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SUMMARY

Background
Extra-oesophageal symptoms are thought to be common, atypical
symptoms of gastro-oesophageal reflux disease (GERD) in children.

Aim
To investigate the prevalence of GERD in children with extra-oesopha-
geal symptoms or of extra-oesophageal symptoms in children with
GERD, and the effect of GERD therapies on extra-oesophageal symp-
toms.

Methods
A systematic review of articles in PubMed and EMBASE.

Results

We identified 18 relevant articles. The pooled weighted average preva-
lence of GERD in asthmatic children was 23%, compared with 4% in
healthy controls from the same five studies. The majority of studies
evaluating the relationship between apparent life-threatening event
(ALTE) and GERD did not suggest a causal relationship. Seven studies
reported that respiratory symptoms, sinusitis and dental erosion were
significantly more prevalent in children with GERD than in controls.
Data from pharmacotherapeutic trials were inconclusive and provided
no support for a causal relationship between GERD and extra-oesopha-
geal symptoms.

Conclusions

Possible associations exist between GERD and asthma, pneumonia,
bronchiectasis, ALTE, laryngotracheitis, sinusitis and dental erosion, but
causality or temporal association were not established. Moreover, the
paucity of studies, small sample sizes and varying disease definitions did
not allow firm conclusions to be drawn. Most trials of GERD therapies
showed no improvement in extra-oesophageal symptoms in children.
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INTRODUCTION

Gastro-oesophageal reflux disease (GERD) in adults
develops when reflux of the stomach contents into the
oesophagus causes troublesome symptoms such as
heartburn or acid regurgitation, and/or complications
such as oesophagitis." However, there are less recog-
nizable, extra-oesophageal symptoms of GERD, which
affect various tissues and organ systems beyond the
oesophagus.” The recent Montreal Definition of GERD
described established associations, although not neces-
sarily causal, between adult GERD and cough, laryngi-
tis, asthma and dental erosion.' Associations with
pharyngitis, sinusitis, idiopathic pulmonary fibrosis
and recurrent otitis media have also been proposed in
adults, but more data are needed to confirm a link
with GERD.'

Extra-oesophageal symptoms occur in a third of
adult patients with GERD, whether or not reflux
oesophagitis is present.’ Three large studies have
shown that patients with GERD and individuals with
GERD in the general population are up to three times
more likely to have laryngeal or pulmonary conditions
than those without GERD.*"® Extra-oesophageal symp-
toms such as these are hypothesized to be caused by
refluxate from the stomach reaching the respiratory
tract or via stimulation of the oesophagobronchial
reflex.” It is also possible that symptoms such as
cough and wheezing may cause reflux through an
increase in intra-abdominal pressure.?

A recent systematic review reported a significant
association between GERD and asthma in adults,
although a temporal sequence could not be deter-
mined.’ Fewer prevalence studies have been performed
in the paediatric population. Only one systematic
review of the association between extra-oesophageal
symptoms and GERD in children has been published
and this looked only at upper airway symptoms.'®

This systematic review aims to evaluate the pres-
ence and magnitude of the association between
GERD in children and a range of extra-oesophageal
symptoms, including those highlighted in the Mon-
treal Definition, the systematic review by Rosbe
et al. and the recently published Paediatric Defini-
tion of GERD,"'®'' by assessing articles reporting
the prevalence of GERD in children with extra-
oesophageal symptoms or of extra-oesophageal
symptoms in children with GERD, and studies assess-
ing the effect of GERD therapies on extra-oesopha-
geal symptoms.
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METHODS

Search strategy and study selection

Studies were identified via systematic searches of Pub-
Med and EMBASE using the search terms detailed in
Figure 1. Searches were limited to journal articles
reporting studies in humans aged 0-18 years.

EMBASE and PubMed search using the following search
string:

(Gastroesophageal reflux OR GERD OR heartburn OR
esophagitis OR proton pump inhibitor OR acid suppression)

l AND

(Extraesophageal OR Extra-oesophageal OR
supraesophageal OR supra-oesophageal OR cough OR
bronchitis OR laryngitis OR hoarseness OR asthma OR

respiratory sounds OR tooth erosion OR dental erosion OR
teeth erosion OR sinusitis OR pulmonary fibrosis OR
pharyngitis OR otitis OR infant distress OR colic OR crying
OR apnea OR dyspnea OR respiratory distress OR
dyssomnias OR chest pain OR life threatening
event OR cystic fibrosis OR functional recurrent abdominal
pain OR rumination syndrome OR sandifer syndrome)

Limits: journal article, children (0-18 years)

|

| 9083 articles

l

| Articles screened based on title |

' .

| Selected: n=449 | | Excluded: n =454 |

|

| + Abstracts from congresses: n = 25 |

|

| Selected: n=474 |

|

| Articles screened based on abstract |

! !

| Selected: n =241 | | Excluded: n=233 |

l

IArticles screened based on full text and exclusion|
criteria imposed

! |

| Selected: n =18 | | Excluded:n:223|

Figure 1. Flow diagram showing selection of articles.
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Editorials, letters, practice guidelines, reviews, case
reports, comments and in vitro articles were excluded.
Relevant studies presented at the World Congress of
Paediatric Gastroenterology, Hepatology and Nutrition
(WCPGHAN), United European Gastroenterology Week
(UEGW), North American Society for Paediatric Gastro-
enterology, Hepatology and Nutrition (NASPGHAN),
European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN), and Digestive
Disease Week (DDW) within the past 4 years were also
identified from abstract titles.

Relevant studies were selected first on the basis of
the title and then on the abstract, as outlined in Fig-
ure 1. Articles were then screened based on the full
text; those that explored the association of GERD and
extra-oesophageal symptoms in children and infants
and those that studied the effect of anti-reflux medica-
tions on extra-oesophageal symptoms were selected.
Studies presented at congresses were selected on the
basis of the abstract text if enough information was
included. Studies that did not have a control popula-
tion and those not published in English were excluded.

The extra-oesophageal symptoms evaluated by our
review process comprised: (i) respiratory conditions or
symptoms: asthma, wheezing, cough, apnoea, bronchi-
tis, pneumonia, bronchiectasis and apparent life-
threatening events (ALTE); (ii) conditions affecting the
ear, nose and throat (ENT), such as sinusitis, otitis
media and laryngotracheitis; (iii) dental erosion.

Tabulation of results and analysis

The full papers (or abstracts only for the articles from
congresses) from the studies selected based on the con-
tent of their abstracts were analysed. For the studies
exploring the association of gastro-oesophageal reflux
and extra-oesophageal symptoms in children, the fol-
lowing data were collected: sample size, study design,
method of data collection, definition of reflux symp-
toms, definition of extra-oesophageal symptoms and
the reported prevalence estimate. Where enough data
were available, we determined overall prevalence esti-
mates by pooling values from studies meeting the selec-
tion criteria and calculating average values weighted by
sample size. For the studies evaluating the impact of
GERD therapies on extra-oesophageal symptoms, the
following data were collected: sample size, study design,
definition of reflux symptoms, definition of extra-
oesophageal symptoms, drug administered, dosage and
length of treatment period, and the study outcome.

RESULTS

The PubMed and EMBASE searches identified 903
articles, and a further 25 potential abstracts were
selected from recent conferences. Of these, 241 rele-
vant articles were selected. Those studies with no
control population and those not published in English
were then excluded, resulting in 18 that were evalu-
ated in our review. The majority of articles were
excluded because of the lack of a healthy control
population.

Prevalence of extra-oesophageal symptoms and
GERD in children

We identified 15 studies satisfying our criteria that
reported the prevalence of GERD and extra-oesopha-
geal symptoms in children (Tables 1 and 2). Of these,
six examined the prevalence of extra-oesophageal
symptoms in children with GERD (Figure 2), while
nine focussed on the prevalence of GERD in children
with extra-oesophageal symptoms (Figure 3).

Respiratory symptoms were the most commonly
studied extra-oesophageal symptom. Most articles
focussed on a particular symptom or diagnosis such as
asthma (six articles), ALTE (five articles), pneumonia
(one article), bronchiectasis (one article) or general or
multiple respiratory symptoms (two articles). ENT
symptoms were the focus of three articles, and a fur-
ther two articles evaluated dental erosion.

Asthma. Only one study meeting our inclusion cri-
teria evaluated asthma in children with GERD, a
large study by El-Serag and colleagues that used the
administrative database at Texas Children’s Hospi-
tal.'> However, the data were based on the diagnoses
made by several physicians and did not use a stan-
dardized definition of GERD or asthma, so caution is
required in the interpretation of data from this study.
The authors analysed retrospective data regarding
medical diagnoses made in all patients with GERD
(except those with cerebral palsy, mental retardation,
tracheo-oesophageal congenital anomalies or congen-
ital oesophageal stenosis) between 1996 and 2000.
They examined records from 1980 children (older
than 2 years; mean age 9.16 years) with a diagnosis
of GERD and 7920 controls (children older than
2 years; mean age 8.64 years) without. The preva-
lence of diagnosed asthma in children with GERD

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd



SYSTEMATIC REVIEW: EXTRA-OESOPHAGEAL SYMPTOMS OF GERD IN CHILDREN 261

‘uoneziuesIQ yIedaqy pHom
‘OHM ‘(¥ > Hd uaym w1 [8}0) JO 0p) XIPUI XNJAI Ty (3Seastp Xn[jax [eaZ8eydosa0-o01nses ‘qQYHD 1BOIY) PUB ISOU ‘Ied ‘INH IUIAI SUTuIeIY)-J1] Judredde ‘g Tv

ayan £q
(G0°0 > ) S[0TUOD JO 0] UOISOId I0J XJpUl
*SA UOISOId IIAIS PR 0L € SUDU[ B ST wex? S[onuod
(100070 > ) S[0TU0D JO 001 SILIBD SIsougerp [ewudp  Apnis pa[[onu0d Apredy ¢y + L1012
‘SA UOISOId PeY 009/ I0J BLIILD OHM UBDISAYJ ~ ,QITRUUONSINY  [BUOIIIS-SSOI) @IaD PIm 8¢ UISIF UOISOId [eIud(]
SpPI0d3I
[eIUp /[BedIpaW Apmis S[onuod
(50°0 > g) S[OTU0D JO 00T SILIBD 10 SISOUSeIp  /UOIIBUIWEXd Pa[[01U0d Apedy zg + g 1D 19 swoydwAs
"SA UOISOId PeY 0¥ [ BLIDILD OHM UBIISAYJ e andadsorg @IaD PIm ¢g JJ2UUIT UOISOId [BIUS( e
(r000°0 > d) sjonuod
JO 009°F SA 0pT°T Apms BIpIW SIINQ
(1000°0 > ) s[onuod sIsougerp P3[[01}U0D-3SBD  S[OIIUO0D 086/ + R swoydwAs
JO 0op°L SA 0pzy  SIsouSerp uenIsAyJ uenIsAtd Iseqeleq uonenossy  qIH YUM 0861  Serds-[q spisnuls INA
SINSEIW MO[J ITe
ydei3orper 1sayd XnpRI-nue [eseu ‘el
Janisod pue sarnjedj o) Asuodsar pue HEedY ‘el
[edrurp Aq pautjp swa[qord  Arojeardsar jo swoldwAs
(200 = d) S[onuod JUWIOIPUAS SSAISIP SuIpa’y jo SuIpIod1  Apmis pa[onuod S[0U0d 99 + e 10 19 Axoyextdsar
JO 049€ "SA 0079 Aroyendsay ddusaid ‘9 < 1y snonunpuo)  [BUONIIS-SSOI) [ AIRAJS [PIM TF Jereyy [eIdURD
swolduwAs
(10°0 > ) S[onuod A1oreardsal
JO 0/E9 "SA 0)o6F Apms [eIdURD
(z1°0 > d) sjonuod SISOugerp SISOugeIp PI[[01IU0D-3SBD S[onuod 691 + Y URE]
JO 01 € "SA 00T UeDISAYJ uenIsAyd Jseqeie( UONBIOSSY @D PIm €41 BI[0L, 1TV
(r000°0 > d) sjonuod
JO 0T"0 "SA 0T SISBIIIDUOIg
(1000°0 > d) s[onuod
JO 0pE°T "SA 0pE'9 Apms BIUOWNAUJ
(1000°0 > ) S[01U0d sisougerp sisougerp Pa[[011U0d-35BD S[0U0d 086/ + SRR swoldwAs
JO 008°9 "SA 0T €1 UeISAYd uenRIsAyd Jseqele( UONEBDOSSY  (YID M 0861  Serds-[q ewylsy Arojerrdsay
QD Pm woldwAs swoldwAs U010 ugisap Apnis Jzis uonemdod DUAIY woydwAg
wIp[IYD ul woyrduwAs [ea8eydos30-enxa XN[JI JO  BIep JO POYRN
[ea8eydosao-enxa Jo uonruyaq uonugRq

JO dURAIJ

@IAD PIm uIp(Iyd ur swordwAs [ea8eydosa0-enxa Jo DUeAI L 3|qe]

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd



262 V. TOLIA and Y. VANDENPLAS

¥ > gd

wmn Jo 0p I0

saposida xnpjax

Jo uoneinp Io

Rqunu ur sdnoid

0M] Y} UMP(

DUARYIP
JuedyIusIs oN

S[OIJUO0D JO 0p/G 'SA

SOBUWISE JO 0pEE

S GT 1se3[ 1e
10} ¥ > 0} Hd ur
ISBIIIIP B Sk
pauLap Xnyjar

UT PALINJIO0 XN[JAI ¢Suroyiuow ISBISIP ABMITE JATIINIISO UONRUIIIEX Apn3s pafjonuod s[onuod / + LR
[ed8eydosao-onsen Hd 1ea8eydosagp J[QISIIAI 10} BLIALD SV [BJIPIN [BUO1}IIS-SSOL) SdneRWYISE 6 saysny BUWYISY
(500 > d)
S[ONUO0D JO 0/p0 "SA Swely
‘BUIUULBISHUIDS OM] UBY} I0W Ul
uo Xnpjal sngeydosao Ade1dy) 19)je UISSI[ 18y}
Pa1BNSUOWIP ur Iden wsedsoyOuoIq A[QISIDAI UONRUIWEX Apnis pafjonuod sjonuod O + L
SONBWISE JO 0/o6E BOIIBIDS JO DUSAJ Jo saposida €z [edIPAN [BUOI}D3S-SSO0ID) SONeWISE 08 exdoy) BWISY
(1000 > d)
S[OIUO0D JO 09T
"SA BUITISE [IM
3507} JO 0059 punosenin UONRUIWIEX Apnis pajonuod s[onuod 67 + o 10 12
ur swoldwAs o /Kdodsopuyg sisougdelp uenIsAyJ /K101S1Y [BJIPIN [BUOLID3S-SS0I) SOLBWYISE G/ jeyereq BUWISY
(1000 > d ‘9°C
‘oner sppo)
S[onuod jo
005’8 "SA 9102S
woldwAs qYIn
aanisod e
peY SdnRWISE ¢ 2dreuuonsanb Apnis pafjonuod s[onuod $9¢ + o 10 12
JO %0L'61 @yao 9oUODBIYISSED YNID dIreuuonsaNng [BUONDIS-SSOID) SdNRWISE 7/8 [ep103s BUISY
swoldwAs A1ojerrdsay
swoldwAs woydwAs xnyjax swoyrdwAs uondI[0d ugisap Apnis Jzis uonemdoyd UARRY woydwAsg
[eadeydosao Jo sisougderq [ed8eydosao-enxa BJEp JO POYRIN
-BIXd M Jo uonruyaq

syuaped-ur Q90
JO duaeAI]

swojduwAs [e38eydosa0-e1IxXd YIIM UIP[IYD UI (YD JO dDUEAIJ °Z 3|qel

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd



SYSTEMATIC REVIEW: EXTRA-OESOPHAGEAL SYMPTOMS OF GERD IN CHILDREN 263

"X9pUI XN[JaI ‘TY {YI[EIH JO saymnsu] [euoneN ‘HIN {POOypIIY) Ul SASII[Y PUe BWIISY JO ApniS [BUONBUINU] ‘QYVS] ‘BWYISY I0J JATRDIU] [BqO[DH
‘YNID ‘[eunsiuionses ‘[0 ¢3seasip xnpjal [ea8eydosao-onsed ‘qyaD ¢1eoIyl pue Isou ‘Ied ‘INT ‘AI9100S JIDBIOY] UBLAWY ‘SIV ‘IUAd Surudiedryl-f1 juatedde ‘G1Tv

S[0LU0D JO
009'91 "SA XN[J2I
[ea8eydosao-onsed

%C'q <Y

Se pauyap Xnyjal
[ed8eydosao-onsed
[ed18o[oyped

s[oIuod 9 +

[ed18o1oyzed pey ‘Suuoyiuowr gd UONBUIWEXY  Apnis pa[[0nuU0d snRydenoguirer 10y AdIeN pue  sSBRUdenOSuAIeT
syuaned Jo 0p5°79 [PuueyR-eng sisougerp UeIdIsAyd [P [BUO1}I3S-SSO1) gunnsuod syudned g UUANUO)
swoldwAs INJ
S[OIIUOD JO 0/oG'8 "SA
xnpj1 [eageydosao
-onsed pey 41TV uoneUIWEXY  Apnis pa[[0nuU0d sonuod 8¢ + . se[duspuep qITV
M Sjuejul Jo opzy Suuojiuow Hd y-$¢ SISOUSeIp UBDISAYJ [P [BUOIIDIS-SSOID) JITV UM S)ueJUI 79 pue IdeS
s[re Hd jo swid)
ur sdnoi8 omy Ay
UIMIDQ DUIIP uoneUIWEXY  Apnis pI[[0nuU0d s[onuod Qg + AITV 1TV
juedyIudis oN  J9s Q€< 10J ¥ > Hd SISougerp uenIsAyJ [edIPaN [BUOND3S-SSOI)  10j PIPIWPE SIUBJUL 0§ ., [V 49 UYeY
uoneinp Io
s[reJ Hd jo suy
ut sdnoi3 omy ayp
UIMIDQ DU guLioyruowt uoneUIWEXY  ApN3sS PI[[0[U0d  S[ONUO0D O + LTV 10J qITV
JURdJIUSIS ON Hd reageydosap SISOUSeIp URDISAYJ JERIORY N [BUOIIDIS-SSOID) papIWpe SyUeJuI 07 [V J2 Uyey
edoude juejur
(ruedyIUSIs U0 DUARJU0)
jou) S[OIIUO0D ymwdopPAq
ur 10°Z "sA syuaned gurioyruow SNSUISU0) HIN WOolj UONBUIWIEXY  ApNjs pa[[onuod sjonuod Q[ + UEE 1TV
JITV Ul #19°G = 1Y HA y-pz  sourppms Suisn pauya( [BI1PIN [eU0n23s-SS0I1) LTV UMM SIUBJUL 1 [89)EX}0110D
(T00°0 > d) ewiyise
JNOTPIM SJUIISIA[OPE g9 «oreuuonsanb
JO 0/G°T "SA suonsanb JVVSI 2y
swoldwAs qYID pey dareuuonsanb uo suonsanb pajd[as Apmis pajjonuod
BUWIISE JULIND [PIM Pa133[3s 01 03} asuodsar aanisod [BUOI}I3S-SSOID s[onuod QIgI + BUIISY
SJUIISI[OPE JO 0L 61 dsuodsar dANISOJ B 10 pasougdelp UBDISAYJ  Ireuuonsany) ‘paseq-uonendod sonewyise 967 'Y 12 A[QRQ
swordwAs wordwAs xnyjax swoldwAs U010 ugisap Apnis Jzis uonemdod UYIY woydwAsg
[ea8eydosao Jo sisougdeiq [e28e[d0S0-B1IXd BIED JO POURA
-BeINXd YIIM Jo uonruyaq

syuaned-ur Qa0
Jo dduaeAdd

(panunuo)) °z 3lqe]

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd



264 V. TOLIA and Y. VANDENPLAS

Sinusitis 4.2%
oY
o= Otitis 2.1%
R, |
1 3 J-'\k Dental erosion 40.2%
- Apparent life
\"'-__ ) threatening event 20%
] Asthma 13.2%
3 L, Pneumonia 6.3%
- Bronchiectasis 1%
L A General respiratory
. i symptoms 57.7%
Figure 2. Estimated prevalence
of extra-oesophageal symp-

G toms in children with gastro-
oesophageal reflux disease,
based on five studies.

was twice that in controls (13.2% vs. 6.8%; showed that 39% of the children with asthma but none
P < 0.0001)."* of the controls had reflux symptoms.'” However, this

Five studies evaluated the presence of GERD in chil-
dren with asthma. Four of the studies reported a
higher prevalence of GERD in children with asthma
compared with healthy controls. A study in paediatric
outpatient clinics evaluated 872 children (aged
7-16 years) with asthma (according to the Global
Initiative for Asthma classification) and 264 healthy
controls. Using the GERD Questionnaire developed by
Nelson and colleagues,'? the study showed that 19.7%
of children with asthma had a positive GERD symptom
score compared with 8.5% of controls (odds ratio 2.6,
P <0.001)." The questionnaire was completed
regardless of current asthma symptoms. A further
questionnaire-based study showed that among 13 and
14-year-olds with asthma, 19.3% had symptoms of
GERD, compared with 2.5% of those without asthma
(P < 0.001)."*> Another study showed the prevalence of
gastrointestinal symptoms (investigated by endoscopy
and abdominal ultrasonography) to be 65% in children
with a diagnosis of asthma and 16% in healthy controls
(P < 0.001)."® A scintiscan study of 80 children (age
range 9 months-12 years) with asthma (defined as three
or more episodes of reversible bronchospasm) and a
small control population of just 10 healthy controls

study evaluated just a single episode of postprandial
reflux and therefore may not be a true indication of
GERD. The smallest of the five studies investigated just
nine children (mean age 15.2 years) with asthma
according to the American Thoracic Society guide-
lines.'® Oesophageal pH monitoring revealed that three
of the nine children with asthma (33%) experienced
reflux, compared with 4 of 7 healthy controls (57%).
Estimates of the prevalence of GERD in children
with asthma varied between 19.3% and 65%, giving
a pooled sample-size-weighted average prevalence of
23.4%. Estimates in controls varied between 0% and
57%, giving a pooled sample-size-weighted average
prevalence of 3.8%. The variation in the results is
most probably related to the methodology used to
identify GERD. The studies using an oesophageal pH
probe or endoscope reported relatively high preva-
lence estimates (33-65%),'® '® as did the study using
scintigraphy (39%),'” whereas the studies that used a
questionnaire to assess GERD symptoms reported the
lowest prevalence estimates (19.3% and 19.7%)."> '°
Alternative sources of variation in the data include
the small sample sizes, the lack of standardized
definitions for reflux and asthma symptoms, the

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
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~
o

M Children with EO symptom
[ Children without EO symptom

Prevalence of GERD (%)
n ) IN o o)
o o o o o

-
o

Asthma*

ALTE Laryngotracheitis
Extraesophageal symptom

Figure 3. Reported prevalence estimates for gastro-
oesophageal reflux disease (GERD) in children with extra-
oesophageal symptoms. ALTE: apparent life-threatening
event; EE: extra-oesophageal. *Represents the pooled
sample-size-weighted average calculated from the preva-
lence estimates reported by four studies.

timing of the study in relation to the patients’
symptoms, and the variation in age groups between
the studies.

Pneumonia. Only one study meeting our inclusion
criteria evaluated the prevalence of pneumonia in
children with GERD. In the Texan study by El-Serag
and colleagues described above, the prevalence of
pneumonia in 1980 children with GERD was 6.3%,
compared with 2.3% in a healthy control population
of 7920 children (P < 0.0001)."* Again, standardized
definitions were not used for the symptoms, and the
temporal relation between the onset of pneumonia
and GERD symptoms was not noted; it is therefore
hard to draw firm conclusions from these data
alone.

Apparent life-threatening event. A large study
reported the prevalence of ALTE (an episode charac-
terized by some combination of apnoea, colour
change, marked change in muscle tone, choking or
gagging, that is frightening to the observer) to be
20% in a sample of 173 infants (under 1 year of
age) with GERD (diagnosed as a reflux index greater
than 5% on extended pH monitoring). This was less

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd

than the prevalence among the 169 healthy controls
(31%; P < 0.12).° As this study was retrospective, it
did not document the rate of ALTEs that occurred
during reflux. A further four smaller studies reported
the occurrence of GERD in infants (less than 1 year
of age) presenting with ALTE, although no study
established a temporal link. Three of these studies
reported no significant difference in terms of reflux
symptoms between infants who had experienced an
ALTE and controls.”'">> However, the largest of the
four studies evaluated 62 infants with episodes of
paleness possibly suggestive of an ALTE.** The
results of the study showed that 420 of the 62
infants had abnormal pH-metry results, compared
with 8.5% of the 378 control infants.

Bronchiectasis. The retrospective study by El-Serag
et al. described above showed that the prevalence of
bronchiectasis was 10-fold higher in children with
GERD than in healthy controls (1% vs. 0.1%;
P < 0.0001)."2 It is hard to draw firm conclusions from
these data alone, given the limitations of the study
described above.

General respiratory symptoms. The two studies that
investigated general or multiple respiratory symp-
toms in infants with GERD reported contradictory
results. One database study showed that significantly
fewer of the 173 infants (mean age 3.3 months) with
GERD had respiratory symptoms (including wheezing,
apnoea, aspiration, pneumonia, ALTE, and/or cya-
notic episodes) than did the 169 controls (49% vs.
63%; P < 0.01).° A smaller cross-sectional study of
42 patients with GERD and 66 healthy controls
showed a prevalence of up to 62% for general respi-
ratory symptoms in infants with GERD, which was
significantly higher than that in healthy children
(P < 0.02).°

Ear, nose and throat symptoms. 1In the retrospective
study described above, sinusitis was present in 4%
of children with GERD compared with only 1% of
controls (P < 0.0001)."*> Moreover, the prevalence of
otitis media was significantly lower in children with
GERD (2.1%) than in controls (4.6%; P < 0.0001) in
the same study. No further data were found that
confirmed this finding. A small prospective study
of  children (aged 2 months-7.5 years) being
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evaluated for laryngotracheitis showed that 62% had
pathological reflux, compared with 16.6% of
controls.”®

Dental erosion. Two studies reported considerably
different values for the prevalence of dental erosion in
children with GERD (14% and 76%). Both showed that
the prevalence was higher in children with GERD than
in healthy controls (P < 0.05).%”" 8

Other symptoms. There were no studies meeting our
inclusion criteria that evaluated the putative relation-
ship between GERD in children and apnoea, cough,
bronchitis, laryngitis, pharyngitis, functional recurrent
abdominal pain, colic, rumination syndrome, cystic
fibrosis or Sandifer’s syndrome.

Pharmacotherapy of extra-oesophageal
symptoms

The impact of pharmacotherapy of GERD on extra-
oesophageal symptoms was evaluated in three studies
in children (Table 3). A short-term (4-week) study con-
sidering the effect of the prokinetic agent cisapride (in
the presence of the histamine-2 antagonist ranitidine)
on persistent crying in infants aged 0.5-8.2 months
showed no advantage over placebo.”®

A 12-week study also failed to show improvement
in asthma symptoms following treatment with a pro-
ton pump inhibitor (PPI)."° However, a longer-term (6-
month) study reported significant improvements in
asthma symptoms in-patients receiving a PPI com-
pared with control groups.*®

DISCUSSION

Summary of results

Data from well-selected retrospective and prospective
observational studies may suggest an association
between GERD and asthma in children, and further
possible associations with pneumonia, bronchiectasis,
ALTE, laryngotracheitis, sinusitis and dental erosion.
However, the paucity of large well-conducted con-
trolled studies, the varying definitions of diseases used
and the wide range of investigative techniques make it
difficult to draw firm conclusions.

The impact on extra-oesophageal symptoms of treat-
ing GERD by pharmacological approaches varied

between studies. PPIs may be beneficial in the control
of childhood asthma, but further studies are needed to
confirm this.

Results in context

Prevalence of GERD in children with extra-oesopha-
geal symptoms. The reported prevalence of GERD in
children with asthma ranged from 19.3% to 65%. This
wide variation in prevalence estimates most likely
reflects the small sample sizes, the differing definitions
of asthma and GERD used in studies, the fact whether
or not asthma symptoms were present during the
investigations, the variety of age groups studied, and
the differing techniques used to make a diagnosis.
None of the included studies differentiated patients
with allergic asthma; the impact of the proposed link
between GERD and atopic conditions (discussed below)
on the results was therefore not apparent. The calcu-
lated pooled sample-size-weighted average for these
prevalence data (23.4%) is higher than that for the
control data from the same studies (3.8%). In adults,
the prevalence of GERD symptoms in-patients with
asthma appears to be higher (59.2%) than that found
for children in our analysis.’

Data included in this review suggest a possible asso-
ciation between laryngotracheitis and GERD in chil-
dren. The prevalence of pathological reflux (defined as
a reflux index greater than 5.2%) in children with lar-
yngotracheitis (62.5%) is substantially higher than the
previous estimates determining that 4-10% of adults
with laryngeal disease have concomitant GERD.?'

Previously reported estimates of the prevalence of
GERD in the general paediatric population varied from
approximately 2% to 25% depending on the symptoms
evaluated."”> A population-based retrospective study
estimated the prevalence of GERD in children under
5 years of age (mean age at diagnosis, 7.3 months) to
be 0.91 per 1000 person-years.’> The broad range of
reported prevalence estimates may be attributable to
the lack of a uniform definition of symptoms and the
methods of data collection. In the general adult popu-
lation, a prevalence of 10-20% has been reported.’
Only one of the four studies included in our analysis
that investigated GERD in children who had symptoms
suggestive of an ALTE reported a prevalence value.”*
The prevalence reported in this study (42%) is slightly
higher than the figures reported by Nelson et al. and
Dent et al.,"> ** possibly suggesting that ALTE is asso-
ciated with an increased prevalence of GERD;

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd



SYSTEMATIC REVIEW: EXTRA-OESOPHAGEAL SYMPTOMS OF GERD IN CHILDREN 267

XIpUT XN[JaI ‘TY

croyquyut dund uoyoad ‘Idd

JudUWe}
guimor[oj sdnoid usamiaq
Apuedyrugrs IJJ1p jou surojuow
PIpP saireuuonsanb omy syam ¢ 10j ogaderd 1o BUILISE Hd y-¥z uo [eL1) pa[[0nU0d- BUIYISE o 10 32
Aq pa10ds swoldwAs ewyisy Arep duo 8w oz d[ozerdaw() pIsoudelp-ueISAYd G < [Y/Rlreuuonsan) oqgade[d paziwopuey PIM 8¢ [epiois
SuIAD Jusisiad yIm syuejul
gunean) ur ogaderd (A[rep sawn ¢ ‘8y/8w z°Q) apuidesn
0] I011dns 10U dIIM snid (Arep sowm ¢ ‘Sy/8wr ¢)  SuIA jusisiad jo Suuojiuow gd [BL PI[[0L[U0D- Y URE]
SUOLIBIIPAW XN[JI-NUY QUIPDIUET YIIM JUSWIRI] SYAIM §  SISOUSRIpP UBDISAYJ U-¥¢ [eddeydoss ogaded paziwopuey e uepiof
1.4 | 10}
dnuryoid,/1dd pey Ajsnoradid pey [[vV
(uoryedridopuny) [onuod :) dnoin
J pue y sdnoi8 (A[rep sawny ¢
UBY) SUOTBGIIEXD I0W Sw 0g1) durpniuer :g dnoin  judunean ewndo dwn A
Apuedyugis pey g dnois aprwerdopolauw/(Aep/Sw OF) udsap 1eaL 1_dd  Jo opg< 10y § > Hd [e1 dAndadsoxd oc[9PAeH pue
quaunean syuow 9 Suimorog drozexrdawosd :y dnoin saposids ¢ 2 ewpsy  Suuoyiuowt Hd Y-y  pIpuI[q-I01eSNSIAU] a4 ooysoyy
JwodnQ J3esop pue 3niq woydwAs swolduwAs ugisap Apnmis RVAN UARY
[ed8eydosa0-enxd XNyl jo uonemndog
Jo uonruyaq uonmugRq

swoldwAs ea8eydosao-enxa uo Aderyy Snip @D Jo sewodxnQ "¢ 3|qel

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
Journal compilation © 2009 Blackwell Publishing Ltd



268 V. TOLIA and Y. VANDENPLAS

however, further large controlled studies using a stan-
dardized definition are required to confirm this.

A recent study in adults showed a positive associa-
tion between cough and acid reflux in a significant
subgroup of patients with chronic cough.>* We did not
identify any controlled studies that evaluated the asso-
ciation between GERD and cough in children. Nor did
we identify any studies meeting our inclusion criteria
that evaluated the putative relationship between GERD
in children and apnoea, bronchitis, laryngitis, pharyn-
gitis, functional recurrent abdominal pain, colic, rumi-
nation syndrome, cystic fibrosis or Sandifer’s
syndrome, mainly because of the lack of a control

group.

Prevalence of extra-oesophageal symptoms in
children with GERD. The single study of asthma in
children with GERD showed asthma to be more pre-
valent in these children than in healthy controls.
However, as discussed above, there are several limi-
tations to this study and so more studies are
required to confirm this finding. Similarly, evidence
from a systematic review of adult data and a pro-
spective multicentre open cohort study show that the
prevalence of asthma is higher in adults with GERD
than in the general population, but it appears to be
lower than in the study in children described in our
review.> ° We found that pneumonia was more pre-
valent in children with GERD (6.3%) than has been
previously found in a large population-based trial
(2%).>° The single study reporting the prevalence of
ALTE in infants with GERD showed it to be lower
than in controls. This suggests a lack of correlation
between GERD and ALTE. Further large controlled
prospective studies are required to confirm this
result, but the findings are in agreement with previ-
ous data.’® Respiratory symptoms such as cough,
wheezing and asthma have been reported to be more
common in children with an inlet patch (a distinct
area of ectopic gastric mucosa located in the proxi-
mal oesophagus) than in controls.?’

The large database study'” that found an association
between GERD in children and sinusitis is supported
by data from a systematic review of adult patients that
showed a positive association between GERD and both
sinusitis and laryngeal malignancy.®® The database
study by El-Serag and colleagues'? also showed that
otitis media was significantly less prevalent in children
with GERD than in controls. There is no evidence in

the literature for a protective mechanism, so it seems
unlikely that GERD is protective against otitis. This
result may therefore be a consequence of the weak-
nesses of this study, as highlighted above. Data from
two studies that did not meet the inclusion criteria for
our review because of the lack of a control group
reported an association between acid reflux and otitis
media in children.>® *°

Despite few studies meeting the inclusion criteria for
our review because of their lack of control group, we
found some support for the hypothesis that children
with GERD have a significantly higher prevalence of
dental erosion than healthy controls. The acidic nature
of gastric reflux is thought to cause characteristic den-
tal erosion, although both GERD and dental erosion
have been associated with common modifiable risk
factors such as consumption of sugary carbonated soft
drinks, and not brushing teeth after every meal.*'™** A
recent systematic review** showed a strong association
between the prevalence of GERD and dental erosion.
The median prevalence of GERD in adults with dental
erosions was 32.5%, while in paediatric patients with
dental erosions it was 17%. However, a study in young
adults (19-22 years old) reported that there was no
association between dental erosions and GERD.**

Pharmacotherapeutic data. We found possible sup-
port for an association between GERD and asthma in
children from one long-term (6-month) pharmacother-
apeutic trial of a PPI (esomeprazole, given in combina-
tion with metoclopramide),®® although two shorter
term studies (including one randomized blinded trial)
failed to show a significant improvement in asthma
symptoms over placebo of either omeprazole, or raniti-
dine in combination with cisapride.'® ?° In their study,
Khoshoo and Haydel selected only patients with path-
ological reflux and not those with weakly acid reflux,
which may have favoured a positive effect of the PPI.
The variation in the recorded outcomes may be a
result of the anti-reflux therapy chosen; the superior
control of extra-oesophageal symptoms with PPIs
compared with cisapride may correspond with a
greater effectiveness of PPIs in providing relief from
GERD.*® %’ Alternative reasons for the variation in the
results could include the symptoms studied, the disease
definitions and methodology used, the dosing regimen,
the length of study and the small sample sizes.

A large controlled trial in adults showed that acid
inhibition led to only a small improvement in asthma
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symptoms in adults with gastro-oesophageal reflux
who had nocturnal episodes of asthma.*® In contrast,
two recent meta-analyses found that PPIs failed to
have a significant effect on chronic laryngeal symp-
toms that had been attributed to GERD in adult
patients.*> >°  Furthermore, a Cochrane systematic
review of randomized controlled trials identified from
the Cochrane Airways Group trial register evaluated
the effects of GERD treatment on asthma.”' The major-
ity of the studies focussed on adult patients but one
looked at the effects of GERD treatment in adolescent
patients. In agreement with our findings, the authors
of the Cochrane review found that the interventions
used and outcomes assessed were inconsistent between
the 12 studies they reviewed. The authors concluded
that in-patients with both asthma and GERD, treat-
ment for GERD did not produce consistent improve-
ment in asthma symptoms. A more recent Cochrane
review reported that there was insufficient evidence to
conclude that PPI treatment is beneficial for cough
associated with GERD in adults and children.*

Clinical implications

The lack of studies investigating the temporal relation-
ship between GERD and extra-oesophageal symptoms
makes it difficult to determine a causal relationship.
Gastro-oesophageal reflux has previously been sug-
gested to be a symptom of atopic disease.”” It is there-
fore possible that GERD may be secondary to atopic
conditions such as asthma. Allergic exacerbation may
cause wheezing, which in turn induces reflux through
an increase in intra-abdominal pressure. A further
consideration is that reflux could cause respiratory
symptoms. The reflex theory postulates that the pres-
ence of acid in the oesophagus stimulates a vagally
mediated bronchoconstriction.” A large longitudinal
study, conducted using the UK General Practice
Research Database, showed that patients with asthma
had an increased risk of developing GERD, but that
patients with GERD did not have an increased risk of
developing asthma.”* Future longitudinal studies
would help in clarifying any possible causal relation-
ship.

Our results suggest that the prevalence of GERD
may vary according to the methodology used to diag-
nose it. Further to clinical diagnoses, the most com-
monly used technique was pH-metry. However, it has
the limitation of being unable to detect non-acid
reflux and this is one reason why several other

© 2009 The Authors, Aliment Pharmacol Ther 29, 258-272
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techniques have been used to investigate GERD.
Simultaneous dual channel oesophageal pH monitor-
ing has been shown to identify reflux in a further 46%
of children who would otherwise have been falsely
presumed to have normal reflux parameters.”® Multi-
channel intraluminal impedance is of use in the detec-
tion of non-acid or weakly acid reflux events.”® >’
Radionuclide scanning can be used to detect episodes
of gastro-oesophageal reflux and pulmonary aspiration
occurring during or shortly after meals. Its reported
sensitivity for micro-aspiration is relatively low, but
the infrequency of aspiration events may explain a
negative test.”® " Nuclear scintigraphy is not recom-
mended in the routine diagnosis and management of
GERD in infants and children but may be of use
for detecting non-acid reflux events.®’ Oesophageal
ultrasonography is a favourable option in children
because of its non-invasive nature,®?~®> but at present
its use as a diagnostic tool for GERD is limited. It is
therefore necessary for physicians to consider the vari-
ability between techniques when evaluating extra-
oesophageal manifestations of GERD in the paediatric
population.

Further research is required to confirm the data
reviewed in this study that suggest an association
between GERD and several extra-oesophageal symp-
toms in children. GERD may be a possible underly-
ing cause or aggravating factor in children with
asthma and other respiratory symptoms. PPIs have
been used for both the diagnosis and treatment of
extra-oesophageal manifestations of GERD in adults,
with varying success." Despite a high proportion of
studies showing abnormal reflux in-patients with
asthma, empiric PPI therapy is unlikely to be an
effective approach. Instead, long-term anti-reflux
therapy should be used only for those with persis-
tent refractory asthma. Today, there is no evidence
to recommend the use of anti-reflux medication in-
patients presenting only with respiratory symptoms
and without an objective diagnosis of GERD or evi-
dence of temporal relationship between reflux and
the respiratory event. Further data are required to
confirm the usefulness of anti-reflux therapies for
managing extra-oesophageal symptoms in GERD in
the paediatric population.

Strengths and limitations

Only one other systematic review has assessed the
prevalence of extra-oesophageal symptoms and their
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relationship with GERD in infants and children. Our
review is the first systematic review to explore the
relationship between a broad range of extra-oesoph-
ageal symptoms and GERD in children. There were a
number of limitations to our analysis. Very few
available studies included a healthy control cohort,
which limited the number of studies that could be
included in our review. To gain a better understand-
ing of whether extra-oesophageal symptoms are
more prevalent in-patients with GERD, and vice
versa, we have made some comparisons with preva-
lence estimates from the general population. How-
ever, it is not ideal to draw comparisons between
different population groups. Several studies did not
explain how the GERD or extra-oesophageal condi-
tions were diagnosed. As a result, there is likely to
be wvariation in the definitions used and in the
severity of illness, which makes direct comparisons
of results difficult. Moreover, the lack of a consis-
tent definition of GERD may have caused some
patients to be falsely presumed to have GERD,
resulting in inaccurate estimations of prevalence. The
broad range in reported prevalence is probably the
result of referral bias to centres with specialized
interest, the sample size, or the technique used to
make the diagnosis. A further consideration is that,
because of the small number of studies that met our
inclusion criteria, a substantial proportion of our
data came from a single study that investigated
multiple symptoms in children with GERD.'” There-
fore, the limitations of the study by El-Serag and
colleagues described above may have skewed the
results of this review. Variations between the studies
are also likely to have had an impact on the results
from the pharmacotherapeutic trials; the studies var-
ied in terms of the combinations of drugs used, the

dosing regimens, the length of treatment and the
symptoms studied.

Conclusions and future work

This review presents retrospective evidence from the
literature that many children and infants with reflux
symptoms may also have extra-oesophageal symp-
toms. It highlights the need for further well-designed
case-controlled trials, using standardized techniques of
investigation, a standardized definition of GERD (such
as the Montreal Definition or the new paediatric defi-
nition of GERD"!') and standardized defiitions of
the extra-oesophageal symptoms. Future trials of anti-
reflux therapies should be randomized controlled trials
with appropriate control groups and make use of
newer techniques such as Multichannel impedance pH
monitoring so that clinically useful conclusions may
be drawn. Longitudinal studies assessing the temporal
relationship between GERD and extra-oesophageal
symptoms in children are also needed.
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