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Abstract

Background—The major decrease in exposure to secondhand smoke (SHS) in public places in
recent decades could have contributed to the decline in smoking-related cancer mortality observed
in the US population.

Methods—~Prospective study among 11,856 non-smoking adults aged =40 years who participated
in NHANES 1988-1994 or 1999-2004 and were followed for mortality through 2006. We
estimated the amount of change in cancer mortality over time attributed to the intermediate
pathway of changes in SHS exposure in public places, after adjustment for risk factors and SHS
exposure at home.
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Results—The adjusted smoking-related cancer mortality rate ratios (95%CIl) for a twofold
increase in serum cotinine and a 1-hour increase in occupational SHS exposure time were 1.10
(1.03,1.17) and 1.14 (1.06, 1.24) for all-cancer, and 1.13 (1.03, 1.24) and 1.14 (1.02, 1.26) for
smoking-related cancer, respectively. The absolute reduction in mortality comparing 1999-2004 to
1988-1994 was 75.8 (-25.5, 177.0) and 77.0 (2.6, 151.4) deaths/100,000 person-years, for all-
cancer and smoking-related cancer, respectively. Among these avoided all-cancer deaths, 45.8
(2.8, 89.5) and 18.1 (-1.2, 39.6)/100,000 person-year were attributable to changes in serum
cotinine concentrations and occupational SHS exposure time, respectively. The corresponding
numbers of smoking-related cancer avoided deaths were 36.4 (0.7, 72.8) and 9.9 (-3.8, 24.9)/
100,000 person-year.

Conclusions—Declines in SHS exposure were associated with reductions in all-cancer and
smoking-related cancer mortality, supporting that smoking bans in public places may have reduced
cancer mortality among non-smoking adults.

Keywords
Secondhand smoke; cancer mortality; trends; NHANES

INTRODUCTION

Secondhand tobacco smoke (SHS), the combination of the side-stream smoke emitted from
the burning end of a tobacco product and the mainstream smoke exhaled by the smoker,
contains more than 6,000 chemicals and is carcinogenic to humans.! The 2006 Surgeon
General’s Report on the Health Consequences of Involuntary Exposure to Tobacco Smoke
concluded evidence is sufficient to infer that SHS exposure causes lung cancer.2 Other health
effects causally linked to SHS exposure include ischemic heart disease and stroke in adults,
and lower respiratory tract infections and impaired lung function in children.3 For many
other diseases, there is suggestive evidence for causality.?

Exposure to SHS can be assessed by interviews or by measuring the levels of cotinine (a
nicotine by-product in the body) in biological samples. According to self-reported
information and serum cotinine concentrations, exposure to SHS in the United States has
declined intensely during the past three decades.* This phenomenon has been attributed to
downward trends in smoking rates and intensity, and to increases in the number of states
with smoke-free policies in public places. As of June 30, 2016, a total of 29 US states and
the District of Columbia have enacted statewide bans on smoking in all public places and
workplaces, including bars, restaurants and private worksites.?

Cancer death rates in the US, including those that arise at the most common sites (i.e. lung
and bronchus, colon and rectum, breast or prostate), have also fallen during the last decades,
with an estimated overall decrease of 23% from 1990 to 2012.8 This decline has been
attributed to reductions in tobacco consumption, as well as to better surveillance and
treatment options. Little is known, however, about the potential contribution of reductions in
SHS exposure to the decline of cancer mortality among nonsmokers. Most studies on the
health benefits of smoke-free policies have focused on acute cardiovascular and respiratory
effects,’*® and on birth outcomes.® Moreover, a recently published Cochrane review reported
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evidence of reduced cardiovascular and respiratory mortality after introduction of national
smoke-free bans.19 Recently, though, an ecological study within EU countries reported no
statistically significant changes in lung cancer mortality trends after the introduction of
smoke-free legislation.11 Although SHS is known to be carcinogenic,! the long latency
period that is required for most cancers to develop makes it difficult to link changes in SHS
exposure to changes in cancer rates.

The objective of this study was to evaluate the hypothesis that population changes in the
distribution of SHS exposure in public places explain changes in smoking-related cancer
mortality over time in two samples of the non-smoking US population, the U.S. National
Health and Nutrition Examination Survey (NHANES) 1988-1994 and 1999-2004. For this
purpose, we used individual information on serum cotinine and made adjustments for SHS
exposure at home, so that our analyses reflect SHS exposure not coming from private
settings. Moreover, to differentiate between occupational SHS exposure and SHS exposure
from other public places, we also evaluated self-reported occupational SHS exposure time
(hours/day). To address the study objectives, we implemented a causal inference mediation
approach!? using study period as a major determinant of cancer mortality and changes in
SHS exposure as a potential mediator of the relation between period and cancer mortality
(see Supplemental Figure S1). This method allows us to estimate the proportion of the
decline in smoking-related cancer mortality rates among nonsmokers recruited in 1988—
1994 and 1999-2004 that can be independently attributed to changes in SHS exposure.

METHODS

Study population

NHANES is a program of studies designed to assess the health and nutritional status of the
general population in the United States. The survey uses a complex multistage sampling
design to obtain representative samples of the non-institutionalized US population,!3 and it
is unique in that it combines interviews and physical examinations. Blood and urine
specimens are obtained from NHANES participants who give consent for their specimens to
be used in future research studies. Serum specimens are available from NHANES 111 (1988-
1994) up to the present time.13

In this study we used data from NHANES Il and NHANES 1999-2004. Because each
survey period provides a snapshot of the US population health status, comparing these two
periods we can assess how population changes over time in SHS exposure can explain
temporal trends in cancer mortality. We initially included 15,973 non-smoking adults (i.e.
both never and former smokers) aged =40 who completed the NHANES clinical
examination. Because self-reported non-smokers or former smokers with serum cotinine
levels above 10 ng/mL were considered current smokers, these were not included in the
analyses. From these, we excluded pregnant women (n=4 in NHANES 1988-1994 and n=7
in NHANES 1999-2004), as well as participants with missing values in serum cotinine
(n=1,183 and 1,190, respectively), occupational SHS exposure (n=63 and n=1, respectively)
or SHS exposure at home (n=9 and n=58, respectively). Supplemental Figure 2 shows the
flow chart of participant exclusions by study period, which left 11,856 participants for
analysis.
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Secondhand tobacco smoke measures

Serum cotinine was measured by an isotope-dilution high-performance liquid
chromatography/atmospheric pressure chemical ionization tandem mass spectrometric
method at the Division of Laboratory Sciences, National Center for Environmental Health,
Centers for Disease Control and Prevention (CDC). The limits of detection (LOD) for serum
cotinine were 0.05ng/mL in NHANES 11l and 0.015ng/mL in NHANES 1999-2004. For the
11% and 13% of participants <LOD, respectively, cotinine concentrations were replaced by
the LOD divided by the v2.14

Exposure at home was defined as the presence of one or more smokers at home.
Occupational SHS exposure time was defined as the self-reported daily number of hours of
exposure to SHS at the workplace on the basis of the participant’s main paid job within the
last week before the interview. The following questions were asked: 1) “At work, how many
hours per day are you close enough to people who smoke so that you can smell the smoke?”
in NHANES I11, and 2) “At this job or business, how many hours per day can you smell the
smoke from other people’s cigarettes, cigars and/or pipes?” in NHANES 1999-2004.
Individuals who were not working two weeks before the interview (N= 3,533 in NHANES
Il and N= 3,051 in NHANES 1999-2004) were considered unexposed at work.

Mortality risk factors

NHANES collected information on age, sex, race/ethnicity (Non-Hispanic White (“White”),
Non-Hispanic Black (“Black™), Mexican-American, other), education (=high school, <high
school), smoking status (never, former smokers), body mass index (<30, 230 kg/m?), alcohol
consumption (never, former, current drinkers), physical inactivity (no, yes), and exposure to
SHS at home (no, yes). Former smokers were participants who had smoked =100 cigarettes
in life but were not current smokers (i.e. did not answered yes to the question “Do you
smoke cigarettes now?” nor had serum cotinine levels >10 ng/mL).1> According to their
alcohol intake, participants were classified as never (<12 drinks in life), former (at least 12
drinks in life but <12 drinks during the previous year), or current drinkers (at least 12 drinks
during the previous year). Leisure time physical activity questions included information on
the type and frequency of physically active hobbies, sports, or exercises. Four open-ended
questions assessed information on physical activities not previously listed. Participants who
responded “no” to all leisure time physical activity questions were classified as physically
inactive. Obesity was defined as a body mass index (BMI) =30 kg/mZ.

Mortality follow-up

Cause-specific cancer mortality follow-up data in NHANES 1988-1994 and 1999-2004 was
publicly available through December 31, 2006. Vital status and cause of death were
determined by probabilistic matching between NHANES records and death certificates from
the National Death Index (NDI) based on identifying data elements.13 Cause of death was
determined using the underlying cause listed on death certificates, and was coded using the
International Classification of Diseases, 10th Revision (ICD-10).16 The primary study
endpoints were all-cancer mortality (ICD-10 codes: C00-C97; n=353) and smoking-related
cancer mortality (codes C00-C14 [lip, oral cavity and pharynx; n=5]; C32 [larynx; n=2];
C33-C34 [trachea, bronchus, lung; n=81]; C15 [esophagus; n=6]; C16 [stomach; n=16]; C25
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[pancreas; n=21]; C22 [liver and intrahepatic bile ducts; n=12]; C18-C21 [colon, rectum and
anus; n=47]; C53 [cervix uteri; n=2]; C64-C65 [Kidney and renal pelvis; n=9]; and C67
[bladder; n=4]). Smoking-related cancer mortality refers to those cancers for which there is
evidence of a causal relationship based on the 2014 Surgeons General’s Report.2 Non-
smoking-related cancers were included in the all-cancer mortality group because there is
evidence that for some of these cancers (e.g. breastl’ or prostatel8), smoking adversely
affects prognosis, increasing mortality.

We assessed mediation of temporal trends in the context of survival analysis, where the
endpoint of interest is “time to death”. Accordingly, follow-up time for each participant was
calculated as the difference between the age at date of examination and the age at date of
death or age at censoring, whichever occurred first. The length of available follow-up
differed by NHANES period (maximum follow-up of 19 years for 1988-1994 and 8 years
for 1999-2004). To make the length of follow-up comparable between both survey waves,
we censored the follow-up of NHANES 1988-1994 at December 315t, 1996.

Statistical methods

Due to the different selection probabilities of NHANES participants, all analyses were
weighted to the underlying US adult population. Statistical methods for the estimation of
summary trends and the association between SHS exposure and cancer mortality outcomes
can be found in the Supplemental Material, Supplemental Methods. The contribution of
changes in SHS exposure between 1988-1994 and 1999-2004 to the absolute change in
smoking-related cancer mortality rates (i.e., changes in mortality mediated by changes in
SHS exposure) were estimated with two alternative mediation approaches for survival data:
1) the “difference in coefficients” method,® and 2) the “product of coefficients” method
proposed by Lange and Hansen.12 The “difference” and “product” of coefficients methods
are expected to give similar results when using Aalen additive hazard models in survival
settings, provided that the association of SHS exposure with mortality is similar in both
survey periods, and other mediation assumptions hold.20 Thus, the comparison of results
from the two methods provides a way to evaluate the robustness of our results to potential
violations of the mediation assumption.

In the “difference of coefficients” mediation models shown as main results, we estimated the
change in smoking-related cancer mortality rates comparing 1999-2004 to 1988-1994 from
the coefficient associated with the survey period indicators in two nested Aalen additive
hazard models with individual age-at-death. These models included the same set of
confounders, except that one adjusted for SHS exposure measures, and the other did not.
The mediated effect was estimated as the difference in the mortality rate changes across
survey periods (in absolute and relative terms) estimated comparing the two nested models.

All additive hazard regression models were semi-parametric (i.e. only allowed the baseline
hazard to be time-dependent) and were fitted with two increasing levels of adjustment. The
first models adjusted for age (as time scale in Aalen models and as restricted cubic splines of
baseline age in linear models), sex, race/ethnicity, education and exposure to SHS at home.
The adjustment for SHS exposure at home was an attempt to tease out SHS exposure not
coming from public places, as our interests focused on the role of changes in SHS exposure
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in public places. In fully adjusted models we additionally accounted for other potential
confounders including smoking and alcohol consumption, obesity, and physical inactivity. In
sensitivity analysis, we reanalyzed our data using the “product of coefficient” method
following the same adjustment models, with essentially same results (see Supplemental
Material, Supplemental Methods for methodological details and results from the “product of
coefficients” method).

For both the difference and the product of coefficient methods, mediated effects were
expressed as the absolute decline in mortality rates from 1988-1994 to 1999-2004
attributable to reductions in serum cotinine and in occupational SHS exposure time, as well
as the percentage of the adjusted mortality decline across surveys explained by changes in
SHS exposure measures. Finally, 95% confidence intervals (Cls) for the mediated effect
were derived by simulation from the estimated model coefficients and covariance matrices in
the setting of the product of coefficient methods,12 as it is a computationally efficient
procedure.

The age, sex and race-adjusted smoking-related cancer mortality rates were 249.1 and 158.4
deaths per 100,000 person-year in 1988-1994 and 1999-2004, respectively (Table 1). The
corresponding all-cause cancer mortality rates were 401.3 and 315.3 deaths per 100,000
person-years (data not shown). Smoking-related cancer mortality rates decreased in all
subgroups evaluated except in obese participants and in participants exposed to SHS at
home.

Figure 1 shows the progressive reduction in smoking-related cancer mortality and in SHS
exposure over time. As observed, reductions in SHS exposure seem to follow the increase in
regulation of smoking in public places in 1986, when reports by the Surgeon General and the
NRC concluded that SHS is a cause of lung cancer in nonsmokers. 21 Similarly, since 1988,
there has been a pronounced decline in smoking-related cancer deaths.

Table 2 shows a 70% decrease in the unadjusted baseline serum cotinine concentrations
[50th (51, 95t) percentiles: 0.13 (0.04, 1.70) in 1988-1994 and 0.04 (0.01, 1.03) in 1999-
2004] and a 59% decrease in baseline prevalence of occupational SHS exposure (define as
self-reported occupational SHS exposure time >0 hours/day) [proportion (SE): 16.5 (1.0) in
1988-1994 and 6.7 (0.5) in 1999-2004] between study periods. In both periods, serum
cotinine concentrations were higher among non-Hispanic Black, as well as among
participants with lower education and participants exposed to SHS at home. Also in both
periods, participants with occupational SHS exposure were more often men, younger,
physically active, obese, current drinkers, former smokers, and had a higher prevalence of
exposure to SHS at home (Table 2).

Comparing 1988-1994 to 1999-2004, the fully adjusted percent reduction in the geometric
mean of serum cotinine was 62%. Among participants with self-reported occupational SHS
exposure time, the fully adjusted geometric mean percent reduction in SHS exposure time
was 32% (Supplemental Material, Supplemental Table 1).
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In multivariable analyses, baseline serum cotinine concentrations were positively associated
with all-cancer (RRs [95%CI]: 1.10 [1.03, 1.17]) and smoking-related cancer mortality (1.13
[1.03, 1.24]). Occupational SHS exposure time was also positively associated with all-cancer
and smoking-related cancer mortality (RR [95%CI] per 1-hour increase in exposure: 1.14
[1.06, 1.24] for all-cancer, and 1.14 [1.02, 1.26] for smoking-related cancer mortality). The
corresponding associations were borderline significant (i.e. the lower limit in the 95%
confidence interval was relatively close to one) for trachea, bronchus and lung cancer
mortality (1.09 [0.95, 1.26] in cotinine models, and 1.13 [0.99, 1.30] in occupational
exposure models); and for colon, rectum and anus cancer mortality (1.23 [0.91, 1.66]) in
occupational exposure models]) (Table 4); this was expected given the substantially lower
number of deaths, which decreases statistical power. The p-values for interactions by survey
for the association of serum cotinine and time of exposure at work were 0.75 and 0.13,
respectively, for all-cancer; and 0.38 and 0.16, respectively, for smoking-related cancer).

In models adjusted for sociodemographic and lifestyle risk factors, the reduction (rate
differences [95%CIl]) in all-cancer and smoking-related cancer mortality rates between the
two periods were: 75.8 [-25.5, 177.0] and 77.0 [2.6, 151.4]/100.000 person-year,
respectively). Further adjustment for the number of smokers at home gave similar findings
(data not shown). Following the difference of coefficients method, the adjustment for serum
cotinine explained 58.5% (44.3 deaths/100.000 person-year) and 45.8% (35.2 deaths/
100.000 person-year) of the respective reductions in mortality. In separate models,
adjustment for occupational SHS exposure time explained 26.0% (19.7 deaths/100.000
person-year) and 13.9% (10.7 deaths/100.000 person-year) of the respective reductions in
mortality (Table 4).

Consistently, in results from the product of coefficients method, the avoided number of all-
cancer deaths comparing 1999-2004 to 1988-1994 that were attributed to the observed
decreases in serum cotinine concentrations and in occupational SHS exposure time were
45.8 (95% CI: 2.8, 89.5) and 18.1 (95%CI: —1.2, 39.6) deaths/100,000 person-year,
respectively. For smoking-related cancer mortality, the corresponding avoided deaths were
36.4 (95%Cl: 0.7, 72.8) and 9.9 (95%CI: -3.8, 24.9) (Supplemental Material, Supplemental
Table 2).

DISCUSSION

Smoking-related cancer mortality rates among non-smoking US adults decreased about 36%
from 1988-1994 to 1999-2004. After accounting for potential confounders and SHS
exposure at home, around 46% of the decrease in cancer mortality could be attributed to
declines in SHS exposure in public places based on statistically significant serum cotinine
estimates. Our results are unique in that they present the first evidence of the important
contribution that smoking bans may have had in the cancer mortality reduction observed in
the last decade among US non-smokers. The 59% decrease in the prevalence of self-reported
occupational SHS exposure time supports the effective implementation of workplace
smoking bans. We estimated that 14% of the overall reduction in smoking-related cancer
mortality rates among non-smokers could be attributed to reductions in occupational SHS

Environ Int. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Garcia-Esquinas et al.

Page 8

exposure time, although the evidence for this self-reported measure was only statistically
suggestive.

Despite these reductions, the burden of disease from SHS exposure remains large. Results
from the last published comprehensive report on the burden of disease associated to SHS
exposure showed that in 2004, the last year of our series, SHS exposure caused around 1%
of the worldwide mortality (i.e. 379,000 deaths from ischemic heart disease, 165,000 from
lower respiratory infections, 36,900 from asthma, and 21,400 from lung cancer), and the loss
of 10.9 million Disability-Adjusted Life-Years.22 Specifically, in the US, the CDC estimated
that during the period 2005-2009, SHS caused 33,950 deaths from ischemic heart disease
and 7,330 from lung cancer among non-smoking adults. Also in the US, in 2016, SHS
related deaths resulted in 600,000 years of potential life lost and 6.6 billion dollars of lost
productivity.23

The effectiveness of smoke-free policies to reduce SHS exposure and adult smoking is well
established,24:2% with strong evidence that implementation of smoking bans prevents
cardiovascular disease in the overall population and respiratory outcomes among workers.
7:8:26 However, the only previous study on the potential role of smoking bans on cancer
mortality showed no changes in lung cancer mortality trends within EU countries from 1994
to 2012 after the implementation of smoke-free legislation.1! Our study, based on individual-
level data, extends previous findings of the effectiveness of smoke-free legislation to reduce
smoking-related cancer mortality among non-smokers.

Among the main forces driving the observed reductions in SHS exposure during the study
period may be the decline on smoking prevalence (from 42% in 1965 to 20% in 2004),27 the
recognition of SHS as a cause of disease, and the resulting decline of social acceptance of
smoking in public places. Although smoke-free policies did not enter into force until the
2000s, partial restrictions on smoking in public places, government buildings and airplanes
started to be implemented in the early 1970s. By 1986, 41 states and the District of
Columbia had statutes that restricted smoking to some extent.28 In 1992, following EPA’s
conclusion that SHS posed a “serious and substantial public health impact”,2® US states and
local governments enacted an increasing number of more restrictive bans which culminated
in current comprehensive smoke-free laws (those prohibiting tobacco smoke in all indoor
areas of private workplaces, restaurants and bars with no exception). According to the CDC,
the number of states in the US that have adopted comprehensive smoke-free laws has
increased in the last 15 years from zero in 2000 to 27 in 2015.30 However, despite these
great achievements in tobacco control, many US states lack smoke-free laws,30 and even in
those with smoke-free laws, disparities in exposure to SHS still exist and legislative and
public health efforts are needed to ensure full protection of workers. Worldwide, many
countries do not have adequate smoke-free legislation that comprehensively protect workers,
and exposure to SHS remains common,3! particularly among hospitality employees.32
Extending public health interventions to reduce SHS exposure is therefore needed in order to
reduce its burden of disease, not only in the US, but worldwide.

Our study has several limitations. First, a single measurement of cotinine is an imperfect
surrogate of past exposure to SHS because its estimated half-life is approximately 16-19
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hours and indicates exposure over the previous 1-2 days. Although there is very recent
evidence for epigenetic biomarkers of long-term cumulative exposure,33 these are not
available in NHANES. Second, because exposure at work was self-reported, the possibility
of some information bias cannot be ruled out. Third, the causal interpretation of mediated
effects under all degrees of adjustment is imperfect, since full adjustment may introduce
inter-related causal pathways that compromise the ability to identify mediation effects,
whereas models adjusting for socio-demographic variables only could leave substantial
room for residual confounding. 34 In our data, the difference of coefficients and the product
of coefficients methods showed consistent findings under all adjustment models, so results
seem to be robust to major violations of the mediation framework assumptions. Fourth, we
could not account for the advances in cancer screening, early detection or treatment that may
have occurred in the US during the studied period, since NHANES lacks information on
these factors. In addition, the enactment of smoke-free legislation during this time period
varied across the US and we did not have data on the geographic location of NHANES
participants. Moreover, we did not have longitudinal data on SHS exposure in the same
subjects, so we cannot discard that some of the period effects can be caused by unmeasured
changes in primary and secondary prevention factors in the USA that have likely resulted in
a decrease in cancer deaths. Indeed, there was a residual trend in cancer mortality (~40-50%
for serum cotinine and ~30-85% for occupational SHS exposure time models, depending on
the endpoint) which remained unexplained with the available data. Fifth, even though
analyses were adjusted for self-reported SHS exposure at home, we cannot exclude that SHS
exposure occurred at other private settings or that accounting for SHS exposure at home is
incomplete. Sixth, mortality outcomes were obtained from death certificates, with potential
miscoding of the cause of death. Also, changes in death certificates coding over time could
affect observed trends in cancer mortality. However, methods for matching NHANES
participants with the NDI have been validated and developed with the goal of tracking these
changes.13 Seventh, mortality is an imperfect outcome to study cancers with relatively good
prognosis. However, many smoking-related cancers (e.g. lung, pancreas) have relatively low
survival rates, so their incidence approximates mortality. Finally, excluded participants
(n=4417) were more likely to be older, less educated and black, which may underestimate
the contribution of changes in secondhand smoke to cancer.

Strengths of this study include the national representativeness of the study sample, relatively
large sample size, standardization of the study protocol and extensive laboratory quality
control procedures. Additionally, the availability of a specific biomarker of SHS exposure
reduces the possibility of exposure misclassification.

Our results support the effectiveness of smoking reductions in indoor public places to reduce
smoking-related cancer mortality among non-smoking workers. Given these findings and the
fact that SHS remains an important indoor and outdoor air pollutant in many US states and
countries, smoke-free laws and interventions must be extended to all public places as well as
to private areas in order to further protect the population from unnecessary and involuntary
exposure to an established carcinogen.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

We investigated the contribution of the decrease in secondhand smoke (SHS)
exposure in public places to smoking-related cancer mortality in the US.

We used data from 11,856 non-smoking adults aged =40 years who
participated in NHANES 1988-1994 or 1999-2004.

Declines in SHS exposure were associated with reductions in all-cancer and
smoking-related cancer mortality.

These results support that smoking bans in public places may have reduced
cancer mortality among non-smoking adults.
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Figure 1.
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]

H\’\H

Age, sex and race-adjusted geometric means of serum cotinine, self-reported occupational
SHS exposure (hours/day), and smoking-related cancer mortality rates across NHANES
phases. Vertical bars show 95% confidence intervals based on 15,000 bootstrap resamples.
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Table 4

Absolute change in smoking-related cancer mortality rates (per 100,000 person-years) comparing NHANES

surveys 1999-2004 to 1988-19942 before and after adjustment for serum cotinine and occupational
secondhand smoke exposure (SHS).

All cancer Smoking related-cancer
Absolute change in Difference in Absolute change in Difference in
mortality rate (95% change (%) mortality rate (95% CI)  change (96)"**
Level of adjustment cn* **
Adjusted for age, sex, race, low -73.6 (-173.8, 26.6) 0 (reference) -82.7 (-157.2,-8.3) 0 (reference)
education and exposure at home
Further adjusted for log cotinine -26.1(-131.9, 79.7) -47.5 (64.5) -47.1 (-127.3, 33.1) -35.6 (43.1)
Further adjusted for occupational SHS
exposure time -53.4 (-151.5, 44.7) -20.2 (27.5) -72.0(-144.8,0.8) -10.7 (13.0)

Adjusted for age, sex, race, low

education, SHS exposure at home, _ _ _ _ _
smoking status, alcohol status, BMI, and 75.8 (-177.0, 25.5) 0 (reference) 77.0 (-151.4, -2.6) 0 (reference)

physical inactivity
Further adjusted for log cotinine -31.5(-138.8, 75.9) -44.3 (58.5) -41.8 (-122.6, 39.1) -35.2 (45.8)

Further adjusted for occupational SHS
exposure time -56.1 (-155.0, 42.9) -19.7 (26.0) -66.3 (-139.0, 6.4) -10.7 (13.9)

Hk
Absolute change in mortality rate by survey period is estimated from Aalen additive hazard models with age at follow-up as the time scale,
survey period indicators, and progressive degrees of adjustment.

Ak
Mediated effect by serum cotinine and occupational SHS exposure time was calculated using the “difference of coefficient method” as the

absolute change in mortality rates between surveys in the reference model, minus that absolute change in the model further adjusted for log-
transformed cotinine concentrations or for untransformed occupational SHS exposure time, expressed both in absolute terms (difference in change)
and relative to the change in the reference model.
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