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Abstract
Background: Little is known about the prevalence of secondhand smoke exposure (SHSe) among cancer survivors. We sought
to determine the prevalence, trends, and correlates of SHSe
among nonsmoking adult cancer survivors in the United States.
Methods: Interview and serum cotinine data for nonsmoking adults, age 20 years and older, with a history of
cancer (N ¼ 686) were obtained from consecutive two-year
cross-sectional cycles of the National Health and Nutrition
Examination Survey from 1999 to 2012. SHSe was deﬁned as
serum cotinine 0.05–10 ng/mL among nonsmokers. We calculated and trended the prevalence of SHSe among nonsmoking cancer survivors. Multivariable logistic regression
was used to examine the associations of SHSe with sociodemographic, smoking, and clinical characteristics. Survey
weights were applied in estimating prevalence rates, adjusted
ORs, and conﬁdence intervals (CI).

Results: The weighted aggregate SHSe and self-reported indoor
SHSe prevalence rates over the study period were 28.26% (95%
CI: 24.97%–31.55%) and 4.53% (95% CI: 3.48%–5.57%),
respectively. SHS exposure declined from 39.61% (95% CI:
27.88%–51.34%) in 1999/2000 to 15.68% (95% CI: 9.38%–
21.98%) in 2011/2012 (Ptrend < 0.001). Age  60 years was
protective against SHSe, while being black, having less than high
school education, poverty, and a smoking-related cancer history
were associated with higher odds of SHSe.
Conclusions: Fortunately, SHSe among nonsmoking cancer
survivors in the United States is on the decline, although certain
subgroups remain disproportionately burdened.
Impact: These ﬁndings highlight clinical and public health
imperatives to target socioeconomically disadvantaged nonsmoking cancer survivors to reduce their SHSe. Cancer Epidemiol Biomarkers

Introduction

about 7,000 lung cancer–related deaths annually in the United
States (4). SHSe has also been shown to adversely affect overall
and progression-free survival among cancers such as non–small
lung cancers (5). SHSe among nonsmokers also increases the
risk of noncancer deaths via a causal relationship with stroke
and coronary artery disease (2, 3). Importantly, concurrent
household or spousal SHSe also reduces the likelihood of
successful smoking cessation attempts among smoking cancer
patients and survivors (6–8).
The prevalence of active smoking among cancer survivors is
well documented. For instance, it has been shown that less than
half of smoking cancer patients quit smoking after cancer diagnosis, and about 10% of cancer survivors still smoke almost one
decade after a cancer diagnosis (9, 10). Data regarding the national prevalence of SHSe among cancer survivors is very sparse. Very
few cancer clinical trials assess SHSe among participants, and
there are no studies that have speciﬁcally estimated the prevalence
of SHSe among adult cancer survivors in the household setting in
the United States (11).
Therefore, we sought to estimate the prevalence and correlates of SHSe among community-dwelling cancer survivors
in the United States. Our study objectives were: (i) to estimate
the national prevalence of SHSe among nonsmoking adult
cancer survivors in the United States; (ii) to estimate
the national prevalence of self-reported indoor household
SHSe among nonsmoking adult cancer survivors in the United

It is well-established that tobacco use and exposure accounts
for about a third of all cancer-related deaths in the United States
(1). Moreover, tobacco use following the diagnosis of cancer is
associated with increased treatment-related toxicity, increased
risk of second primary cancers, decreased quality of life, and
decreased survival among patients diagnosed with tobaccorelated and non-tobacco–related cancers. Quitting smoking
improves the prognosis of cancer patients (2). Similarly, exposure to secondhand tobacco smoke has been causally linked to
cancer, respiratory, and cardiovascular diseases (2, 3). In fact,
secondhand smoke exposure (SHSe) speciﬁcally accounts for
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States; (iii) to identify temporal trends in SHSe among nonsmoking adult cancer survivors in the United States; and (iv)
to identify sociodemographic and clinical factors associated
with SHSe among nonsmoking adult cancer survivors in the
United States.

Materials and Methods
Data source and study population
Data were obtained from the United States National Health
and Nutrition Examination Survey (NHANES) for adults age
20 years and older. NHANES is a temporal series of ongoing
cross-sectional surveys designed to capture the health and nutritional status of the noninstitutionalized resident civilian population of the United States. NHANES is conducted by the National
Center for Health Statistics (NCHS) at the Centers for Disease
Control and Prevention (CDC), and utilizes a stratiﬁed multistage, clustered probability sampling technique. Further details
regarding the objectives, sampling methodology, and operations
of NHANES are available elsewhere (12).
NHANES evaluation of each consenting participant involves
conducting a home interview followed by a physical examination and collection of biologic specimens at a mobile examination center. Analysis of serum cotinine is conducted for
participants aged at least 3 years. Since 1999, NHANES data
has been released to the public in 2-year cycles with the most
recent interview and physical examination data available for
the 2013/2014 cycles. However, the most recent data regarding
laboratory parameters, such as serum cotinine, is available for
the 2011/2012 cycles (12).
Our study sample reﬂects adult respondents who were nonsmoking cancer survivors. Adult cancer survivors were deﬁned as
respondents age 20 years and older with a self-reported history of
a cancer diagnosis. Cancer survivors were identiﬁed as those who
responded "Yes" to the question, "Have you [SP] ever been told by
a doctor or other health professional that you [she/he] had a
cancer or malignancy of any kind?"
Variables
Smoking history and SHSe. Participants were deﬁned as nonsmokers if they: (i) had a lifetime smoking history of less than
100 cigarettes (never smokers) or had a lifetime smoking
history of more than 100 cigarettes but were not currently
smoking (former smokers); and (ii) did not report using any
nicotine containing products in the 5-day period preceding
their evaluation; and (iii) had serum cotinine levels less than
10 ng/mL.
Among former smokers, we calculated cigarette pack-years
smoked by dividing the number of cigarettes smoked, at the time
of quitting by 20 years, and multiplying this quotient by the
duration of cigarette smoking in years.
Serum cotinine measurement and analysis was performed
using isotope dilution-high performance liquid chromatography/atmospheric pressure chemical ionization tandem mass
spectrometry (13). The level of detection of serum cotinine
was 0.05 ng/mL for the 1999/2000 cycle and some participants
in the 2001/2002 cycle but this decreased to 0.015 ng/mL for
all participants subsequently. However, a serum level of 0.05
ng/mL was used across all survey cycles in our analysis for
consistency given that one of our objectives involved trend
analysis.
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Nonsmokers with average SHSe have serum cotinine levels <1
ng/mL, while levels 1–10 ng/mL correlate with heavy SHSe. On
the other hand, most active smokers have serum cotinine levels
>10 ng/mL (14). Therefore, serum cotinine level >10 ng/mL was
used as the threshold for screening out likely smokers among
those who did not report active smoking.
Exposure to indoor household smoking was assessed from
responses to the following items on the NHANES questionnaire:
"Does anyone who lives here smoke cigarettes, cigars, or pipes
anywhere inside this home?" and "Total number of smokers
inside home?" (15).
Indoor household SHSe was deﬁned as having at least one
member of the household who smoked cigarettes, cigars, or
pipes inside the home. Among respondents who reported
exposure to indoor household smoking, the number of household members who smoked indoors was categorized as: 1; 2; 3
or more.
Sociodemographic variables. These were: age in years (20–39; 40–
59; 60); gender (female; male); race/ethnicity (non-Hispanic
whites; non-Hispanic blacks; Mexican Hispanics; others); educational attainment (> high school; high school; <high school);
household income level, relative to the federal poverty level (FPL;
300% FPL; 100%–299% FPL; <100% FPL); and marital status
(married or living with partner; divorced, separated, or widowed;
never married).
Clinical and healthcare utilization variables. These included: a
history of a smoking-related cancer (yes; no); a history of
cardiovascular disease (yes; no); a history of chronic lung
diseases (yes; no); and, having a routine place of medical care
(yes; no).
Smoking-related cancers were deﬁned as a self-reported history of diagnosis with cancer of any of the following types or
organs: bladder, cervix, colon, esophagus, kidney, larynx, leukemia, liver, lung, mouth/tongue/lip, pancreas, rectum, and
stomach (3). Of note, acute myeloid leukemia (AML) is the
leukemia type with which smoking has been causally linked
(3), but AML was not speciﬁed as a cancer option in the survey.
Rather, leukemia was the speciﬁed cancer option, hence we
sought to identify patients with AML by including all those who
reported a history of leukemia.
Cardiovascular disease was deﬁned as a self-reported history of
any of the following conditions: congestive heart failure, coronary
heart disease, angina/angina pectoris, heart attack, or stroke.
Chronic lung disease was deﬁned as a self-reported history of
diagnosis with any of the following conditions: emphysema,
chronic bronchitis, or asthma.
Statistical analysis
SHSe prevalence and the prevalence of indoor household
SHSe were estimated for the entire study population over the
study period and by survey cycle. SHSe and self-reported
indoor household SHSe prevalence rates were computed for
subgroups deﬁned by: sociodemographic factors, smoking
history, having a smoking-related cancer site, time since ﬁrst
cancer diagnosis, history of cardiovascular disease, history of
chronic lung disease, and having a regular place of medical care
(13, 16).
Trends in the prevalence of SHSe and self-reported indoor
household SHSe across the study period for the entire populations
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and by their sociodemographic as well as smoking history were
obtained.
To assess the validity of our analysis, we also computed SHSe
prevalence for all adults age 20 years, regardless of whether they
had a prior cancer diagnosis, for comparison with data on adult
SHSe prevalence published by the CDC.
c2 tests were used to examine bivariate associations between
SHSe and potential predictor variables to help in variable selection for the multivariate analysis. Age, gender, and race/ethnicity
were automatically selected as predictors in the multivariate
model. Other sociodemographic and clinical/healthcare utilization characteristics described in the preceding section on covariates comprised the set of potential predictor variables that were
tested in the bivariate analysis. A statistical signiﬁcance level of
0.05 was utilized in the bivariate analyses for variable selection
into the multivariate model.
Multivariable logistic regression modeling was utilized in
examining the independent association(s) between SHSe and:
age, gender, race/ethnicity, and all other predictor variables that
were signiﬁcantly associated with SHSe on bivariate analyses. The
multivariable regression analysis was also stratiﬁed by smoking
history. A statistical signiﬁcance level of 0.05 was utilized in the
multivariate analysis.
Given the lower limit of detection, 0.015 ng/mL, for all
participants in the 2003/2004 cycle onwards, we conducted
sensitivity analysis comparing the similarity of results from
trend and regression analyses using 0.015 ng/mL as the SHSe
threshold to results obtained with the 0.05 ng/mL threshold.
The subsample for the sensitivity analyses were participants
from 2003 to 2012.
Survey weights correcting for the sample design and nonresponse were applied in obtaining the population-based prevalence rates, adjusted ORs (aOR), and 95% conﬁdence intervals
(CI). All analysis were performed with Stata 14 (StataCorp), and
Joinpoint Regression Program 4.2.02 (National Cancer Institute,
Bethesda, MD; ref. 17).
Ethical board review
The NHANES Institutional Review Board reviewed and
approved the protocol for collection and public reporting of the
NHANES data.

Results
Study sample
The ﬁnal study sample comprised 686 nonsmoking adult
cancer survivors (Fig. 1). 293 (43%) were never smokers and
391 (57%) were former smokers (Table 1). There were slightly
more males (51%; Table 1), with the majority age 60 years old
(73%), non-Hispanic whites (67%), and married or living with a
partner (59%). 206 (30%) and 69 (10%) reported having
less than high school education and household incomes less
than federal poverty levels, respectively. Twenty-ﬁve (4%) were
children or teenagers at the time of receipt of their ﬁrst cancer
diagnosis. 196 (29%) reported a smoking-related cancer and 282
(41%) had their ﬁrst cancer at least 10 years earlier (Table 1). There
were 117 respondents in the subsample that self-reported SHSe
from indoor household sources (Table 1).
SHSe prevalence
The weighted aggregate prevalence rates of SHSe among nonsmoking adult cancer survivors over the entire study period was
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28.26% (95% CI: 24.97%–31.55%; Table 2). Young adults ages
20–39 years had SHSe prevalence of 39.66% (95% CI: 28.80%–
50.52%) while those age 60 years had a prevalence of 26.05%
(95% CI: 22.89%–29.20%). SHSe was prevalent among 27.24%
(95% CI: 23.16%–31.31%) and 29.66% (95% CI: 25.52%–
33.80%) of females and males, respectively (Table 2). NonHispanic blacks had a SHSe prevalence of 55.64% (95% CI:
48.08%–63.20%), compared with 26.14% (95% CI: 22.71%–
29.57%) among non-Hispanic whites, and 27.69% (95% CI:
17.87%–37.51%) among Mexican Hispanics (Table 2). Neversmokers and former smokers had SHSe prevalence of 22.98%
(95% CI: 19.79%–26.18%) and 34.39% (95% CI: 29.49%–
39.29%), respectively. SHSe prevalence was 35.59% (95% CI:
29.23%–41.95%) among those with a prior history of smokingrelated cancers while it was 26.33% (95% CI: 22.88%–29.78%)
among those whose cancer types were not related to smoking
(Table 2).
Prevalence of self-reported indoor SHSe among nonsmoking
cancer survivors
Weighted aggregate prevalence of self-reported indoor household SHSe among nonsmoking adult cancer survivors over the
study period was 4.53% (95% CI: 3.48%–5.57%; Table 2).
Overall, patterns of self-reported indoor household SHSe prevalence were similar to SHSe prevalence across sociodemographic
strata and other subgroups (Table 2).
Temporal trends in SHSe
The prevalence of SHSe declined from 39.61% (95% CI:
27.88%–51.34%) in 1999/2000 to 15.68% (95% CI: 9.38%–
21.98%) in 2011/2012 (Table 3; Fig. 2). The average annual
percent change (AAPC), deﬁned as the change in SHSe prevalence
between successive survey cycles, was 6.31% (95% CI: 11.1%
to 1.2%; Table 3). Statistically signiﬁcant declining trends in
SHSe from 1999 to 2012 were noted for the following sociodemographic subgroups: those age 60 years (AAPC: 7.15%,
95% CI: 12.8% to 1.1%); females (AAPC: 6.06%; 95% CI:
11.3% to 0.6%); having > high school education (AAPC:
7.66%; 95% CI: 13.9% to 1.9%); and having annual household incomes 100%–299% FPL (AAPC: 5.12%; 95% CI: 9.9%
to 0.1%), or <100% FPL (AAPC: 7.5%; 95% CI: 14.3% to
0.3%; Table 3).
SHSe prevalence among all adults ages 20 years and older
The weighted prevalence of SHSe among adults age 20 years,
regardless of whether they had a history of cancer diagnosis or not,
computed for validation of our study results were: 47.26% (95%
CI: 42.17%–52.36%) in 1999/2000; 36.77% (95% CI: 31.33%–
42.21%) in 2001/2002; 41.79% (95% CI: 34.71%–48.87%) in
2003/2004; 35.62% (95% CI: 32.47%–38.76%) in 2005/2006;
36.62% (95% CI: 31.84%–41.41%) in 2007/2008; 26.74% (95%
CI: 23.78%–29.70%) in 2009/2010; and 21.13% (95% CI:
18.52%–23.74%) in 2011/2012.
Regression analysis
On the basis of bivariate testing with c2 tests of association,
variables that were associated with SHSe were: education, household income, marital status, smoking history, a history of smoking-related cancer, time since ﬁrst cancer diagnosis, and a history
of cardiovascular disease (Supplementary Table S1).
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71,916 Participants from 1999–2012
Excluded
35,892 ages 0–19 years

38,024 Adults (age ≥ 20 years)
Excluded
34,489 with no history of cancer
33 with missing data
Figure 1.
Selection schema of adult nonsmoking
cancer survivors: NHANES 1999–2012.
Figure 1 illustrates the process of
selection of the ﬁnal sample of adult
nonsmoking cancer survivors used in
our analysis as drawn from NHANES
survey cycles from 1999 to 2012. This
sample comprised adults at least
20 years of age with a self-reported
history of cancer who at the time of
interview were not current smokers,
had no recent nicotine exposure, and
had serum cotinine levels between
0.05–10 ng/mL.

3,482 Adults with a history of cancer
Excluded
518 active smokers
5 with missing data

2,959 Adults with a history of cancer
who were nonsmokers
Excluded
102 with nicotine exposure in prior 5 days
391 with missing data
2,466 Adults with a history of cancer
who were nonsmokers
with no nicotine exposure in prior 5 days
Excluded
26 with serum cotinine >10 ng/mL
1,571 with serum cotinine <0.05 ng/mL
183 with missing data
686 Adults with a history of cancer
who were nonsmokers
with no nicotine exposure in prior 5 days
with serum cotinine 0.05–10 ng/mL

On multivariate analysis, survey respondents in 2009/2010
and 2011/2012 were less likely to have SHSe than those in
1999/2000 [(aOR: 0.42; 95% CI: 0.21–0.84) and (aOR:
0.27; 95% CI: 0.12–0.59), respectively; Table 4]. Those age
60 years had a 56% lower odds of SHSe compared with those
ages 20–39 years (aOR: 0.44; 95% CI: 0.27–0.73; Table 4).
Non-Hispanic blacks had almost three times the odds of SHSe
compared with non-Hispanic whites (aOR: 2.96; 95% CI: 2.00–
4.37; Table 4). The odds of SHSe were higher among those with
only high school education as well as those with less than high
school education compared with having greater than high
school education [(aOR: 1.83; 95% CI: 1.35–2.49) and (aOR:
2.00; 95% CI: 1.33–3.03), respectively]. Those living below
federal poverty levels (FPL) had almost three times the odds of
SHSe compared with the highest income level (3 times FPL;
aOR: 2.83; 95% CI: 1.62–4.94; Table 4). Those with a history of
smoking-related cancers had a 40% higher odds of SHSe,
relative to those with nonsmoking–related cancers (aOR:
1.40; 95% CI: 1.04–1.88; Table 4). Neither time since cancer
diagnosis nor a history of cardiovascular disease was signiﬁcantly associated with SHSe (Table 4).
Stratiﬁed multivariate analysis by smoking history generally
showed similar patterns of associations among never smokers and
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former smokers with a few exceptions. Females were less likely
than males to have SHSe among never smokers (aOR 0.63; 95%
CI: 0.43–0.93) but not among former smokers (aOR 0.83; 95%
CI: 0.58–1.20). Higher odds of SHSe was seen among those with a
history of smoking-related cancers, relative to those with nonsmoking–related cancers, among never smokers (aOR 1.84; 95%
CI: 1.17–2.90) but not among former smokers (aOR 0.90; 95% CI
0.57–1.42; Table 4).
Sensitivity analysis
Trend and regression analyses limited to the 2003–2012 subsample of nonsmoking adult cancer survivors using the 0.015 ng/
mL threshold for deﬁning nonsmokers produced similar patterns
to the results reported above for the sample from 1999 to 2012
using the 0.05 ng/mL threshold (Supplementary Tables S2 and S3
in the Supplementary Data).

Discussion
Our analyses show that at least 29% of nonsmoking adult
cancer survivors in the United States from 1999 to 2012 had
SHSe, and 5% self-reported household indoor SHSe. Temporal
trends and age effects were seen with declining SHSe rates over
time and with increasing age, respectively. Relatively higher
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Table 1. Characteristics of sample of adult cancer survivors in the United States
from the NHANES 1999–2012
Nonsmoking cancer
Nonsmoking
survivors with
cancer survivors indoor household
with SHSe
SHSe (N ¼ 117)
(N ¼ 686)
N (%)
Age
20–39 years
42 (6.12)
8 (6.84)
40–59 years
142 (20.70)
30 (25.64)
60 years
502 (73.18)
79 (67.52)
Gender
Female
333 (48.54)
61 (52.14)
Male
353 (51.46)
56 (47.86)
Race/Ethnicity
Non-Hispanic whites
460 (67.06)
80 (68.38)
Non-Hispanic blacks
142 (20.70)
26 (22.22)
Mexican Hispanics
40 (5.83)
6 (5.13)
Others
44 (6.41)
5 (4.27)
Educational level
Less than high school
206 (30.03)
39 (33.33)
High school
181 (26.38)
33 (28.21)
Greater than high school
298 (43.44)
45 (38.46)
Missing
1 (0.15)
0 (0)
Household income level
300% federal poverty level
235 (34.26)
35 (29.91)
100–299% federal poverty level 282 (41.11)
54 (46.15)
<100% federal poverty level
100 (14.58)
21 (17.95)
Missing
69 (10.06)
7 (5.98)
Marital status
Married/living with partner
408 (59.48)
75 (64.10)
Widowed/divorced/separated
240 (34.99)
35 (29.91)
Never married
30 (4.37)
6 (5.13)
Missing
8 (1.17)
1 (0.85)
Smoking status
Never smokers
295 (43.00)
45 (38.46)
Former smokers
391 (57.00)
72 (61.54)
Missing
0 (0)
0 (0)
Cigarette pack-years (former smokers)a
20
155 (39.64)
28 (38.89)
20–40
72 (18.41)
13 (18.06)
>40
116 (29.67)
23 (31.94)
Missing
48 (12.28)
8 (11.11)
Number of indoor HH smokers
1
89 (12.97)
97 (82.91)
2
15 (2.19)
15 (12.82)
3
5 (0.73)
5 (4.27)
Missing
577 (84.11)
0 (0)
Cancer site related to smoking
No
490 (71.43)
74 (63.25)
Yes
196 (28.57)
43 (36.75)
Time of ﬁrst cancer diagnosis
Childhood/teenage
25 (3.64)
9 (7.69)
Adulthood
659 (96.06)
107 (91.45)
Missing
2 (0.29)
1 (0.85)
Number of years since ﬁrst cancer diagnosis
<2 years
98 (14.29)
15 (12.82)
2–4 years
142 (20.70)
23 (19.66)
5–9 years
162 (23.62)
23 (19.66)
10 years
282 (41.11)
55 (47.01)
Missing
2 (0.29)
1 (0.85)
History of cardiovascular disease
No
485 (70.70)
76 (64.96)
Yes
195 (28.43)
38 (32.48)
Missing
6 (0.87)
3 (2.56)
History of chronic respiratory disease
No
527 (76.82)
87 (74.36)
Yes
154 (22.45)
29 (24.79)
Missing
5 (0.73)
1 (0.85)
(Continued on the following column)
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Table 1. Characteristics of sample of adult cancer survivors in the United States
from the NHANES 1999–2012 (Cont'd )
Nonsmoking cancer
survivors with
Nonsmoking
cancer survivors indoor household
with SHSe
SHSe (N ¼ 117)
(N ¼ 686)
N (%)
Routine place of medical care
Yes
642 (93.59)
109 (93.16)
No
44 (6.41)
8 (6.84)
Survey cycle
1999–2000
82 (11.95)
12 (10.26)
2001–2002
106 (15.45)
23 (19.66)
2003–2004
118 (17.20)
24 (20.51)
2005–2006
79 (11.52)
14 (11.97)
2007–2008
145 (21.14)
16 (13.68)
2009–2010
87 (12.68)
20 (17.09)
2011–2012
69 (10.06)
8 (6.84)
N ¼ 391, rather than 686 because this applied to former smokers only.

a

rates and higher odds of SHSe were seen among those who
were young (20–39 years), blacks, those who did not complete
high school, the poor, and those with smoking-related cancer
history.
To the best of our knowledge, this is the ﬁrst study to
estimate and trend the national SHSe prevalence as well as the
prevalence of indoor SHSe among nonsmoking adult cancer
survivors in the United States. The SHSe prevalence and selfreported SHSe prevalence rates in our study of nonsmoking
adult cancer survivors are similar to recently reported national
rates of SHSe in the general nonsmoking population. Lending
credence to the validity of our analysis and study ﬁndings is
the observation that the SHSe prevalence rates we computed
for all U.S. nonsmoking adults, regardless of prior cancer
diagnosis, were similar to the rates published by the CDC
(16, 17).
Kaufmann and colleagues at the CDC reported national
adult SHSe prevalence of 48% in 1999/2000 declining to
37% in 2007/2008 (18). Homa and colleagues reported a
further decline in adult SHSe prevalence to 21% in 2011/
2012 (19).While these rates are higher than the aggregate rates
among cancer survivors in our study, on subgroup analysis by
smoking history, we observed that former smokers have SHSe
rates that are comparable with, or higher than SHSe prevalence
in the general U.S. adult population.
King and colleagues reported a national prevalence of selfreported SHSe of 6% using data from the National Adult
Tobacco Survey in 2010 (20). Similarly, data from the 2008
Behavioral and Risk Factor Surveillance Survey of the nonsmoking U.S. adult population found self-reported indoor SHSe
ranging from 3.2% to 10.6% across the 11 states studied (21).
Our ﬁnding of SHSe prevalence, particularly among former
smokers, comparable with rates seen in the general population is
concerning given what is known regarding the higher risk of
adverse outcomes such as treatment toxicity, incidence of second
malignancies, and mortality associated with smoking among
cancer patients and survivors (2). It is very plausible that ongoing
SHSe may be associated with some of these outcomes given the
similar mechanistic pathways of carcinogenesis and other chronic
diseases that have been shown to result from both direct and
indirect tobacco exposure (3). However, further studies are needed in this regard to investigate possible deleterious effects of SHSe
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Table 2. Weighted prevalence of secondhand smoke exposurea among nonsmoking adult cancer survivors in the United States from the NHANES: 1999–2012
Prevalence
Nonsmoking adult cancer survivors
Nonsmoking adult cancer survivors with
SHSe
with self-reported of household SHSe
Population groups and subgroups
% (95% CI)
% (95% CI)
All nonsmoking adult cancer survivors
28.26 (24.97–31.55)
4.53 (3.48–5.57)
Age
20–39 years
39.66 (28.80–50.52)
10.52 (1.34–19.70)
40–59 years
30.86 (24.60–37.12)
5.25 (3.09–7.41)
60 years
26.05 (22.89–29.20)
3.65 (2.74–4.57)
Gender
Female
27.24 (23.16–31.31)
4.69 (3.13–6.25)
Male
29.66 (25.52–33.80)
4.30 (2.87–5.74)
Race/ethnicity
Non-Hispanic whites
26.14 (22.71–29.57)
4.11 (3.09–5.13)
Non-Hispanic blacks
55.64 (48.08–63.20)
11.13 (6.34–15.91)
Mexican Hispanics
27.69 (17.87–37.51)
2.88 (0.06–5.70)
Others
41.56 (26.90–56.21)
6.46 (0.00b–14.98)
Educational level
Less than high school
41.61 (34.86–48.35)
6.90 (3.88–9.92)
High school
36.28 (30.57–41.98)
5.71 (3.49–7.93)
Greater than high school
21.90 (18.31–25.49)
3.49 (2.14–4.84)
Household income level
300% federal poverty level
22.80 (19.11–26.49)
3.15 (2.07–4.23)
100%–299% federal poverty level
29.58 (25.42–33.74)
5.58 (3.69–7.47)
<100% federal poverty level
53.25 (40.48–66.01)
13.87 (6.21–21.53)
Marital status
Married/living with partner
26.59 (22.99–30.20)
4.95 (3.53–6.37)
Widowed/divorced/separated
31.40 (26.49–36.31)
3.25 (2.05–4.45)
Never married
31.98 (16.93–47.04)
5.46 (0.10–10.81)
Smoking status
Never smokers
22.98 (19.79–26.18)
3.42 (2.16–4.68)
Former smokers
34.39 (29.49–39.29)
5.81 (4.24–7.38)
Cigarette pack-years (former smokers only)
20 pack-years
30.13 (24.18–36.07)
17.00 (10.63–23.36)
>20–40 pack-years
33.85 (21.94–45.75)
16.71 (6.03–27.40)
>40 pack-years
38.15 (31.21–45.08)
16.75 (7.77–25.73)
Cancer site related to smoking
No
26.33 (22.88–29.78)
3.70 (2.72–4.69)
Yes
35.59 (29.23–41.95)
7.65 (4.66–10.64)
Number of years since ﬁrst cancer diagnosis
28.65 (22.91–34.40)
5.02 (2.15–7.89)
<2 years
2–4 years
34.19 (28.30–40.08)
5.38 (2.45–8.32)
5–9 years
27.17 (22.10–32.24)
4.05 (2.54–5.56)
10 years
26.00 (21.90–30.10)
4.18 (2.77–5.59)
History of cardiovascular disease
No
26.89 (23.34–30.45)
4.09 (2.98–5.20)
Yes
33.76 (29.31–38.21)
6.20 (3.95–8.44)
History of chronic respiratory disease
No
27.46 (24.22–30.70)
4.06 (3.21–4.90)
Yes
30.81 (24.21–37.41)
5.96 (3.12–8.80)
Routine place of medical care
Yes
28.08 (24.74–31.41)
4.49 (3.43–5.54)
No
31.24 (21.56–40.92)
5.24 (0.79–9.68)
Abbreviations: CI, conﬁdence interval; SHSe, secondhand smoke exposure.
Secondhand smoke exposure was deﬁned as having serum cotinine levels 0.05–10 ng/mL among nonsmokers.
b
Lower bound of CI less than 0%.
a

on treatment, recurrence, and mortality outcomes among cancer
survivors.
The declining trends in SHSe among nonsmoking cancer survivors in our study is generally consistent with recent studies
that indicate declining national trends in the prevalence of SHSe
among nonsmokers over the last 3 decades (22, 23). Factors
that have been identiﬁed as contributing to the declining trends
of SHSe include declining rates of active smoking, changes in
societal attitudes regarding the acceptability of smoking around
nonsmokers and children, increased adoption of indoor (household and workplace) smoking restrictions, as well as the
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widespread implementation of comprehensive and aggressive
tobacco control policies (4).
Similar to our ﬁndings, prior studies have shown that
blacks, the less educated, and those living below the poverty
levels are more likely to have SHSe (20, 22, 24, 25). Some
explanations that have been advanced for the persistence of
racial disparities in SHSe in the general population include
racial differences in adoption of smoke-free rules at home, in
vehicles, and at workplaces (19). Biologic differences such as a
slower rate of cotinine metabolism in blacks may also partially
account for the higher cotinine levels seen in blacks (24).
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5.4 (10.5–0.1)
5.6 (11.1–0.2)

27.49 (18.43–36.55)
35.62 (28.06–43.18)

27.72 (18.32–37.13) 24.56 (16.23–32.89) 29.02 (19.97–38.07) 15.43 (9.69–21.17)
13.42 (5.11–21.72)
46.41 (36.77–56.06) 31.44 (20.01–42.87) 41.17 (21.20–61.13)
23.97 (16.06–31.88) 18.83 (6.99–30.66)

6.4 (13.1–0.7)
5.1 (9.9 to 0.1)
7.5 (14.3 to 0.3)

b

a

14.27 (6.82–21.73)
5.9 (11.9–0.5)
33.98 (16.97–50.99) 0.3 (5.8–6.8)
a
30.82 (0.00 –66.43) 3.4 (12.1–6.1)
16.81 (2.68–30.94) 13.8 (20.4 to 6.7)

25.05 (16.82–33.28) 33.10 (22.48–43.72) 19.79 (11.71–27.87)
30.03 (17.24–42.82) 16.05 (10.02–22.08) 11.70 (3.86–19.54)
33.79 (26.70–40.91) 38.20 (28.86–47.53) 31.23 (21.18–41.27)
34.42 (19.27–49.56) 21.29 (12.49–30.09) 15.18 (6.43–23.93)
c
57.36 (13.26–100.00 ) 62.99 (38.74–87.25) 71.61 (43.90–99.32) 58.91 (35.04–82.78) 43.40 (22.67–64.13) 23.28 (2.10–44.46)

16.85 (10.21–23.49)
58.07 (35.77–80.37)
17.74 (3.51–31.96)
28.47 (8.94–47.99)

34.26 (23.39 45.13) 21.32 (11.79–30.85) 24.64 (13.19–36.10) 14.12 (7.65–20.59) 11.73 (3.98–19.48)
7.7 (13.1 to 1.9)
40.28 (26.88–53.68) 36.44 (19.90–52.97) 49.43 (33.09–65.78) 19.68 (12.51–26.86) 32.96 (16.28–49.64) 2.3 (9.9–5.9)
44.37 (22.98–65.77) 39.34 (26.40–52.28) 48.06 (29.10–67.02) 44.19 (33.10–55.28) 16.89 (8.80–24.97) 3.8 (10.0–2.9)

31.83 (17.97 45.69)
70.84 (60.85–80.83)
36.93 (12.54–61.33)
41.15 (14.17–68.12)

25.82 (17.96–33.68)
39.19 (22.12–56.27)
42.72 (27.31–58.14)

25.60 (17.74–33.47)
44.20 (23.76–64.64)
14.70 (0.00a–33.43)
51.58 (23.06–80.10)

36.66 (28.20–45.12)
69.18 (51.48–86.88)
38.47 (14.05–62.90)
29.39 (0.00a–60.80)

27.70 (22.27–33.13)
58.89 (45.58–72.20)
38.43 (23.62–53.25)
93.37 (8.02–100.00c)

6.1 (11.3 to 0.6)
6.4 (13.8–1.5)

35.69 (24.29–47.09) 25.61 (15.02–36.21)
41.47 (31.59–51.35) 31.59 (19.85–43.32)

26.84 (17.97–35.71)
37.71 (28.66–46.76)

35.14 (20.65–49.62) 19.04 (11.37–26.70) 16.17 (8.23–24.10)
33.99 (18.24–49.75) 19.13 (14.09–24.16) 15.04 (5.81–24.28)

65.32 (33.58–97.07) 37.95 (14.05–61.85) 44.52 (10.04–79.00) 19.69 (3.70–35.68) 29.08 (4.47–53.69) 7.5 (15.2–0.9)
41.27 (24.68–57.86) 30.64 (14.69–46.59) 37.69 (17.33–58.06) 23.56 (9.49–37.69) 22.56 (8.14–36.97) 2.9 (7.9–2.4)
34.42 (26.59–42.24) 25.39 (18.11–32.67) 32.49 (21.43–43.56) 17.20 (9.66–24.73) 11.51 (6.43–16.59)
7.1 (12.8–1.1)

AAPC
% (95% CI)
6.3 (11.1–1.2)

53.86 (24.31–83.42)
30.72 (19.01–42.44)
29.14 (22.46–35.81)

2011/2012
% (95% CI)
15.68 (9.38–21.98)

2003/2004
2005/2006
2007/2008
2009/2010
% (95% CI)
% (95% CI)
% (95% CI)
% (95% CI)
38.13 (30.22–46.03) 27.66 (20.26–35.06) 34.59 (21.57–47.60) 19.07 (13.17–24.98)

2001/2002
% (95% CI)
31.45 (24.60–38.30)

Abbreviations: AAPC, average annual percent change; CI, conﬁdence interval.
Secondhand smoke exposure was deﬁned as having serum cotinine levels 0.05–10 ng/mL among nonsmokers.
Lower bound of CI less than 0%.
c
Upper bound of CI greater than 100%.

1999/2000
% (95% CI)
All nonsmoking adult cancer survivors 39.61 (27.88–51.34)
Age
20–39 years
39.50 (0.00a–83.12)
40–59 years
34.94 (14.15–55.72)
60 years
40.95 (29.95–51.95)
Gender
Female
43.04 (30.37–55.70)
Male
35.20 (23.55–46.85)
Race/ethnicity
Non-Hispanic whites
39.10 (26.72–51.49)
Non-Hispanic blacks
54.63 (33.38–75.89)
Mexican Hispanics
21.27 (0.00a–42.67)
Others
40.80 (0.00b–85.34)
Educational level
Greater than high school
36.73 (22.19–51.27)
High school
34.37 (22.33–46.41)
Less than high school
55.01 (37.32–72.71)
Household income level
300% federal poverty level
35.26 (15.33–55.18)
100%–299% federal poverty level
35.93 (21.27–50.60)
<100% federal poverty level
67.67 (47.02–88.32)
Smoking status
Never smokers
32.14 (19.54–44.75)
Former smokers
48.62 (34.86–62.38)

Table 3. Trends in the prevalence of secondhand smoke exposurea among nonsmoking adult cancer survivors in the United States from the NHANES, by selected sociodemographic characteristics and smoking history:
1999–2012
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Figure 2.
Temporal trends in the prevalence of secondhand
household smoke exposure among nonsmoking cancer
survivors in the United States: NHANES 1999–
2012. Figure 2 depicts the temporal trends in the
prevalence of secondhand smoke exposure among all
adult nonsmoking cancer survivors, as well as by
smoking history—never smokers and former smokers.
Secondhand smoke exposure was deﬁned as having
serum cotinine levels 0.05–10 ng/mL among
nonsmokers. The scale of the ordinate is in percent (%)
while the scale of the abscissa is in years (biennia) from
1999 to 2012.

Persons of low socioeconomic standing may be at higher risk
of SHSe because they tend to live in multi-unit housings
where SHSe occur more frequently from smoking in neighboring apartments (19). It is very reasonable to posit that the
explanatory factors that result in higher SHSe and serum
cotinine levels in blacks and those of low socioeconomic
status in the general population are also likely to be at play
among nonsmoking adult cancer survivors.
A notable ﬁnding in our study was the association between
having a history of smoking-related cancers among former
smokers and SHSe. Given that survivors with a history of
smoking-related cancers are more likely to have been smokers,
such survivors are more likely to have smokers in their social
networks, and have social environments that facilitate tobacco
exposure (25, 26). Therefore, having a history of smokingrelated cancer may simply may be a marker of possible
ongoing SHSe that healthcare providers caring for cancer
survivors should be aware of. In this regard, a recent recommendation encourages standardized robust assessment of
tobacco use and SHSe in clinical cancer research given the
lack of speciﬁcity in the timing of tobacco exposure assessment as is currently reported in the literature (27, 28). It
would be more informative for future studies to evaluate if
smokers who quit after cancer diagnosis are more or less likely
than those who had quit prior to the receipt of their diagnoses
to have home and vehicle smoking restrictions or lower levels
of SHSe.
The higher likelihood of survivors with smoking-related
cancers to experience SHSe may also reﬂect a lack of appreciation of the role of SHSe in the etiology of such cancers. This is
plausible given a prior report of limited knowledge regarding
the dangers of continued smoking for cancer survivors (29).In
any case, the diagnosis of a smoking-related cancer presents a
teachable moment for encouraging such patients to adopt
smoke-free home rules as well as providing smoking-cessation
advice and counseling to their smoking household contacts
(30–33). A clinical implication for all healthcare professionals
involved in the follow-up care of cancer survivors relates to the
importance of assessing SHSe (34). From a public health
perspective, this holds promise for improving on the notable
decline of cancer-related mortality in the United States, a trend
partly attributable to declining population rates of primary
tobacco exposure (35).
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Further studies are indicated to demonstrate the effectiveness of
smoke-free household advice and counseling on cancer-related
outcomes and other health outcomes. For public health authorities, these ﬁndings reemphasize the need for intensifying efforts
aimed at reducing SHSe in socioeconomically disadvantaged
groups such as the widespread adoption of smoke-free home
rules in public and subsidized housing—a measure that will
hopefully reduce SHSe and disparities among cancer survivors
as well as the general population.
Limitations
Several limitations of our study should be noted. First, the
history of cancer diagnosis was obtained via self-report. Although,
history of cancer diagnosis may be underreported in epidemiologic surveys utilizing self-report and result in misclassiﬁcation
bias, we have no reason to believe that underreporting of cancer
diagnosis biased the reporting of indoor household SHSe (36).
Second, SHSe was determined on the basis of serum cotinine
levels with a threshold level of 0.05 ng/mL. Given that the limit of
detection of serum cotinine improved to 0.015 ng/mL for all
participants since the 2003/2004 cycle, the SHSe rates presented
in this study should be regarded as conservative estimates. As
noted earlier, the 0.05 ng/mL cutoff was utilized across all cycles to
facilitate consistency for trend analyses. Third, insufﬁcient sampling of non-Mexican Hispanic subgroups and other racial/ethnic
minorities precluded estimation of SHSe prevalence and trends
among cancer survivors in these groups. Fourth, indoor household SHSe was measured by self-report. Although there is the
potential for misreporting, self-reported assessment of SHSe by
adults across a range of environments has been shown to be
reliable and has been validated using biomarkers such as cotinine,
and with airborne concentrations of secondhand smoke constituents such as nicotine (4, 37–39). Fifth, we were unable to
establish the timing of smoking cessation relative to cancer
diagnosis among former smokers. Sixth, as explained earlier, we
utilized a prior diagnosis of leukemia as a surrogate for AML and
classiﬁed such patients as having smoking-related cancers. Only
12 participants in the ﬁnal sample had leukemia, and any possible
misclassiﬁcation of those participants regarding having smokingrelated cancers appears unlikely to have inﬂuenced the study
results. Seventh, we did not adjust the results of our multivariable
regression analyses for multiple comparisons although the number of multiple comparisons was very modest. Finally, the
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Table 4. Weighted multivariable associations between SHSea among nonsmoking adult cancer survivors in the United States and their sociodemographic and
clinical characteristics—the NHANES: 1999–2012
Nonsmokers
Never smokers
Former smokers
aOR (95% CI)
aOR (95% CI)
aOR (95% CI)
Period
1999–2000
Ref
Ref
Ref
2001–2002
0.74 (0.38–1.42)
0.89 (0.37–2.11)
0.60 (0.30–1.24)
2003–2004
0.96 (0.48–1.89)
0.94 (0.40–2.20)
0.85 (0.40–1.80)
2005–2006
0.65 (0.32–1.31)
0.85 (0.36–1.97)
0.49 (0.21–1.15)
2007–2008
0.87 (0.43–1.78)
0.94 (0.41–2.14)
0.80 (0.30–2.12)
2009–2010
0.41 (0.21–0.84)
0.50 (0.21–1.16)
0.33 (0.15–0.74)
2011–2012
0.27 (0.12–0.59)
0.36 (0.13–1.05)
0.20 (0.08–0.48)
Age
20–39 years
Ref
Ref
Ref
40–59 years
0.61 (0.37–1.03)
0.87 (0.39–1.93)
0.28 (0.10–0.77)
60 years
0.41 (0.24–0.68)
0.45 (0.22–0.92)
0.23 (0.09–0.60)
Gender
Male
Ref
Ref
Ref
Female
0.68 (0.53–0.88)
0.65 (0.43–0.96)
0.84 (0.59–1.21)
Race/ethnicity
Non-Hispanic whites
Ref
Ref
Ref
Non-Hispanic blacks
3.09 (2.12–4.50)
3.36 (1.88–6.03)
2.83 (1.80–4.43)
Mexican Hispanics
0.62 (0.32–1.19)
0.77 (0.32–1.87)
0.43 (0.17–1.08)
Others
1.66 (0.91–3.02)
1.21 (0.56–2.60)
3.01 (1.27–7.16)
Educational level
Greater than high school
Ref
Ref
Ref
High school
1.83 (1.35–2.50)
2.12 (1.31–3.44)
1.54 (0.98–2.41)
Less than high school
1.99 (1.32–3.01)
2.06 (1.28–3.32)
1.97 (1.07–3.28)
Household income level
300% federal poverty level
Ref
Ref
Ref
100%–299% federal poverty level
1.11 (0.83–1.50)
1.24 (0.83–1.86)
1.04 (0.70–1.55)
<100% federal poverty level
2.63 (1.49–4.62)
2.95 (1.53–5.69)
2.79 (1.40–5.58)
Cancer site related to smoking
No
Ref
Ref
Ref
Yes
1.38 (1.02–1.86)
1.80 (1.14–2.84)
1.01 (0.68–1.51)
Number of years since ﬁrst cancer diagnosis
<2 years
Ref
Ref
Ref
2–4 years
1.14 (0.76–1.70)
1.15 (0.59–2.22)
1.08 (0.63–1.86)
5–9 years
0.90 (0.60–1.35)
0.92 (0.48–1.78)
0.83 (0.48–1.42)
10 years
0.82 (0.59–1.16)
0.78 (0.43–1.40)
0.77 (0.46–1.31)
Cardiovascular disease
No
Ref
Ref
Ref
Yes
1.28 (0.99–1.66)
0.99 (0.64–1.54)
1.42 (0.97–2.07)
Abbreviations: aOR, adjusted odds ratio; CI, conﬁdence interval; ref, reference group.
a
Secondhand smoke exposure was deﬁned as having serum cotinine levels 0.05–10 ng/mL among nonsmokers.

possibility of residual confounding exists although we adjusted
for known confounders available from the survey.
Conclusion
SHSe of nonsmoking adult cancer survivors in the United States
has declined but certain sociodemographic subgroups, former
smokers, and those with smoking-related cancers are disproportionately burdened by SHSe. From a public health viewpoint,
these reinforce the need for sustaining effective comprehensive
tobacco control policies as well as particularly targeting these
disadvantaged subgroups. These ﬁndings also provide a catalyst
for healthcare professionals involved in the care of cancer survivors to assess SHSe and counsel survivors and their families
regarding the need to adopt effective strategies with the goal of
eliminating SHSe among adult cancer survivors in the United
States.
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