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Abstract

Background: Inflammatory bowel diseases (IBD) and asthma share genetic and environmental risk factors.
Consequently, several observational studies have explored an association between IBD and asthma. We systematically
reviewed and summarized the literature on the co-occurrence of asthma and IBD.

Methods: MEDLINE and EMBASE (to April 2017) were searched to identify observational studies on the association
between asthma and IBD. Relative risks (RR) were pooled using random effects models. Heterogeneity was assessed
using the /* and Cochran Q statistics. Meta-regression based on study design, source of patients (population-based vs.
tertiary-care center) and study location was conducted to explain between-study heterogeneity.

Results: Eighteen studies were identified (15 Crohn’s disease, 15 ulcerative colitis (UC)). Asthma was associated with
both Crohn’s disease (pooled RR 1.30, 95% confidence interval (Cl) 1.16-1.47, > = 88%) and UC (RR 1.34, 95% Cl
1.24-144, > = 93%). The study design and source of patients and study location explained between-study
heterogeneity in Crohn's disease, but not UC.

Conclusion: Asthma is associated with both Crohn's disease and UC. Additional research is needed to determine if
one disease influences the risk of developing the other or if the frequent co-occurrence of these diseases result from
shared genetic, environmental, and microbial risk factors.

Background

Inflammatory bowel disease (IBD) and asthma are both
immune-mediated diseases that may be rooted in com-
mon pathology, as well as shared genetic and environ-
mental risk factors. Aberrant epithelial barrier function in
the lung and gastrointestinal tract, as well as abnormal
immune responses to environmental factors and patho-
gens characterize asthma and IBD'”’. The ‘hygiene
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hypothesis’ has been proposed for both IBD and asthma,
and postulates that children growing up in relatively
sterile environments are more likely to develop chronic
immune-mediated diseases later in life. Moreover, dis-
ruption of early life intestinal microbiota may exacerbate
risk of disease development. For example, asthma and IBD
are more common among individuals exposed to anti-
biotics early in life, while breastfeeding decreases the risk
of both diseases®°. Lack of exposure to enteric patho-
gens early in life may increase the risk of developing
immune-mediated diseases, including both asthma and
IBD''2, IBD and asthma also share susceptibility genes,
including SMAD3 and IL-23R"*"'>. Both IBD and asthma
have become increasingly common in the Western world
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during the 20th century and these trends are now being
echoed in developing countries™®~%°.

A previous systematic review and meta-analysis found
that individuals with asthma were more likely to have a
co-occurring gastrointestinal or urinary condition, but did
not specifically evaluate the association between asthma
and IBD*!. There is growing epidemiologic evidence that
asthma and IBD frequently co-occur®*™>° and a family
history of one disease may influence the risk of developing
the other®>*'. However, studies evaluating the association
between these two diseases have used heterogeneous
study designs. Specifically, studies have differed in terms
of (1) the relative timing of the two diagnoses and (2) the
age of participants included in the study. These two fac-
tors have resulted in differing conclusions about the co-
occurrence of asthma and IBD.

We conducted a systematic review and meta-analysis to
summarize and quantify the association between IBD and
asthma, as well as evaluating the impact of study and
patient characteristics on the association between these
two diseases.

Methods

This systematic review is based on a previously regis-
tered protocol®* and is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines®.

Study identification and selection

We searched MEDLINE, including articles available as
online only ahead of print, (1946-1 April 2017) and
EMBASE + EMBASE Classic (1947-1 April 2017) for
observational epidemiologic studies evaluating the asso-
ciation between asthma and IBD (Crohn’s disease,
ulcerative colitis (UC), and IBD-type unclassified (IBD-
U)). Search terms for IBD and asthma were grouped using
the Boolean operator “AND.” The complete search
strategy is outlined in Supplementary Table 1. In addition,
we hand-searched: (1) references of included studies and
relevant review articles; (2) conference abstracts for major
gastroenterology meetings (Digestive Diseases Week,
American College of Gastroenterology, and United Eur-
opean Gastroenterology Week) and major thoracic
meetings (American Thoracic Society Meeting, European
Respiratory Society, and American Academy of Chest
Physicians Conference) from 2013 to 2017. The review of
abstracts and articles identified for full-text review was
conducted via crowd sourcing using CrowdScreen SR**.
Crowdsourcing has previously been shown to increase the
efficiency of the systematic review process, while main-
taining high accuracy during the review process**>. Prior
to screening, each member of the CrowdScreen SR
Review team was asked to review a test set of 15 abstracts
identified by the principal investigator (MEK). The test set
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included a mix of abstracts that should be included in full-
text review and abstracts that should be excluded from
further review. Feedback was provided on the accuracy of
their initial reviews to enhance performance. Members of
the review team were medical students or undergraduate/
graduate students in health sciences and all completed the
initial test set with a high degree of accuracy. Each
abstract and full-text was reviewed independently by at
least two members of the review team. Discrepancies for
both the abstract and full-text review stages were resolved
by MEK.

Studies eligible for inclusion were observational epide-
miologic studies (case-control, cohort, or cross-sectional
studies) that either compared the rate of asthma in
patients with and without IBD or the rate of IBD in
patients with and without asthma. No restrictions were
placed on date of publication, language, or region of study.
Studies reporting on any subtype of IBD (Crohn’s disease,
UG, or IBD-U) were included. Case reports and case series
were excluded, as were studies reporting on the associa-
tion between pulmonary function tests or other respira-
tory illnesses with IBD. If multiple studies reported on the
same cohort of patients, the study with the most complete
cohort of patients was selected for inclusion in the study.

Data extraction and risk of bias

The following information was extracted from included
studies independently by two investigators (MEK, KB)
using a piloted data extraction form in REDCap electronic
data capture tools hosted at the Children’s Hospital of
Eastern Ontario:*® study characteristics, including the
country and years in which the study was conducted;
study design; method of identifying and recruiting indi-
viduals to participate in the study; the association between
asthma and IBD (crude and adjusted, where possible, and
the confounders adjusted for in the model); definitions
used to identify and/or confirm cases of asthma and IBD;
the age of study participants; the timing of exposure
relative to the study outcome; and characteristics of
individuals included in each study. Discrepancies were
resolved by EIB. The risk of bias in individual studies was
determined using the Newcastle-Ottawa Scale®”.

Study design and outcomes

The primary outcomes of our meta-analysis were the
association between asthma and either Crohn’s disease,
UC, or IBD-U. All analyses were conducted separately for
Crohn’s disease, UC, and IBD-U. For the primary analysis,
no restriction was placed on the timing of one diagnosis
relative to the other.

Sensitivity analyses evaluating the temporal associations
between asthma and IBD were conducted. Specifically, we
conducted two sensitivity analyses in which included
studies were limited to (1) those in which the diagnosis of
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asthma preceded the diagnosis with IBD; and (2) those in
which the diagnosis of IBD preceded the diagnosis with
asthma. Subgroup analyses were conducted based on the
age of diagnosis of IBD, defined according to the Montreal
classification (pediatric-onset: <16, young adult-onset:
17-40, and older adult-onset: >40)*® and/or asthma.

Statistical analysis

Analyses were conducted separately for the association
between asthma and (1) Crohn’s disease; (2) UC; and (3)
IBD-U. Relative risks (RR) and their 95% confidence
intervals (CI) were pooled to estimate the association
between asthma and IBD. Random effects models were
used to account for expected heterogeneity across study
designs. The most adjusted estimate was used. Odds
ratios were assumed to approximate the RR due to the
rare prevalence of IBD and asthma. We performed a
sensitivity analysis separating case-control from cohort
studies.

Between-study heterogeneity was assessed using the >
statistic and the Cochran Q statistic with p <0.1 being
considered statistically significant. Meta-regression was
conducted to explore sources of study heterogeneity
based on the source of patients involved in the study
(population-based vs. recruited from tertiary-care center)
and the country in which the study was conducted.

All statistical analyses were conducted using the meta
and metafor packages in R Software version 3.4.2°°7*!,

Results
Description of included studies

There were 3975 citations identified from the search of
MEDLINE and EMBASE. After removing duplicates, 3022
references remained. Of the 97 studies identified for full-
text review, 18 of these were included in the meta-analysis
(Fig. 1). One additional study was identified after
reviewing references of included studies. Fifteen studies
reported the association between asthma and Crohn’s
disease®* 2*26729427%9 Gixteen studies reported the asso-
ciation between asthma and UC*72+2673042-4448-52 (e
study reported on the association between asthma and
IBD-U?". Characteristics of included studies are described
in Table 1.

Risk of bias of included studies

The risk of bias among included case-control and
cohort studies is summarized in Supplementary Tables 3
and 4, respectively. The majority of studies were con-
ducted using population-based health administrative data
or tertiary-care studies enrolling consecutive patients.
Bias may have been introduced to case-control studies
based on the controls included in the studies: one study
included hospital staff"°, one included partners of cases’?,
four included hospitalized patients or patients visiting a
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.. /43,45,
clinic for reasons not related to IBD or asthma3%434%52

and one included a mix of partners of cases and non-IBD
patients®®, Nine case-control studies did not explicitly
report that controls did not have [BD?*30%345-485253
Two of the four cohort studies included compared the
frequency with which asthma and IBD co-occurred to
previously published estimates of the rate of either asthma
or IBD in the general population®>*”,

Association between asthma and IBD

Asthma and Crohn’s disease were associated (pooled RR
1.31, 95% CI 1.16 —1.47, 15 studies, 824,173 participants;
heterogeneity: I = 88%, p <0.0001; Fig. 2). There was a
significant association between UC and asthma (pooled
RR 1.30, 95% CI 1.21-1.40, 16 studies, 819,714 partici-
pants; heterogeneity: I = 93%, p < 0.0001; Fig. 3). Asthma
and IBD-U were associated in a single study (OR 1.9, 95%
CI 1.6-2.4, 51,459 participants)®”.

Explaining heterogeneity: study design

The association between asthma and IBD was con-
sistently elevated in both case-control and cohort studies
(Table 2). Although 22% of heterogeneity was accounted
for by study design in studies evaluating the association
between asthma and UC, significant heterogeneity per-
sisted (residual heterogeneity: I =91%, p < 0.0001).
Separately analyzing case-control and cohort studies in
Crohn’s disease did not account for any heterogeneity
(residual heterogeneity: I = 88%, p < 0.0001).

Explaining heterogeneity: data source

Among studies evaluating the association between
asthma and Crohn’s disease, there was a significantly
elevated association in population-based studies (pooled
RR 1.43, 95% CI 1.32-1.56, 10 studies, 822,775 partici-
pants; heterogeneity: I* = 69%) but a protective associa-
tion in studies recruiting patients from tertiary-care
centers (pooled RR 0.89, 95% CI 0.83-0.97, 5 studies, 1398
participants; heterogeneity: I*=0%). Meta-regression
based on source of patients (population-based or ter-
tiary-care) accounted for 77% of heterogeneity among
studies evaluating the association between asthma and
Crohn’s disease. However, significant heterogeneity
between studies remained (residual heterogeneity: I =
59%, p < 0.0001). No heterogeneity could be accounted for
in studies evaluating the association between asthma and
ulcerative colitis (residual heterogeneity: I* =94%, p <
0.0001). Results of meta-regression and subgroup analyses
based on source of patients are summarized in Table 3.

Explaining heterogeneity: location of study

Differences across countries were observed in the
association between asthma and Crohn’s disease (p <
0.0001). Between country differences accounted for 92%
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Full-text articles assessed for
eligibility (n=97)

A 4

Records excluded (n=2925)

Full-text articles excluded (n=79)
Did not differentiate between Crohn’s
disease, UC, and IBD-U: 4
No control group or information not
reported for controls: 9
Association between asthma and IBD not
reported: 23
Review articles: 14
Reported on the association between
asthma and pulmonary function but not
asthma: 9
Case series/report: 4
Duplicate of included study: 1
Cell line, animal, or translational research: 4
Other: 11

A

Studies identified during review of references

of included studies (n=1)

Studies included in meta-analysis
(n=19)

Fig. 1 PRISMA flow diagram

of the heterogeneity across case-control studies (residual
heterogeneity: I* = 33%, p = 0.16) evaluating the associa-
tion between asthma and Crohn’s disease (Table 4).

Similarly, differences between countries were noted for
the association between asthma and UC (p <0.0001;
Table 4). However, no heterogeneity could be accounted
for by country (residual heterogeneity: I> =96%; p <
0.0001).

Sensitivity analysis: relative timing of diagnoses

When restricting the analysis to studies in which the
diagnosis of asthma preceded the diagnosis of Crohn’s
disease, there was a significant association (pooled RR
1.49, 95% CI 1.27-1.74, 4 studies, 691,525 participants;
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heterogeneity: I* =86%, p <0.0001; Supplementary Fig-
ure 1). In studies in which the diagnosis of asthma pre-
ceded the diagnosis of UC, the two diseases were not
significantly associated (pooled RR 1.21, 95% CI
0.98-1.51, 5 studies, 692,228 participants; I> = 97%, p <
0.0001; Supplementary Figure 2).

Patients previously diagnosed with both Crohn’s disease
and UC were at an increased risk of new-onset asthma in
a single study (Crohn’s disease: hazard ratio (HR) 1.50,
95% CI 1.31-1.72; UC: HR 1.46, 95% CI 1.03-2.07)".

Subgroup analysis: age at IBD diagnosis
The impact of age at IBD diagnosis on the association
between asthma and IBD was evaluated in three studies:



Page 5 of 13

Kuenzig et al. Clinical and Translational Gastroenterology (2018)9:188

6l€
K[eJilllep) N ‘ad MIIAIRIUL el (5961-7561) |0U0D>  wWopbupy
€c :Qdl  payidads 10N SUON  DluojoD  payads 10N 10 alleuuonsan)  dnsoubelp plepuels J91UD aJed-Alella|  -9SBD paydley pauun PEVITVY
AdIUYIL
pue ‘xas ‘yuiqg 1e
sse|d |e1dos ‘abe ‘snieis
pupjows ‘ag| Jo Aioisiy
Ajiwey 10} s1snipy
009 X3S pue (JUSWINISI |013U0D
K[oJilllep) 1e) 3be uo paseq e (S007-€007)  -9SBD paydlew  puejesz
1621 :agl 1npy payolew Adusnbal{ DN ‘D payinads 10N payidads 10N opsoubelp piepuels  Apnis dgl Aingiaiued) Aouanbai4 MIN ﬁ?moo
JAS
K[oJililep) s3sed Jo siauned 2D e1LD (0002) |0JU0D
St gl 1NPY  9J9M S|0JIUOD PaYDIRN N payhads 10N onsoubelp plepueis onsoubelp plepuels 191U aJed-Alella|  -95BD paydIey Aey| ,0zuRly,Q
0S
$S|0JUOD)  SIedA 69 01 9 SIENTB el (8661)
05 :agl :9buey SUON| N payhads 10N onsoubelp plepueis onsoubelp plepuels 191UD aJed-AlelUa | |0J1u0D-358D) Aey  ozusny,Q
abe
JO SIBSA QS 18 PalNdd0
9AeY 1snw uonduosaid
pJIY} B4} 'suoiseddo
deledas omy ises)
sisoubelp X3S pue abe gl 21059q 1 UO 1eak | ulyum (9002-1007)
8/1'9¢1 BWYISE U0 paseq paziplepueis pasoubelp  uonedpaw Alojelidsal wyaloble e1EP dANRISIUIULIPE 1oyod
PWYISY 1B SIedk Qps 2J9M S$91B1 2DUIPPUl DN ‘D ewyisy 104 suonduosaud €= pa1epl|eA Ajjeuiaix3 yieay [epuInOIg 9A1103d50.19Y epeue) _,plesselg
v/l Anus
S|0luoD  Apnas 1e sieak X35 Enfinlelle) (0102-6007)
76 :agl St 019 :=2buey pue 3be 10} parsnlpy JN payhads 10N payidads 10N [BDIUID SUIINOY 191U aed-Alefua| |0J3U0D-358D) YD, JIobisgauog
agdl
68708 9oUSpIsal 19lje 10 21042q (€00C-+861)
's|oauoD 1npe ueqin/[eint pue pasoubelp ewiyise 10} eIEp SAIRISIUILIPE |0J3u0d
7/08:Qgl pue dueIpad  'x3s ‘9be uo paydey DN ‘dd BWIYISY  SIDOPIUOD eD Yljeay G2 wyiobe paiepiep Yi|eay [ePUINOId  -3SED paydiepy epeued) cFuIIsuIRg
sasoubeip
9zis  syuedpiyed sd)elenod pue ag Jo Buiwn (Apmis
9|dweg Jo aby s9|gereA paydely jo adAl 9AnERY  ewyise Jo uolHuysqg agi jo uoniuyaq jo sieak) adunos eyeq  ubisap Apms  Anunod Apms
salpnjs papnjpaul jo soiisudlesey) | 3djqel

Official journal of the American College of Gastroenterology



Page 6 of 13

Kuenzig et al. Clinical and Translational Gastroenterology (2018)9:188

ple |edueuUy
Jo [eaoidde 1oy
dnoib uspuadapul

welboud

dn-y23yd> Yyeay e jo
191501 9} UO S1udNed
5]0AU0) (0661-8861)
DARCRIEIHEE

Aq sisoubelp 93U} 10J JuUsWUIA0D
8¢ JO uoneWIYUOD asaueder ay1 woly
(eliV[ep) synpe X35 agl alleuuonsanb pue ‘uepisAyd buneann  pie [edUeUY BUIAIILI |0J1uod
$8€:Qgl  pue ualpiyd pue abe uo paydiep JN  2102q eWYIsy 1odai-}|9s Aq DN jo sisoubelg S)Uaed S9SeD)  -95eD PaydIe ueder  einwexeN
(Pwaz03
‘spuiys o1bisjje) (0007) Ansiboy
i suopeisajiuew didole uone|ndod uoibay
K[e)illlep) sieak 0S J9Y10 pue ‘aouUapisal BLRD  UJSISEIYINOS :S|0U0D |0J3u0d
G/z:agl 018l =buey  jo adeid Iopuab ‘aby a>  paypads 10N odal-§|95 J)soubelp piepues JB3DUN 1S958D)  -9SED PaydlelN USpams o%__m}z
¥
$j0U0D  synpe bunoA eLIRID (46002-8000)
€z:agl  pue uaipiyd SUON d>  payhads 10N 1odal-§95 onsoubelp plepueis 191U aed-Ale[ua] |0J3u0-358D) |9elS| ,JBUAI
agl
13)ye 1o 210439
pasoubelp
008'70v SNJels JIWOoU0330100s BWYISY ¢ (0L0z-v661) BIEP
's|oauod synpe '9dUBPISI gl 210499 wyiioble SAIBASIUILIPE Y)eay
$O¥S :Qgl  pue ualpiyd uegin/jeind ‘xas 9by DN ‘A RWIYISY °| pa1epi|eA Ajjeulaix3 wyioble paiepijep paseg-uone|ndod |0J1u0D-358D) epeue) 2 Dizuany
393 uoibai diydesboab (¥00¢—€007)
:$|0J1U0D pue ‘adA1 ueid yyeay 9seqele(] dLUSD |011U0D S91P1S
vzl \agl Auo uaipjiyd  ‘xas ‘abe uo paydley DN ‘D payidads 10N euwIYISe 104 9p0d D) wyiiobe paiepljea -Juaned OISR -9SED paydiely pauun ,, uewjaddey
SN1L1S DIULIOUOII0ID0S
pue ‘uoibal
"Jeak '35 ‘abe uo
paseq s9sed Jo Jsguinu (£00C-1961)
,S62'871 synpe pa1dadxe pasn saied eWIYISE I9Ye ewyYIse 10y 9pod 0D g4l 1oy 9pod gD ue e1ep aAne.SiuluIpe 1oyod
BWUISY  PuB USIP|IYD  9dUSPDUl paziplepuels DN ‘gD pasoubelp gl ue yum uoneziendsoH Yum uoleziendsoH yieay |euonen oAdedsold  USPaMS o BUILIWSH
sasoubelp
9zis  syuedpiyed sd)elieAod pue agi Jo Buiwn (Apmis
9|dweg Jo aby so|gereA paydely jo adA] 9AnERY  ewyise Jo uolnuysqg agi jo uoniuyaq jo sieak) adunos eyeq  ubisap Apms  Anunod Apms

panunuod | ajqeL

Official journal of the American College of Gastroenterology



Page 7 of 13

Kuenzig et al. Clinical and Translational Gastroenterology (2018)9:188

synpe Jo yibua| pue N-agl  pasoubelp aq |0J3u0d S91e1S
pue uaIp|iyd ‘xS ‘abe uo paydely DN ‘gD PINod ewyisy -95eD paydley pauun ,-Busm
08€C 9oUSpIsal adl 240499 ewyise agl (0L0z-1661)
E[o)illlep) 40 32e(d pue X35 ‘Yuiq pasoubelp 10} JURWRSINQUIIRI 10J JUBWIASINGUIID) e1ep dAlRISIUIULIPe |0J3u0d
565 :adl oulelpad JO 91ep U0 paydew  ON ‘dd ewyisy [e>ads panladay [e1>ads panladay yijeay |euoneN  -9sed paydlepy pue|ul4 ozBHIA
SsauaAIsuUodsal
| INQg Sased -19dAy Aemute Jo/pue
|[e Ul 35e3sIp UoIIdNIISO MOINO
09:dD - Kioreidsal 3|qeLIeA JO SDUSPIAS
268 190N -« J019su0 Yyt 2AdR(GO Yum a1ndid eUL1D (S00C-5661)
eWYISY :9be uespy SUON DN '‘a>  popsdaid agl [eDIUIPD JUISISUOD)  dnsoubelp plepuels 191UD aJed-AlelUa | uoyod N ey
X3S pue
obe uo paseq sased 01
005 payDIeW oM SIBYI0D
NeJililep) 'Sased Jo sisulled eLS1ID  UONPIDOSSY AWO1SOI)| |0J1U0d
005 :ggl  paypads 10N 2JOM S|OJIUOD BWOS DN ‘gD paydads 10N yodasjas  dnsoubelp piepuels 21U 218D Al[Ud]  -9SeD PaYdIe SN a4ond
(aseasip
Areuow|nd aA1dNIISQO
DIUOIYD pue ‘SiIIeWISp sisiuobe
oidoe ‘spisnuis dluoiyd 79 bunde-uoys psjeyul
'SIIUIYI) SINIPIGIOWOD 10 'SPI0421SODIH0D
19410 pue 'xas JIUWIISAS 1oyod
/08 ‘9be 10} parsnipy 1eak gl Jaye  'sploJa1sodILIod pajeyul (1102-0007) 9A129d501134
s|oauoD Xapul pue ‘xas ‘abe pasoubelp YIM paiealy pue eIEP SAIRISIUILIPE payolew
61¢ :Qgl synpy  uo paydlew Adusnbai{ DN ‘AD euwyIsy eWIYISe 104 9p0d D) ag| 1o} s9pod QD) yiesy [euonen Aousnbal4 uemie| «-Puad
Adelayy Jorejipoypuoiq
01 aAIsuodsal
'SSaUSSI|Y1eDIg YlM
9zaaym dIposida Jo
6¢ uisisiad Jo A1oisly Jo
R[@ililep) Aioisiy bupjows pue /pue ewyise pasoubelp |0J1uod
6¢ A4l SYNpy  'xas ‘abe uo paydiep a>  paypads 10N -uepisAyd snoinaid payads JoN paypads JoN  -9SeD paydiely  PUBIodS PRAIEIN
sasoubelp
9zis  syuedpiyed sd)elieAod pue agi Jo Buiwn (Apmis
9|dweg Jo aby so|gereA paydely jo adA] 9AnERY  ewyise Jo uolnuysqg agi jo uoniuyaq jo sieak) adunos eyeq  ubisap Apms  Anunod Apms

panunuod | ajqeL

Official journal of the American College of Gastroenterology



Kuenzig et al. Clinical and Translational Gastroenterology (2018)9:188 Page 8 of 13

s .
[} > 4
Y N6 <
£ o S £
s N 2 0o o
v v = U un
wv
2
c
S
- 2
°c v
wi—'
o ©
< Q
g
(%] e k7]
L4} = 2
el © 2,
“ au T
S o < <
=
8 £ Y ¢ 5
>E E%.QC
2 <
T = g c 8 E| e
< S E & = B
g Y —ECE =
= 5 O £ © & S
T 2 =3 O »
S & g E o0 L] ¢
5
Y= s [a)]
o ke ]
o E S
[N S] c
~ @ S ©
- @ e i
o £
Nl <
) s v 2 a
b~ ] = <, f=4
g vl 8" 3 5 ®
2 o 8 T O S
= ¢ £ Ed:‘: c b=
c = O 2 ® o xe] Q
v ES| £ 8sal]% <
£ = c
c S5 T o 6T 2|y 5
2 B
o k)
£ 4 S
< ° ] <
r] el c
2 _ S §c o
5 0 58 <
Y o= ©
5} 2 ¥ Em g
v 3
[= o = © P~
8 2 5 E £8 ¢
£ = Qo 2
c c ® 9 O% =
S S o © =& =
7} N 5 = g2 =
[a) N D L 2s 3
= O =
Ao 9
n sc g
I} o = X
a 8 s
[}
] Y (e el
“— o 0O 2 o
<] e Y e S
c T = 22 8
QL = v 2
X 20 o2
= 83:@ w = ©
c c 8 > TY S
= = g% L &
7] ~N S o= Q5 4]
fa) N D L 23 ¢
Q¢ v
N u—
o % E—? <]
w © & P
© L o 59 &
[ c O Eq>) €
2 g = £E532
g T L o~ S o Qo
e £ & c2 38
S = U =1
] & <& 2eES
5 3 2 2% | 8333
8 5 g 5 & =909
© 2 T L o g5
(a7 N 49T a
o € c &
L2660
T Vv _ v
c — 20 a
Vo Vo
2 £32%2
] 8mmQw
© g Qg
> < >
© 2w H
35 mmgm
& Esls
EsEs
o
> TLEL
s R
QYaoy
Tl S eRER
sl 3 Sogd
2
g V] ﬁ.EoE
[a - Na)
c )
o T2gaD
Y »B5 5%
= £5%%
9 > O v
2| 8 Yogo
m =1 QESLE
- V) oFzF

Official journal of the American College of Gastroenterology

Source RR (95% Cl)

Bernstein 2005 1.43 [1.26; 1.62] =

Brassard 2015 1.27 [1.23; 1.32] (]

Gearry 2010 1.46 [1.07; 1.99] S

Hammer 1968  1.49 [0.64; 3.46] —

Hemminki 2010  1.64 [1.43; 1.88] B

Kappelman 2011 1.20 [0.90; 1.60] =

Kuenzig 2017 1.39 [1.26; 1.53] =2

Livnat 2012 0.78 [0.55; 1.10] —8

Myrelid 2004  1.36 [0.91; 2.04] +a—

Neilly 1989 0.84 [0.56; 1.27] —8—

Peng 2015 1.50[1.31; 1.72] =

Pugh 1979 0.90 [0.83; 0.97] B :

Raj 2008 1.74[0.39; 7.71] :

Virta 2013 2.33[1.41; 3.86] [ ——

Weng 2007 1.50 [1.31; 1.72] =g

Total 1.31[1.16; 1.47] >

Heterogeneity: 32, = 119.73 (P < .01), I* = 88% T T 1
0.2 0.5 1 2 5

Risk ratio (95% Cl)

Fig. 2 Association between asthma and Crohn’s disease
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Fig. 3 Association between asthma and ulcerative colitis

one case-control study limited to the association between
asthma and UC (408,264 participants)**, and one cohort
study evaluating the association between asthma and both
Crohn’s disease and UC (136,178 participants)*?, and one
cohort study evaluating the association between asthma
and IBD (26,300 participants)®’. An additional three stu-
dies were limited to pediatric patients and were included
in subgroup analyses of pediatric-onset IBD (7554 parti-
cipants)®®***>, There was no association between asthma
and pediatric-onset Crohn’s disease (pooled RR 1.35, 95%
CI 0.94-1.93; heterogeneity: I =92%, Supplementary
Figure 3). Adult-onset Crohn’s disease was associated
with asthma (20-29 years at diagnosis: incident rate ratio
(IRR) 1.18, 95% CI 1.10-1.26; 30—39 years: IRR 1.42, 95%
CI 1.32-1.53; 40—49 years: IRR 1.31, 95% CI 1.23-1.41).
Pooling across age groups in early adulthood (20-29 and
30-39 years), Crohn’s disease and asthma were associated
in adults diagnosed in young adulthood (pooled RR 1.29,
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Table 2 Results of subgroup analyses and meta-regression based on study design

Type of IBD Study RR (95% ClI) Heterogeneity Number of

Number of Subgroup differences Residual

design studies participants heterogeneity
Crohn’s Case- 125 [ =89% 11 513,008 p =024 REF P =69%
disease control (1.05-1.50) R =0%
Cohort 145 2 =82% 4 311,165 B 1.6 (95% Cl—0.14 to 0.46) P <0.0001
(1.23-1.71)
Ulcerative ~ Case- 133 1 =89% 12 512,807 p =078 REF P=91%
colitis control (124-142) R?=22%
Cohort 140 P =94% 4 306,907 B —0.046 (95% Cl —0.21 to P <0:0001
(0.99-1.98) 0.12)
Table 3 Results of subgroup analyses and meta-regression based on source of study participants
Type of  Data source RR (95% Heterogeneity Number of Number of Subgroup Residual
IBD cl) studies participants differences heterogeneity
Crohn’s  Population-based or health 143 P =69% 10 822,775 p <0.0001 REF P =59%
disease maintenance organization (1.32-1.56) R>=77%
Tertiary-care center, not stated, or  0.89 P =0% 5 1398 B —048 (95% Cl p = 00024
other (0.83-0.97) —0.65 to —0.30)
Ulcerative  Population-based or health 1.29 P =94% 9 816,528 p =094 REF P =94%
colitis maintenance organization (1.13-146) R’ =0%
Tertiary-care center, not stated, or  1.30 P =92% 7 3186 B 0.012 (95% Cl —020 P <0:0001

other (1.08-1.56)

to 0.22)

95% CI 1.08-1.55 heterogeneity: I”=92%). Meta-
regression based on age group did not account for any
heterogeneity (residual heterogeneity: I*=92%, p<
0.0001).

Asthma and UC were associated in patients diagnosed
with UC as young adults (<40 years: pooled RR 1.11, 95%
CI 1.04-1.19; I =0%; Supplementary Figure 4). There
was no association between asthma and UC diagnosed
during childhood (pooled RR 1.11, 95% CI 0.97-1.28; I =
0%) or after 40 years of age (pooled RR 1.07, 95% CI
0.57-2.00; I* = 98%). Among studies analyzing the asso-
ciation between asthma and UC in those diagnosed as
older adults, one study suggested there was an increased
association while the other identified a protective asso-
ciation. Significant heterogeneity persisted following
meta-regression based on age groups (residual hetero-
geneity: I> = 87%, p < 0.0001).

Discussion

This systematic review and meta-analysis suggests the
frequent co-occurrence of asthma with both Crohn’s
disease and UC. IBD has also been associated with other
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respiratory disorders (e.g., chronic obstructive pulmonary
disease)*®**. Further, both asthma and IBD have been
associated with other immune-mediated and atopic con-
ditions, including multiple sclerosis, rheumatoid arthritis,
diabetes, eczema, and rhinitis?®**%®4855-5%  However,
there was a high degree of heterogeneity between studies,
suggesting that the association between asthma and IBD
may vary across populations and be impacted by differ-
ences in study methodology.

The association between Crohn’s disease and asthma
was consistent regardless of the relative timing of the
diagnoses of the two diseases (i.e., asthma preceding
Crohn’s disease or Crohn’s disease preceding asthma).
However, the risk of asthma was elevated among
patients with existing UC but patients with existing
asthma did not appear to be at an increased risk of UC.
Based on these findings, it is not clear if one disease
results in a predisposition to the other or the co-
occurrence of these diseases simply occurs due to
the commonalities in the physiology of the gut and the
lung, as well as shared genetic and environmental risk
factors.
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Analyses stratified by age at diagnosis of IBD were
inconsistent, with some studies suggesting a consistently
elevated association between the two diseases across all
ages, while others found contradictory age-specific asso-
ciations. For example, one study found that the associa-
tion between asthma and UC was decreased among
people who were diagnosed with UC between 40 and 49
years of age*?, while another study found an increased risk
among patients diagnosed with UC > 40 years of age®*. As
both studies used health administrative data, and neither
used an internally validated algorithm to identify cases of
asthma, misclassification of asthma may have resulted in
bias.

Additionally, failure to account for smoking status may
have influenced the findings of these studies. Smoking is
associated with an increased risk of Crohn’s disease but a
decreased risk of UC®. Of the three included studies that
adjusted for smoking status, two reported elevated asso-
ciations between asthma and Crohn’s disease while one
suggested that there may be a protective effect of the two
diseases but was underpowered to detect a differ-
ence***”*”. Asthma and UC were associated in one study
that adjusted for smoking but not the other***”. Differ-
ential rates of smoking across ages at IBD diagnosis may
also contribute to differences observed in the association
between asthma and IBD. For example, smoking is sig-
nificantly more common among patients who are older at
the time of Crohn’s disease diagnosis®’. As a result,
smokers with Crohn’s disease may be at an elevated risk of
respiratory disease due to smoking but not their IBD. The
decreased rate of smoking among patients with UC may
explain the protective association seen in one study™.
Similarly, other environmental risk factors (e.g., air pol-
lution) demonstrate age-specific associations with both
asthma and IBD and may contribute to the differences in
the age-specific associations between asthma and IBD®*%,

A limitation of studies evaluating the associations
between two conditions is that patients diagnosed with
one condition have higher health services utilization than
healthy individuals and may subsequently be more likely
to be diagnosed with another condition®. No study
included in our systematic review accounted for increased
health care use. As a result, our findings of an increased
association between asthma and IBD may have resulted
from detection bias.

The association between asthma and Crohn’s disease
varied across geographic regions. In Canada, New Zeal-
and, Finland, Sweden, Taiwan, and the United States, the
association between asthma and Crohn’s disease was
elevated. However, there was a negative association in the
United Kingdom and Israel. Regional differences in the
association between asthma and UC were less pro-
nounced. Although the reasons for these regional differ-
ences are not known, it is possible that differing
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penetrance of genetic or environmental risk factors may
contribute. For example, the high prevalence of early-life
exposure to peanuts has been associated with a decreased
risk of peanut allergy in Israel®. This decreased risk of
atopy may also result in a decreased risk of asthma among
these children but not impact their elevated risk of
developing IBD, due to genetic predisposition of IBD
amongst Ashkenazi Jews.

As this is a systematic review, our ability to make con-
clusions about the co-occurrence of asthma and IBD is
limited by the availability and quality of previous studies
evaluating the association between these two diseases.
Although we included 19 studies in our review, there was
high degree of heterogeneity across studies. Heterogeneity
was reduced when accounting for study methodology (i.e.,
study design and source of study participants) in studies
analyzing the association between asthma and Crohn’s
disease but not in the association between asthma and
UC. In fact, there was an elevated association between
asthma and Crohn’s disease in population-based studies,
but a protective association between the two diseases in
studies conducted using patients recruited from tertiary-
care centers. All samples recruiting patients from tertiary-
care centers were conducted either in Israel or the United
Kingdom. This suggests that there are other underlying
differences between studies and populations when it
comes to understanding the association between asthma
and IBD and we are unable to ascertain if the differences
we observed result from differing study design or differ-
ences across populations. Specifically, the majority of
studies recruiting patients from tertiary-care centers may
have introduced selection bias by their choice of controls
(e.g., partners of cases). However, similar control groups
were selected in studies evaluating the association
between UC and asthma included control groups that
could similarly have introduced selection bias, yet the
association remained similar regardless of the source of
patients. In addition, there may be other differences in
study design that were not accounted for (e.g., differences
in the case definitions for IBD and asthma and variables
adjusted for), underlying differences in the study popu-
lation, or the phenotypes of asthma and IBD identified in
the study (i.e., disease severity, behavior, management
approach).

Conclusions

Asthma is associated with both Crohn’s disease and
ulcerative colitis. Geographic differences, as well as dif-
ferences in study design, contribute to this heterogeneity.
We were unable to determine whether one disease
increases the risk of the other or if both arise due to
commonalities in pathology and shared risk factors.
Future well-designed observational research should
attempt to address these issues in their study design.
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Study Highlights

What is current knowledge

* Asthma and the inflammatory bowel diseases share
environmental, genetic, and microbial risk factors

What is new here

* Asthma is associated with both Crohn’s disease and
ulcerative colitis

* The relationship between these two diseases
appears to vary by region
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Supplementary Table 1. Search strategy used to identify studies evaluating the association
between asthma and the inflammatory bowel diseases.

Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
Ovid MEDLINE(R) Daily and Ovid MEDL INE(R) 1946 to Present

exp asthma/

asthma$.mp.

(antiasthma$ or anti-asthmas$).mp.

Respiratory sounds/

wheez$.mp.

Bronchial Spasm/

bronchospas$.mp.

(bronch$ adj3 spasm$).mp.

. bronchoconstrict$.mp.

10. Bronchoconstriction/

11. (bronch$ adj3 constrict$).mp.

12. Bronchial Hyperreactivity/

13. Respiratory Hypersensitivity/

14. ((bronchia$ or respiratory or airway$ or lung$) adj3 (hypersensitiv$ or hyperreactiv$ or
alerg$ or insufficien$)).mp.

15. ((dust or mite$) adj3 (allerg$ or hypersensitiv$)).mp.

16. or/1-15

17. exp inflammatory bowel diseases/

18. exp crohn disease/

19. exp calitis, ulcerative/

20. exp enterocolitis/

21. exp proctitis/

22. expileitig

23. crohn*.mp.

24. ulcerative colitis.mp.

25. "inflammatory bowel disease*".mp.

26.17or 18 or 19 or 20 0or 21 or 22 or 23 or 24 or 25

27.16 and 26

©COoONO~WNE

EMBASE




exp asthma/

asthma$.mp.

(antiasthma$ or anti-asthma$).mp.

Abnormal Respiratory Sound/

Wheezing/

wheez$.mp.

bronchospasm/

bronchospas$.mp.

. (bronch$ adj3 spasm$).mp.

10. exp Bronchoconstriction/

11. bronchoconstrict$.mp.

12. Respiratory Tract Allergy/

13. (bronch$ adj3 constrict$).mp.

14. Bronchus Hyperreactivity/

15. House Dust Allergy/

16. ((bronchia$ or respiratory or airway$ or lung$) adj3 (hypersensitiv$ or hyperreactiv$ or
alerg$ or insufficien$)).mp.

17. ((dust or mite$) adj3 (allerg$ or hypersensitiv$)).mp.

18. or/1-17

19. exp inflammatory bowel disease/

20. exp crohn disease/

21. exp ulcerative colitis/

22. exp enterocolitis/

23. exp proctitis/

24. expileitig

25. crohn*.mp.

26. ulcerative colitis.mp.

27. "inflammatory bowel disease*".mp.

28. or/19-27

29. 18 and 28

30. limit 29 to conference abstract

31. 29 not 30

©COoON~WNE




Supplementary Table 2. Reasonsfor exclusion

Study Reason for Exclusion

Andreoletti 2015(1) No control group

Anonymous 1985(2) Did not report the association between asthma and IBD
Balzola 2010(3) Review article

Balzola 2011(4) Review article

Balzola 2011(5) Review article

Balzola 2013(6) Review article

Bernstein 2008(7) M eeting summary

Bhat 2007(8) Case report

Ceyhan 2015(9) Rate of asthmain the control group not reported
Chandra 2011(10) Did not report the association between asthma and IBD
Chen 2017(11) Did not report the association between asthma and IBD
Colldahl 1965(12) Case report

Conway 2017(13) No control group

D’ Amato 2007(14)

Did not report the association between asthma and IBD

D’Andrea 2010(15)

Review article

Desai 2011(16)

Assessed the impact of 1BD on pulmonary function, not asthma

Edwards 2004(17) Did not report the association between IBD and asthma
Eliakim 1996(18) Review article

Fenta 2010(19) Did not separate Crohn’s disease and ulcerative colitis
Gibbs 1971(20) Cdll line, animal or trandational research

Grover 2014(21) Did not report the association between asthma and IBD
Grinberger 1984(22) Did not report the association between asthma and IBD
Griinberger 1985(23) Did not report the association between asthma and IBD
Gut 2011(24) Case report

Haapamaki 2011(25) Combined asthmawith COPD

Heinzmann 2003(26) Did not report the association between asthma and IBD

Hemminki 2010(27)

Evaluated familia asthmaas arisk factor for IBD

Herrlinger 2002(28)

Assessed the impact of 1BD on pulmonary function, not asthma

Hirota 2015(29)

Letter to the editor

Huang 2014(30) Cdll line, animal, or trandlational research

Hubbard 2004(31) Review article

Hutchings 2008(32) Did not report the association between IBD and asthma
Hyams 1988(33) Did not report the association between IBD and asthma

lannello 2003(34)

Did not report the association between IBD and asthma

Ikonomi 2016(35)

Did not report the association between IBD and asthma

Ilonidis 2004(36) Assessed the impact of IBD on pulmonary function, not asthma
Kabesch 2003(37) Did not report the association between IBD and asthma
Kanazawa 2005(38) Cdl line, animal or trandational research

Kaplan 2011(39) Review article

Kauppi 2015(40) Did not separate Crohn’s disease and ulcerative colitis

Koek 2002(41) Assessed the impact of IBD on pulmonary function, not asthma
Koning 2013(42) Did not evaluate the association between asthmaand IBD

Li 2012(43)

Did not evaluate the association between asthma and IBD




Li 2014(44)

No control group

Louis 1995(45) Assessed the impact of IBD on pulmonary function, not asthma
Louis 1999(46) Assessed the impact of 1BD on pulmonary function, not asthma
Majewski 2015(47) Review article

Manguso 2002(48) Duplicate of included study

Mans 2000(49)

Assessed the impact of 1BD on pulmonary function, not asthma

Mikhailova 2011(50)

Assessed the impact of IBD on pulmonary function, not asthma

Moes-Wojtowicz 2012(51) No control group

Olén 2014(52) Excluded patients with IBD

Parambil 2009(53) Did not report the association between IBD and asthma
Park 2005(54) Did not report the association between IBD and asthma
Pearson 1983(55) Case report

Peradzynska 2012(56) Rate of asthmain the control group not reported
Persson 1996(57) Reports on asthma-specific mortality rates in patients with IBD
Poon 2004(58) Cdll line, animal or trandational research
Ramagopal an 2013(59) Did not report the association between IBD and asthma
Rodriguez-Roisin 2016(60) Review article

Romano 2016(61) Review article

Sarioglu 2006(62) L etter to the editor

Sclano 2002(63) Review article

Sharifpour 2012(64) Excluded patients with pre-existing respiratory disease
Sibtain 2011(65) Evaluated familial asthmaas arisk factor for IBD
Sivagnanam 2007(66) No control group

Sivagnanasundaram 2004(67) | Did not report the association between IBD and asthma
Skyring 1965(68) No control group

Swynghedauw 2007(69) Review article

Taherzadeh 2012(70) Assessed the impact of 1BD on pulmonary function, not asthma
Tanday 2015(71) Review article

Tirosh 2006(72) Did not separate Crohn’s disease and ulcerative colitis
Upton 2015(73) Did not report the association between IBD and asthma

Van Limbergen 2009(74)

No control group

Vutcovici 2016(75)

Reported on mortality in co-occurring asthma and COPD

Wang 2013(76) Review article
Weidinger 2005(77) Evaluated the association between genetic factors and asthma
Y ang 2000(78) Did not report the association between IBD and asthma

Y un 2012(79)

Duplicate cohort of Fenta 2010(19)




Supplementary Table 3. Risk of bias of included case-control and cross-sectional studies

Bernstein
2005(80)

Boneberg
er
2012(81)

D'Arienzo
2000(82)

D’Avrienz
0
2002(83)

Definition

Yes, with
independe
nt
validation

No
descriptio
n

Yes, with
independe
nt
validation

Yes, with
independe
nt
validation

Representativen

Selection of

essof theCases | Controls

Consecutive or
obviously
representative
series of cases
(population-
based)
Consecutive or
obviously
representative
series of cases
(tertiary-care
centre)
Consecutive or
obviously
representative
series of cases
(tertiary-care
centre)
Consecutive or
obviously
representative
series of cases
(tertiary-care
centre)

Community
controls

Hospital
controls

Other -
Hospital
staff

Other —
Partners of
cases

Not
reported

Yes

Yes

Compar abili

ty of Cases

and Controls

Study
controls
(adjusts) for
important
confounding
variables
Study
controls
(adjusts) for
important
confounding
variables

No control
(adjustment)
for potential
confounding
variables

No control
(adjustment)
for potential
confounding
variables

Ascertainme

Secure record

No
description

Structured
interview
where
blinded to
case/control
status
Structured
interview
where
blinded to
case/control
status

Same

method of
ascertainme

nt for cases
and controls
Yes

Not reported

Yes

Yes

Not relevant
(administrati
ve data)

Response
rates not
reported

Response
rates not
reported

Response
rates not
reported



Gearry
2010(84)

Hammer
1968(85)

Kappelma
n
2011(86)

Kuenzig
2017(87)

Definition

Y es, with
independe
nt
validation

Yes, with
independe
nt
validation

Yes, with
independe
nt
validation

Yes, with
independe
nt
validation

Representativen
ess of the Cases

Consecutive or

obviously

representative
series of cases

(population-
based)
Potential for

sdl ection biases or

not stated
(tertiary-care
centre)
Potential for

selection biases or
not stated (health

maintenance
organization)

Consecutive or

obviously

representative
series of cases

(population-
based)

Selection of

Controls

Community
controls

Hospital/clin
ic controls

Other -
patients in
same health
maintenance
organization
without IBD
Community
Controls

Control

Not
reported

Yes

Yes

Compar abili

ty of Cases
and Controls

Study
controls
(adjusts) for
important
confounding
variables

No control
(adjustment)
for potential
confounding
variables
Study
controls
(adjusts) for
important
confounding
variables
Study
controls
(adjusts) for
important
confounding
variables

Ascertainme
nt of
Exposure

Written self-
report or
medical
record only

Interview;
unclear if
blinded to
case/control
status

Secure record

Secure record

Same
method of

ascertainme

nt for cases

and controls

Yes

Yes

Yes

Yes

Non
respondents
described

Not reported

Not relevant
(administrati
ve data)

Not relevant
(administrati
ve data)



Livnat
2012(88)

Myrelid
2004(89)

Nakamura
1994(90)

Neilly
1989(91)

Definition

Y es, with
independe
nt
validation

Yes, with
independe
nt
validation

Yes, with
independe
nt
validation

No
descriptio
n

Representativen
ess of the Cases

Consecutive or
obviously
representative
series of cases
(tertiary-care
centre)

Potential for
sel ection biases or
not stated

Consecutive or
obviously
representative
series of cases
(population-
based)

Potential for
selection biases or
not stated

Selection of

Controls

Hospital/clin
ic controls

Community
controls

Hospital/clin
ic controls

No
description

Not
reported

Not
reported

Not
reported

Compar abili

ty of Cases
and Controls

No control
(adjustment)
for potential
confounding
variables

Study
controls
(adjusts) for
important
confounding
variables
Study
controls
(adjusts) for
important
confounding
variables
Study
controls
(adjusts) for
important
confounding
variables

Ascertainme
nt of
Exposure

Written self
report or
medical
record only

Written self-
report or
medical
record only

Written self
report or
medical
record only

Interview;
unclear if
blinded to
case/control
status

Same
method of

ascertainme

nt for cases

and controls

Yes

Yes

Yes

Yes

Cases: Non
respondents
described
Controls:
Response
rates not
reported
Same rate for
both groups

Response
rates not
reported

Samerate for
both groups



Representativen | Selection of | Controll Comparabili | Ascertainme, Same
essof theCases | Controls ty of Cases nt of method of
Definition and Controls | Exposure ascertainme
nt for cases
and controls
Pugh Yes, with  Potential for Other — Not No control Writtenself  Yes Response
1979(92) independe selection biasesor Partners of reported (adjustment)  report or rates not
nt not stated cases (51%); for potential medical reported
validation (tertiary-care hospital/clini confounding  record only
centre; lleostomy ¢ controls variables
Association) (49%)
Virta Yes, with  Consecutive or Community  Not Study Securerecord Yes Response
2013(93) independe obviously controls reported controls rates not
nt representative (adjusts) for relevant
validation  seriesof cases potential (e.g.,
(population- confounding administrativ
based) variables e data)
Weng Yes, with  Potential for Other — Yes Study Secure Yes Response
2007(94) independe selectionbiasesor patientsin controls records rates not
nt not stated (health  same health (adjusts) for relevant (eg
validation maintenance mai ntenance important administrativ
organi zation) organization confounding e data)
without IBD variables



Supplementary Table 4. Risk of biasin cohort studies

epresentativen | Selection | Ascertainme| Demonstrati | Compar abili Sufficie | Adequacy of
essof the of the on that ty of cohorts | nt of follow-up
Exposed Cohort | Non- outcome of on thebasis | Outcome cohorts
Exposed interest was | of thedesign
Cohort not present or analysis
at start of
stud
Brassard Somewhat Drawn Securerecord  Yes Study Record Yes Not relevant
2015(95) representativeof  from the controls linkage (admini strati
theaveragerate  same (adjusts) for ve data)
of diseaseinthe  communit important
community” yas t;‘; confounding
expo: :
- variables
Hemmin  Somewhat Drawn Securerecord Yes Study Record Yes Not relevant
ki representative of  fromthe controls linkage (administrativ
2010(%) the averagerate Same (adjusts) for e data)
of disease (IBD ~ communit important
or asthma) in the gxa;;;'e% confounding
community cohort variables
Peng Truly Drawn Securerecord Yes Study Record Yes Not relevant
2015(97) representative of fromthe controls linkage (administrativ
the averagerate Same (adjusts) for e data)
of disease (IBD ~ communit important
or asthma) in the gxa;;;% confounding
community cohort variables
Raj Selected group ~ Drawn Securerecord No No control Record Yes No statement
2008(98) of users” from the (adjustment)  linkage

same for potential



communit confounding

y asthe variables

exposed

cohort®
#Study was conducted using provincial health administrative data, but only included patients with provincial pharmacare (age =65, on
socia assistance, or with no employee benefits)
®The rate of inflanmatory bowel disease (IBD) among people with asthma was compared to the rate of asthmain the general
population
“Patients with asthma were recruited from a tertiary-care respiratory centre



Supplementary Figure 1. Senditivity analysisrestricted to studiesin which the diagnosis of
asthma preceded the diagnosis of Crohn’s disease

Source RR (95% CI)

Brassard 2015 1.27 [1.23; 1.32] 5
Hemminki 2010 1.64 [1.43; 1.88] -l
Kuenzig 2017 1.45[1.31; 1.60] -.-

Virta 2013 2.33[1.41; 3.86] ; L
Total 1.49[1.27;:1.74] -
Heterogeneity: 35 = 22.14 (P <.01), I° = 86% | I !

0.5 1 2
Risk Ratio (95% CI)

Supplementary Figure 2. Sensitivity analysisrestricted to studiesin which the diagnosis of
asthma preceded the diagnosis of ulcerative colitis

Source RR (95% CI)

Brassard 2015 0.99[0.94; 1.04] :

Hemminki 2010 1.54 [1.37; 1.74] s =

Kuenzig 2017  1.36 [1.35; 1.37] ‘B

Nakamura 1994 0.73[0.32; 1.68] = :

Virta 2013 1.11[0.68; 1.81] B

Total 1.21[0.98; 1.51] o=

Heterogeneity: ; = 153.85 (P < .01), 1* = 97% !
05 1 2

Risk Ratio (95% CI)




Supplementary Figure 3. Association between asthma and Crohn’s disease stratified by age
at I1BD diagnosis

Source RR (95% CI)
Brassard 2015 (0-9 years) 2.11[1.70; 2.61] —a—
Brassard 2015 (10-19 years) 1.05[0.96; 1.14] .
Kappelman 2011 1.20 [0.90; 1.60] N
Livnat 2012 0.78 [0.565; 1.10] —
Virta 2013 2.33 [1.41; 3.80] -
—
Brassard 2015 (20-29 years) 1.18 [1.10; 1.26] =
Brassard 2015 (30-39 years) 1.42[1.32; 1.53] =
-
Brassard 2015 (40-49 years) 1.31[1.22; 1.40] -+
: <
| |
0.5 1 2

Risk Ratio (95% CI)



Supplementary Figure 4. Association between asthma and ulcer ative colitis stratified by
ageat |BD diagnosis

Source RR (95% CI)
Brassard 2015 (0-9 years)
Brassard 2015 (10-19 years) 1.04 [0.86; 1.25] ——
Kappelman 2011 1.10 [0.78; 1.56] i
Kuenzig 2017 (3-16 years) 1.37 [1.00; 1.88] =
Virta 2013 1.11[0.68; 1.81] =

i ( / e R
Brassard 2015 (20-29 years) 1.08 [0.97: 1.20] ——
Brassard 2015 (30-39 years) 1.16 [1.06; 1.27] ——
Kuenzig 2017 (17-40 years) 1.04 [0.87; 1.24] ——

<=
Brassard 2015 (40-49 years) 0.78 [0.71; 0.86] ——
Kuenzig 2017 (>40 years)  1.48 [1.25; 1.76] - B
| |
0.75 1 1.5

Risk Ratio (95% CI)
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