


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

Inflammatoryboweldiseases(IBD) comprisechronicinflammatorydiseasesof thegastroin-
testinaltract (GIT), includingCrohn'sdisease(CD), ulcerativecolitis (UC) andindeterminate
colitis (IC). Thediseasesareassociatedwith lifelongmorbidity andincreasedmortality [1, 2].

Frequently,patientssufferfrom extraintestinalcomplicationsof IBD. An increasedrisk of
gallstonediseasein CD patientsiswellestablished[3±9].A recentmeta-analysisconcluded
that therisk of gallstonesin CD wasincreasedbyanoddsratio (OR)of 2.05[10]. In contrast,
therisk of gallstonesin UC isuncertain.Somestudieshavesuggestedanincreasedrisk [11]
but no significantdifferencein prevalenceof gallstonescouldbeobservedin therecentmeta-
analysisfrom Zhangetal.(OR1.12)[10].

Renalinvolvementisalsoconsideredanextraintestinalcomplicationof IBD andtypical
manifestationsincludenephrolithiasis,tubulointerstitialnephritis,glomerulonephritisand
amyloidosis[12]. Kidneystonesmayarisefrom chronicinflammation,changesin intestinal
physiologydueto inflammation,surgeryor intestinalmalabsorption.Thereportedfrequency
of nephrolithiasisrangesfrom 0.2%-40%in patientswith IBD andintestinalsurgerywascon-
sistentlyreportedasastrongrisk factor[13±17].

However,patientdatafor gallstonesandkidneystonesarelimited andstudieswereinsuffi-
cientlypoweredto detectpotentiallyrelevantrisk factors.In addition,manyrelevantstudies
datebackup to 50years[15,18].Consideringdramaticchangesin clinicalpracticewithin the
last20years,it isnot clear,whichrisk factorsapplyfor our patientstoday.

Theidentificationof risk factorsfor gallstonesandnephrolithiasisremainsanimportant
taskto preventcomplicationsandidentify patientswhowouldbenefitfrom potentiallyprotec-
tive interventions.Wethereforeaimedto assessrisk factorsusingdatafrom theSwissIBD
cohortstudy,alargeprospectivecohortof well-characterizedpatients.

Weprovideacomprehensiveanalysisof risk factorsfor gallstonesandkidneystones,
potentiallyenablingprophylacticinterventions.

Materials and methods

Patient data

Datawereretrievedfrom thenationwideSwissInflammatoryBowelDiseaseCohortStudy
(SIBDCS).TheSIBDCSisamulticenterprospectiveobservationalpopulation-basedstudyand
includespatientswith IBD from Switzerland.Thestudywasextendedto all regionsof Switzer-
landin 2006in amultidisciplinaryeffort bygastroenterologists,pathologists,psychologists
andbioinformaticsspecialists.Thecohortstudyis fundedby theSwissNationalScienceFoun-
dation(SNF).For inclusionin thestudy,all patientsmusthaveadiagnosisestablishedat least
4monthsprior to inclusion.Dataareprospectivelycollectedonceayearandenteredinto a
centraldatabase[19].

Study design

Usingtheexclusivepatientcollectiveof theSIBDCSweevaluatedcomplicationsin IBD
patientsandassessedpotentialassociationswith specificdiseasescharacteristics.Univariate
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andmultivariatelogisticregressionanalyseswereperformed,eachtime with acomplicationas
response.Thefollowingpossibleexplanatoryvariableswereconsidered:1) Epidemiological
characteristics:diagnosisof CD or UC,diseaseduration(years),gender,ageatdiagnosisand
bodymassindex(BMI), physicalactivity.77patientswith indeterminatecolitis (IC) were
excluded.If not indicatedotherwise,patientswith CD wereconsideredasasingleentity and
patientswith Crohn'scolitisandCrohn'sileitis werenot distinguished.2) Diseasecharacteris-
tics:activityindex,diseaselocation,extra-intestinalmanifestations(EIM), existenceof steno-
sis,fistula,fissureandabscess,intestinalsurgery.3) Selectedco-medications:steroids,non-
steroidalanti-inflammatorydrugs(NSAID).

To assessdiseaseactivityandallowcomparisonbetweenUC (Modified TrueloveandWitts
activityindex,MTWAI) andCD (Crohn'sdiseaseactivityindex,CDAI), diseaseactivitymea-
sureswerenormalizedto avaluebetween0and100andexpressedasanactivityindex.Fora
diagnosisof gallstones,or kidneystonesall appropriatediagnosticmodalitiesincluding
abdominalultrasoundor CT scan,MRI, X-rayor surgicalexaminationuponcholecystectomy
wouldbeconsidered.Thecohortdesigndid not permit assessmentof exactimagingmodalities
leadingto diagnosisandsymptomstatusatdiagnosis.

Wheneverpossible,thediseasecharacteristicsimmediatelyprecedingthediagnosisof gall-
stoneswereused.Patientswith missingvaluesin relevantvariableswereexcluded.

Forasecondaryanalysis,weperformedunivariateandmultivariatelogisticregressions
with gallstonesor nephrolithiasisasresponseandspecificsurgicalproceduresasexplanatory
variables.Finally,wetestedfor adependencybetweenhospitalizationandtheexistenceof gall-
stones/kidneystones.

Statistical analysis

In orderto build amultivariatelogisticregressionmodel,wefirst performedunivariateregres-
sionswith eachfactormentionedin Table1.Wethenfit togetherall variablessuchthat the
correspondingp-valuein univariateregressionswaslessthan0.2.In thepresenceof certain
variables,othersmayceaseto beimportant.Themultivariatemodelwasthenbuilt by remov-
ing nonsignificantcovariatesoneaftereachother,basedon likelihoodratio tests.Wethen
consideredagaineachfactormentionedin Table1andtried to includethemin themodelsub-
sequently.Wefinally checkedthatno factorin themodelcouldberemovedandthatno factor
couldbeaddedinto themodel,alwaysbasedon likelihoodratio tests.Forall analyseswecalcu-
latedadjustedoddsratios(OR)with 95%confidenceintervals.A p-valueof lessthan0.05was
consideredstatisticallysignificant.For thisanalysisStatasoftwarewasused(StataCorp.2015.
StataStatisticalSoftware:Release14.CollegeStation,TX: StatCorpLP).

Ethical considerations

TheIBD cohortstudyhasbeenapprovedbyall ethicscommitteesin Switzerland(leadingEth-
icsCommittee:EthicsCommitteeof theCantonZuÈrich, approvalnumberEK-1316)All
patientssignedaninformedconsentandconfirmedtheir participationin thecohortstudyat
thetime of enrollmentandgaveinformedconsentfor datacollectionandanalysisfor research
purposes.Thecurrentsubstudyhasbeenevaluatedandapprovedby thescientificboardof
SIBDCS.

Results

Forour analysisagroupof 2323IBD patientswasconsideredof whom1333(55.4%)suffered
from CD and999(42.6%)from UC.Basicepidemiologicalvariablesanddistribution of possi-
blerisk factorsfor complicationsarepresentedin Table1.Our cohortrevealsthetypical
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Table 1. Explanatory variable in IBD patients with complications.

Last visit before Gallstones a Last visit before Nephrolithiasis

CD UC CD UC

Number of patients 1333 (57.4%) 990 (42.6%) 1333 (57.4%) 990 (42.6%)

Males 606 (45.5) 521 (52.6) 606 (45.5%) 521 (52.7%)

Gallstones 104 (7.8) 38 (3.8)

Nephrolithiasis 61 (4.6%) 30 (3.0%)

NSAID b

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)

Unknown 59 (4.4) 56 (5.7) 59 (4.4) 56 (5.7)

EIM

No 594 (44.6) 564 (57.0) 583 (43.7) 560 (56.6)

Yes 739 (55.4) 426 (43.0) 750 (56.3) 430 (43.4)

Fistula

No 711 (53.3) 709 (53.2)

Yes 622 (46.7) 624 (46.8)

Stenosis

No 753 (56.5) 752 (56.4)

Yes 580 (43.5) 581 (43.6)

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)

Therapy with Steroids

No 195 (14.6) 204 (20.6) 195 (14.6) 204 (20.6)

Yes 1138 (85.4) 786 (79.4) 1138 (85.4) 786 (79.4)

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 GI only)

Unknown

33 (2.5)

43 (3.2)

35 (2.6)

46 (3.4)

Last UC/IC location

Proctitis 234 (23.6) 233 (23.5)

Left-sided colitis 375 (37.9) 378 (38.2)

Pancolitis 364 (36.8) 362 (36.6)

Unknown 17 (1.7) 17 (1.7)

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

Disease duration

[median,

q25 –q75,

min–max]

[12.7,

6.8–21.5,

0.1–52.5], n = 1331

[11.3,

6.2–18.2,

0.1–52.4], n = 987

[12.8,

6.9–21.9,

0.1–56.6], n = 1331

[11.2,

6.2–18.2,

0.1–49.1], n = 987

Last BMI

[median,

q25 –q75,

min–max]

[23.5,

21.1–26.5,

15.4–48.3],

n = 1296

[24.2,

21.7–26.9,

16.3–50.4],

n = 968

[23.5,

21.1–26.5,

15.4–48.3],

n = 1296

[24.2,

21.7–26.9,

16.3–46.3],

n = 968

(Continued )
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distribution of diseaseparametersof alargeIBD cohort,spanningthewholerangeof disease
characteristicsfrom mild to severedisease.

Risk factors for gallstones in IBD patients

Gallstoneswerereportedin 104patientswith CD (7.8%)and38patientswith UC (3.8%).In
theunivariateanalysisthediagnosisof CD wassignificantlyassociatedwith gallstones.Higher
diseaseactivity,longdiseaseduration,existenceof stenosis,intestinalsurgeryandusageof
NSAID,aswellasepidemiologicalcharacteristicslike age,werealsosignificantlyrelatedto the
presenceof gallstones(Table2).

Multivariatelogisticregressionanalysisconfirmedtheassociationof sevenrisk factorswith
gallstones:diagnosisof CD,ageatdiagnosis,diseaseduration,intestinalsurgery,EIM, NSAID
intakeanddiseaseactivity(Table3).Fordiseaseduration,wecalculatedanORof 1.026per
year,resultingin acumulativerisk of 1.7(1.026^20)in 20years.FordiseaseactivityanORof
1.037perpoint of our activityindexwascalculated,resultingin anORof 18.3for anindividual
with aCDAI of 500comparedto aCDAI of 100.

Whenpatientswith CD andUC wereconsideredseparately(S1andS2Tables),disease
activityandintestinalsurgeryremainedsignificantrisk factorsgallstonesin both,CD andUC.
NSAID usagewasaspecificrisk factorfor gallstonesin UC but not in CD.Diseaselocationin
CD wasanimportant risk factorfor gallstoneswith significantlyhigherrisk for gallstonesin
patientswith ilealinvolvement.(S1Table)

Risk factors for nephrolithiasis in IBD patients

Kidneystoneswerereportedin 92patients,61patientswith CD (4.6%)and30patientswith
UC (3.0%).Accordingto univariateregressionanalysis(Table2) adiagnosisof CD anddisease
phenotypes(bowelstenosis,perianaldisease)wererisk factorsfor nephrolithiasis.Disease

Table 1. (Continued)

Last visit before Gallstones a Last visit before Nephrolithiasis

CD UC CD UC

Last CDAI

[median,

q25 –q75,

min–max]

[25,

6–55,

0–450], n = 1333

[25,

6–57,

0–435],

n = 1333

Last MTWAI

[median, [2, [2,

q25 –q75,

min–max]

0–4,

0–16],

n = 990

0–4,

0–16],

n = 990

Physical activity b

Never 400 (30.0) 239 (24.1) 400 (30.0) 239 (24.1)

Monthly 528 (39.6) 379 (38.3) 528 (39.6) 379 (38.3)

Weekly or daily 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 enrollment 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://doi.org/10.1371/journal.pone.0185193.t001
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durationandactivityaswellasintestinalsurgery,intakeof NSAID,malegenderanddefi-
ciencyin physicalactivity(lessthanonceaweek)werealsoassociatedwith kidneystones.

Usingall variablesfor calculationof amultivariatelogisticregressionmodel,fiverisk fac-
tors(malegender,intestinalsurgeryandNSAID intake,diseaseactivityanddeficiencyin
physicalactivity)remainedsignificant(Table4).

Whenpatientswith CD andUC wereconsideredseparately,malegenderanddiseaseactiv-
ity weresignificantrisk factorsin bothdiseases.In CD patients,intestinalsurgeryandphysical

Table 2. Univariate analysis of risk factors for gallstones and nephrolithiasis.

UNIVARIATE LOGISTIC

REGRESSIONS

Gallstones OR (95% CI; p-

value)

Kidney stones OR (95% CI; p-

value)

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 a 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://doi.org/10.1371/journal.pone.0185193.t002
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activitywereadditionalrisk factors;in UC patientsNSAID usagewasapredictivefactorfor
nephrolithiasis(S3andS4Tables).

Surgical procedures and gallstones in patients with CD and UC

Intestinalsurgerywasperformedin 561patientswith CD and99UC patients(Fig1). In CD,
ilealandileo-caecalresectionaswellasileostomy,totalproctocolectomy,colectomy(right and

Table 3. Multivariate analysis of risk factors regarding gallstones.

MULTIVARIATE LOGISTIC REGRESSION Odds Ratio (95% CI; p-value)

(Gallstones, all patients, n = 2203)

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://doi.org/10.1371/journal.pone.0185193.t003

Table 4. Multivariate analysis of risk factors regarding nephrolithiasis.

MULTIVARIATE LOGISTIC REGRESSION Odds Ratio (95% CI; p-value)

(Kidney stones, all patients, n = 2208)

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://doi.org/10.1371/journal.pone.0185193.t004
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left) andproctectomysignificantlyincreasedtherisk for gallstonedisease.In contrast,other
surgicalprocedures,suchassigmoidresectionor stricturoplastywerenot associatedwith gall-
stones.In UC weretotalproctocolectomyandileostomyweresignificantrisk factors(Fig1).

After adjustmentfor risk factorsfrom themultivariatemodel(lastdiagnosis,existenceof
surgery,ageatdiagnosis,diseaseduration,lastactivityindex,existenceof EIM andintakeof
NSAID), right colectomywasasignificantrisk in CD patients(OR1.8,95%CI: 1.037±3.420,
p = 0.038).

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

In CD patients,nephrolithiasiswasassociatedwith surgeryof thesmallintestine,subtotaland
right colectomyandwith colostomyandileostomy(Fig2).After adjustmentfor risk factors
from themultivariatemodel(gender,NSAID intake,existenceof surgery,lastactivityindex,
physicalactivity),colostomystayedasignificantrisk factor(OR3.0,CI: 1.1±7.9,p = 0.028).In
UC patientsno individual kind of surgerywassignificant.

Association of gallstones and nephrolithiasis

Theoccurrenceof gallstonesandkidneystonesweresignificantlycorrelated.Thepresenceof
gallstonesor kidneystonesincreasedtherisk for theothercomplicationbyanORof 4.87,95%
CI: 2.8±8.0,p<0.001).

Hospitalization as a predictor for gallstones and kidney stones

Hospitalizationwasarisk factorfor gallstones:52out of 148patients(35.1%)with ahospitali-
zationduring thelast12monthsvs.96out of 2323patients(4.1%)without ahospitalization
hadadiagnosisof gallstones(OR12.6;CI: 8.5±18.7,p<0.001)(S5Table).Thiseffectremained
stablein thesubgroupof patientswith CD andUC (OR9.80and20.15,respectively;p<0.001.

Fig 1. Past intestinal 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://doi.org/10.1371/journal.pone.0185193.g001
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Kidneystoneswerealsomoreprevalentin patientswith aprevioushospitalizationand36
out of 136patients(26.5%)with ahospitalizationvs.55out of 2132patients(2.5%)without a
previoushospitalizationhadadiagnosisof kidneystones(OR13.9;CI: 8.8±22.1,p<0.001)(S6
Table).Thisdifferenceremainedrobustin thesubgroupof patientswith CD andUC (OR13.3
and14.4,p<0.001).

Discussion

Weprovideacomprehensiveanalysisof risk factorsfor gallstonesandkidneystonesin alarge
cohortof SwissIBD patients.Gallstoneswereassociatedwith diagnosisof CD,ageatdiagnosis,
diseasedurationandactivity,pastintestinalsurgery,EIM andNSAID intakewith strongstatis-
ticalsignificance.Kidneystonessharedmostof theserisk factorsincludingdiseaseactivity,
intestinalsurgeryandNSAID intakebut alsoshowedassociationwith malegenderand
reducedphysicalactivity.

In theliteraturethereisgeneralagreementthatCD patientshaveanincreasedrisk of gall-
stones[3±10].Pastintestinalsurgery[4, 6,7,9] andage[4, 6±8]arewell-establishedrisk fac-
tors,whilediseasedurationwasconfirmedbysome[4] but excludedbyotherstudies[8].
Diseaseactivitywasstronglyassociatedwith gallstonesin our studybut hadnot beenconsid-
eredin previouswork.

561out of 1339CD patientsunderwentintestinalsurgeryanddetailedinformation regard-
ing surgicalprocedureswasavailable.Ileostomywasassociatedwith astrongrisk for gall-
stones.Mostmajorsurgicalproceduresof thecolonandtheileumwerealsoassociatedwith
gallstoneswhileothersmallerprocedures(stricturoplasty)werenot. Pastwork demonstrated
lengthof theresectedsmallintestine[9] andthenumberof procedures[5, 6] asrisk factors.
Wealsoobserveadependencybetweenarecenthospitalization(within thelast12months)
andtheexistenceof gallstonesasdescribedbefore[9].

In contrastto CD, lessinformation for UC andgallstoneisavailable.While arecentmeta-
analysisconcludedthat therisk of gallstonesfor UC wasnot significantlyelevated(OR1.12,

Fig 2. Past intestinal 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://doi.org/10.1371/journal.pone.0185193.g002
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CI 0.75±1.68),afewsinglestudiesdemonstratedanincreasedrisk for gallstonesin UC [11,20]
with anORup to 3.6[21]. Theonly identifiedrisk factorwaspancolitis[11]. Significantassoci-
ationof diseaseactivityasdescribedin our studyarguesfor aspecificrisk of gallstonesin UC.
Surgery,especiallyright colectomy,totalproctocolectomyandileostomywill increasethis risk
further.

Severalmechanismsexplaininganincreasedrisk for gallstonesin IBD havebeenproposed:
i) Bileacidmalabsorptionin enterohepaticcirculationafterilealdiseaseor resectionwould
leadto cholesterolsupersaturatedbile [22,23].However,thismechanismremainscontrover-
sialsincechangesin bileacidsaturationin patientswith ilealdiseaseor resectionwereshown
to betransientandseveralstudiesreportedevenalowercholesterolconcentrationin bile in
patientswith CD thanhealthysubjects[24,25]. ii) In CD patientswithout of afunctional
ileum,higherbilirubin levelswereobservedin bile,potentiallyresultingin pigmentstones
[26]. Theauthorsspeculatethat in thesepatients,decreasedbileacidabsorptionwouldresult
in higherbilirubin solubilisationin thecolonandincreasedbilirubin reabsorption.iii) Addi-
tional mechanismsfor gallstonesin IBD patientsincludeprolongedfastingstate,parenteral
nutrition anddecreasedgallbladdermotility [27,28].Onestudyconcludedthat intestinalsur-
geryitself,not thealteredanatomyaftersurgerywould increasetherisk of gallstones[4]. Our
analysisremainssufficientlypoweredto analysearangeof risk factors.Our resultsarguefor
severalnot mutuallyexclusivediseasemechanisms.Diseaseactivityanddurationaffectedthe
risk for gallstonesin all IBD patients.Bothparameterswouldbeassociatedwith fastingand
bowelrest.In contrast,intestinalsurgeryanddiagnosisof CD point to analteredintestinal
physiologyasamechanismfor gallstones.

Nephrolithiasisresultsfrom urine supersaturationof somecomponentsincludingoxalate
or urate.Therefore,low urine volume,low urine pH (resultingin urateprecipitation),low
urine citrateor magnesiumconcentration(whichcanactasinhibitors of stoneformation)and
highurine oxalatelevelsincreasetherisk for kidneystones[29]. Variouspathophysiological
mechanismfor nephrolithiasisin IBD-patientsarediscussed[30]: i) Lossof waterandsaltin
patientswith ileostomyor pronounceddiarrhoeawill leadto moreconcentratedurine [31]. ii)
Dueto intestinalmalabsorption,patientshavelessurinary excretionof citrateandmagnesium
whichcanactasinhibitors of oxalatestoneformation [32]. iii) Dueto intestinalmalfunction
unabsorbedfattyacidsbind intraluminal calcium.Therefore,lessinsolublecalciumoxalateis
excretedin thestool,resultingin higheroxalatereabsorptionandhigheroxalateconcentration
in theurine. iv) In patientswith ileostomieslargeamountsof alkalinefluidswill belostand
theurine of thosepatientswill beacidic.v) Decolonizationof thegastrointestinaltractof the
oxalatefermentingbacteriumOxalobacter fromigenes wasassociatedwith hyperoxaluriaand
kidneystonesin IBD patients[33].

Riskfactorsfor kidneystonesin thegeneralpopulationinclude:malegender,highBMI,
diabetesmellitus,goutandlow socioeconomicstatus[34]. However,differentrisk factorswere
detectedin IBD patients:In astudyof 218UC patientswith ilealpouch-analanastomosis
(IPAA) low serumbicarbonatelevel,presenceof extraintestinalIBD manifestationsand
absenceof antibioticusewasassociatedwith ahigherrisk of kidneystones[35]. Anotherstudy
identifiedileocolonicL3 location(CD), highdiseaseactivity(UC) andusageof variousdrugs
(ciprofloxacin,steroids,immunomodulators,metronidazole,methotrexate)asrisk factorsfor
nephrolithiasis[17].

In our study,intestinalsurgeryincreasestheincidencefor kidneystones.Weprovidean
estimatedrisk of varioussurgicalprocedureswith thehighestrisk attributableto ileo/ileo-cae-
calresectionin CD (Fig2). In Knudsenetal.ileostomyperseincreasestherisk of nephro-
lithiasis[14], whileotherstudiesdescribedsurgerywith resectionof longersegmentsof the
smallintestine(50-100cm)asrisk factorsfor kidneystones[36].
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NSAID asastandardmedicationfor symptomatickidneystones[37] havenot been
describedasastrongrisk factorfor nephrolithiasis.However,animaldatademonstraterapid
formationof oxalatestonesafterapplicationof Cox-2inhibitors andahighoxalatediet [38].
Therefore,NSAID-mediatedfluid retentionmight leadto stoneformation in thepresenceof a
highurinary oxalateconcentrationbut not in othersituations.Alternatively,NSAID usage
might markpatientsincompliantto treatmentrecommendationsor simplyindicatetreatment
for kidneystones.

Our finding of lackof physicalactivityasarisk factorregardingkidneystonesis interesting
sinceasedentarylife stylehasalsobeendescribedasarisk factorin some[39] but not all large
epidemiologicalstudies[40].

Our datashowanoverlapof therisk of gallstonesandkidneystones.This is in line with data
from largeepidemiologicalstudies.In multivariateanalysesaccountingfor risk factorssuchas
age,dietandBMI anORfor kidneystonesof patientswith gallstoneswas1.61±1.85andvice
versatherisk of gallstonesin patientswith ahistoryof kidneystoneswas1.17±1.51[41].

Currentguidelinesdo not recommendspecificpreventivemeasuresregardingnephro-
lithiasisor gallstones.However,identificationof high-riskpatientsfor gallstonesandkidney
stonesseemsto beimportant in prevention.Strategiesto lowertherisk of kidneystones
includealow oxalatediet,substitutionof mediumchainfattyacidsandanincreasein fluid
intake[30]. Patientswith risk factorsfor gallstonescouldbetreatedwith ursodeoxycholicacid.
Obviously,theseinterventionswouldneedto betestedin prospectivetrials.

Strengthsof our studyincludethelargenumberof patientsandthehigh levelof detailed
information availablefor eachpatientallowingfor testingandcontrollingseveralpotential
risk factorsfor all complications.Important limitationsof our studyinclude:i) Wedid not sys-
tematicallytestall individualsincludedin theSWISSIBD cohort for gallstonesor kidney
stonesbyultrasoundscreening.Thisrepresentsconsiderablebias,asseveralclinicallysilent
caseswouldhavebeenmissedandthefrequencyof gallstonesandkidneystonesin our cohort
is lowerthanin otherIBD cohorts.ii) Becauseof alackof acontrol groupof individualswith-
out IBD theabsoluterisk for gallstonesandkidneystonesattributableto IBD remains
unknown.iii) Our studyisnot strictlypopulationbased.TheSwissIBD cohortstudycollects
datafrom patientsfollowedin privatepracticeaswellasin largehospitals;however,tertiary
carecentresareslightlyover-represented,potentiallyaffectingour conclusions.iv) Complica-
tionsandsymptomsof gallstonesandkidneystoneswerenot recordedin our database.There-
fore,wecannotdistinguishbetweenincidentalobservationsandrelevantconditionsfor both
diseases.

In conclusion,our studyidentifiesandconfirmsspecificrisk factorsin IBD patientsfor
gallstonesandkidneystones.Mostof theseparametersarerelatedto severediseaseof long
durationaswellasintestinalsurgery.Our studythuspointsout characteristicsof high-risk
patients,whichmight benefitfrom preventivestrategies.
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