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Abstract

Background: Smoking status has been established as a known irritant of the upper and lower respiratory tracts, leading to

inflammation throughout the respiratory system. Tobacco smoking is one comorbidity encountered among chronic rhino-

sinusitis (CRS) patients. The histopathologic features of CRS and comorbid smoking status have yet to be determined by

structured histopathology and may have important implications on disease management.

Methods: Retrospective study of structured histopathology reports analyzing sinus tissue removed during functional endo-

scopic sinus surgery. Histopathology variables were compared among patients with CRS who were reported as never

smokers, former smokers, or current smokers.

Results: A total of 285 CRS patients were included: 173 never smokers, 85 former smokers, and 27 current smokers.

When compared with former smokers, current smokers demonstrated increased basement membrane thickening (88.9% vs

67.1%, P <.020). Compared with never smokers, former and current smokers collectively demonstrated increased hyper-

plastic changes (14.3% vs 6.9%, P<.035), increased squamous metaplasia (26.8% vs 17.3%, P<.040), and trends toward

increased basement membrane thickening (72.3% vs 65.3%, P<.124) and increased fibrosis (47.3% vs 40.5%, P<.154).

Conclusion: Smoking status may influence histopathologic tissue-level changes in CRS disease. Interestingly, former and

current smokers maintained few differences in histopathology. However, former and current smokers collectively demon-

strated increased chronic inflammatory changes compared with never smokers. These findings suggest that the timing of

smoking exposure has limited effect on the tissue level, rather exposure overall influences inflammatory change. These

findings may have important implications on medical and surgical management of CRS disease and comorbid smoking status.
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Introduction

Chronic rhinosinusitis (CRS) is a heterogeneous disease
process characterized by sinonasal inflammation persist-
ing for longer than 12 weeks.1 Studies of structured his-
topathology reporting have led to the classification of
CRS into phenotypes including CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP).
Each of these phenotypes has distinct histopathologic
features: CRSsNP is associated with increased neutro-
philia, fibrosis, goblet cell hyperplasia, and mononuclear
cell infiltration, whereas CRSwNP is associated with
increased eosinophilia, edematous stroma with albumin
deposition, and pseudocyst formation.2
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A common comorbidity associated with CRS is
tobacco usage. Numerous prior studies have demon-
strated correlations between exposure to cigarette
smoke and the development of CRS: the Global
Allergy and Asthma European Network (GA2 LEN)
study conducted in 2011 demonstrated that an increased
number of pack-years was associated with a higher odds
ratio of CRS, while a study published in 2015 of over
37 000 patients in South Korea found that every year of
active smoking increased CRS prevalence by 1.5%.3,4 In
addition, a 2014 systematic review conducted by Hur
et al. noted that a majority of studies reviewed identified
a significant correlation between exposure to second-
hand smoke and development of sinusitis.5

Studies have also sought to identify the pathophysio-
logic mechanisms by which smoking drives CRS. A
study conducted in 2014 by Lee et al. demonstrated
that chronic exposure to cigarette smoke promoted
airway remodeling and nasal polyp formation in
murine models.6 A more recent molecular study identi-
fied proinflammatory cytokines such as interleukin-
8 (IL-8) and tumor necrosis factor- a (TNF-a) that are
upregulated in the sinonasal polyps of smokers with
CRSwNP.7

However, although studies have investigated altera-
tions in inflammatory pathways, no study to date has
analyzed the changes in structured histopathology that
occur in CRS patients exposed to cigarette smoke. Thus,
the purpose of this study is to compare histopathologic
profiles between CRS patients who currently, formerly,
and never smoked cigarettes. The findings of this study
may provide insight into the mechanisms that drive dis-
ease pathogenesis in CRS patients exposed to cigarette
smoke, which can in turn be utilized to tailor individu-
alized management.8

Materials and Methods

A structured histopathology report consisting of 13 var-
iables was utilized to analyze ethmoid sinus tissue
removed during functional endoscopic sinus surgery
(FESS; Table 1). This tissue was retrieved during the
ethmoidectomy portion of the sinus surgery. Two path-
ologists dedicated to head and neck research, completed
structured histopathology reports for a cohort of CRS
patients undergoing FESS at Rush University Medical
Center (RUMC) between June 2014 and January 2019.
The pathologists were blinded to the purpose of the
study. The study protocol was approved by the institu-
tional review board at RUMC. Histopathologic varia-
bles assessed included the type of tissue (bone,
respiratory mucosa, and mucoserous glands), degree of
inflammation (mild or moderate), number of eosinophils
per high power field (HPF; <5/HPF and 5þ/HPF), neu-
trophil infiltrate (present or absent), basement

membrane thickening (present or absent), subepithelial

edema (absent or present [focal, perivascular, or distor-

tion of mucosal structure]), hyperplastic/papillary

changes (present or absent), mucosal ulceration (present

or absent), squamous metaplasia (present or absent),

fibrosis (present or absent), Charcot–Leyden crystals

(present or absent), and eosinophil aggregates (present

or absent). The determination of presence or absence of

features was made by pathologists upon examination of

the biopsied tissue specimen. Papillary and hyperplastic

changes are well established in head and neck pathology

literature as manifestations of reactive, inflammatory

processes at the tissue level.9 Hyperplastic changes

refer to the presence of glandular hyperplasia, a histo-

pathologic characteristic observed in the sinonasal

mucosa of CRS disease. The hyperplastic changes may

influence the ability of cilia of the sinonasal mucosa to

effectively clear secretions.10,11 Hyperplastic changes can

be found in other tissue sites among smokers. In

Pulmonology literature, it has been posited that smoking

irritants provoke hyperplastic changes involved in

airway remodeling.12 Notably, among chronic obstruc-

tive pulmonary disease patients, significant hyperplastic

changes specifically of goblet cells takes place over long-

Table 1. Structured Histopathology Report.

Variables

Tissue present Respiratory mucosa

Mucoserous glands

Bone

Overall degree of inflammation Mild

Moderate

Eosinophil count per HPF <5

5þ
Neutrophil infiltrate Presence

Absence

Inflammatory predominance Presence

Absence

Basement membrane thickening Presence

Absence

Subepithelial edema Presence

Absence

Hyperplastic/papillary changes Presence

Absence

Mucosal ulceration Presence

Absence

Squamous metaplasia Presence

Absence

Fibrosis Presence

Absence

Charcot–Leyden crystals Presence

Absence

Eosinophil aggregates Presence

Absence

Abbreviation: HPF, high power field.
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term exposure to cigarette smoke.13 In addition, reticular

basement membrane thickening has been observed in the
bronchial mucosa of smoking patients.14 Basement

membrane thickening has also been well established as

a characteristic histopathologic change in chronic dis-

ease of the sinonasal mucosa.10

Inclusion criteria for CRSsNP patient participation in

this study were patient age 18 years and older, CRS

patients in need of FESS due to medically recalcitrant

disease, and CRS diagnosis based on 12weeks of contin-
uous sinonasal symptoms and positive findings for sinus-

itis on endoscopy and sinus computed tomography scan

based on clinical guidelines.15 Two dedicated fellowship-

trained rhinologists performed the surgeries at RUMC.
A retrospective chart review was performed to collate

pertinent clinical information including demographics

and comorbid conditions (including tobacco smoking
status—never, former, or current). We defined former

smoker as any patient who smoked tobacco in the past

but does not currently smoke. Student’s t test (2-tailed)

was used for comparison of parametric data. One-way
analysis of variance test was used to compare means

between more than 2 independent groups.

Nonparametric qualitative variables were cross classified

into contingency tables and compared using v2 testing.
All statistical analyses were performed using SPSS, ver-

sion 24.0.0.0 (IBM SPSS Statistics for Macintosh,

Version 24.0. Armonk, New York). A P value of .05 or

less was considered significant for all statistical analyses.

Results

A total of 285 CRS patients were included: 173 never
smokers, 85 former smokers, and 27 current smokers.

Average age of the cohort was 48.82� 16.46 years. The

cohort included 47% male and 53.0% female patients.

Table 2 summarizes demographics and comorbidities by
smoking status. Average 22-item Sino-Nasal Outcome

Test (SNOT-22) scores for never, former, and current

smokers were 42.1� 23.4, 41.3� 21.0, and 38.3� 27.8,

respectively (P< .738). Preoperative antibiotics and ste-

roids were used on patients when appropriate to treat
active purulent infection and severe edema from polyp-

oid disease. Preoperative antibiotics and steroid use

could not be controlled given the retrospective nature

of this study; 33.3% of patients were on antibiotics pre-

operatively and 63.5% of patients were on steroids pre-

operatively. There was no statistically significant
difference in the percentage of patients on preoperative

antibiotics among never smokers, former smokers, and

current smokers (P< .453). There was no statistically

significant difference in the percentage of patients on

preoperative steroids among never smokers, former
smokers, and current smokers (P< .950).

Comparison of structured histopathology by patient

smoking status was obtained (Table 3). There was only

one statistically significant difference in the presence or

absence of histopathology measures across the 3 patient
cohorts of never smokers, former smokers, or current

smokers (Table 3). Compared with never and former

smokers, current smokers demonstrated only increased

basement membrane thickening (P< .049; Table 3).

Structured histopathology variables were then compared
between former smokers and current smokers (Table 4).

Compared with former smokers, current smokers dem-

onstrated increased basement membrane thickening

(P< .020) and a trend toward increased polypoid disease

(P< .073; Table 4). Next, structured histopathology var-

iables were examined among never smokers versus
“ever” smokers (inclusive of former and current smok-

ers; Table 5). Compared with never smokers, “ever”

smokers (former and current smokers) demonstrated

increased hyperplastic/papillary changes (P< .035),

increased squamous metaplasia (P< .040), and trends
toward increased basement membrane thickening

(P< .124) and increased fibrosis (47.3% vs 40.5%,

P< .154; Table 5). An image of hyperplastic/papillary

changes can be found in the figure attached, which is

an Haemotoxylin and Eosin (H&E)-stained sample
showing a fragment of papillary hyperplastic mucosa

(�400; Figure 1). An image of basement membrane

thickening can be found in the figure attached, which

is an H&E-stained sample showing a fragment of

mucosa with basement membrane thickening (�400;

Figure 2).
When comparing never to former smokers, former

smokers had increased hyperplastic/papillary changes

(P< .031). When comparing former to ever smokers,

there were no statistically significant differences in his-
topathologic variables. For results stratified by polypoid

or nonpolypoid disease, see Tables 6 and 7. Notably,

among CRSwNP patients, current smokers demonstrate

an absence of eosinophils compared with former and

never smokers (P< .006; Table 6).

Table 2. Demographic and Comorbidity Data by Smoking
Status.

Variable

Never

Smokers

(n¼ 173)

Former

Smokers

(n¼ 85)

Current

Smokers

(n¼ 27)

Average age (years) 45.9� 17.0 55.9� 13.8 45.4� 14.3

Male, % 36.4 60.0 74.1

Female, % 63.6 40.0 25.9

Asthma, % 37.6 35.3 25.9

AERD, % 4.6 9.4 0.0

Allergic rhinitis, % 54.9 48.2 29.6

Abbreviations: AERD, Aspirin-exacerbated respiratory disease.
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Discussion

Smoking exposure causes inflammation of the
sinonasal mucosa that exacerbates CRS disease.
The pathophysiologic mechanisms by which smoking
promotes inflammation in CRS disease have been inves-
tigated. Toxic carcinogens contained in smoke are
thought to cause reactive irritation of the sinonasal
mucosa in CRS disease.4,16 Similar to damage caused
by other types of toxic exposure such as radiation,
long-standing inflammation secondary to smoking expo-
sure causes tissue-level changes.17 Specifically, squamous

metaplastic changes that occur in the context of smoking
exposure likely represent transformation of the nasal
mucosa provoked by toxic damage to the nasopharynx
and sinonasal cavity. Toxic injury by smoking to the
bronchial mucosa initiates a process of metaplastic epi-
thelial transformation. In response to toxic smoking
exposure, basal cells of the pseudostratified epithelium
reenter the cell cycle as hyperproliferative cells express-
ing squamous phenotype markers.18 As mucosal cells of
the nasopharynx and bronchial tract undergo metaplas-
tic transformation, squamous epithelial cytokeratin and
cell adhesion molecule expression increase.18 In addition,

Table 3. Association of Smoking Status and Histopathology in CRS—Never, Former, Current Smoker.

Variables

Never Smoker

(N¼ 173; %)

Former Smoker

(N¼ 85; %)

Current Smoker

(N¼ 27; %) P

CRSwNP 44.5 48.2 66.7 .100

CRSsNP 55.5 51.8 33.3

Degree of inflammation .641

Mild inflammation 44.5 50.6 44.4

Moderate–severe inflammation 55.5 49.4 55.6

Number of eosinophils per HPF .463

<5 49.7 57.6 55.6

5þ 50.3 42.4 44.4

Neutrophil infiltrate .441

Present 26.0 32.9 33.3

Absent 74.0 67.1 66.7

Basement membrane thickening .049

Present 65.3 67.1 88.9

Absent 34.7 32.9 11.1

Subepithelial edema .441

Present 61.3 52.9 59.3

Absent 38.7 47.1 40.7

Hyperplastic/papillary changes .103

Present 6.9 15.3 11.1

Absent 93.1 84.7 88.9

Mucosal ulceration .571

Present 3.5 2.4 0.0

Absent 96.5 97.6 100.0

Squamous metaplasia .102

Present 17.3 24.7 33.3

Absent 82.7 75.3 66.7

Fibrosis .449

Present 40.5 45.9 51.9

Absent 59.5 54.1 48.1

Fungal .998

Present 3.5 3.5 3.7

Absent 96.5 96.5 96.3

Charcot–Leyden crystals .209

Present 3.5 7.1 0.0

Absent 96.5 92.9 100.0

Eosinophil aggregates .221

Present 26.6 24.7 11.1

Absent 73.4 75.3 88.9

Abbreviations: CRS, chronic rhinosinusitis; CRSsNP, CRS without nasal polyps; CRSwNP, CRS with nasal polyps; HPF, high power field.

Bold values represent statistically significant values.
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chronic toxic injury of smoking exposure has been found
to promote epithelial cell metaplasia, goblet cell hyper-
plasia, and edematous mucus secretion.16 Such tissue-
level changes are thought to be associated with cytokines
IL-4, IL-13, and growth factors.16 Another recent molec-
ular study identified specific proinflammatory cytokines
such as IL-8 and TNF-a that are upregulated in the
sinonasal polyps of smokers with CRSwNP.7

This study suggests that smoking influences histopath-
ologic tissue-level changes in CRS disease, independent of
timing of smoking exposure. Current smokers demon-
strated increased basement membrane thickening

compared with never and former smokers (P< .049;
Table 3). Notably, current smokers showed increased
inflammatory changes compared with former smokers,
as current smokers maintained increased basement mem-
brane thickening (P< .020) and a trend toward increased
polypoid disease (P< .073; Table 4). Interestingly, among
CRSwNP patients, current smokers demonstrated the
absence of eosinophils compared with former and never
smokers (P< .006; Table 6). While CRSwNP is typically
associated with increased eosinophilia,2 current smokers
in the present patient cohort demonstrated markedly
decreased eosinophilia compared with their smoking

Table 4. Association of Smoking Status and Histopathology in CRS—Former Versus Current Smoker.

Variables

Former Smoker

(N¼ 85; %)

Current Smoker

(N¼ 27; %) P

CRSwNP 48.2 66.7 .073

CRSsNP 51.8 33.3

Degree of inflammation .369

Mild inflammation 50.6 44.4

Moderate–severe inflammation 49.4 55.6

Number of eosinophils per HPF .510

<5 57.6 55.6

5þ 42.4 44.4

Neutrophil infiltrate .573

Present 32.9 33.3

Absent 67.1 66.7

Basement membrane thickening .020

Present 67.1 88.9

Absent 32.9 11.1

Subepithelial edema .364

Present 52.9 59.3

Absent 47.1 0.7

Hyperplastic/papillary changes .418

Present 15.3 11.1

Absent 84.7 88.9

Mucosal ulceration .574

Present 2.4 0.0

Absent 97.6 100.0

Squamous metaplasia .260

Present 24.7 33.3

Absent 75.3 66.7

Fibrosis .374

Present 45.9 51.9

Absent 54.1 48.1

Fungal .674

Present 3.5 3.7

Absent 96.5 96.3

Charcot–Leyden crystals .183

Present 7.1 0.0

Absent 92.9 100.0

Eosinophil aggregates .106

Present 24.7 11.1

Absent 75.3 88.9

Abbreviations: CRS, chronic rhinosinusitis; CRSsNP, CRS without nasal polyps; CRSwNP, CRS with nasal polyps; HPF, high power field.

Bold values represent statistically significant values.
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Table 5. Association of Smoking Status and Histopathology in CRS—Never Versus Ever Smoker.

Variables

Never Smoker

(N¼ 173; %)

Ever Smoker

(N¼ 112; %) P

CRSwNP 44.5 52.7 .110

CRSsNP 55.5 47.3

Degree of inflammation .261

Mild inflammation 44.5 49.1

Moderate–severe inflammation 55.5 50.9

Number of eosinophils per HPF .134

<5 49.7 57.1

5þ 50.3 42.9

Neutrophil infiltrate .126

Present 26.0 33.0

Absent 74.0 67.0

Basement membrane thickening .124

Present 65.3 72.3

Absent 34.7 27.7

Subepithelial edema .155

Present 61.3 54.5

Absent 38.7 45.5

Hyperplastic/papillary changes .035

Present 6.9 14.3

Absent 93.1 85.7

Mucosal ulceration .327

Present 3.5 1.8

Absent 96.5 98.2

Squamous metaplasia .040

Present 17.3 26.8

Absent 82.7 73.2

Fibrosis .154

Present 40.5 47.3

Absent 59.5 52.7

Fungal .602

Present 3.5 3.6

Absent 96.5 96.4

Charcot–Leyden crystals .313

Present 3.5 5.4

Absent 96.5 94.6

Eosinophil aggregates .199

Present 26.6 21.4

Absent 73.4 78.6

Abbreviations: CRS, chronic rhinosinusitis; CRSsNP, CRS without nasal polyps; CRSwNP, CRS with nasal polyps; HPF, high power field.

Bold values represent statistically significant values.

Figure 1. H&E-stained sample showing a fragment of papillary
hyperplastic mucosa (�400).

Figure 2. H&E-stained sample showing a fragment of mucosa with
basement membrane thickening (�400).
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status counterparts. This finding suggests that chronic
toxic injury of smoking exposure may cause tissue-level
changes that influence the inflammatory milieu within
established phenotypes of CRS disease.

Importantly, “ever” smokers (inclusive of former and
current smokers) demonstrated the signs of chronic
inflammatory responses through increased hyperplas-
tic/papillary changes (P< .035), increased squamous
metaplasia (P< .040), and trends toward increased base-
ment membrane thickening (72.3% vs 65.3%, P< .124)
and increased fibrosis (47.3% vs 40.5%, P< .154; Table
5). These findings suggest that tissue-level changes of the
sinonasal mucosa occur secondary to smoking

independent of chronicity of smoking exposure.
Although current smokers fare worse than former smok-
ers, tissue-level changes persist among former smokers
even after ending smoking exposure.

Several limitations to this study exist. As a retrospective
study, we were unable to control for systemic steroids or
inhaled corticosteroids. Steroids have been well established
as an anti-inflammation treatment regimen for CRS.19–21

The established cutoff value for sinus tissue eosinophilia of
“5/HPF” is a potential limitation of this study as studies
have utilized different approaches to define eosinophilia in
sinus tissue.8,22,23 Specific histopathologic characteristics of
CRSdisease, namely, the presence of eosinophil aggregates,

Table 6. Association of Smoking Status and Histopathology in CRS—Never, Former, Current Smoker Among CRSwNP
Patients.

Variables

Never Smoker

(N¼ 77; %)

Former Smoker

(N¼ 41; %)

Current Smoker

(N¼ 18; %) P

Degree of inflammation .318

Mild inflammation 31.2 34.1 50.0

Moderate–severe inflammation 68.8 65.9 50.0

Number of eosinophils per HPF .036

<5 24.7 29.3 55.6

5þ 75.3 70.7 44.4

Neutrophil infiltrate .175

Present 29.9 43.9 22.2

Absent 70.1 56.1 77.8

Basement membrane thickening .403

Present 74.0 75.6 88.9

Absent 26.0 24.4 11.1

Subepithelial edema .140

Present 70.1 75.6 50.0

Absent 29.9 24.4 50.0

Hyperplastic/papillary changes .054

Present 10.4 26.8 11.1

Absent 89.6 73.2 88.9

Mucosal ulceration .618

Present 5.2 4.9 0.0

Absent 94.8 95.1 100.0

Squamous metaplasia .162

Present 19.5 34.1 33.3

Absent 80.5 65.9 66.7

Fibrosis .845

Present 49.4 53.7 55.6

Absent 50.6 46.3 44.4

Fungal .661

Present 3.9 2.4 0.0

Absent 96.1 97.6 100.0

Charcot–Leyden crystals .168

Present 7.8 14.6 0.0

Absent 92.2 85.4 100.0

Eosinophil aggregates .006

Present 44.2 46.3 5.6

Absent 55.8 53.7 94.4

Abbreviations: CRS, chronic rhinosinusitis; CRSwNP, CRS with nasal polyps; HPF, high power field.

Bold values represent statistically significant values.
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has been associated with increased steroid requirements for
disease control.24 Oral and topical steroids have been
shown to modulate nasal polyp mucosa remodeling,
through promotion of epithelial repair, tissue remodeling
regulation, increasing collagen content, and reducing eosin-
ophil infiltration.25 Topical steroids have also been shown
to affect the microbiome of the nasal sinuses.26

Conclusion

Smoking status may influence histopathologic tissue-
level changes in CRS disease. Interestingly, former and
current smokers maintained few differences in histopa-
thology. However, “ever” smokers (former and current

smokers collectively) demonstrated increased chronic

inflammatory changes compared with never smokers.

This study suggests that the timing of smoking exposure

has limited effect on longstanding tissue-level changes.

Instead, exposure overall influences inflammatory

change. These findings may have important implications

for medical and surgical management of CRS disease

and for counseling CRS patients in the context of

comorbid smoking status.

Authors’ Note

This study has been presented as an oral presentation at the

2019 Rhinoworld Meeting, Chicago Illinois, June 9, 2019.

Table 7. Association of Smoking Status and Histopathology in CRS—Never, Former, Current Smoker Among CRSsNP
Patients.

Variables

Never Smoker

(N¼ 96; %)

Former Smoker

(N¼ 44; %)

Current Smoker

(N¼ 9; %) P

Degree of inflammation .165

Mild inflammation 55.2 65.9 33.3

Moderate–severe inflammation 44.8 34.1 66.7

Number of eosinophils per HPF .098

<5 69.8 84.1 55.6

5þ 30.2 15.9 44.4

Neutrophil infiltrate .089

Present 22.9 22.7 55.6

Absent 77.1 77.3 44.4

Basement membrane thickening .196

Present 58.3 59.1 88.9

Absent 41.7 40.9 11.1

Subepithelial edema .010

Present 54.2 31.8 77.8

Absent 45.8 68.2 22.2

Hyperplastic/papillary changes .641

Present 4.2 4.5 11.1

Absent 95.8 95.5 88.9

Mucosal ulceration .571

Present 2.1 0.0 0.0

Absent 97.9 97.6 100.0

Squamous metaplasia .390

Present 15.6 15.9 33.3

Absent 84.4 84.1 66.7

Fibrosis .705

Present 33.3 38.6 44.4

Absent 66.7 61.4 55.6

Fungal .496

Present 3.1 4.5 11.1

Absent 96.9 95.5 88.9

Charcot–Leyden crystals N/A

Present 0.0 0.0 0.0

Absent 100.0 100.0 100.0

Eosinophil aggregates .191

Present 12.5 4.5 22.2

Absent 87.5 95.5 77.8

Abbreviations: CRS, chronic rhinosinusitis; CRSsNP, CRS without nasal polyps; HPF, high power field; N/A, not applicable.

Bold values represent statistically significant values.
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