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Abstract

Background: Fractional exhaled nitric oxide (FeNO) can objectively guide clinical practice in 

the assessment, diagnosis, and treatment of eosinophilic airway inflammation. FeNO values may 

be affected by current smoking, but the role of tobacco smoke exposure (TSE) is understudied.

Objective: This study investigated the associations between biochemically validated and self­

reported TSE and FeNO levels among U.S. nonsmoking adolescents without asthma.

Methods: National Health and Nutrition Examination Survey 2007-2012 data were used. TSE 

was assessed via serum cotinine and self-reported measures. We assessed FeNO continuously and 

using cutpoints of >35ppb and >50ppb to indicate likely eosinophilic inflammation in children and 

adults, respectively. We conducted linear and logistic regression adjusting for potential covariates.

Results: Overall, 34.0% of adolescents had low cotinine (0.05-2.99ng/ml), 6.2% had high 

cotinine (≥3.00ng/ml), and 11.9% had home TSE. Compared to adolescents with no/minimal 

cotinine, adolescents with high cotinine were at reduced odds to have FeNO >35ppb (adjusted 

odds ratio [aOR]=0.54, 95%CI=0.43,0.69). Adolescents with low cotinine had lower FeNO 

values (β=−2.05, 95%CI=−3.61,−0.49), and were also at decreased odds to have FeNO >35ppb 
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(aOR=0.74, 95%CI=0.66,0.83) and FeNO >50ppb (aOR=0.62, 95%CI=0.53,0.72). Adolescents 

with home TSE were at reduced odds to have FeNO >50ppb (aOR=0.72, 95%CI=0.57,0.91) than 

adolescents without home TSE. Adolescents with a higher number of cigarettes/day smoked inside 

their home were at reduced odds to have FeNO >35ppb (OR=0.98, 95%CI=0.97,0.99) and FeNO 

>50ppb (OR=0.98, 95%CI=0.96,0.99).

Conclusions: TSE was associated with decreased FeNO levels. The addition of TSE may be 

clinically important when interpreting thresholds for FeNO.
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Introduction

Tobacco smoke exposure (TSE) is a pervasive public health issue which results in 

preventable morbidity in U.S. adolescents.1 Although TSE prevalence has declined due to 

ongoing prevention and control initiatives, about 32% of 12-19-year-olds remain exposed 

to this known human carcinogen.2,3 This is concerning since any level of exposure to 

tobacco smoke is considered unsafe for adolescents who are vulnerable to its related 

pulmonary morbidity, including but not limited to, respiratory symptoms and infections, 

asthma including more severe and frequent attacks, and slow lung growth.1,3

Fractional exhaled nitric oxide (FeNO), a non-invasive biomarker measured in exhaled 

human breath via a portable device, can be used to objectively guide clinical practice in 

the assessment, diagnosis, and treatment of eosinophilic airway inflammation.4 FeNO is a 

clinical tool with moderate-to-strong diagnostic accuracy to assess asthma-related factors 

including risk of asthma development, timing of onset, treatment, and level of control 

including responsiveness to corticosteroids.5,6 Children without asthma generally have lower 

FeNO values compared with children with asthma.7 The American Thoracic Society’s 

(ATS)8 recent guidelines outline clinically meaningful FeNO cutpoints by age group that can 

be used to guide diagnosis (e.g., atopic asthma) when adolescents without diagnosed asthma 

have symptoms of cough, wheeze, and/or shortness of breath over the past six weeks at 

minimum, and guide management in adolescents with diagnosed asthma. Specifically among 

those without an asthma diagnosis, low FeNO (<20ppb and <25ppb in children and adults, 

respectively) implies that eosinophilic airway inflammation and responsiveness to inhaled 

corticosteroids is unlikely and high FeNO (>35ppb and >50ppb in children and adults, 

respectively) implies eosinophilic airway inflammation is present and likely to benefit from 

inhaled corticosteroids. There are several other potential confounding factors to consider 

while measuring and interpreting FeNO values including other demographics such as race/

ethnicity, recent steroid use, recent respiratory illness, hay fever, and/or current smoking 

status.8-10

Low FeNO levels in individuals without asthma who have respiratory symptoms 

may suggest noneosinophilic inflammation and alternative pulmonary diagnoses (e.g., 

rhinosinusitis), nonpulmonary diagnoses (e.g., cardiac disease), or confounding factors (e.g., 

active smoking) that are not amenable to steroid therapy.8 Thus, it is acknowledged that 
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current smoking among healthy individuals decreases FeNO levels.11 This is likely due to 

tobacco smoke-related alterations to the endothelial function and structure of pulmonary 

arteries such as inhibited enzyme nitric oxide (NO) synthase, which may contribute 

to the development of respiratory-induced diseases and cardiovascular disease among 

smokers.12,13 Acute TSE may also impair NO production,14 but the association with chronic 

TSE is unknown. The literature on TSE and FeNO is inconsistent highlighting the need for 

more research.

Prior studies have found that TSE is associated with low FeNO levels,15,16 while other 

research reports no differences,17-19 but this association has not yet been examined 

specifically among adolescents without asthma. Most studies have assessed adolescent 

TSE and respiratory health outcomes by relying on self-reported measures of TSE and 

respiratory-related symptomatology,20,21 or the use of spirometry measures to assess lung 

function.22-24 FeNO levels assess airway inflammation and reactivity in real-time,25 which 

is detectable before clinical symptomatology. This differs from spirometric measurements 

that assess airway caliber, other dimensions of airway disease.4 The existing literature that 

has assessed TSE with FeNO levels to measure airway inflammation has examined this 

relationship among children and adolescents with asthma,15,16,26-28 in samples with broad 

age ranges (e.g., 6-79 years),29-31 and/or in small clinical samples.14,32 Prior studies have 

used National Health and Nutrition Examination Survey (NHANES) 2007-2012 data to 

assess passive and active tobacco smoking with FeNO measurements, and the current study 

expands upon this work. For example, one prior study focused solely on children and 

adolescents with asthma,27 and another study included a wide age range of participants 

ages 6-79 years with and without asthma.30 Both of these studies categorized individuals 

with cotinine ≥10ng/ml as current smokers, irrespective of their self-reported responses.30 

However, nonsmoking children and adolescents who are exposed to tobacco smoke can have 

cotinine well above 10ng/ml.33,34 Therefore, it is also important to assess the association 

of objectively measured, varying TSE levels including those ≥10ng/ml with FeNO levels 

among adolescents without asthma.

Our study objective was to assess the association between biochemically measured TSE 

as assessed with cotinine and FeNO levels among U.S. nonsmoking adolescents without 

asthma. Based on the potential biological plausibility that tobacco smoking results in 

endothelial dysfunction,12,13 we hypothesized that nonsmoking adolescents with low 

cotinine and high cotinine levels would have decreased FeNO values and be at reduced 

odds of having high FeNO (>35ppb or >50ppb) than adolescents with no/minimal cotinine 

levels. We also assessed self-reported TSE and FeNO levels, and posited that adolescents 

who lived with a smoker who smoked inside the home (i.e., home TSE) and those who had 

a higher number of cigarettes/day smoked inside their home would have decreased FeNO 

values and decreased likelihood of having high FeNO (>35ppb or >50ppb).

Methods

Participants and Procedures

We used NHANES 2007-2012 data, described elsewhere in detail.35 In brief, NHANES 

recruited a representative sample of the U.S. non-institutionalized civilian population using 
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a multistage probability cluster design to assess health information across the nation.35 

Prior to participation, informed consent was obtained from adults ≥18 years old, and 

parental permission and child assent was obtained for children <18 years old. NHANES 

2007-2012 included an interview (e.g., self-reported TSE) and medical examination (e.g., 

FeNO measurement).

Of the 30,442 NHANES 2007-2012 participants, we delimited our analyses to 2,631 

nonsmoking adolescents without asthma from 12-19 years old. Prior to analyses, we first 

excluded participants of other ages (n=26,592) and who were missing data on the outcome 

of interest, FeNO (n=436). Then, we excluded 12-19-year-olds who reported current 

cigarette smoking within the past 5-days (n=146) and past 30-days (n=275) or were missing 

these data (n=13), and currently had asthma (n=342) or were missing these data (n=7). We 

excluded children 3-11 years old with cotinine data due to typically having higher TSE 

levels,2 being physiologically more susceptible to the effects of exposure when compared 

with adolescents,36 and because self-reported current cigarette smoking questions were only 

asked among participants ages ≥12 years. We also excluded participants with asthma due 

to having higher NO levels in exhaled breath and varying confounding factors affecting the 

interpretation of FeNO levels compared to populations without asthma.8 We received a “not 

human subjects” determination from a university-based IRB due to using public NHANES 

data.

Measures

Serum Cotinine.—We objectively assessed TSE status using serum cotinine obtained 

during the medical examination and measured by the laboratory via the isotope-dilution 

liquid chromatography-tandem mass spectrometry method.37 Serum cotinine is a major 

nicotine metabolite that is a commonly used index of TSE due to a half-life of 

cotinine in serum of approximately 16 hours.38 An analysis of NHANES 1999-2004 

data indicated the optimal serum cotinine cutpoint to distinguish adolescents who do 

not smoke from those who smoke as 2.99ng/ml with a sensitivity of about 87% and 

specificity of 93%.39 Therefore, we used cotinine cutpoints widely used in NHANES 

research,22,40-42 to differentiate between no/minimal TSE (cotinine <0.05ng/ml), low TSE 

(cotinine 0.05-2.99ng/ml), and high TSE (cotinine ≥3.00ng/ml).

Self-Reported TSE.—We included self-reported items to measure potentially chronic 

TSE. Adolescents were asked about home TSE, “Does anyone smoke inside the home” 

(no, yes). Adolescents who responded “yes” and had home TSE were asked a follow-up 

question about the total number of cigarettes/day smoked inside the home by all smokers 

(continuous).

FeNO.—During NHANES 2007-2012, collected respiratory health examination data 

included a NO exam. A detailed manual of FeNO measurement procedures is available 

elsewhere.43 Briefly, we used FeNO measurements produced by the noninvasive NO exam 

originally collected to assess baseline measurements in healthy individuals and those 

with respiratory conditions, and the prevalence of undiagnosed airway inflammation.43 

FeNO was measured using an FDA-approved, hand-held analyzer to detect NO levels in 
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the exhaled breath; analyzers followed the ATS and European Respiratory Society 2005 

equipment recommendations.

To assess the outcome of interest, we used the NHANES-created continuous variable that 

averaged two reproducible FeNO measurements ranging from 3.5-217.5 parts per billion 

(ppb) in analyses. We also assessed high FeNO levels in a categorical nature based 

on the ATS’8 recommended clinically significant cutpoint of FeNO >35ppb to indicate 

likely eosinophilic inflammation in children. We conducted a sensitivity analysis using the 

recommended cutpoint of FeNO >50ppb to determine eosinophilic inflammation in adults.8

Adolescent Characteristics.—Adolescent characteristics included demographics (age, 

sex, race/ethnicity), and standing height. We also assessed other characteristics that may 

influence FeNO results including past 2-day oral/inhaled steroid use, past 7-day respiratory 

illness, and past 12-month hay fever.

Statistical Analysis

We analyzed all data using R statistical software,44 and adhered to the NHANES 2007-2012 

analytic guidelines.45,46 Guidelines included applying sample weights in all analyses to 

account for the complex study design, adolescent non-response, and post-stratification in 

order to obtain nationally representative estimates of the U.S. noninstitutionalized adolescent 

population. We assessed adolescent characteristics based on serum cotinine and self-reported 

home TSE by using chi-square tests, independent t tests, and analysis of variance (ANOVA). 

We conducted Pearson correlations to assess the associations between adolescent age and 

height with total number of cigarettes/day smoked inside adolescents’ homes. We conducted 

linear regression analyses to assess the associations between serum cotinine with FeNO 

levels (continuous), while adjusting for adolescent age, sex, race/ethnicity, height, past 2-day 

steroid use, past 7-day respiratory illness, and past 12-month hay fever. Then, we conducted 

multivariable regression analyses to assess the associations between serum cotinine and 

the cutpoint of FeNO >35ppb (categorical) while adjusting for the same adolescent 

characteristics. We performed similar analyses to assess the associations between home TSE 

and number of cigarettes/day smoked inside the home and FeNO continuously (multiple 

regression) and categorically (multivariable regression), while adjusting for adolescent 

characteristics. We also conducted a sensitivity analysis using the cutpoint of FeNO >50ppb 

to assess the robustness of the FeNO >35ppb cutpoint. P<0.05 was used to determine 

statistical significance, and missing data were handled by removing incomplete cases prior 

to each analysis which were two-sided.

Results

The mean age (SD) of participants was 15.2 (0.04) years (Table 1). About half (49.8%) 

were female, and 57.0% were white, 20.6% Hispanic, 14.7% black, and 7.7% were another 

race/multiracial. Average (SD) standing height was 165.8 (0.19) cm. Less than one percent 

(0.7%) used steroids in the past 2-days, over one-fifth (23.6%) had a respiratory illness 

within the past 7-days, and 10.3% had hay fever within the past 12-months.
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Serum Cotinine by Adolescent Characteristics

Overall, 34.0% had low cotinine and 6.2% had high cotinine. Adolescent age, sex, race/

ethnicity, height, and past 2-day steroid use differed based on serum cotinine (see Table 1). 

Adolescents who were older, male, white or black, had higher mean height, and did not 

report past 2-day steroid use or past 12-month hay fever had significantly high proportions 

of low and high cotinine.

Cotinine by FeNO Levels

Multiple regression results indicated adolescents with low cotinine had lower FeNO levels 

(M=16.84, SE=0.59; β=−2.05, 95%CI=−3.61,−0.49, p>=0.01) than adolescents with no/

minimal cotinine (M=18.58, SE=0.49; Table 2). A total of 9.0% and 6.8% of adolescents 

with low and high cotinine, respectively, had FeNO >35ppb. Logistic regression results 

indicated adolescents with low cotinine (adjusted odds ratio [aOR]=0.74, 95%CI=0.66,0.83, 

p<0.001) and high cotinine (aOR=0.54, 95%CI=0.43,0.69, p<0.001) were at reduced odds to 

have FeNO >35ppb than adolescents with no/minimal cotinine. A total of 3.8% and 4.6% of 

adolescents with low and high cotinine, respectively, had FeNO >50ppb. Adolescents with 

low cotinine were 0.62 times less likely to have FeNO >50ppb (95%CI=0.53,0.72, p<0.001) 

compared to adolescents with no/minimal cotinine.

Self-reported Home TSE

Approximately 11.4% of adolescents had self-reported home TSE, and of those, the 

mean (SD) number of cigarettes/day smoked inside their home was 1.41 (0.11) cigarettes. 

Adolescents who were white or black, had lower mean height, and no past 12-month hay 

fever had significantly high proportions of home TSE (see Table 1). Among adolescents with 

home TSE, adolescent race/ethnicity, mean height, and past 12-month hay fever similarly 

differed based on mean number of cigarettes/day smoked inside the home. Those who were 

white or black, and did not have past 12-month hay fever had a higher average number 

of cigarettes/day smoked inside their home. Adolescent standing height was positively 

correlated with number of cigarettes/day (r=−0.06), but no correlation was found between 

age and number of cigarettes/day (r=−0.03).

Self-reported Home TSE by FeNO Levels

A total of 8.6% and 3.2% of adolescents with home TSE had FeNO >35ppb and FeNO 

>50ppb, respectively (see Table 2). Mean (SD) number of cigarettes/day among adolescents 

with FeNO >35ppb and FeNO >50ppb were 0.82 (0.18) cigarettes and 0.68 (0.25) cigarettes, 

respectively. There was a significant difference found between adolescents with home TSE 

who had FeNO >50ppb (aOR=0.72, 95%CI=0.57,0.91, p=0.006) compared to adolescents 

with no home TSE.

Among adolescents with home TSE only, those with a higher number of cigarettes/day 

smoked inside their home were at reduced odds to have FeNO >35ppb (OR=0.98, 

95%CI=0.97,0.99, p>=0.02) and FeNO >50ppb (OR=0.98, 95%CI=0.96,0.99, p=0.02).
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Discussion

This U.S.-based study assessed the associations between TSE and FeNO measurements 

among a non-clinical sample of nonsmoking adolescents without asthma. The present 

study’s results revealed that both objective and self-reported TSE were associated with 

FeNO measurements based on ATS’ clinically significant cutpoints for high FeNO in our 

age range.8 Aligning with our hypotheses, we found that adolescents with low cotinine 

had significantly reduced FeNO values and were at reduced odds to have FeNO >35ppb 

and >50pbb when compared to adolescents with no/minimal cotinine, while controlling 

for important covariates including demographics, standing height, recent steroid use, recent 

respiratory illness, and past 12-month hay fever. This aligns with prior work that found 

biochemically validated low TSE was associated with low FeNO levels among youth with 

asthma.15

The current study also found that adolescents with high cotinine were at decreased 

likelihood to have FeNO >35ppb. Previous studies indicate that increased cotinine levels 

result in progressively decreased FeNO levels in participants without asthma,29 and with 

asthma.26 A respiratory laboratory study among healthy adults found that high TSE, 

equivalent to seven cigarettes over one hour, resulted in a rapid decrease of FeNO that 

remained low for over one hour.14 Xu et al.30 found that NHANES 2007-2012 participants 

with and without asthma who were active smokers had reduced FeNO compared to 

nonsmokers, but results differed for TSE. Contrary to our findings, this study including 

participants ages 6-79 years found no differences based on self-reported TSE and FeNO 

levels among healthy participants, but found a decrease in FeNO levels among participants 

with asthma. Similarly, however, a dose-response relationship was found between cotinine 

and FeNO values. In addition to varying participant ages, one potential reason for the 

inconsistent results is that the prior study categorized nonsmokers using cotinine<10ng/ml 

irrespective of how participants ≥12 years old answered the self-reported questions. The 

current study used self-reported current smoking patterns to exclude adolescent smokers, 

and included adolescents with cotinine >10ng/ml since passive TSE levels can range well 

above this cutpoint.33,34

Aligning with the hypothesis on self-reported home TSE, the current study’s results 

indicated that compared to adolescents who did not live with a smoker, those with 

home TSE were at reduced odds to have high FeNO >50ppb, the recommended cutpoint 

to determine airway inflammation among adults.8 The mechanism responsible for our 

findings among those biochemically and self-reportedly exposed to tobacco smoke being 

at reduced likelihood of having high FeNO values may be similar to that of active smoking. 

Specifically, the decreased FeNO production observed in this study may be attributed to the 

negative feedback mechanism leading to decreased induced NO synthase gene expression 

and NO production from lung epithelial cells, which can lead to adverse health effects 

such as increased respiratory infections.47 Further, another NHANES study delimited to 

children and adolescents with asthma found those with household smokers who smoked 

inside the home had significantly lower prevalence of high FeNO (9.4%) defined as >50pbb 

for 12-19-year-olds, than those with no TSE (19.6%).27 Conversely, another study found 

that 16-year-olds who were daily or occasional smokers, as measured by self-report and 
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salivary cotinine, had significantly lower FeNO, but no difference was found based on 

TSE defined as parent smoking at least one cigarette/day.24 Further, our results show that 

adolescents with a higher number of cigarettes/day smoked inside their home had reduced 

odds of FeNO values >35ppb and >50ppb. While we did not find differences between 

either self-reported TSE measure and continuous FeNO levels, a study among children 

with asthma found a negative association between parent-reported number of cigarettes/day 

smoked at home and FeNO levels after adjustment for important covariates, with this TSE 

measure accounting for one-third of the FeNO variance.16 Our study expands on the current 

body of literature with results suggesting it may be important to take into account frequency 

of TSE and biochemically validating TSE while clinically interpreting FeNO levels. This 

would provide important assessment of potential confounders in addition to well-known 

confounders including adolescent age and other demographics, height, and recent steroid 

use, recent respiratory illness and hay fever.

About 40% of our study population had biochemically validated TSE measured via cotinine, 

which is indicative of recent exposure to tobacco smoke from any source (e.g., friend, 

parent) and in any place (e.g., car, public place). Concerning home TSE, about 11% of 

adolescents lived with a smoker, with a mean number of 1.41 cigarettes/day smoked inside 

their homes. Overall, adolescents who were older, male, white or black, had higher mean 

standing height, and no past 2-day steroid use or no past 12-month hay fever had high 

proportions of low and high cotinine. Adolescents who had significantly high proportions 

of living with a smoker and had a higher mean number of cigarettes/day smoked inside the 

home were with or black, had lower mean standing height, and no past 12-month hay fever. 

While TSE disparities exist,2 it is important to note that asthma prevalence is higher among 

non-Hispanic black individuals compared with white individuals.48 Similar to other work,40 

the present study found that adolescents with biochemically validated or self-reported TSE 

had higher mean standing height, which is related to FeNO levels.10

Our study highlights the multifaceted relationship between TSE and FeNO levels using a 

nationally representative, non-clinical sample of nonsmoking adolescents without asthma. 

There are several study limitations. First, we used retrospective NHANES 2007-2012 data, 

which cross-sectionally captured TSE and FeNO at each time-point (2007-2008, 2009-2010, 

and 2011-2012). Therefore, we were unable to assess these measures longitudinally or 

in more recent years since FeNO was only measured during these three waves. Serum 

cotinine, a highly sensitive and comprehensive measure of TSE, has a relatively short 

half-life of about 16 hours.38 We included self-reported TSE to account for potential chronic 

TSE specific to the home setting, but were unable to assess TSE in other settings since 

this was not measured in NHANES 2007-2012 continuous waves. Additionally, NHANES 

did not provide data on prenatal TSE, which may contribute to respiratory morbidity 

during adolescence.49 While we included self-reported past 12-month hay fever to consider 

atopy, NHANES 2007-2012 did not provide information on IgE-mediated sensitization 

to inhalant and food allergens to objectively measure allergic sensitization, a central 

risk factor of atopic disease development.50 We relied on self-reported data for asthma 

diagnoses and current smoking to determine our inclusion/exclusion criteria, which might 

have been inaccurately reported by adolescents. Notwithstanding limitations, our results 

provide credence for healthcare professionals to consider TSE while interpreting FeNO 
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measurements, and to consider referring adolescents with asthma symptoms for formal 

diagnosis when appropriate.

In conclusion, this study demonstrated that U.S. nonsmoking adolescents without asthma 

diagnoses who were tobacco smoke-exposed had reduced FeNO values compared with 

unexposed adolescents. Low cotinine was associated with decreased FeNO measurements, 

beyond important covariates. We also found that adolescents with biochemically validated 

TSE and self-reported TSE, including home TSE and number of cigarettes/day smoked 

inside the home, were at reduced odds to have the higher cutpoint of FeNO >50ppb, which 

varied from our analysis of FeNO >35ppb. Specifically, there were associations found 

based on FeNO >35ppb for high cotinine versus no/minimal cotinine, but home TSE was 

not associated with this lower FeNO cutpoint. Findings highlight the need to take into 

consideration the frequency and amount of TSE when interpreting FeNO evidence-based 

guidelines for adolescents in the clinical and research settings.
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Highlights

• Adolescent serum cotinine levels were associated with decreased FeNO 

values.

• Adolescent report of tobacco smoke exposure was associated with decreased 

FeNO.

• Adolescent tobacco smoke exposure should be considered for FeNO 

interpretation.
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