
ta
l

Ca
us
e
of
De
at
h

SH
S–

At
tri
bu
ta
bl
e

De
at
hs

YP
LL

Lo
st

Pr
od
uc
tiv
ity
,

$
Th
ou
sa
nd
s

SH
S–

At
tri
bu
ta
bl
e

De
at
hs

YP
LL

Lo
st

Pr
od
uc
tiv
ity
,

$
Th
ou
sa
nd
s

SH
S–

At
tri
bu
ta
bl
e

De
at
hs

YP
LL

Lo
st

Pr
od
uc
tiv
ity
,

$
Th
ou
sa
nd
s

SH
S–

At
tri
bu
ta
bl
e

De
at
hs

YP
LL

Lo
st

Pr
od
uc
tiv
ity
,

$
Th
ou
sa
nd
s

SH
S–

At
tri
bu
ta
bl
e

De
at
hs

YP
LL

Lo
st

Pr
od
uc
tiv
ity
,

$
Th
ou
sa
nd
s

Co
tin
in
e-
m
ea
su
re
d
ex
po
su
re
a

Is
ch
em
ic
he
ar
t
di
se
as
e

Lo
we
r
bo
un
d
of
95
%
CI

24
06
7

28
3
90
7

2
81
4
92
1

42
56

58
46
8

82
9
02
7

13
97

21
67
8

24
2
17
7

87
5

11
52
3

12
6
38
3

30
59
4

37
5
57
5

4
01
2
50
8

Up
pe
r
bo
un
d
of
95
%
CI

27
31
7

32
6
34
4

3
57
0
31
1

53
34

72
53
9

1
00
3
22
3

23
81

35
78
2

36
8
81
0

13
59

18
02
8

20
4
21
5

36
39
1

45
2
69
3

5
14
6
55
9

M
id
po
in
tb

27
06
3

32
4
76
1

3
35
3
18
4

43
79

60
36
5

85
8
96
2

15
20

23
68
8

26
6
23
5

98
9

13
12
4

14
9
13
4

33
95
1

42
1
93
8

4
62
7
51
5

Lu
ng

ca
nc
er

Lo
we
r
bo
un
d
of
95
%
CI

54
63

80
80
5

71
8
23
9

75
2

11
47
9

13
3
63
6

17
2

30
12

27
49
6

19
3

30
08

28
28
6

65
79

98
30
4

90
7
65
8

Up
pe
r
bo
un
d
of
95
%
CI

69
81

10
3
64
6

91
6
55
6

94
3

14
29
9

16
3
34
1

29
5

50
44

43
20
9

30
2

46
62

44
69
1

85
21

12
7
65
1

1
16
7
79
8

M
id
po
in
tb

61
55

92
12
9

85
0
95
2

76
9

11
80
7

13
9
04
0

19
0

33
30

30
73
1

21
9

33
75

32
41
5

73
33

11
0
64
2

1
05
3
13
8

Se
lf-
re
po
rt
ed

SH
S
ex
po
su
re
c

Is
ch
em
ic
he
ar
t
di
se
as
e

Lo
we
r
bo
un
d
of
95
%
CI

48
09

70
43
3

1
04
9
67
7

87
2

13
31
3

23
1
77
1

21
4

48
96

94
76
6

31
8

42
41

49
44
0

62
13

92
88
2

1
42
5
65
4

Up
pe
r
bo
un
d
of
95
%
CI

77
88

10
8
37
4

1
49
6
14
8

16
36

24
07
9

39
2
97
6

66
3

11
81
2

17
1
51
9

72
5

97
43

11
6
49
4

10
81
2

15
4
00
8

2
17
7
13
8

M
id
po
in
t

63
33

89
77
2

1
27
5
46
6

12
57

18
75
3

31
3
67
0

44
2

84
05

13
3
76
6

52
7

70
70

83
97
0

85
59

12
4
00
0

1
80
6
87
3

Lu
ng

ca
nc
er

Lo
we
r
bo
un
d
of
95
%
CI

11
23

19
26
1

24
1
60
3

15
9

25
84

35
02
8

25
59
5

94
46

70
10
70

10
43
6

13
77

23
50
9

29
6
51
3

Up
pe
r
bo
un
d
of
95
%
CI

17
97

29
82
2

35
0
21
9

29
2

46
67

61
43
2

85
15
93

18
66
4

16
2

24
39

24
18
1

23
35

38
52
2

45
4
49
7

M
id
po
in
t

14
67

24
64
1

29
6
55
6

22
6

36
34

48
40
8

55
11
01

14
12
0

11
7

17
72

17
48
9

18
65

31
14
7

37
6
57
2

Re
la
tiv
e
ri
sk

Is
ch
em
ic
he
ar
t
di
se
as
e

Lo
we
r
bo
un
d
(1
.2
)d

17
57
3

21
1
48
1

2
19
9
35
9

28
92

39
92
9

57
0
66
4

98
3

15
35
5

17
3
30
7

64
6

85
71

97
43
8

22
09
4

27
5
33
6

3
04
0
76
7

Up
pe
r
bo
un
d
(1
.6
8)
d

51
72
4

61
6
24
2

6
24
6
52
1

80
22

11
0
10
6

1
55
0
21
3

29
30

45
47
1

50
5
44
6

18
61

24
69
8

28
0
40
2

64
53
7

79
6
51
7

8
58
2
58
3

Be
st
es
tim

at
e
(1
.3
2)
b,
e

27
06
3

32
4
76
1

3
35
3
18
4

43
79

60
36
5

85
8
96
2

15
20

23
68
8

26
6
23
5

98
9

13
12
4

14
9
13
4

33
95
1

42
1
93
8

4
62
7
51
5

Lu
ng

ca
nc
er

Lo
we
r
bo
un
d
or
be
st

es
tim

at
e
(1
.2
9)
b,
d

61
55

92
12
9

85
0
95
2

76
9

11
80
7

13
9
04
0

19
0

33
30

30
73
1

21
9

33
75

32
41
5

73
33

11
0
64
2

1
05
3
13
8

Up
pe
r
bo
un
d
(1
.7
4)
d

13
73
5

20
4
65
5

1
85
5
54
9

16
31

24
96
1

29
0
30
9

42
9

75
02

68
48
1

48
1

74
08

71
09
7

16
27
5

24
4
52
6

2
28
5
43
6

No
te
.
CI
=
co
nfi
de
nc
e
in
te
rv
al
;
SH
S
=
se
co
nd
ha
nd

sm
ok
e;
YP
LL
=
ye
ar
s
of
po
te
nt
ia
ll
ife

lo
st
.

a T
he

es
tim

at
ed

up
pe
r
an
d
lo
we
r
bo
un
ds

of
th
e
95
%
co
nfi
de
nc
e
in
te
rv
al
s
we
re
re
po
rte
d
in
Ta
bl
e
1.

b T
he

as
su
m
pt
io
n
us
ed

in
th
e
m
ai
n
an
al
ys
is
wi
th
th
e
sa
m
e
SH
S-
at
tri
bu
ta
bl
e
m
or
ta
lit
y
re
su
lts

as
re
po
rte
d
in
Ta
bl
es
2-
3.

c W
e
es
tim

at
ed

th
e
up
pe
r
an
d
lo
we
r
bo
un
ds

of
th
e
95
%
co
nfi
de
nc
e
in
te
rv
al
s
of
se
lf-
re
po
rte
d
SH
S
ex
po
su
re
at
ho
m
e
or
at
wo
rk
us
in
g
th
e
20
03
-2
00
6
Na
tio
na
lH
ea
lth

an
d
Nu
tri
tio
n
Ex
am
in
at
io
n
Su
rv
ey
da
ta
.

d T
he
se

we
re
ob
ta
in
ed

fro
m
th
e
Ca
lif
or
ni
a
En
vir
on
m
en
ta
lP
ro
te
ct
io
n
Ag
en
cy
re
po
rt.
1

e B
es
t
es
tim

at
e
is
fro
m
W
hi
nc
up

et
al
.10

RESEARCH AND PRACTICE

2178 | Research and Practice | Peer Reviewed | Max et al. American Journal of Public Health | November 2012, Vol 102, No. 11



DISCUSSION

This article makes several new contribu-
tions: We presented estimates of the economic
impact of SHS exposure on mortality, including
YPLL and the value of productivity losses,
and presented the impact of SHS---attributable
mortality for different racial/ethnic groups.
Finally, we calculated estimates of SHS---
attributable deaths from IHD and lung cancer
for the first time using cotinine-measured ex-
posure. Cotinine-measured exposure reflects
SHS exposure in all settings, not just at home
or at work, and results in greater SHS exposure
estimates than obtained from self-report.

The impact of SHS exposure on mortality
outcome measures differs by race/ethnicity,
with Blacks accounting for 13% of all SHS---
attributable deaths, 15% of YPLL, and 19%
of productivity losses, whereas they accounted
for 13% of the US population in 2006.23

Black infants dying as a result of exposure
to maternal smoking in utero accounted for
a startlingly high 24% to 36% of all SHS---
attributable infant deaths. The value of lost
productivity per death was highest among
Blacks and Hispanics. Deaths caused by SHS
exposure have a disproportionate impact on
communities of color.

Our estimates of SHS---attributable deaths
from IHD are lower than the California EPA
estimates.1,3 Three factors account for this dif-
ference. The EPA estimates are based on self-
reported SHS exposure, which underestimates
exposure. Our cotinine-based estimates tended
to be higher. At the same time, several factors
caused our estimates to be lower. Death data by
age are now available. Age-specific death is
important because the oldest age group (aged 65
years and older) experienced 85% of IHD-
related deaths24 but had the lowest self-reported
exposure of any age group. Finally, the number
of deaths from IHD has been decreasing over
time because of fewer people smoking, lifestyle
changes, and improvements in therapies. The
same factors accounted for the difference in our
estimates of SHS---attributable lung cancer
deaths, except that the number of deaths from
lung cancer has been increasing over time.25

The net effect is that we estimated the number
of SHS---attributable deaths from IHD to be
approximately 25% lower than previously

estimated, whereas the number of deaths from
lung cancer was about twice as high.

Our findings are subject to several limita-
tions. First, the analysis focused on deaths
among nonsmokers because of the difficulty
in separating the impact of SHS exposure and
active smoking on health among smokers.
However, smokers are also negatively affected
by exposure to SHS. Thus, we underestimated
the impact of SHS exposure.

Second, the RR of IHD from SHS is based
on estimates developed from SHS exposure
measured in 1978 to 1980 and heart disease
developed over the next 20 years. Although
these estimates are the best available, SHS
exposure has been decreasing over time, with
nonsmokers in 1980 exposed to greater levels
of SHS than nonsmokers today. One recent
study26 suggested a diminished effect of lower
level SHS exposure on IHD in older adults. Thus,
newer estimates of RR need to be developed.

Third, we assumed productivity losses were
the same for a person of a given age and gender,
regardless of race/ethnicity. We did not con-
sider earnings differentials by race/ethnicity
because many of them result from labor market
imperfections or past labor market discrimina-
tion that led to lower wages for some population
groups. We assumed that anyone could earn
what the average person earns today.

Fourth, the analysis was limited to 6 condi-
tions for which death has been shown to be
associated with SHS exposure. We selected
these conditions because both the EPA1and the
US Surgeon General12 reports unequivocally
agreed that the evidence was sufficient to
establish a causal link. However, many more
conditions are thought to be caused or exac-
erbated by SHS exposure. For example, the
recent study by Oberg et al.2 included adult
deaths from asthma and estimated a substantial
number of SHS---attributable asthma deaths.
However, because the EPA and US Surgeon
General reports both indicated that the evidence
for asthma was suggestive but not sufficient
to indicate a causal link, we did not include
asthma. Similarly, evidence for a link between
SHS exposure and breast cancer continues to
build. Broader inclusion of SHS---attributable
diseases would result in larger estimates.

Fifth, we used the same RR estimates of
death from SHS exposure for all racial/ethnic
groups because the RR estimates were not

available by race/ethnicity. Sixth, we were
unable to calculate the 95% confidence in-
tervals for SHS---attributable deaths, YPLL, or
the value of lost productivity. However, we
did conduct a sensitivity analysis. Finally, the
purpose of this analysis was to estimate the
impact of SHS exposure on mortality-related
outcomes. We did not include the substantial
impact of SHS on health care costs.

Progress has been made in reducing smok-
ing in public places, but much work remains
to be done. As of 2009, only 27 states banned
smoking in private workplaces, 29 banned it
in restaurants, and 22 banned it in bars,27

leaving many people vulnerable to SHS expo-
sure. Reducing SHS exposure at home is
even more challenging, but signs are encour-
aging.28 Among US households with smokers
and children, the proportion with a complete
smoking ban has tripled since 1992 to 1993
to 50% in 2006 to 2007.29 However, home
smoking bans were less likely among house-
holds with older children, in Black households,
and in households in states with high smoking
prevalence.28 Smoke-free laws have been
shown to have a positive association with
smoke-free home rules, suggesting that ban-
ning smoking in public places can have a far-
reaching impact of reducing SHS exposure
in other settings.30 Comprehensive smoke-
free legislation has also been shown to be
associated with significantly fewer hospitali-
zations and deaths from coronary events
and other heart disease.31 Thus, strengthen-
ing SHS policies will have the effect of re-
ducing deaths from SHS exposure and the
associated economic burden.

The economic toll resulting from SHS---
attributable deaths from just 2 adult and 4
infant conditions is substantial, totaling 42 000
deaths, 600 000 YPLL, and $6.6 billion in
lost productivity. These estimates likely
underestimate the true economic impact of
SHS on mortality. This burden results in com-
munities of color suffering relatively greater
losses. With the high rates of smoking preva-
lence and the resulting high rates of SHS ex-
posure in the United States and in many parts
of the world, interventions need to be desi-
gned that target particularly vulnerable groups
and that reduce the health and economic
burden of smoking on smokers and non-
smokers alike. j
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