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Abstract

Background: Ulcerative colitis (UC) has been the focus of numerous observational

studies over the years and a common strategy employed in their design is the use of

composite and aggregate outcomes.

Objective: This systematic review and meta‐analysis aims to identify composite and
aggregate outcomes of observational studies in UC and to evaluate how the number

and type of variables included and the length of follow‐up affect the frequency of

patients that achieve these outcomes.

Methods: A systematic literature search was carried out using MEDLINE [via

PubMed], Scopus, and Web of Science online databases. Observational studies that

included UC patients and reported composite or aggregate outcomes were identi-

fied. A set of variables considered to be representative of progressive or disabling

UC was defined, the proportion of patients attaining the outcomes was determined

and a random‐effects meta‐analysis was performed by dividing the identified

studies into subgroups according to different criteria of interest.

Results: A total of 10,264 records were identified in the systematic search, of which

33 were retained for qualitative analysis and 20 were included in the meta‐analysis.
The mean frequency for composite outcomes was 0.363 [95% confidence interval

(CI) 0.323‐0.403]. The frequency of composite outcome for the subgroup of studies
that included the variable “Biologics” was significantly higher than for those in which

this variable was not reported [0.410; 95% CI 0.364‐0.457 versus 0.298; 95% CI

0.232‐0.364; p = 0.006]. Composite outcomes were also more frequent as the

follow‐up duration increased.

Conclusion: The frequency of composite outcomes in observational studies of UC is

dependent on the specific identity of the variables being reported. Moreover, longer
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follow‐up periods are associated with higher frequencies of composite outcomes.

The evidence provided here is useful for the design of future observational studies

of UC that aim to maximize the frequency of patients that achieve composite

outcomes.
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Key summary

1. Summarize the established knowledge on this subject

� Observational studies have become a valuable source of information but also present a

remarkable heterogeneity.

� The inconsistency on the reported outcomes between individual studies and the po-

tential for reporting biases has led to calls for the development of core outcome sets

(COS).

2. What are the significant and/or new findings of this study?

� This is the first systematic review and meta‐analysis of outcomes in observational

studies of Ulcerative colitis (UC).

� The frequency of composite outcomes in observational studies of UC is dependent on

the specific identity of the variables being reported and on the follow‐up duration.

� Reporting of the variable “Biologics” significantly increased the frequency of composite

outcomes.

� These findings may be useful for the design of future observational studies of UC.

INTRODUCTION

Ulcerative colitis is a chronic inflammatory disease restricted to the

colon, with onset usually occurring in early adulthood and a high

chance of relapse episodes during the lifetime of the patient.1 Along

with Crohn's Disease (CD), it constitutes the main component of

Inflammatory Bowel Disease (IBD). Treatment targets for UC have

become more diversified in recent years, incorporating objective

measures of inflammation such as endoscopic procedures, histology

and biomarkers.2

Given the considerable costs and complex logistics associated

with Randomized Clinical Trials (RCTs), observational studies have

become a valuable source of information in the development of

novel therapeutical approaches for chronic diseases.3 However,

because they are not subjected to the strict methodological reg-

ulations that govern RCTs, observational studies present a

remarkable heterogeneity in terms of their basic design, number

of patients enrolled, duration of the monitoring and number and

type of endpoint variables being reported. In particular, the

inconsistency on the reported outcomes between individual

studies and the potential for reporting biases has led to calls for

the development of COS to be included in all studies related to a

specific clinical area.4

The present systematic review and subsequent meta‐analysis
were performed with the aim of evaluating composite and aggre-

gate outcomes reported in observational studies on UC. These

outcomes are particularly appropriate to maximize statistical power

and therefore compensate for a potentially small patient population

in a given study.5 We focused specifically in estimating the fre-

quency of patients achieving composite and aggregate outcomes

and in determining if and how this value was affected by the

number and type of variables included in the study, as well as by its

total duration.

MATERIALS AND METHODS

Search strategy

This study was conducted following the recommendations of the

Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses Guidelines6 and the Cochrane Collaboration Guidelines

for reporting meta‐analyses.7 Literature search was performed from

inception to 14 July 2020 using three electronic databases: MED-

LINE (via PubMed, https://pubmed.ncbi.nlm.nih.gov), Scopus

(https://www.elsevier.com/solutions/scopus) and Web of Science

(http://www.isiwebofknowledge). The words or medical subject

heading terms used were: “(((‘aggressive disease’) OR (‘disabling

disease’) OR (‘disabling outcome’) OR (‘disabling outcomes’) OR

(‘composite outcome’) OR (‘composite outcomes’) OR (‘composite

event’) OR (‘composite events’) OR (‘composite endpoint’) OR

(‘composite endpoints’) OR (‘composite’) OR (composit*) OR
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(‘progressive disease’)) AND ((‘Colitis, Ulcerative’ [MeSH Terms]) OR

(UC) 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 used.

To ensure that all relevant articles were included, the reference

lists of the systematic reviews selected from the databases were

manually reviewed. This study's protocol was not registered in the

PROSPERO database.

Eligibility criteria

Studies enrolling both adults and children previously diagnosed with

UC using clinical, endoscopic, and/or pathological features were

considered eligible for inclusion in this systematic review. The inclu-

sion criteria were: [i] cohort, case‐control, and cross‐sectional studies
with UC patients; [ii] studies evaluating composite or aggregate out-

comes; and [iii] outcomes representing UC progression. There were no

publication year restrictions but only articles written in English were

included. The exclusion criteria were: [i] randomized controlled trials

and post‐hoc analysis, systematic reviews and meta‐analysis, review
articles, descriptive and diagnostic studies, animal and in vitro studies,

study protocols, guidelines, editorials, and only abstracts available; [ii]

studies selecting patients with diseases other than UC; studies

evaluating only CD patients [iii] studies that did not define a composite

or aggregate outcome of interest; [iv] studies reporting an improve-

ment outcome; [v] studies that did not differentiate between UC and

CD patients.

Study selection and data collection process

Two reviewers (CA and MS) independently screened the titles and

abstracts according to the eligibility criteria and if a particular study

failed to meet these criteria, it was excluded. In the second phase, the

full text of all the remaining potentially relevant studies was analyzed,

and the eligibility criteria were used again to discard non‐relevant
studies. Disagreement was resolved via consensus between the two

reviewers. The following information was collected from the selected

studies: authors' names; publication year; country of origin; study

design; observation period; number of patients (discriminated be-

tween UC and CD, if applicable); UC extent; subgroups (if applicable);

outcome name, definition and reported variables (among the ones

chosen for analysis). The number of patients achieving the defined

outcome and its corresponding proportion was calculated if not

explicitly stated. The proportion of patients achieving each variable of

the composite outcome was not assessed. The observation period

refers to the mean or median time of follow‐up or the time of

F I GUR E 1 Flow diagram of study selection and data collection process
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occurrence of the outcome, when available. The variables considered

were selected as the most clinically relevant parameters in IBD

assessment and approach, but did not necessarily include all the as-

pects referred to in the reported outcomes.

Endpoints under analysis

A composite outcome was defined as an outcome composed by two

or more variables and to achieve the outcome the patient needed to

present at least one variable.8 An aggregate outcome was defined as

the simultaneous presence of all the parameters considered. The

outcomes represented disease progression and included the

following variables: hospitalization, surgery, steroids, immunosup-

pressors, biologics, clinical assessment, endoscopic assessment and

therapy modification. Hospitalization was defined as one or more

inpatient stays for any UC‐related cause. Surgery was defined as at

least one surgery for any UC‐related cause. Steroids was defined as

reported de novo use, dose increase, change, dependency or refrac-

toriness to corticosteroids. Immunosuppressors was defined as re-

ported de novo use, switch, dose increase or unspecified

immunosuppressive therapy. Biologics was defined as reported as de

novo use, switch, dose increase or treatment frequency increase of

any therapeutic agent targeting tumor necrosis factor‐ɑ or other pro‐
inflammatory mediators. Clinical Assessment was defined as reported

UC clinical symptoms or manifestations, extra intestinal manifesta-

tions, imagiological disease activity evaluation or UC clinical scores

modification towards worsening disease. Endoscopic Assessment was

defined as reported endoscopic scores or any other endoscopic

evaluation. Therapy modification was defined as medication adjust-

ments for UC‐related symptoms or increase in UC activity when the

drug was not identified.

Quality assessment

The methodological quality was assessed by using the validated

Critical Appraisal Skills Programme checklist,9 which systematically

assesses the validity, results, and relevance for each study included in

the analysis. Each item of the checklist was evaluated using a color

scheme: [i] green if the study met all the parameters included in each

item; [ii] yellow if the study met the parameters partially or if it did

not have enough information; [iii] red if the study did not meet the

parameters included in each item.

Statistical analysis

The main data analyzed in this meta‐analysis were the proportions

of patients achieving a composite outcome. The proportion of pa-

tients achieving the outcome was calculated and compared ac-

cording to the predefined variables reported in the study. The

following comparisons between subgroups were performed:T
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frequency of composite outcome according to [i] total number of

variables; [ii] presence of each predefined variable; [iii] presence of

a combination of two different predefined variables; [iv] total length

of study follow‐up; [v] number of patients included in the studies. In

addition, the entire population of outcomes was divided in sub-

groups reporting a specific predefined “core” variable, and differ-

ences within these subgroups according to the presence or absence

of the remaining predefined variables were statistically tested.

Comparisons were not performed when the subgroups defined by

the presence or absence of the considered variable were composed

by only one or two outcomes.

To perform the meta‐analysis, the “metaprop” function from the

“meta” package of the R statistical programming language was used

and the “PRAW” summary measure was employed for the pooling of

studies. A random‐effects model was adopted taking into consider-

ation the differences observed across studies.

Cochran's Q test and the I2 statistic were used to assess sta-

tistical heterogeneity.10 In addition, Egger's test was used to detect

potential publication bias.11 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 included within the R software, to graphi-

cally illustrate the distribution of the predefined variables among

the individual studies included in the meta‐analysis.
All analyses and charts were executed using R software version

4.1.0 and a p‐value lower than 0.05 was considered statistically

significant.

RESULTS

Literature search and study selection

The selection strategy followed is summarized in Figure 1. The

electronic database search yielded 10,250 records (1885 in PubMed,

4323 in Scopus, and 4042 in Web of Science); the manual search

identified 14 additional studies. Following the removal of duplicates

(n = 4444), 5820 records remained, of which 5582 were excluded on

the screening phase. The remaining 238 records were evaluated for

eligibility. Following full‐text assessment, 205 articles were excluded,

and the remaining 33 articles were selected for the qualitative

analysis. Twenty of those 33 were included in the meta‐analysis
(Figure 1).

Quality assessment

The results of the methodological quality assessment are summa-

rized in Supplementary Table 1. All the selected studies clearly

stated the issue being evaluated, but nearly all of them exhibited

some problem related to the recruitment of the patient cohorts. In

addition, some of the studies failed to take confounding factors

into consideration and adapt their design and/or analysis accord-

ingly.12–17 The follow‐up was considered complete enough and of

suitable duration in most of the cases, and the results were deemed

to be believable in general.

Carvalho

Nguyen

F I GUR E 2 (a) Frequency of composite outcomes, n = 21 (b) Frequency of composite outcomes according to the number of variables
reported in the study. n = 21
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Characteristics of included studies

Study characteristics are summarized in Table 1. Of all the articles

selected for this systematic review, 26 included only UC pa-

tients12,14,16,18–40 while the remaining seven13,15,17,41–44 also

included CD patients. Both the number of patients and the obser-

vation period of individual studies showed wide variations, ranging

from twelve38 to 10,367 patients44 and from 30 days13 to a median

of 17 years,33 respectively. One of the selected articles13 included

two cohorts of patients with the outcomes discriminated by cohort.

In this case, each cohort was considered as an independent

outcome for the purposes of the analysis. Twenty‐nine composite

outcomes were registered from a total of 28 studies12–15,17–23,27–

30,32–44 and five aggregate outcomes from five studies.16,24–26,31 The

outcomes where heterogeneous in terms of the reporting of pre-

defined variables considered here: the variable Hospitalization was

reported in 17 outcomes,13,15,17,18,20,23,26,30,32,33,35,36,39,41,44 Surgery

in 22 outcomes,13–15,17,20–23,26–30,32,33,35,36,39,41–44 Steroids in 15

outcomes,13,15,19,20,22,23,26,28–30,32,33,35,40,41 Immunosuppressors

in 11 outcomes,13,19,20,22,26,29,34–36,42,43 Biologics in 18 out-

comes,13,14,19–23,26,28–30,33–35,41–44 Clinical Assessment in 14 out-

comes,12,14–16,18,19,24–26,31,38–41 Endoscopic Assessment in 6

outcomes11,15,23,35,39,40 and Therapy Modification in 12 out-

comes18,19,22,23,26,27,29,30,35,38–40(Supplementary Figure 1). The total

Nguyen

Carvalho

F I G U R E 2 (Continued)
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number of predefined variables that were reported ranged from 2

in 11 different outcomes12,13,16,17,24,25,27,31,34,37,38 to seven in a

single outcome26 (Supplementary Figure 2).

Composite and aggregate outcomes

Twenty one composite outcomes12–15,18–23,34–40,42–44 were included

in the meta‐analysis. The mean frequency for composite outcomes

was 0.363 [95% confidence interval (CI) 0.323‐0.403] (Figure 2a).

The funnel plot and sensitivity analysis are depicted in Sup-

plementary Figures 3 and 4. The results of Egger's test on the

frequency of composite outcomes were not significant

(p = 0.166), indicating that the dataset was unbiased. This can

also be visually appreciated by the symmetry of the corre-

sponding funnel plot in which the standard error was plotted

against the outcome frequency. No outliers were detected on the

results of the sensitivity analysis, with the mean being unaffected

by the sequential exclusion of each individual outcome (Supple-

mentary Figure 4).

Subgroup analysis

Significant differences between subgroups were observed when the

frequency of composite outcomes was discriminated according to the

total number of predefined variables reported (Figure 2b). However,

a post‐hoc test was performed and although it presented only a

statistically significant result, overall, it failed to show any significant

trend (Supplementary Table 2).

The presence of specific variables in the study outcome had a

significant effect on the frequency of composite outcomes. The fre-

quency corresponding to the subgroup of studies that included the

variable “Biologics” was significantly higher than for those inwhich this

variable was not reported (0.410; 95% CI 0.364‐0.457 vs. 0.298; 95%

CI 0.232‐0.364; p = 0.006; Figure 3a). On the other hand, the studies

that included the variable “Clinical Assessment” exhibited a signifi-

cantly lower frequency of composite outcomes compared to the sub-

groupwhere this variable was not present (0.279; 95%CI 0.244‐0.314
vs. 0.402; 95% CI 0.357‐0.448; p < 0.001; Figure 3b). No significant

differences between subgroups were identified when the remaining

predefined variables were considered (Supplementary Figure 5).

Carvalho

Nguyen

F I GUR E 3 Frequency of composite outcomes according to the presence of individual predefined variables reported in the study.
(a) Subgroups determined by the presence or absence of the variable “Biologics”, n = 21. (b) Subgroups determined by the presence or absence
of the variable “Clinical Assessment,” n = 21
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A further statistical analysis was performed in which the studies

were assigned to subgroups based on the reporting of specific vari-

able pairs. The presence of the pair “Biologics” and “Surgery” in the

outcome definition was associated with higher frequencies of com-

posite outcome comparing with the outcomes where this variable

was not present. The complete set of statistical comparisons using

paired variables and their corresponding statistical significance are

summarized in Table 2.

To further characterize the impact that the reporting of indi-

vidual variables has on the frequency of composite outcomes, we

tested the effect that this reporting had within subgroups defined by

the presence of a specific “core” variable. In the groups defined by the

presence of the core variables “Hospitalization,” “Surgery” and “Ste-

roids,” the reporting of the variable “Biologics” significantly increased

the frequency of composite outcomes (Table 3).

When the individual studies were divided into subgroups ac-

cording to the length of their respective follow‐up periods, the fre-

quency of composite outcomes for those in which it was a year long

or longer was significantly higher than for those that lasted less than

a year (0.398; 95% CI 0.343‐0.454 vs. 0.272; 95% CI 0.000‐0.359;
p = 0.020; Figure 4a). Moreover, the six studies with a follow‐up

period equal or longer than two years exhibited a significantly

higher frequency of composite outcomes compared to the rest

(0.464; 95% CI 0.379‐0.549 vs. 0.311; 95% CI 0.234‐0.387;
p = 0.008, Figure 4b).

Considering the number of patients included in the studies, we

found that studies with more than 50 patients compared to the ones

that include 50 or less patients had a significantly higher frequency of

composite outcome achievement (0.416; 95% CI 0.372‐0.461 vs.

0.295; 95% CI 0.237‐0.353; p = 0.001), respectively (Supplemen-

tary Figure 6).

DISCUSSION

Assessment of disease progression in UC patients is particularly

challenging because considering clinical symptoms in isolation could

result in either underestimation or overestimation of actual disease

activity.45 For this reason, symptom‐based scoring assessments have

gradually been losing ground to what are considered as more

objective measures of inflammation, namely endoscopic and histo-

logical evaluation, and the use of biomarkers.4 In the present
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systematic review and meta‐analysis we attempted to assess the

prevalence of composite and aggregate outcomes that combine these

different methods of quantifying disease progression, focusing spe-

cifically on observational studies reported in the literature.

As perhaps it is to be expected from a dataset composed of

observational studies conducted worldwide in the course of a decade,

there was a marked heterogeneity between the studies in terms of

number of patients enrolled, total duration of the study and variables

included in the outcome. Interestingly, the mean frequency of com-

posite outcomes was unaffected by the total number of variables

included in the outcome. Because this result seems counterintuitive,

it is possible that the relatively small number of studies that reported

four or more variables was simply not enough to show a clear

statistical trend, and this may become evident as future or ongoing

observational studies are incorporated into the available literature.

However, it was clear from the analysis of the present dataset

that the reporting of the variable “Biologics” significantly increased

the frequency of composite outcomes. This was evident on the

overall analysis of the entire dataset, on the analysis by paired

variables in combination with the variable “Surgery,” and on three

out of seven subgroups defined by the presence of a “core” variable.

It should be noticed that this increase in the frequency of composite

outcomes was not observed with the inclusion of the other pre-

defined variables considered, indicating that merely reporting

additional variables regardless of their specific identity does not

necessarily increase the chances of observing a composite outcome.

TAB L E 2 Subgroup analysis. Frequency of composite outcomes according to the presence of pairs of predefines variables

First variable Second variable No of outcomes

Frequency of composite outcome in subgroup

SignificanceBoth variables reported At least one not reported

Hospitalization Surgery 10 0.359 [0.300; 0.419] 0.362 [0.317; 0.407] p = 0.940

Steroids 5 0.365 [0.000; 0.511] 0.361 [0.319; 0.403] p = 0.960

Immunosuppressors 4 0.339 [0.000; 0.437] 0.369 [0.323; 0.415] p = 0.590

Biologics 6 0.409 [0.345; 0.473] 0.341 [0.291; 0.391] p = 0.100

Clinical assessment 3 0.254 [0.215; 0.293] * 0.380 [0.339; 0.421] p < 0.001

Endoscopic assessment 1 0.368 [0.341; 0.395] 0.363 [0.319; 0.407] p = 0.850

Therapy modification 5 0.348 [0.000; 1.000] 0.367 [0.330; 0.404] p = 0.840

Surgery Steroids 5 0.365 [0.000; 0.511] 0.361 [0.319; 0.403] p = 0.960

Immunosuppressors 6 0.383 [0.296; 0.469] 0.356 [0.308; 0.405] p = 0.600

Biologics 9 0.416 [0.360; 0.473] * 0.323 [0.270; 0.376] p = 0.020

Clinical assessment 3 0.254 [0.000; 0.295] * 0.378 [0.337; 0.419] p < 0.001

Endoscopic assessment 1 0.368 [0.341; 0.395] 0.363 [0.319; 0.407] p = 0.850

Therapy modification 5 0.365 [0.000; 0.502] 0.362 [0.322; 0.402] p = 0.960

Steroids Immunosuppressors 5 0.334 [0.263; 0.405] 0.373 [0.325; 0.421] p = 0.380

Biologics 6 0.394 [0.000; 0.509] 0.349 [0.304; 0.394] p = 0.480

Clinical assessment 3 0.279 [0.000; 1.000] * 0.378 [0.335; 0.420] p = 0.020

Endoscopic assessment 1 0.368 [0.341; 0.395] 0.363 [0.319; 0.407] p = 0.850

Therapy modification 5 0.356 [0.000; 1.000] 0.364 [0.324; 0.403] p = 0.940

Immunosuppressors Biologics 8 0.371 [0.314; 0.428] 0.356 [0.303; 0.410] p = 0.710

Clinical assessment 1 0.345 [0.278; 0.412] 0.364 [0.322; 0.405] p = 0.640

Endoscopic assessment 1 0.368 [0.341; 0.395] 0.363 [0.319; 0.407] p = 0.850

Therapy modification 3 0.286 [0.000; 1.000] 0.376 [0.334; 0.418] p = 0.090

Biologics Clinical assessment 2 0.340 [0.280; 0.401] 0.366 [0.323; 0.408] p = 0.500

Endoscopic assessment 1 0.368 [0.341; 0.395] 0.363 [0.319; 0.407] p = 0.850

Therapy modification 4 0.388 [0.000; 1.000] 0.356 [0.317; 0.395] p = 0.780

Clinical assessment Endoscopic assessment 1 0.280 [0.212; 0.349] * 0.367 [0.327; 0.408] p = 0.030

Therapy modification 5 0.285 [0.228; 0.343] * 0.382 [0.339; 0.425] p = 0.009

*: statistically significant from the mean of the subgroup that does not include both variables, p < 0.05.
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“Biologics” encompasses several different therapeutic agents tar-

geting pro‐inflammatory mediators. Unlike immunosuppressors,

which have been assigned to a different category in the present

analysis, these compounds do not suppress the entire immune

system but employ a more selective mechanism of action.46 Bio-

logical therapy has been incorporated relatively recently as a tool

for the management of UC (the first therapeutic agent to be

developed, Infliximab, only received approval by the FDA in

2005).47 This fact may explain why the variable is linked to higher

frequencies of composite outcomes in the present study, as it is less

likely to have been selected as the sole outcome in detriment of

other ways of assessing disease progression with a longer tradition

in the field.48

Our data also highlight how the frequency of composite outcomes

is directly dependent on the total duration of the follow‐up period in

observational studies of UC, with the mean frequency being higher for

follow‐up periods longer than a year and even higher for those studies
that lasted two years or longer. This result is intuitive but it needs to be

underlined, as the monitoring of event‐free survival should be an

important criterion in therapy evaluation49 and recording the

TAB L E 3 Subgroup analysis. The entire population of outcomes was divided in subgroups reporting a specific predefined Core Variable,
and differences within these subgroups according to the presence or absence of the remaining predefined variables were statistically tested
and each square represents the test's result

The p values corresponding to each statistical test appear within the corresponding square.

Abbreviations: (n), number of outcomes in the subgroup reporting the Core Variable; Bio, Biologics; CA, Clinical Assessment; EA, Endoscopic

Assessment; Hosp, Hospitalization; Immuno, Immunosuppressors; Ster, Steroids; Sur, Surgery; TM, Therapy Modification.
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frequencyof composite outcomesduring anextended follow‐upperiod
would therefore be a suitable method to do this.

The present report represents the first systematic review and

meta‐analysis of outcomes in observational studies of UC, and it

complements a previous report by other authors focused on UC

outcomes but restricted to RCTs.50 In agreement with the results

presented here, that study identified remarkable heterogeneity in the

reporting of outcomes, which further emphasizes the current need to

reach a consensus on core outcomes for UC. In fact, as described

previously,51 the development of an IBD‐specific COS involves four

steps: (i) a systematic literature review to identify outcomes previ-

ously used in IBD RCTs; (ii) qualitative interviews conducted with

patients, clinicians, researchers and other stakeholders to recognize

another important outcomes; (iii) an international two‐round Delphi

survey (to prioritize outcomes for inclusion); (iv) a consensus meeting

to accredit and disseminate the findings.

A particular strength of our study is that by focusing on obser-

vational studies we were able to include long‐term studies (as long as

19 years of continuous monitoring20), which is not possible in the

case of RCTs, and thus report on the effect that multi‐year moni-
toring has on the frequency of composite outcomes. This is particu-

larly relevant considering the chronic nature of the disease.

Among the limitations of our study is the relatively small number

of studies that were included in the analysis. This was a direct

consequence of the lack of observational studies of UC available in

the literature in which the outcome is properly and unambiguously

reported, but the reduced statistical power may have obscured some

trends that would perhaps become evident otherwise. We did not

assess the reliability of the outcome variables considered, and

patient‐reported outcome measures were not included because they

have yet to be properly validated.52

In summary, the present meta‐analysis illustrates the heteroge-

neity that is prevalent for the reporting of clinical outcomes in

observational studies of UC. Furthermore, it identifies a specific

variable whose inclusion impacts the frequency of composite out-

comes in these studies, and provides evidence that the follow‐up
period is critical to maximize this frequency. Our results suggest

that by monitoring treatment with the therapeutic agents included

under the general category “Biologics” in addition to a standard

clinical assessment, by extending the follow‐up period to two years

or above and by including more than 50 patients in each study, future

observational studies can effectively increase the frequency of pa-

tients achieving composite outcomes in the results. Considered

together with information already provided by other systematic
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F I GUR E 4 Frequency of composite outcomes according to length of the follow‐up period. (a) Subgroups determined by a total duration of
the follow‐up above or below one year. (b) Subgroups determined by a total duration of the follow‐up above or below two years. FU: follow‐up
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reviews in the area, these conclusions have relevance for the

development of effective methods to optimize outcome reporting in

the UC field.
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