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Abstract
Background:  The  relationship  between  GERD  and  asthma  is  complex.  It  is  not  yet  clear  whether
GERD is  an  accompanying  finding  or  a  cause  of  asthma,  or  even  if  it  is  an  aggravating  factor.  The
aim of  this  study  was  to  determine  the  frequency  of  asthma  and  allergic  diseases  in  patients
who underwent  24-h  pH  monitoring  for  a  suspicion  of  GERD,  including  a  comparison  between
subjects  with  and  without  GERD.
Method:  Subjects  who  were  evaluated  by  24  h  ambulatory  intraoesophageal  pH  monitoring  were
investigated  for  the  presence  of  asthma  and  allergic  disorders.  All  participants  were  subjected
to a  skin  prick  test  and  a  complete  blood  count  and  serum  levels  of  specific  IgE.
Results: A  total  of  204  subjects  (49.5%  male)  with  a  mean  age  of  7.8  ±  4.3  years  were  enrolled.
A diagnosis  of  GERD  was  made  in  78  (38.2%)  subjects  after  24  h  pH  monitoring.  The  frequency  of
asthma in  subjects  with  GERD  was  20.5%  compared  to  25.4%  in  subjects  without  GERD  (p  =  0.424).
Subjects  with  GERD  presenting  with  respiratory  symptoms  have  higher  incidence  of  asthma
compared  to  subjects  with  GERD  presenting  with  gastrointestinal  symptoms  (35.3%  and  5.3%
respectively;  p  =  0.001).
Conclusion:  Although,  patients  with  and  without  GERD  had  comparable  frequencies  of  asthma,

our findings  suggest  that  subjects  who  present  with  respiratory  symptoms  suggestive  of  GERD
should also  be  evaluated  for  the  presence  of  an  underlying  asthma.
© 2012  SEICAP.  Published  by  Elsevier  España,  S.L.  All  rights  reserved.
Please  cite  this  article  in  press  as:  Özcan  C,  et  al.  The  relationsh
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I

G
w
g

0301-0546/$ – see front matter © 2012 SEICAP. Published by Elsevier Esp
http://dx.doi.org/10.1016/j.aller.2012.08.009
ntroduction
ip  between  gastro-oesophageal  reflux  disease  and  asthma
dx.doi.org/10.1016/j.aller.2012.08.009

astro-oesophageal  reflux  disease  (GERD)  typically  presents
ith  oesophageal  symptoms  such  as  heartburn  and  regur-
itation,  although  non-oesophageal  symptoms  like  chronic
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ough,  hoarseness  and  chest  pain  are  not  uncommon.1,2

urthermore,  chronic  cough  and  wheezing  can  be  the  sole
resenting  manifestation  of  GERD,3,4 and  24  h  oesophageal
H  monitoring  should  be  performed  in  subjects  in  whom
ough  is  still  yet  unexplained  after  a  detailed  history  and
hysical  examination  and  chest  radiograph.5

GERD  has  been  shown  to  play  a  role  in  inflamma-
ory  diseases  of  the  upper  and  lower  respiratory  tract.
he  relationship  between  GERD  and  asthma  is  particularly
omplicated.  It  is  not  yet  clear  whether  GERD  is  an  accom-
anying  finding  or  a  cause  of  asthma,  or  even  if  it  is  an
ggravating  factor.6 Gastro-oesophageal  reflux  was  identi-
ed  in  asthmatic  children  even  without  any  gastrointestinal
ymptoms.7

Twenty-four  hour  pH  monitoring  is  considered  the  gold
tandard  test  for  making  a  diagnosis  of  GERD.8 Using  this
ethod,  different  studies  have  reported  a  GERD  prevalence

f  between  55---83%  in  adults  and  50---63%  in  children  with
sthma.9---11

Although  numerous  studies  have  evaluated  the  preva-
ence  GERD  in  patients  with  asthma,  very  few  studies  have
ocused  on  the  prevalence  of  asthma  in  patients  with  GERD.
n  this  study,  we  aimed  to  evaluate  and  compare  the  fre-
uency  of  asthma  and  allergic  diseases  in  patients  with  or
ithout  GERD,  evaluated  by  24-h  pH  monitoring.

aterials and methods

his  study  was  undertaken  in  Ankara  Children’s  Health  and
iseases  Hematology-Oncology  Hospital,  the  third  largest
ertiary  healthy  centre  in  Ankara,  with  the  approval  of
he  local  ethics  committee  and  written  informed  consent
as  obtained  from  the  participants  and  from  their  par-
nts.  The  study  population  consisted  of  children  between  6
onths  to  17  years  of  age  who  underwent  24-h  ambulatory

ntra-oesophageal  pH  monitoring  with  a  suspicion  of  GERD,
etween  June  2010  and  June  2011.  Subjects  were  stratified
nto  two  groups  based  on  presenting  symptoms  (symptoms
efore  pH  monitoring);  those  with  respiratory  symptoms
cough,  wheezing)  and  gastrointestinal  symptoms  (nausea,
omiting,  acid  reflux  and  abdominal  pain)  which  persisted
or  at  least  four  weeks.  We  evaluated  all  the  participants
or  the  presence  of  allergic  disorders,  and  a  family  history
f  physician  diagnosed  allergic  disorders  was  obtained.

ERD  diagnosis

 diagnosis  of  GERD  was  made  using  24-h  ambulatory  intra-
esophageal  pH  monitoring.  None  of  the  subjects  were  on
cid  suppressive  medications  before  or  during  the  study.
his  is  performed  by  placing  an  acid-sensitive  probe  prox-

mal  to  the  lower  oesophageal  sphincter  which  measures
nd  records  oesophageal  pH  over  a  period  of  24  h.  Data  are
hen  transferred  onto  a  computer  and  analysed  using  specific
oftware  (MMS,  OhmegaR,  The  Netherlands).  A  diagnosis  of
ERD  was  based  on  the  reflux  index,  which  is  the  ratio  of
Please  cite  this  article  in  press  as:  Özcan  C,  et  al.  The  relationsh
during  childhood.  Allergol  Immunopathol  (Madr).  2012.  http://

he  time  a  pH  less  than  4  was  measured,  to  the  total  time
f  pH  evaluation.  Gastro-oesophageal  reflux  was  defined  as

 reflux  index  of  more  than  10%  in  infants  under  two  years
f  age,  and  more  than  5%  in  children  older  than  two  years  of
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ge.12,13 Reflux  indices  were  calculated  using  a  commercial
oftware  program  (MMS,  OhmegaR,  The  Netherlands).

llergic  evaluation

ll  participants  were  evaluated  (after  pH  monitoring)  for
he  presence  of  asthma  and  allergic  disorders  and  a  detailed
amily  history  for  allergic  disorders  was  obtained.  The  diag-
osis  of  asthma  was  made  according  to  Global  Initiative  for
sthma  guidelines  (GINA).14 Briefly,  in  subjects  who  were
lder  than  five  years  asthma  diagnosis  was  made  for  a  his-
ory  of  multiple  episodes  of  wheezing  with  at  least  a  12%
mprovement  in  forced  expiratory  volume  in  one  second
ollowing  bronchodilator  therapy,  whereas  in  subjects  who
ere  five  years  old  or  younger  asthma  diagnosis  was  made
y  history  of  recurrent  respiratory  symptoms;  a  strong  fam-
ly  history  of  asthma  in  first  degree  relatives;  and/or  atopy
resenting  as  atopic  dermatitis,  food  allergy  and/or  allergic
hinitis.  Subjects  with  an  underlying  chronic  condition  other
han  asthma  were  excluded  from  the  study.  Spirometry  was
erformed  (Spirolab  2,  Rome,  Italy)  and  analysed  in  accor-
ance  with  published  recommendations.15,16 The  following
ariables  were  obtained  from  the  best  of  three  reproducible
orced  expiratory  manoeuvres:  FVC,  FEV1  and  FEV1/FVC
atio.

A diagnosis  of  allergic  rhinitis  was  confirmed  by  a  positive
kin  test  or  by  the  presence  of  specific  IgE  in  subjects  whose
arents  answered  in  the  affirmative  to  the  question  ‘‘Since
irth,  has  your  child  had  nasal  discharge,  nasal  congestion,
asal  itching  or  sneezing  without  the  presence  of  the  com-
on  cold  or  a  flu-like  infection?’’.  A  diagnosis  of  atopic
ermatitis  was  only  accepted  if  it  had  previously  been  made
y  a physician,  with  a  compatible  history.

All  subjects  underwent  skin  prick  testing  for  Der-
atophagoides  pteronyssinus, Dermatophagoides  farinae,
at  and  Dog  dander, Alternaria, Cockroach,  Aspergillus,
lodosporium,  Betulaceae, Grass  mix, Tree  mix, Artemisia,
leaceae,  Saliceae,  Parieteria, egg, wheat, peanut,  hazel-
ut, milk, sesame,  soya, fish, histamine,  and  negative
ontrols  (Stallergens,  Antony,  France).  These  tests  were  per-
ormed  on  the  volar  surface  of  both  forearms,  with  results
ecorded  after  15  min.  Results  were  considered  positive
hen  the  mean  wheal  diameter  was  at  least  3  mm  larger

han  that  produced  by  the  control.  Blood  samples  were
btained  from  all  participants  for  the  determination  of  com-
lete  blood  counts  and  serum  levels  of  total  IgE  as  well  as
pecific  IgE  (Fx5:  egg  white,  milk,  fish,  wheat,  peanut,  soy-
ean;  Phadiatop:  aeroallergens;  Pharmacia  Diagnostics  AB,
ppsala,  Sweden).

Subjects  with  a  positive  reaction  to  any  of  the  aeroaller-
ens  or  food  allergens  on  a  skin  test,  or  those  who  had  an
levated  specific  IgE  level  of  >0.35  kIU/ml  were  considered
o  have  allergen  sensitisation.

tatistical  analysis

tatistical  analysis  was  performed  using  the  SPSS  version
ip  between  gastro-oesophageal  reflux  disease  and  asthma
dx.doi.org/10.1016/j.aller.2012.08.009

5.0  (SPSS  Inc.,  Chicago,  IL,  USA).  Values  were  either  pro-
ided  as  numbers  and  percentages,  or  as  mean  ±  standard
eviation,  where  applicable.  Comparisons  of  the  frequency
f  allergic  diseases  and  other  variables  between  subjects

dx.doi.org/10.1016/j.aller.2012.08.009
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Asthma  and  reflux  in  childhood  

Table  1  Demographic  characteristics  of  study  population.

No.  of  patients  (%)

Gender  (male)  101  (49.5)
Age,a years  7.8  ±  4.3
Presenting  symptoms

Respiratory  106  (52.0)
Gastrointestinal  98  (48.0)

Asthma  48  (23.5)
Allergic  rhinitis  47  (23.0)
Atopic  dermatitis  15  (7.4)
History  of  food  allergy  44  (21.6)
Exposure  to  cigarette  smoke 92  (45.1)
Parental  history  of  asthma  and/or

allergic  rhinitis
74  (36.3)

Allergen  sensitisation 66  (32.3)
Inhaled  allergen  45  (22.1)
Food allergen  32  (15.7)

Serum  IgE  levels,a U/mL  70.5  ±  142.0
Eosinophilia,a %  2.3  ±  2.4
GERD  78  (38.2)
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aValues provided as mean ± standard deviation; GERD, gastro-
oesophageal reflux disease.

with  and  without  GERD  were  made  using  the  Chi-square  test,
Fisher’s  exact  test  and  student’s  t-test.  A  p-value  of  ≤0.05
was  considered  indicative  of  statistical  significance.

Results

A  total  of  204  subjects  (49.5%  male)  with  a  mean  age  of
7.8  ±  4.3  years  were  enrolled  in  the  study,  of  whom  52%
have  presented  with  respiratory  symptoms  and  48%  have
presented  with  gastrointestinal  symptoms.  Overall,  a  diag-
nosis  of  GERD  was  established  in  78  subjects  (38.2%),  while
48  subjects  (23.5%)  were  diagnosed  with  asthma.  The  demo-
graphic  and  general  characteristics  of  the  study  population
have  been  summarised  in  Table  1.

Fifty-nine  percent  of  subjects  with  GERD  were  male,
compared  to  43.7%  of  subjects  without  GERD  (p  =  0.033).
There  was  no  difference  between  subjects  with  GERD  and
without  GERD  in  terms  of  mean  age,  presenting  symptoms,
exposure  to  cigarette  smoke  and  history  of  an  allergic  dis-
order  (Table  2).

Subjects  with  GERD  presenting  with  respiratory  symp-
toms  had  higher  incidence  of  asthma  compared  to  subjects
with  GERD  presented  with  gastrointestinal  symptoms  (35.3%
and  5.3%  respectively;  p  =  0.001)  (Table  3).

Forty-eight  (23.5%)  subjects  were  diagnosed  with
asthma.  Of  the  asthmatic  subjects  33.3%  of  them  had
GERD,  whereas  39.7%  of  non-asthmatic  subjects  had  GERD
(p  =  0.424)  Within  the  asthmatic  subjects,  GERD  was  diag-
nosed  in  37.5%  (6/16)  of  subjects  with  atopic  asthma
(allergen  sensitisation)  compared  to  a  GERD  rate  of  33.3%
(10/30)  in  subjects  with  non-atopic  asthma,  a  difference
that  was  not  statistically  significant  (p  =  0.777).
Please  cite  this  article  in  press  as:  Özcan  C,  et  al.  The  relationsh
during  childhood.  Allergol  Immunopathol  (Madr).  2012.  http://

Asthmatic  subjects  with  GERD,  68.8%  were  male,  com-
pared  to  37.5%  among  those  without  GERD  (p  =  0.041).  The
association  between  GERD  and  asthma  was  significantly
more  frequent  in  males  than  in  females.  A  history  of
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xposure  to  cigarette  smoke  in  the  home  was  present  in
0%  of  asthmatic  subjects  with  GERD  and  in  43.8%  of  those
ithout  GERD.  The  difference  between  the  groups  was  not

tatistically  significant  (p  =  0.682).
A history  of  food  allergy  presented  in  21.6%  (44/204)  of

ubjects.  Only  two  of  them  had  continuing  symptoms  with
he  suspected  foods  during  the  study  and  one  of  which  had
ERD,  while  the  other  did  not.  Eight  of  the  subjects  with

 history  of  food  allergy  had  a  positive  skin  test  for  sus-
ected  foods  and/or  were  positive  for  Fx5  specific  IgE.  GERD
as  present  in  six  of  the  eight  subjects,  compared  to  two

ubjects  who  did  not  have  GERD  (p  =  0.054).
A  total  of  15  subjects  who  had  persistent  gastrointestinal

ymptoms  (ten  of  them  had  negative  pH  monitoring  and  five
f  them  had  positive  pH  monitoring  and  were  unresponsive
o  acid  suppression  therapy)  underwent  endoscopic  exam-
nation.  After  evaluation  of  biopsy  specimens,  eosinophilic
esophagitis  was  not  detected  in  any  of  them.

Thirty-two  (41%)  of  the  subjects  diagnosed  with  GERD
ere  under  the  age  of  five  years  while  the  remaining  46

59%)  were  aged  more  than  five  years.  Other  than  GERD
ccurring  more  frequently  in  males  among  subjects  older
han  five  years,  there  was  no  statistically  significant  differ-
nce  between  subjects  with  and  without  GERD  in  terms  of
resenting  symptom  and  personal  or  family  history  of  atopy.

iscussion

n  this  study,  we  attempted  to  determine  the  frequency  of
llergic  disorders  and  allergen  sensitisation  in  subjects  eval-
ated  for  GERD  by  24  pH  monitoring,  while  also  comparing
ubjects  who  had  GERD  with  those  who  did  not.  The  fre-
uency  of  GERD  in  our  study  population  was  38.2%.  Among
ll  participants,  a  diagnosis  of  asthma  was  present  in  23.5%
f  subjects  whereas  32.3%  of  subjects  had  allergen  sensiti-
ation.  There  was  no  difference  between  subjects  with  and
ithout  GERD  in  terms  of  frequency  of  allergic  disorders

ncluding  asthma  and  allergen  sensitisation.
Very  few  studies  have  evaluated  the  prevalence  of

sthma  in  GERD  subjects,  with  conflicting  results.  In  a
opulation-based  study,  it  was  reported  that  the  presence  of
ERD  was  not  associated  with  an  increased  risk  of  develop-

ng  asthma.2 However,  in  another  study  based  on  the  use  of
CD  codes,  the  reported  prevalence  of  asthma  in  children
ith  GERD  was  13.2%  compared  to  a  prevalence  of  6.8%

n  healthy  controls.17 Tsai  et  al.  also  managed  to  demon-
trate  a  1.97-fold  increased  risk  of  developing  asthma  in
ubjects  diagnosed  with  GERD  using  endoscopy  and  24-h  pH
onitoring.18

In  our  study,  a  diagnosis  of  GERD  was  made  using  24  h
H  monitoring,  which  is  widely  considered  to  be  the  gold
tandard.  We  did  not  observe  a  statistically  significant  dif-
erence  in  the  frequency  of  asthma  in  subjects  with  and
ithout  GERD.

According  to  studies  from  Turkey,  the  prevalence  of
hysician-diagnosed  asthma  is  between  6.9  and  10.7%.19,20

n  the  other  hand,  we  managed  to  establish  a  much  higher
ip  between  gastro-oesophageal  reflux  disease  and  asthma
dx.doi.org/10.1016/j.aller.2012.08.009

sthma  prevalence  of  23.5%,  which  could  be  attributed  to
he  fact  that  all  participants  in  this  study  were  symptomatic
nd  that  asthma  and  GERD  may  mimic  each  other,  especially
n  children.

dx.doi.org/10.1016/j.aller.2012.08.009
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Table  2  Comparison  of  patients  with  and  without  GERD.

With  GERD  n  =  78  (%)  Without  GERD  n  =  126  (%)  p-Value

Gender  (male)  46  (59.0)  55  (43.7)  0.033
Age,a years  7.6  ±  4.4  8.0  ±  4.3  0.582
Presenting symptoms

Respiratory  40  (51.3)  66  (52.4)  0.879
Gastrointestinal  38  (48.7)  60  (47.6)  0.879

Asthma 16  (20.5)  32  (25.4)  0.424
Allergic rhinitis  18  (23.1)  29  (23.0)  0.992
Atopic dermatitis  8  (10.3)  7  (5.6)  0.211
History of  food  allergy  20  (25.6)  24  (19.0)  0.266
Exposure to  cigarette  smoke 35  (44.9) 57  (45.2)  0.959
Parental history  of  asthma  and/or

allergic  rhinitis
29  (37.7) 45  (35.7) 0.780

Allergen sensitisation 23  (30.3)  43  (35.8)  0.421
Inhaled allergen  17  (24.6)  28  (25.0)  0.956
Food allergen  14  (20.9)  18  (16.4)  0.447

Serum IgE  levels,a U/mL  (n  =  204)  69.6  ±  119.1  62.6  ±  144.5  0.949
Eosinophilia,a %  (n  =  204) 2.1  ±  1.8  2.4  ±  2.7  0.492
FEV1,a %b 92.9  ±  14.4  92.4  ±  14.6  0.864
FEV1/FVC, %b 94.4  ±  12.7  99.1  ±  10.7  0.052
aValues provided as mean ± standard deviation.

a ERD.

u
G
w
w
a
t
t

s
p

q

Performed by 41 patients with GERD and 78 patients without G
capacity; GERD, gastro-oesophageal reflux disease.

In  a  study  by  Gronstein  et  al.  on  subjects  who  were  eval-
ated  by  pH  monitoring,  investigators  observed  that  mild
ERD  was  associated  with  respiratory  symptoms.21 However,
e  could  not  demonstrate  a  difference  between  subjects
Please  cite  this  article  in  press  as:  Özcan  C,  et  al.  The  relationsh
during  childhood.  Allergol  Immunopathol  (Madr).  2012.  http://

ith  and  without  GERD  in  terms  of  presenting  symptoms.  We
lso  found  that  subjects  with  GERD  presented  with  respira-
ory  symptoms  have  a  higher  incidence  of  asthma  compared
o  subjects  with  GERD  presented  with  gastrointestinal
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Table  3  Comparison  of  patients  who  presented  with  respiratory  

Respiratory  symptoms  n  

Gender  (male)  55  (51.9)  

Age,a years  6.9  ±  4.0  

Asthma 32  (30.2)  

Allergic rhinitis 24  (22.6)  

Atopic dermatitis 10  (9.4)
History of  food  allergy 21  (19.8)
Exposure  to  cigarette  smoke  41  (38.7)  

Parental history  of  asthma  and/or
allergic  rhinitis

42  (39.6)  

Allergen sensitisation  33  (33.0)  

Inhaled allergen  22  (24.4)  

Food allergen  13  (15.1)  

Serum IgE  levels,a U/mL  (n  =  204)  78.3  ±  176.6  

Eosinophilia,a %  (n  =  204)  2.3  ±  2.6  

FEV1,a %b 92.1  ±  14.2  

FEV1/FVC, %b 96.3  ±  11.9  

GERD 40  (37.7)  

aValues provided as mean ± standard deviation.
b Performed by 56 patients with respiratory symptoms and 63 patients

in one second; FVC, forced vital capacity; GERD, gastro-oesophageal r
 FEV1, forced expiratory volume in one second; FVC, forced vital

ymptoms,  which  supports  the  idea  that  GERD  is  likely  to
lay  a  causal  role  in  chronic  cough  and  possibly  asthma.22

Most  of  the  previous  studies  have  reported  a  higher  fre-
uency  of  GERD  in  males,18 although  in  some,  there  was

23
ip  between  gastro-oesophageal  reflux  disease  and  asthma
dx.doi.org/10.1016/j.aller.2012.08.009

o  particular  gender  predilection. Very  few  studies  even
eported  on  a  higher  prevalence  of  GERD  in  females.24 In  our
tudy,  GERD  was  more  prevalent  among  males.  The  reasons
ehind  this  particular  gender  predilection  remain  elusive.

symptoms  and  with  gastrointestinal  symptoms.

=  106  (%)  Gastrointestinal  symptoms  n  =  98  (%)  p-Value

46  (46.9)  0.480
8.9  ±  4.5  0.001
16  (16.3)  0.020
23  (23.5)  0.888
5  (5.1)  0.236
23  (23.5) 0.526
51  (52.0)  0.055
32  (33.0)  0.327

33  (34.4)  0.839
23  (25.3)  0.897
19  (20.9)  0.319
62.6  ±  95.6  0.451
2.2  ±  2.1  0.843
93.0  ±  14.8  0.738
98.6  ±  11.2  0.286
38  (38.8)  0.879

 with gastrointestinal symptoms; FEV1, forced expiratory volume
eflux disease.

dx.doi.org/10.1016/j.aller.2012.08.009
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Yüksel  et  al.  reported  that  subjects  with  non-atopic
asthma  had  more  common  GERD  than  subjects  with  atopic
asthma.25 But  similar  to  a  recent  study,26 we  did  not  observe
a  statistically  significant  difference  in  the  frequency  of  GERD
among  asthma  subjects  with  and  without  a  history  of  atopy.

Several  studies  report  on  a  high  prevalence  of  food  sen-
sitisation  in  subjects  with  GERD.27,28 Although  the  subjects
in  our  study  with  and  without  GERD  have  similar  food  sensi-
tisation,  in  subjects  with  food  allergy  history  accompanying
GERD  had  higher  food  sensitisation  than  subjects  without
GERD,  but  it  was  not  statistically  significant.  In  conclusion,
all  of  the  subjects  enrolled  in  the  study  underwent  24-h
pH  monitoring  with  a  suspicion  of  GERD,  and  although  we
did  not  observe  a  significant  difference  between  subjects
with  and  without  GERD  in  terms  of  prevalence  of  asthma
and  atopy,  the  frequency  of  these  conditions  was  still  higher
than  that  of  the  general  population.  Our  findings  suggest
that  subjects  who  present  with  respiratory  symptoms  sug-
gestive  of  GERD  should  also  be  evaluated  for  the  presence
of  an  underlying  asthma.
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