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Several major meta-analyses have concluded that exposure to environmental tobacco smoke
(ETS) increases the risk of coronary heart disease (CHD) by about 25% among never smokers.
However, these reviews have excluded a large portion of the epidemiologic evidence on ques-
tionable grounds and have been inconsistent in the selection of the results that are included. We
conducted an updated meta-analysis and critique of the evidence on ETS exposure and its rela-
tionship to death from CHD among never smokers. Our focus is on the U.S. cohort studies, which
provide the vast majority of the available evidence. ETS exposure is assessed in terms of spousal
smoking, self-reported estimates, and personal monitoring. The epidemiologic results are sum-
marized by means of overall relative risks and dose-response relationships. The methodological
issues of publication bias, exposure misclassification, and confounding are discussed. Several
large studies indicate that spousal smoking history is a valid measure of relative exposure to
ETS, particularly for females. Personal monitoring of nonsmokers indicates that their average
ETS exposure from a smoking spouse is equivalent in terms of nicotine exposure to smoking
less than 0.1 cigarettes per day. When all relevant studies are included in the meta-analysis
and results are appropriately combined, current or ever exposure to ETS, as approximated by
spousal smoking, is associated with roughly a 5% increased risk of death from CHD in never
smokers. Furthermore, there is no dose-response relationship and no elevated risk associated
with the highest level of ETS exposure in males or females. An objective assessment of the
available epidemiologic evidence indicates that the association of ETS with CHD death in U.S.
never smokers is very weak. Previous assessments appear to have overestimated the strength of
the association.

It is generally believed that exposure to environmental to-
bacco smoke (ETS) increases the relative risk of death from
coronary heart disease (CHD) among never smokers. The Amer-
ican Heart Association, the California Environmental Protection
Agency, and the U.S. Surgeon General have all concluded that
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However, it is based on knowledge about the epidemiology of ETS
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the increase in coronary heart disease risk due to ETS is 30% (rel-
ative risk of 1.30) (Taylor er al., 1992; NCI, 1999; U.S. DHHS,
2001). This relative risk (RR) is based primarily on comparing
never smokers married to smokers with never smokers married
to never smokers. Meta-analysis has been used to combine the
results of observational epidemiological studies on this issue
(Bailar, 1999). Three major meta-analyses of about 8 U.S. and
10 non-U.S. epidemiological studies have reported worldwide
summary relative risks (95% confidence intervals) of 1.30 (1.22
to 1.38), 1.25 (1.17 to 1.32), and 1.25 (1.17 to 1.33) (Law et al.,
1997; He et al.,1999; Thun et al., 1999). The summary relative
risk for the U.S. studies has been reported as 1.22 (1.13–1.30)
(Thun et al., 1999).

However, the relationship between ETS and CHD is still con-
troversial, as can be seen from our recent epidemiologic study
(Enstrom & Kabat, 2003a) and the reactions to it (Thun, 2003;
Enstrom & Kabat, 2003b, 2004; Smith, 2003; Ungar & Bray,
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2005). We believe there are three main reasons for the contro-
versy. First, considering that ETS is much more dilute than ac-
tively inhaled smoke, it seems etiologically implausible that ETS
could cause a 30% increase in CHD risk (Bailar, 1999), although
arguments to the contrary have been made (Law et al., 1997).
Second, the overall strength of the epidemiologic evidence de-
pends greatly on which results from the individual studies are
included in a summary meta-analysis (Law et al., 1997; Enstrom
& Kabat, 2003a; LeVois & Layard, 1995). Third, the importance
of the ETS issue to both antismoking activists and to the tobacco
industry has made it difficult to arrive at an objective assess-
ment of the evidence on this question (Bayer & Colgrove, 2002;
Kluger, 1996).

We examine the underlying quality and consistency of
the U.S. epidemiologic evidence and present a comprehen-
sive meta-analysis. This review is organized into an assess-
ment of ETS exposure data, an extrapolation of ETS risk from
active smoking risk, a meta-analysis of the overall and dose-
response results on ETS and CHD, a discussion of method-
ological issues, and conclusions. We have limited our review
to U.S. evidence for a number of reasons: the U.S. data rep-
resent the vast majority of the available evidence; this evi-
dence comes almost entirely from cohort studies conducted
in fairly similar ways; substantial supplementary information
is available on the largest cohorts; and the relationship be-
tween ETS exposure and disease in other countries may dif-
fer from that in the United States. This article analyzes those
findings that are based on and most relevant to the U.S.
population.

ASSESSMENTS OF ETS EXPOSURE
Spousal Smoking and Self-Reported Exposure

The relationship between ETS and CHD in the United States
has been established largely among several cohorts of never
smokers who were born before 1940 and who died of CHD after
1960. The assumption underlying most of these studies is that
the spousal smoking history of these never smokers is a valid
measure of their relative ETS exposure. In order to demonstrate
the validity of this assumption, we show in Table 1 the results
of five separate U.S. surveys.

California Cancer Prevention Study. These data pertain to
our extended follow-up of the California (CA) subjects in the
original American Cancer Society (ACS) Cancer Prevention
Study (CPS I) (Enstrom & Kabat, 2003a). Results show that
1959 spousal smoking was strongly related to self-reported his-
tory of total ETS exposure as of 1999 among female never smok-
ers born during 1900-1929. The relationship among male never
smokers was positive but weak.

Washington County Study. These data pertain to the sub-
jects enrolled in a private 1963 census of Washington County,
Maryland residents (Sandler et al., 1989a). Results show a strong
correlation between 1963 spousal smoking and total household

smoke exposure score among male and female never smokers
mostly born during 1890–1938 (Sandler et al., 1989b).

Kaiser–Permanente Survey. These data pertain to the north-
ern California members of the Kaiser Permanente Health Plan
(Friedman et al., 1983). Results show a strong correlation be-
tween 1979-80 spousal smoking and self-reported current total
ETS exposure (at home and work) among male and female non-
smokers mostly born during 1900–1959.

Nationwide Cancer Prevention Study. These data pertain to
the nationwide subjects in the second ACS Cancer Prevention
Study (CPS II) (Steenland et al., 1996). Results from a related
dissertation show a strong correlation between 1982 spousal
smoking and self-reported current ETS exposure at home among
female never smokers mostly born during 1910–1939 (Cardenas,
1995).

Missouri Radon Study. These data pertain to the general
population controls from the Missouri Radon Study, a large lung
cancer case-control study (Brownson et al., 1992). Our analysis
of the underlying data (Alavanja, 1995) shows a strong relation-
ship between 1988-90 spousal smoking and self-reported house-
hold ETS exposure among female never smokers born during
1900–1929.

All five surveys indicate a clear relationship between spousal
smoking and self-reported ETS exposure among never smok-
ers, particularly female never smokers. Furthermore, this rela-
tionship exists even though the subjects in these surveys lived
the major portion of their lives before smoking bans were first
enacted in the 1970s.

Quantitative Measurements of Exposure
Quantitative ETS exposure data come from studies since the

1970s that have directly measured levels of tobacco smoke, par-
ticularly nicotine, in various indoor environments (NCI, 1999;
U.S. EPA, 1992; Phillips et al., 1998; Jenkins et al., 1996). Most
average concentrations of nicotine range from 0.3 to 30 µg/m3.
The average concentration in residences with at least 1 smoker
ranges from 2 to 10 µg/m3, with concentrations in workplaces
being similar (NCI, 1999). The most accurate and comprehen-
sive measurements of individual ETS exposure come from per-
sonal monitoring of the breathing zone of nonsmokers at home
and in the workplace (Phillips et al., 1998; Jenkins et al., 1996).
Surveys of nonsmokers in a number of cities in the United King-
dom, Europe, and Australia indicated that average ETS exposure
was roughly equivalent to smoking 0.03 cigarettes per day for
those living and working with smokers (Phillips et al., 1994,
1998; Phillips & Bentley, 2001). A large study of nonsmok-
ers in sixteen US cities provided similar estimates of ETS ex-
posure (Jenkins et al., 1996). The home was found to be the
greatest source of ETS exposure (Phillips et al., 1994; Jenkins
et al.,1996). These estimates indicate that the actual ETS ex-
posure of a never smoker married to a smoker is less than the
exposure resulting from smoking 0.1 cigarettes per day.
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TABLE 1
Spousal smoking status versus self-reported ETS exposure among never smokers: Percentage distribution for subjects in five

major ETS studies

California CPS I never smokers born during 1900–1929 (Enstrom & Kabat, 2003a, Table 4)

History of regular exposure to
cigarette smoke from others in work or daily life as of 1999 (%)

1959 Spousal smoking None Light Moderate Heavy Total 1999 subjects

Males
Never 43.5 34.5 19.7 2.3 435
Current 23.1 38.5 32.4 6.0 117

Females
Never 61.7 24.3 10.9 3.1 645
Current: 1–19 cigs/day 25.5 28.8 39.4 6.3 208
Current: 20–39 cigs/day 19.7 20.9 41.3 18.1 426
Current: 40+ cigs/day 16.2 12.5 47.5 23.8 80

Washington County, Maryland never smokers mostly born during 1890–1938 (Sandler et al., 1989b, Table 4)

Total household smoke exposure score (%)

1963 Spousal smoking 0 1–5 6+ Total 1963 subjects

Males
Never 89.9 5.2 4.9 2,703
Current 0.0 30.3 69.7 439

Females
Never 89.3 5.5 5.2 2,582
Current 0.0 13.3 86.7 4,094

Kaiser-Permanente nonsmokers from northern California mostly born during 1900–59 (Friedman et al., 1983, Table 6)

Current number of hours per week of total ETS as of 1979–80 (%)

1979–1980 Spousal smoking 0 1–9 10–39 40+ Total 1979–1980 subjects

Males
Never 50.8 32.3 13.8 3.1 130
Current 28.8 15.2 33.3 22.7 66

Females
Never 59.4 29.7 6.7 6.0 579
Current 35.4 23.4 20.0 21.1 175

Nationwide CPS II female never smokers mostly born during 1910–1939 (Cardenas, 1995, Table 17)

Current number of hours per day of ETS at home as of 1982 (%)

1982 Spousal smoking 0 1–2 3–5 6+ Total 1982 subjects

Never 98.0 1.3 0.4 0.3 78,853
Current: 1–19 cigs/day 48.6 18.6 18.3 14.5 8,832
Current: 20–39 cigs/day 19.5 11.9 32.2 36.4 14,422
Current: 40+ cigs/day 11.7 6.7 33.5 48.1 6,355

Missouri Radon Study female controls born during 1900–1929 who never smoked (Alavanja, 1995)

Average exposure to smoke at home during adult years (%)

1988–1990 Spousal/other Total 1988–1990
smoking history None Light Moderate Heavy subjects

None 61.7 37.3 1.0 0.0 292
1–19 cigs/day maximum 0.9 85.7 12.5 0.9 112

spousal smoking
20–39 cigs/day maximum 0.0 63.6 32.9 3.5 225

spousal smoking
40+ cigs/day maximum 0.0 24.3 46.7 29.0 107

spousal smoking
Other smoking at home 0.4 76.2 19.6 3.8 235
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TABLE 2
Dose-response relationship between active smoking and CHD mortality: Relative risk (RR and 95% CI) of CHD death for current

cigarette smokers compared to never smokers

Males Females

Subjects Deaths RR (95% CI) Subjects Deaths RR (95% CI)

CPS I cohorta

1959 Active smoking 1960–1972 Follow-up 1960–1972 Follow-up
Never 92,307 8193 1.00 375,649 16,458 1.00
Current

1–9 cigs/day ∼13,506 1186 1.25 ∼40,087 772 1.07
10–19 cigs/day ∼31,103 2934 1.45 ∼50,037 1189 1.48
20 cigs/day ∼67,864 6068 1.58 ∼49,540 1192 1.45
21–39 cigs/day ∼39,848 3143 1.57 ∼14,010 310 1.81
40–80 cigs/day ∼22,676 2045 1.84 ∼5053 121 1.42
Total 174,997 15,376 1.53 158,727 3584 1.33

CA CPS I cohortb

1959 Active smoking 1960–1998 Follow-up 1960–1998 Follow–up
Never 10,862 2561 1.00 39,216 6516 1.00
Current

Occasional 231 48 0.84 (0.63–1.12) 444 57 1.06 (0.82–1.38)
1–9 cigs/day 1548 376 1.19 (1.07–1.33) 4687 590 1.13 (1.04–1.23)
10–19 cigs/day 3740 859 1.42 (1.31–1.53) 6691 855 1.43 (1.33–1.54)
20 cigs/day 7186 1661 1.57 (1.48–1.68) 6875 912 1.79 (1.66–1.92)
21–39 cigs/day 4789 1072 1.75 (1.63–1.89) 2066 254 2.04 (1.80–2.32)
40–80 cigs/day 2621 573 1.91 (1.74–2.10) 818 111 2.38 (1.97–2.87)
Total 19,884 4541 1.53 (1.45–1.61) 21,137 2722 1.49 (1.42–1.56)

CA CPS I cohortb

1972 Active smoking 1973–1998 Follow–up 1973–1998 Follow–up
Never 5983 1313 1.00 21,824 3392 1.00
Current

1–4 cigs/day 305 62 1.10 (0.85–1.42) 461 49 1.09 (0.82–1.45)
5–9 cigs/day 341 75 1.35 (1.07–1.70) 667 75 1.19 (0.94–1.49)
10–19 cigs/day 1054 253 1.68 (1.46–1.92) 2135 269 1.52 (1.34–1.72)
20 cigs/day 2156 465 1.68 (1.51–1.87) 3189 403 1.81 (1.63–2.02)
21–39 cigs/day 1014 204 1.69 (1.45–1.97) 1026 118 2.04 (1.69–2.45)
40–80 cigs/day 1051 208 1.95 (1.67–2.27) 803 103 2.52 (2.06–3.07)
Total 5922 1267 1.62 (1.49–1.75) 8282 1017 1.64 (1.53–1.77)

aBurns et al. (1997).
bEnstrom and Kabat (2003a).

ETS EFFECTS EXTRAPOLATED FROM
ACTIVE SMOKING DATA

Table 2 shows there was a strong, positive, long-term dose-
response relation between active cigarette smoking and CHD
deaths among the CA CPS I cohort during 1960–1998 and dur-
ing 1973–1998 (Enstrom & Kabat, 2003a), as well as among
the full CPS I cohort during 1960–1972 (Burns et al., 1997).
During 1960–1998 smoking occasional cigarettes resulted in
RRs of about 1.0 and smoking 1–9 cigarettes per day (cigs/day)
resulted in RRs of about 1.15; during 1960–1972 smoking 1–

9 cigs/day resulted in RRs of about 1.15; and during 1973–1998
smoking 1–4 cigs/day resulted in RRs of about 1.1. By inter-
polation, the RR associated with smoking 1 cig/day in this co-
hort was only about 1.03 and the RR associated with smoking
0.1 cigs/day would not be measurably different from 1.0. These
dose-response relationships are highly relevant to the ETS is-
sue because a large portion of the U.S. epidemiologic evidence
comes from the CA CPS I and full CPS I studies, as detailed
later. The RR(1 cig/day) of about 1.03 as constructed above is
much lower than the RR(1 cig/day) of about 1.4 constructed
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primarily from cohort study results on male subjects during the
1950s (Law et al., 1997; Howard & Thun, 1999).

META-ANALYSIS OF U.S. COHORT STUDIES
Most epidemiological studies have found that ETS exposure

has a positive, but not statistically significant, relation to CHD. In
order to describe an overall summary relationship, these observa-
tional results have been combined using meta-analysis method-
ology (Bailar, 1999; Law et al., 1997; He et al., 1999; Thun
et al., 1999). The resulting summary relative risks, which are
significantly greater than 1.0, have then been interpreted as evi-
dence of a causal relationship. Following this same approach, we
present a new meta-analysis that combines all available results
according to more explicit and uniform criteria.

Specifically, we include the results from CA CPS I (Enstrom
& Kabat, 2003a) and CPS I (LeVois & Layard, 1995), which
were not included in three major meta-analyses (Law et al., 1997
He et al., 1999; Thun et al., 1999). These two studies are so
large that they comprise the major portion of the U.S. epidemi-
ologic evidence (about 80% by statistical weight). Both studies
were begun by the ACS, but the analyses have been conducted
and published independently of the ACS, with research fund-
ing from the tobacco industry. The ACS has claimed that the
results based on CPS I are flawed and unusable for ETS analy-
ses because all nonsmokers were equally exposed to ETS in the
1950s and 1960s, regardless of spousal smoking status (Thun
et al., 1999; Thun, 2003). However, the ACS has produced no
evidence to support its claim, which is contradicted by the evi-
dence in Table 1. The ACS has also failed to acknowledge that
the results from CA CPS I and CPS I are largely consistent with
its own CPS II results (Steenland et al., 1996), as we demonstrate
below.

Table 3 shows key characteristics of the nine U.S. cohort
studies (Enstrom & Kabat, 2003a; LeVois & Layard, 1995;
Steenland et al., 1996; Garland et al., 1985; Svendsen et al.,
1987; Butler, 1988; Sandler et al., 1989a; Humble et al., 1990;
Kawachi et al., 1997), including location, years of follow-up,
cohort size, number of CHD deaths by ETS exposure status at
entry, primary definition of ETS exposure, and availability of
information on exposure misclassification. The relative statis-
tical weight of each cohort is roughly proportional to the total
number of CHD deaths and is shown next to the number of
deaths. Most studies used spousal smoking to define exposure.
However, a couple of studies had information on exposure in
the workplace and total household exposure. Age-adjusted RRs
have been used wherever possible in order to make the most
meaningful comparisons, since different studies have controlled
for different covariates. The remaining U.S. evidence on ETS
and CHD, two-case-control studies (Layard, 1995; Muscat &
Wynder, 1995), is not included in Table 3 but is discussed later.

The individual relative risks of CHD from all nine U.S. co-
hort studies are shown in Table 4 for three exposure contrasts:
former/never, current/never, and ever/never. Table 5 shows the
summary relative risks for groups of studies, calculated with
the statistical package STATA, which provides both the fixed

effects and random effects models for meta-analysis (Sterne
et al., 1995). The meta-analysis formulas for the fixed effects
model are shown in Appendix Table 1. Group A comprises the
seven studies used in the previously cited meta-analyses, which
analyzed only one exposure contrast, exposed/unexposed, and
which selected the maximum RR from the exposure contrasts of
current/never or ever/never exposure (Law et al., 1997; He et al.,
1999; Thun et al., 1999). Group B is the CA CPS I (Enstrom &
Kabat, 2003a) and Group C is the full CPS I (LeVois & Layard,
1995). About 7% of the 1960–1972 deaths in CPS I occurred in
California and are the same as the 1960–1972 deaths in CA CPS
I. However, this minimal overlap of deaths has no measurable
effect on the summary RRs.

The Group A RRs highlighted in bold in Table 4 are those
used in the Thun et al. (1999) meta-analysis, which yielded the
summary RR(exposed/unexposed) of 1.22 for US studies for
both sexes. However, by distinguishing between “current/never”
and “ever/never” exposure, the summary RR(current/never) was
1.18 and the summary RR(ever/never) was 1.10 for Group
A, based on the fixed effects model, as shown in Table 5.
When Group B (CA CPS I) or Group C (CPS I) was included,
the summary RR(current/never) was 1.05 and the summary
RR(ever/never) was 1.04. If both Group B and Group C were in-
cluded, the summary RR(current/never) was 1.04 and the sum-
mary RR(ever/never) was 1.03. Thus, inclusion of CA CPS I
and/or CPS I yielded summary RRs that were very close to 1.0
and significantly smaller than 1.22.

The summary RRs(current/never) for females were the same
for the fixed effects and random effects models, because the in-
dividual RRs were homogeneous. This homogeneity can be seen
in Table 4, where the 95% CI for each RR included the sum-
mary RR of 1.05 shown in Table 5. Calculations of the summary
RRs(current/never) for females and of the test for heterogeneity,
where p equals 0.66, are presented in detail in Appendix Table 2.
There were small differences between the fixed effects and ran-
dom effects models for males, primarily because the CPS I RRs
differ from the CPS II RRs. When heterogeneous RRs were
combined, the summary RRs and 95% CIs based on the random
effects model were generally somewhat larger than the RRs and
95% CIs based on the fixed effects model. However, when all
three groups and both sexes were combined, the fixed effects
and random effects models yielded virtually the same summary
RR of 1.04.

Inclusion of the two U.S. case-control studies (Layard, 1995;
Muscat & Wynder, 1995) would slightly lower the summary
RRs for ever/never exposure. The larger U.S. case-control study,
based on a national follow-back survey of 4317 CHD deaths dur-
ing 1986, reported an RR (ever/never) of 0.97 (0.73–1.28) for
males and 0.99 (0.84–1.16) for females (Layard, 1995). The
smaller U.S. case-control study, based on 272 CHD cases dur-
ing 1980–1990 from hospitals in four cities, reported an RR
(ever/never) of 1.30 (0.70–2.40) for males and 1.70 (0.70–3.70)
for females (Muscat & Wynder, 1995).

As explained earlier, the non-U.S. studies have not been in-
cluded because they are not directly relevant to the relationship
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TABLE 4
Overall relationship between ETS exposure and CHD mortality in U.S. cohort studies in groups A, B, and C: Relative risk (RR &
95% CI) compares never smokers with ETS exposure (former, current, or ever) to never smokers with no ETS exposure (never)

Relative risk by ETS exposure category

Group and study RR(former/never) RR(current/never) RR(ever/never)

Males
A, Svendsen et al. (1987) 2.11d (0.69–6.46)d

A, Butler (1988)–AHSMOG 0.55c,d (0.31–0.99)d

A, Sandler et al. (1989a) 1.31a (1.05–1.64)
A, Steenland et al. (1996) 0.96a (0.83–1.11) 1.22a (1.07–1.40) 1.09a,c (0.99–1.21)
B, Enstrom & Kabat (2003a) 0.94 (0.78–1.12) 0.94 (0.83–1.07) 0.94 (0.85–1.05)
C, LeVois & Layard (1995) 0.95 (0.83–1.09) 0.98c (0.90–1.06) 0.97 (0.90–1.05)

Females
A, Garland et al. (1985) 3.00 (0.8–12.0)b 2.25 (0.5–11.0)b 2.73b (0.7–11.0)b

A, Butler (1988)–Spouse Pairs 0.96 (0.55–1.66) 1.40 (0.51–3.84) 1.05a (0.64–1.70)
A, Butler (1988)–AHSMOG 1.51c (0.99–2.29)
A, Sandler et al. (1989a) 1.19a (1.04–1.36)
A, Humble et al. (1990) 1.29 (0.79–2.10)
A, Kawachi et al. (1997) 1.87 (0.56–6.20)
A, Steenland et al. (1996) 1.00a (0.88–1.13) 1.10a (0.96–1.27) 1.04a,c (0.95–1.15)
B, Enstrom & Kabat (2003a) 1.02 (0.93–1.11) 1.01 (0.93–1.09) 1.01 (0.94–1.08)
C, LeVois & Layard (1995) 0.99 (0.93–1.05) 1.05c (1.01–1.09) 1.03 (0.98–1.08)

aMultivariate-adjusted RR was used (otherwise, age-adjusted RRs were used).
bRR was approximated from available published data.
cRR was based on combining other published RRs.
d Bold RR was used in meta-analysis of Thun et al. (1999).

between ETS and CHD in the United States. Most of the non-
U.S. studies report fairly large RRs (on the order of 1.5), but
they are primarily case-control studies that provide RRs only for
ever/never exposure. The non-U.S. studies, which were done in
eight different countries, often did not use the same definition
of CHD as the U.S. studies. Inclusion of the non-U.S. results
does not materially alter the summary RRs for the U.S. results.
The non-U.S. results have been included in other meta-analyses
(Law et al., 1997; He et al., 1999; Thun et al., 1999).

The relative risk of CHD as a function of level of spousal
smoking is shown in Table 6 for the three largest studies. There is
substantial agreement between the results of CA CPS I (Enstrom
& Kabat, 2003a), CPS I (LeVois & Layard, 1995), and CPS II
(Steenland et al., 1996). The meta-analysis summary of these
results at each level of exposure shows no RR greater than 1.05
and no upper 95% CI greater than 1.12. All female RRs and all
but one male RR are consistent with 1.00. Furthermore, the fe-
male RRs are homogeneous across all studies in Table 6, as they
were in Table 4. The fact that there is no dose-response relation-
ship whatsoever, even among females, is particularly significant
since females are more likely to show a relationship than males.
This is because historically females have been exposed to more
ETS from their spouses than males and to less ETS outside the
home than males.

Since inclusion of the CA CPS I and/or the CPS I data has
such a strong effect on the outcome of the meta-analysis, it is im-
portant to examine the two primary reasons that have been given
for excluding these results. First, Thun et al. (1999) and Thun
(2003) have argued that CPS I cannot be used to measure the im-
pact of ETS on CHD because of their claim that all never smokers
in the CPS I cohort, including those married to never smokers,
were equally exposed to ETS during the 1950s and 1960s. We
showed in our paper (Enstrom & Kabat, 2003a) and in Table 1
that a large portion of never smokers reported little or no ETS
exposure. Indeed, if this claim of universal ETS exposure were
true it would invalidate all of the other U.S. studies because their
subjects were also alive during the 1950s and 1960s. Thun et al.
(1999) saw fit to include other studies of spousal smoking initi-
ated in the 1960s, such as Sandler et al. (1989a) and Humble et al.
(1990). The same standard for inclusion should be applied to all
studies.

Law et al. (1997) provide a second reason for excluding the
CPS I data. They argue that the CPS I results are incompati-
ble with those of all other studies combined and must therefore
be flawed, most likely because the analysis was funded by the
tobacco industry. But they offer no specific evidence. As we
showed in Table 4, the CPS I RRs are, in fact, compatible with
almost all of the RRs of the other studies when examined one



206 J. E. ENSTROM AND G. C. KABAT

TABLE 5
Overall relationship between ETS exposure and CHD mortality: Meta-analysis summary of U.S. cohort

studies for combinations of groups A, B, and C

Summary relative risk by ETS exposure category

Model and group RR(former/never) RR(current/never) RR(ever/never)

Males
Fixed: A 0.96 (0.83–1.11) 1.23 (1.08–1.41) 1.11a (1.01–1.21)
Random: A 0.96 (0.83–1.11) 1.23 (1.08–1.41) 1.05a (0.80–1.38)
Fixed: A + B 0.95 (0.85–1.07) 1.07a (0.97–1.17) 1.03a (0.96–1.11)
Random: A + B 0.95 (0.85–1.07) 1.11a (0.86–1.42) 1.03a (0.86–1.23)
Fixed: A + C 0.95 (0.86–1.05) 1.04a (0.97–1.12) 1.03a (0.97–1.09)
Random: A + C 0.95 (0.86–1.05) 1.11a (0.90–1.38) 1.04a (0.89–1.22)
Fixed: A + B + C 0.95 (0.87–1.04) 1.02a (0.96–1.08) 1.00a (0.95–1.06)
Random: A + B + C 0.95 (0.87–1.04) 1.05a (0.91–1.21) 1.02a (0.91–1.14)

Females
Fixed: A 1.01 (0.89–1.14) 1.13 (0.99–1.29) 1.10 (1.02–1.19)
Random: A 1.01 (0.89–1.14) 1.13 (0.99–1.29) 1.14 (1.00–1.30)
Fixed: A + B 1.02 (0.95–1.09) 1.04 (0.97–1.11) 1.05 (1.00–1.11)
Random: A + B 1.02 (0.95–1.09) 1.04 (0.97–1.11) 1.09 (0.99–1.19)
Fixed: A + C 0.99 (0.94–1.05) 1.06 (1.01–1.10) 1.05 (1.01–1.09)
Random: A + C 0.99 (0.94–1.05) 1.06 (1.01–1.10) 1.08 (1.00–1.18)
Fixed: A + B + C 1.00 (0.96–1.05) 1.05 (1.01–1.08) 1.04 (1.00–1.08)
Random: A + B + C 1.00 (0.96–1.05) 1.05 (1.01–1.08) 1.06 (1.00–1.12)

Both sexes
Fixed: A 0.99 (0.90–1.08) 1.18 (1.07–1.29) 1.10a (1.04–1.17)
Random: A 0.99 (0.90–1.08) 1.18 (1.07–1.29) 1.13a (1.01–1.25)
Fixed: A + B 1.00 (0.94–1.06) 1.05 (0.99–1.11) 1.04a (1.00–1.09)
Random: A + B 1.00 (0.94–1.06) 1.08 (0.98–1.18) 1.07a (0.99–1.16)
Fixed: A + C 0.98 (0.94–1.02) 1.05 (1.02–1.09) 1.04a (1.01–1.08)
Random: A + C 0.98 (0.94–1.02) 1.08 (1.00–1.15) 1.07a (1.00–1.15)
Fixed: A + B + C 0.99 (0.95–1.03) 1.04 (1.01–1.07) 1.03a (1.00–1.06)
Random: A + B + C 0.99 (0.95–1.03) 1.04 (0.99–1.10) 1.04a (0.99–1.10)

Fixed: (Thun et al., 1999) RR(exposed/not exposed) = 1.22 (1.13–1.30)

Note. Summary relative risk (RR & 95% CI) compares never smokers with ETS exposure (former, current, or ever) to never
smokers with no ETS exposure (never). Results from fixed effects and random effects models are shown.

aHeterogeneity among the RRs combined in the summary RR (p < .05).

at a time. In the present highly polarized climate, tobacco in-
dustry funding has been used to automatically discredit results
beyond any appeal. We believe that there is no justification for
the exclusion of CPS I because the reasons given by Thun et al.
(1999) and Law et al. (1997) simply do not stand up to scrutiny.

METHODOLOGICAL ISSUES
Publication Bias

Three major phenomena operating in ETS-CHD epidemi-
ology suggest the existence of a publication bias against null
findings. First is the unusual behavior of the ACS regarding
CPS I. While claiming that the two published analyses of CPS

I (Enstrom & Kabat, 2003a; LeVois & Layard, 1995) should be
ignored because they are supposedly flawed (Thun et al., 1999;
Thun, 2003), the ACS has failed to substantiate these claims
and has refused to publish its own analysis of the CPS I data
(Enstrom & Kabat, 2003b). This certainly suggests that ACS
does not want to confirm the existing null CPS I results. Sec-
ond is the fact that none of the U.S. investigators has updated
their initial positive, but inconclusive, findings, with additional
mortality follow-up or refinement of the ETS exposure measure-
ments in order to produce more definitive findings. Third are
the ad hominem attacks by antismoking activists on reputable
scientists like us (Enstrom & Kabat, 2003b, 2004) and the large-
scale campaign to silence our scientific findings (Ungar & Bray,



ETS AND CORONARY HEART DISEASE 207

TABLE 6
Dose-response relationship between ETS exposure and CHD mortality: Relative risk of spousal smoking related to CHD deaths

among never smokers in CA CPS I, CPS II, and CPS I and summary RR of the three studies

1960–1998 CA CPS I 1982–1989 CPS II 1960–1972 CPS I Summary
age–adjusted fully-adjusted age-adjusted “age-adjusted”
RR (95% CI), RR (95% CI), RR (95% CI), RR (95% CI),

Enstrom and Kabat Steenland et al. LeVois and Layard Enstrom and Kabat (2003a),
(2003a, extracted from (1996, extracted (1995, extracted Steenland et al. (1996),

Tables 7 and 8) from Table 2) from Table 4) and LeVois and Layard
Spousal smoking (group B) (from group A) (group C) (1995)

Males
Never 1.00 1.00 1.00 1.00
Former 0.94 (0.78–1.12) 0.96 (0.83–1.11) 0.95 (0.83–1.09) 0.95 (0.87–1.04)
Current

1–19 cigs/day 0.91a (0.78–1.06) 1.33 (1.09–1.61) 0.99 (0.89–1.09) 1.02 (0.94–1.10)
20 cigs/day 0.92 (0.74–1.15) 1.17 (0.92–1.48)
20+ cigs/day 0.96a (0.83–1.11) 1.02 (0.92–1.12)
21+ cigs/day 1.20a (0.88–1.64) 1.09 (0.77–1.53)

Females
Never 1.00 1.00 1.00 1.00
Former 1.02 (0.93–1.11) 1.00 (0.88–1.13) 0.99 (0.93–1.05) 1.00 (0.95–1.05)
Current

1–19 cigs/day 1.07a (0.96–1.19) 1.15 (0.90–1.48) 1.04 (0.97–1.12) 1.05 (0.99–1.12)
20 cigs/day 1.04 (0.92–1.16) 1.07 (0.83–1.40)
20–39 cigs/day 1.06 (0.98–1.15) 1.04 (0.98–1.10)
21–39 cigs/day 0.95 (0.80–1.12) 0.99 (0.67–1.47)
40+ cigs/day 0.83 (0.65–1.06) 1.04 (0.67–1.61) 0.95 (0.78–1.15) 0.92 (0.79–1.06)

aRR was based on combining other RRs.

2005). Such attacks certainly serve as a strong disincentive for
other researchers to publish null findings or even enter this area
of epidemiology.

Misclassification of Exposure and Smoking Status
Misclassification of ETS exposure status occurs because of

exposure to sources other than the spouse and because of changes
in spousal smoking over time. Nondifferential misclassification
of exposure status generally produces a measured relative risk
that is closer to 1.0 than the true relative risk, but this is not
always the case (Jurek et al., 2005). Thus, initial spousal smok-
ing status is not a perfect measure of ETS exposure, but the
results in Table 1 indicate that it is a valid indicator of relative
ETS exposure, particularly for females. Furthermore, Table 6
shows that female never smokers married to current smokers
of 40+ cigs/day in the CA CPS I, CPS I, and CPS II cohorts
had no increased risk of CHD death, since their summary RR
was 0.92 (0.79–1.06). This would be the subgroup subject to the
highest ETS exposure due to spousal smoking and the minimum
exposure misclassification due to workplace ETS.

Misclassification of active smokers as never smokers could
produce relative risks that are biased upward. However, the CA

CPS I study indicates that the 1959 never smokers reported very
little smoking history as of 1999. The few percent of “never
smokers” with a smoking history tended to be the ones with the
highest levels of spousal smoking, but the amount of their active
smoking was small (Enstrom & Kabat, 2003a). Because of the
low relative risk for CHD due to current active smoking (≤2.5),
this small level of misclassification has only a negligible effect
on the CHD relative risks.

Confounding
Confounding could conceivably explain some portion of the

excess risk attributed to ETS exposure. Particularly when an RR
is between 1.0 and 2.0 the distorting effects due to confound-
ing in an observational study need to be considered. The cohort
studies have addressed a range of confounding factors including
age, health status, education, body mass index, diet, and alco-
hol consumption, and other CHD risk factors. However, none
of the cohort studies has controlled for the confounding effect
of widowhood, an established risk factor for mortality that is
more likely to be experienced by those married to smokers, as
we demonstrated in CA CPS I (Enstrom & Kabat, 2003a). The
effect of widowhood may partially explain the large RRs in some
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studies. In general, those confounding variables that have been
controlled for do not cause any consistent change in the RRs
(Law et al., 1997; Thun et al., 1999).

CONCLUSIONS
The present meta-analysis indicates how sensitive the sum-

mary RRs are to the inclusion of CA CPS I and/or CPS I results
and to use of a consistent definition of exposure. Our results
indicate that the ETS–CHD association is considerably weaker
than that reported in previous meta-analyses. We believe the
primary reason our meta-analysis shows a very weak relation-
ship between ETS and CHD deaths is because actual levels of
ETS exposure are too low to cause many deaths. Because the
whole issue of the health effects of ETS exposure has been highly
politicized, there has been a pattern of selectively using the avail-
able evidence to make the strongest case against ETS. However,
science requires that all of the evidence be evaluated critically
and even-handedly. The uncertainty of the epidemiologic evi-
dence on passive smoking and CHD needs to be acknowledged.
Public health practitioners should focus on the strong evidence
regarding the adverse effects of active smoking on CHD. The
case against active smoking is not helped by exaggerating the
evidence on passive smoking.
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