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IGHLIGHTS
The  chronic  rhinosinusitis  patients  with  chronic  cough  had  significant  obstructive  lung  function.
The  SNOT  score  is  high  in  chronic  cough  patients  with  chronic  rhinosinusitis.
The  lower  airway  examination  is  important  in  chronic  cough  patients.
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Abstract
Objectives:  The  purpose  of  this  study  is  to  investigate  the  lung  function  in  Chronic  Rhinosinusitis
(CRS) patients  with  Chronic  Cough  (CC).
Methods:  A  total  of  1413  CC  patients  were  retrospectively  screened  and  109  CRS  patients  with
CC were  enrolled.  Lung  function,  Lund-Mackay  Computed  Tomography  (CT)  score,  smoking  sta-
tus, peripheral  blood  eosinophil  count,  and  immunoglobulin  E  concentration  in  serum  samples,
and Sino-Nasal  Outcome  Test  were  examined.  Normal  control  subjects  are  also  recruited.

Results: The  Forced  Expiratory  Volume  in  1  second  (FEV1.0),  Percent  Predicted  FEV1.0,  and
FEV1.0/Forced  Vital  Capacity  (FVC)  ratio  in  the  patients  were  significantly  low  as  compared  with
the control  subjects.  The  FEV1.0/FVC  ratio  was  negatively  correlated  with  the  Lund-Mackay  CT
scores of  the  patients  with  a  high  CT  score.
Abbreviations: %VC, Percent predicted Vital Capacity; FVC, Forced Vital Capacity; FEV1.0, Forced Expiratory Volume in 1 second; %FEV1.0,
ercent Predicted FEV1.0.
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Conclusions:  The  CRS  patients  with  CC  should  be  investigated  with  lung  function.  In  addition,
the multidisciplinary  evaluation  including  a  pulmonologist  is  needed  to  manage  the  CRS  patients
with CC.
Level  of  evidence:  Level  4.
© 2024  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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 close  relationship  between  upper  and  lower  airway  dis-
ases  is  well  known,  and  the  ‘‘United  Airways  Concept’’  has
een  widely  accepted.1 Chronic  cough  (CC)  is  a  common  ill-
ess.  Approximately  10---20%  of  the  general  population  may
uffer  from  this  condition,  resulting  in  significant  impair-
ent  of  quality  of  life.2 CC  is  defined  as  a  persistent

ough  lasting  longer  than  eight  weeks,  and  numerous  factors
ncluding  asthma,  Chronic  Obstructive  Pulmonary  Disease
COPD),  gastroesophageal  reflux  disease,  tobacco  smoking,
ccupational  irritants,  and  air  pollution  have  a  significant
mpact  both  in  the  onset  and  development  of  CC.3

Chronic  Rhinosinusitis  (CRS)  is  a  heterogeneous  and  com-
lex  disease  of  the  nose  and  paranasal  sinuses  that  occurs
n  1---5%  of  the  population  of  the  United  States  of  America.4

ough  is  one  of  the  important  symptoms  of  CRS,  and  a  pos-
ible  relationship  between  CRS  and  CC  has  been  reported.5,6

RS  might  also  have  some  impact  on  the  pathogenesis  of  lung
iseases  related  to  CC;7 however,  a  definitive  mechanism  has
ot  been  revealed.

To the  best  of  our  knowledge,  no  previous  study  has
xamined  the  pulmonary  function  in  CRS  patients  with  CC
iagnosed  by  the  European  Position  Paper  on  Rhinosinusitis
nd  Nasal  Polyps  (EPOS)  criteria.8 The  purpose  of  this  study  is
o  reveal  the  lung  condition  in  CRS  patients  with  CC  who  have
o  abnormal  findings  on  radiological  chest  examination.

ethods

ubjects

his  is  a  retrospective  case-control  study.  A  total  of  1413
C  patients  visiting  in  our  hospital  between  2010  and  2015
ere  enrolled  in  this  study.  All  of  them  received  medical
xaminations  by  respiratory  physicians.  The  patients  were
arefully  interviewed  and  were  examined  by  chest  X-Ray,
ronchial  obstruction  reversibility  test  using  a  short-acting
2  adrenergic  receptor  agonist,  and  pulmonary  function
est.  Then,  the  patients  with  wheeze,  a  positive  bron-
hodilator  response  and/or  chest  X-Ray  abnormalities  were
xcluded  from  the  study.  In  addition,  the  patients  with
astroesophageal  reflux  disease  were  also  excluded  by  fre-
uency  scale  for  the  symptoms  of  gastroesophageal  reflux
isease  questionnaire,  a  validated  questionnaire  in  the

apanese  population.9 A  paranasal  sinus  Computed  Tomog-
aphy  (CT)  scan  was  performed  on  all  patients,  and  the
atients  with  CRS  based  on  the  EPOS  criteria8 were  selected.
n  the  end,  109  patients  were  left  to  be  evaluated  (Fig.  1).

B

T
o
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he  53  volunteers  without  any  chronic  respiratory  symp-
oms  were  also  recruited  in  our  hospital.  Because  3  subjects
ere  excluded  from  this  study  because  of  the  past  history
f  asthma,  50  subjects  were  enrolled  as  the  age/gender-
atched  normal  control  participants.  Informed  consent
as  obtained  from  the  enrolled  subjects.  The  study  was
pproved  by  the  Institutional  Review  Board  (IRB  approval
umber:  FS-79)  and  conducted  in  compliance  with  the  Dec-
aration  of  Helsinki.

ulmonary  function  test

ulmonary  function  testing  was  performed  (DISCOM-21  FX
II,  CHEST  Inc.,  Tokyo,  Japan)  in  the  afternoon,  and  the  fol-
owing  parameters  were  measured  or  calculated:  percent
redicted  Vital  Capacity  (%VC),  Forced  Vital  Capacity  (FVC),
orced  Expiratory  Volume  in  1  second  (FEV1.0),  Percent  Pre-
icted  FEV1.0 (%FEV1.0),  and  FEV1.0/FVC  ratio.10 A  nose  clip
as  used  during  the  examination.  The  examination  accept-
bility  and  reproducibility  criteria  were  adopted  according
o  the  guideline.10 The  reference  equation  provided  by
anufacturer  was  used  to  define  the  limits  of  normality.
he  examination  was  done  by  some  technicians  receiving
he  same  training.  The  patients  with  FEV1.0/FVC  ratio  <
0%  were  considered  having  an  obstructive  respiratory  ven-
ilation  disorder.  The  inhaled  medication  restrictions  and
obacco  abstinence  for  one  day  were  required  for  patients.

und-Mackay  CT  score

 paranasal  sinus  CT  scan  was  applied  to  all  participants,
nd  the  radiographic  severity  of  CRS  was  assessed  by  the
und-Mackay  CT  staging  system.11

eripheral  blood  test

o  assess  the  atopic  status,  the  following  blood  tests  were
sed.  The  white  blood  cell  and  eosinophil  counts  were  mea-
ured  in  peripheral  blood.  Eosinophil  counts  >  500/�L was
onsidered  as  eosinophilia.  The  total  Immunoglobulin  E  (IgE)
n  serum  samples  (normal  value  <  170  IU/mL)  was  also  deter-
ined  by  contractor  (BML  Inc.,  Tokyo,  Japan).  These  tests
ere  performed  at  the  same  time.
ronchodilator  reversibility  test

o  exclude  the  subclinical  asthmatic  patients,  a  bronchial
bstruction  reversibility  test  was  applied  to  all  CC  patients
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Figure  1  Flow  chart  of  main  stud

ccording  to  guideline.10 Thirty  minutes  after  inhalation
f  a  bronchodilator  using  nebulizer  (salbutamol,  5  mg/mL,
.3  mL),  the  pulmonary  function  test  was  performed.  The
ncrease  of  FEV1.0 ≥  12%  and  200  mL  from  baseline  after
nhalation  of  a  short-acting  �2-agonist  was  considered  as
ositive  in  this  test.

ino-Nasal  Outcome  Test  (SNOT-20)

he  Sino-Nasal  Outcome  Test  (SNOT-20)  is  a  useful  ques-
ionnaire  designed  to  evaluate  subjective  symptoms.12

NOT-20  (need  to  blow  the  nose,  sneezing,  runny  nose,
ough,  postnasal  discharge,  thick  nasal  discharge,  ear
ullness,  dizziness,  ear  pain,  facial  pain/pressure,  diffi-
ulty  falling  asleep,  waking  up  at  night,  lack  of  a  good
ight’s  sleep,  waking  up  tired,  fatigue,  reduced  produc-
ivity,  reduced  concentration,  frustrated/restless/irritable,
ad,  and  embarrassed)  was  used  to  assess  the  severity  of  an
ndividual’s  symptoms  in  CC  patients.

tatistical  analysis

ata  are  presented  as  mean  ±  standard  deviation.  A  Chi-
quare  test  was  used  to  determine  any  difference  between
roportions.  A  non-parametric  statistical  method  (Mann-
hitney  U  test)  was  used  for  comparisons  between  the  two

roups.  Spearman’s  rank  correlation  coefficient  was  applied
o  correlation  analysis  to  study  the  strength  of  a  relation-
hip  between  the  two  groups.  A  p-value  less  than  0.05  was
egarded  as  statistically  significant.  Statistical  analyses  were
erformed  using  commercially  available  software  (IBM  SPSS
tatistics,  Version  24,  IBM,  New  York,  USA).
esults

he  clinical  characteristics  of  the  CRS  patients  with  CC  and
he  normal  control  subjects  are  summarized  in  Table  1.
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ticipants  in  the  case-control  study.

here  was  no  significant  difference  between  the  groups  in
ge,  gender,  and  smoking  status.  An  abnormal  soft  tissue
hadow  without  any  respiratory  symptoms  in  the  paranasal
inus  was  detected  on  CT  in  some  control  subjects.  There
as  a significant  difference  in  eosinophil  count  in  peripheral
lood  between  the  groups.

Table  2  shows  the  pulmonary  function  in  the  CRS  patients
ith  CC  and  the  normal  control  subjects.  There  was  no

tatistically  significant  difference  in  %VC  between  the  CRS
atients  with  CC  and  the  normal  control  subjects.  In  con-
rast,  the  FEV1.0/FVC  ratio  in  the  CRS  patients  with  CC
median,  78.9%)  was  significantly  lower  than  that  in  the
ormal  control  subjects  (median,  83.9%)  (p  <  0.05).  The
EV1.0/FVC  ratio  is  the  most  accepted  parameter  for  showing
bstructive  lung  function  changes  in  the  pulmonary  func-
ion  test.  In  addition,  other  parameters  (FEV1.0 and  %FEV1.0)
lso  indicating  obstructive  lung  function  changes  in  the  CRS
atients  with  CC  were  significantly  lower  than  the  respec-
ive  parameters  for  the  normal  control  subjects  (p  <  0.05).
here  was  no  significant  difference  in  pulmonary  function
etween  before  and  after  the  bronchodilator  inhalation  in
he  CRS  patients  with  CC.  There  was  no  significant  difference
n  %VC  and  FVC  between  smoker  (n  =  52)  and  non-smoker
n  =  57)  in  the  CRS  patients  with  CC  (p  >  0.05).  The  non-
moker  patients  showed  significantly  better  lung  function
FEV1.0/FVC  ratio,  %FEV1.0,  and  FEV1.0)  compared  to  those
ith  smoke  (p  <  0.05).

In  the  Lund-Mackay  CT  staging  system,  scores  can  range
etween  0  and  24.  We  divided  the  CRS  patients  with  CC  into
wo  groups  based  on  the  CT  score  (low  CT  score  group,  Lund-
ackay  CT  score  <  12;  high  CT  score  group,  Lund-Mackay
T  score  ≥12).  The  FEV1.0/FVC  ratio  in  the  high  CT  score
roup  (76.2%  ±  9.6%)  was  lower  than  that  in  the  low  CT  score
roup  (78.5%  ±  7.3%);  however,  the  difference  did  not  reach

tatistical  significance.  The  correlation  analysis  showed  no
otable  significant  correlation  between  the  FEV1.0/FVC  ratio
nd  Lund-Mackay  CT  scores  of  the  CRS  patients  with  CC  who
ad  a  low  CT  score  (<12).  In  contrast,  the  FEV1.0/FVC  ratio  of
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Table  1  Characteristics  of  the  patients  and  the  normal  control  subjects.

Patients  Controls  p

Number  of  subjects  (n)  109  50
Male/Female  (n)  57  /  52  27  /  23  0.837
Age (years)  50.1  ±  14.8  47.9  ±  13.0  0.357
Height (cm)  164.7  ±  9.3  162.8  ±  9.4  0.292
Body weight  (kg)  63.2  ±  13.8  62.7  ±  17.1  0.422
Body mass  index  23.2  ±  4.1  23.4  ±  4.8  0.922
Lund-Mackay  CT  score  9.1  ±  4.5  0.9  ±  1.7  <0.001
Smoking status

Ex-smoker  (n) 38  9
Current smoker  (n) 14  10  0.080
Never smoker  (n) 57  31

Brinkman  index
Ex-smoker  278.8  ±  321.7  325.0  ±  159.5  0.107
Current smoker  463.9  ±  246.3  532.5  ±  309.1  0.578

Peripheral blood  examination
White  blood  cell  count  (/�L)  6,433.5  ±  1,714.7  5,984.0  ±  1,572.3  0.130
Eosinophil count  (/�L)  309.8  ±  257.1  153.5  ±  126.1  <0.001
Eosinophil count  (%)  5.0  ±  4.2  2.6  ±  2.0  <0.001

Serum IgE  level  (IU/mL)  229.2  ±  387.3  112.7  ±  114.8  0.922

CT, Computed Tomography.
Data represent mean ± standard deviation.

Table  2  Pulmonary  function  in  the  patients  before  bronchodilator  inhalation  and  the  normal  control  subjects.

Patients Controls  p

%VC  (%)  95.0  ±  11.9  94.4  ±  10.0  0.898
FVC (L)  3.35  ±  0.89  3.45  ±  0.86  0.397
FEV1.0 /  FVC  ratio  (%)  77.9  ±  7.9  82.5  ±  11.7  <0.001
%FEV1.0 (%)  87.7  ±  13.0  96.9  ±  10.6  <0.001
FEV1.0 (L/s)  2.61  ±  0.74  2.89  ±  0.69  0.024

Data represent mean ± standard deviation.
ity; FEV1.0, Forced Expiratory Volume in 1 second; %FEV1.0, Percent
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Figure  2  Relationship  between  the  Forced  Expiratory  Vol-
ume in  1  second  (FEV1.0)/Forced  Vital  Capacity  (FVC)  ratio
(FEV1.0/FVC  ratio)  before  bronchodilator  inhalation  and  the
Lund-Mackay  Computed  Tomography  (CT)  score  of  chronic  cough
%VC, Percent Predicted Vital Capacity; FVC, Forced Vital Capac
Predicted FEV1.0.

he  patients  with  a  high  CT  score  (≥12)  negatively  correlated
ith  their  Lund-Mackay  CT  scores  (p  <  0.05)  (Fig.  2).

The  SNOT-20  scores  are  shown  in  Table  3. The  scores  for
ostnasal  discharge  and  thick  nasal  discharge  in  the  patients
ith  a  high  CT  score  (≥12)  were  significantly  higher  than

he  respective  scores  of  the  patients  with  a  low  CT  score
<12)  (p  <  0.05).  The  scores  in  the  rhinologic  domain  of
NOT-20  (need  to  blow  the  nose,  sneezing,  runny  nose,  post-
asal  discharge,  and  thick  nasal  discharge)13 in  the  patients
ith  a  high  CT  score  (≥12)  (10.7  ±  5.5)  were  significan-

ly  higher  than  those  in  the  patients  with  a  low  CT  score
<12)  (7.8  ±  5.1)  (p  <  0.05).  The  scores  in  the  rhinologic
omain  of  SNOT-20  in  patients  with  a  high  CT  score  (≥12)
nd  FEV1.0/FVC  ratio  tended  to  correlate  but  did  not  reach
tatistical  significance.  There  was  no  significant  correla-
ion  between  the  SNOT-20  scores  (ear  and  facial  symptoms
omain,  sleep  domain,  and  psychological  domain)  and  lung
unction.
To  exclude  the  effect  of  smoke,  next  we  show  the  find-
ngs  in  never  smokers  only.  The  characteristics  of  the  CRS
atients  with  CC  and  the  normal  control  subjects  who  never

p

4

atients  with  normal  chest  X-Ray  findings.
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Table  3  SNOT  scores  of  the  patients  with  chronic  cough.

CT  score  <  12  CT  score  ≥  12  p

Total 25.3  ±  14.7 27.2  ±  16.8  0.569
Need to  blow  nose  2.3  ±  1.5  2.9  ±  1.5  0.120
Sneezing 1.3  ±  1.2  1.0  ±  1.2  0.307
Runny nose  1.7  ±  1.7  2.2  ±  1.8  0.258
Cough 3.5  ±  1.4  3.4  ±  1.0  0.509
Postnasal discharge  1.4  ±  1.5  2.5  ±  1.6  0.012
Thick nasal  discharge  1.2  ±  1.6  2.2  ±  1.7  0.017
Ear fullness  1.0  ±  1.5  1.3  ±  1.5  0.152
Dizziness 0.7  ±  1.2 0.5  ±  1.1 0.209
Ear pain 0.3  ±  0.8 0.4  ±  1.0 0.835
Facial pain/pressure 0.6  ±  1.3 0.8  ±  1.5 0.839
Difficulty falling  asleep  1.6  ±  1.8  1.6  ±  1.8  0.776
Waking up  at  night  2.3  ±  1.9  2.1  ±  1.8  0.595
Lack of  good  night’s  sleep  2.4  ±  1.8  2.0  ±  1.7  0.487
Waking up  tired  2.1  ±  1.6  1.9  ±  1.4  0.876
Fatigue 2.6  ±  1.6  2.3  ±  1.5  0.537
Reduced productivity  1.7  ±  1.5  1.6  ±  1.5  0.810
Reduced concentration  1.8  ±  1.5  1.6  ±  1.3  0.758
Frustrated/restless/irritable  1.6  ±  1.4  1.5  ±  1.5  0.748
Sad 1.1  ±  1.4  0.8  ±  1.1  0.575
Embarrassed  2.7  ±  1.5  2.9  ±  1.4  0.695

Data represent mean ± standard deviation.
SNOT, Sino-Nasal Outcome Test; CT, Computed Tomography.

Table  4  Characteristics  of  the  patients  and  the  normal  control  subjects  who  never  smoke.

Patients Controls  p

Number  of  subjects  (n)  57  31
Male/Female  (n)  15  /  42  13  /  18
Age (years)  48.8  ±  15.6  48.8  ±  14.5  0.903
Height (cm)  161.4  ±  9.6  160.2  ±  8.6  0.937
Body weight  (kg)  60.0  ±  15.4  60.4  ±  14.3  0.830
Body mass  index 22.9  ±  4.4  23.4  ±  4.5  0.567
Lund-Mackay  CT  score 8.5  ±  4.6 1.1  ±  1.9  <0.001
Peripheral blood  examination

White  blood  cell  count  (/�L) 6,505.5  ±  1,867.9 5,849.0  ±  1,739.5  0.122
Eosinophil count  (/�L)  313.3  ±  278.4  138.2  ±  133.1  0.002
Eosinophil count  (%)  4.9  ±  4.5  2.3  ±  2.1  0.003
Serum IgE  level  (IU/mL) 141.2  ±  176.1  90.3  ±  71.0  0.840
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CT, Computed Tomography.
Data represent mean ± standard deviation.

moke  are  summarized  in  Table  4.  The  CRS  patients  with
C  had  high  eosinophil  counts  as  compared  with  control
ubjects,  however  the  mean  eosinophil  counts  in  patients’
roup  was  <  500/�L. The  mean  levels  of  total  IgE  in  serum
amples  were  within  normal  value  (<  170  IU/mL)  in  both
roups.  There  was  no  significant  difference  in  the  level  of
gE  between  CRS  patients  with  CC  and  control  subjects.

Table  5  shows  the  pulmonary  function  in  the  CRS  patients
ith  CC  and  the  normal  control  subjects  who  never  smoke.
here  was  no  statistically  significant  difference  in  %VC

etween  the  CRS  patients  with  CC  and  the  normal  con-
rol  subjects.  In  contrast,  the  FEV1.0/FVC  ratio  in  the  CRS
atients  with  CC  (median,  80.5%)  was  significantly  lower
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han  that  in  the  normal  control  subjects  (median,  84.2%)
p  <  0.05).  In  addition,  FEV1.0 and  %FEV1.0 in  the  CRS  patients
ith  CC  were  significantly  lower  than  the  normal  control

ubjects,  respectively  (p  <  0.05).
There  was  no  significant  difference  in  FEV1.0/FVC  ratio

etween  the  high  CT  score  group  and  the  low  CT  score  group
n  CRS  patients  with  CC  who  never  smoke.  No  significant
orrelation  was  observed  between  the  FEV1.0/FVC  ratio  and
und-Mackay  CT  scores  of  the  CRS  patients  with  CC  who
ever  smoke.
The  SNOT-20  scores  in  CRS  patients  with  CC  who  never
moke  are  shown  in  Table  6.  The  scores  for  postnasal  dis-
harge  in  the  patients  with  a high  CT  score  (≥12)  were
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Table  5  Pulmonary  function  in  the  patients  before  bronchodilator  inhalation  and  the  normal  control  subjects  who  never  smoke.

Patients  Controls  p

%VC  (%) 95.5  ±  12.0 94.5  ±  10.8  0.841
FVC (L)  3.08  ±  0.94  3.28  ±  0.86  0.196
FEV1.0/FVC  ratio  (%)  79.5  ±  6.1  81.5  ±  14.4  0.006
%FEV1.0 (%)  90.4  ±  12.4  98.6  ±  12.6  0.010
FEV1.0 (L/s)  2.45  ±  0.77  2.75  ±  0.72  0.045

Data represent mean ± standard deviation.
%VC, Percent Predicted Vital Capacity; FVC, Forced Vital Capacity; FEV1.0, Forced Expiratory Volume in 1 second; %FEV1.0, Percent
Predicted FEV1.0.

Table  6  SNOT  scores  of  the  patients  with  chronic  cough  who  never  smoke.

CT  score  <  12  CT  score  ≥  12  p

Total  26.3  ±  12.7  28.7  ±  14.2  0.682
Need to  blow  nose  2.2  ±  1.6  2.8  ±  1.5  0.356
Sneezing 1.4  ±  1.2  0.8  ±  1.0  0.316
Runny nose  1.9  ±  1.6  3.0  ±  2.0  0.185
Cough 3.7  ±  1.2  3.7  ±  1.2  0.830
Postnasal discharge  1.2  ±  1.4  3.5  ±  1.0  0.002
Thick nasal  discharge  1.2  ±  1.6  2.2  ±  1.9  0.185
Ear fullness  1.1  ±  1.6  1.3  ±  1.5  0.711
Dizziness 0.7  ±  0.9  0.5  ±  1.2  0.571
Ear pain 0.4  ±  0.8  0.2  ±  0.4  0.625
Facial pain/pressure  0.8  ±  1.3  1.2  ±  1.5  0.625
Difficulty falling  asleep 1.9  ±  1.7  1.5  ±  1.9  0.598
Waking up  at  night  2.2  ±  1.7  2.3  ±  2.0  0.984
Lack of  good  night’s  sleep 2.2  ±  1.7  1.7  ±  1.8  0.445
Waking up  tired  1.8  ±  1.5  2.0  ±  1.4  0.682
Fatigue 2.8  ±  1.4  2.3  ±  1.4  0.598
Reduced productivity 1.6  ±  1.5 1.3  ±  1.5  0.711
Reduced concentration 1.8  ±  1.5 1.5  ±  1.4 0.711
Frustrated/restless/irritable  1.6  ±  1.5 1.7  ±  1.6  0.984
Sad 1.1  ±  1.2 0.8  ±  1.6 0.399
Embarrassed  2.7  ±  1.5 3.7  ±  1.0 0.159
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Data represent mean ± standard deviation.
SNOT, Sino-Nasal Outcome Test; CT, Computed Tomography.

ignificantly  higher  than  that  in  the  patients  with  a  low  CT
core  (<12)  (p  <  0.05).

iscussion

he  prevalence  of  CRS  is  very  high  throughout  the  world,
nd  patients  with  CRS  have  impaired  quality  of  life.14 CRS
ight  affect  the  lower  airway.15 Some  studies  reported  that

he  patients  with  CRS  had  obstructive  lung  function  changes,
nd  intensive  management  for  CRS  could  improve  lower  air-
ay  diseases.16---20 On  the  other  hand,  no  significant  effect
f  treatment  of  CRS  on  lung  diseases  has  been  reported.21

ow  to  manage  CRS  in  patients  with  lower  airway  diseases
as  been  controversial,  and  respiratory  physicians  tend  to
hink  lightly  of  the  presence  of  upper  airway  diseases.22
The  pathogenesis  of  CC  is  complex.  A  recent  study
eported  that  most  CC  patients  had  abnormal  findings  on
adiological  chest  examination,  but  CRS  might  be  consid-
red  as  one  cause  of  CC.5,7 In  addition,  low-dose,  long-term
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acrolide  antibiotics  treatment  could  improve  lung  func-
ion  in  CRS  patients  with  CC  who  had  normal  chest  X-Ray
ndings.6 In  this  study,  the  physical  examination,  chest  X-
ay,  and  pulmonary  function  test  on  all  patients  were  done
y  respiratory  physicians,  and  the  patients  with  subjective
ymptom  of  asthmatic  cough,  wheeze  and  any  abnormal
ndings  of  bronchodilator  reversibility  test  were  excluded
rom  the  study.  Our  findings  showed  that  CRS  patients  with
C  had  obstructive  pulmonary  function  changes  as  compared
ith  the  normal  control  subjects.

The  Lund-Mackay  CT  scoring  system  is  a  useful  tool  to
valuate  radiological  disease  severity  in  CRS.  Asymptomatic
ucosal  abnormalities  in  the  paranasal  sinus  are  some-

imes  found  incidentally  on  CT  scan,  and  several  studies
ave  reported  findings  within  the  normal  range  of  the  Lund-
ackay  CT  score.23,24 In  this  study,  some  control  subjects

ithout  respiratory  symptoms  had  a  paranasal  sinus  abnor-
ality  on  CT.  Because  a  Lund-Mackay  CT  score  ≤3  may
e  considered  within  normal  limits,  abnormal  CT  findings
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n  our  control  group  might  not  have  a  clinically  significant
mpact.  Lung  function  was  affected  in  the  CC  patients  with

 high  Lund-Mackay  CT  score  (≥12)  in  this  study,  and  their
T  scores  were  negatively  correlated  with  the  FEV1.0/FVC
atio.  Especially  in  patients  with  severe  CRS,  CRS  may  have
n  undesirable  effect  on  lung  function.

Postnasal  drip  is  a  possible  cause  of  CC  in  patients  with
RS.25,26 We  showed  in  this  study  that  the  patients  with  a
igh  CT  score  had  increased  SNOT  scores  for  postnasal  dis-
harge  and  thick  nasal  discharge  in  the  rhinologic  domain.
ostnasal  discharge  are  common  symptom  in  smokers.  Our
ndings  showed  that  the  never  smoker  patients  with  a  high
T  score  also  had  increased  SNOT  scores  for  postnasal  dis-
harge.  A  previous  study  showed  that  the  concentration  of
nterleukin-5  (IL-5)  in  nasal  secretions  was  significantly  cor-
elated  with  pulmonary  function  test  parameters  showing
bstructive  lung  function  changes  in  patients  with  CRS.19 IL-

 is  a  cytokine  released  from  type-2  T  helper  lymphocytes,
ype-2  innate  lymphoid  cells,  mast  cells,  and  eosinophils,
nd  is  a  key  cytokine  in  eosinophil  development  and  acti-
ation.  In  this  study,  the  CRS  patients  with  CC  had  a  higher
osinophil  count  in  peripheral  blood  as  compared  with  the
ontrol  subjects,  though  no  significant  difference  was  noted
n  serum  IgE  levels  between  the  groups.  Our  findings  sug-
est  that  systemic  eosinophilia  and/or  postnasal  discharge
ontaining  unfavorable  factors  might  have  some  role  in
ecreased  lung  function  in  CC  patients.

There  are  several  limitations  in  this  study,  including  a
mall  sample  size  and  lack  of  analysis  of  nasal  secretions.
n  addition,  the  patients  group  including  smoker  had  high
osinophil  count  in  peripheral  blood  and  serum  IgE  level.
hese  findings  may  show  that  the  patients  have  potential
llergic  background,  and  the  results  are  modified.  Further
tudies  are  needed  to  reveal  the  definitive  mechanism  of
bstructive  lung  function  changes  in  CRS  patients  with  CC.

onclusions

he  CRS  patients  with  CC  who  had  no  clinically  obvious
ung  disease  showed  obstructive  lung  function  changes.  The
EV1.0/FVC  ratio  decreased  especially  in  the  patients  with
evere  CRS.  Postnasal  drip  and  nasal  discharge  might  have
ome  role  in  the  affected  lung  function  in  the  CRS  patients
ith  CC.  The  lower  airway  should  be  carefully  assessed  in  CC
atients.  Treatment  for  CRS  should  be  considered  in  patients
resenting  CC.
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