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RESUMEN

L ostrastornosgastrointestinaesfuncionaes(TGF),
frecuentementeafectanal osnifiosy estanasociados
conmorbilidadacortoy largotérmino. EstosTGF
asociadoscondolorincluyend Sindromedeintestino
irritable(Sl1),laDispepsiafunciona (DF), e Dolor
abdominal funcional (DAF), & Sindromededolor
abdominal funcional (SDAF), y la Migraia
abdominal . Aunquelapatogénesisdedol or asociado
a los TGF es poco clara, la mayoria de los
investigadoresestan deacuerdo, enunaetiologia
multifactorid ylapresenciadeunainteracciondterada
intestino-cerebro. Unacontinuainter-relacionde
factoresambiental esy genéticos, parecequehacen
partedel desarrollodel sistemanervioso central y
entérico. EI modelo biopsicosocial es el arma
operacional comun para los nifios con TGF, y
reconocelainteraccionentrel asinfluenciassociaes
y ambientales y los procesos psicoldgicos y
fisiol6gicos. El model o biosicosocial proponeque
loscambi osespecificosdesusceptibilidad genética,
lasexperienciastempranasdelavida, loscambios
soci oculturas, y losmecani smosdeimitacion, podrian
explicarlavariabilidadenlapresentacionclinicay los
resultadosentrel osindividuos.
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Functional gastrointestinal disorders (FGIDS)
commonly affect childrenand areassociatedwith
short- andlong-termmorbidity. FGI Dsassociated
withpainincludeirritablebowel syndrome(IBS),
functional dyspepsia(FD), childhood functional
abdominal pain (FAP), childhood FAPsyndrome,
andabdominal migraine. Althoughthepathogenesis
of pain-related FGIDs remains incompletely
understood, most investigators agree on a
multifactorial etiology andthepresenceof anatered
brain—gutinteraction. A continuousinterplay of genetic
and environmental factors appears to shape the
development of the central and enteric nervous
systems. Thebiopsychosocia model isthecurrent
operationa framework for childrenwith FGIDs, as
it recognizes the interaction between social and
environmental influencesand psychological and
physi ol ogicprocesses. Thebiopsychosocia model
proposes that specific permutations of genetic
susceptibility, early lifeexperiences, sociocultural
issues, and coping mechanismscould explainthe
variabilityinclinica presentationandoutcomeamong
individuds.
Key words: Functional gastrointestinal disorders,
Irritable bowel syndrome, Functional dyspepsia,

Functional abdominal pain, Functional abdominal
pain syndrome, Abdominal migraine, Children

INTRODUCTION

Functional gastrointestinal disorders(FGIDs) area
variablecombinationof chronicorrecurrent symptoms
not explained by structural or biochemical
abnormalities. They can involve any part of the
gastrointestinal tract, including the esophagus,
stomach, and bowel. A common feature of these
conditionsisthelack of biologic markersandthe
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inability tofind characteristic pathol ogicfindingson
conventiona endoscopy. Abdominal painassociated
FGIDsincludesfunctional dyspepsia(FD), irritable
bowel syndrome (IBS), childhood functional
abdominal pain(FAP), childhood FAPsyndrome,
andabdomina migraine.

In 1991, a group of experts designed diagnostic
criteria—theRomecriteria—toprovideclinicians
and researcherswith amethod for standardizing
FGIDsbasedondlinica symptoms. Thethirdedition
of the Rome criteria, published in 2006, divided
functional disordersof childrenand adolescentsinto
disorderswithvomiting, defecation, andpain.

BeforetheRomecriteriawerepublished, therewas
great confusionregarding theterminology of this
groupof disorders. Inchildren, recurrentabdominal
pain (RAP) wasused asawastebasket termfor all
casesof chronicor intermittent pain. Althoughnew
specific nomenclature intended to include only
functiona conditionshasbeensubstitutedfor RAP,
afewresearcherscontinuetousetheoldterm. This
review usesthetermRAPasequivalentto FAP.

EPIDEMIOLOGY

Chronicabdominal painisoneof themost common
pediatriccomplaints, accountingfor 2%to4%all of
pediatric officevisits?. Two prospective, school-
based studi esinvestigatedthepreva enceof abdomina
paininAmericanchildrenatthecommunity level 34,
These studies demonstrated that 46% of school-
agedchildrenexperiencedabdomina paineachweek
andthat 12% of all childrencomplained of weekly
abdominal painfor at | east 8 consecutiveweeks. A
cross-sectiona community study revealedsymptoms
consistentwith1BSin 14% of high school students
and 6% of middleschool students°. Theprevalence
of FAP increases with age into adolescence™®.
Abdominal painhasanequal gender distributionin
early childhood®®, whereas female complaints
predominateinlatechildhood and adulthood®*.
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IMPORTANCE

Childhood FAPmay besdf-limitedandbrief orlong
lastingandtaxing. Thiscondition’ sperceivedbenign
nature frequently leads to underestimation of its
impactonlifefunction. Long-termfollow-upstudies
reported persi stenceof FAPintoadulthoodinupto
onehdf of affected children”!*. Childhood FAPa so
hasbeen associ ated withlong-term psychol ogi cal
comorbidity, including depression, anxiety, social
phobia, and somatic complaints'?. Children with
FAPreportedly visit atleast threedifferent health
care providers for evaluation of unexplained
abdomina pain3.

Petientswithl BShavesubstantialy poorer quality of
lifethanthosesufferingfromasthmaor migraines'®.
Childrenwith FAPmisssignificantly moreschool
thanhealthy children'®3, FAPnegatively affectsthe
family budget directly andindirectly whenoneind udes
thecost of missedworkingdays, laboratory studies,
medica vists anddrugtherapiest. Inadults, medica
expensesassociatedwith | BSareestimatedtototal
upto$30billionperyear. Thesecostsarecomparable
to those of asthma, stroke, hypertension, and
arthritis**. Although no cost studies have been
conductedinchildrenintheUnited States, clinical
practiceindicatesthat medica expensesincurred by
eval uationandtreatment of chronicabdomina pain
areenormous. A study conductedinUruguay showed
that thecogtsinvolvedwithas nglepediatricabdomind
pain consultation account for 4% of the total per
capitaannual health carespending?.

PATHOGENESIS

Althoughthepathogenesisof pain-related FGIDs
remainsincompletely understood, mostinvestigators
agreeonamultifactorid etiology andthepresenceof
andteredbrain—gutinteraction. Thebiopsychosocia
model, aframework that integratesthebiol ogical,
psychological, and social processes, isthe most
accepted paradigm®. A continuous interplay of
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geneticandenvironmental factorsappearstoshape
thedevel opment of thecentral and entericnervous
systems. It has been proposed that the specific
permutations of genetic susceptibility, early life
experiences, sociocultural issues, and coping
mechanismscouldexplainthevariability inclinical
presentationandoutcomeamongindividuals.

ALTERATION IN MOTILITY

Gastrointestina motility resultsfromtheintegration
of various elements, including myoelectrical
activity,contractility, compliance, tone, andintestina
trangt. Multipleinvedtigationsinadultshaveeva uated
whether dterationsinmotility werepresentinpatients
with FGIDsand whether thosecould explaintheir
symptoms. Thestudieshavedemondgtrateddysmoatility
andalterationsintranstthroughthesma | bowe and
colon®, The number and amplitude of colonic
contractions are greater in IBS patients than in
controls. Balloon distention of therectumisalso
associated with abnormal motor responses!’!8,
Abnormal contractionsfrequently coincidewith
episodesof abdomina pain'®. Impairedintestinal gas
propulsionandclearancearepresentinpatientswith
I BSand bloating®. However, thephysiologicand
clinical significanceof dterationsinmotilityinIBS
pati entsremai nsunclear. Someof themoatility patterns
foundinthecolonandsmall intestinearequditatively
similartothecontractionsseeninhealthy control .
Moreover, dysmotility isnot universally presentin
patientswith similar symptoms, and thetemporal
correlationbetweenmotility changesand symptoms
isincons stent. Thesefindingsseemtoindicatethat
other mechanismslikely participateinthegenes sof
thesymptoms.

VISCERAL HYPERSENSITIVITY

Studiesonvisceral sensation, animportant aspect of
gut function, have shed new light on the
pathophysiology of FGIDs. Currently, visceral
hypersengitivity istheleadinghypothesisexplaining
mostof thedlinica findingsinlBS. Adultandpediatric
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studies have shown that IBS patients are more
sensitivethanhealthy individual stocolonichballoon
distention?*?4, IBS patients develop pain with
volumesof retained gasthat arewell tolerated by
healthy controls. Intolerancetogastricdistention
was also documented in FD##’Adolescentswith
FD havede ayed gastricemptyingandreport nausea
and bl oating after ameal 2. Thesefindingsseemto
implicate a topographical relation between the
symptomsandtheorgansinvolved.

Imaging techniques, such as positron emission
tomography andfunctional MR, providednewingght
in the study of brain—gut interactions and the
understanding of thephysiol ogicand psychol ogical
characterigticsof patientswith FGIDs. Invivostudies
showed differencesinactivationinthelimbicand
emotiona motor systemsin patientswith FGIDs.
Theleve andextent of activation of theaffectiveand
cognitive regions during rectal distention differ
between | BSpatientsand controls. Studiesfound
that dorsal anterior cingulated cortex activity during
painful rectal distentionwashigherinl BSpatients®.
Thesedifferencesinbrainactivationmay explainthe
upregulation of visceral input to thebrain andits
abnormal affectiveand cognitiveresponsefoundin
patientswithIBS. Althoughother studiescouldnot
replicatethesefindings® =, thereisgenerd agreement
that therearedterationsinbrainactivationinpatients
withIBSmostly inareasrel atedtoresponsese ection
andemotional reaction®.

EARLY LIFE EVENTS

Neglect, abuse, lossof aparent, andlife-threatening
stuationsinchildhood havebeenlinkedtoFGIDsin
adulthood®=¢. Adults with IBS have a higher
preva enceof conflicted materna relationships, | 0ss,
and separati on during childhood®. Studiessuggest
theexistenceof anearly period of susceptibility of the
nervous system associated with enduring neural
platicity andalterationsof pai nperception® -, One
theory suggeststhat early lifeevents, includingthose
involvingthegastrointestinal tract, cancontributeto
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abnormal neurd processingof sensoryinformationin
adulthood. Studieshaveshownthat circumcision
androutineproceduressuchasnursehandlingand
immobilization modify thebehavioral responseto
pain®"-38, Minor colonic stimul ationintheneonatal

periodinratscan producel ong-termsensitization®.
Mechanical or chemical colonicirritationinneonatal

rats leads to the development of visceral

hypersengitivity inadulthood®. Alsoinrats, materna

deprivation during the early postnatal period (a
surrogateof stress) resultsinalterationsinbehavior
andinducesastressresponse™, viscerd hyperalgesia,
andincreasedcolonicmotility laterinlife?. Neonatal

separationinratsal soleadsto persistent disruption
of colonic mucosal barrier function, resulting in
increased penetrati on of antigensand microbesand
immunestimulation®. Reuptakeof theseantigens
laterinlifecouldleadtoinflammationandviscera

hypersensitivity. A highdensity of mast cellsinthe
intestinal mucosaandgreater proximity of mastcells
tonervefiberswerefoundinadult I1BS patients*.

Maternal deprivationinratspromotessimilarlong-
termchangesincolonicmast celsandnervetermina

distribution’®.

A cohort study comparing the outcome of human
neonateswith and without gastric suction at birth
showed that thosewho underwent gastric suction
hadincreased preva enceof FGIDslaterinlife. The
authorssuggest that thismaneuver may promotethe
development of long-termviscera hypersengtivity.

A controlledstudy inratsfound somaticandvisceral

hypera gesiainadulthoodinanimal sthat weresubject
torepeated orogastricsuctioningduringtheneonatal

period. Theseresultswerenot presentinratswithout
orogastricsuction*. Theauthorspreventedviscera

hyperalgesia by preemptive administration of

antalarmin, acorticotropin-rel easingfactor (CRF)

receptor antagonist. Thissuggeststhat stresscould
beinvolvedinthepathogenesisof thesedterationsin
sensation.

GENETICS
Studieshaveshownafamilia clusteringof FGIDs*®
%0, Multiple studies suggest the coexistence of a
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geneticpredispositionand social influencesinthe
devel opment of FGIDs. Children complaining of
RAParesignificantly morelikely tohaveaparent
withgastrointestina complaints’. Monozygotictwins
are twice as likely to develop IBS as dizygotic
twinst, Studiesal soshow that havingaparentwith
IBSisanindependent and stronger predictor of IBS
thanhavingatwinwithIBS*. Althoughmultiple
genes have been investigated, the data are still
preliminary andinconclusive. Studieshavefocused
ontwoprote nsthatinfluencethefunctionof serotonin
and serotonergic receptors:. serotonintransporter
protein(SERT) andpl11.

Both proteins have been linked to comorbid
psychological conditionsthat arefrequently present
in patientswith IBS%%, SERT isresponsiblefor
inactivating serotonin, which playsaroleinpain
modul ationand communi cation betweentheenteric
nervous system and the central nervous system.
Micethatlack SERT exhibitincreasedcolonicmotility
andwaterinstools. Andternating patternof diarrhea
andcongtipationsimilartotheonepresentinpatients
with1BSwasal sodescribed™. Inhumans, thelevel
of SERT mRNA and SERT proteinintheintestinal
epithelial cells of IBS patients decreased
significantly®’. However, thesefindingshave not
beenreplicatedinarecent study®®.

Researchershavedescribedalink betweenpll, a
proteincritical to5-HT 1B receptor functions, and
IBS®. Theexpressionof pllisincreasedinpatients
with IBS. 5-HT 1B receptor agonists reduce
perception of gastricdistentionin patientswith FD
andhypersengtivity®. Theproteinpl1couldmodulae
theresponsetostimul ation of serotonergicreceptors,
including5-HT 1B receptors®, andincreased p11
may beinvolvedindelayed colonictransitthrough
activationof serotonergicreceptors. Thesignificance
of thesefindingsisnot yet known.

PSYCHOLOGICAL FACTORS

Psychological and social factorsinfluencethe
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perception of symptoms, clinical presentation, and
outcomesin patientswith FGIDs. Familial and peer
response affect the illness experience, school
absenteeism, and health care use®. Children of
adultswith1BShavemoregastrointestinal-rel ated
health carevisitsthan children of parentswithout
IBS™. Levy eta.®?demonstratedthat pain severity
andmaternal distresswereindependent predictors
of consulting behavior among childrenwithRAP.
Postivereinforcementandmodedingaretwoexamples
of socid learningfrequently reportedinchildrenwith
|BS*:5384, Whitehead et al . haveproposed that
parentswho providegiftsor special privilegesto
childrencomplainingof gastrointestinal symptoms
reinforce those complaints. Parents avoiding
unpleasant tasksor expecting specia consideration
whenthey areill provideamode of ilInessbehavior
that their children emul ate®*%, Retrospectiveand
prospectivestudiesal so haveshownthat children
whosemothersreinforceillnessbehaviorsdescribe
more severe stomachaches and missschool more
oftenthanother children®%4,

ChildrenwithRA Phavehigher level sof anxiety and
depression than healthy children. Anxiety or
depressionisalsomoresevereinchildrenwithlonger
durationof gastrointestina symptoms®. Inaddition,
studieshaveshownthat childrenwithFAPhavea
poorer ability tocopewithstressful situationsthan
their peers®. A recent prospective study inadults
without | BSinvestigated therel ation betweenthe
psychosocia markersand |BSdevelopment. The
study showedthat higher levelsof ilinessbehavior,
somatic symptoms, sleep problems, anxiety,
depression, psychol ogical digtress, andhedthanxiety
werepredictorsof IBSonset®. Althoughthisstudy
seemstoindicatethat psychol ogical factorspredict
I BSonsetincertainpatients, most patientsdevel oping
FGIDscannot becharacterized ashavingany prior
psychological condition. Onthecontrary, most such
psychological conditions arise after the onset of
gastrointestina symptomsandarepart of theimpact
of FGIDs.
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STRESS

Stressisdefi ned asanacutephysical,immune, or
psychological threat to the homeostasis of an
organism. Gut sensitivity appearsto beaugmented
by stress and reduced by relaxation. Anger, fear,
pain, and anxiety can all lead to delayed gastric
emptying® ™ andenhanced col onicmotor activity®.
Psychosocial stressseemstohaveanevengreater
physi ol ogicresponseinpatientswithFGIDs®. There
isevidencethat stressplaysaprominentroleinthe
pathophysiology™andclinica presentationof IBS™.
Early lifeeventsand stresssensitizecentral stress
circuits, leadingtothedevel opment of FGIDs.

Theentericnervoussystemislinkedbidirectionally
to the brain by parasympathetic and sympathetic
pathwaysformingthebrain—gutaxis. Theactivation
of brain CRFpathwaysplaysanimportantroleinthe
visceral and behavioral responsestostress. CRFis
rel easedintheparaventricular nucleusandstimul ates
adrenocorticotropic hormone secretion from the
pituitary gland. CRFligandsandreceptorsarewidely
expressed, including in the brain and the
gastrointestinal tract. Two CRF receptor subtypes,
R1 and R2, have been described. R1 mediates
increased col onic motor activity, proinfl amatory
responses, and anxiety. R2 stimulation resultsin
dowedgastricemptying, anti-inflammeatory changes,
andanxiolyssduringstressinrats™. Theseresponses
can bebl ocked by CRF antagoni stsand reproduced
by CRFadministeredintraventricularly ™.

Theexistenceof colonicsensitizationandincreased
colonicmoatility inpatientswithl BShasbeenexplained
by theupregul ationof CRF-contai ning neuronsand
CRF-R1 receptors™. Stressful events and food
activatethehypotha amic-pituitary-adrenal axisand
stimulatecol onicmotor activity throughtheactivation
of thesacral parasympathetic nervoussystemand
cholinergic enteric mechanisms. Ascending
projectionsfromthelocusceruleustotheforebrain
are thought to be responsible for the visceral
hyperal gesiaobservedinpatientswith1BS.
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Entericmast cellsareinnervatedby projectionsfrom
thecentral nervoussystemand canbeactivated by
neuronsrel eas ng CRFand/or acetylcholine’™® . Mast
cell degranulation caused by stress initiates
polymorphonuclear cell influx, increased secretion,
permesability, and propulsivemoatility,leadingtopain
anddiarrhea’®.

ENVIRONMENTAL INFLUENCES

Childrenreportmoreabdomina painincertainwinter
monthsthan duringthesummer. Coincidentally, a
multicenter study hasshownahigher frequency of
consultationsfor abdominal painduringthesame
months™. That this seasonal pattern of higher
consultationisnot present throughout theschool year
may indi catethat factorsother thanschool stressare
involved. Based on the multifactorial origin and
proposedinterrelationamong differentfactors, the
authorshypothesizedthat theseasonal patternmay
resultfromtheinteractionof stress, infectiousagents,
andtheinability toparticipateinoutdoor activitiesat
certaintimesof theyear®. Recreational activities
may hel p children copeand handlepsychol ogical
and physical stressors, and those may be more
prevaentincertainmonths.

GUTFLORA AND PATHOGENICAGENTS

Alterationsinindigenousfloraandpathogenicbecteria
have been linked to the pathogenesis of FGIDs.
Quadlitativeandquantitativechangesingutflorahave
been described in patients with IBS. Bacterial
overgrowthwasfoundinupto 78% of patientswith
IBS. Changesingut floramay explaintheincrease
in prevalence of IBS that has been found after
antibioticuse®. Althoughthereisapers stent debate
regardingthediagnosticmethodsusedinthesestudies
and the inability to replicate the results by other
groups, changesingut floralikely arepresentinat
least asubset of IBSpatients. Thisevidencehasled
toasurgeintheuseof probioticstotreat patientswith
IBS. The complexity of the various diagnostic
methods, rationale, and analysisof thedataonthe

Revista Gastrohnup Afio 2010 Volumen 12 Numero 1

useof probioticsisbeyondthescopeof thisarticle
and hasbeenwel | described by other authors®#,

Acute gastroenteritis has been linked to the new
onset of FGIDs. Adult studieshaveshownevidence
of postinfectious| BSin10%t034%of patientsafter
an acute gastrointestinal infection®. Persistent
symptomsof | BShavebeenfoundinupto50% of
adult patientsfollowinganacutebacterial infection6
yearsafter theinfectiousepisode. Anoutbreak of
acutegastroenteritisof vira origininadultsresulted
inpostinfectiousl BSlagtingfor 3months. Inchildren,
amulticenter study demonstrated the presence of
postinfectious| BSafter anepisodeof acutebacterial
gastroenteritis®.

The pathogenesis of postinfectious IBS remains
unclear. Changesingut mucosa functionandstructure
havebeen proposed aspossiblemechanisms. The
presenceof alowgradeinflammationandimmune
activationresultinginincreasedmucosa permegbility
andaltered sensorimotor dysfunctionareamongthe
possi blemechanismsinvolvedinthepathogenes sof
postinfectiousI BS*. Infiltration of enteroendocrine
cellsand anincreased number of lymphocytesand
macrophagesat thelevel of the colon and rectum
havebeendescribedinthesepatients.

FOOD

Perceived adverse reactions to food triggering
gastrointestinal symptomsarereported by 25%to
65%0f adult patientswith1 BS®#, Sixty-two percent
of patientswith1BSlimit or excludeaparticularfood
to avoid symptom onset®™. The relation between
perceivedfoodadversereactionsand FGIDsremains
unclear. Food adverse reactions include food
intolerance, foodallergy, andfoodaversions. All of
thosecould bepresentin patientswith FGIDs.

Foodintol erancesaremediated by nonimmunol ogic
reactions such as toxins, pharmacol ogic agents,
enzymedeficiencies, oridiosyncraticresponses. Some
of thefooditemscommonly implicatedinadverse
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reactionsinpatientswith1BSstimulategut motility
(eg, coffee, alcohol, chewing gum, soft drinks).
Fructoseand|actoseintol eranceisfrequently reported
but rarely demonstrated. A case-control study
showedthat athoughmilk-related symptomswere
presentin40% of | BSpatientsand 12% of controls
(P <0.001), proven lactose malabsorption was
equally presentinbothgroups™.

Foodallergiesresultfromimmunol ogicreactionsto
certainfoods. Thereareprovokingandintriguing
data regarding a possible relation between food
dlergiesand| BSsymptoms. Themechanismlinking
food allergies to IBS remains unclear. It is
hypothesi zedthat mucosal immuneactivationcaused
by food antigensmay contributetothepathogenesis
of FD and1BS*. Studieshaveshownanincreased
number of mast cellsintheileocecal regionof IBS
patients™. It hasbeen proposed that sensitized mast
cells could induce secretory and sensorimotor
abnormalitiesof thegut, resultinginl BSsymptoms.

Elevated serumIgE and1gG4 antibodi eshavebeen
demonstrated in patients with atopic conditions
inducedby foodhypersengtivity®. Althoughasimilar
mechanism has been proposed in IBS, studieson
| gE-specificfood antibodiesand skintesting have
beendisappointing. Theresultsfailedtodemonstrate
aconsi stent rel ationship betweenfood antibodies
and symptomsin most patientswith IBS**%, The
possiblerole of IgG4 isalso controversial. 1gG4
receptorsarelocated on basophilsand mast cells
and are distinct from IgE receptors®. Although
severa studiessuggest that |gG4 productionmay be
part of anormal immunologic responsetodietary
antigens® %, other studies demonstrate elevated
serum|gG4level sinpatientswithahistory of food
alergy andIBS, suggestingacontributory rol €94%,
Eliminationof foodsse ected by specificserumigG4
testing resultedin symptomimprovement®-100-102,
Double-blind studies also showed recurrence of
symptomswhentheoffendingfoodwasreintroduced
and a better response in patients who were more
compliantwiththediet®*. However, thenumber and
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typeof foodstowhichIBSpatientshavehadtheir
circulatingantibodiesmeasuredvary amongstudies,
and no consistent pattern of antibody profile has
emerged'®, Thus, athoughfoodallergiesrepresent
aninteresting field of research, therearenowell-
establi shed and accepted guidelinesonhow tostudy
andmanagepatientswith possibleadversereactions
tofood.

CONCLUSIONS

FGIDsinchildrenresultfromthecomplexinteraction
among motility and sensation, early life events,
environment, and psychosocial factors. The
biopsychosociad mode proposesthat symptomsmay
betriggeredby insultsthat directly orindirectly affect
thegastrointestinal systemthroughthedysregulation
of the brain—gut axis. Further research should be
conducted to advance the understanding of the
multiplefactorsinvolvedinthepathogenesisof this
group of conditionsandto provideevidenceforits

therapy.

ECOLOGY OF FUNCTIONAL
GASTROINTESTINAL DISORDER

Ecology isthesciencethat studiestheinteractionsof
organismswiththeir environment and each other.
Twoimportant principlesof ecology characterize
environmental relations. First, al living organisms
haveacontinua interrelationwithother livingand
nonliving el ementsthat comprisetheir environment.
Second, each of these ecosystems and their
componentsareconnected and affect oneanother.
Sixty years ago, the World Health Organization
providedanew dimens ontotheconcept of human
hedlthbyincludingphysicd, psychologicd,andsocid
componentstoitsdefinition. Inkeepingwiththis
holisticconcept of hedlth, thebi opsychosocia model
underscores the relation and equilibrium among
biologica, physiologica,and psychol ogical systems
to determine susceptibility to functional
gastrointestinal disordersand explaintheclinical
variability and different responsesto treatment®,
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Thismodel proposesthat illnessand diseaseresult
frombiologicd, psychologicd ,andsocid subsystems
that interact at multiple levels. In this context,
psychosocial factorshavedirect physiologica and
pathol ogica consequences. Thisframework differs
fromtheclassical view of asingleetiology for each
condition. Equilibriumbetweenorgansystemsand
ecosystemsresultsinhealth, whereasimbalanceis
experiencedasillness.

Our interactionwiththeenvironment canbel oosely
characterized asaninterdependent rel ation between
2 ecosystems. Food antigens and gut flora are
examplesof thecomplexinterna ecosysem. Relevant
examples of the external ecosystem are the
surroundingsocia andphysical environment.
Adversereactionstofoodarefrequently reported by
patientswithfunctional gastrointestinal disorders
(FGIDs)*. Thereareintriguingbut still preliminary
dataindi catingaposs bleroleof food hypersensitivity
in the pathogenesis of irritable bowel syndrome
(IBS). A trial of food elimination based on serum
immunoglobulinG4antibodiesinpatientswithIBS
has shown a significant decrease in symptoms,
comparedwith patientsreceivingashamdiet’., In
line with these findings, another study showed
improvementinrectal complianceinpatientswith
| BSundergoingafood-specificimmunoglobulinG4
antibody-guided exclusiondiet'®.
Thegutflorainfluencesour body functionsinmultiple
ways. Thefloraformsabarrier against pathogens,
gimulatesthehostimmunesystem, limitstheadhesion
of pathogeni cbacteriatotheepithelium, andcontrols
theproliferationanddifferentiationof epithdlia cdls.
Germ-freeratshavedifferent spatial andtemporal
characteristicsof migrating motor complexesinthe
small intestine than do conventional animals'®.
Anaerobicbacteriassemtobeanimportant promoter
of regular spike activity in the small intestine.
Psychol ogical stressresultsinquantitetiveaterations
inbacteria'®”1%, Stressed miceexhibit adecreasein
the relative proportion
of Lactobacilli and Escherichiacoli, changesthat
could berelated to small intestine dysfunction'.
Qualitativeand quantitativechangesingut florahave
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beendescribedinpatientswithIBS. A study of fecal
sampleshasshownqualitativedifferencesbetween
healthy controlsand | BSpatientsand betweenBS
patientswith congtipation or diarrheapredominant.
The study showed that although patients with
constipation-predominant IBS had higher
concentrations of Veillonella spp, patients with
diarrhea-predominant 1BS had lower levels
of Lactobacillus spp. Galatolaet al foundevidence
of bacteria overgrowthin56%diarrhea-predominant
| BSand 28%of thecondti pati on-predomi nantty pe'®.
Pimentel et al havefoundbacterial overgrowthin
78% of patientswith IBS'°. Changesingutflora,
resultingfromtheuseof antibiotics, haveal sobeen
proposedasapathogenicmechanismof IBS. Studies
haveshownthat patientswhorece ved antibioticsin
the previous monthswere approximately 3times
more likely than patients who did not receive
antibioticsto develop functional symptoms®211L,
Probiotics and antibiotics have al so been used to
treat aproposed dysfunctional rel ationbetweenthe
indigenousfloraandthehostinpatientswith | BSH01>
14 Verdu et a suggest a possible pathogenic
mechanism linking changes in flora and IBS'®.
Perturbationsingutfloraandinflammeatory cel activity
may modify thesensory neurotransmitter contentin
the colon, leading to altered visceral perception,
dysmotility, increased gasproduction, and changes
inbowel habits. I ncreased numbersof inflammatory
cdllsinthelaminapropria, proximity of mast cellsto
nerves, and production of substancesthat activate
receptorsinvolvedinvisceral sensation havebeen
showninpatientswith|BS*.

Pathogenicbacterial eadingtoacutegastroenteritis
may a so causepersistent GI symptomsand FGIDs
includingIBS"* anddyspepsiat!’. PodtinfectiousI BS
developsin10%to 34% of adult patientsfollowing
acuteinfectiousenteritis®. A multicenter controlled
study conducted by our group has recently
demonstrated thepresenceof postinfectiousiBS in
childrenf®. Thisstudy showedasignificantincreasein
preva enceof abdomind paininpatientsexperiencing
acutegastroenteritisof bacterid originsevera years
after the initial episode subsided. Although the
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pathogenes sof postinfectiousl BSremainsunclear,
someauthorsproposethat changesingut mucosal
function and structure, increased mucosal
permeability, infiltration of enteroendocrinecells,
and persistent neuroimmuneinteractionsleadingto
conti nuing sensorimotor dysfunctioncouldexplain
thisphenomenon®’.
Thedifferentorgansystemsalsoliveinanintegrated
equilibriumwith each other. Theenteric nervous
systemhasabidirectiona dia oguewiththebrainvia
parasympathetic and sympathetic pathways that
integratethe brain—gut axis. Stress, defined asan
acutethreat tohomeostasis, may leadtointestinal
inflammation,increasadintesting permegbility, viscerad
hypersengitivity, anddysmotility*8. Psychol ogical
and physical stressorsmay beinvolvedintheonset
and modul ationof IBSsymptoms. Stresscanleadto
mast cell activation, degranul ation’, and rel ease of
mediators that alter the gut motor response and
viscerd perceptionthroughitseffectonentericneurons
andsmoothmusclecells. Mast cellsmay congtitute
thefinal pathway of variousmechanismssensitizing
the GI tract such as stress, food allergies, and
infections'®. School-related stressmay play arolein
explainingtheseasonal variationof abdominal pain
and other somatic complaintsdescribedinhealthy
childrenatthecommunity level andinconsultations
for abdominal pain’. Threeindependent pediatric
studiesconductedindifferent settingshaveconcluded
that thereisahigher preval enceof complaintsand
consultationsfor abdomind painduringwintermonths
incomparisonwithsummer months*"12°, However,
theanaysi sof themonthly patternof gastrointestinal
complaintsindifferent school sandcitiesshowedthat
those complaints do not occur during the whole
school year, whereasschool -rel ated stressshould
be present during the entire academic year. The
presence of a significant decrease in somatic
complaints at the end of winter and beginning of
spring suggestsapossi bleinvolvement of factors
otherthanschool stress Minoror subdinicd infections
incertainmonthsof theyear couldplay aroleinthis
seasonal pattern. A decreased ability to copewas
describedinchildrenwithrecurrentabdomind pain®’.
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A study suggested different seasonal patterns of
abdomind paininchildrenlivingindifferentlatitudes?..
Limitations in outside activities due to weather
conditionsmay resultinadecreased ability tocope
through play during certainmonthsof theyear.
Thepossibleeffect of hormoneswithanimportant
environmental underpinningshoul dal sobecons dered.
Melatonin production illustrates the integration
between ecosystemsandorgansystems. Me atonin,
initially thought tobefoundonly inthepinea gland,
was then shown to be present in a much greater
concentrationinthegut, mainly intheenterochromaffin
cells. Meatoninserumlevelsvary accordingtothe
daylight cycleand weather (external ecosystem).
Melatoninisalso produced by thegut floraandits
intestina concentrationismodul ated by meal s(internal
ecosystem). Multiplestudieshaveshownanimportant
effect of melatoninongastrointestinal function'?,
Melatonin affects Gl circadian entrainment, has
antioxidant and cytoprotectiveactivity, and anti-
inflammatory effects. M e atoninal soregulatesgut
motility and sensation, important factors in the
pathogenesisof IBS'23. Multipleclinical trialshave
shownabeneficial roleof melatonininthetreatment
of IBS'** and dyspepsiaevenintheabsenceof deep
disturbances'®. M e atoninhasal sobeenimplicated
inthetreatment and pathogenesi sof headaches'®, a
common comorbidity inchildrenwith abdominal
pain®. Headachesand | B Ssharethebiopsychosocia
model®°. Theevidencederivedfromthesestudies,
thephysiological implicationsof melatoninontheGl
tract, and the presence of feedback mechanism
between melatoninand serotoninjustifiesfurther
investigationontheeffectsof thishormoneontheGl
tract and its possible role in the treatment of
FGl D3124’127.

Insummary, hedlth, iliness, andthevariousphenotypic
expressionsof each conditionmay beviewedasthe
results of multiple internal and external factors
interacting and mutually affecting each other. we
shouldbeopentoexplorenovel factorsthat could
advanceour understanding of thepathogenesisof
FGIDs.
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ENVIRONMENTAL FACTORS OF
ABDOMINAL PAIN

Functiona abdomind painincludesagroupof clinica
conditions characterized by chronic or recurrent
abdominal pain that occurs in the absence of
recognizablephysiologic, infectious, structural, or
biochemical abnormalities. The term functional
abdominal pain(FAP) now replacestheoldtermof
«recurrentabdominal pain,»avagueterm. According
tothemost recent Romecriteriall | classificationof
functional gastrointestinal disorders (FGIDs),
functional abdomina painconditions
encompassfour differentwell defineddlinica entities:
functiona dyspepsia(FD), irritablebowe syndrome
(1BS), childhood FA P, andabdomina migraine'?12,
The etiology of FAP in childrenis complex and
incompletely understood. The most accepted
pathophys ol ogicframework proposesthat they result
fromtheinteractionof biological, psychosocial,and
environmental factorsinapredisposedindividual.
Thisarticlefocusesontherol eof many components
of thechild' senvironmentd settingthat influencethe
devel opment of functiona abdomina pain.

EPIDEMIOLOGY

Functional abdominal painiscommoninchildren.
Office-based and community studieshaveshowna
high prevalencein children of all agespeaking at
approximately 9years™¥. Functional abdomina pain
accountsfor 2%to4%of all primary carepediatric
visits. A community study by Hyamset al reported
that 13%and 17% of middle-school and high-school
studentsexperienceweekly abdominal pain, with
8% studentshaving consulted aphysicianfor that
complaintintheprior year®. Sapset a haveshowna
46%weekly prevalenceof abdominal paininpre-
teen school-age children with 23% reporting
persistenceof abdominal painfor 4weeksand 8%
for morethan 12 weeks'?',
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BIOPSYCHOSOCIAL MODEL

Thebiopsychosocia mode providestheconceptua
basis for the understanding of FGIDs including
abdominal pain. Thisholistictheory proposed by
GeorgeEngel in1977 proposesthat ilInessresults
notfromasingleetiology, but froms multaneously
interacting biological, psychological, and social
subsystems. Thismodel theorizesthat thecomplex
multi-tieredinterplay of early lifefactorsmay influence
later psychological experiences, physiologic
functioning, and susceptibility todevelopaFGID.
Biological, behavioral factorsor acombination of
bothwouldtrigger theclinical onset of aFGID in
predisposed individual s. Studies substantiatethe
biopsychosocial model by demonstrating that,
athough heredity contributestothedevel opment of
IBS, socid factorshaveanequal or greater influence.
Twin studies have shown that genetic makeup
modul atesthesusceptibility toenvironmental factors.
An analysis of 6,060 twins demonstrated
concordancefor IBSin17%of monozygotictwins
and8.4%indizygotictwinsandthat havingaparent
withIBSisanindependent predictor for devel opment
of thiscondition®~.

STRESS

Stressisademand madeupontheadaptivecapacities
of themindandbody. Psychol ogical stressplaces
predisposed childrenat risk for thedevel opment of
functiond gastrointestind disorders.

Brain and gut have a continuous and complex
bidirectional interaction («braingut» axis). Central
nervoussystemmodul atesthemotor response, pain
sensation, andimmunefunction of the Gl system.
Stresshasbeen showntodter thefunction of theGl
tract and Gl symptom perception by various
mechanisms including the activation of the
hypotha amic-pituitaryadrend axisvianeuroendocrine
regul atory peptidessuchascorticotropin-releasing
factor. Periphera actionsof neuropeptidesmay affect
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motility, secretion, andimmuneresponseof the Gl
tract®3,

Stress can cause ateration of the fecal florain
humansandanimals. It hasbeenshownthat mucosal
inflammation candevel opinanimal ssubjectedto
stresst®2, Theeffect of emotionson Gl physiology
demonstratesthat thebrain playsacritical rolein
modulating Gl functions Hed thyindividua sfrequently
reportthat psychol ogi ca stressinfluencestheir bowel
function. Anxiety iscorrelated with the severity,
frequency, and duration of abdominal pain®.
Psychosensory stimulationhasshowntoincreasethe
perceptionof stimuli inthehumancolon'®.InIBS
patients, emotionshavea sobeenshowntoaffectthe
patient’ smotility and perceptionof recta distension.
The demonstrated beneficial effect of cognitive
behavior therapy in the treatment of IBS and of
hypnosi sinreducingpainandrectal sensationfurther
supportstheinteractionof psychological factors.

FAMILIAL FACTORS

Livinginasingle-parent household and havinga
parent with GI complaints have been found to be
associated with increased prevalence of FAPIn
children. Childrenof parentswithanxiety, depression,
somatization, or other paindisordersaremorelikely
toexhibit FAP. Maternal and paterna anxietyinthe
firstyear of achild’ slifeareassociatedwithchronic
abdominal painlaterinlifet. Anxiousparentsmay
contributetotherecurrenceof their child’ ssymptoms
and sick behaviors by reinforcing them with
encouraging responses. Greater parental
reinforcement of children’ spainhasbeenassociated
withgreater functional disability, independent of
stress and pain severity®. Conversely, parenta
acceptanceof FAPasabiopsychosocial illnesshas
been showntodecreaserecurrenceof symptoms'*,
All these factors underscore the therapeutic
importanceof familial educationandreassurance
duringthemedical consultationfor FGIDs.
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SOCIOECONOMIC STATUS

Socioeconomic statusof thefamily influencesthe
incidenceof IBS. Although FA Paffectschildrenof
all socioeconomicclasses, ahigher socioeconomic
statusisanindependent predictor of IBS. Mendall
andKumar showedas gnificant associationbetween
I BSand havingmoreroomsthanfamily household
membersduring childhood™.

SCHOOL-RELATED STRESS

Chronicabdominal painhasbeenassociatedwith
disability andschool absenteei sm**. Thereisahigher
incidence of hospital admissionsfor nonspecific
abdominal painduringtheacademicyear thanduring
holiday periods'®. Stressorsat school includinga
school exam, dance, sports competition, or an
encounter with a peer can contribute to the
manifestation of abdominal pain. Childrenwhoare
highachieversandthosewhoarebullied at school

haveahigher reportedincidenceof FAPthantheir
unaffected peers.

SEASONAL VARIATION

Higher preva enceof abdominal paincomplaintsat
theschool level hasbeenfoundinchildrenduring
winter monthsascompared with summer months.
Increased prevalence of Gl consultations in the
winter months was also noted in a study of six
pediatrictertiary carecentersintheUnited States79
(79). Although the reasons are unknown, we
hypothesi zethat thecombination of school -rel ated
stress, minor infections, andfewer outdoor activities
resulting in decreased ability to cope may make
childrenmoresusceptibletoabdomina complaints
duringthewintertime.

INFECTIOUS AGENTS

Infectiousagentsmay play aroleinthepathogenesis
of FGIDs. Studieshaveshownthat IBScandevel op
assequel aeof anacuteGl infectionin4%to 36% of
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adult patients™. Post-infectiousIBS(PIIBS) has
beenfoundtooccur after infectiouscolitisinvolving
Salmonella, Escherichia coli, Shigella, and
Campylobacter. Therelationbetweenvird infections
and PI-IBSislessclear. A significant increase of
postinfectiousFGIDsincluding| BSanddyspepsia
wasfoundin childrenexposedto Gl infectionsas
comparedwithcontrol s, Depression, anxiety, and
stressful events in the previous months were
demonstrated to be independent predictors of
progressionof gastroenteritisto Pl-1BSinadults'*.
Thesefindingsemphasi zetheproposedinteractions
of varioushbiol ogica and psychosocial factorsinthe
pathogenesisof FGIDs.

ALTERED INTESTINAL FLORA

Colonizationof thegut beginsat birthwiththefirst
exposure to the maternal floraof the birth canal.
Withinhours, alargenumber of speciesof bacteria
establishthemsdlvesintheGl tract. Thegut floraare
involvedinthemetabolismof nutrients, thematuration
of theintestind epithelium, vascul atureandlymphoid
tissue, immune regulation, and protection from
pathogens. Lesswedl known, theintestina microflora
inducedevel opment and mai ntenanceof gut sensory
andmotor functions(regular spikeburst activity and
trangitof thesmall intesting)'®. Thesefindingshave
ledinvestigatorsto specul atethat quantitativeand
gualitative changesin intestinal microflora may
contributeto sensory-motor dysfunctionin FGIDs.
Althoughsomeinvestigatorsproposealink between
smd | bowel bacteria overgrowth(SBBO) andIBS,
thishypothes sremainscontroversd. Althoughsome
studiesfound SBBOinupto80%of IBSpatients, a
recent largestudy showed that culture-confirmed
SBBO could be detected in only 4% of IBS
pati ents,

ANTIBIOTICS

Several studieshaveshown an associ ationbetween
administration of antibioticsand IBS symptoms.
Alterationsingut floracouldexplaintheincreased
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preva enceof | BSfollowingantibioticuse. Inastudy
by Mendall, 22% of patientspreviousy exposedto
antibioticshad experienced | BSsymptomsat | east
onceaweek duringthepreviousémonths, compared
with 6% of thosewho had not receivedantibiotics™.

FOODS

The role of adverse reactions to food in the
development of FGIDs has been proposed but
remainscontroversia . Perceivedreactionstofood
causing Gl symptomswerereported by 25%t065%
of adult1BSpatients®. Monsbakkenet al foundthat
62% of |BSpatientsreportedlimitingor excluding
variousfooditems. Selectivediminationof dietary
sugars led to symptomatic improvement. No
correl ation betweenimprovement of symptomsand
breath hydrogentestswasnoted'.

Theroleof dietincludingfiber, lactose, andfructose
inIBSisstill amatter of controversy. Patientswith
IBSfrequently complainof flatulencefollowingthe
ingestionof foodshighindietary fiber®. A systemétic
review of 17 RCTsfound solublefiber (compared
withinsol ublefiber) tobemoreeffectivethanplacebo
in the reduction of global symptoms of IBS and
constipation with no effect on abdominal pain'#2,
Intralumind lipidsinhibitgut propulsvemoatility and
delay intestinal gastransport in IBS patientswho
report abdomina bloating™. Eliminationof lactose
fromdiet hasnot showntobeeffectiveinimproving
symptomsof RAPinchildren'#,

Thereisemerging evidencethat food alergy and
immunesensitizationof intestina mucosamay play a
role in FGIDs. An increased incidence of Gl
symptomshasbeenreportedinchildrenwithalergy
andatopy. | BSaffectssgnificantly moreadult patients
who have alergic diseases, such as asthma and
dlergicrhinitis'“®. A randomized controlledtria has
shownabeneficia effect of food eliminationguided
by 1gG antibodiesin reducing IBS symptoms'®.
However, arecent study concludedthat thereisno
demondrableutility of IgG4inidentifyingfooddlergy.
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Thepresenceof 1gG4may onlyindicateimmunologica
tolerancerather thanhypersengtivity totheparticular
food!4

CONCLUSION

Thisarticleattemptsto bring together thevarious
environmental piecesof theFAPpuzzle. FAPisa
commonclinica problemencounteredby hedthcare
professionals and parents alike. FAP is a
multidimensiona entity influencedby many domains
of thechild’ senvironmenta milieu. A thoroughpatient
andfamily history might providecluestotheroleof
modifiableenvironmenta factorsthat may contribute
to the development of FAP. Accordingly, a
comprehensvetail oredtreatment plancanbeoffered
tothepatient. Parentsareoften confused about the
exact pathogenesi sof FAP. Effectiveexplanation of
thevariousrisk factorswill hel ptoeducateparents
about thisdiseaseconditionandaleviatethe ranxiety.
Moreresearchisneededtoclarify theroleof these
variousenvironmental componentsandthebiologic
bas sindeve opment of thedi stinct di seasephenotypes
definedintheRomelll criteria
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