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ABSTRACT

Objective. We examined the levels and change in prevalence of self-reported 
secondhand smoke (SHS) exposure at home, and analyzed sociodemographic 
differences in exposure among children (aged 0–17 years) and nonsmoking 
adults (aged $18 years) in the United States in 2000 and 2010. 

Methods. We included 18,731 children and 44,049 adults from the 2000 
and 2010 National Health Interview Survey Cancer Control Supplements. 
We used multivariate logistic regression to determine the factors associated 
with exposure. 

Results. The prevalence of self-reported SHS exposure declined from 2,627 of 
10,636 (24.7%) to 663 of 8,095 (8.2%) for children and from 2,863 of 23,665 
(12.1%) to 897 of 20,384 (4.4%) for adults from 2000 to 2010. SHS exposure 
declined for all population subgroups between the two years, but differences 
were found. Compared with 2000, children aged 12–17 years in 2010 were no 
longer more likely than children aged 0–5 years to be exposed to SHS. Non-
Hispanic black children and adults were more likely than non-Hispanic white 
children and adults to be exposed to SHS in 2010. In 2010, no differences 
were found for children whose parents had a higher level of education, and 
no differences were observed for children or adults with high family income 
vs. other levels of family income. Children living in the Midwest and South had 
higher levels of SHS exposure than children in other regions in 2010.

Conclusions. Self-reported SHS exposure at home declined for all population 
subgroups from 2000 to 2010, but socioeconomic differences existed for some 
subgroups in both years. Current tobacco control policies need to be improved 
to reach all population subgroups so that SHS exposure can be further 
reduced, especially among vulnerable populations.
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Secondhand smoke (SHS) exposure has been linked 
to numerous health conditions, including respiratory 
illness, cancer, and heart disease for adults;1,2 and 
middle ear disease, asthma, respiratory symptoms, 
abnormal pulmonary function, and attention deficit 
hyperactivity disorder (ADHD) for children.3,4 The 
health effects of SHS exposure also result in excess 
economic costs. One study estimated the total annual 
SHS-attributable medical cost in the United States at 
$6.9 billion in 2005.5 Another study reported that SHS 
exposure resulted in more than 42,000 deaths, nearly 
600,000 years of potential life lost, and $6.6 billion of 
lost productivity in 2006 in the United States.6

SHS exposure occurs in three main settings: at 
home, in the workplace, and in public places. The 
home setting is the primary source of SHS exposure 
for children and a major source of exposure for non-
smoking adults.3 The prevalence of SHS exposure in 
the United States has been declining in recent years.3,7 
Using data from the National Health and Nutrition 
Examination Surveys (NHANES), a recent Centers for 
Disease Control and Prevention (CDC) report found 
that the percentage of the U.S. nonsmoking popula-
tion (aged $3 years) with cotinine-measured SHS 
exposure declined from 52.5% in 1999–2000 to 25.3% 
in 2011–2012.7 Previous studies have also reported 
socioeconomic differences in SHS exposure for both 
adults and children. A study using 1999–2010 NHANES 
data found that never-smoking adults (aged $20 years) 
in the lowest socioeconomic quintile were two to three 
times more likely than those in the highest quintile to 
be exposed to SHS at home.8 Another study that used 
the 2007 National Survey of Children’s Health in the 
United States found that, compared with children 
from higher socioeconomic backgrounds, children 
from lower socioeconomic backgrounds had higher 
odds of self-reported SHS exposure at home; and that 
non-Hispanic white, non-Hispanic black, American 
Indian, and mixed-race children had higher odds of 
SHS exposure at home than Hispanic children.9 CDC’s 
most recent report also found that cotinine-measured 
SHS exposure was highest among children aged 3–11 
years, non-Hispanic black people, those living below 
the federal poverty threshold, and people living in 
rental housing during 2011–2012.7 

Many smoke-free policies were implemented from 
2000 to 2010,10 which contributed to a decline in SHS 
exposure in the United States.7 To examine whether 
or not all population groups benefited from these 
policies, we examined the change in prevalence of 
self-reported SHS exposure at home for children and 
nonsmoking adults in the United States from 2000 to 
2010, assessed the sociodemographic factors associated 

with SHS exposure, and compared the significant fac-
tors in the two years.

METHODS

Data sources 
We analyzed data from the 2000 and 2010 National 
Health Interview Survey (NHIS) Cancer Control 
Supplements.11 NHIS is an annual, nationally represen-
tative, in-person survey of households in the civilian, 
noninstitutionalized population in the United States. 
In each sampled household, one adult and one child 
are randomly selected to provide detailed health infor-
mation. For children, a knowledgeable adult in the 
household—usually a parent—answers questions about 
the child. Periodically, the same randomly selected core 
NHIS adult participants are also asked to participate in 
a Cancer Control Supplement, which contains detailed 
questions about tobacco use and exposure. 

Measures 

Nonsmoker. We defined nonsmokers as those who had 
not smoked 100 cigarettes in their lifetime (from the 
question, “Have you smoked at least 100 cigarettes in 
your entire life?”), or those who had smoked 100 ciga-
rettes in their lifetime but currently do not smoke at 
all (from the question, “Do you now smoke cigarettes 
every day, some days, or not at all?”). 

Self-reported SHS exposure at home. Children and non-
smoking adults were considered to be exposed to SHS 
at home if they lived in a household where residents 
smoked inside the home at least one day per week 
(from the questions, “In a usual week, does anyone 
who lives here, including yourself, smoke cigarettes 
anywhere inside this home?” and “Usually, about how 
many days per week do people who live here smoke 
anywhere inside this home?”). 

Covariates 
Sociodemographic characteristics considered as 
covariates in our analyses included age, sex, marital 
status (for adults only), race/ethnicity, education 
level, poverty status, and region. We categorized 
marital status as married, single, widowed/divorced/
separated, and living with a partner. We categorized 
race/ethnicity as non-Hispanic white, non-Hispanic 
black, non-Hispanic Asian, non-Hispanic other, and 
Hispanic. We categorized education as ,high school 
degree, general educational development (GED)/high 
school graduate, some college, and $college degree. 
For children, the education variable was based on 
their parents’ highest education level. Based on the 
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ratio of self-reported  family income to federal poverty 
thresholds that takes into account family size and 
number of children younger than 18 years of age,12,13 
we categorized poverty status into four groups: poor 
(0.00–0.99), low income (1.00–1.99), middle income 
(2.00–3.99), and high income ($4.00). Because more 
than 15% of respondents had unknown income status, 
we categorized them as “unknown” in a separate group. 
We categorized region as Northwest, West, Midwest, 
and South. 

Study sample 
We examined self-reported SHS exposure at home for 
children (aged 0–17 years) and nonsmoking adults 
(aged $18 years) separately. NHIS did not ask smoking 
questions of children, so we considered all children to 
be nonsmokers. We limited the adult analysis to non-
smokers, because it is difficult to separate the impact 
of active smoking and passive smoking for smokers. 
We included 18,731 children and 44,049 nonsmoking 
adults in the final study sample after excluding 1,084 
respondents with missing information on marital status 
(for adults only) or education.

Statistical analysis
For both children and nonsmoking adults, we estimated 
the prevalence rate of SHS exposure among the entire 
study sample and the subgroups stratified by each 
covariate separately for 2000 and 2010. Using the χ2 test 
from bivariate analysis, we determined the correlation 
between each covariate and SHS exposure. Changes in 
prevalence of SHS exposure were estimated and tested 
against the null hypothesis that the changes from 2000 
to 2010 were zero using multiple independent z-tests on 
proportions. We estimated multivariate logistic regres-
sion models to determine the significant predictors of 
SHS exposure after controlling for other covariates. 
The dependent variable of the logistic regression model 
was 1 for respondents exposed to SHS and 0 for SHS-
unexposed respondents. The models controlled for all 
the aforementioned covariates.

We estimated results by incorporating the appropri-
ate sampling weights to adjust for selection probabilities 
from the sampling design and survey nonresponse, and 
by accounting for NHIS’s multistage complex survey 
design. We conducted analyses using SAS® version 9.4 
with PROC SURVEYLOGISTIC for logistic regression 
and PROC SURVEYFREQ for bivariate analysis.14 We 
estimated adjusted odds ratios (AORs) and 95% con-
fidence intervals (CIs) from the multivariate logistic 
regression models and set statistical significance at 
p,0.05.

RESULTS 

Sociodemographic characteristics of the 
study sample
Among children in both years, more than half were 
male, were non-Hispanic White, had a parent with some 
college or higher education, and lived in a household 
with middle or high income; about one-third were in 
each age group; and more than one-third lived in the 
South (Table 1). Among adults in both years, more 
than half were female, were married, had some college 
or higher education, and had middle or high income; 
nearly half were aged 35–64 years; more than two-thirds 
were non-Hispanic white; and more than one-third 
lived in the South (Table 2). 

Prevalence of SHS exposure
Among children, the prevalence of SHS exposure 
at home declined by 66.8%, from 24.7% (95% CI 
23.6, 25.7) in 2000 to 8.2% (95% CI 7.5, 9.0) in 2010 
(Table 1). In 2000, bivariate analysis results showed that 
SHS exposure rates differed significantly (p,0.001) by 
all sociodemographic characteristics except sex. SHS 
exposure was highest among children who were aged 
12–17 years, were non-Hispanic black, had parents with 
a high school diploma/GED, were poor, and lived in 
the Midwest. SHS exposure was lowest among children 
who were aged 0–5 years, were non-Hispanic Asian, had 
parents with a college degree or higher education, had 
a high family income, and lived in the West. In 2010, 
bivariate analysis results showed that SHS exposure 
rates differed significantly only by age (p50.005), 
race/ethnicity (p,0.001), and region (p,0.001). 
SHS exposure was highest among children who were 
aged 6–11 years, non-Hispanic black, and living in the 
Midwest; and lowest among children who were aged 
0–5 years, non-Hispanic Asian, and living in the West. 
From 2000 to 2010, statistically significant declines in 
SHS exposure occurred for all subgroups except for 
children whose parents had at least a college degree. 
Substantial declines in prevalence of SHS exposure at 
home ranged from 39.7% for those in high-income 
households to 81.7% for those whose parents had a 
high school diploma or GED (Table 1). 

Among nonsmoking adults, the prevalence of SHS 
exposure at home declined by 63.6%, from 12.1% in 
2000 to 4.4% in 2010 (Table 2). In 2000, the prevalence 
of SHS exposure at home differed significantly by all 
sociodemographic characteristics except sex. SHS expo-
sure was highest among adults who were aged 18–34 
years, were non-Hispanic black, lived with a partner, 
had less than a high school education, were poor, and 
lived in the Midwest; and lowest among adults who were 
$65 years of age, were Hispanic, were married, had a 
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college education, had a high family income, and lived 
in the West. In 2010, SHS exposure at home differed 
significantly by all sociodemographic characteristics 
except sex and poverty status. Prevalence of SHS expo-
sure at home followed a similar pattern as in 2000, 
except that widowed, divorced, or separated adults 
had the lowest exposure. The percentage reduction 
in prevalence of SHS exposure at home between the 
two years ranged from 41.9% for adults with a college 
degree to 79.2% for non-Hispanic Asians (Table 2).

Factors associated with SHS exposure 
Children aged 6–11 years were more likely than chil-
dren aged 0–5 years to be exposed to SHS in both 
years. Children aged 12–17 years were more likely than 
children aged 0–5 years to be exposed to SHS in 2000, 
but this association did not exist in 2010. Compared 
with non-Hispanic white children, non-Hispanic Asian 
and Hispanic children were less likely to be exposed to 
SHS for both years, and non-Hispanic black children 
were less likely to be exposed to SHS in 2000 but more 
likely to be exposed to SHS in 2010. Children whose 
parents had at least some college education were less 
likely to be exposed to SHS in 2000 than children 
whose parents had a high school diploma or GED, 
while no significant differences were found in 2010 
by educational attainment. Children who lived in a 
household with middle or high income had decreased 
odds of being exposed to SHS in 2000 than those in 
poor households, but no significant differences were 
found by poverty status in 2010. Compared with chil-
dren living in the Northeast, those living in the West 
had lower SHS exposure for both years, while those 
who lived in the Midwest and South were more likely 
to be exposed to SHS in 2010 but had no significantly 
different exposure rate during 2000 (Table 1).

Adults aged $65 years were less likely than adults 
aged 18–34 years to be exposed to SHS in both years. 
Non-Hispanic black adults were more likely than non-
Hispanic white adults to be exposed to SHS in 2010 
but not in 2000. Hispanic adults were less likely than 
non-Hispanic white adults to be exposed to SHS in 
both years. Adults who were single or living with a 
partner were more likely than married adults to be 
exposed to SHS in both years. Those with less than 
a high school education were more likely than those 
with a high school diploma or GED to be exposed to 
SHS in 2000 but not in 2010. Adults with at least some 
college education were less likely than adults with a 
high school diploma or GED to be exposed to SHS 
in both years. The high-income group and those with 
unknown income were less likely than the poor group 
to be exposed to SHS in 2000, while no significant dif-

ferences in SHS exposure by poverty level were found 
in 2010. Adults living in the West were less likely to be 
exposed to SHS than adults living in the Northeast in 
both years (Table 2).

DISCUSSION 

Our finding that self-reported home SHS exposure 
decreased by 66.8% for children from 2000 to 2010 
is consistent with a study that found that self-reported 
home exposure to SHS decreased by almost two-thirds 
for children aged 3–11 years and adolescents aged 
12–19 years from 1999–2000 to 2005–2006.15 Our 
estimates of adults’ self-reported home exposure rate 
(12.1% for 2000 and 4.4% for 2010) are consistent 
with two CDC reports showing that the rates of self-
reported home exposure to SHS for adults was 10.2% 
in 1999–200416 and 5.4% in 2007–2008.17 

We found that exposure was much lower for all 
groups in 2010 but dropped at different rates for 
different groups. For example, non-Hispanic black 
children and adults were more likely to be exposed to 
SHS than were their non-Hispanic white counterparts 
in 2010 vs. 2000, reflecting the greater reductions in 
exposure among other racial/ethnic groups. This find-
ing is consistent with CDC’s latest Vital Signs report, 
which used serum cotinine-measured SHS exposure 
data from the 1999–2012 NHANES and found that 
SHS exposure was highest among non-Hispanic black 
people during 2011–2012.7 Fewer non-Hispanic black 
households than non-Hispanic white households had 
complete home smoking restrictions.18 Continued 
health education and efforts are needed to reduce SHS 
exposure among the non-Hispanic black population. 

Also, children aged 0–5 years were less likely than 
children aged 6–11 years to be exposed to SHS during 
both years. This decreased likelihood of SHS exposure 
may have been because a number of community-based 
child health promotion programs (e.g., the Special 
Supplemental Nutrition Program for Women, Infants 
and Children [WIC] and Head Start) were developed 
to provide health counseling for low-income children 
aged 0–5 years and prevent them from SHS exposure 
after 2000.19,20 A previous study showed that these pro-
grams significantly decreased the amount of reported 
SHS exposure at home among children.21

Non-Hispanic Asian and Hispanic children were less 
likely than non-Hispanic white children to be exposed 
to SHS in 2000 and 2010. This finding is consistent with 
the finding from King et al. that non-Hispanic Asian 
and Hispanic people had the highest prevalence of 
smoke-free home rules (91% and 88%, respectively).22 

Children whose parents had $college education 
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were less likely to be exposed to SHS than those whose 
parents had at most high school diplomas/GEDs in 
2000. However, this difference did not exist in 2010, 
suggesting that all education subgroups benefited 
from SHS reductions. Similarly, adults with the lowest 
education levels were no longer more likely to be 
exposed to SHS than those with at most a high school 
diploma or GED in 2010. Children and adults living 
below the federal poverty threshold were more likely 
to be exposed to SHS than those living in middle- or 
high-income households in 2000, but the difference in 
exposure between these groups disappeared in 2010. 
This finding might reflect the positive impact of imple-
menting tobacco prevention programs designed for 
low-income populations (e.g., The Head Start Tobacco 
Cessation Initiative, which brings tobacco prevention 
support to low socioeconomic status populations23). 

We found that children and adults living in the 
West had the lowest odds of being exposed to SHS for 
both years. These reduced odds of exposure are likely 
because western states have lower smoking prevalence 
and a higher proportion of homes with 100% smoke-
free rules than other states. For example, in 2012, Utah 
and California had the lowest adult smoking prevalence 
in the United States (10.6% and 12.6%, respectively).24 
In 2009–2010, Utah had the highest proportion of 
homes with 100% smoke-free rules (92.9%), followed 
by Idaho (91.5%) and California (90.1%).22 We also 
found increasing regional disparities in SHS exposure 
for children living in the Midwest and South compared 
with those living in the Northeast in 2000 and 2010. 
This finding may be because the increase in the popula-
tion covered by strong smoke-free laws was mostly in the 
West and Northeast,25 and that states in these regions 
(e.g., West Virginia, Kentucky, and Ohio) had the lowest 
rates of home smoking bans as of 2006.9,22,24 A recent 
study showed that several states have smoke-free laws 
that include all restaurants and bars, but many states 
and communities, especially in the South and Midwest, 
still fail to provide such protections.26 This increasing 
regional disparity in SHS exposure for the Midwest 
and South regions is concerning, and SHS exposure 
interventions should target these regions. 

Policy impact
A number of policies have had an impact on SHS 
exposure. An increasing number of municipalities in 
the United States adopted smoke-free laws in public 
places and workplaces from 2000 to 2010, resulting in 
a large increase in the proportion of the U.S. popula-
tion covered by strong smoke-free laws.10,25 The number 
of states with comprehensive smoke-free laws in effect 
for worksites, restaurants, and bars increased from 

zero on December 31, 2000, to 26 on December 31, 
2010.27 A spillover effect on home SHS exposure from 
prohibiting smoking in public places and workplaces 
has been demonstrated.28–31 The prevalence of U.S. 
homes with smoke-free home rules increased from 
60.2% in 1998–1999 to 72.2%32 in 2003 and 83.0%33 in 
2010–2011. In addition, a number of programs aimed 
at reducing SHS exposure among children have been 
implemented, such as the Smoke-free Homes Programs 
developed by the U.S. Environmental Protection 
Agency, which educates parents and the public about 
health risks associated with exposure to SHS and helps 
create smoke-free homes.34 

Limitations
This study was subject to several limitations, which 
may have led to an underestimation of home SHS 
exposure. First, self-reported SHS exposure might not 
accurately reflect actual SHS exposure because of recall 
bias. Second, SHS exposure was defined as having a 
resident who smoked inside the home at least one day 
per week, but it was unknown whether visitors smoked 
inside homes. Third, this study assessed only the expo-
sure from cigarette smoke and did not examine SHS 
exposure from other tobacco products, such as cigars. 
Fourth, we were not able to include exposure to smoke 
drifiting from neighboring housing units for those 
who lived in multiunit housing. Fifth, we could not 
measure the extent of exposure. Sixth, our measure 
of SHS exposure was self-reported home exposure; 
biomarker-measured exposure (e.g., serum cotinine 
level) would have yielded a higher exposure rate. 

CONCLUSION 

Our study found that all population subgroups had 
reduced SHS exposure but that some subgroups bene-
fited more than others. Sociodemographic differences 
persist in age, ethnicity, and region for children and in 
age, education, ethnicity, region, and marital status for 
nonsmoking adults. Thus, some successes have been 
achieved in eliminating sociodemographic disparities, 
but work remains to be done. Current tobacco control 
policies need to be improved to reach all populations 
so that the SHS exposure can be further reduced, 
especially among particularly vulnerable populations. 
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of the National Institutes of Health or the FDA. This research was 
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