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Abstract

Purpose

Active smoking and secondhand smoke exposure (SHSe) in women are leading causes of morbidity and mortality and
have significant economic costs in the US. The purpose of this study is to compare methods of collecting smoke-exposure
data and trends of exposure in a representative population of women in the US.

Design
A probability sample of women from the National Health and Nutrition Examination Survey (NHANES) was analyzed.

Methods
The sample included 13,396 women >20 years old. Data were analyzed using biochemical and self-report smoke
exposure methods available in the NHANES. Rao-Scott chi-squared and logistic regression were used for analysis.

Results

Women most at risk for active smoking were non-Hispanic white (18.81%) and Black women (20.74%) and women
with incomes <$20,000 annually (28.36%). SHSe was more likely among Black women (6.18%). NHANES self-report
measures demonstrated a similar upward trend as biochemical serum cotinine levels. Number of household smokers was
the most sensitive self-report measure.

Discussion

This study demonstrated a strong relationship between self-reported smoke exposure and serum cotinine values. Women
who are non-Hispanic white, Black and low-income are particularly at risk for smoking and SHSe. In the absence of a
gold-standard measure for SHSe, number of household smokers may be a good self-report measure.

Implications
Providers must continue to assess smoking and smoke exposure, particularly in women. Gender tailored cessation and
initiation reduction methods are essential.
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1. Introduction

Highly addictive tobacco and its derivative, environmental tobacco
smoke, are major health burdens to smokers and non-smokers alike
[1]. Each year in the United States (US), more than 480,000 deaths
are attributable to active smoking and 41,000 deaths to secondhand
smoke exposure (SHSe) [2]. Smoking and secondhand smoke
exposure also present a significant economic toll. Healthcare costs
associated with active smoking in the US have been estimated at
$4.6 billion annually [3]. The devastating health effects of active
smoking have also been well established. Smoking has been linked
to pulmonary disorders, coronary heart disease, decreased bone
density, and countless cancers. Further, SHSe has been linked to
greater likelihood of active smoking, nicotine dependency, and
susceptibility to diseases associated with smoke exposure [4-6].

Smoking rates among women have traditionally been low
compared to men; however, recent studies demonstrate a
narrowing gap between male and female smoking rates. The risk
of women dying from smoking has more than tripled in the last
50 years, now equaling the risk of men. For example, between the
years 1959 and 2010, the risk of lung cancer—80% of which is
attributable directly to smoking—increased tenfold among women
[2]. Smoking remains the most preventable cause of death among
women [7].

There has been a significant drop in smoking rates among women
since the landmark Surgeon General’s Report in 1964. Despite this
overall reduction, the decline has not been distributed equally, with
smaller declines among rural women, women with socioeconomic
disadvantages and sexual minorities [8-14]. Active smoking and
SHSe prevalence are particularly high among racial and ethnic
minority groups and low-income women, adding to the effects of
health disparities surrounding smoke exposure [15-18].

Women have gender-unique risks of active smoking and SHSe.
These include increased risk of cervical and breast cancers,
increased relative risk of coronary disease in smoking women
compared to smoking men, and increased risk of osteoporosis and
premature menopause [ 19-22]. Additionally, there is a relationship
between smoking, estrogen, and lung cancers. Women who use
estrogen therapy and smoke have more than double the risk
of adenocarcinoma of the lung than female smokers not using
estrogen therapy [23]. The consequences of smoke exposure
extend to infants of mothers who have smoked in pregnancy,
including intrauterine growth restriction, complicated preterm
delivery, and late term bleeding disorders [24,25]. It is reported
that most women who smoke prior to pregnancy continue to smoke
throughout their pregnancies and as a result have associated risks
to themselves and offspring [26].

Based on the risks described above, it is imperative to understand
which populations of women are most likely to be smoke exposed
and how best to measure exposure. There is a dearth of analysis

in the literature regarding gendered tobacco use and prevention
trends. Additionally, there is need for comparative analysis of
self-reported smoking and biochemical testing for both active
and SHSe in women. The purpose of this study is (1) to compare
methods of collecting smoke exposure data and (2) to identify
trends of exposure in a representative population of women in the
US who are over 20 years old.

2. Methods

2.1 Design and Participants

Data from the National Health and Nutrition Examination Survey
(NHANES) 2007-2016 were analyzed for this study. Five 2-year
cohorts ranging from 2007-2016 provided a cross-sectional,
nationally representative sample. This population represents the
non-institutionalized civilian population in the US. All participants
provided informed consent and the study was approved by
the National Center for Health Statistics ethics review board.
NHANES included an interview and a physical examination. The
interviews were conducted in each participant’s home with the use
of a facilitator. Participants also received a physical examination
and biologic testing in a mobile examination center (MEC). This
secondary data analysis was deemed exempt by the IRB Board,
and the de-identified data is publicly available. The final sample
consisted of 13,396 women aged 20 and older.

2.2 Measurement

Smoking assessment is most commonly assessed through self-
report mechanisms or biochemical testing. The NHANES utilized
both methods; this combination is a standardized mechanism of
assessment. Secondhand smoke can be more difficult to assess than
active smoking and there is no gold standard for secondhand smoke
measurement [27,28]. Smoke exposure: Biochemical. Cotinine
is the primary metabolite of nicotine and was the biochemical
mechanism used for smoke-exposure analysis [29]. Cotinine
has a longer half-life and higher concentrations for analysis than
nicotine measurement. For example, the nicotine half-life is 0.5—
3 hours, versus a much longer cotinine half-life of 15-20 hours
[30]. Due to longer stability, cotinine is generally the biochemical
measure of choice in serum samples. Serum cotinine samples were
collected in MEC’s and shipped, stored, processed, and analyzed
at the Centers for Disease Control and Prevention (CDC). Serum
vials were stored appropriately at -20C and analyzed with liquid
chromatography/mass spectrometry. Detailed biochemical analysis
information is available online through the CDC.

Smoke exposure: Self-report. Smoke exposure was measured using
two different self-report questions during the home interview. The
first smoke exposure question asked women if they currently
smoked. If they responded “yes” to this question, they were
classified as active smokers. In women who responded “no” to
this question, cotinine levels were used to identify SHSe. Women
who self-reported non-smoking status and had serum cotinine
levels of 15ng/mL or greater were classified as SHSe. This dual
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method of self-report and biochemical analysis for SHSe status
has previously been used to analyze NHANES data [31]. Further,
the serum cotinine cutoff value of 15 ng/ml has been demonstrated
in the literature in both NHANES analysis and other large
representative samples [32-37]. Women who responded that they
did not currently smoke and had serum cotinine values less than
15ng/mL were classified as non-smokers. Overall, women were
classified as non-smokers, SHSe, or active smokers.

Number of household smokers: Self-report. A second smoke-
exposure measurement question asked how many smokers were in
each household. This question varied between survey cycles and
responses were merged between cohorts to create a new variable.
The variable describes the overall number of people who smoke
inside the respondent’s home as 0, 1, 2, or >3.

2.3 Data Analysis

Statistical analyses were completed using SAS V. 9.4 (SAS Institute
Inc, Cary, North Carolina, USA). To account for oversampling and
complex design, analyses used survey weights. Calculated merged
cohort weights for five survey cycles were used, as described in
NHANES analysis guidelines. Further, weights were selected
(either interview or MEC) as appropriate for the variables used
in the analysis. Primary sampling units and clusters were also
accounted for in analysis. No single variable had more than 10%

missing data, and missing data were removed from analysis.

Survey means and standard errors (SE) were calculated for
continuous variables. Rao-Scott chi squared analyses were utilized
for categorical variables. Logistic regression was used to model
the associations between cotinine values and smoke exposure
and the associations between cotinine and number of household
smokers. Regression models controlled for education, age, annual
household income, and race/ethnicity. Associations between
covariates and outcomes were confirmed through Rao-Scott
chi squared as significant in the model (all p<.001). Statistical
significance was set at p<0.01.

3. Results

A sample of 13,396 women > 20 years old were primarily non-
Hispanic white (41.7%), some college or an associate’s degree
(31.3%), annual household income of more than $20,000 (73.3%),
live in a two person household (28.2%), and mean age of 49 years
old (Table 1). Smoke exposure was defined as non-smoker, SHSe,
or active smoker. Smoking incidence was 80.0% non-smoker, 2.8%
SHSe, and 17.1% active smoker. The second smoke-exposure
measure found that most women had no smokers in their home
(86.5%), followed by one (8.0%), two (4.3%) and three or more
(1.2%) household smokers.

Demographics (n=13,396)

Age

M=49.3 SE=0.15 95% C1 (49.01-49.61)
Education

Frequency Percent
<9th grade 1438 10.7
9-11th grade 1867 13.9
High school graduate, GED or equivalent 2869 214
Some college or associate’s degree 4196 31.3
College graduate 3026 22.6
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Race/Ethnicity

Mexican American 2085 15.6

Other Hispanic 1542 11.5

Non-Hispanic White 5586 41.7
Non-Hispanic Black 2744 20.5

Other race-including multiracial 1439 10.7

Annual Household Income

<$20,000 3524 23.2
$20,000 or greater 9815 73.3
Don’t know/refused 473 3.5

Total number in household

1 1977 14.8
2 3771 28.2
3 2423 18.1
4 2195 16.4
5 1487 11.1
6 758 5.7
7 or more people in household 785 5.9

Table 1

Biochemical: Mean Cotinine. The weighted mean cotinine level for
all women was 43.21 ng/ml. There was an upward trend in mean
cotinine values comparing self-reported non-smokers, SHSe, and
active smokers. A similar upward trend in mean serum cotinine
was demonstrated as the number of household smokers increased

(Figures 1 & 2). Women with the highest mean cotinine levels
were non-Hispanic Black (64.19ng/ml), 9th—11th grade education
(83.42ng/ml), annual household income of <$20,000 per year
(71.66ng/ml), and were aged 50-59 (57.56ng/ml) (Figure 3).
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Cotinine levels by number of
household Smokers
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Figure 1

Cotinine levels by Smoke Exposure
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Figure 2
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Mean cotinine by demographic
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Figure 3

Self-report: Household smokers. The number of household smokers
was significantly related to income, education, and race/ethnicity.
Considering household smokers, women with annual household
incomes <$20,000 were far more likely to live with one, two, or
three or more smokers than their higher-income counterparts (Rao
Scott y*=171.51, 6 DF, p<.0001). Women who had a 9th—11th
grade education had the highest number of household smokers,
and there was an inverse trend between education and number

of household smokers (Rao Scott y*[12df, N=13,396] =315.75,
p<.0001). One exception to this trend was women with education
levels of less than 9th grade. These women had household smoker
numbers similar to women with some college or an associate’s
degree. Non-Hispanic Black women had the highest number of
household smokers, followed by non-Hispanic white women (Rao
Scott ¥>=192.3, 12 DF, p<.0001) (Table 2).
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Variable Number of household smokers

Race/ethnicity 0 1 2 3

Mexican American 93.88% 4.46% 1.55% 0.11%
Other Hispanic 93.87% 3.76% 2.16% 0.21%
Non-Hispanic White 87.24% 6.65% 4.77% 1.34%
Non-Hispanic Black 78.47% 13.86% 6.08% 1.59%
Other/includes multiracial 91.91% 4.75% 2.56% 0.78%

Rao Scott ¥’=192.3,12 DF, p<.0001

Education

<9"™ grade 87.81% 6.78% 4.01% 1.40%
9-11" grade 73.65% 13.09% 10.49% 2.78%
High school/GED or = 81.37% 9.95% 6.97% 1.71%
Some college/Associates 88.01% 7.01% 3.66% 1.24%
College graduate 96.14% 2.66% 1.13% 0.08%

Rao Scott ’=315.75,12 DF, p<.0001

Annual household income

<$20,000 77.90% 13.51% 7.08% 1.51%
$20,000 or greater 89.27% 5.74% 3.88% 1.10%
Don’t know/refused 90.77% 6.15% 2.01% 1.07%

Rao Scott y’=171.51, 6 DF, p<.0001

Table 2
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Self-report: Smoke exposure. Using the same demographic
measures, there were similar findings in smoke-exposure
prevalence. Women who had annual household incomes of
<$20,000 were more likely to be SHSe and active smokers (Rao
Scott ¥>=284.06, 4 DF, p<.0001). Additionally, women who had a
9th—11th grade education had the highest levels of active smoking
and SHSe (Rao Scott y>=356.84, 8 DF, p<.0001). Non-Hispanic
white and Black women were the most likely to be active smokers,
and non-Hispanic Black women were nearly three times more
likely to be SHSe than the next highest racial/ethnic group (Rao
Scott ¥>=123.70, 8 DF, p<.0001) (Table 3).

Regression. Using logistic regression to analyze cotinine values
by number of household smokers, and controlling for education,
age, race, and annual household income, there was a 92.19 ng/
mL increase in cotinine value per household smoker (p<.0001). In
this model, education, age, race/ethnicity, and annual household
income were significantly related to serum cotinine values (all
p<.0001) (Table 4). Race, in particular, was significantly related to
cotinine values, with the highest level occurring in non-Hispanic
white (t=33.85) and non-Hispanic Black (t=35.10) women
compared to their Mexican-American counterparts (all p<.0001,
46df). Mexican-American women were chosen as the reference
because they had the lowest cotinine values.

Variable Smoke exposure
Race/ethnicity Non-Smoker SHSe Active Smoker
Mexican American 88.47% 2.13% 9.40%
Other Hispanic 85.99% 1.90% 12.10%
Non-Hispanic White 78.92% 2.27% 18.81%
Non-Hispanic Black 73.08% 6.18% 20.74%
Other/includes multiracial 84.44% 1.61% 13.94%

Rao Scott y’=123.70, 8 DF, p<.0001
Education
<9 grade 82.62% 2.59% 14.78%
9-11"™ grade 64.47% 3.58% 31.95%
High school/GED or = 72.92% 3.45% 23.63%
Some college/Associates 78.37% 2.95% 18.68%
College graduate 91.39% 1.37% 7.24%

Rao Scott y’=356.84, 8 DF, p<.0001
Annual Household Income
<$20,000 68.26% 3.38% 28.36%
$20,000 or greater 81.95% 2.46% 15.58%
Don’t know/refused 84.76% 3.62% 11.62%

Rao Scott x°=284.06, 4 DF, p<.0001

Table 3

J Nur Healthcare, 2025

Volume 10 | Issue 2 | 8



Cotinine by smoke exposure

Point estimate ~ SE t value p value
Intercept -11.528710  3.99737881 -2.88 0.0060
Smoke exposure
Non-smoker 0.000000 0.000000
SHSe 163.997826  8.83464975 18.56 <.0001
Active smoker 218.350404  2.91930070 74.80 <.0001
Education
<9" grade 0.000000 0.000000
9"_11™ grade -1.742275  2.84434387 -0.61 0.5432
High school or equivalent -8.722539  3.35150012 -2.60 0.0124
Some college or Associates -11.713259  3.13300204 -3.74 0.0005
College graduate -12.699196  2.81545125 -4.51 <.0001
Age 0.28218 0.031649 8.92 <.0001
Race/ethnicity
Mexican American 0.000000 0.000000
Other Hispanic 4972023  1.30216833 3.82 0.0004
Non-Hispanic white 14.060002  1.51613789 9.27 <.0001
Non-Hispanic black 21.257919  2.06706848 10.28 <.0001
Other race includes multiracial 8.461178  2.34085474 3.61 0.0007
Annual household income -1.908905  2.06671348 -0.92 0.3605

Note: The degrees of freedom for the t test is 46

Table 4
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A second regression analyzing cotinine values by smoke-exposure
status, controlling for the same covariates, found a 164.00 ng/mL
increase in serum cotinine values between non-smokers and SHSe.
Additionally, a 218.35 ng/mL increase in cotinine levels was

p<.0001). In this model, education, age, and race/ethnicity were
significantly related to serum cotinine (all p<.0001). Additionally,
non-Hispanic white (t=14.06) and non-Hispanic Black (t=21.26)
women had the highest levels of serum cotinine levels (all p<.0001,

demonstrated between non-smokers and active smokers (all 46df, 46df) (Table 5).
Cotinine by number of household smokers
Point estimate | SE t value p value
Intercept 45.116258 | 6.03128776 7.48 <.0001
Number of household smokers 92.187125 | 6.42188386 14.36 <.0001
Education
<9" grade 0.000000 |  0.00000000
9™_11™ grade 7.887169 | 4.88461785 1.61 0.1132
High school or equivalent -5.578904 | 4.48405811 -1.24 0.2197
Some college or Associates -12.013380 | 4.15370101 -2.89 0.0058
College graduate -28.552456 | 3.18505064 -8.96 <.0001
Age -0.280903 0.0517819 -5.42 <.0001
Race/ethnicity
Mexican American 0.000000 | 0.00000000
Other Hispanic 11.917934 | 2.80748867 4.25 0.0001
Non-Hispanic white 33.849662 | 3.34069171 10.13 <.0001
Non-Hispanic black 35.102772 | 5.30968954 6.61 <.0001
Other race includes multiracial 22.503018 | 4.74425155 4.74 <.0001
Annual household income -12.878587 | 2.86049766 -4.50 <.0001
Note: The degrees of freedom for the t test is 46

Table 5
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4. Discussion

This study demonstrated a strong relationship between self-
reported smoke exposure and serum cotinine values. Both
self-report questions regarding smoking status and number of
household smokers were verified biochemically through mean
serum cotinine values. These serve as a good proxy for active and
SHSe assessment when biochemical validation is not present.

This study confirms previously identified risk factors for increased
smoke exposure, including income, race/ethnicity, and education.
Additionally, SHSe was nearly three times higher among non-
Hispanic Black women (6.2%) than the next highest racial/ethnic
group (2.3%) and represents a significant finding. Non-Hispanic
Black women may be a population of interest on which to focus
smoking and smoke exposure reduction campaigns.

This study also found higher rates of one, two, and three or more
household smokers among non-Hispanic white and Black women.
The prevalence was particularly high among non-Hispanic Black
women with one or two household smokers. Living with a smoker
is a potent predictor of subsequent lifetime tobacco use and is an
important consideration for all individuals living with a smoker
[38]. Again, this demonstrates an assessment and intervention
opportunity among this subpopulation of women.

Women with annual household incomes less than $20,000 had
higher levels of active smoking and SHSe than women with higher
incomes. Low income was a powerful predictor of active smoking
and SHSe in women. Many studies have indicated the relationship
between income and active smoking and SHSe; however, this
study demonstrates the relationship, specifically in women. A
large meta-analysis of men and women found a significant inverse
relationship between cigarette smoking and income level [39].
Another study of men and women found dose of active smoking
was significantly related to income level. This study found incomes
of light smokers were $10,000 more annually than heavy smokers
[40]. Overall, smoking initiation and cessation are closely tied
to income. The lowest cessation rates across all income cohorts
are among individuals living below the poverty level. Further,
the lowest smoking initiation rates are among individuals with
incomes >400% above the poverty level [41]. Income plays a
significant role in the risk both of active smoking and of SHSe
among women.

Controlling for race/ethnicity, income, education, and age, there
was an increase in serum cotinine levels commiserate with self-
reported smoke exposure. This relationship has previously been
documented in the literature among both genders [42-44]. This
analysis provides some level of cross validation, within these
NHANES cohorts, that women self-reporting smoke exposure have
serum cotinine levels that correspond with such reporting. Using
the smoke-exposure discovery method of “number of household
smokers” provided the most detailed picture of cotinine levels
based on self-reported exposure. This may be the ideal measure
when considering household smoke exposure using self-report.
These data are unique and fill a demonstrated gap in analysis of

smoke exposure, specifically in women.

Despite these findings, there are continued problems with measuring
SHSe. These issues persist both within and outside the NHANES
data. Because long-term SHSe may be a clinically significant
factor in disease yet is difficult to assess, SHSe measurement
remains a problem. Prior to 2013-2014, NHANES only assessed
SHSe through number of household smokers. This proxy measures
current SHSe but not long-term. Long-term measures might
include antenatal, childhood, or previous, but not current SHSe.
Examples may be a parent who smoked, a mother who smoked
while pregnant, or long-term exposure from a housemate that
is not currently occurring. NHANES does ask a question about
antenatal smoke exposure, but this has very poor response rates
[30]. Understanding and mitigating low response rates, as well as
considering assessment of childhood and other long-term SHSe
methods, are important pieces of SHSe assessment. With the
emergence and understanding of epigenetic influences and genetic
plasticity at differing intervals in life, it is important to better assess
the role of smoke exposure throughout the lifespan [45].

5. Limitations

This study is limited by the constraints of self-report data. To address
this concern, the study used dual reporting measures, including
cotinine levels. Additionally, it does not assess longitudinal or
historical smoke exposure or smoke exposure outside the home.
This question was added to NHANES, as discussed above, yet
has not been demonstrated to have high response rates; therefore,
issues surrounding long-term measures persist. There are standard
concerns regarding long-term recall of childhood incidents and
exposures that continue to make this limitation difficult to address.

6. Implications

The identified trends of increased active smoking and SHSe in
some women are concerning—specifically, the high prevalence of
active smoking among non-Hispanic Black and white women and
low-income women. Most worrisome is the significantly higher
prevalence of SHSe among non-Hispanic Black women. Higher
rates of active smoking and smoke exposure among some minority
and low-income women may further exacerbate health disparities
that already exist within these populations. It is imperative to
identify and implement targeted smoking cessation and smoke
exposure reduction interventions.

When considering possible interventions, the available data
indicates that smoking bans are the most effective in reducing
active smoking and exposure among women [46]. Further, a
large study reviewing National Survey of Drug Use and Health
(2006-2013) found decreased rates of smoking cessation among
non-Hispanic Black girls as they grew older, compared to other
races/ethnicities [47]. Given the increased prevalence of active
smoking and SHSe among non-Hispanic Black women, targeted
cessation and exposure reduction may be ideal. New calls have
arisen to consider female-tailored smoking cessation interventions,
including motivational, contextual, and harm-reduction methods
[48,49]. When considering possible interventions, it is important
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to ensure that each is gender specific and clinically appropriate.

Measuring SHSe continues to be difficult. Starting with the 2013—
2014 survey cycles, NHANES began collecting more detailed
information about SHSe at work, in cars, and in social situations.
This type of analysis has been recommended in the literature [27].
Once data from more recent NHANES cycles are released, it
would be useful to analyze those data that provide more detailed
smoke exposure data in women.

Much of what is known about smoking and SHSe prevalence is
primarily gender blind [16]. This is one of only a few studies to
examine US women’s smoke exposure with both biochemical
and self-report measures. Smoke exposure, both active and SHSe,
remains a significant problem for women in the US. Low-income
and non-Hispanic white and Black women are at highest risk for
active smoking and SHSe. This study also provides an introductory
comparative analysis of NHANES self-report smoking data and
biochemical testing. In particular, this study identified an increase
in mean cotinine levels with each additional household smoker.
The number of household smokers may be a simple way to grossly
analyze dose of smoke exposure in the home. Dose of smoke
exposure may be a clinically important assessment tool and best
practices should be examined further. Despite the SHSe assessment
barriers described above, it is critically important to understand the
role of smoke exposure and disease. NHANES provides a good
opportunity to analyze these relationships.
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