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Introduction: The impact of defining secondhand smoke exposure among nonsmokers using an
expanded serum cotinine range is currently unknown.

Methods: This study assessed the trends in secondhand smoke exposure prevalence among a
nationally representative sample of 23,753 U.S. nonsmokers aged ≥3 years. Serum cotinine ranges
of 0.05−10 ng/mL (established) and of 0.015−10 ng/mL (expanded) were analyzed in 2021 using
data from the 2011−2018 National Health and Nutrition Examination Survey.

Results: During 2011−2018, the percentage of people with a serum cotinine range of 0.05−10 ng/mL
remained stable (25.3% to 24.6%) across most sociodemographic subgroups but declined significantly
among adult Mexican Americans aged ≥20 years (23.9% to 14.1%). However, the percentage of people
with serum cotinine range of 0.015−10 ng/mL significantly declined (58.3% to 52.3%) among male
individuals (60.9% to 55.0%), among female individuals (56.2% to 50.0%), among adults aged
≥20 years (55.8% to 49.2%), among Mexican Americans (60.9% to 41.2%), among people with a col-
lege degree or higher (44.4% to 36.0%), among those who rented their housing (71.7% to 62.5%),
among people not living with someone who smoked inside the home (56.1% to 50.0%), and among
Mexican Americans aged ≥20 years (60.9% to 39.1%) (all p<0.05 for linear trend test).

Conclusions: Expanding the serum cotinine range to 0.015−10 ng/mL more than doubles the esti-
mated proportion of U.S. nonsmokers exposed to secondhand smoke. In contrast to a serum cotin-
ine range of 0.05−10 ng/mL, it suggests that progress has been made in reducing population-level
secondhand smoke exposure during 2011−2018, especially among nonsmokers experiencing lower
exposure levels.
Am J Prev Med 2021;000(000):1−9. Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine.
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6.00
TheU.S. Surgeon General has concluded that sec-
ondhand smoke (SHS) exposure from burning
tobacco products is causally linked to a wide

range of harmful health effects in children and adults,
including ear infections, respiratory illness, sudden
infant death syndrome, asthma attacks, lung cancer, cor-
onary heart disease, and stroke.1,2 Cotinine is a metabo-
lite of nicotine, which is widely used as a biomarker of
nicotine exposure from tobacco products and their emis-
sions. On the basis of available laboratory limits of detec-
tion and research, exposure to SHS has historically been
defined using a serum cotinine concentration range of
0.05−10 ng/mL.3−6 Using this established definition,
data show that SHS exposure among the U.S. population
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has declined substantially in the past 3 decades, from
87.5% to 25.2% during 1988−2014.3−6 However, no sta-
tistically significant change occurred in the prevalence of
SHS exposure among U.S. nonsmokers from 2011−2012
(25.3%) to 2013−2014 (25.2%).4,6 Disparities in SHS
exposure exist across population groups. For example,
the prevalence is high among children; among non-
Hispanic Blacks; and among people living in poverty, in
rental housing, and with someone who smoked inside
the home.6

In the U.S. population, SHS exposure has been
assessed using serum samples obtained from National
Health and Nutrition Examination Survey (NHANES)
participants. Advanced laboratory techniques have low-
ered the serum cotinine lower limit of detection, from
the initial limit of 0.05 ng/mL during 1988−2000 to a
new limit of 0.015 ng/mL from 2001 to 2002 onward.7

Given that there was a 51% decline in population-level
current cigarette smoking prevalence during 1988−2018
and a potential simultaneous decline in the likelihood of
SHS exposure—coupled with the 2006 U.S. Surgeon
General’s Report’s conclusion that there is no risk-free
level of SHS exposure—questions have arisen as to
whether the currently established definition of SHS
exposure (i.e., 0.05−10 ng/mL) should be re-evaluated.8,9

Given that nonsmokers with serum cotinine in the
range ≥0.015 ng/mL but <0.05 ng/mL would be consid-
ered unexposed to SHS using the existing definition,
expanding the range would likely lead to increased esti-
mates of the population-level burden of SHS. However, to
the authors’ knowledge, no study has assessed SHS expo-
sure using both ranges (0.05−10 ng/mL and 0.015−10 ng/
mL) of serum cotinine levels among the population of U.S.
nonsmokers. Changes in SHS exposure among the U.S.
population using data obtained with the expanded range
could have implications for informing public health policy
and practice, including the identification of the trends and
disparities in SHS exposure, especially among populations
that have traditionally had a higher prevalence of exposure,
such as children, non-Hispanic Blacks, those living in pov-
erty, and those who rent their housing.3−6 To address this
existing gap in the scientific literature, this study assesses
the trends in the prevalence of SHS exposure among a
nationally representative sample of nonsmoking NHANES
participants aged ≥3 years during 2011−2018 using serum
cotinine ranges of 0.05−10 ng/mL (established) and 0.015
−10 ng/mL (expanded).
METHODS

Study Sample
The NHANES is a program of studies designed to assess the
health and nutritional status of people in the U.S.7 Participants
are recruited using household-based, multistage, stratified sam-
pling designed to represent the non-institutionalized civilian U.S.
population. The survey combines a home interview and, within 2
weeks later, a physical examination at a mobile examination cen-
ter (MEC) where biological specimens such as serum are collected
for laboratory testing.3,10 Since 2011−2012, NHANES has over-
sampled non-Hispanic Asian individuals, allowing for a more
reliable estimation of SHS exposure in this population.11,12 MEC
sample sizes across biennial survey cycles were as follows: 2011
−2012 (n=9,338), 2013−2014 (n=9,812), 2015−2016 (n=9,544),
and 2017−2018 (n=8,704). MEC sample response rates ranged
from 48.8% to 69.5%. The Research Ethics Review Board of the
National Center for Health Statistics at the Centers for Disease
Control and Prevention (CDC) reviewed and approved all proce-
dures involving human participants and confidentiality. All par-
ticipants provided written informed consent, and individual
records were deidentified before public data release for analysis.7

Data analyses for the study were conducted in 2021.
Serum cotinine concentrations >10 ng/mL are associated with

recent active smoking.3 After excluding participants with missing
values for covariates or serum cotinine concentrations
>10 ng/mL, a combined 23,753 participants aged ≥3 years across
survey cycles remained as nonsmokers for the analyses.

Measures
Serum specimens obtained from blood samples collected by veni-
puncture were processed, stored, and shipped to the Division of
Laboratory Sciences, CDC’s National Center for Environmental
Health for analysis (Appendix 1, available online).11,12

Questionnaire and laboratory data were analyzed to assess SHS
exposure among nonsmokers during 2011−2018. Data from the
same participants were applied using 2 serum cotinine ranges—
0.05−10 ng/mL and 0.015−10 ng/mL—to define SHS exposure.
Nonsmokers in 3 age groups were defined as follows:

1. children aged 3−11 years;
2. adolescents aged 12−19 years who did not report smoking

within the preceding 30 days or the use of any nicotine-con-
taining product within the preceding 5 days at MEC interview;
and

3. adults aged ≥20 years who did not report being a current
smoker or the use of any nicotine-containing product within
the preceding 5 days at MEC interview (Appendix 2, available
online).

Participants who reported smoking within the preceding
30 days or the use of any nicotine-containing product within the
preceding 5 days were excluded from the analysis.

Assessed sociodemographic factors included age, sex, race and
Hispanic origin (non-Hispanic Black, non-Hispanic Asian, Mexi-
can American, non-Hispanic White), poverty (below poverty
level, at or above poverty level), education (Grade 11 or lower,
high-school diploma or equivalents, some college or associate
degree, college degree or higher), housing status (rent, own), and
living with someone who smoked inside the home (yes, no).

Statistical Analysis
For each biennial survey cycle during 2011−2018, estimated per-
centages and corresponding 95% CIs of people with serum
www.ajpmonline.org
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cotinine ranges of 0.05−10 ng/mL and 0.015−10 ng/mL were
computed. Estimates among nonsmokers were calculated overall
and by age (3−11, 12−19, and ≥20 years), sex, race/Hispanic ori-
gin, poverty, education, housing status, and living with someone
who smoked inside the home. Subanalyses stratified by various
age and racial/Hispanic origin categories were also performed. To
assess change in prevalence during 2011−2018, relative percent-
age changes and orthogonal polynomial contrasts for trends were
calculated. Chi-square tests were performed to assess the change
in percentage distribution of nonsmokers with serum cotinine
ranges <0.015 ng/mL, of 0.015 to <0.05 ng/mL, and of 0.05
−10 ng/mL by biennial survey cycles and to evaluate the differ-
ence between nonsmokers with serum cotinine ranges of 0.015 to
<0.05 ng/mL and of 0.05−10 ng/mL by demographic characteris-
tics such as sex, age, and race/Hispanic origin. All analyses were
performed on MEC-weighted data to provide nationally represen-
tative estimates. Variance estimates and 95% CIs were approxi-
mated using SPSS, version 25, and Stata, version 14, to account
for the complex sampling design.
RESULTS

On the basis of the established serum cotinine range of
0.05−10 ng/mL, the prevalence of SHS exposure among
U.S. nonsmokers aged ≥3 years remained stable from
2011‒2012 (25.3%) to 2017−2018 (24.6%) (2.8%
decrease) (Table 1). By contrast, on the basis of the
expanded serum cotinine range of 0.015−10 ng/mL, the
prevalence of SHS exposure among U.S. nonsmokers
aged ≥3 years declined significantly from 2011−2012
(58.3%) to 2017−2018 (52.3%) (10.3% decrease, p<0.05
for linear trend test).
On the basis of the established range, prevalence of

SHS exposure remained steady across most sociodemo-
graphic subgroups from 2011−2012 to 2017−2018
(p>0.05 for linear trend test); the exception was by age
and race/Hispanic origin, where the prevalence of SHS
exposure among adult Mexican Americans aged
≥20 years declined significantly (41.0% decrease) from
2011−2012 (23.9%) to 2017−2018 (14.1%) (p<0.05 for
linear trend test) (Table 2). On the basis of the expanded
range, the prevalence declined significantly among male
individuals from 60.9% to 55.0% (9.7% decrease), among
female individuals from 56.2% to 50.0% (11.0%
decrease), among adults aged ≥20 years from 55.8% to
49.2% (11.8% decrease), among Mexican Americans
from 60.9% to 41.2% (32.3% decrease), among people
with a college degree or higher from 44.4% to 36.0%
(18.9% decrease), among those who rented their homes
from 71.7% to 62.5% (12.8% decrease), and among peo-
ple not living with someone who smoked inside home
from 56.1% to 50.0% (10.9% decrease) (p<0.05 for linear
trend test) (Table 1). By age and race/Hispanic origin,
the prevalence of SHS exposure among adult Mexican
Americans aged ≥20 years declined significantly
& 2021
from 60.9% during 2011−2012 to 39.1% during 2017
−2018 (35.8% decrease) (p<0.05 for linear trend test)
(Table 2).
Regardless of the definition used, observed disparities

across sociodemographic characteristics were generally
consistent. Using a range of 0.015−10 ng/mL, SHS expo-
sure during 2017�2018 was higher among children aged
3�11 years (63.8%) and adolescents aged 12�19 years
(59.8%) than among adults aged ≥20 years (49.2%). By
race and Hispanic origin, the prevalence was higher
among non-Hispanic Blacks (73.8%) than among non-
Hispanic Asians (63.2%), Mexican Americans (41.2%),
and non-Hispanic Whites (49.1%). The prevalence was
higher among people living below the poverty level
(73.1%) than among those living at or above the poverty
level (49.2%). By educational attainment, among those
aged ≥25 years, the prevalence was higher among people
with high-school education (54.8%) or those with less
than high-school education (56.6%) than among indi-
viduals with a college diploma or higher (36.0%). By
housing status, the prevalence was higher among people
who rented (62.5%) than among those who owned their
housing (47.0%). In addition, the prevalence was higher
among people who lived with someone who smoked
inside the home (98.5%) than among those who did not
(50.0%) (Table 1). Among children aged 3−11 years,
adolescents aged 12−19 years, and adults aged ≥20 years,
the prevalence was also significantly higher among non-
Hispanic Blacks (81.9%, 81.9%, and 70.1%, respectively)
than among non-Hispanic Asians (52.4%, 49.1%, and
66.1%), Mexican Americans (48.8%, 40.8%, and 39.1%),
and non-Hispanic Whites (65.8%, 62.3%, and 45.4%)
(Table 2). Percentages of nonsmokers with serum cotin-
ine ranges of 0.015 to <0.05 ng/mL and 0.05−10 ng/mL
varied significantly by age, race/Hispanic origin, poverty,
education, housing status, and living with someone who
smoked inside the home (p<0.05) (Table 3). Among
nonsmokers aged ≥20 years, the percentage of those
with a serum cotinine range of 0.015 to <0.05 ng/mL
was higher than that of those with a serum range of 0.05
−10 ng/mL (77.9% vs 64.7%). Among non-Hispanic
Black and non-Hispanic Asian nonsmokers, the percen-
tages of people with a serum cotinine range of 0.015 to
<0.05 ng/mL differed from those of people with a serum
range of 0.05−10 ng/mL (10.6% vs 20.1% and 8.3% vs
5.1%, respectively). Among people living at or above the
poverty level, those with a college diploma or greater
education, those who owned their housing, or those
not living with someone who smoked inside the
home, the percentage of people with a serum cotinine
range of 0.015 to <0.05 ng/mL was higher than the per-
centage of those with a serum range of 0.05−10 ng/mL
(Table 3).



Table 1. Trends in the Percentage of Nonsmokers Aged ≥3 Years With Serum Cotinine Ranges, 2011−2018

Characteristics
Serum cotinine range

0.05−10 ng/mL 0.015−10 ng/mL

2011−2012
(n=5,913)

2013−2014
(n=6,331)

2015−2016
(n=6,025)

2017−2018
(n=5,484) Changea

2011−2012
(n=5,913)

2013−2014
(n=6,331)

2015−2016
(n=6,025)

2017−2018
(n=5,484) Change

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Overall 25.3 (22.7, 28.0) 25.2 (21.2, 29.8) 24.5 (21.0, 28.3) 24.6 (21.7, 27.8) �2.8 58.3 (55.3, 61.2) 53.7 (48.5, 58.5) 53.1 (49.4, 56.7) 52.3 (49.2, 55.3) �10.3

Sex

Male 27.7 (24.9, 30.6) 27.1 (23.1, 31.6) 24.1 (19.7, 29.1) 26.5 (22.0, 31.5) �4.3 60.9 (57.6, 64.1) 56.5 (51.2, 61.7) 55.7 (51.5, 59.7) 55.0 (51.5, 58.5) �9.7

Female 23.3 (20.6, 26.2) 23.6 (19.1, 28.8) 24.8 (21.6, 28.1) 23.0 (20.7, 25.5) �1.3 56.2 (52.8, 59.4) 51.3 (45.8, 56.7) 50.9 (47.1, 54.7) 50.0 (46.3, 53.6) �11.0

Age group, years

3−11 40.6 (34.4, 47.2) 37.9 (31.3, 44.9) 38.1 (33.4, 42.9) 38.3 (34.3, 42.4) �5.7 67.4 (60.4, 73.7) 60.1 (50.6, 69.0) 64.6 (57.6, 71.1) 63.8 (59.2, 68.1) �5.3

12−19 33.8 (28.7, 39.3) 32.0 (25.0, 39.8) 32.3 (27.6, 37.3) 33.5 (28.6, 38.8) �0.9 64.3 (57.3, 70.8) 57.4 (50.1, 64.5) 61.0 (57.1, 64.7) 59.8 (52.7, 66.4) �7.0

≥20 21.2 (18.8, 23.9) 22.0 (18.4, 26.0) 21.0 (17.7, 24.9) 21.0 (18.0, 24.4) �0.9 55.8 (53.1, 58.4) 52.0 (47.0, 56.9) 49.9 (46.3, 53.5) 49.2 (46.2, 52.3) �11.8

Race and Hispanic originb

Non-Hispanic Black 46.7 (38.5, 55.0) 50.3 (44.9, 55.8) 46.2 (40.6, 51.8) 47.2 (40.4, 54.0) 1.1 78.9 (75.0, 82.3) 78.8 (73.9, 82.9) 77.4 (73.7, 80.6) 73.8 (66.9, 79.6) �6.5

Non-Hispanic Asian 22.1 (16.9, 28.3) 25.0 (20.3, 30.5) 17.9 (12.6, 24.9) 21.2 (17.0, 26.2) �4.1 67.5 (59.2, 74.8) 61.5 (56.6, 66.2) 59.7 (55.0, 64.3) 63.2 (59.1, 67.1) �6.4

Mexican American 23.8 (17.2, 31.8) 20.0 (16.1, 24.5) 20.0 (16.3, 24.3) 16.4 (12.6, 21.1) �31.1 60.9 (52.3, 68.9) 52.1 (46.3, 57.9) 49.3 (41.4, 57.3) 41.2 (33.1, 49.9) �32.3

Non-Hispanic White 21.8 (18.9, 24.9) 21.4 (16.2, 27.7) 22.2 (17.6, 27.6) 22.1 (18.8, 25.9) 1.4 52.7 (49.0, 56.4) 47.9 (40.9, 54.9) 48.5 (43.1, 54.0) 49.1 (45.0, 53.2) �6.8

Poverty status

Below poverty levelc 43.1 (37.7, 48.7) 47.9 (42.3, 53.6) 41.0 (33.5, 49.0) 45.0 (38.9, 51.3) 4.4 75.4 (71.1, 79.2) 74.7 (70.1, 78.7) 67.4 (58.8, 74.9) 73.1 (66.1, 79.1) �3.1

At or above poverty level 21.2 (19.0, 23.5) 21.2 (17.4, 25.6) 21.5 (17.8, 25.7) 21.4 (19.0, 24.0) 0.9 54.2 (51.2, 57.1) 49.7 (44.4, 55.0) 50.3 (46.2, 54.5) 49.2 (46.2, 52.2) �9.2

Educationd

≤Grade 11 27.6 (23.9, 31.7) 30.7 (25.5, 36.4) 25.1 (18.1, 33.5) 26.4 (21.1, 32.5) �4.3 64.5 (59.9, 68.7) 61.1 (54.7, 67.2) 58.5 (49.3, 67.2) 56.6 (47.0, 65.8) �12.2

High-school diploma or
equivalents

27.5 (22.0, 33.9) 28.8 (21.8, 36.9) 31.7 (27.2, 36.5) 24.3 (18.5, 31.2) �11.6 64.9 (60.8, 68.9) 57.5 (50.5, 64.3) 63.4 (58.2, 68.3) 54.8 (47.9, 61.5) �15.6

Some college or associate
degree

21.2 (17.9, 24.9) 23.5 (19.2, 28.4) 24.5 (19.5, 30.2) 24.2 (20.0, 29.1) 14.2 56.6 (52.9, 60.2) 52.8 (47.3, 58.2) 52.6 (47.7, 57.4) 52.8 (49.3, 56.2) �6.7

≥College degree 11.8 (9.5, 14.5) 10.8 (8.1, 14.3) 8.8 (6.5, 11.9) 11.1 (8.5, 14.4) �5.9 44.4 (39.9, 48.9) 42.0 (37.5, 46.6) 36.3 (31.7, 41.3) 36.0 (31.8, 40.4) �18.9

Housing

Rent 36.8 (32.6, 41.2) 38.6 (34.0, 43.4) 35.6 (29.7, 42.1) 36.6 (31.0, 42.6) �0.5 71.7 (68.0, 75.2) 69.6 (63.0, 75.7) 64.2 (58.4, 69.7) 62.5 (56.4, 68.3) �12.8

Own 19.0 (16.4, 22.0) 19.2 (15.1, 24.2) 19.2 (15.6, 23.3) 18.6 (15.7, 22.0) �2.1 51.1 (47.3, 54.9) 46.6 (40.9, 52.4) 47.7 (43.2, 52.3) 47.0 (43.4, 50.7) �8.0

Living with someone who
smoked inside home

Yes 91.4 (84.2, 95.5) 73.0 (59.4, 83.3) 85.1 (76.9, 90.8) 87.8 (81.2, 92.4) �3.9 97.8 (92.8, 99.3) 86.2 (72.7, 93.6) 95.8 (91.2, 98.0) 98.5 (96.2, 99.4) 0.7

No 21.6 (19.3, 24.1) 22.3 (18.7, 26.4) 22.1 (18.8, 25.8) 21.4 (19.2, 23.8) �0.9 56.1 (53.0, 59.2) 51.7 (46.8, 56.6) 51.4 (47.8, 55.0) 50.0 (47.1, 52.8) �10.9

Note: Boldface indicates statistical significance (p<0.05) for linear trend test during 2011−2018.
aRelative % change during 2011−2018.
bData by race and Hispanic origin were based on RIDRETH3 (variable name) and were limited to the 4 racial and Hispanic origin groups available across all the survey cycles (non-Hispanic Whites, non-Hispanic Blacks, non-His-
panic Asians, and Mexican Americans). Those in other categories were used in the calculation of overall estimates but are not presented separately by race/Hispanic origin owing to small sample size and instability of the
estimates.
cIncome-to-poverty ratio <1.0.
dAssessed for persons aged ≥25 years.
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Table 2. Trends in the Percentage of Nonsmokers Aged ≥3 Years by Race and Hispanic Origin, 2011−2018

Characteristics
Serum cotinine range

0.05−10 ng/mL 0.015−10 ng/mL

2011−2012
(n=5,913)

2013−2014
(n=6,331)

2015−2016
(n=6,025)

2017−2018
(n=5,484) Changea

2011−2012
(n=5,913)

2013−2014
(n=6,331)

2015−2016
(n=6,025)

2017−2018
(n=5,484) Change

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Race and Hispanic originb

Aged 3−11 years

Non-Hispanic Black 67.8 (57.0, 76.9) 66.1 (56.0, 74.9) 66.6 (57.1, 75.0) 56.9 (45.7, 67.4) �16.1 89.9 (83.3, 94.0) 82.8 (72.3, 89.8) 87.5 (78.8, 92.9) 81.9 (71.8, 88.9) �8.9

Non-Hispanic Asian —c —c —c —c —c 54.6 (44.7, 64.2) 50.0 (35.9, 64.1) 49.1 (43.5, 54.8) 52.4 (36.5, 67.9) �4.0

Mexican American 29.3 (21.3, 38.9) 22.8 (16.1, 31.2) 26.3 (18.5, 35.8) 23.7 (18.3, 30.2) �19.1 66.9 (56.9, 75.6) 54.6 (45.1, 63.8) 56.7 (41.0, 71.2) 48.8 (39.5, 58.2) �27.1

Non-Hispanic White 37.4 (30.8, 44.5) 37.8 (26.8, 50.3) 37.7 (30.1, 46.0) 41.3 (35.1, 47.7) 10.4 60.3 (51.5, 68.5) 56.4 (40.6, 71.0) 64.1 (52.3, 74.4) 65.8 (55.5, 74.8) 9.1

Aged 12−19 years

Non-Hispanic Black 54.4 (43.5, 65.0) 55.3 (44.3, 65.8) 55.7 (46.2, 64.7) 58.7 (47.8, 68.8) 7.9 81.8 (76.4, 86.1) 79.9 (71.7, 86.1) 84.8 (79.0, 89.2) 81.9 (72.2, 88.7) 0.1

Non-Hispanic Asian 20.7 (14.7, 28.4) 20.8 (13.1, 31.4) —c —c —c 57.9 (42.6, 71.9) 56.8 (44.0, 68.7) 47.1 (31.6, 63.2) 49.1 (39.0, 59.2) �15.2

Mexican American 16.9 (9.8, 27.7) 19.7 (14.1, 26.8) 25.5 (19.0, 33.3) 17.1 (9.4, 29.2) 1.2 54.2 (42.7, 65.2) 47.0 (40.9, 53.2) 50.5 (41.9, 59.1) 40.8 (30.3, 51.1) �24.7

Non-Hispanic White 35.9 (29.5, 42.7) 30.3 (20.0, 43.0) 30.3 (21.9, 40.4) 36.0 (28.6, 44.1) 0.3 63.2 (52.9, 72.4) 53.6 (42.0, 64.7) 60.8 (52.3, 68.7) 62.3 (51.0, 72.3) �1.4

Aged ≥20 years

Non-Hispanic Black 39.4 (33.0, 46.2) 45.5 (40.4, 50.7) 39.2 (34.1, 44.5) 42.4 (35.8, 49.2) 7.6 75.4 (72.1, 78.5) 77.6 (73.4, 81.3) 73.3 (69.9, 76.5) 70.1 (63.5, 75.9) �7.0

Non-Hispanic Asian 22.8 (16.8, 30.3) 26.0 (21.3, 31.4) 18.2 (12.9, 25.0) 22.8 (18.1, 28.4) 0.0 70.1 (61.9, 77.2) 63.5 (58.3, 68.3) 62.3 (57.3, 67.1) 66.1 (62.3, 69.6) �5.7

Mexican American 23.9 (17.4, 31.8) 19.2 (15.4, 23.7) 16.7 (14.0, 19.8) 14.1 (10.4, 18.8) �41.0 60.9 (51.3, 69.7) 52.6 (45.2, 60.0) 46.8 (40.0, 53.8) 39.1 (31.1, 47.8) �35.8

Non-Hispanic White 17.9 (14.4, 22.0) 18.1 (13.9, 23.3) 19.3 (14.9, 24.5) 18.1 (14.7, 22.0) 1.1 50.3 (46.5, 54.1) 46.1 (39.9, 52.2) 45.0 (39.9, 50.2) 45.4 (41.7, 49.1) �9.7

Note: Boldface indicates statistical significance (p<0.05) for linear trend test during 2011−2018.
aRelative % change during 2011−2018.
bData by race and Hispanic origin were based on RIDRETH3 (variable name) and were limited to the 4 racial and Hispanic origin groups available across all the survey cycles (non-Hispanic Whites, non-Hispanic Blacks, non-His-
panic Asians, and Mexican Americans). Those in other categories were used in the calculation of overall estimates but are not presented separately by race/Hispanic origin owing to small sample size and instability of the
estimates.
cUnstable estimate owing to small subgroup size.
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Table 3. Percentage Distribution of Nonsmokers Aged ≥3 Years With Serum Cotinine Ranges, 2011−2018

Characteristics
Serum cotinine range

0.015 to <0.05 ng/mL (n=7,164) 0.05−10 ng/mL (n=7,258)

n %a (95% CI) n % (95% CI)

Sex

Male 3,388 47.6 (46.1, 49.1) 3,526 48.3 (46.4, 50.2)

Female 3,776 52.4 (50.9, 53.9) 3,732 51.7 (49.8, 53.6)

Age group, years

3−11 1,346 10.7 (9.8, 11.7) 2,232 19.4 (18.1, 20.7)

12−19 1,058 11.4 (10.5, 12.3) 1,364 16.0 (14.8, 17.2)

≥20 4,760 77.9 (76.5, 79.3) 3,662 64.7 (62.7, 66.5)

Race and Hispanic originb

Non-Hispanic Black 1,453 10.6 (8.8, 12.7) 2,583 20.1 (16.6, 24.2)

Non-Hispanic Asian 1,258 8.3 (6.9, 10.0) 666 5.1 (4.3, 6.1)

Mexican American 1,277 11.8 (9.6, 14.3) 822 9.0 (7.2, 11.4)

Non-Hispanic White 2,036 58.0 (53.9, 62.1) 2,135 54.2 (49.2, 59.1)

Poverty status

Below poverty levelc 1,425 13.5 (12.1, 15.1) 2,522 24.8 (22.4, 27.4)

At or above poverty level 5,167 80.4 (78.5, 82.1) 4,228 68.7 (65.9, 71.4)

Educationd

≤Grade 11 932 13.5 (12.0, 15.0) 801 17.2 (15.3, 19.4)

High-school diploma or equivalents 898 20.2 (18.4, 22.1) 802 26.9 (24.4, 29.6)

Some college or associate degree 1,200 29.4 (27.2, 31.8) 1,023 35.0 (32.7, 37.4)

≥College degree 1,413 36.9 (33.7, 40.3) 588 20.8 (18.0, 23.8)

Housing

Rent 2,785 31.4 (28.7, 34.1) 4,011 45.5 (41.9, 49.1)

Own 4,221 66.6 (63.7, 69.4) 3,050 51.5 (47.8, 55.2)

Living with someone who smoked inside home

Yes 130 1.7 (1.2, 2.3) 1,311 16.3 (14.5, 18.4)

No 7,034 98.3 (97.7, 98.8) 5,947 83.7 (81.6, 85.5)

Note: Boldface indicates statistical significance (p<0.05) for c2 test and nonoverlapping CIs.
aWeighted percentages may not add up to 100% owing to rounding and suppressed category.
bData by race and Hispanic origin were based on RIDRETH3 (variable name) and were limited to the 4 racial and Hispanic origin groups available
across all the survey cycles (non-Hispanic Whites, non-Hispanic Blacks, non-Hispanic Asians, and Mexican Americans). Those in other categories
were used in the calculation of overall estimates but are not presented separately by race/Hispanic origin owing to small sample size and instability
of the estimates.
cIncome-to-poverty ratio <1.0.
dAssessed for persons aged ≥25 years.
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The distribution of nonsmokers aged ≥3 years with
serum cotinine ranges of <0.015 ng/mL, 0.015 to
<0.05 ng/mL, and 0.05−10 ng/mL was similar through-
out 2011−2012 (41.7%, 33.1%, and 25.3%, respectively),
2013−2014 (46.3%, 28.5%, and 25.2%), 2015−2016
(46.9%, 28.6%, and 24.5%), and 2017−2018 (47.7%,
27.7%, and 24.6%) (p>0.05 for chi-square test). Paired
comparisons between 2011 and 2012 and subsequent
survey cycles showed that these percentages were com-
parable; the exception was that the percentage of non-
smokers with serum cotinine range of 0.015 to
<0.05 ng/mL differed significantly from 33.1% in 2011
−2012 to 27.7% in 2017−2018 (p<0.05 for chi-square
test) (Figure 1).
DISCUSSION

The findings from this study indicate that defining SHS
exposure using an expanded serum cotinine range of
0.015−10 ng/mL more than doubles the estimated pro-
portion of the U.S. nonsmokers exposed to SHS. More-
over, in contrast to the established range of 0.05
−10 ng/mL, expanding the range suggests that progress
(10.3% decline) has been made in reducing population-
level SHS exposure during 2011−2018. By accounting
for approximately 27.7%−33.1% of nonsmokers who
would be otherwise considered as unexposed to SHS
because their serum cotinine concentrations were
≥0.015 ng/mL but <0.05 ng/mL, the results reveal that
www.ajpmonline.org



Figure 1. Percentage of nonsmokers aged ≥3 years by serum cotinine range during 2011−2018.

aWeighted percentages may not add up to 100% owing to rounding. bDiffered significantly from 2011 to 2012 (p<0.05 for chi-square test and non-
overlapping CIs).
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>1 in 2 U.S. nonsmokers aged ≥3 years were still
exposed to SHS during 2017−2018. Using the expanded
serum cotinine range to define SHS exposure is impor-
tant because there is no risk-free level of SHS exposure.
The higher the level and the longer duration of SHS
exposure, the greater the risk of developing adverse out-
comes, including lung cancer and heart disease; how-
ever, even brief SHS exposure can be harmful, including
damaging cells in ways that initiate the cancer-causing
process and damaging the lining of blood vessels.1,2 The
expanded serum cotinine range allows the identification
of nonsmokers experiencing any SHS exposure (e.g.,
adults aged ≥20 years) to more accurately characterize
the public health burden of SHS exposure and to docu-
ment the progress resulting from the adoption of popu-
lation-based interventions (e.g., smoke-free policies).
This can help to reinforce the magnitude and urgency of
the issue of SHS among decision makers and help to
inform the implementation, sustainment, and evaluation
of these public health interventions. Further research
will be important to help inform the potential modifica-
tions to the currently established definition of
0.05−10 ng/mL to best inform public health policy,
planning, and practice.
The decline in SHS exposure observed using a range

of 0.015−10 ng/mL was likely due to decreasing cigarette
smoking prevalence, increasing awareness of the risks of
& 2021
SHS exposure, changes in social norms around the social
acceptability of smoking and SHS exposure, the adop-
tion of voluntary smoke-free home rules, and the imple-
mentation of statewide and local comprehensive smoke-
free laws prohibiting smoking in all indoor areas of
workplaces, restaurants, and bars.1,2,13−15 For example,
between 2011 and 2018, 2 states (California and North
Dakota) and 552 communities across the U.S. imple-
mented comprehensive smoke-free laws.16,17 The adop-
tion of such laws has been shown to decrease cigarette
smoking prevalence, reduce population-level SHS expo-
sure, promote smoking cessation, prevent smoking initi-
ation, and increase the adoption of voluntary smoke-free
home rules.1,2,18

The findings from this study also indicate that marked
disparities persist across some population groups.4 Irre-
spective of the cotinine concentration range used to
define SHS exposure, the prevalence of exposure was
greatest among nonsmokers who were aged 3−11 years,
among non-Hispanic Black, among those who lived in
poverty, among those who had a high-school education,
among those who lived in rental housing, or among
those who lived with someone who smoked inside the
home. These disparities could be linked to a variety of
factors, including variations in smoking prevalence
across these groups, biophysiologic differences in metab-
olism of nicotine, coverage by smoke-free laws, coverage
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by voluntary smoke-free rules in homes and vehicles,
and knowledge about the harms of SHS exposure.19−22

In addition, higher SHS exposure among children may
be because they breathe more air in relation to their
body weight than adults and because they do not have
the same ability as adults to voluntarily remove them-
selves from environments where smoking is occurring.2

The sizable portion of the U.S. population exposed to
SHS, coupled with marked disparities that persist across
population subgroups, reinforces the importance of
strategies to address this health risk. The U.S. Surgeon
General has concluded that eliminating smoking in
indoor spaces fully protects nonsmokers from SHS expo-
sure. Separating smokers from nonsmokers, cleaning the
air, and ventilating buildings cannot eliminate exposures
of nonsmokers to SHS.2,18 Accordingly, continued
efforts are warranted to protect nonsmokers from SHS
exposure in the places they live, work, and gather,
including through the adoption of comprehensive
smoke-free laws and smoke-free rules in homes and
vehicles at all times. In addition, educational interven-
tion such as CDC’s Tips campaign can educate people
about the risks of SHS exposure, can raise the awareness
to reduce SHS exposure, and can reinforce the benefits
of smoke-free environments.23

Limitations
This study is subject to some limitations. First, smoking
status was based on self-reported information and thus
is subject to social desirability issues and recall bias.24

However, the assessment of serum cotinine concentra-
tions alongside self-reported nonsmoking status
reduces the potential for such bias. Second, because the
NHANES MEC participation response rate ranged
from 48.8% to 69.5% during the study period, nonre-
sponse bias cannot be ruled out. Third, serum cotinine
is a biomarker for recent nicotine exposure. Thus, occa-
sional tobacco users who had used tobacco beyond
3�5 days before the examination may be included as
noncurrent tobacco users. Fourth, exposure was defined
using values of serum cotinine and not by self-reported
exposure; although the study accounted for SHS-
exposed nonsmokers with their serum cotinine concen-
trations ≥0.015 ng/mL but <0.05 ng/mL, additional
nonsmokers might have been exposed to SHS at levels
below the detection limit for serum cotinine. Finally,
the study could not distinguish between nicotine expo-
sure from SHS exposure and exposure from other
tobacco products such as E-cigarettes. In 2018, a total
of 8.1 million U.S. adults and >3.6 million U.S. youth
were current E-cigarette users.25,26 E-cigarette aerosol
can expose both users and bystanders to harmful sub-
stances, including nicotine, heavy metals, volatile
organic compounds, and ultrafine particles, which can
have serious health risks when inhaled.27 The relation-
ship between serum cotinine concentration and nico-
tine exposure is complex, and SHS may not be the only
source of nicotine exposure among nonsmokers. For
example, lower levels of nicotine exposure could occur
from experimental tobacco use or exposure to tobacco
smoke population on fabrics or other surfaces (i.e.,
thirdhand smoke).28−30 Furthermore, serum cotinine
concentrations could be influenced by individual vari-
ability in the conversion and metabolism of nicotine to
cotinine.30 In addition, the impact of exposure to sec-
ondhand aerosol among nonsmokers on serum cotin-
ine levels is currently unknown. Future research is
needed to provide additional insights about places
where exposure might have occurred in indoor settings
and outdoor areas, such as parks, recreational facilities,
beaches, and patios.

CONCLUSIONS

Although defining SHS exposure using an expanded
serum cotinine range of 0.015−10 ng/mL more than
doubles the estimated proportion of the U.S. nonsmokers
exposed to SHS, in contrast to a serum cotinine range of
0.05−10 ng/mL, this suggests that progress has been
made in reducing population-level SHS exposure during
2011−2018. However, irrespective of the cotinine range
used, a sizable portion of the U.S. population remains
exposed to SHS, and exposure is especially high among
certain populations, including children, non-Hispanic
Blacks, those living in poverty, those with a high-school
education, those living in rental housing, and those living
with someone who smoked inside the home. Taken
together, these findings underscore the importance of
adopting evidence-based strategies to protect all people
from SHS exposure, including comprehensive smoke-
free laws, smoke-free home and vehicle rules, and educa-
tional interventions warning about the risks for SHS
exposure, especially among vulnerable populations.
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