


Gallstones and kidney stones in IBD patients

datacollectiorandanalysisdecisiorto publish,or
preparatiorof themanuscript.

Competingnterests Theauthorshavedeclared
thatno competingnterestsexist.

Abbreviatbns: CD,Crohn sliseasetJC Ulceratie
colitis;|C, Indetermiatecolitis;NSAIDNon-
steroidahnti-inflamratorydrugs;EIM,
Extrainteshalmanifesttion; BMI,bodymass
index;,CDAICrohn gliseasectivityindex;

MTWAIModifiedTrueloe andWittsactivityindex;

SIBDCSswissinflammatoy BoweDisease
CohortStudy.

Conclusion

The diagnosis of CD, intestinal surgery, prolonged NSAID use, disease activity and duration
and bowel stenosis were significantly associated with cholecystonephrolithiasis in IBD.

Introduction

Inflammatoryboweldiseasef BD) comprisechronicinflammatorydiseasesf the gastroin-
testinaltract (GIT), including Crohn'sdiseas€CD), ulcerativecolitis (UC) andindeterminate
colitis (IC). Thediseaseareassociatewith lifelongmorbidity andincreasednortality [1, 2].

Frequently patientssufferfrom extraintestinatomplicationsof IBD. An increasedisk of
gallstonaliseasén CD patientsis well established3+9]. A recentmeta-analysisoncluded
thattherisk of gallstonesn CD wasincreasedy anoddsratio (OR) of 2.05[10]. In contrast,
therisk of gallstonesn UC is uncertain.Somestudieshavesuggestednincreasedisk [11]
but no significantdifferencein prevalencef gallstonegould beobservedn therecentmeta-
analysifrom Zhangetal. (OR 1.12)[10].

Renalinvolvementis alsoconsideredan extraintestinatomplicationof IBD andtypical
manifestationsncludenephrolithiasistubulointerstitialnephritis,glomerulonephritisand
amyloidosig12]. Kidneystonesnayarisefrom chronicinflammation,changeén intestinal
physiologydueto inflammation,surgeryor intestinalmalabsorptionThereportedfrequency
of nephrolithiasisgangesrom 0.2%-40%n patientswith IBD andintestinalsurgerywascon-
sistentlyreportedasastrongrisk factor[13£17].

However patientdatafor gallstonesindkidney stonesarelimited and studieswvereinsuffi-
cientlypoweredto detectpotentiallyrelevantrisk factors.n addition, manyrelevantstudies
datebackup to 50yearq15, 18]. Consideringdramaticchangesn clinical practicewithin the
last20yearsit is not clear,whichrisk factorsapplyfor our patientstoday.

Theidentification of risk factorsfor gallstonesndnephrolithiasisemainsanimportant
taskto preventcomplicationsandidentify patientswho would benefitfrom potentiallyprotec-
tive interventions We thereforeaimedto assesssk factorsusingdatafrom the Swis4BD
cohortstudy,alargeprospectivecohortof well-characterizegatients.

We provideacomprehensivanalysiof risk factorsfor gallstonesndkidneystones,
potentiallyenablingprophylacticinterventions.

Materials and methods
Patient data

Datawereretrievedfrom the nationwideSwisdnflammatory BowelDisease&Cohort Study
(SIBDCS)The SIBDCSs amulticenterprospectiveobservationapopulation-basedtudyand
includespatientswith IBD from SwitzerlandThe studywasextendedo all regionsof Switzer-
landin 2006in amultidisciplinary effort by gastroenterologistpathologistspsychologists
andbioinformaticsspecialistsThe cohort studyis fundedby the SwisdNational Sciencé-oun-
dation (SNF).Forinclusionin the study,all patientsmusthavea diagnosiestablisheat least
4 monthsprior to inclusion.Dataareprospectivelyollectedonceayearandenterednto a
centraldatabas¢l9].

Study design

Usingthe exclusivepatientcollectiveof the SIBDCSwveevaluatedcomplicationsin IBD
patientsand assesseabtentialassociationsvith specificdiseasesharacteristicdJnivariate
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andmultivariatelogisticregressioranalysesvereperformed,eachtime with acomplicationas
responseThefollowing possibleexplanatorywariablesvereconsideredl) Epidemiological
characteristicddiagnosiof CD or UC, disease@uration (years)gender ageatdiagnosisaand
bodymassndex(BMI), physicalactivity. 77 patientswith indeterminatecolitis (IC) were
excludedIf not indicatedotherwise patientswith CD wereconsideredasa singleentity and
patientswith Crohn'scolitisand Crohn'sileitis werenot distinguished?2) Diseas&haracteris-
tics:activityindex,diseasdéocation,extra-intestinaimanifestationgEIM), existencef steno-
sis fistula,fissureandabscessdntestinalsurgery 3) Selected¢o-medicationssteroidsnon-
steroidalanti-inflammatorydrugs(NSAID).

To assesdisease@ctivityandallowcomparisorbetweerlJC (Modified Trueloveand Witts
activityindex, MTWAI) andCD (Crohn'sdiseasactivityindex,CDAI), diseasactivitymea-
sureswverenormalizedto avaluebetweerD and 100and expressedsanactivityindex.Fora
diagnosiof gallstonespr kidneystonesall appropriatediagnosticnodalitiesincluding
abdominalultrasoundor CT scan MR, X-ray or surgicalexaminationupon cholecystectomy
would beconsideredThecohortdesigndid not permit assessmeiaf exacimagingmodalities
leadingto diagnosisand symptomstatusat diagnosis.

Whenevempossiblethe diseaseharacteristicenmediatelyprecedinghe diagnosiof gall-
stoneswvereused Patientswvith missingvaluesn relevantvariablesvereexcluded.

Forasecondananalysisyeperformedunivariateand multivariatelogisticregressions
with gallstone®r nephrolithiasisasresponsendspecificsurgicalproceduresasexplanatory
variablesFinally,wetestedfor adependencyetweerhospitalizatiorandthe existencef gall-
stones/kidneystones.

Statistical analysis

In orderto build amultivariatelogisticregressioimodel,wefirst performedunivariateregres-
sionswith eachfactormentionedin Tablel. Wethenfit togetherall variablesuchthat the
correspondingp-valuein univariateregressionsvaslesshan0.2.In the presencef certain
variablespthersmayceaséo beimportant. The multivariatemodelwasthen built by remov-
ing nonsignificantcovariate®neaftereachother,basedn likelihoodratio testsWe then
consideredagaineachfactormentionedin Tablel andtried to includethemin themodelsub-
sequentlyWefinally checkedhat no factorin the modelcould beremovedandthat no factor
couldbeaddedinto the model,alwaysasedn likelihoodratio testsFor all analysesve calcu-
latedadjustedoddsratios(OR) with 95%confidencentervals. A p-valueof lesshan0.05was
consideredstatisticallysignificant.For this analysisStatasoftwarewasused(StataCorp2015.
StataStatisticaSoftwareReleasé&4.CollegeStation,TX: StatCorpLP).

Ethical considerations

ThelBD cohortstudyhasbeenapprovedoy all ethicscommitteesn SwitzerlandleadingEth-
ics Committee:EthicsCommitteeof the CantonZétich, approvainumber EK-1316)All
patientssignedaninformed consentand confirmedtheir participationin the cohort studyat
thetime of enrolimentand gaveinformed consenffor datacollectionandanalysidor research
purposesThecurrentsubstudyhasbeenevaluatecaind approvedoy the scientificboardof
SIBDCS.

Results

For our analysisagroup of 2323IBD patientswasconsideredf whom 1333(55.4%suffered
from CD and999(42.6%)¥rom UC. BasicepidemiologicaVariablesand distribution of possi-
blerisk factorsfor complicationsarepresentedn Tablel.Our cohortrevealghetypical
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Table 1. Explanatory variable in IBD patients with complications.

Last visit before Gallstones ?

Last visit before Nephrolithiasis

Number of patients 1333 (57.4%) 990 (42.6%) 1333 (57.4%) 990 (42.6%)
Gallstones 104 (7.8) 38(3.8) ]

No 1063 (79.7) 824 (83.2) 1063 (79.7) 824 (83.2)
Yes 211 (15.8) 110 (11.1) 211 (15.8) 110 (11.1)

59 (4.4)

56 (5.7)

59 (4.4)

56 (5.7)

711 (53.3)

709 (53.2)

622 (46.7)

624 (46.8)

Intestinal Surgery

No

772 (57.9)

891 (90.0)

771 (57.8)

891 (90.0)

Yes

561 (42.1)

99 (10.0)

562 (42.2)

99 (10.0)

Last CD location

L1 (ileal) 399 (29.9) 388 (29.1)
L2 (colonic) 441 (33.1) 446 (33.5)
L3 (ileo-colonic) 417 (31.3) 418 (31.4)
L4 (upper Gl only) 33(2.5) 35(2.6)
Unknown 43(3.2) 46 (3.4)

Age at Diagnosis

[median,
q25 —q75,
min-max]

[26.2,
20.1-36.5,

2.9-81.4],n=1331

(30.9,
23.3-40.3,

3.4-82.2], n =987

[26.2,
20.1-36.5,

2.9-81.4],n = 1331

[30.9,
23.3-40.3,
3.4-82.2], n = 987

Last BMI
[median, [23.5, [24.2, [23.5, [24.2,
q25 —-q75, 21.1-26.5, 21.7-26.9, 21.1-26.5, 21.7-26.9,
min-max] 15.4-48.3], 16.3-50.4], 15.4-48.3], 16.3-46.3],
n=1296 n =968 n=1296 n =968
(Continued)
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Table 1. (Continued)

Last CDAI

[median,
q25 —-q75,
min—-max]

Last MTWAI
[median,

q25 -q75,
min—-max]

Physical activity °
Never
Monthly
Weekly or daily

Last visit before Gallstones #

Last visit before Nephrolithiasis

CcD uc CcDh uc
[25, [25,
6-55, 6-57,
0-450], n=1333 0-435],
n=1333
2, [2,
04, 0-4,
0-16], 0-16],
n=990 n=990
400 (30.0) 239 (24.1) 400 (30.0) 239 (24.1)
528 (39.6) 379 (38.3) 528 (39.6) 379 (38.3)
405 (30.4) 372 (37.6) 400 (30.0) 372 (37.6)

a) Patients with cholecystectomy are included in the gallstone group.

b) NSAID intake and physical activity are only mentioned in enroliment questionnaire.

CD: Crohn's disease; UC: Ulcerative colitis; NSAID: Non-steroidal anti-inflammatory drugs; EIM: Extraintestinal manifestation; CDAI: Crohn‘s disease
activity index; MTWAI: Modified Truelove and Witts activity index

https://da.org/10.1371durnal.pon®185193.t001

distribution of diseas@arameter®f alargelBD cohort,spanningthe wholerangeof disease
characteristicrom mild to severalisease.

Risk factors for gallstones in IBD patients

Gallstonesverereportedin 104patientswith CD (7.8%)and 38 patientswith UC (3.8%).n
the univariateanalysighe diagnosisof CD wassignificantlyassociatedvith gallstonesHigher
diseaseactivity,long diseaseluration, existencef stenosisintestinalsurgeryand usageof
NSAID, aswell asepidemiologicatharacteristicike age werealsosignificantlyrelatedto the
presencef gallstonegTable?).

Multivariate logisticregressioranalysisonfirmedthe associatiorof severrisk factorswith
gallstonesdiagnosiof CD, ageat diagnosisdiseas@uration,intestinalsurgery EIM, NSAID
intakeanddiseasectivity (Table3). For diseaseluration, we calculatecan OR of 1.026per
year resultingin acumulativerisk of 1.7(1.026”20)n 20yearsFor diseaseactivityan OR of
1.037perpoint of our activityindexwascalculatedresultingin an OR of 18.3for anindividual
with aCDAI of 500comparedo a CDAI of 100.

When patientswith CD andUC wereconsideredseparatelySland S2Tables)disease
activity andintestinalsurgeryremainedsignificantrisk factorsgallstonesn both, CD andUC.
NSAID usagevasaspecificrisk factorfor gallstonesn UC but notin CD. Diseaséocationin
CD wasanimportantrisk factorfor gallstonesvith significantlyhigherrisk for gallstonen
patientswith ilealinvolvement(S1Table)

Risk factors for nephrolithiasis in IBD patients

Kidneystonesverereportedin 92 patients 61 patientswith CD (4.6%)and 30 patientswith
UC (3.0%) Accordingto univariateregressioranalysig Table?) adiagnosiof CD anddisease
phenotypegbowelstenosisperianaldiseasejvererisk factorsfor nephrolithiasisDisease
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Table 2. Univariate analysis of risk factors for gallstones and nephrolithiasis.

Diagnosis

CD 1 (ref) 1 (ref)

uc 0.47 (0.32-0.69; < 0.001) 0.65 (0.42—1.02; 0.06)
Gender

Men 1 (ref) 1 (ref)

Women 0.97 (0.69-1.36; 0.85) 0.58 (0.37-0.89; 0.01)
BMI 1.02 (0.98-1.06; 0.38) 0.98 (0.93-1.03; 0.41)
Steroids at baseline

No 1 (ref) 1 (ref)

Yes 1.02 (0.65-1.61; 0.93) 1.38 (0.75-2.56; 0.31)

NSAID intake (at least once)

No

1 (ref)

1 (ref)

Yes 1.68 (1.10-2.57; 0.02) 2.27 (1.40-3.68; 0.001)
Existence of stenosis

No 1 (ref) 1 (ref)

Yes 2.44 (1.73-3.44; < 0.001) 1.82 (1.18-2.80; 0.007)
Fistula, fissure or abscess

No 1 (ref) 1 (ref)

Yes 1.37 (0.96—1.95; 0.09) 2.01 (1.32-3.07; 0.001)
Intestinal surgery

No 1 (ref) 1 (ref)

Yes 3.79 (2.68-5.36; < 0.001) 2.95 (1.93-4.50; < 0.001)
EIM

No 1 (ref) 1 (ref)

Yes 0.94 (0.67-1.31; 0.70) 1.25(0.82—-1.90; 0.31)

Age at diagnosis

1.01 (1.00-1.02; 0.05)

1.00 (0.98—1.02; 0.96)

Disease Duration

1.03 (1.02—1.05; < 0.001)

1.03 (1.01-1.05; 0.001)

Last Activity Index ?

1.03 (1.02—1.04; < 0.001)

1.04 (1.02—1.05; < 0.001)

Physical activity
Never

1 (ref)

1 (ref)

Monthly

0.78 (0.52-1.17; 0.23)

0.57 (0.35-0.91; 0.02)

Weekly or daily

0.67 (0.43-1.03; 0.07)

0.36 (0.20-0.63; < 0.001)

a) Number between 0 and 100 which is obtained by dividing the CDAI score by 5 and the MTWAI score by

21 and then multiply it by 100.

CD: Crohn's disease; UC: Ulcerative colitis; NSAID: Non-steroidal anti-inflammatory drugs; EIM:
Extraintestinal manifestation; CDAI: Crohn's disease activity index; MTWAI: Modified Truelove and Witts

activity index

https://abi.org/10.1371durnal.por.0185193.t0D

duration andactivity aswell asintestinalsurgeryjntakeof NSAID, malegenderand defi-

ciencyin physicakctivity (lessghan onceaweek)werealsoassociatetith kidneystones.
Usingall variabledor calculationof amultivariatelogisticregressionmodel,five risk fac-

tors(malegenderjntestinalsurgeryand NSAID intake,diseas@ctivity and deficiencyin

physicalctivity) remainedsignificant(Table4).
When patientswith CD and UC wereconsideredseparatelynalegenderanddiseas@activ-
ity weresignificantrisk factorsin both diseasedn CD patientsjntestinalsurgeryand physical
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Table 3. Multivariate analysis of risk factors regarding gallstones.

Diagnosis

CD

1 (ref)

uc

0.517 (0.329-0.814; 0.004)

Age at Diagnosis (per year)

1.023 (1.009-1.036; 0.001)

Disease Duration (per year)

1.026 (1.008—-1.045; 0.005)

Intestinal Surgery

No

1 (ref)

Yes

2.623 (1.734-3.968; < 0.001)

EIM

No

1 (ref)

Yes

0.546 (0.372—0.801; 0.002)

NSAID intake

No

1 (ref)

Yes

1.715 (1.087-2.708; 0.021)

Activity Index (per point)

1.037 (1.025-1.050; < 0.001)

CD: Crohn's disease; UC: Ulcerative colitis; NSAID: Non-steroidal anti-inflammatory drugs; EIM:

Extraintestinal manifestation

https://abi.org/10.1371durnal.por.0185193.t0B

activitywereadditionalrisk factors;in UC patientsNSAID usagavasa predictivefactorfor

nephrolithiasigS3and S4Tables).

Surgical procedures and gallstones in patients with CD and UC

Intestinalsurgerywasperformedin 561patientswith CD and99UC patients(Fig 1).In CD,
ilealandileo-caecatesectioraswell asileostomy total proctocolectomycolectomy(right and

Table 4. Multivariate analysis of risk factors regarding nephrolithiasis.

Gender

Men

1 (ref)

Women

0.533 (0.341-0.833; 0.006)

Intestinal Surgery

No

1 (ref)

Yes

2.461 (1.591-3.805; < 0.001)

NSAID intake

No

1 (ref)

Yes

2.334 (1.415-3.851; 0.001)

Activity Index

1.032 (1.018-1.045; < 0.001)

Physical activity

Never

1 (ref)

Monthly

0.699 (0.426-1.146; 0.156)

Weekly or Daily

0.434 (0.242-0.780; 0.005)

NSAID: Non-steroidal anti-inflammatory drugs

https://cbi.org/10.1371djurnal.por.0185193.t00
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Fig 1. Pastintestinal surgery and the risk of gallstones in A: CD patients and B: UC patients. The odds ratio
(OR) compared to the whole study population is indicated. p 0.05, p 0.001; p 0.0001.

https://i.org/10.1371durnal.por.0185193.g01

left) and proctectomysignificantlyincreasedherisk for gallstonediseasen contrastother
surgicalproceduressuchassigmoidresectioror stricturoplastywerenot associatewith gall-
stonesin UC weretotal proctocolectomyandileostomyweresignificantrisk factors(Fig 1).

After adjustmentfor risk factorsfrom the multivariatemodel(lastdiagnosisexistencef
surgeryageatdiagnosisdiseaseluration, lastactivity index,existencef EIM andintakeof
NSAID), right colectomywasasignificantrisk in CD patients(OR 1.8,95%Cl: 1.037+3.420,
p =0.038).

Surgical procedures and kidney stones in patients with CD and UC/

In CD patients nephrolithiasisvasassociate@ith surgeryof the smallintestine subtotaland
right colectomyandwith colostomyandileostomy(Fig 2). After adjustmentfor risk factors
from the multivariatemodel(gender NSAID intake,existencef surgeryJastactivity index,
physicalctivity),colostomystayeda significantrisk factor(OR 3.0,CI: 1.1+7.9p = 0.028) In
UC patientsno individual kind of surgerywassignificant.

Association of gallstones and nephrolithiasis

Theoccurrenceof gallstonesindkidney stonesweresignificantlycorrelated The presencef
gallstone®r kidneystonedncreasedherisk for the othercomplicationby an OR of 4.87 95%
Cl: 2.8+8.0p<0.001).

Hospitalization as a predictor for gallstones and kidney stones

Hospitalizationwasarisk factorfor gallstones52out of 148patients(35.1%)with ahospitali-
zationduring the last12monthsvs.96 out of 2323patients(4.1%)without ahospitalization
hadadiagnosisf gallstonegOR 12.6;Cl: 8.5+18.7p<0.001)S5Table).This effectremained
stablein the subgroupof patientswith CD andUC (OR 9.80and 20.15yespectivelyp<0.001.
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Fig 2. Pastintestinal surgery and the risk of kidney stones in A: CD patients and B: UC patients. The odds
ratio (OR) compared to the whole study population is indicated. p 0.05, p 0.001; p 0.0001.

https://abi.org/10.1371durnal.por.0185193.902

Kidney stonesverealsomore prevalentin patientswith aprevioushospitalizationrand 36
out of 136patients(26.5%)with ahospitalizationvs.55out of 2132patients(2.5%)without a
previoushospitalizatiorhada diagnosisof kidneystoneqOR 13.9,Cl: 8.8+22.1p<0.001)XS6
Table).Thisdifferenceremainedrobustin the subgroupof patientswith CD andUC (OR 13.3
and14.4p<0.001).

Discussion

We provideacomprehensivanalysi®of risk factorsfor gallstonesndkidneystonesn alarge
cohortof SwisdBD patients Gallstonesvereassociatewith diagnosiof CD, ageatdiagnosis,
diseaseluration andactivity, pastintestinalsurgery EIM andNSAID intakewith strongstatis-
tical significanceKidney stonessharedmostof theserisk factorsincluding diseaseactivity,
intestinalsurgeryand NSAID intakebut alsoshowedassociatiomwith malegenderand
reducedphysicakctivity.

In theliteraturethereis generabgreementhat CD patientshaveanincreasedisk of gall-
stonegd3+10].Pastintestinalsurgeny{4, 6,7,9] andage[4, 6+8]arewell-establishedsk fac-
tors, while diseaseluration wasconfirmedby some[4] but excludedby otherstudieq8].
Diseasectivitywasstronglyassociatewith gallstonesn our studybut hadnot beenconsid-
eredin previouswork.

561out of 1339CD patientsunderwentintestinalsurgeryand detailedinformation regard-
ing surgicalproceduresvasavailablelleostomywasassociatewith a strongrisk for gall-
stonesMost major surgicalproceduref the colonandtheileum werealsoassociatewith
gallstonesvhile other smallerproceduregstricturoplastywerenot. Pastwork demonstrated
lengthof theresectedmallintestine[9] andthe numberof procedureg5, 6] asrisk factors.
We alsoobserveadependencypetweerarecenthospitalization(within thelast12months)
andtheexistencef gallstonessdescribedefore[9].

In contrastto CD, lessnformation for UC andgallstonds availableWhile arecentmeta-
analysisoncludedhattherisk of gallstonedor UC wasnot significantlyelevateqOR 1.12,
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Cl10.75+1.68)fewsinglestudiesdemonstratednincreasedisk for gallstonesn UC[11,20]
with anORupto 3.6[21]. Theonlyidentifiedrisk factorwaspancolitis[11]. Significantassoci-
ation of diseas@ctivity asdescribedn our studyarguedor aspecificrisk of gallstonesn UC.
Surgerygespeciallyight colectomytotal proctocolectomyandileostomywill increasehis risk
further.

Severamechanism&xplaininganincreasedisk for gallstonesn IBD havebeenproposed:
i) Bileacidmalabsorptionn enterohepaticirculationafterilealdiseaser resectionvould
leadto cholesterobupersaturatedlile [22, 23]. However this mechanisnremainscontrover-
sialsincechangeén bile acidsaturationin patientswith ilealdiseas@r resectionvereshown
to betransientand severastudiesreportedevenalower cholesterotoncentrationin bilein
patientswith CD thanhealthysubjectg§24,25].ii) In CD patientswithout of afunctional
ileum, higherbilirubin levelsvereobservedn bile, potentiallyresultingin pigmentstones
[26]. Theauthorsspeculatehatin thesepatients decreasedile acidabsorptionwould result
in higherbilirubin solubilisationin the colonandincreasedilirubin reabsorptioniii) Addi-
tional mechanismégor gallstonesn IBD patientsincludeprolongedfastingstate parenteral
nutrition anddecreasedallbladdermotility [27,28]. Onestudyconcludedhatintestinalsur-
geryitself,not the alteredanatomyafter surgerywould increaseherisk of gallstone$4]. Our
analysigemainssufficientlypoweredto analysearangeof risk factors.Our resultsarguefor
severahot mutually exclusivaliseasenechanismsDiseasactivity and duration affectedhe
risk for gallstonesn all IBD patients Both parametersvould beassociate@ith fastingand
bowelrest.In contrast,ntestinalsurgeryanddiagnosisof CD point to analteredintestinal
physiologyasamechanisnfor gallstones.

Nephrolithiasisresultsfrom urine supersaturatiomf somecomponentsncluding oxalate
or urate.ThereforeJow urine volume low urine pH (resultingin urateprecipitation),low
urine citrateor magnesiuntoncentration(which canactasinhibitors of stoneformation) and
high urine oxalatdevelsncreasaherisk for kidneystoneq29]. Variouspathophysiological
mechanisnfor nephrolithiasisn IBD-patientsarediscussed30]: i) Lossof waterandsaltin
patientswith ileostomyor pronounceddiarrhoeawill leadto more concentratedirine [31]. ii)
Dueto intestinalmalabsorptionpatientshavelessurinary excretionof citrateand magnesium
which canactasinhibitors of oxalatestoneformation [32].iii) Dueto intestinalmalfunction
unabsorbedatty acidsbind intraluminal calcium.Therefore Jessnsolublecalciumoxalates
excretedn the stool,resultingin higheroxalatereabsorptiorand higheroxalateconcentration
in theurine.iv) In patientswith ileostomiedargeamountsof alkalinefluids will belostand
theurine of thosepatientswill beacidic.v) Decolonizationof the gastrointestinalract of the
oxalatefermentingbacteriumOxalobacter fromigenes wasassociatedith hyperoxalurisand
kidneystonesdn IBD patients[33].

Riskfactorsfor kidneystonesn the generapopulationinclude:malegenderhigh BMI,
diabetesnellitus,goutandlow socioeconomistatug34]. However differentrisk factorswere
detectedn IBD patientsin astudyof 218UC patientswith ilealpouch-anabnastomosis
(IPAA) low serumbicarbonatdevel presencef extraintestinalBD manifestationsand
absencef antibiotic usewasassociatewvith a higherrisk of kidneystoneq35]. Another study
identifiedileocolonicL3location(CD), high diseaseactivity (UC) andusageof variousdrugs
(ciprofloxacin,steroidsjmmunomodulatois, metronidazolemethotrexate psrisk factorsfor
nephrolithiasig17].

In our study,intestinalsurgeryincreasesheincidencefor kidneystonesWe providean
estimatedisk of varioussurgicalproceduresvith the highestrisk attributableto ileo/ileo-cae-
calresectionn CD (Fig 2).In Knudsenetal.ileostomyper seincreasesherisk of nephro-
lithiasis[14], while other studiesdescribedsurgerywith resectiorof longersegmentsf the
smallintestine(50-100cmsrisk factorsfor kidneystoneq36].
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NSAID asastandardmedicationfor symptomatickidneystoneq37] havenot been
describedasastrongrisk factorfor nephrolithiasisHoweveranimaldatademonstrateapid
formation of oxalatestonesafterapplicationof Cox-2inhibitors andahigh oxalatediet [38].
ThereforeNSAID-mediatedluid retentionmight leadto stoneformationin the presencef a
high urinary oxalateconcentrationbut not in other situations Alternatively NSAID usage
might mark patientsincompliantto treatmentrecommendation®sr simplyindicatetreatment
for kidneystones.

Our finding of lackof physicalactivity asarisk factorregardingkidney stoneds interesting
sincea sedentaryife stylehasalsobeendescribedasarisk factorin some[39] but not all large
epidemiologicaktudieq40].

Our datashowan overlapof therisk of gallstonegandkidneystonesThisisin line with data
from largeepidemiologicastudiesIn multivariateanalyseaccountingfor risk factorssuchas
agedietandBMI an OR for kidneystonesof patientswith gallstonesvasl.61+1.8&ndvice
versaherisk of gallstonen patientswith ahistory of kidneystonesvasl.17+1.5141].

Currentguidelinesdo not recommendspecificpreventivemeasuresegardingnephro-
lithiasisor gallstonesHowever jdentification of high-risk patientsfor gallstonesandkidney
stonesseemdo beimportantin prevention.Strategieso lowertherisk of kidneystones
includealow oxalatediet, substitutionof mediumchainfatty acidsandanincreasen fluid
intake[30]. Patientswith risk factorsfor gallstonegould betreatedwith ursodeoxycholiacid.
Obviously theseanterventionswould needto betestedn prospectiverials.

Strengthof our studyincludethe largenumberof patientsandthe high levelof detailed
information availabldor eachpatientallowingfor testingand controlling severapotential
risk factorsfor all complicationsImportant limitations of our studyinclude:i) We did not sys-
tematicallytestall individualsincludedin the SWISSBD cohortfor gallstone®r kidney
stonesby ultrasoundscreeningThisrepresentgonsiderabldias,asseveratlinically silent
casesvould havebeenmissedandthe frequencyof gallstonesndkidney stonesn our cohort
islowerthanin otherIBD cohorts.ii) Becausef alackof acontrol groupof individualswith-
out IBD theabsoluteisk for gallstonesndkidneystonesattributableto IBD remains
unknown.iii) Our studyis not strictly populationbasedThe SwisdBD cohortstudycollects
datafrom patientsfollowedin privatepracticeaswellasin largehospitalshowevertertiary
carecentresareslightlyover-representegyotentiallyaffectingour conclusionsiv) Complica-
tions and symptomsof gallstonesndkidney stonesverenot recordedin our databaseThere-
fore,wecannotdistinguishbetweerincidentalobservationgindrelevantconditionsfor both
diseases.

In conclusionpour studyidentifiesand confirmsspecificrisk factorsin IBD patientsfor
gallstonesaindkidney stonesMost of theseparameterarerelatedto severaliseasef long
duration aswellasintestinalsurgery Our studythuspoints out characteristicef high-risk
patientswhich might benefitfrom preventivestrategies.
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