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Key points:

1) This study sought to determine whether smoking was a risk factor for CRS and whether it has an impact
on disease specific quality of life.

2) We found no significant difference in active smoking prevalence by CRS disease (CRSsNPs and CRSwNPs)
vs controls. We were able however to demonstrate a significant symptom burden associated with smoking,
with significantly worse SNOT-22 scores in the smoking cohort by a mean magnitude of 10 points.

3) Cigarette smoke has a deleterious effect on the quality of life and symptom burden of patients with CRS
and clinicians should encourage smoking cessation alongside general CRS medical management.

Abstract

Importance:

The deleterious impact of smoking on the respiratory tract is well known, however the relationship between
smoking and chronic rhinosinusitis (CRS) has not been well characterised.

Objective: We sought to analyse whether active smoking was a risk factor for CRS and whether it has an
impact on disease specific quality of life.

Design: Sub-analysis of the Chronic Rhinosinusitis Epidemiology Study (CRES), a prospective,
questionnaire-based case-control study conducted between October 2007 and September 2013.

Setting: Multicentre Case -Controlled across thirty UK Tertiary/ Secondary care sites.

Participants:

Participants were identified at ENT outpatient clinics and classified into CRS phenotypes as per EPOS 2012
criteria. The overall response rate of those identified to take part in the study was 66%. A total of 1535
questionnaires were returned with 1470 considered eligible for inclusion.

Main Outcome(s) and Measure(s):

CRES was designed to distinguish differences in socio-economic status, geography, medical co-morbidity,
lifestyle and quality of life between patients with CRS and healthy controls.

Results:

1450 patients completed the smoking question; 219 controls, 546 CRS participants without nasal polyps
(CRSsNP) and 685 participants with CRS and nasal polyps (CRSwNPs+). The mean age was similar with a
greater female preponderance in the control group and male in the CRSwNp group. The greatest number of
active smokers was found amongst control participants (15%) with lower rate of smokers in both CRSwNPs+
(9.9%) and CRSsNPs patients (13.9%) respectively (p=0.03). We found a significant difference in the mean
difference in SNOT-22 scores between active smokers and non-smokers for both CRS phenotypes (p<0.001)
on Analysis of Variance. In both CRS subgroups active smokers had significantly worse SNOT-22 scores

2
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than non-smokers by a mean magnitude of 10 points. Non smokers also demonstrated a higher percentage
of surgical procedures (one or more) although this was not statistically different (p=0.098).

Conclusions and Relevance:

We demonstrate a significant symptom burden associated with active cigarette smoking, with significantly
worse SNOT-22 scores in the smoking cohort by a mean magnitude of 10 points. We could find no strong
demonstrable evidence that smoking increases the likelihood of need for revision sinus surgery.

Clinicians should encourage smoking cessation alongside general CRS medical management.

Key words : rhinosinusitis; smoking; quality of life

Introduction

BACKGROUND:

Previous population based studies including both the Global allergy & Asthma European (GA2LEN) survey1

and Canadian National Population Health survey2 suggest a strong association between CRS prevalence
and active smoking, with a possible dose dependent association in the GA2LEN1 study finding a 1.5%
increase in prevalence for each year smoked. Several national and international studies have also looked at
smoking and its relationship to chronic rhinosinusitis (CRS); with eleven out of thirteen studies in a recent
systematic review reporting increased CRS prevalence in smokers.3 Conversely a small number of studies4,5

have reported a lack of any strong association and some previous epidemiological studies have the potential
to overestimate disease prevalence on methodological design. The 2000 National (England and Wales) Sino-
Nasal Audit identified that around 20% of patients with CRS/ nasal polyps regarded themselves as active
smokers, compared to a national adult smoking rate at the time of 27%.6

A number of studies have examined the possible effects of smoking on the sinonasal mucosa with variable re-
sults. This lack of consensus may result from a lack of standardisation but also highlights that a combination
of different pathophysiological mechanisms may co-exist. Chistenson et al3 summarised prominent findings
from available invitro and invivo studies. In vitro studies have suggested a number of possible mechanisms
with smoking causing alterations in chloride ion transport,7, 8 reduced mucociliary clearance8 and or redu-
ced ciliary generation.9 In vivo results are also conflicting with possible changes in histology,10 mucociliary
transport11 and inflammatory cytokines12 underlying disease development. The aetiological role of the sino-
nasal microbiome is another topical area where there has been increasing research with respect to smoking
and its potential roles in altering this microbiome and or encouraging biofilm formation.13Some in vitro
experiments have shown that repetitive exposure of tobacco smoke can promote biofilm formation within
bacterial isolates from CRS patients,14however any underlying mechanism remains poorly understood. In
contrast Zhang et al15 failed to find any difference between smoking status and biofilm formation within
sinus cultures taken at the time of endoscopic surgery.

With such heterogeneity in existing research no strong conclusions can currently be drawn on the exact
pathophysiological mechanisms involved in CRS. Understanding the relationship of smoking to the health
of sinonasal mucosa is however an important step to help direct patient care and education and may allow
more accurate discussion on the likely clinical outcomes of any subsequent therapy and surgical intervention.

The Chronic Rhinosinusitis Epidemiology Study (CRES) was a prospective, questionnaire-based, case-control
study conducted between October 2007 and September 2013 at thirty tertiary/secondary care sites across
the United Kingdom. Patients with diagnosed CRS alongside healthy control subjects were asked to comple-
te a single, study-specific questionnaire, capturing a variety of demographic and socio-economic variables,
environmental exposures and medical co-morbidities (See appendix 1).

CRES was designed to distinguish differences in socio-economic status, geography, medical/psychiatric co-
morbidity, lifestyle and overall quality of life between patients with CRS and healthy controls. The specific

3
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aim of this analysis of the CRES database was to determine whether active smoking represents a risk factor
for CRS development and/ or whether smokers experience an increased symptom burden than non-smokers.
Understanding causal links will allow for more informed decision making and may clarify the potential role
of smoking cessation in CRS symptom control.

Methods

The study was sponsored by the University of East Anglia (UEA) and funded by the Anthony Long and
Bernice Bibby Trusts. Ethical approval was granted by the Oxford C Research Ethics Committee (Ref:
07/H0606/100).

Study Design

Participants and Data Sources

Prospective participants were identified for recruitment at ENT outpatient clinics at 30 participating centres.
Patients with CRS were examined by an ENT clinician and classified into different CRS phenotypes; chronic
rhinosinusitis without polyps (CRSsNPs), chronic rhinosinusitis with nasal polyps (CRSwNPs) or allergic
fungal rhinosinusitis (AFRS) as per EPOS 2012 criteria16 (see CRS participant section below). Healthy
controls were recruited from family members of patients attending ENT clinics as well as members of hospital
staff at recruitment sites.

Questionnaires were completed during the clinic visit or taken home to be completed and returned by prepaid
post. No participant identifiable data was captured therefore consent was not required although it was implied
through return of the questionnaire. Returned questionnaires were scanned and the data imported into in
an electronic database in Microsoft Excel. Records in the database were compared to physical copies of the
questionnaires by two members of the research team to ensure accuracy and consistency between the two.

All CRS participants and healthy controls were required to meet the inclusion/ exclusion criteria outlined
below:

CRS Participants

Inclusion Criteria

Criteria for diagnosis of CRS with or without polyps (EPOS guidelines)16

At least two symptoms must be present for at least 12 weeks and include:

• One of either nasal blockage/obstruction/congestion and/or nasal discharge (anterior/posterior nasal
drip)

• and either facial pain/pressure and/or reduction or loss of sense of smell

and additionally:

• endoscopic signs of polyps and/or mucopurulent discharge primarily from middle meatus and/or oe-
dema/mucosal obstruction primarily in middle meatus

• and/or CT changes: mucosal changes within the ostiomeatal complex and/or sinuses

Patients were then classified as having CRSwNPs, CRSsNPs or AFRS. Those patients with the latter addi-
tionally adhered to either the Bent and Kuhn criteria17or the modified Vancouver criteria.18

4
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Healthy Control Participants

Exclusion Criteria

• Prior history of recurrent acute or chronic rhinosinusitis.
• Any other nose/sinus disorders e.g. allergic rhinitis (hayfever).
• Any active medical problems that have required a hospital visit within the last 12 months.

Exclusion Criteria for Both Groups

• Patients/controls unable to comprehend written English.
• Patients/controls under the age of 18 years.

Quantitative Variables and Bias

A specific question on smoking was included in the questionnaire as follows:

How much do you smoke per day (cigarettes/cigars etc.)?

Available answers were: None, 1 – 10, 11 – 20, or >20

Statistical Methods

Patient demographics were summarised by CRS diagnosis status using mean and standard deviation for
continuous variables and the number and percentage for categorical variables. The mean SNOT-22 scores
were compared between active smokers and non smokers in each CRS diagnosis group and the control group
using a two sample t-test. A linear regression model was used to test if the difference in mean SNOT-22
score between active smokers and non smokers depended on the CRS subgroups using a test of interaction
between CRS subgroup and smoking. No difference was detected and hence the three groups were combined
into a single analysis. A linear regression model was used to adjust for potential confounding due to age,
gender and a diagnosis of asthma. All analyses were conducted using Stata MP 16.0.

Results

Study Participants

A total of 1535 questionnaires were returned with 1470 considered eligible for inclusion after removal of
duplicates and questionnaires with missing data (see figure 1). The overall response rate of those identified to
take part in the study was 66% of those distributed. This analysis is therefore based on the 1450 participants
who completed the smoking part of the questionnaire.

Descriptive Data

For the purpose of this analysis, patients with AFRS and CRSwNPs are categorised together as a single
group (CRSwNPs+). As such, there were 219 controls, 546 participants with CRSsNPs and 685 participants
with CRSwNPs+. The patient demographics are outlined in Table 1. With similar mean age between groups
and greater female preponderance in the control group and male in the CRSwNp group.

Primary Outcome Data and Main Results

The majority of active smokers in both control and CRS groups reported smoking less than 10 tobacco
products a day (63% and 61% respectively). Comparing disease groups there appears a greater number
of active smokers amongst controls (15%), which itself was below the 2007-2009 UK national average of
21%.20 Table 2 outlines the differences in the rates of active smokers between the three groups (p=0.039,

5
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Chi-squared test) and highlights the lower rate of smokers in CRSwNPs+ participants (9.9%) and CRSsNPs
patients (13.9%) respectively (p=0.03, Chi-squared test).

Mean SNOT22 scores were notably higher in the smoking cohorts for all three phenotypes. On calculating the
mean difference in SNOT-22 score between active smokers and non-smokers we found a significant difference
for both CRS phenotypes (p<0.001 on Analysis of Variance (ANOVA), see Table 3). In both CRSsNPs and
CRSwNPs+ groups, active smokers had significantly worse SNOT-22 scores than non-smokers by a mean
magnitude of 10 points. This remained significant after adjusting for age, sex and asthma (Tables 3 and 4).

Categorising CRES participants by smoking preference demonstrated a higher percentage of surgical proce-
dures within the non-smoking cohort (Table 5), however there was no statistical difference between smoking
and reporting multiple (1 or more) surgical procedures (p=0.098).

Discussion

Key results:

Unlike previous epidemiological studies we did not find any evidence of a significant difference in CRS
disease status between active smokers and non-smokers (p=0.5938). The lower number of active smokers
observed in both CRS subgroups may in part be a consequence of the higher percentage of patients with
concomitant asthma diagnosis as outlined in Table 1. Active smoking appears however to have a significant
impact on quality of life in both CRSsNP and CRSwNP+ phenotypes although the underlying mechanism
remains debated in the common literature. Multivariable analysis has shown that the higher SNOT-22 scores
demonstrated in CRS smokers remains significant even after adjusting for age, sex and asthma diagnosis
(Table 4). The Minimal Clinically Importance Difference (MCID) value for SNOT-22 is 8.9, this being the
smallest change in treatment outcome that an individual patient would term meaningful. Although it does
not necessarily follow that smoking negates the effect of treatment, the mean higher SNOT-22 score (>10)
in smokers underlies the significant impact of smoking on overall symptom burden.

There was also no strong demonstrable evidence that active smoking increases the likelihood of need for
revision sinus surgery although analysis of a larger cohort with standardised operative technique would help
clarify this further.

Interpretation:

CRES is the largest epidemiological study of CRS in the UK to date and is the first study since the UK
Sinonasal Audit to collect data on patient reported symptoms and smoking status in the context of a con-
firmed CRS diagnosis. The majority of previous population based studies have reported positive associations
between CRS prevalence and tobacco use.1,2The conclusions drawn by some of these studies are limited by
their own methodology, as unlike CRES they relied on self-reporting of CRS diagnosis and hence are open
to overestimation of true disease prevalence. Analysing the UK CRES data, we have failed to demonstrate
any such positive association. We are not the first study to find a lack of association with Pilan et al5 in
Sao Paulo finding no significant difference in CRS prevalence according to smoking status (p = 0.43), total
pack years (p = 0.26) or following exposure to second hand smoke (p = 0.18). Min et al4 also confirmed
CRS diagnosis through physical examination but failed to find an association between active and or former
smoking status and CRS prevalence. A more recent study by Lee et al21 reporting on data from the Korean
Health population survey (KNHANES) found an increased CRS among active smokers however on multi-
variable analysis that there was no overall significant difference between CRS prevalence and the patients
smoking status in those patients aged 40 years and below. They did however note a similar finding to that
recorded in the European GA2LEN1 study that the number of years smoked is significantly associated with
CRS prevalence (increasing by 1.5% for every year in total smoking period).

Some studies have suggested an increasing prevalence of CRS with total number of years smoked.1,21 The
results from Caminha et al22 are however contradictory, finding on multivariable analysis that Chronic
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Obstructive Pulmonary Disease (COPD) incidence and hence a likely surrogate for greater smoking history
was not associated with a higher prevalence of rhinosinusitis symptoms.

Lachanas et al23 previously demonstrated that within a general ‘non-CRS’ population, smokers have higher
SNOT-22 scores compared to non-smokers. It is clear from the CRES data that similarly all active smokers
(both active CRS and control patients) had average higher SNOT-22 scores, although this was only statisti-
cally significant for active smokers with confirmed CRS (Table 3). This adds some weight to the argument
that tobacco smoke may have an adverse effect on nasal outcome measures independent to whether the
patient has underlying CRS. This finding has potential implications for epidemiological studies that rely
on CRS self-reporting or questionnaire-based assessments without concurrent endoscopic CRS confirmation.
These studies are vulnerable to overestimating CRS complaints within the smoking population as smokers
appear more likely to have QOL nasal complaints and may perceive this incorrectly as CRS.

Revision sinus surgery rates remain high in the CRS population, evidenced from the National sinonasal
audit five year follow up which demonstrated increasing revision rates, reaching 19.1% at 5 years; greatest
in those patient with nasal polyps (20.6%)24. Previous CRES analysis demonstrated that 45% of CRS
patients reported some form of surgical procedure whilst multiple surgical procedures were reported in 4% of
CRSsNP patients and 23% of CRSwNP+ patients.25Interestingly the CRES smoking cohort reported lower
numbers of surgical interventions compared to non smokers (Table 5) and analysis failed to find a statistical
difference between smoking status and multiple surgeries. These results suggest active smoking may not be a
significant risk factor for requiring multiple surgeries, however given the nature of data collection and the low
comparative number of smokers versus non smokers this may not be truly representative. There are however
multiple variables that may contribute to the number of operations a patient undergoes including the level
of surgeon experience and selection bias on whom to operate in which being an active smoker could play a
negative factor.

Previous studies have assessed the consequence of tobacco use on symptom control and rates of revision sur-
gery. Wu et al26analysed revision sinus surgery rates in patients with CRSwNP and found on multivariable
analysis that smokers had a significantly shorter time period (median 2.82 vs. 4.31 years) before further re-
vision surgery was deemed necessary. A recent literature review by Reh at al27 reported conflicting evidence
with respect to surgical outcomes and smoking, whilst earlier studies tended to demonstrate a deleterious
effect more recent prospective studies have failed to find an similar association. These conflicting literature
findings may in part be accounted for by differences in surgical intervention (e.g. polypectomy alone versus
full clearance FESS) and by evolving changes in technique and instrumentation over the years. Interestin-
gly Rudmik et al28 in their prospective study reported that active smokers with recalcitrant disease can
experience similar benefits and improvement in quality of life scores following endoscopic sinus surgery as
their non-smoking peers. There remains however a lack of studies looking at large numbers of high-volume
smokers which may help to clarify this association further.

The CRES analysis has demonstrated a higher symptom burden in active smokers, with a mean difference
in SNOT 22 scores greater than the MCID. As an observational study we are limited in our conclusions;
however our failure to demonstrate an association between active smoking and higher reports of revision
surgery would align with recent prospective studies concluding that surgery can be effective in smokers and
should be considered as a treatment option.

Limitations

The CRES study design has certain limitations, firstly the data was self-reported and may therefore predis-
pose to recall bias. Secondly the study only included one specific question related to current tobacco smoking,
allowing us to determine whether the patient was an active smoker and if they were a mild to heavy user. The
selected question did not identify whether patients were ex-smokers and did not seek to quantify ‘pack year’
history nor did it enquire as to the presence of other tobacco users in the household. We are therefore unable
to adequately comment on whether smoking is an independent risk factor for developing CRS or comment
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on the possible role of second-hand smoke exposure in CRS prevalence. The degree of tobacco use was not
evenly distributed amongst the CRES cohort with only 6-7% of patients reported smoking heavily (>20
tobacco products a day). The data must also be interpreted considering associated reporting bias relating to
the quantity people reported smoking, which could be an under-representation. A further limitation of the
study design meant that data collection did not allow for calculation of total years smoked, we are therefore
unable to accurately comment on whether prevalence of CRS in smokers appears dose dependent.

Generalisability

CRES is a cross sectional UK based study incorporating a variety of the CRS population from across the
country presenting to secondary care. The CRES study does not necessarily capture the whole CRS spectrum
as mild sufferers may be managed by primary care alone and may therefore be underrepresented. Further
because of the multifactorial nature of CRS it is difficult to assess the impact of one single factor on CRS
pathogenesis in isolation. In contrast to other studies, CRS was diagnosed by ENT specialists according to
accepted diagnostic guidelines (EPOS 2012)16, other existing studies have relied on self-diagnosis and or
used different criteria making direct comparisons with the existing literature more complicated.

Conclusion

This analysis highlights the significant impact smoking has upon patient symptoms. Further studies are
needed to detail the relationship between smoking and CRS subgroups to help determine causality and
underlying pathophysiological mechanisms, which would enable greater intervention in these subgroups.
Clinicians should be advised to encourage smoking cessation within the general CRS population but especially
where symptom control is not being achieved with maximal therapy.
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Tables

Table 1: Patient Demographics.

Controls (n=219) CRSsNP (n=546) CRSwNP (n=685)

Mean age 47.29 (14.91) 51.78 (15.31) 56.00 (14.50)
Gender (female) 143 (68%) 259 (53%) 204 (33%)
Asthma diagnosis 22 (10%) 117 (21.4%) 336 (49%)

Table 2. Smoking distribution and SNOT-22 scores by group

Disease status Number of patients (n) Number of smokers % Mean Snot-22 SD

Controls 219 33 15.1 12.11 13.95
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Disease status Number of patients (n) Number of smokers % Mean Snot-22 SD

CRSsNPs 546 76 13.9 45.67 21.05
CRSwNPs 685 68 9.9 44.41 21.62

Table 3. Difference in mean SNOT-22 scores by smoking status and CRS phenotype.

Disease status Mean SNOT-22 (Non-smokers) SD Mean SNOT-22 (Smokers) SD Mean difference (95% CI) P-value

Controls 11.23 13.08 16.82 17.77 5.59 (-1.55,12.73) 0.1204
CRSsNPs 44.35 21.02 54.66 18.99 10.30 (4.95,15.66) 0.0002
CRSwNPs 43.47 21.25 53.64 24.14 10.17 (4.60,15.74) 0.0004
Overall (CRS +Controls) 39.22 23.18 47.58 25.31 8.37 (4.49,12.25) <0.0001

Table 4: Mean differences in SNOT-22 scores adjusting for age, gender and asthma.

Model Mean difference (95% CI) p- value

Age and Gender 7.53 (3.22, 11.84) 0.001
Age, Gender, Asthma 8.56 (4.31, 12.81) <0.001
Age, Gender, Asthma, CRS diagnosis 8.38 (4.72, 11.93) <0.001

Table 5: Number of reported surgical procedures between smokers and Non smokers.

Variable Non smoker (n= 1273) Smoker (n=177) Odds ratio (95% CI) P-value

Previous Sinonasal surgery 503 (39.6%) 51 (28.8%) 0.62 (0.44,0.87) 0.006
Previous sinus surgery (ESS) 156 (12.6%) 13 (7.6%) 0.57 (0.31,1.02) 0.056
Previous nasal polypectomy (ENP) 302 (26.8%) 20 (13%) 0.41 (0.25,0.66) <0.001
Multiple ESS/ENP 144 (12.6%) 13 (8.1%) 0.61 (0.34,1.10) 0.098

Figure Legends

Figure 1. Participant flow diagram
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Appendix 1: Study questionnaire
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