THERAPEUTIC ADVANCES in
Gastroenterology

Original Research

Composite outcomes in observational
studies of Crohn’s disease: a systematic
review and meta-analysis

Fernando Magro*"=/, Catarina Sottomayor*, Catarina Alves, Mafalda Santiago, Paula
Ministro, Paula Lago, Luis Correia, Raquel Goncalves, Diana Carvalho, Francisco Portela,
Claudia Camila Dias"*, Axel Dignass, Silvio Danese, Laurent Peyrin-Biroulet, Maria
Manuela Estevinho and Paula Leao Moreira; on behalf GEDII (Portuguese IBD Group)

Abstract

Background: This systematic review and meta-analysis aims to assess composite and
aggregate outcomes of observational studies in Crohn’s disease and to evaluate whether the
number and type of variables included affect the frequency of the outcome.

Methods: MEDLINE [via PubMed], Scopus and Web of Science were searched to identify
observational studies that enrolled patients with Crohn’s disease and evaluated a composite
or aggregate outcome. The proportion of patients achieving the outcome was determined
and a random-effects meta-analysis was performed to evaluate how the frequency of each
outcome varies according to the reporting of predefined variables.

Results: From 10,257 identified records, 46 were included in the qualitative analysis and 38
in the meta-analysis. The frequency for composite and aggregate outcomes was 0.445 [95%
confidence interval (Cl): 0.389-0.501] and 0.140 (95% Cl: 0.000-0.211), respectively. When
comparing composite outcomes by number of included variables, the frequency was 0.271
(95% Cl: 0.000-0.405) and 0.698 (95% Cl: 0.651-0.746), for one and six variables, respectively.
The frequency of the composite outcome varied according to the identity of the variables being
reported. Specific pairs of predefined variables had a significant effect in the frequency of
composite outcomes.

Conclusion: Composite outcomes with increasing number of predefined variables show an
increase in frequency. Outcomes including variables such as ‘Surgery’ and ‘Steroids’ had
higher frequencies when compared with the ones that did not include these variables. These
results show that the frequency of composite outcomes is dependent on the number and type
of variables being reported.
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Introduction

Observational studies can provide clinicians and
policymakers in the health sector with valuable
information about the most effective approach in
the management of patients diagnosed with a
chronic disease.! Because of the elevated costs and
complex logistics required to monitor patients in

the course of these studies, they often exhibit broad
differences in their basic design, namely size and
duration of the study as well as number and type of
endpoint variables being considered for reporting.
This heterogeneity in study design becomes a con-
founding factor at the time of drawing conclusions
that could have relevance in a clinical setting.
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Composite and aggregate outcomes are a com-
mon strategy employed in the design of observa-
tional studies. This strategy, in which outcome is
classified either by the presence of any one or by
the combination of every individual variable
under assessment, is especially useful to maxi-
mize the statistical power of a study and overcome
limitations related to size of the patient popula-
tion.2 Composite and aggregate outcomes have a
long tradition in studies related to cardiovascular
disease, and the heterogeneity of these outcomes
can lead to conflicting conclusions.?

Crohn’s disease (CD) is a chronic inflammatory
gastrointestinal condition that displays remarka-
ble heterogeneity in terms of symptoms, age of
onset and disease location. Along with ulcerative
colitis (UC), it constitutes the main component
of inflammatory bowel disease (IBD), and both
its incidence and prevalence have been steadily
rising worldwide, although the actual causes for
this scenario remain unclear.* Consequently, CD
has been the focus of numerous observational
studies over the years. To tackle the inherent het-
erogeneity that this body of literature represents,
the present meta-analysis was performed with the
specific aims of characterizing the frequency of
composite and aggregate outcomes included in
observational studies on CD and to determine
how the number and type of variables reported in
the individual studies affect these parameters.

Materials and methods

Search strategy

The bibliographic search was conducted follow-
ing the Cochrane Collaboration Guidelines for
Systematic Reviews® and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) Guidelines.® Published studies were
retrieved using three electronic databases:
MEDLINE (via PubMed), Scopus, and Web of
Science. The literature search was carried out
from inception to 14 July 2020, using the follow-
ing keywords or medical subject heading (MeSH)
terms: [((‘aggressive disease’) OR (‘disabling dis-
ease’) OR (‘disabling outcome’) OR (‘disabling
outcomes’) OR (‘composite outcome’) OR
(‘composite outcomes’) OR (‘composite event’)
OR (‘composite events’) OR (‘composite end-
point’) OR (‘composite endpoints’) OR (‘com-
posite’) OR (composit*) OR (‘progressive
disease’)) AND ((‘Colitis, Ulcerative’ (MeSH

Terms)) OR (ulcerative colitis) OR (‘Crohn
Disease’ (MeSH Terms)) OR (Crohn’s disease)
OR (‘Inflammatory Bowel Diseases’ (MeSH
Terms)))]. This query was used for PubMed
search and adjusted for the other databases. To
ensure that all pertinent articles were included,
the reference lists of the systematic reviews
selected from the databases were manually
reviewed.

Eligibility criteria

Any study enrolling both adults and children pre-
viously diagnosed with CD using clinical, endo-
scopic and/or pathological features was considered
eligible for inclusion in this systematic review.
The inclusion criteria were: (1) cohort, case—con-
trol and cross-sectional studies with CD patients;
(2) studies evaluating composite or aggregate
outcomes; and (3) outcomes representing CD
progression. No restrictions in terms of publica-
tion dates were applied. The exclusion criteria
were: (1) randomized controlled trials and post
hoc analyses, systematic reviews and meta-analy-
ses, review articles, descriptive and diagnostic
studies, animal and in wvitro studies, study proto-
cols, guidelines, editorials and only abstracts
available; (2) studies selecting patients with dis-
eases other than CD; studies evaluating only UC
patients; (3) studies that did not define a compos-
ite or aggregate outcome of interest; (4) studies
reporting an improvement outcome; and (5)
studies that did not differentiate between CD and
UC in the results.

Study selection and data collection

The studies retrieved from the electronic data-
bases were independently screened by two review-
ers. Any study whose title and abstract clearly
indicated that it failed to meet the previously
described selection criteria was immediately
excluded from further analysis. For all the other
studies, the full text was considered to determine
its inclusion or exclusion. The following informa-
tion was collected from the selected studies:
authors; country of origin and study design; pub-
lication year; observation period; number of
patients selected [CD and UC]; CD location;
cohort’s exposure and comparison; outcome defi-
nitions and included variables; proportion of
patients achieving the defined outcome. The pro-
portion of patients achieving each variable of the
outcome was not assessed. The observation
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period refers to the mean or median time of fol-
low-up, duration of follow up or the time of
occurrence of the outcome, when available. The
variables considered in the analysis were selected
as being the most clinically relevant parameters in
IBD assessment but did not necessarily include
every variable reported in the individual studies.
Strict definitions for each variable were estab-
lished from the beginning and used to determine
if any given variable was included or not in each
study. Each variable was composed of a single or
multiple parameters.

Endpoints under analysis

A composite outcome was defined as the pres-
ence of one or more parameters. Under this defi-
nition, to achieve the outcome, patients needed to
present at least one parameter, but these may
have been included within a single variable. An
aggregate outcome was defined as the simultane-
ous presence of at least two of the parameters
considered.” The outcomes represented disease
progression/disabling disease/therapy failure and
included the following 10 variables: Clinical eval-
uation, Events, Surgery, Hospitalization, Steroids,
Biologics, Immunomodulators, Therapy modifi-
cation, Biomarkers and Endoscopic assessment.
Clinical evaluation was defined as reported clini-
cal symptoms or manifestations of CD, extraintes-
tinal manifestations or other clinical aspects,
disease activity evaluation with any imaging
modality or increase/no change in CD clinical
scores. Events was defined as reported CD-related
events such as stenosis, fistula or abscess, or
change in behaviour according to the Montreal
Classification (B2 or B3). Surgery was defined as
at least one reported surgical intervention for any
cause. Hospitalization was defined as at least one
reported inpatient stay for any cause. Steroids
was defined as reported de novo use of corticoster-
oids, dose increase, change in corticosteroid drug,
or dependency or refractoriness to corticoster-
oids. Biologics was defined as reported de novo
use, switch, dose or treatment frequency altera-
tion, or cessation of biological therapy.
Immunomodulators was defined as reported de
novo use, switch or dose increase of immunomod-
ulators, or unspecified immunosuppressive ther-
apy. Therapy modification was defined as
reported non-specified medication adjustments
for any reason including increase or de novo
CD-related symptoms or manifestations, or
increase in CD activity. Biomarkers was defined

as reported evaluation and increase or no change
in CD-related biomarkers (C-reactive protein
and faecal calprotectin). Endoscopic assessment
was defined as reported endoscopic scores or any
endoscopic activity change.

Quality assessment

The methodological quality for each study was
assessed using the validated Critical Appraisal
Skills Programme (CASP) for cohort studies.®
This validated tool allows assessing and interpret-
ing evidence by systematically assessing its valid-
ity, results and relevance. This tool includes 12
categories, each evaluated using a colour scheme:
(1) green, if the study met all the parameters
included in each item; (2) yellow, if the study met
the parameters partially or if it did not have
enough information; (3) red, if the study did not
meet the parameters included in each item.

Statistical analysis

The main data analysed in this meta-analysis
were the proportions of patients achieving com-
posite or aggregate outcomes. The proportion of
patients achieving either outcome was compared
between study subgroups reporting or not report-
ing the predefined variables (see the section
‘Study selection and data collection’). The fol-
lowing comparisons between subgroups were per-
formed: (1) composite versus aggregate outcome;
(2) composite outcome by number of variables;
(3) composite outcome by presence of each pre-
defined variable; and (4) composite outcome by
combination of two or three variables.

To perform the meta-analysis, the ‘metaprop’
function from the ‘meta’ package of the R statisti-
cal programming language was used.® For the
pooling of studies, the ‘PRAW’ summary meas-
ure was implemented. Due to the differences
observed across studies, a random-effects model
was applied. Statistical heterogeneity was assessed
using both Cochran’s Q test and the I? statistic,
which estimate the presence of heterogeneity
among studies.!® In addition, Egger’s test was
used to detect potential publication biases!! and a
sensitivity analysis was performed to assess the
influence of any individual study on the overall
results.

A Venn diagram and Upset plot were generated
using the ‘UpsetR’> and ‘nVennR’ packages
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included within the R software, to graphically
illustrate the distribution of the predefined varia-
bles among the individual studies included in the
meta-analysis.

All analyses and charts were executed using R
software version 4.1.0. A p-value lower than 0.05
was considered statistically significant.

Results

Literature search and study selection

The electronic database search yielded 10,250
records (1885 in MEDLINE, 4323 in Scopus
and 4042 in Web of Science); the manual search
identified seven additional studies. Following the
removal of duplicates (nz=4444), 5813 records
remained, of which 5582 were excluded. The
remaining 231 records were evaluated for eligibil-
ity. Following full-text assessment, 185 articles
were excluded, 46 articles were selected for inclu-
sion!?57 in the qualitative analysis and 38 in the
meta_analysis12,13,14,16,17—20,22—34,37,38,40,42,44—52,54—57

(Figure 1).

Quality assessment

The evaluation obtained with CASP Checklists
for cohort studies showed that all included
studies clearly stated the issue evaluated
(Supplementary Table 1). However, due to
their observational character and non-rand-
omized selection of patients, all studies
showed relevant issues in how the cohort was
recruited, potentially introducing selection
biases. Most studies had complete and long
enough follow-up times, reducing the proba-
bility of selection bias due to loss of follow-
up'12,l4,16,18,20,26,30,31,34,35,36,38,40,42,44,46,47,51,54—56 In
addition, most studies also addressed the most
important confounding factors.1416,17,22,26,28-30,
33,38,39,41,48,49,51,52,56,57 The results of a few studies

did not fit well with other available evidence.
14,17,18,19,28,30,32,38,40,41,52,56

Characteristics of included studies

Study characteristics are summarized in
Supplementary Table 2. Thirty-six stud-
ies12,13,14,15,16,18—26,28—32,34,37—42,44—47,48,49,51—53,55 con-
sidered patients only affected by CD, while 10 also
included patients with UC.17:27:33,35,36,43,50,54,56,57
Three studies evaluated only paediatric IBD

patients20:39:53 whereas 20 studies assessed adult
patients exclusively. 12,16,17,21,23,24,29,31,34,35,37,41,44,
46-50,55,57 Some SCientiﬁC artiCleSl2’20’23_25’34’54
included more than one outcome. In those cases,
each outcome was considered independently for
the purpose of this analysis. The number of
patients included in each study and the observa-
tion period varied widely, ranging from 5123 to
10,3677 and from 30 days?!%* to 16 years,**
respectively. Forty-nine composite outcomes were
registered from a total of 43 studies!®131415
16,17-21,22-27,29,31-33,34-43,44-52,54,55-57 and four aggre-
gate outcomes from four studies.2%:28:30,53 The com-
posite and aggregate outcomes included in the
meta-analysis were heterogeneous regarding the
predefined variables (Supplementary Table 3):
nine outcomeshad clinical evaluation,20,23,24,27,34,49,52
1 6 outcomesl6,19,20,24—26,31,34,37,38,44,46,47,56,57 had
events, 3 outcomes included endoscopic assessment,2%28:30
32 outcomes 13,16,17,18-20,22-25,26,27,29,31,33,34,38,40,42,44,
46-48,50-52,54,55,57 had surgery, 19 outcomes 13,20,22,
23,27,28,31,34,38,44,46-48,51,52,54,55,57 had hospitalization,
18 outcomes 13,20,22,23,27,28,31,34,38,44,46-48,51,52,54,55,57
included steroids, 17 outcomes 13,14,20,22,23,31-34,40,44,
46-48,50,5254 had immunomodulators, 23 out-
Comes12,14,17,22,23,25,29,31—33,40,42,44—48,50,51,54,55,57 had
biologics, 5 outcomes?3:28:30:48:49 had therapy modi-
fication and four outcomes?3:2428:30 had biomark-
ers (Supplementary Figure 1). The number of
included variables was also highly variable between
outcomes included in the meta-analysis: seven of
them reported a single variable!%18:25,37:45,56 yyhile
1 7 outcomes13,20,22—24,27,28,31,34,38,44,46—48,51,52,57
reported four or more variables (Supplementary
Figure 2).

Composite and aggregate outcomes

The frequency for composite outcomes was 0.445
[95% confidence interval (CI): 0.389-0.501,
I2=99%]. This value was predictably lower in the
case of aggregate outcomes (0.140, 95% CI: 0.000-
0.211, 2 =84%), reflecting the more stringent con-
ditions to achieve this outcome (Figure 2).

The results of Egger’s test on the frequency of
composite outcomes were not significant
(p=0.103), indicating that the dataset was unbi-
ased. This could also be visually appreciated by
the symmetry of the corresponding funnel plot in
which the standard error was plotted against the
outcome frequency for each study (Supplementary
Figure 3). The sensitivity analysis for the same
dataset failed to reveal the existence of any outlier
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—
Records identified through electronic Studies identified through manual search of
database searching (n = 10250) systematic review references (n =7)
s
®
&
-~
] > Records after duplicates removed
=2 (n = 4444)
)
()
4 5582 studies excluded:
Records screened by title and e 1654 did not involve humans
'é" abstract (n= 5813) e 892 outcome not of interest
s e 847 did not involve IBD patients
g 2166 type of study not of interest
@\ > e 22 whose abstract was not available
e 1 not written in English
—
(=)
Full-text articles assessed for 185 full-text articles excluded:
eligibility (n= 231) 39 type of study not of interest
e 10clinical trials
e 3 post-hoc analysis
e 10 systematic reviews and meta-analysis
e 7 reviews
g e 3 descriptive studies
‘;n,, > o 3 diagnostic studies
i e 3 study protocols
55 population not of interest
e 51only UC patients
e 4 had patients with other pathologies
66 outcome not of interest
6 do not differentiate between CD and UC
| — i
a— Studies includ.ed in qualitative ; s:fif::te:n in English
sypthesisi(n=46) 14 only abstract available
2 were not accessible
s R 8 studies
] o e 2did not define sample size
] e 6did not define proportion of patients with
- outcome
Studies included in quantitative
synthesis (meta-analysis) (n = 38)
—

Figure 1. Flow diagram of study selection and data collection process.
CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.

among the studies included in the analysis, with
the frequency remaining unaltered after the
sequential exclusion of each individual study
(Supplementary Figure 4), confirming the robust-
ness of the result.

Subgroup analysis outcomes

When the frequency of composite outcomes was
discriminated according to the total number of
variables reported in the study, significant

differences emerged between the subgroups
(Figure 3). Specifically, the subgroup of out-
comes that reported a single variable exhibited
the lowest frequency of composite outcomes
(0.271; 95% CI: 0.000-0.405, I?=97%), while
those that included five and six variables had a
significantly higher frequency (0.722; 95% CI:
0.603-1.000; I?=98% and 0.698; 95% CI:
0.651-0.746; I? = 86%, respectively) in compari-
son to the rest of the subgroups (Figure 3,
Supplementary Figure 5). When the frequency of
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Outcome Events Total Proportion 95%-Cl Weight
utcome_definition = Composite outcome

Braun 2019 12 45 — 0.267 [0.146;0.419] 2.0%
Beaugerie 2006 957 1123 0.852 [0.830;0.872] 22%
Dias 2018 356 498 = 0715 [0.673;0.754] 2.2%
Dias 2017 849 1245 0682 [0.655;0.708] 22%
Dias 2017_2 314 489 = 0.642 [0598;0.685] 22%
Magro 2017 579 754 0768 [0.736;0.798] 2.2%
Niewiadomski 2015 48 146 = 0.329 [0.253;0.411] 2.2%
Savoye 2012_01 237 309 - 0767 [0.716;0.813] 22%
Savoye 2012_02 115 309 - 0372 [0.318;0.429] 22%
Yang 2011 147 207 == 0710 [0.643;0.771] 2.2%
Huang 2019 105 319 - 0329 [0.278;0.384] 22%
Loly 2008_01 209 361 = 0579 [0.526;0.630] 22%
Loly 2008_02 135 361 - 0374 [0.324;0426] 22%
Kennedy 2019 322 877 0.367 [0.335;0.400] 22%
O'Donnell 2019_01 461 960 0.480 [0.448;0512] 22%
O'Donnell 2019_02 701 1263 0555 [0527;0.583] 22%
Wenger 2012 218 353 - 0618 [0.565;0.669] 22%
Schnitzler 2014 403 550 = 0733 [0.694;0.769] 22%
Ahmad 2019_01 25 154 = 0.162 [0.108;0.230] 22%
Ahmad 2019_02 82 154 —— 0532 [0.450;0.613] 22%
Heresbach 2005 52 188 b 0277 [0.214;0.346] 22%
Biasci 2019 46 66 — 0697 [0.571;0.804] 2.1%
Lee 2011 17 35 — 0.486 [0.314;0.660] 1.9%
Pouillon 2020_01 15 86 - 0.174 [0.101;0.271] 22%
Pouillon 2020_02 29 71 —= 0.408 [0.293;0.532] 2.1%
Arieira 2018 46 290 - 0.159 [0.119;0.206] 2.2%
Jansen 2016 12 53 — 0226 [0.123;0.362] 2.1%
Ungaro 2020 34 122 - 0.279 [0.201;0.367] 2.2%
Bjorkesten 2019 26 80 — 0325 [0.224;0439] 21%
Thiberge 2018 63 149 - 0.423 [0.342;0.506] 2.2%
Sokol 2009 48 171 - 0281 [0.215;0.354] 22%
Meyer 2019 2099 5050 0416 [0.402;0429] 22%
Ananthakrishnan 2017 475 691 - 0687 [0651;0722] 22%
Ding 2017 29 106 —- 0274 [0.191;0.369] 2.1%
Brown 2016 160 388 = 0412 [0.363;0.463] 22%
Thomsen 2020 2825 5484 0515 [0502;0.528] 2.2%
Yokoyama 2016_01 13 64 —=— 0203 [0.113;0.322] 2.1%
Yokoyama 2016_02 8 64 —— 0.125 [0.056;0.232] 22%
Ripolles 2016_01 9 51 —= 0.176  [0.084;0.309] 2.1%
Ripolles 2016_02 16 48 —a 0.333 [0.204;0.484] 2.0%
Lian 2015 55 185 - 0297 [0.232;0.369] 22%
Gibson 2015 26 75 — 0.347 [0.240;0.465] 2.1%
Campos 2017 56 84 —== 0.667 [0.555;0.766] 2.1%

andom effects model 12434 2407¢ - 0.445 [0.389;0.501] 93.4

utcome_definition = Aggregate outcome

Klaassen 2019 15 196 = 0.077 [0.043;0.123] 22%
Savoye 2012_03 47 309 = 0.152 [0.114;0.197] 22%
Ng 2009 21 99 - 0212 [0.136;0.306] 2.2%

om effects model 04 -~=uiiee 0.140 [ 0.000;0.211] 6.6

Random effects model 12517 24682 <o 0.425 [0.366; 0.484] 100.0%
Heterogeneity: 1% = 99%, T° = 0.0400, 75, = 4275.45 (p < 0.001) I T T T 1
Test for subgroup differences: 13 =43.86,df =1 (p < 0.001) 0 02 04 06 08 1

Figure 2. Frequency of composite and aggregate outcomes and corresponding 95% confidence interval

(n=46).

composite outcomes for each individual subgroup
was compared with that corresponding to all the
other subgroups considered together, the average
number for the subgroups reporting five and six
variables was again significantly higher (»<0.001
in both cases), whereas no significant differences
were identified in the case of the other four sub-
groups (Supplementary Figure 5).

Influence of specific variables on

composite outcome frequencies

The reporting of specific variables had an effect
on the frequency of composite outcomes. The
subgroup of outcomes including the variable
‘Surgery’ exhibited a significantly higher fre-
quency of composite outcomes wversus the sub-
group that did not include this variable (Yes:
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Outcome Events Total Proportion 95%-Cl Weight

G=1
O'Donnell 2019_01 461 960 0480 [0448;0512] 24%
Arieira 2018 46 290 - 0.159 [0.119;0.206] 24%
Jansen 2016 12 53 - 0226 [0.123;0.362] 2.2%
Thiberge 2018 63 149 - 0423 [0.342;0.506] 23%
Ding 2017 29 106 —E 0274 [0.191;0.369] 23%
Yokoyama 2016_0O1 13 64 —ua 0203 [0.113;0.322] 23%
Yokoyama 2016_02 8 64 —— 0.125 [0.056;0.232] 2.3%
Random effects model 632 1686 —=——eumiwee-- 0.271 [ 0.000; 0.405] 16.2%

G=2
Braun 2019 12 45 —_ [0.146;0.419] 2.1%
Savoye 2012_02 115 309 o [0.318;0.429] 24%
Loly 2008_02 135 361 = [0.324;0.426] 24%
Wenger 2012 218 353 ™ [0.565;0.669] 2.4%
Schnitzler 2014 403 550 = [0.694;0.769] 24%
Ahmad 2019_01 25 154 == [0.108;0.230] 24%
Lian 2015 55 185 = [0.232;0.369] 23%
Gibson 2015 26 75 —== [0.240;0.465] 22%
Random effects model 989 2032 ———ssmmi-— [ 0.000; 0.554] 18.6%
Kennedy 2019 322 877 0.367 [0.335;0.400] 2.4%
O'Donnell 2019_02 701 1263 H 0555 [0.527,0.583] 24%
Ahmad 2019_02 82 154 —t 0532 [0450;0.613] 23%
Heresbach 2005 52 188 - 0277 [0.214;0.346] 24%
Biasci 2019 46 66 = 0.697 [0.571,0.804] 22%
Lee 2011 17 35 —_— 0.486 [0.314;0.660] 2.0%
Pouillon 2020_02 29 71 & 0408 [0.293;0.532] 22%
Ungaro 2020 34 122 = 0279 [0.201;0.367] 23%
Bjorkesten 2019 26 80 —-‘-——' 0.325 [0.224,0.439] 22%
Meyer 2019 2099 5050 ] 0416 [0.402;0.429] 24%
Thomsen 2020 2825 5484 : 0515 [0502;0528) 24%
Ripolles 2016_01 9 51 = 0.176  [0.084;0.309] 2.2%

Random effects model 6242 13441 e 0.420 [0.3 0.474]) 27.5

G=4
Niewiadomski 2015 48 146 == 0329 [0.253;0.411] 23%
Yang 2011 147 207 == 0.710  [0.643;0.771] 24%
Huang 2019 105 319 - 0.329 [0.278;0.384] 24%
Pouillon 2020_01 15 86 = 0.174 [0.101;0.271] 23%
Sokol 2009 48 171 - 0.281 [0.215;0.354] 23%
Brown 2016 160 388 =3 0412 [0.363;0.463] 24%
Ripolles 2016_02 16 48 — 0.333 [0.204;0.484] 21%
F om effects model 539 1365 —————m-- 0.368 [0.000; 0.495] 16.2%
Beaugerie 2006 957 1123 ¥ 0.852 [0.830;0.872] 24%
Savoye 2012_01 237 309 = 0.767 [0.716;0.813] 24%
Loly 2008_01 209 361 == 0579 [0.526;0.630] 2.4%
Ananthakrishnan 2017 475 691 = 0.687 [0.651,0.722] 2.4%

Random effects model 1878 2484 ~lee—— (),722 [0.603;1.000] 9.69
Dias 2018 356 498 o= 0715 [0.673;0.754] 2.4%
Dias 2017 849 1245 0682 [0.655;0.708] 24%
Dias 2017_2 314 489 = 0642 [0.598;0.685] 24%
Magro 2017 579 754 0.768 [0.736;0.798] 24%
Campos 2017 56 84 — 0.667 [0.555;0.766) 22%
Random effects model 2154 3070 - 0.698 [0.651;0.746] 11.9%
» Randorgl effects n;odel 12434 24078 st 0.445 [0.389;0.501] 100.0%
Heterogenetty: /™ = 99%, T = 0.0334, 7, = 3364.44 (p < 0.001) ! ! ! ! L !
Test for subgroup differences: 7- = 96.58, df = 5 (p < 0.001) 0 02 04 06 08 1

Figure 3. Subgroup analysis: frequency of composite outcomes and 95% confidence interval (Cl) according to
the number of variables (G = number of variables) reported in the outcome (n = 43).
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0.494, 95% CI. 0.431-0.557, I?’=99%; No:
0.316, 95% CI. 0.000-0.421, IP>=97%;
p=0.004). The differences were also significant
for the following variables: ‘Hospitalization’ (Yes:
0.530, 95% CI: 0.448-0.613, I?’=99%; No:
0.375, 95% CI. 0.000-0.449, I>=97%;
p»=0.006); ‘Steroids’ (Yes: 0.569, 95% CI:
0.488-0.650, I?=98%; No: 0.364, 95% CI:
0.311-0.417, P=98%; p<0.001) and
‘Immunomodulators’ (Yes: 0.586, 95% CI:
0.506-0.666, I>’=98%; No: 0.355, 95% CI:
0.302-0.408, I?=98%; p<<0.001; Figure 4). No
significant differences between the two subgroups
were identified for the predefined variables
‘Clinical Evaluation’, ‘Events’, ‘Endoscopic
Assessment’, ‘Biologics’, “Therapy Modification’
and ‘Biomarkers’ (Supplementary Figure 6).

When the study subgroups were created based on
the reporting of paired variables rather than indi-
vidual variables, the presence of the following
variable pairs had a significant effect in increasing
the frequency of composite outcomes: ‘Biologics’
and ‘Biomarkers’, ‘Biologics’ and “Therapy modi-
fication’, ‘Clinical Evaluation’ and ‘Immu-
nomodulators’,  ‘Clinical Evaluation’ and
‘Steroids’, ‘Events’ and ‘Biologics’, ‘Events’ and
‘Immunomodulators’, ‘Events’ and ‘Steroids’,
‘Hospitalizations’ and ‘Biologics’, ‘Hospital-
ization’ and ‘Immunomodulators’, ‘Hospital-
ization’ and ‘Steroids’, ‘Hospitalization’ and
‘Therapy Modification’, ‘Immunomodulators’
and ‘Therapy Modification’, ‘Surgery’ and
‘Biologics’, ‘Surgery’ and ‘Hospitalization’,
‘Surgery’ and ‘Immunomodulators’, ‘Surgery’
and  ‘Steroids’, ‘Surgery’ and ‘Therapy
Modification’,  ‘Steroids’ and  ‘Biologics’,
‘Steroids’ and ‘Immunomodulators’, ‘Steroids’
and ‘Therapy Modification’. On the contrary, the
following paired variables significantly decreased
the frequency of composite outcomes: ‘Clinical

Evaluation’ and ‘Biomarkers’, ‘Clinical
Evaluation’ and ‘Events’, ‘Clinical Evaluation’
and “Therapy Modification’, “Therapy

Modification’ and ‘Biomarkers’. The entire set of
comparisons performed using paired variables
and their corresponding statistical significance
are summarized in Table 1.

The analysis of the data based on the simultane-
ous reporting of three different variables showed a
significant effect on the frequency of composite
outcomes by several combinations. When
‘Clinical Evaluation’ was combined at the same

time with ‘Events’ and ‘Hospitalization’, with
‘Events’ and ‘Surgery’ and with ‘Therapy
Modification’ and ‘Biomarkers’ the frequency of
composite outcomes decreased. On the contrary,
many three-variable combinations had the oppo-
site effect, significantly increasing the frequency
of composite outcomes compared with their
respective control subgroups. These values and
their statistical significance are summarized in
Table 2.

Discussion

This study assesses the relative impact of com-
posite and aggregate outcomes in patients with
CD via a comprehensive meta-analysis of the
observational studies available in the literature.
An important aim was to determine how the spe-
cific set of variables being reported by a particular
study affects the reporting of composite and
aggregate outcomes, which in turn has important
implications in the development of clinical guide-
lines for the management of the disease.

One of the first conclusions made evident by the
collected metadata is the remarkable heterogene-
ity presented by these observational studies, both
in terms of total number of patients considered
and on the total duration of the included studies.
Perhaps even more importantly, this heterogene-
ity also extended to the total number and the
identity of the variables employed to assess dis-
ease outcome. Around 16% of the outcomes
included in the meta-analysis after passing the eli-
gibility criteria (7 out of 43) reported a single vari-
able. It is to be expected that the frequency of
these outcomes would steadily increase as the
number of variables being reported goes up, and
that is indeed what was observed in the present
meta-analysis. The frequency of these outcomes
was the highest for those studies that included
five and six variables, but no evident increase was
observed in the transition between five and six
(Supplementary Figure 7). This suggests that the
frequency may reach a plateau when five different
variables are considered, beyond which further
improvement would be only marginal. Therefore,
based on the present set of results, five variables
would be the most appropriate number to maxi-
mize the frequency of composite outcomes.

In addition to the total number of variables, the
choice between specific variables that were
reported had consequences on the frequency of
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( a) Outcome Events Total Proportion 95%-Cl Weight
Surgery =Yes
Ahmad 2019_01 25 154 == v 0.162 [0.108;0.230] 2.4%
Ananthakrishnan 2017 475 691 : 0.687 [0.651,0.722] 2.4%
Beaugerie 2006 957 1123 0.852 [0.830;0.872] 24%
Biasci 2019 46 66 0.697 [0.571,0.804] 22%
Bjorkesten 2019 26 80 —:'-—- 0.325 [0.224,0439] 22%
Brown 2016 160 388 - 0412 [0.363;0.463] 24%
Campos 2017 56 84 0.667 [0.555;0.766] 2.2%
Dias 2017 849 1245 0.682 [0.655;0.708] 2.4%
Dias 2017_2 314 489 0.642 [0.598;0.685] 2.4%
Dias 2018 356 498 0715 [0.673;0.754] 24%
Gibson 2015 26 75 0.347 [0.240;0.465] 2.2%
Heresbach 2005 52 188 0.277 [0.214,0.346] 2.4%
Huang 2019 105 319 0329 [0.278;0.384] 2.4%
Kennedy 2019 322 877 0.367 [0.335;0.400] 2.4%
Lee 2011 17 35 0.486 [0.314;0.660] 2.0%
Loly 2008_01 209 361 0579 [0.526;0.630] 2.4%
Loly 2008_02 135 361 0.374 [0.324;0.426] 24%
Magro 2017 579 754 B -} 0.768 [0.736;0.798] 2.4%
Meyer 2019 2099 5050 & 0416  [0.402;0.429] 24%
Niewiadomski 2015 48 146 = ) 0.329 [0.253;0.411] 23%
O'Donnell 2019_02 701 1263 . = 0555 [0.527,0.583] 24%
Pouillon 2020_01 15 86 - 0.174 [0.101;0.271] 2.3%
Ripolles 2016_02 16 48 —= - 0.333 [0.204;0.484] 2.1%
Savoye 2012_01 237 309 = 0.767 [0.716;0.813] 24%
Savoye 2012_02 115 309 b X 0.372 [0.318;0.429] 24%
Schnitzler 2014 403 550 - = 0.733 [0.694;0.769] 2.4%
Sokol 2009 48 171 - 0.281 [0.215;0.354] 2.3%
Thiberge 2018 63 149 —f—_ 0.423 [0.342;,0.506] 2.3%
Thomsen 2020 2825 5484 0515 [0.502;0.528] 2.4%
Ungaro 2020 34 122 = 0279 [0.201;0.367] 2.3%
Yang 2011 147 207 - 0710 [0.643;0.771] 24%
Random effects model 11460 21682 - 0.494 [0.431; 0.557] 72.5%
Hete = 99%, t° = 0.0308 = 2706.99 (p < 0.001
Surgery = No
Ahmad 2019_02 82 154 ) ——— 0.532 [0.450;0.613] 2.3%
Arieira 2018 46 290 - 0.159  [0.119;0.206] 2.4%
Braun 2019 12 45 —-"— 0.267 [0.146;0.419] 2.1%
Ding 2017 29 106 —"‘-— 0.274 [0.191,0.369] 2.3%
Jansen 2016 12 53 —&= 0226 [0.123;0.362] 2.2%
Lian 2015 55 185 - 0.297 [0.232;0.369] 2.3%
O'Donnell 2019_01 461 960 =3 0.480 [0.448;0512] 24%
Pouillon 2020_02 29 7 - —= 0.408 [0.293;0.532] 2.2%
Ripolles 2016_01 9 51 —— 0.176  [0.084;0.309] 2.2%
Wenger 2012 218 353 - = 0.618 [0.565;0.669] 2.4%
Yokoyama 2016_01 13 64 ;':— 0.203 [0.113;0.322] 2.3%
Yokoyama 2016_02 8 64 —— 0.125 [0.056;0.232] 2.3%
Random effects model 974 2396 —e————m—- 0.316 [0.000; 0.421] 27.5%
) Randor;m effects n}odel 12434 24078 - 0.445 [0.389;0.501] 100.0%
Heterogeneity: 1 = 99%, T° = 0.0334, 73, = 3364.44 (p < 0.001) ! ! ! L ! L
Test for subgroup differences: ﬁ =8.07,df =1 (p = 0.004) 0 02 04 06 08 1

Figure 4. (Continued)
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(b) Outcome Events Total Proportion  95%-Cl  Weight
Hospitalization = Yes
Ahmad 2019_01 25 154 = 0.162  [0.108;0.230] 2.4%
Ananthakrishnan 2017 475 691 = 0.687 [0.651,0.722] 2.4%
Beaugerie 2006 957 1123 i 0.852 [0.830;0.872] 24%
Brown 2016 160 388 3 0.412  [0.363;0.463] 2.4%
Campos 2017 56 84 — 0.667 [0.555;0.766] 2.2%
Dias 2017 849 1245 0.682 [0.655;0.708] 2.4%
Dias 2017_2 314 489 - 0.642 [0.598;0.685] 2.4%
Dias 2018 356 498 _= 0715 [0.673;0.754] 2.4%
Huang 2019 105 319 = 0329 [0.278;0.384] 2.4%
Kennedy 2019 322 877 ) 0.367 [0.335;0.400] 2.4%
Loly 2008_01 209 361 = 0.579  [0.526;0.630] 2.4%
Magro 2017 579 754 + 0.768 [0.736;0.798] 2.4%
Meyer 2019 2099 5050 0.416 [0.402; 0.429] 24%
Niewiadomski 2015 48 146 - 0329 [0.253;0.411] 2.3%
Pouillon 2020_01 15 86 - 0174  [0.101;0.271] 2.3%
Savoye 2012_01 237 309 = 0.767 [0.716;0.813] 2.4%
Thomsen 2020 2825 5484 0.515 [0.502;0.528] 2.4%
Ungaro 2020 34 122 == ) 0.279  [0.201;0.367] 2.3%
Yang 2011 147 207 - 0710  [0.643;0.771] 2.4%
Random effects model 9812 18387 e 0.530  [0.448;0.613] 45.1%
Hospitalization = No
Ahmad 2019_02 82 154 —— 0.532 [0.450;0.613] 2.3%
Arieira 2018 46 290 = 0.159 [0.119;0.206] 2.49%
Biasci 2019 46 66 — 0.697 [0.571;0.804] 2.2%
Bjorkesten 2019 26 80 — 0325 [0.224;0.439] 2.2%
Braun 2019 12 45 — 0.267 [0.146;0.419] 2.1%
Ding 2017 29 106 —= 0274 [0.191;0.369] 2.3%
Gibson 2015 26 75 — 0.347  [0.240;0.465] 2.2%
Heresbach 2005 52 188 - 0.277 [0.214;0.346] 2.4%
Jansen 2016 12 53 — 0226  [0.123;0.362] 22%
Lee 2011 17 35 —im 0.486 [0.314;0.660] 2.0%
Lian 2015 55 185 —-_— 0.297 [0.232;0.369] 2.3%
Loly 2008_02 135 361 - 0374 [0.324;0.426] 2.4%
O'Donnell 2019_01 461 960 0.480 [0.448;0.512] 2.4%
O'Donnell 2019_02 701 1263 0.555 [0.527;0.583] 2.4%
Pouillon 2020_02 29 71 e 0.408 [0.293;0.532] 2.2%
Ripolles 2016_01 9 51 _ 0.176  [0.084;0.309] 2.2%
Ripolles 2016_02 16 48 —_— 0333 [0.204;0.484] 2.1%
Savoye 2012_02 115 309 == 0372 [0.318;0.429] 2.4%
Schnitzler 2014 403 550 = 0733  [0.694,0.769] 2.4%
Sokol 2009 48 171 = 0281 [0.215,0.354] 2.3%
Thiberge 2018 63 149 = 0.423  [0.342,0.506] 2.3%
Wenger 2012 218 353 . 0.618  [0.565;0.669] 2.4%
Yokoyama 2016_01 13 64 —= 0.203  [0.113;0.322] 2.3%
Yokoyama 2016_02 8 64 —— : 0125  [0.056;0.232] 2.3%
Random effects model 2622 5691 —=—mmmye-: 0.375 [0.000;0.449] 54.9
Heterngeneitv: 12 = Q7% <2 = 391 = 787.85 (o < 0.001 $
Random effects model 12434 24078 et 0.445 [0.389; 0.501] 100.0%
Heterogeneity: 1° = 99%, T° = 0.0334, 72, = 3364.44 (p < 0.001) R
Test for subgroup differences: xf =7.63,df=1 (p = 0.006) 0 02 04 06 08 1

Figure 4. (Continued]
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(C) Outcome Events Total Proportion 95%-Cl Weight
Steroids = No
Ahmad 2019_01 25 154 = 0.162  [0.108;0.230] 2.4%
Arieira 2018 46 290 = ) 0.159  [0.119;0.206] 2.4%
Biasci 2019 46 66 —a 0.697 [0.571;0.804] 22%
Braun 2019 12 45 — 0.267  [0.146;0.419] 2.1%
Ding 2017 29 106 = 0.274  [0.191;0.369] 2.3%
Gibson 2015 26 75 —== 0.347  [0.240;0.465] 2.2%
Heresbach 2005 52 188 == 0.277 [0.214;0.346] 2.4%
Jansen 2016 12 53 — 0.226  [0.123;0.362] 2.2%
Kennedy 2019 322 877 0.367  [0.335;0.400] 24%
Lee 2011 17 35 i 0.486  [0.314;0.660] 2.0%
Lian 2015 55 185 =l 0.297 [0.232;0.369] 2.3%
Loly 2008_02 135 361 = 0.374  [0.324;0.426] 2.4%
Meyer 2019 2099 5050 0.416  [0.402;0.429] 2.4%
O'Donnell 2019_01 461 960 0.480  [0.448;0.512] 24%
O'Donnell 2019_02 701 1263 +-| 0.555  [0.527;0.583] 2.4%
Pouillon 2020_02 29 Al — 0.408 [0.293;0.532] 22%
Pouillon 2020_01 15 86 —_ 0.174  [0.101;0.271] 2.3%
Ripolles 2016_01 9 51 —= 0.176  [0.084;0.309] 22%
Savoye 2012_02 115 309 = 0.372  [0.318;0.429] 24%
Schnitzler 2014 403 550 = 0.733  [0.694;0.769] 2.4%
Thiberge 2018 63 149 —= 0.423  [0.342;0.5068] 2.3%
Thomsen 2020 2825 5484 | 0515 [0.502;0.528] 2.4%
Ungaro 2020 34 122 - 0.279  [0.201;0.367] 2.3%
Wenger 2012 218 353 - 0.618  [0.565;0.669] 2.4%
Yokoyama 2016_01 13 64 — 0.203  [0.113;0.322] 2.3%
Yokoyama 2016_02 8 64 0.125  [0.056;0.232] 2.3%

Random effects model 7770 17011 - 0.364 [0.311; 0.417] 60.1%

Steroids = Yes

Ahmad 2019_02 82 154 il 0.532 [0.450;0.613] 2.3%

Ananthakrishnan 2017 475 691 = 0.687 [0.651;0.722] 24%

Beaugerie 2006 957 1123 | 0.852 [0.830;0.872] 2.4%

Bjorkesten 2019 26 80 — 0.325  [0.224;0.439] 2.2%

Brown 2016 160 388 = 0.412  [0.363;0.463] 2.4%

Campos 2017 56 84 —=— 0.667  [0.555;0.766] 2.2%

Dias 2017 849 1245 mal 0.682  [0.655;0.708] 2.4%

Dias 2017_2 314 489 ™ 0.642 [0.598; 0.685] 2.4%

Dias 2018 356 498 = 0.715 [0.673;0.754] 2.4%

Huang 2019 105 319 = 0.329  [0.278;0.384] 2.4%

Loly 2008_0O1 209 361 = 0.579  [0.526;0.630] 2.4%

Magro 2017 579 754 ual 0.768  [0.736;0.798] 2.4%

Niewiadomski 2015 48 146 == 0.329  [0.253;0.411] 23%

Ripolles 2016_02 16 48 — 0.333  [0.204;0.484] 2.1%

Savoye 2012_01 237 309 = 0.767  [0.716;0.813] 24%

Sokol 2009 48 171 = 0.281 [0.215;0.354] 2.3%

Yang 2011 147 207 = 0.710  [0.643;0.771] 2.4%

Random effects model 4664 7067 - 0.569 [0.488; 0.650] 39.9%

, Randorp effects mzodel 12434 24078 et 0.445 [0.389;0.501] 100.0%

Heterogeneity: 1° = 99%, T = 0.0334, 7, = 3364.44 (p < 0.001) ! J | T T !
Test for subgroup differences: xf =17.34,df=1 (p < 0.001) 0 02 04 06 08 1

Figure 4. (Continued)]

journals.sagepub.com/home/tag 1


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 15
(d) Outcome Events Total Proportion  95%-CI  Weight
Immunomodulators = No
Ahmad 2019_01 25 154 = 0.162  [0.108;0.230] 2.4%
Ananthakrishnan 2017 475 691 o 0.687  [0.651,0.722] 2.4%
Arieira 2018 46 290 = 0.159  [0.119;0.206] 2.4%
Bjorkesten 2019 26 80 —= 0.325 [0.224,;0.439] 22%
Braun 2019 12 45 — 0.267  [0.146;0.419] 2.1%
Brown 2016 160 388 = 0.412 [0.363;0.463] 2.4%
Ding 2017 29 106 = 0274 [0.191,0.369] 2.3%
Gibson 2015 26 75 Tt 0.347  [0.240;0.465] 2.2%
Huang 2019 105 319 - 0.329 [0.278;0.384] 24%
Jansen 2016 12 53 —e 0226  [0.123;0.362] 2.2%
Kennedy 2019 322 877 0.367  [0.335;0.400] 2.4%
Loly 2008_02 135 361 o 0.374  [0.324;0.426] 2.4%
Meyer 2019 2099 5050 | 0416  [0.402;0.429] 24%
Niewiadomski 2015 48 146 = 0.329 [0.253;0.411] 23%
O'Donnell 2019_01 461 960 : 0.480 [0.448;0.512] 2.4%
O'Donnell 2019_02 701 1263 0.555 [0.527;0.583] 2.4%
Pouillon 2020_02 29 71 —& 0408 [0.293;0.532] 2.2%
Pouillon 2020_01 15 86 o 0.174  [0.101,0.271] 2.3%
Ripolles 2016_01 9 51 == 0.176  [0.084;0.309] 2.2%
Savoye 2012_02 115 309 == 0372 [0.318;0.429] 2.4%
Schnitzler 2014 403 550 = 0.733  [0.694;0.769] 2.4%
Thiberge 2018 63 149 - 0.423  [0.342;0.506] 2.3%
Thomsen 2020 2825 5484 0515  [0.502;0.528] 2.4%
Ungaro 2020 34 122 = 0279  [0.201,0.367] 2.3%
Yokoyama 2016_01 13 64 —= 0.203 [0.113;0.322] 2.3%
Yokoyama 2016_02 8 64 —— 0.125 ) ] 23%
Random effects model 8196 17808 - 0.355 9] 60.5%
Immunomodulators = Yes

Ahmad 2019_02 82 154 b 0532 [0.450;0.613] 2.3%
Beaugerie 2006 957 1123 H 0.852 [0.830;0.872] 2.4%
Biasci 2019 46 66 —m 0.697 [0.571,0.804] 2.2%
Campos 2017 56 84 —= 0.667 [0.555;0.766] 2.2%
Dias 2017 849 1245 [ 0.682 [0.655;0.708] 2.4%
Dias 2017_2 314 489 = 0.642 [0.598;0.685] 2.4%
Dias 2018 356 498 o= 0.715 [0.673;0.754] 2.4%
Heresbach 2005 52 188 == 0.277 [0.214;0.346] 2.4%
Lee 2011 17 35 — 0486  [0.314;0.660] 2.0%
Lian 2015 55 185 = 0.297  [0.232;0.369] 2.3%
Loly 2008_01 209 361 = 0579  [0.526;0.630] 2.4%
Magro 2017 579 754 0.768 [0.736;0.798] 2.4%
Ripolles 2016_02 16 48 —— ) 0.333 [0.204;0.484] 2.1%
Savoye 2012_01 237 309 = 0.767 [0.716;0.813] 2.4%
Sokol 2009 48 171 = 0.281 [0.215; 0.354] 2.3%
Wenger 2012 218 353 = 0.618  [0.565;0.669] 2.4%
Yang 2011 147 207 == 0.710 [0.643;0.771] 24%
I 4238 6270 - 0.586 [0.50¢ 566] 39.5%

Random effects model 12434 24078 [ et 0.445  [0.389; 0.501] 100.0%

Heterogenety: 1° = 99%, T° = 0.0334, 72, = 3364.44 (p < 0.001)
Test for subgroup differences: 13 =22.24,df=1(p <0.001)

0 02 04 06 08 1

Figure 4. Subgroup analysis: frequency of composite outcomes and 95% confidence intervals (Cls) according
to the presence of individual predefined variables reported in the outcome (n = 43). (a) Subgroups determined
by the presence or absence of the variable ‘Surgery’; (b) subgroups determined by the presence or absence of
the variable "Hospitalization’; (c]) subgroups determined by the presence or absence of the variable ‘Steroids’;
and (d) subgroups determined by the presence or absence of the variable Immunomodulators’.

composite outcomes. In this study, some of the
previously defined variables increased the fre-
quency of composite outcomes when included on
a given observational study. These included
‘Surgery’, ‘Hospitalization’, ‘Steroids’ and
‘Immunomodulators’. In contrast, the reporting
of the remaining variables (‘Clinical Evaluation’,
‘Events’, ‘Endoscopic Assessment’, ‘Biologics’,

“Therapy Modification’ and ‘Biomarkers’) appear
to have little effect by themselves. It should be
noticed, however, that the inclusion of certain
combinations of variables that do not have an
effect by themselves nevertheless increases the
frequency of composite outcomes. Two main
conclusions can be derived from these results: (1)
the frequency of composite outcomes appears to
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Table 1. Subgroup analysis.

First variable

Second variable

Number of
outcomes

Frequency of composite outcome in subgroup

Both variables reported At least one not reported

Significance

Biologics

Clinical evaluation

Endoscopic assessment

Events

Hospitalization

Immunomodulators

Surgery

Steroids

Therapy modification

Biomarkers
Immunomodulators
Therapy modification
Biologics

Biomarkers

Endoscopic assessment

Events
Hospitalization
Immunomodulators
Surgery

Steroids

Therapy modification
Biomarkers
Biologics
Hospitalization
Immunomodulators
Surgery

Steroids

Biologics
Immunomodulators
Steroids

Therapy modification
Therapy modification
Biologics
Hospitalization
Immunomodulators
Steroids

Therapy modification
Biologics
Immunomodulators

Therapy modification

Biomarkers

12

17

24

14

16

1

"

"

2
1

0.715[0.675; 0.755]*
0.525 [0.425; 0.626]

0.667 [0.566; 0.767]*
0.408 [0.294; 0.523]

0.176 [0.072; 0.281]*
0.408 [0.294; 0.523]

0.174[0.094; 0.255]*
0.543 [0.000; 1.000]

0.734 [0.000; 1.000]*
0.543 [0.000; 1.000]

0.634 [0.000; 1.000]*
0.213[0.126; 0.300]*
0.408 [0.294; 0.523]

0.675[0.611; 0.738]*
0.519 [0.398; 0.640]

0.703 [0.651; 0.754]*
0.516 [0.424; 0.609]

0.639 [0.544; 0.734]*
0.6111[0.521; 0.701]*
0.711 [0.649; 0.773]*
0.628 [0.545; 0.710]*
0.667 [0.566; 0.7671*
0.667 [0.566; 0.7671*
0.522 [0.456; 0.588]*
0.530 [0.448; 0.613]1*
0.609 [0.527; 0.692]*
0.571[0.488; 0.655]*
0.667 [0.566; 0.7671*
0.556 [0.472; 0.640]*
0.614[0.543; 0.685]*

0.766 [0.585; 0.948]*
0.176 [0.072; 0.281]*

0.438[0.382; 0.495]
0.414 [0.349; 0.480]
0.440[0.383; 0.496]
0.446 [0.389; 0.502]
0.451[0.395; 0.507]
0.446 [0.389; 0.502]
0.451[0.395; 0.507]
0.432[0.381; 0.483]
0.423[0.373; 0.474]
0.432[0.381; 0.483]
0.426 [0.375; 0.477]
0.455[0.398; 0.512]
0.446 [0.389; 0.502]
0.406 [0.344; 0.468]
0.425[0.362; 0.488]
0.418 [0.359; 0.476]
0.413[0.343; 0.483]
0.413[0.353; 0.472]
0.399 [0.000; 0.479]
0.374[0.327; 0.421]
0.364[0.315; 0.414]
0.440[0.383; 0.49¢6]
0.440[0.383; 0.496]
0.394 [0.000; 0.493]
0.375[0.00; 0.449]

0.369[0.318; 0.419]
0.370[0.318; 0.422]
0.440[0.383; 0.49¢6]
0.407 [0.342; 0.473]
0.388 [0.323; 0.452]

0.430 [0.380; 0.480]
0.451[0.395; 0.507]

61.74, p<0.001
3.27, p=0.070
14.81, p<0.001
0.33, p=0.570
20.55, p<0.001
0.33, p=0.570
30.80, p<0.001
0.89, p=0.350
13.73, p<0.001
0.89, p=0.350
4.11, p=0.040
20.89, p<0.001
0.33, p=0.570
35.43, p<0.001
1.82, p=0.180
51.54, p<0.001
3.03, p=0.080
15.55, p < 0.001
11.86, p<0.001
72.17, p<0.001
28.87, p<0.001
14.81, p<0.001
14.81, p<0.001
4.43, p=0.040
7.63, p=0.006
23.78, p<0.001
16.12, p<0.001
14.81, p<0.001
7.53, p=0.006
21.61, p<0.001

12.27, p<0.001
20.55, p<0.001

Frequency of composite outcomes according to the presence of pairs of predefined variables reported in the study.
“Statistically significant from the mean of the subgroup that does not include both variables, p <0.05.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in
Gastroenterology

Volume 15

Table 2. Subgroup analysis.

First variable

Second variable

Third variable

Number of Frequency of composite outcome in subgroup

outcomes

All variables reported

At least one not reported

Significance

Clinical
evaluation

Events

Hospitalization

Surgery

Steroids

Endoscopic
assessment

Events

Hospitalization

Surgery

Steroids

Therapy modification

Biologics

Hospitalization

Surgery

Steroids

Steroids

Biologics

Hospitalization

Immunomodulators

Steroids

Biologics

Biomarkers

Hospitalization
Surgery
Immunomodulators
Steroids

Surgery
Immunomodulators
Steroids
Immunomodulators
Biomarkers
Immunomodulators
Hospitalization
Immunomodulators
Steroids

Biologics
Hospitalization
Immunomodulators
Steroids

Biologics
Immunomodulators
Biologics
Immunomodulators
Immunomodulators
Therapy modification
Biologics
Immunomodulators
Steroids

Therapy modification
Therapy modification
Steroids

Biologics

Therapy modification

Immunomodulators

8

0.408 [0.294; 0.523]

0.174 [0.094; 0.255]*
0.174 [0.094; 0.255]*
0.734 [0.000; 1.000]*
0.543[0.000; 1.000]
0.634 [0.000; 1.000]*
0.734[0.000; 1.000]*
0.634[0.000; 1.000]*
0.734 [0.000; 1.000]*
0.176[0.072; 0.281]*
0.703 [0.651; 0.754]*
0.700 [0.659; 0.741]*
0.703 [0.651; 0.754]*
0.639 [0.544; 0.734]*
0.6751[0.611; 0.738]*
0.519 [0.398; 0.640]
0.703 [0.651; 0.754]*
0.639 [0.544; 0.734]*
0.700 [0.659; 0.741]*
0.703 [0.651; 0.754]*
0.6611[0.594; 0.728]*
0.711[0.644; 0.778]*
0.559 [0.458; 0.660]*
0.667 [0.566; 0.7671*
0.621[0.535; 0.706]*
0.711[0.644; 0.778]*
0.628 [0.545; 0.710]*
0.667 [0.566; 0.7671*
0.667[0.566; 0.7671*
0.636[0.551; 0.721]*
0.572 [0.490; 0.655]*

0.667 [0.566; 0.7671*
0.585 [0.494; 0.676]*

0.446 [0.389; 0.502]

0.451[0.395; 0.507]
0.451[0.395; 0.507]
0.423[0.373; 0.474]
0.432[0.381; 0.483]
0.426 [0.375; 0.477]
0.423[0.373; 0.474]
0.426 [0.375; 0.477]
0.423[0.373; 0.474]
0.451[0.395; 0.507]
0.418[0.359; 0.476]
0.410[0.351; 0.469]
0.418[0.359; 0.476]
0.413[0.353; 0.472]
0.406 [0.344; 0.468]
0.425[0.362; 0.488]
0.418[0.359; 0.476]
0.413[0.353; 0.472]
0.410[0.357; 0.469]
0.418[0.359; 0.476]
0.394 [0.332; 0.456]
0.384[0.336; 0.431]
0.411[0.349; 0.474]
0.440[0.383; 0.496]
0.389 [0.000; 0.471]
0.384 [0.336; 0.431]
0.364[0.315; 0.414]
0.440[0.383; 0.496]
0.440[0.383; 0.496]
0.388[0.340; 0.437]
0.402 [0.337; 0.466]

0.440[0.383; 0.496]
0.414[0.352; 0.475]

0.33, p=0.570

30.80, p <0.001
30.80, p < 0.001
13.73, p<0.001
0.89, p=0.350
411, p=0.040
13.73, p<0.001
411, p=0.040
13.73, p<0.001
20.55, p<0.001
51.54, p<0.001
62.65, p<0.001
51.54, p<0.001
15.55, p < 0.001
35.43, p<0.001
1.82, p=0.180
51.54, p<0.001
15.55, p < 0.001
62.65, p<0.001
51.54, p<0.001
32.90, p<0.001
61.33, p<0.001
5.91, p=0.020
14.81, p<0.001
14.59, p<0.001
61.33, p<0.001
28.87, p<0.001
14.81, p<0.001
14.81, p<0.001
24.77, p<0.001
10.25 p = 0.001
14.81, p<0.001
9.35, p = 0.002

Frequency of composite outcomes according to the presence of triads of predefines variables reported in the study.

“Statistically significant from the mean of the subgroup that does not include all three variables, p <0.05.
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be particularly sensitive to the inclusion of certain
variables and, therefore, the exclusion of these
variables from certain observational studies sug-
gest that the real frequency of these outcomes
might have been underestimated and (2) some
variables whose inclusion does not have an effect
by itself may still increase the frequency when
reported in combination. This was the case, for
instance, for the wvariables ‘Biologics’ and
‘Biomarkers’. Those studies included in this anal-
ysis that included both variables reported signifi-
cantly higher frequencies of composite outcomes
compared with those that did not include this
combination, but in those that included either
one or the other, this effect was not observed.

To the best of our knowledge, this report repre-
sents the first systematic review and meta-analysis
of outcomes in observational studies of CD. The
data presented here complement previous reports
that also focused on CD outcomes but were
restricted to randomized clinical trials (RCT's),>8:5°
which were specifically excluded from our analy-
sis. In fact, those reports explicitly state the need
to consider nonrandomized controlled trials and
observational studies in addition to RCT's to get a
fuller picture of outcome reporting in CD.>° A
comparable heterogeneity in the reporting of out-
comes as reported for studies identified in RCT
analysis is also evident in observational studies of
CD. This highlights the lack of consensus on the
clinical outcomes normally reported in studies
involving CD patients, and the current need for
the development of a core outcome set (COS) to
bring the necessary standardization in the report-
ing of results.®® In addition, our study identifies
certain key variables, and combinations of varia-
bles, that appear to have the most pronounced
effect for increasing the frequency of composite
outcomes, an important piece of information in
the development of a COS. A particular advan-
tage of taking observational studies into consid-
eration is that this results in the inclusion of
long-term studies (as long as 16 years of continu-
ous monitoring in this report), which is not realis-
tic for RCTs. This may provide additional insight
on how specific outcome variables behave in the
long term, something particularly relevant given
the chronic characteristic of CD.

A limitation of this study is that it did not include
patient-reported outcome measures (PROMs)
among the outcome variables considered.
Although the use of PROMs has become more

widespread recently, their validation against more
traditional endpoints used in CD is still pend-
ing.%! The reliability of the outcome variables
considered in the analysis has also not been
assessed here. In addition, the results present
high heterogeneity (I2>50%), even after per-
forming subgroup analysis. However, we presume
it is mainly due to the baseline characteristics of
the included studies, which are highly different
from each other.

In summary, the present meta-analysis illustrates
the importance of considering the number of vari-
ables to get an accurate estimate of the frequency
of composite outcomes. Moreover, it identifies a
group of variables that appear to be particularly
important for the determination of composite
indices for CD, and whose absence from the study
report may lead to underestimation of such out-
comes. This effect is not limited to individual vari-
ables but also applies to certain combinations of
variables that appear to be linked to each other.
We hope this will become a valuable resource in
the development of tools for the standardization of
outcome reporting, a yet unmet need in the field,
and in the design of future cohort studies in CD.
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