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ABSTRACT

Background: Individuals with a history of depression/depressive symptoms are suspected to be at increased risk of incident inflammatory
bowel diseases (IBDs).

Methods: We systematically searched MEDLINE/PubMed, Embase, and Scopus databases for longitudinal studies examining the association
between depression/depressive symptoms and subsequent new-onset IBD (ie, Crohn's disease and ulcerative colitis). We included studies in
which the exposure was a confirmed diagnosis of depression/depressive symptoms measured through a validated scale. To limit concerns of di-
agnostic bias and reverse causality, and support temporality between exposure and outcomes, we synthesized estimates corresponding to the
longest time lag reported. Two authors extracted study data independently and assessed each study’s risk of bias. Maximally adjusted relative
risk (RR) estimates were synthesized using random- and fixed-effects models.

Results: Of 5307 records, 13 studies (8 cohort and 5 nested case-control studies; 9 million individuals) fulfilled the eligibility criteria. Depression
was significantly associated with incident Crohn's disease (RR__, . 1.17; 95% confidence interval, 1.02-1.34; 7 studies, 17 676 cases) and ulcer-
ative colitis (RR ... 1.21; 95% confidence interval, 1.10-1.33; 6 studies, 28 165 cases). The primary studies considered pertinent confounders.
Several years, on average, separated exposure and outcomes. No evidence of important heterogeneity or publication bias was found. Summary
estimates were at low risk of bias, and results were confirmed in multiple sensitivity analyses. No firm conclusions could be drawn regarding a
dilution of the association over time.

Conclusions: Individuals with a history of depression may show small-to-moderate increased risk of IBD even when depression is diagnosed
several years before new-onset IBD. Further epidemiological and mechanistic studies should clarify whether these associations are causal.

Lay Summary

Depression has recently been associated with the development of several chronic diseases. History of depression may be a factor increasing
moderately the risk to develop inflammatory bowel disease in the future even when depression is diagnosed several years before new-onset
inflammatory bowel disease.
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INTRODUCTION several metabolites, the autonomic nervous and neuroendo-

Inflammatory bowel diseases (IBDs) are chronic, disabling, crine systems, the immune system, and the hypothalamic-

- o ) !
immune-mediated disorders of the gastrointestinal tract p 1tu1tary-f1d'renal axis.” Researchers have hyp <.)the.51'zed t.hat if
comprising mainly Crohn’s disecase (CD) and ulcerative the association between IBD and depression is bidirectional,

colitis (UC)."? Patients with IBD are at high risk of devel- deprfslsé(l))nl;nay constitute a risk factor for developing new-
onse .

Depression is prevalent in about 5% to 10% of the adult
population.!’ Accumulating evidence shows an association
between depression or depressive symptoms and a number
of incident diseases,'>" including autoimmune'*"> and gas-
trointestinal conditions.'®!'” Few studies have shown con-
flicting results regarding the influence of depression on
development of new-onset IBD.!®!%!? Frolkis et al'® showed

oping depression and anxiety.> Recent seminal studies have
demonstrated that depression is associated with worse future
prognosis of IBD.** Although an increased susceptibility to de-
pression in chronic diseases is often attributable to disability
and decreased quality of life, an intricate communication
system exists between the brain and the gut, and vice versa.®
8 This network comprises a complex signaling involving
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What is already known?

Conflicting evidence exists regarding the association between
history of depression and subsequent development of inflam-
matory bowel disease (IBD).

What is new here?

Individuals with a history of depression may show a small-to-
moderate increase in the risk of IBD, even when depression is
diagnosed several years before new-onset I1BD.

How can this study help patient care?

Our results can guide future research on mechanisms of the
bidirectional brain-gut axis and inform clinicians and patients a-
bout possible prevention strategies.

an approximately 2-fold higher risk of developing incident
CD and UC among individuals with history of depression—a
finding not confirmed, however, by Blackwell et al."”” Given
the conflicting evidence in this area of research, we performed
a systematic review and meta-analysis to clarify the associa-
tion between history of depression and subsequent develop-
ment of IBD. Significant diagnostic delay of IBD may render
temporality between depressive symptoms and diagnosis of
IBD challenging to assess*’; hence, we synthesized stratified
effect estimates corresponding to the longest time lag avail-
able between depression and incident IBD. Our findings may
inform patients and clinicians, and guide future research on
mechanisms and prevention strategies.

METHODS

The study protocol is registered with PROSPERO
(CRD42022368356). We followed guidance published by
the Cochrane collaboration?' and adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses)?? and the MOOSE (Meta-analyses of Observational
Studies in Epidemiology) guidelines.?

Search strategy

We systematically searched the MEDLINE/PubMed, Embase,
and Scopus databases, from inception to October 5, 2022, to
identify studies assessing whether individuals being diagnosed
with depression (or showing symptoms of depression) are at
increased risk of incident IBD, CD, or UC. Search terms in-
cluded “inflammatory bowel disease,” “Crohn’s disease,” or
“ulcerative colitis” combined with “depression,” “depres-
sive,” “mood,” “depressive disorder,” “mood disorders,” or
“self-harm.” We included relevant variants, acronyms, and
truncated and MeSH (Medical Subject Headings) terms. The
detailed search algorithms are presented in Supplementary
Appendix 1. Reference lists of articles identified after
screening titles and abstracts, including systematic and nar-
rative reviews, were hand searched. The search strategy
was complemented with a semi-structured search in Google
Scholar. We excluded editorials and studies not conducted in
humans. Language restrictions were not applied.

»

Study selection

We considered eligible any longitudinal study in which the
temporal association between depressive symptoms (ie, first

Piovani et al

event, exposure) and IBD (ie, incident event, outcome) could
be elucidated (ie, prospective or retrospective cohort studies
and nested case-control studies).

To be eligible, studies were required to either measure
depressive symptoms by using a validated scale (eg, Beck
Depression Inventory, Mental Health Index, Hospital Anxiety
and Depression Scale) or have registered a diagnosis of de-
pression by using the International Classification of Diseases
or an equivalent, validated record of diagnosis of depres-
sion at baseline. We included studies with radiologically,
endoscopically, or histologically confirmed IBD or, alterna-
tively, record-linkage studies using validated algorithms for
the diagnosis of IBD. We did not consider studies in which
the outcome was any measure of IBD activity (eg, relapses,
hospitalizations, visits, fatigue). We excluded studies in which
the measurement of depressive symptoms or diagnosis of de-
pression co-occurred with the diagnosis of IBD and those not
providing a minimum average of 1 year of follow-up after
the exposure. In case of potentially eligible studies in which
critical data were missing, we asked the authors to provide
additional information.

Two investigators (D.P. and S.B.) independently screened
titles and abstracts and excluded those that were clearly ir-
relevant. Potentially eligible articles were retrieved in full text
and critically reviewed for inclusion. Any discrepancy was
discussed and agreement was reached by consensus.

Data extraction

Two authors (D.P. and S.B.) extracted independently the
following data from each study into a standardized data
extraction form: citation data; study design; popula-
tion characteristics; exposure(s) definition(s); outcome(s);
number of exposed/unexposed individuals and person-time
of follow-up; number of individuals who developed CD,
UC, or IBD; follow-up length; lag-time/temporal distance
between exposure and outcome; adjusted relative risk (RR)
estimate(s) with 95% confidence intervals (Cls); method of
control for confounding (ie, stratification, matching, restric-
tion, or multivariable analysis); confounders considered;
time period; geographic setting; and our evaluation of
possible methodological limitations. Any pertinent effect
estimate elucidating the association between depression
and incident IBD at different temporal intervals was also
extracted.

Study risk of bias

We used the Newcastle-Ottawa Scale** to assess the risk of
bias of observational studies on the basis of selection of study
groups, comparability, ascertainment of exposure(s), and
outcome(s). The risk of bias was rated as low (7-9 points),
moderate (4-6 points), or high (<4 points).

Data synthesis and analysis
We extracted any pertinent estimate of RR available from
each study but considered maximally adjusted estimates for
the primary analysis. Besides age and sex, the most impor-
tant confounders were deemed established risk factors for a
diagnosis of IBD and conditions associated with depression
and IBD (eg, smoking habits, socioeconomic status and in-
come, presence of gastrointestinal symptoms, psychiatric and
nonpsychiatric comorbidities).

We included studies reporting different measures of effect
(ie, risk ratio, odds ratio, hazard ratio, and incidence rate
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ratio). As IBD is a rare outcome, these measures of RR yield
very similar estimates; hence, a comprehensive quantitative
evidence synthesis was deemed appropriate.

Significant diagnostic delay can occur in IBD, hence lim-
iting a precise assessment of temporality between onset of de-
pressive symptoms and confirmed diagnosis of IBD."” In an
attempt to resolve this issue, our primary analysis considered
effect estimates corresponding to the longest lag time avail-
able between depression and incident IBD. Whenever possible,
we conducted stratified analyses to elucidate any modifying
effect of the reported timing between depression and subse-
quent IBD.

In case of substantial overlap in follow-up period and/or
catching area across primary studies, we retained for meta-
analysis the study including the largest number of incident
events or, if similar, lower risk of bias. This was necessary to
limit the risk of double counting individuals and artificially
increase the precision of pooled estimates. We conducted sen-
sitivity analyses using estimates extracted by the alternative
study/studies (see Supplementary Appendix 2 for details).

We synthesized adjusted effect estimates by random-
effects meta-analysis using the DerSimonian-Laird method
yielding conservative 95% ClIs in the presence of heteroge-
neity.>> We also calculated fixed-effects estimates, though our
main conclusions were based on the random-effects model.
Separate analyses were conducted for CD, UC, and IBD.

We investigated heterogeneity across studies using the
Cochran’s Q test,® with a conservative 0.10 threshold for
significance, and quantified with the t (standard deviation of
the underlying effects across studies) and the I?> metric, re-
porting the proportion of the variability across studies that is
due to between-study heterogeneity rather than to chance.?”
If at least 10 studies were synthesized and in the presence
of substantial heterogeneity (I’ > 60% or P, . o <.10),”
we conducted subgroup analyses to investigate reasons for
heterogeneity by geographical continent, study design, lag
time between depression and incident IBD, and risk-of-bias
assessment (Newcastle-Ottawa Scale). We tested whether
estimates of associations between depression and subsequent
IBD differed across strata using a test of interaction based on
the Cochran’s Q test. Besides sensitivity analyses, we used the
leave-one-out approach to further investigate the robustness
of our results.?® We assessed small-study effect by visual in-
spection of the funnel plot and we applied the Egger’s test if at
least 10 studies were available.?** Analyses were performed
with Stata 17 software (StataCorp).

RESULTS

Literature Flow

We identified 5307 articles from the literature search. After
detailed screening of 94 articles in full text, 13 eligible studies
comprising over 9 million individuals were included.!®!8:1:31-40
The search and selection process is shown in Supplementary
Figure 1. The most commons reason for exclusion were that
(1) the study was a systematic or narrative review and (2) de-
pressive symptoms or depression were not assessed before di-
agnosis of IBD. Eight of 13 were prospective or retrospective
cohort studies!*!8:31:33:37.3840 and 5 were nested case-control stu
dies.!?32:35:36:3 Pyblication dates ranged from 2001 to 2022.
Eight studies were conducted in Europe (United Kingdom [n =
5], Denmark [n = 2], Sweden),!%1%31:34-37.3 3 in North America
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(Canada [n = 2], United States),'®3>3% and 2 in Taiwan, Asia.3%4
All studies considered incident IBD occurring after a diag-
nosis of depression with an average follow-up time ranging
from 2.2% to 13 years.' Seven studies included 1 or more per-
tinent stratified analyses excluding patients diagnosed with
IBD in proximity of previous depression (Table 1).10:18.19,32,34-36
One of the eligible studies was in the form of a letter’* in-
cluding additional stratified analyses in respect to the original
cohort study published by the same authors.'® Study charac-
teristics are reported in Table 1. Varying degrees of popula-
tion overlap were apparent between certain studies. Detailed
reasons for selecting studies for data syntheses are reported in
Supplementary Appendix 2.

Risk-of-bias assessment

Seven studies scored 7 points or higher and were judged at
low risk of bias,!01819313437.38 Qther 5 studies were rated
at moderate risk of bias (Table 1, Supplementary Table
1).33:3%:363940 The article retrieved as a conference abstract was
not assessed,’ as critical appraisal of such studies is rather
limited.

Crohn’s disease

An estimate of the association between depression and sub-
sequent CD was reported by 10 studies (Table 1),!0-18:19,31,34-39
Seven studies including over 3.3 million individuals and 17
676 cases of incident CD were suitable for data synthesis (see
Supplementary Appendix 2 for details).!$:1%:31,35-38

In the primary analysis, we synthesized stratified effect
estimates corresponding to the longest period of time avail-
able between depression and incident CD. History of depres-
sion was associated with an increased risk of subsequent CD
(RR, 1.17; 95% CI, 1.02-1.34) (Figure 1, Table 2), though
the magnitude of effect was small. We found no evidence of
important heterogeneity (I*>=29.1%; P = .21). Although a
formal analysis of publication bias was not carried out due
to a small number of studies, the funnel plot did not sug-
gest any asymmetrical pattern (Supplementary Figure 2). Five
studies were at low risk of bias and 2 were at moderate risk
of bias. Meta-analysis of studies at low risk of bias was con-
sistent with the primary analysis (RR, 1.20; 95% CI, 1.01-
1.42) (Supplementary Figure 3).!%1%31:3738 Sensitivity analyses
conducted by selecting alternative studies in case of overlap in
populations yielded random- and fixed-point effect estimates
ranging from 1.20 to 1.26 and the same conclusions re-
garding statistical significance (Table 2, Supplementary
Appendix 2, Supplementary Figures 4 and 5). In a secondary
analysis pooling effect estimates considering patients with
UC diagnosed at any time after depression (ie, not the longest
time distance available), the association was compatible with
the primary analysis (RR, 1.50; 95% CI, 1.11-2.03) (Table
2, Supplementary Figure 6), though large heterogeneity was
noted (I* = 83.8%; P < .01).

Ulcerative colitis

Of 10 studies investigating the association between depression
and subsequent UC (Table 1),'%1819:31:33-37.39 we gynthesized 6
studies including about 3.4 million individuals and 28 165
cases of incident UC (see Supplementary Appendix 2 for det
ails)'18,19,31,35'37

When summarizing stratified effect estimates corresponding
to the longest period of time between exposure and outcome,


http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad109#supplementary-data

©
®
‘= uotssaidop
g (8v'T Jo sisougeIp 9y 1938 (L
(] . . < . - ) mmﬁ
& -65°0) ¥6°0 YO® 141 :dO Surrmado sisouderp (0 -6661)
uoissaxdap jo uorssaxd [013u0d (@9do) «S00T
(80°C 000 (98ers  sisougerp oYy 101e £ 7T -9p 10§ 9pOd -9sed wop3ury ‘Ie 19 zon3upoy
9 aeraeer 06°0) LETNMO®  CTTON 01~ -ae) £ 7'z Summddo sisouderp D dusoudel( PIO £ $8-0¢ ‘x3s Luy PAIsIN paaun epIen)
) ) hﬁm.ﬁ w.ﬁww I9pI0sIp (T10T
-0%'1) 99°T “qH® 0N uotssaxdap jo aatssaxdop -9861) (NIH.L) +0T0T
(08°1 T6LT 1S9 sisouSerp oy 1oye £ 72 10§ 9p0d 040> 2A  wopSury PU® (,610T
6 sicemarese ~C0'T) 9€°T "IHE aAD LTS ££'9  Summodoo sisouSelp g dnsouder( PIo £ 06-01 x5 duy  -oadsonay paiun Te 30 spyjo1]
45"
ﬁAno.N i(sorewr)  8€9 (98e10A® UO 2OUBISIP [B1
-0L'T) £L8'T MO on 8¢ -odwa £ /°y) m_wOEww:u (600T
veeT uorssaxdap/sisoinau Lue -$661)
(L¥'T  :(sorewdy) 9 Jo sisougeIp oY1 121je 110402 2A1} epeue) peeSTOT
S p -+0°7) $TT MO o)e! 1y AN  Sunanddo sisougeip DN ani 93e pue xas Auy -dadsomay “AreSleny ‘e 19 adroyime)
. (910T
(Lv'1 678 -8661)
-66°0) TT'T YO® 01:0Nn  8S91¢ stsougerp uorssaxd [013u0d (@4d0)
(zr1 1€Sy -op 1oy £ ¢'6-g"p 38 -9SEd wop3ury «1120C
6 TITEET -8£°0) SO'T MO® Ao 7906 &4, Sunmddo sisouderp Qg1 aol a3e pue xas fuy P3SN paitun Te 39 [[omyde[g
(z10T
-6861)
sisougerp [011u0d
(€91 6119 uorssardop si5e £ ¢z -9s8d epeue) %L 10T
VN or's' SIS LYT Y gl 769 9¢€ AN Surumddo sisouderp (g ani 93e pue xas Auy PaIsaN  ‘eqolIuBIA ‘[e 10 uraIsuIag
Non.ﬂ 80%C (z10T
-86°0) L1'T “q¥I® 0N sisou -G661)
(09°1 LTST  61IS (o8e -Serp worssaxdop 1917e 110700 2AT 1$10T
8 cr016T -91°1) 9€°T “WYI® a 9101 -1oae) £ Gununddo sisoudelp g ani 98e pue xos Auy  -dadsonoy Srewuaq ‘Ie 19 uossiopuy
09 Anus
,Amw.H (saeway) (sasougerp 7 oy usam1 110400 JE
-€9°0) LO'T YHE® on -2q £ [01 01  ~gOI] 9 palenjead 11838 110702 I8 £ TH-ST (00T (I pue
09 jo ueipaw)  uoissaxdop €¢>xopu] a8k sasinu a[ewd] J-SHN -7661) I SHN)
(£LT  +(sorewdy) (e8e10  210waI,, 193jE SULLINDD0 PesHy 11818 110102 18 £ ¢G-0¢ 110402 2A1} RERLAIN G €10T ‘Te 32
8 e -$6°0) 79°T “gL® a  vse6 6t -aR) £ €T sisouderp Qg [eaualy  a8e sasinu o[ewd,] [-SHN -dadsoig pasun)  uBUYSLD{EYIUBUY
(suroaduiAs
s309(qns aa1ssaxdop
JSerq oN/ap  swoalgns (uerpour) swodono  suoissaidop) (porrad)
JO . SIOpPUNOJUOD (ID %S6) /adl Apnis y18u9] pue arnsodxs usamiaq uonuyop udisop  (aseqerep) 1ea24 uonedrqnd
sty 10y JonU0) d1eWnSd 35 [elor, [e3o],  dn-mofjog diysuonepas rerodway, amsodxy uonendog Apmig Anunon ‘Apnig

576

'sgg| 1o ‘DN ‘@D ueploul pue uoissaidep Jo AloiSIy Usemiaq uolieioosse ey Buinebiiseaul seipnis 8|qibije j0 sonsueloeIey) L djqeL



577

Depression and Inflammatory Bowel Diseases

"W 991J-9SBISIP pUE Xas 98e £q (€3] PAYdILW SII[IWE] I9YI0 JO S[ENPIAIPUI IT9M S[OTIUOY) “(JG] PBY SAIEB[T 92139P-1SIY [ ISLI[ I8 YIIYM U SII[IWe] Ul (Jg] Surdo[oasp S[enpraIpur a1om Sase)),

(11e

9PO0D) 2IIYMIS[3 PIYISSE[D JOU IIPIOSIP UOISSIAIP 10 (60 9POd) UOIOEAI JUIUISNIPE (§0€ SPOI) SIS 01 UONIBAI AINIE ()€ SPOI) SIIPIOSIP dIOINAU (€967 “T'96T SIPOI UOISIARY YIUIN-(D]) JoPIOSIp 2a1ssaxdap
Jolew jo sisouSeIp e yam 250y s399[qns pasodxa paiapisuod Apnis oy [, "sasA[eue AIAIISUIS UT A[UO PapN]OUI SBM I ‘90USY faUO[e UoIssaIdap ueyl 19peoiq a19m aInsodxa 10§ BLIILID Furuyap Y3 ‘Apnis syl uf,
*91BWINSd

Jutod oy3 puE puNOq J9MO[ Y3 UIIMII] IDUEBISIP Y3 WOIJ J0LId PILPUERIS Y3 SUIALIIP Aq (JLIIQWIWAS 1 IPBUI 31) 3T PAIDILIOD IABY I/ “JLIISWWASE A[[RUISIIO SBEAM IBWINISI 10939 SIY3 03 Surpuodsaiiod [D) 9% 66 Y],
*(sautod §>) Y8y 10 ‘(s3urod 9-) a3eIopow ¢(syutod

6-/) MO[ SE PIJBI SEM SBI] JO YSII YT, *(S)9wW02IN0 pue (s)ainsodxa jo Juswrurelrddse Kniqeredwod ‘sdnoig £pnis Jo UONIII[IS UO Paseq [eI§ MBI O—I[ISBIMIN] :SIIPNIS [BUOHBAIISCO JOF JUIWSSISSE SBI] JO SIYq
“Apn3s [eurSiio ay3 jo sisK[eue Arewrd oyl 01 AJLIessadou

10U puE (3]qEI IUALIND Y3 UT Pa310daT U0 33 A1) ISATAIUI JO SIBWINISI 109JJ2 Y3 JUIB[NI[ED UI PAIIPISUOD SITPUNOJUOD 0 $I9J91 UWN[OD SIY T, *SISA[RUL [BINISIILIS 1O ‘UONILIIST ‘UONBIYNEens ‘Suiydiew ysnory .,
*SII[0D DALEBINM ‘) H[IOMIDN] JudwaAroIdw] yifedH Y I, ‘NTH.I, S 9ABE[RI Y Apni§ ageyury p1oday proyxQ ‘STYO ‘oner

SPPO YO ‘parrodar zou YN Apnig yifesH sesinN ‘SHN ‘o[qedrdde jou ‘yN o8uer sfnienbiajur YO s9seSI(] JO UOIBIYISSE[) [BUOHBUINU] ‘(D] $2SLISIP [9M0q AIOJBWWE[UI ‘(] 9SBqeIR(] [oIBISAY 901IBI]
[BIDUID) ‘(YD DJUIEIB( YOIBISIY 9O1IdBIJ [EIIUI]) ‘(YJD [BAIIIUI SOUIPYUOI I7) LdSBISIP S UYOIY) ‘(D) ‘01BI SPPO pajsnlpe YOE ‘01eI 93BT 23UapIdUL paIsnipe Yy[e ‘o1el prezey paisnlpe YHE SUOLEIAIGQY
*¢¢"SIISTA [EDTUI[D 9SNEBI-[[B PUB . XIpUI AIIPIGIOWOD

UOS[IBYD) | ‘UOIIBZIUBGIN ( QWODUT ,TIPIO YIIIQ ¢V SLI JB W 91J-9SBISIP ,,Aw0309puadde , 9SBasIp [9mOq I[QBILLIT (‘S3I9qRIP ,,TOPIOsIp Areuow|nd 9ATIIONIISCO JIUOIYD ,‘BUWYISE . ‘[9AI] $SAIIS |, STILIYIIE
PIOIBWINAYT  ‘STILIYIILOISO TeIL TepUIed ¢ ‘osn Snip Juessaidopnue ,,‘siIsouserp LA13IXUE o, ‘SIOPIOSIP 2SN 0IOBQOI ¢ TOPIOSIP SN [OYOI[E 4, ‘SINIPIqIOW0d dLneryohsduou ¢ ‘sanIpiqrowod srnerydssd , ‘sniels
JIWOU0II010s | ‘uoIssardap 21059q swoidwids [eunsajuronses  “Aedounuy/eare o1yderdodd (xas (“xopur ssew £poq ,‘s3nIp A10jeWWEUI-IUE [EPLIOdISUOU ,‘uldse ‘sououwrtoy [esnedousunsod ,‘soandasenuod
[e10 Sunjows 98 a19Mm 10J PI[[01IU0D SA[qeLIBA (sIsk[eue Arewrid ‘a1) sq] pue uoissaidop usamiaq d[qefieae porrad swn 3s93u0[ Y3 01 SuIpuodsalIod sa1BWIISI 1093)0 paisnipe A[jewrxew s1rodar a[qes siy,

(110t
sisou -1007)
(9T¢ (4} -Serp uorssardap soyye 30403 2An 0rCC0T
eeocvier L0'T) L8'T MO® 9,:adl  0€1 AN Surumdo sisouderp gl aol o8e pue xos fuy  -dadsomoy uemre], e 32 Sueyz
,Aww.m
61°0) 6£°0 mo.w AN :dO (8107
loe'e -LL6T1)
-€9°0) 95T MO® AN 0N sIsou [o1u0d
(€9°C vSTL -3erp uorssaxdap 19358 -9sed €70T
6T8T6T -€9°0) 6T°T “YO® ‘adr 8€8 8¢ AN Surumodo sisouderp (gl ast X0 pue o8¢ Luy PAISSN Feiueq ‘[e 39 sa110L,
(€107
b0l uorssard ~9661)
(60T :(sopeway) (o8e10 -op wniredisod 193e plo £ 310402 2An
916 -78°0) 1€°1 “4He ads .04t -ae) £ 679 Bumddo ssouserp 4D aol 07z uowom snoredrurtrg  -dadsonay uemie], 5¢810T ‘e 39 ur']
(pro £
(eT1 7509 61 PUE ¢ U9M19q 19SUO (€roT
-18°0)00'T “qH® ‘dd uorssaxdop) uorssaxdap -/861)
(€1 1/€L ¥96 yano4,, 19338 Sur1msd0 110402 9A1} 1£170T
6116 +6°0)€1'T AH® 0N L8y 1 AN stsougerp (d1 aosl age pue xos fuy  -dadsomoy UIpamg ‘[e 39 90T
. (6661
(291 1€Ts -€961)  (STMO)
9L°0) S1°1 Y }ad uorssardap jo [onuod  wopSury
(€61 6974 000 sisouBerp oy 1aye £ 62 -95Ed paaun 5 100T
61016 T 641 WY on o 018~ MN - Surnmddo sisouderp (gl ast o3¢ pue xas Luy PISSN ‘pIOJX0O ‘e 30 eumy
(swordui4s
s300lqns aarssaxdop
JSerq oN/aD  swolgns (uerpaw) swoono  suoissaidop) (porrad)
Jo  SIOpUNOJUOD (ID %5S6) /adl Apms y8ud| pue o1sodxd usam1dq uonuyop ugisop  (3seqerep) 1ea4 uonesrqnd
sy 10J [onu0) 21eWINISd 109J) [eoL, [er0]  dn-mofjoq drysuonepor [erodway, amsodxy uonendog Apmyg Anunop “Apmig

panunuoy 'L ajqeL



578

Piovani et al
RR Weight

[95% CI] (%)
Ananthakrishnan et al., 2013 L 1.62[0.95-2.77] 5.87
Andersson et al., 2015 ——- 1.36 [1.16-1.60] 30.44
Blackwell et al., 2021 —— 1.05[0.78-1.42] 15.03
Garcia-Rodriguez et al., 2005 L 0.94 [0.59-1.48] 7.65
Kurina et al., 2001 —— 1.15[0.76-1.67] 9.91
Leone et al., 2021 B 1.00 [0.81-1.23] 23.68
Lin et al., 2018 O 1.31[0.82-2.09] 7.43
Overall - 1.17 [1.02-1.34]
Heterogeneity: 1° = 0.01, I = 29.10%, H” = 1.41
Test of 6= 6;: Q(6) = 8.46, p = 0.21
Testof 6 =0:z=2.26, p =0.02

1 2

Random-effects DerSimonian—Laird model

Figure 1. Forest plot for the association between history of depression and incident Crohn's disease: results from individual studies and meta-analysis.
The relative risk (RR) and 95% confidence interval (Cl) for each study are displayed on a logarithmic scale.

history of depression was associated with an increased risk
of subsequent UC (RR, 1.21; 95% CI, 1.10-1.33) (Figure 2,
Table 2). The magnitude of effect was modest. No evidence
of heterogeneity was found (I> = 0.0%; P = .63). Although a
formal analysis of publication bias was not carried out due
to the small number of studies, the funnel plot did not sug-
gest any asymmetrical pattern (Supplementary Figure 7).
Meta-analysis of the 4 studies at low risk of bias was con-
sistent with the primary analysis (RR, 1.16; 95% CI, 1.05-
1.29) (Supplementary Figure 8).!%1%31:57 Sensitivity analyses
conducted by selecting alternative studies in case of overlap
in populations yielded random- and fixed-summary-point
estimates ranging from 1.27 to 1.72 and the same conclusions
regarding statistical significance (Table 2, Supplementary
Appendix 2, Supplementary Figures 9-11). In a secondary
analysis pooling estimates considering patients with UC
diagnosed at any time after depression (ie, not the longest
time distance available), the association was compatible with
the primary analysis (Table 2, Supplementary Figure 12).
We noted very large heterogeneity in this secondary analysis
(I2=93.1%; P <.01).

Inflammatory bowel diseases

Three studies, including over 200 000 individuals and 7449
cases of incident IBD, investigated the association between de-
pression and subsequent IBD.323%# History of depression was
a risk factor for incident IBD (RR, 1.48; 95% CI, 1.33-1.64)
(Figure 3, Table 2). No heterogeneity was noted (I* = 0.0%;
P =.66). The risk of bias of 2 studies was moderate.?>** One
estimate derived from a published conference abstract.’? The
random-effects estimate obtained by excluding the conference
abstract was 1.63 (95% CI, 1.05-2.52) (Table 2).

Robustness of results

Excluding the study by Andersson et al®! in leave-one-out
meta-analysis pushed the summary effect estimate of the asso-
ciation between history of depression and incident CD to in-
clude the null (Supplementary Figure 13A), though the effect

estimate remained relatively stable. The results of the primary
analysis pertaining UC and IBD were robust (Supplementary
Figure 13B, 13C). Primary results were not influenced signifi-
cantly by study design, risk of bias, or geographical continent
(P >.05) (Table 2).

Temporality of associations

We searched for any evidence of a differential association be-
tween history of depression and IBD over time. Six studies
reported at least 2 effect estimates including cases of inci-
dent CD (5 studies) or UC (6 studies) diagnosed at different,
definite time lags after depression.!®181%-343¢ Effect estimates
considering different temporal intervals and including largely
overlapping populations precluded a formal data synthesis of
stratified data (Table 3).

Ananthakrishnan et al'® reported estimates including all
cases of CD diagnosed after depression (adjusted hazard
ratio [aHR], 2.36; 95% CI, 1.40-3.99), restricting to patients
diagnosed at least after 2 years (aHR, 2.13; 95% CI, 1.15-
3.95), and using the longest period available (ie, the baseline
questionnaire of the Nurses’ Health Studies, corresponding in
most cases to a time distance of over 6 years; aHR, 1.62; 95%
CI, 0.95-2.77). Although there was an apparent dilution of
effect over time, no definite conclusion could be drawn given
the vastly overlapping periods. This was not observed for UC.

The study by Frolkis et al** was the one providing more
evidence of a dilution of effect over time, though no definite
conclusions could be drawn. Despite the apparent dilution,
the estimates remained statistically significant when consid-
ering patients diagnosed with CD or UC at least 2 years after
depression (aHR , 1.36; 95% CI, 1.02-1.80; aHR , 1.66;
95% CI, 1.40-1.97).3

In the study by Kurina et al, 3¢ estimates considering patients
diagnoses with CD or UC within 1 year from depression were
apparently larger than those obtained excluding such patients.
Nonetheless, no statistically significant difference was found
across stratified effect estimates (Table 3).3¢ The studies by
Blackwell et al* and Garcia Rodriguez et al®® did not show

ue?
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RR Weight
[95% CI] (%)
Ananthakrishnan et al., 2013 = 1.07 [0.63—-1.83] 3.26
Andersson et al., 2015 —— 1.17[0.98-1.40] 29.13
Blackwell et al., 2021 —— 1.21[0.99-1.47] 23.71

Garcia-Rodriguez et al., 2005

Kurina et al., 2001

Leone et al., 2021

Overall

Heterogeneity: T = 0.00, I* = 0.00%, H = 1.00
Test of 6, = 6;: Q(5) = 3.43, p = 0.63

Test of 8 =0:z=3.90, p = 0.00

= 1.37[0.90-2.08] 5.28

Random-effects DerSimonian—Laird model

—8———  149[1.12-1.93] 12.51
—— 1.13[0.94-1.37] 26.11
- 1.21 [1.10-1.33]
1 2

Figure 2. Forest plot for the association between history of depression and incident ulcerative colitis: results from individual studies and meta-analysis.
The relative risk (RR) and 95% confidence interval (Cl) for each study are displayed on a logarithmic scale.

RR Weight
[95% Cl] (%)
Bernstein et al., 2017 . B 1.47[1.32-1.63] 94.55

Torres et al., 2022

Zhang et al., 2022

Overall

Heterogeneity: 1° = 0.00, I’ = 0.00%, H” = 1.00
Test of 6 = 6;: Q(2) = 0.83, p = 0.66

Testof 6=0:z=7.47,p=0.00

1.29[0.63-2.63] 2.06
1.87[1.07-3.26] 3.39

- 1.48 [1.33-1.64]

Random-effects DerSimonian—Laird model

Figure 3. Forest plot for the association between history of depression and incident inflammatory bowel diseases: results from individual studies and
meta-analysis. The relative risk (RR) and 95% confidence interval (Cl) for each study are displayed on a logarithmic scale.

patients with quiescent IBD and depression at baseline have
a less favorable prognosis.®> This is the first systematic re-
view and meta-analysis synthesizing longitudinal studies
investigating history of depression as a possible risk factor
for subsequent development of IBD. The study represents
a further necessary step in clarifying the supposed bidirec-
tional link between depression and IBD. Our work used a
standardized methodology, a comprehensive search strategy in
3 databases, and followed a registered protocol. We used both
random- and fixed-effects models but based our conclusions
on random-effects estimates to provide a more conservative
estimate of associations. Although plausible, we did not find
evidence of heterogeneity, which renders the results more ro-
bust. Most studies included in the evidence syntheses were
considered at low risk of bias.

We must acknowledge some limitations. The small overall
number of studies did not allow a formal assessment of pub-
lication bias, though the visual inspection of funnel plots
was reassuring. There were overlaps in populations across
certain estimates, thus we had to exclude valid studies from

the data synthesis to avoid providing unrealistically pre-
cise summary estimates. Nonetheless, we described trans-
parently the entire selection process. Sensitivity analyses
summarizing studies previously excluded confirmed the pri-
mary analyses. One potential limitation is that the primary
studies synthesized showed some differences in populations.
The study by Lin et al*® considered postpartum depression
and the study by Cawthorpe et al** considered depression and
neuroses. Therefore, these studies may have contributed to
heterogeneity in effect estimates. Given the broader outcome
definition of the study by Cawthorpe et al, this study was
not included in the primary analysis. Few authors reported
data sufficient to assess whether the association between de-
pression and IBD changed over time, and these findings were
partially conflicting. Hence, more studies are needed to this
regard.

The associations found were of modest magnitude. This
was partially expected. Our findings are compatible with
results of stratified analyses reported by prominent primary
studies in the area of IBD'®1*3 and with the effect sizes
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Depression and Inflammatory Bowel Diseases

reported by landmark studies investigating the association be-
tween mood disorders or depression and other chronic med-
ical conditions.'>'3 We synthesized estimates corresponding,
on average, to a distance of several years between the 2
conditions, hence strongly reducing biases that would have
falsely inflated the association.

Given the high prevalence of depression, our findings might
have relevance for prevention. Frolkis et al'® suggested that
antidepressants may mitigate the risk of developing IBD
among individuals diagnosed with underlying depression.
This observation may have a possible biological basis. Patients
with IBD show low colon mucosal norepinephrine and sero-
tonin levels,** which may be rescued by certain classes of
antidepressants.!® Further epidemiological and mechanistic
studies are needed to clarify this important aspect.

CONCLUSIONS

The results of the current systematic review and meta-analysis
are compatible with a small to moderate increased risk of
IBD among individuals with depression, even in case of large
temporal distance between the 2 diagnoses. The findings are
in agreement with an increasing body of epidemiological
evidence linking depression with several incident medical
conditions,'>15742 and with mechanistic studies investigating
the systemic and gut-specific consequences of depressive
symptoms.>**-4” Further rigorous cohort studies are needed to
confirm these results and help clarifying further the temporal
association between exposure and outcomes and whether pre-
vention measures may be useful. Additional studies should elu-
cidate mechanisms linking mood disorders and depression with
development of IBD. More and innovative research is needed to
clarify the role of mood disorders on gut inflammation and vice
versa and to determine whether peculiar genetic susceptibilities
can affect this association. Our results may prompt and orient
future research on mechanisms and prevention strategies.

Supplementary data

Supplementary data is available at Inflammatory Bowel
Diseases online.
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