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ABSTRACT

Background: Prevalence of passive smoke exposure is relatively unknown in chronic rhinosinusitis (CRS). Previous studies have attempted to establish this
relationship using subjective, questionnaire-based methodologies to assess smoke exposure, thus introducing the potential for error bias. The purpose of this
study was to accurately determine the prevalence of passive smoke exposure in CRS and control patients using hair nicotine levels as a quantitative measure
of cigarette smoke exposure.

Methods: Hair samples were obtained at time of surgery from 569 patients: 404 undergoing surgery for CRS and 165 controls undergoing surgery for repair
of cerebrospinal fluid leak, removal of pituitary tumors, or adenoidectomy from 2007 to 2013. Patient charts were reviewed for reported smoking status. Hair
nicotine was quantified using reversed-phase high-performance liquid chromatography. Nonsmoking patients were classified as passive smoke exposed or smoke
naive according to the hair nicotine results. Statistical analysis was performed to test for differences in demographic information and smoke exposure prevalence
between CRS, CRS subtypes, and controls.

Results: The prevalence of passive smoke exposure in CRS as documented by hair nicotine was lower than previously reported subjective estimates. Passive
smoke exposure rates were equivalent between those with CRS versus controls and significantly higher in children. Severity of passive smoke exposure was
also equivalent between CRS subsets and controls. Annual passive smoke exposure prevalence did not change over time.

Conclusion: There is no clear evidence of avoidance of passive smoke exposure in the CRS population compared with controls. Passive smoke exposure also
remained stable over time despite recent regional implementation of smoking bans. Given the constancy of exposure, it is critical that the impact of passive
smoke on CRS exacerbation, outcomes, and pathophysiology be evaluated in large-scale clinical studies.

(Am ] Rhinol Allergy 28, 297-301, 2014; doi: 10.2500/ajra.2014.28.4058)

hronic rhinosinusitis (CRS) is a disease with significant health,
quality of life, and economic consequences. The daily health
and quality of life impact of CRS has been shown to be comparable or
worse than other chronic conditions such as angina, chronic obstruc-
tive pulmonary disease, and chronic back pain.! CRS is also relatively
common, with an estimated incidence in the United States of ~1130
per 100,000 people/year.? The etiology of CRS is multifactorial and
incompletely understood, but environmental factors, including active
and passive smoking, are thought to have a role in disease incidence
or severity.3-5
Passive smoke exposure has been evaluated by the U.S. Surgeon
General as a cause or exacerbating factor in cardiac, pulmonary, and
oncologic diseases for >40 years. It is estimated that 60% of children
aged 3-11 years and 40% of nonsmoking adults are exposed to
passive smoke, which is known to cause symptoms of nasal irrita-
tion.® Passive smoke exposure has been shown to inhibit upper air-
way mucociliary clearance,”® increase the incidence of sinonasal bio-
films,® promote the sinonasal tissue allergic response,’® and
negatively impact sinus surgery clinical outcomes.''? Exposure to
passive smoke has also been linked to increased incidence and sever-
ity of acute and allergic rhinosinusitis.'314
Prospective, case—control evidence found an independent, dose-
response association between self-reported passive smoke exposure
and a diagnosis of CRS.!> A large cohort analysis supported this
finding and related passive smoke exposure to significantly more
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severe symptoms of nasal obstruction/blockage, rhinorrhea, head-
ache, and cough and an increased use of nasal decongestants for acute
exacerbations.’¢ It is unclear if patients with CRS made any attempts
to avoid passive smoke due to exacerbation of CRS symptoms, or if
the severity of disease made them more conscious of the exposure.
Also, the prevalence of recent passive smoke exposure in CRS varied
widely from 39 to 68.3%. Both studies determined passive smoke
exposure through a subjective questionnaire that pools information
regarding perceived home, work, and social exposure. This method of
evaluating smoke exposure introduces the potential for inaccurate
assessment and recall bias that could be resolved with quantitative
measurements of smoke exposure.'”

Several objective biological markers have been validated as effec-
tive measurements of smoke exposure.'® Hair nicotine measurements
reliably and reproducibly correlate with subjective accounts, as well
as biological and environmental assessments of smoke exposure in
nonsmoking subjects, with 1 cm of hair collected nearest the scalp
representing 1 month of exposure.'®202! The aim of this study was to
perform quantitative measurements of hair nicotine to assess the
prevalence and severity of passive smoke exposure in CRS compared
with controls.

METHODS

Study Design

The Institutional Review Board of the Medical University of South
Carolina approved these studies (HR 14124, 18105, 20077, and 19548),
and written informed consent was obtained for all patients. Hair
samples ~1-2 cm in length were cut from the postauricular scalp at
the time of surgery in patients with CRS and controls. All patients
with CRS met diagnostic criteria as defined by the European Position
Paper on Rhinosinusitis and Nasal Polyps 20125 and underwent en-
doscopic sinus surgery at the Medical University of South Carolina
between 2007 and 2013. CRS was divided into subgroups: CRS with
nasal polyps (CRSWNP) and CRS without nasal polyps (CRSsNP),
with allergic fungal rhinosinusitis (AFRS) examined separately. Con-
trol patients were undergoing surgery for cerebrospinal fluid leak

297



Table 1 Demographics of patient populations

n Age (y1) Male (%)  Caucasian (%)
(mean * SD)
Control 165 36 =27 46 61
CRS (total) 404 44 = 21* 51 79*
CRSsNP 248 47 = 21* 44 88*
CRSwNP 87 49 = 17* 67*# 84*
AFRS 69 27+ 15%%§ 584 41448

*p < 0.05, patient groups vs control.

#p < 0.05, CRSwNP/AFRS vs CRSsNP.

§p < 0.05, AFRS vs CRSwNP.

CRS = chronic rhinosinusitis; CRSwNP = chronic rhinosinusitis with
nasal polyp; CRSsNP = chronic rhinosinusitis without nasal polyp;
AFRS = allergic fungal rhinosinusitis.

repair, nonhormone-secreting pituitary tumors, or adenoidectomy.
Patients who were known to use nicotine patches were excluded.

Hair samples were analyzed for nicotine at the Wellington Hospital
Laboratory in Newton, New Zealand, using reversed-phase high-
performance liquid chromatography as previously described.?? Smok-
ing status, active smoker versus nonsmoker, at time of surgery was
obtained through the preoperative medical records. Smoke naive
patients were defined according to previously published guidelines?!
as nonsmoking patients with a hair nicotine measurement of <2.0
ng/mg, and nonsmoking patients with hair nicotine of >2.0 ng/mg
were classified as passive smoke exposed. The hair nicotine of active
smokers was measured and recorded but was not used to classify
exposure because of historic data that details its relative inaccuracy in
assessment of active smokers.?!

Statistical Analysis

Statistical analysis was conducted using GraphPad Prism 6.0 soft-
ware (GraphPad Software, La Jolla, CA) and IBM SPSS Statistics for
Windows, Version 21.0 (IBM, Armonk, NY). Dichotomous variables
were analyzed using x*. Binary and multinomial logistic regression
analyses were used to control for confounding factors in the relation-
ship between smoke exposure and CRS status, including age, sex, and
race. Analysis of more than two nonnormally distributed continuous
variables was performed using a Kruskal-Wallis one-way ANOVA
with Dunn’s multiple comparison test. Linear regression was used to
obtain 95% confidence interval bands on data presented over time,
and analysis for statistical significance of these data was performed
using the x*-test for trend.

RESULTS

Population Characteristics

A total of 569 participants were enrolled in the study, including 165
controls, 248 with CRSsNPs, 87 with CRSwNPs, and 69 fulfilling
criteria for AFRS. The mean age of all study participants was 41 *+ 23
years with 127 of the patients <18 years. CRSsNP and CRSwNP
Ppatients tended to be older, control patients younger, and AFRS were
the youngest. Control and CRSsNP patients were more likely to be
female subjects, and CRSWINP and AFRS patients were mostly male
subjects. Control patients were 61% Caucasian, CRSsNP and
CRSWNP patients were more likely to be Caucasian, and AFRS pa-
tients were more likely to be African American. These differences
were statistically significant as described in Table 1 and consistent
with the literature. 32325

Passive Smoke Exposure Prevalence and Severity

Analysis of passive smoke exposure in the CRS populations
showed a significantly decreased (p < 0.05) prevalence in CRSsNPs
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Figure 1. Passive smoke exposure prevalence by disease. Percentage of
passive smoke-exposed patients as defined by nonsmokers with hair nicotine
>2 ng/mg in chronic rhinosinusitis (CRS) subsets and control populations
(*p < 0.05 compared with control).

and CRSwWNPs when compared with controls and AFRS (Fig. 1).
Exposure to passive smoke was found to be statistically more likely in
a younger, non-Caucasian, male population (p = 0.001, 0.000, and
0.024, respectively). After correcting for demographic variables with
binary logistic regression, passive smoke exposure prevalence was
equivalent to controls in CRSsNPs (p = 0.629), CRSWNPs (p = 0.275),
and AFRS (p = 0.511). The prevalence of passive smoke exposure is
detailed in Table 2.

The average hair nicotine measurements of patients classified as
passive smoke exposed were compared and found equivalent be-
tween all patient groups (p = 0.9312; Fig. 2).

Pediatric Passive Smoke Exposure Prevalence

Prevalence of passive smoke exposure was significantly greater in
children than adults for both control (26.2% versus 12.5%; p = 0.0338)
and CRS (18.2% versus 9.8%; p = 0.0468) populations as depicted in
Fig. 3. Among the CRS subsets, CRSwNP children were more likely to
be exposed to passive smoke than adults (42.9% versus 5.0%; p =
0.01), and no appreciable difference was observed between age
groups in CRSsNP (13.3% versus 2%; p = 0.5068) or AFRS (17.2%
versus 22.5%; p = 0.7637).

Prevalence of Passive Smoke Exposure over Time

The prevalence of passive smoke exposure was evaluated in the
patient population for each year of study from 2007 through 2013.
Each patient received a hair nicotine measurement at the time of
surgery, the results of which were compared with the other patients
who had surgery in that same year to establish an annual passive
smoke exposure prevalence. There was no significant trend or change
in prevalence (p = 0.8365) over this 6-year time course, during which
time several public smoking bans had been instituted in the studied
region (Fig. 4).

Prevalence of Active Smoking and CRS

A thorough chart review identified 58 active smokers at time of
surgery, of which 19 were control patients, 29 were CRSsNP patients,
7 were CRSWNP patients, and 3 were AFRS patients (Fig. 5). The
average hair nicotine of these patients was 24.58 * 33.77 ng/mg with
a range of 0.045-202.5 ng/mg and did not correlate with the reported
number of cigarettes smoked per day (R* = 0.003883). Despite a
seemingly downward trend in active smoking prevalence with pol-
ypoid disease, particularly AFRS, the difference was not statistically
significant before (p = 0.138) or after (p = 0.127) controlling for
demographic differences in the groups (Table 3).
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Table 2 Prevalence of passive smoke exposure in patient
populations

Control CRS (totall CRSsNP CRSwNP AFRS

Passive 29/165 45/404 24/248 7/87 14/69

smoke 17.6% 11.1% 9.7% 8.1% 20.3%
exposed p=0629 p=0275 p=0511 p=0375

The p value is calculated through binary logistic regression analysis with
covariates of age, sex, and race with the control population as the reference
variable.

CRS = chronic rhinosinusitis; CRSwNP = chronic rhinosinusitis with
nasal polyp; CRSsNP = chronic rhinosinusitis without nasal polyp;
AFRS = allergic fungal rhinosinusitis.
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Figure 2. Severity of passive smoke exposure by disease. Severity of passive
smoke exposure as estimated by average hair nicotine of passive smoke-
exposed control, chronic rhinosinusitis without nasal polyp (CRSsNP), CRS
with nasal polyp (CRSwNP), and allergic fungal rhinosinusitis (AFRS)
patients. Values are mean = SEM; p = 0.9312.
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Figure 3. Passive smoke exposure prevalence adult versus pediatric. Per-
centage of passive smoke-exposed pediatric and adult patients as defined by
nonsmokers with hair nicotine >2 ng/mg in chronic rhinosinusitis (CRS)
and control populations (*p < 0.05).

DISCUSSION

This study uses quantitative measures of hair nicotine to determine
the prevalence of passive cigarette smoke exposure in the CRS patient
population compared with controls. We observed that although pas-
sive smoke exposure initially appears to be less common in the CRS
population compared with controls, these differences are attributable
to the unique demographic characteristics of the study populations.
Thus, a randomly selected patient with CRS is equally likely to be
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Figure 4. Passive smoke exposure prevalence over time. Annual percentage
of passive smoke exposure as derived from year of surgery. The trend line was
approximated using linear regression along with 95% confidence interval
bands (dashed lines). The x*-test for trend analysis for prevalence yielded a
value of p = 0.67.
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Figure 5. Active smoking prevalence by disease. Percentage of active smok-
ers as defined by preoperative medical records in chronic rhinosinusitis
(CRS) subsets and control populations.

Table 3 Prevalence of active smoking in patient populations

Control CRS (totall CRSsNP CRSwNP  AFRS
Active 19/165 39/404 29/248 7/87 3/69
smokers  11.5% 9.7% 11.7% 8.1% 4.3%

p=0248 p=0749 p=0162 p =0.127

The p value is calculated through binary logistic regression analysis with
covariates of age, sex, and race with the control population as the reference
variable.

CRS = chronic rhinosinusitis; CRSwNP = chronic rhinosinusitis with
nasal polyp; CRSsNP = chronic rhinosinusitis without nasal polyp;
AFRS = allergic fungal rhinosinusitis.

passive smoke exposed as a randomly selected control. The severity
of this exposure as determined by average hair nicotine of the passive
smoke—exposed patients was also equivalent between control,
CRSsNP, CRSwNP, and AFRS groups. Furthermore, the annual prev-
alence of passive smoke exposure in the patient population over the
6 years of data collection indicated no reductions in passive smoke
exposure rates, despite the implementation of regional public smok-
ing bans during this time frame. Through binary regression model
analysis of this specific, regional patient population it was determined
that passive smoke exposure was significantly more common in
younger, non-Caucasian, male subjects (p = 0.001, 0.000, and 0.024,
respectively), which is consistent with recent epidemiological re-
ports.26 There were no significant associations between age (p =
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0.070), sex (p = 0.146), or race (p = 0.577) on active smoking status.
Active smoking prevalence appeared to be decreased in polypoid
disease compared with controls; however, an informal power analysis
estimated an additional 117 AFRS and 280 control patients were
needed to achieve significance at this ratio.

Using the definition of passive smoke exposure as a nonsmoker
with a hair nicotine level >2 ng/mg yielded a much lower passive
smoke exposure rate than previous studies that have relied on sub-
jective assessments of exposure. In the study by Reh et al., 39% of the
100 CRS patients enrolled in the study admitted to some amount of
recent passive smoke exposure. This was comparable with the 35% of
matched controls.'® Tammemagi et al. found 68% of the 306 CRS
patients studied had reported passive smoke exposure in at least one
environmental setting, either work, home, or public areas.'> However,
patients with substantial symptoms of CRS may simply be more
aware of nasal irritation from smoke exposure, leading to potential
overreporting of passive smoke exposure in CRS or underreporting in
healthy controls. Using hair nicotine as a quantifiable method to
measure passive smoke exposure, we found a dramatically lower
percentage of patients with measurable passive smoke exposure, and
prevalence was comparable between CRS and controls (17.6% versus
11.1%). Hair nicotine from 1 cm of hair measures exposure over the
previous month, therefore it is also possible that subjective recall was
of distant or sporadic exposures not reflected in hair nicotine. The
longer half-life of hair nicotine measurement renders it a more reli-
able measure of long-term passive smoke exposure than serum or
urine cotinine, which has a half-life of 10-27 hours. However, by
limiting the hair nicotine measurement to the last month of exposure,
long-term exposure of several months to years is not distinguished
from newly introduced exposure. The potential likelihood of a new
and sustained exposure was weighed against the potential skewing of
the data toward those with longer hair, predominantly women, and a
length of 1 cm, or 1 month, was deemed a sufficient time frame for
establishing passive smoke exposure in a wide population. In lieu of
matched controls we corrected for demographic disparities between
groups with binary logistic regression and confirmed no significant
differences in prevalence between CRS, CRS subsets, and controls.
This highlights the potential disparity between subjective recall in-
struments and objective measures of exposure.

Childhood exposure to passive smoke is more common than recent
exposure in adults. Reh et al. estimated that ~72% of their entire
patient cohort experienced some exposure to passive smoke as chil-
dren compared with the 28% that had no reported lifetime exposure
or exposure limited to adulthood.’ In our study, 28 of the 127
children (22%) were passive smoke exposed by hair nicotine, com-
pared with 46 of 442 adults (10.4%). Interestingly, although these
estimated prevalences using hair nicotine as a quantifiable measure
are lower than that obtained via survey, the ratio is approximately
equal with passive smoke exposure being over twice as likely in
children compared with adults. This exposure is most likely attained
in the home and is reduced in homes where the parents do not permit
smoking indoors.?-30 Given the potential impact of childhood ciga-
rette smoke exposure on future health, limiting exposure to passive
smoke in children is of the utmost importance.

Despite heavily advertised public health concerns and the direct
link between cigarette smoke exposure and nasal irritation,® this
study indicates that there was no clear pattern of passive smoke
avoidance in CRS. Passive smoke exposure prevalence and severity in
CRS was comparable with controls, and any difference was found to
be statistically insignificant after controlling for known differences in
age, sex, and race via binary logistic regression. Starting in 2007 and
continuing through 2013, several large cities and counties in South
Carolina began instituting both indoor and outdoor smoking bans in
public areas. Although public smoking bans have been shown to
decrease cigarette smoke exposure in the general population over
time,'” annual passive smoke exposure prevalence remained consis-
tent over the 6-year course of this study. Smoke exposure in this
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specific population appears to be resilient against such measures and
may require additional smoking education or cessation programs
before a definitive decrease in exposure rates can be reached. In
addition, it is possible that the majority of passive smoke exposure
occurs in environments not impacted by smoking bans, such as
private households.

With the apparent constancy of smoke exposure in CRS compared
with controls, further studies are required to address the ramifica-
tions of exposure on disease pathology. Cigarette smoke exposure is
known to contribute to the respiratory disease processes through nu-
merous mechanisms including inhibiting mucociliary clearance,?' dis-
rupting respiratory epithelium,®? inducing allergic mechanisms,'01# in-
creasing proinflammatory cytokine production,®® and increasing
epithelial permeability.>* Although the specific mechanisms involved
in the pathogenesis of CRS are still being elucidated, disruption of the
protective barrier of the nasal and sinus mucosa is currently thought
to play a key role.3>%7 This disruption could theoretically be potenti-
ated or exacerbated by cigarette smoke exposure through active
smoking or passive smoke exposure.

Although attempts could be made to retrospectively establish a
clinical correlation of smoke exposure to CRS severity through review
of available 22-item Sino-Nasal Outcome Test scores, Lund-Mackay
computed tomography scores, and comorbid asthma or allergic rhi-
nitis diagnoses, etc, analysis of disease severity metrics was not the
goal in the design of this study, and thus these data are of limited
usefulness and ultimately not available in a comprehensive and val-
idated fashion. A prospective collection of clinical outcome data
would be required for a true assessment of the effects of passive
smoke exposure on CRS severity and quality of life, and future
studies at our institution are currently aimed at acquiring and exam-
ining these data. Additionally, the patient population studied is
skewed because all patients involved were those who had failed
medical management and required surgical intervention, represent-
ing only the most severe forms of CRS, making it unsuitable for
assessment of clinical measures. Additionally, the analysis of this
small, regional patient population would be insufficient because
large-scale clinical studies, such as National Health and Nutrition
Examination Survey and Surveillance, Epidemiology, and End Re-
sults Program collect information from tens of thousands of patients
from a variety of large geographical regions over several years to
establish strong correlations relating to disease incidence or severity.
Future studies are needed to investigate the relationship between
passive smoke exposure and CRS, including the correlation between
passive smoke and clinical parameters of disease severity (computed
tomography scores, 22-item Sino-Nasal Outcome Test, etc.) in a large-
scale, prospective, multicenter survey of a broad clinical range of CRS
patients.

CONCLUSION

Passive exposure to cigarette smoke is a considerable health hazard
that is not avoided in patients with CRS. Quantifiable measures of
hair nicotine allow an objective assessment of passive smoke expo-
sure prevalence that is dramatically less than previous survey-based
estimates but equivalent between CRS patients and controls. Passive
smoke exposure prevalence is higher in children and the overall
annual prevalence remains constant over time despite the institution
of wide-spread public smoking bans in this region. Additional studies
are therefore necessary to examine the clinical and physiological
impact of passive cigarette smoke exposure on CRS.
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