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A. ABSTRACT

Background Fecal calprotectin (FC) has an established role as a biomarker to detect
inflammatory bowel diseases (IBD). The aim of this study is to assess the reporting

quality of relative diagnostic accuracy studies using the STARD 2015 initiative.

Methods PubMed and Cochrane libraries were systematically searched for studies
evaluating the diagnostic accuracy of FC in diagnosing IBD published from inception
through 30™ of July 2019. Quality of reporting was assessed using STARD statement,
an evidence-based tool consisting of 30 items. For each item and each study included
an overall score was calculated. The relationship between the adherence and the
variables: year of publication, number of authors, 5-year journal impact factor and

number of participants; was also investigated.

Results The search yielded 26 eligible studies. The mean study STARD score was
67.8% (range 44.1%-88.2%, SD 11.1%). Only one study reported less than the 50%
of the items whereas half of the studies reported more than 70%. STARD 2015 update
had no significant impact on the score of subsequent studies. Better compliance was

noted only when the number of subjects was larger.

Conclusions Quality of reporting is suboptimal with sharp divergence between
different sections of the STARD checklist. All stakeholders are invited to promote
STARD 2015 implementation in order to improve completeness and transparency of

reporting in biomedical research.

Abbreviations

FC, fecal calprotectin

IBD, inflammatory bowel diseases

UC, ulcerative colitis

IBS, irritable bowel syndrome

NSAID, nonsteroidal anti-inflammatory drugs

STARD, standards for reporting of diagnostic accuracy studies

Keywords
Diagnostic accuracy studies, STARD, fecal calprotectin, inflammatory bowel

diseases, ulcerative colitis, Crohn’s disease, reporting quality
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A.ITEPIAHYH

Ewayoyn H koAnpotektivn Kompavov €xel eykatestnuévo poAo cav OeiKTNG o1
JyveooTikny depedvnon TV 110mafdV EAEYLOVOODV VOOTIUAT®V TOV EVIEPOL
(IONE). Z106x0¢ avtng ¢ peAémng eivar  a&loAdynon g ToldTnTog avopopas Twv
OYETIKOV EPELVOV dyvmOTIKNG akpifetag pe ) xprion tov STARD 2015 gpyareiov.

Mé0odor Tlpaypatomombnke avalitnon otic niektpovikéc Pdaoeic PubMed ko
Cochrane yo peléteg g doyveotikng axpifelag g kaAmpotektivig oto IONE
dnuooctevpévav péypt v 30" Toviiov 2019. H a&loddynon tng modtntag avapopig
&ywve pe ) Miwon STARD, 1 omola epmepiéyet pia AMota pe 30 amapaitnra onueia
pog EAeyyo. YmoAloyiotnke 1 abpototikny Pabuoroyio yio kKaOe onueio Kot yio kébe
peAétn mov depevvnOnke. EmmAéov, €ytve avdivon g cvoyétiong peta&d g
Babuporoyiag twv Gpbpwv Kol Tov KAt petafAntav: £tog dnupocicvong, aptduog

OLYYPOUPEWV, SETNG CUVTEAEGTIG OTYNONG TEPLOKOV, aplOUOG GUUUETEXOVI®V

Amoteréopata 26 ONUOGIEVGELS TOL TANPOVCAV TIC TPoLTOBETEIC EAEYYONKaY Pdoet
tov onueiov tov STARD. H péon Babuporoyio apBpov avépyetar oto 67.8% (svpog
44.1%-88.2%, SD 11.1%). Modvo uia perétn eiye paduoroyia kdtm omd 50% evd ot
oég peréteg avépepav mive and o 70% tov onueiov g Alotac. H avavémon tov
egpyoreiov 10 2015 dev o@dvnke va €xel avtiktomo ot Pobuoroyio TV
petayevéotepov UeAeTdv. Kaldtepn cuppdpemon moapatnpnonke Hovo ce £PEVVEC

pe PeEYoAHTEPO 0PSO GUUUETEXOVIMV.

Yvpnepaocpoto H modmrta avaeopds katd to mpoétuma STARD kpivetar pétpia
€0¢ KA pe peYAAeC SOIKLUAVOELS OTO EMUEPOVS TUNHatTa TG Alotag. Kpivertat
amapoitnn n kaboiikdtepn epappoyn tov STARD 2015 mote va egacpaiileTon 1

SLPAVELL KO 1] €YKVPATNTA TNG PlotaTpikng £pevvag.

Aégarg Kiewowd: Melétec dwyvootikng axpifeiac, STARD, «kaAmpotektivn
KOTpAvmv, wtoradn eAeypovadn voonuata tov eviépov (IONE), eAkdong kolitioa,

koAitda Crohn, Todtra avaeopdg
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B. INTRODUCTION

The Inflammatory Bowel Diseases challenge

Inflammatory Bowel Diseases (IBS) is an umbrella term used to describe disorders of
the intestinal tract marked by chronic inflammation. IBD incidence rates have been
increasing affecting 2.5-3 million people in Europe [1][2]. Their course is progressive
with consecutive periods of amelioration and relapse, finally leading half of the
patients to a surgical operation [3.] In parallel, patients are in increased risk of
colorectal carcinoma and other types of neoplasia [4]. IBD encompasses two types of
idiopathic intestinal disease: Crohn’s disease and ulcerative colitis (UC). Crohn’s
disease is characterized by transmural inflammation causing fibrosis, granuloma
formation and involvement of sporadic lesions throughout the entire tract. As a result
common complications include strictures, fissures, obstructive clinical manifestations
and fistula formation [5]. In contrast, inflammation in UC is restricted to the mucosa
and submucosa of the colon; it typically starts in the rectum expanding proximally in
a continuous manner [6]. Both conditions present abdominal pain, diarrhea, bloating,
fever and weight loss as clinical features. In addition, rectal bleeding and anemia
increase the probability of diagnosis [7]. Lower abdominal symptoms are a common
manifestation of Irritable Bowel Syndrome (IBS), a functional gastrointestinal
disorder with a higher prevalence (9-23%) but less serious repercussions [8]. Hence
the spectrum of differential diagnosis is broadening. Considering that signs and
symptoms which clinically confirm IBD do not exist, the diagnosis might be
troublesome and time consuming. Consequently, further investigation usually
includes endoscopic evaluation with histopathological sampling, an invasive and
unpleasant procedure requiring sedation [9]. More than 60% of colonoscopies in
younger patients with suspicion of IBD are negative, while a third of adults with
rectal bleeding symptoms do not have pathological endoscopic findings [10][11].
Ostensibly a tool, which stratifies the patients and indicates the high risk group

necessitating endoscopic examination, would be of major importance.
The role of calprotectin

Fecal calprotectin is a 36.5 kDa nonglycosylated calcium and zinc binding protein
found in large amounts in the cytosol of neutrophil granulocytes. It appears to have an

immunomodulotary role with anti-proliferative, anti-inflammatory and antimicrobial
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capacities [12, 13]. In conditions of bowel inflammation the disruption of the mucus
layer permits the invasion of neutrophils in the intestinal tract resulting in an increase
of the protein fecal levels [14]. Moreover, FC is resilient against bacterial proteolytic
action in the intestinal tract, it demonstrates a high stability in stool samples (more
than 7 days in room temperature) and it can be easily measured [15]. All these
qualities underline the role of FC as low-cost and reliable biomarker for diagnosing
organic bowel diseases (IBD, colorectal cancer, NSAID enteropathy) [16, 17]. There
is a plethora of studies examining the diagnostic accuracy of FC in the diagnosis of
IBD. Aim of our study is to assess the reporting quality of these studies using the
STARD statement.

The STARD statement

Diagnostic accuracy studies focus on evaluating whether a method correctly classifies
the subjects as having a target condition. The method under examination is called
index test and it is typically compared with a reference standard. If the test results are
binary (positive or negative) the cross tabulation can lead to the calculation of
specificity, sensitivity, positive prognostic value and negative prognostic value. For
no binary outcome other parameters can quantify the overall accuracy of the index
test such as the area under the receiver operating curve (ROC). In similarity to other
clinical studies, they are at risk of bias. Flaws in methodological design and defective
sampling procedure lead to results that systematically deviate from the reality.
Furthermore, data collection errors, fallacious analysis and poor interpretation could
undermine the validity of the study [18, 19]. Several surveys have shown that
diagnostic accuracy studies do not achieve the desired level of trustworthiness and
reporting quality [20, 21]. Obviously healthcare algorithms based on such studies are
inaccurate and provide misleading recommendations, thus increasing expenditures
and sabotaging patients’ clinical outcome. The applicability and transparency of these
studies can be improved with the utilization of the STARD tool in accordance to
Consolidated Standards the Reporting of Trials or CONSORT statement for reporting
randomized controlled trials [19]. The STARD was first launched in 2003 and then
updated in 2015. There is evidence that the implementation of the STARD 2003
initiative contributed to a modest, yet statistically significant, improvement in the
reporting quality of diagnostic accuracy studies [20]. The renewal of the statement
had as a purpose to simplify the utilization of the tool and embody modern evidence
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about origins of variability and bias. The revised STARD 2015 checklist consists of
30 essential items which facilitate the author, the reviewer and the reader to
investigate the completeness and the integrity of a diagnostic accuracy study [22]. 4
items are divided in two parts and in that manner the final list incorporates 34

elements for examination.

C. METHODS

Search strategy

A systematic search was performed on 30 July 2019 in PubMed and Cochrane library
with results included from inception until 30 July 2019. The search strategy for
Pubmed was “crohn's disease” [MeSH] OR “ulcerative colitis” [MeSH]) OR “IBD”
[tw] OR “inflammatory bowel disease” [MeSH] AND “diagnostic accuracy” OR
“diagnosis” AND “calprotectin” [tw]. The key words used in the COCHRANE library
were: calprotectin, IBD, inflammatory bowel diseases, Crohn’s disease, ulcerative
colitis. Eligible studies from auto-alerts were included up to 20 August 2019.

Reference lists of included studies were checked for additional sources.
Inclusion and exclusion criteria

Inclusion criteria were: (1) diagnostic accuracy studies estimating the precision of an
index test, (2) studies measuring calprotectin in stool samples as an index test.
Exclusion criteria were: (1) studies concerning pediatric population, (2) studies using
FC as a monitoring tool for IBD, (3) non-English language publications, (4)

conference publications and abstracts, (5) unpublished studies, (6) animal studies.
Study selection and assessment of quality

After the removal of duplicates, the title and abstracts of initial search results were
screened for relevance. The full texts of the remaining results were assessed for
eligibility based on predetermined criteria. For all included studies the following data
were collected: year of publication, 5 year journal impact factor, number of authors
and reference to “STARD”. The reporting quality of the studies was assessed using
the STARD 2015 statement. Every element of the checklist was answered “YES”,
“NO”, “NOT APPLICABLE (N/A)” with each “YES” scoring 1 point. Each one of

34 items was weighted equally. An overall reporting quality score percentage was
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calculated for each item and for each study by dividing the number of gathered points
by the total available (excluding N/A).

Statistical Analysis

Statistical analysis was carried out using IBM SPSS Statistics V.25 and Microsoft
Excel 2011. Pearson’s product-moment correlation was used to estimate the
correlation between STARD and pre-specified variables (5-year journal impact factor,
year of publication, author number). Studies were divided in two categories based on
year of publication: pre- and post-STARD 2015 update. T-test for independent data
was used to test for binary parametric data. In addition, comparison of adherence was
conducted between studies with greater and shorter number of participants. As a cut-
off n=140 was selected, since it represented the 50" quartile of the number of
participants of all the included studies. Mann-Whitney U test was used to test for
binary non-parametric data. The normality check and the equality of variances check
was performed using the Shapiro-Wilk and the Levene’s test, respectively. A p-
value<0.05 was considered as statistical significant. Journal metrics were obtained

from Resourchify search home. Risk of bias for each study was not analyzed.

D. RESULTS

Study search results

Initial search identified 883 potential studies (PubMed n= 804, Cochrane n=79). After
the removal of duplicates (n=14) and non-relevant articles (n=668), 201 articles were
full text assessed in accordance to predetermined criteria. After the eligibility
evaluation 21 studies were included to the study. Another 5 studies from the reference
list of previews systematic reviews and meta-analyses [10, 23] were added (figure 1).

In total, 26 studies were included for analysis [24-49].
Reporting quality - Main Results

Table 1 contains the STARD 2015 checklist with the total score of each item after the
assessment of the studies while Figure 2 displays the percentage of studies adequately

reporting each item where applicable.
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Figure 1 Flow chart of study search, selection, inclusion and exclusion of articles

Records identified through
PubMed & Cochrane
database searching (n=802
& n=79)

Records identified through
auto-alerts (n=2)

Records after duplicates
removed (n=869)

Records screened (n=869)

3 | Records excluded on title
v and abstract (n=668)
Full text articles assessed
for eligibility (n=201) Full text articles excluded with reasons
(n=180)
e pediatric population(n=56)
e not diagnostic accuracy studies (n=22)
—> e abstracts (n=8)
e meta-analyses (n=10)
e reviews (n=6)
Y e studies using calprotectin as a
Studies to be included monitoring tool (n=42)
(n=21) e non-English publications (n=9)
e non-retrievable studies (n=3)
e calprotectin of non-fecal origin (n=21)
e post-hoc analyses (n=2)
e protocol (n=1)
Additional records identified
€| through other sources (n=5)
A 4
Studies included in analysis
(n=26)
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Table 1 The STARD 2015 checklist and the score of each item

Section & Topic

No

ltem

Score

TITLE
ABSTRACT

OR

Identification as a study of diagnostic
accuracy using at least one measure of
accuracy (such as sensitivity, specificity,
predictive values, or AUC)

26/26
(100%)

ABSTRACT

Structured summary of study design,
methods, results, and conclusions (for specific
guidance, see STARD for Abstracts)

25/26
(96.2%)

INTRODUCTION

Scientific and clinical background, including
the intended use and clinical role of the index
test

26/26
(100%0)

Study objectives and hypotheses

26/26
(100%)

METHODS

Study Design

Whether data collection was planned before
the index test and reference standard were
performed (prospective study) or after
(retrospective study)

25/26
(96.2%)

Participants

Eligibility criteria

23/26
(88.5%)

On what basis potentially eligible participants
were identified (such as symptoms, results
from previous tests, inclusion in registry)

23/26
(88.5%)

Where and when potentially eligible
participants were identified (setting, location,
and dates)

22126
(84.6%)

Whether participants formed a consecutive,
random, or convenience series

16/26
(61.5%)

10a

Index test, in sufficient detail to allow

replication

26126
(100%)

10b

Reference standard, in sufficient detail to
allow replication

26126
(100%)

11

Rationale for choosing the reference standard
(if alternatives exist)

26126
(100%)

12a

Definition of and rationale for test positivity
cut-offs or result categories of the index test,
distinguishing pre-specified from exploratory

26126
(100%)

12b

Definition of and rationale for test positivity
cut-offs or result categories of the reference
standard, distinguishing pre-specified from
exploratory

24]26
(92.3%)
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13a | Whether clinical information and reference | 12/26
standard results were available to the | (46.2%0)
performers or readers of the index test
13b | Whether clinical information and index test | 18/26
results were available to the assessors of the | (69.2%o)
reference standard
Analysis 14 Methods for estimating or comparing | 26/26
measures of diagnostic accuracy (100%0)
15 How indeterminate index test or reference | 5/26
standard results were handled (19.2%)
16 How missing data on the index test and | 16/26
reference standard were handled (61.5%)
17 Any analyses of variability in diagnostic | 15/15
accuracy, distinguishing pre-specified from | (100%b)
exploratory
18 Intended sample size and how it was | 5/26
determined (19.2%)
RESULTS
Participants 19 Flow of participants, using a diagram 10/26
(38.5%)
20 Baseline demographic and clinical | 15/26
characteristics of participants (57.7%)
21a | Distribution of severity of disease in those | 8/26
with the target condition (30.8%)
21b | Distribution of alternative diagnoses in those | 21/26
without the target condition (80.8%)
22 Time interval and any clinical interventions | 19/26
between index test and reference standard (73.1%)
Test results 23 Cross tabulation of the index test results (or | 13/26
their distribution) by the results of the | (50%0)
reference standard
24 Estimates of diagnostic accuracy and their | 20/26
precision (such as 95% confidence intervals) | (76.9%)
25 Any adverse events from performing the | 0/26
index test or the reference standard (0%)
DISCUSSION
26 Study limitations, including sources of | 12/26
potential Dbias, statistical uncertainty, and | (46.2%)
generalizability
27 Implications for practice, including the | 26/26
intended use and clinical role of the index test | (100%)
OTHER
INFORMATION
28 Registration number and name of registry 1/26
(3.8%)
29 Where the full study protocol can be accessed | 0/26
(0%)
30 Sources of funding and other support; role of | 17/26
funders (65.4%)
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10/34 (29.4%) items were reported in all studies whereas 9/34 (26.5%) items were
reported in less than 50% of the studies.

The best reported elements were:

38 - e ltem 1: identification as a study of
;3 diagnostic accuracy in the title or
26 = abstract (26/26)
245; e lItem 3, 4: a comprehensive
;2 | introduction clarifying the
;12 — scientific background of the index
20 test and demonstrating the study’s
13 objectives and hypotheses (26/26)
12 e — e ltem 10a, 10b: index and
15 reference test in detail to allow
1;; —— replication (26/26)
g’;‘ e Item 11: most studies used as
12a =_ reference standard the gold
1(1)11, ————— standard method to diagnose IBD
10; =_ (medical history and endoscopic
8 = evaluation with biopsies for
Z —— histological evaluation) (26/26)
i ] e Item 12a: most studies used for
3 =_ test positivity cut-offs of the index
i —— test the margin values proposed
6 0:5 1 by the manufacturer of the

correspondent FC measurement
kit (26/26)

e Item 14: analysis and statistical
methodology (26/26)

Figure 2 Percentage of studies adequately

reporting each STARD item

e Item 17: assessment of differences in accuracy across subgroups of
participants as per protocol (15/15)

e Item 27: a thorough discussion section including implication for practice and
the clinical role of the index test (26/26)
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On the contrary, the worst reported elements were:

Item 25: reporting adverse events during the study (0/26)

Item 29: access to full study protocol (0/26)

Item 28: registration number and number of registry (1/26)

Item 15: indeterminate index test or reference standard results management
strategy (5/26)

Item 18: statistical methodology for sample size estimation (5/26)

Item 21a: distribution of severity of disease in IBD patients (8/26)

Item 19: diagram displaying the flow of participants (10/26)

The variability of the adherence between the different sections of STARD list is

notable. The title, the abstract and the introduction parts were reported in an excellent

level while the adherence of “other information” section was disappointing.

The mean study STARD compliance was 67.8% (range 44.1%-88.2%, SD 11.1%).
No article scored 100%. Manz et al, 2012 [38] was the article of our analysis that
attained the highest reporting score 30/34 (88.2%), whereas Sydora et al, 2012 [46]
marked an anemic 15/34 (44.1%)(Figure 2). 13 out of 26 included studies scored
>70% and 8 of them scored > 75%. Only one study reported < 50% of the items.

Figure 2 Absolute STARD 2015 score of studies included in the analysis

(maximum achievable score: 34)
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Time trend and STARD statement update
The STARD score did not increase with time and had no statistical significant

correlation with the year of publication (r=0.005, p=0.98; figure 3)

Figure 3 Studies score and year of publication

TOTAL SCORE

The 2015 update was used to dichotomize the included trials in two categories; pre-
STARD 2015 (18 studies) and post-STARD 2015 (8 studies). After assumption
testing, a t-test for independent data was executed to compare the groups. Mean study
score before 2015 was 22.8 with SD=3.8 whereas mean score after 2015 was 23.5
with SD=3.9. It becomes apparent that the STARD statement update had feeble if
any effect in the score of studies published after 2015 (p=0.69; figure 4).

Figure 4 The STARD 2015 update as a landmark
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STARD score and other variables

The STARD score had no statistically significant correlation neither with 5-year
journal impact factor (r=0.06, p=0.79) nor with number of authors (r=0.04, p=0.87).
However, trials that included >140 patients had a statistical significant higher score
(mean score 24.8, SD=3) than trials with 140 or less subjects (mean score 21.3,
SD=3.75). The mean difference was 3.46 points (95% CI: 0.72-6.2; p=0.015) (figure
5).

Figure 5 The number of subjects impact on trials’ STARD score

Out of all trials only 6 reported that their study design was in accordance with
STARD guidelines. Nevertheless, there was no statistical significant difference
between these groups of studies (p=0.26).

E. DISCUSSION

In this survey, diagnostic accuracy studies examining the role of FC in diagnosing
IBD, indexed in PubMed and Cochrane libraries during a period of 18 years, have
been identified and have been, for the first time to our knowledge, comprehensively
assessed using the STARD 2015 statement.

Our evidence reveals a moderate to satisfactory reporting quality (44.1-88.2%) with
25/26 (96.2%) trials reporting > 50% and 8/26 (30.8%) trials reporting >75% of the

STARD items. The mean adherence score (67.8%) was comparable to that of previous
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publications in other fields of medicine [50, 51]. The variance of the reporting
between different sections of the checklist was remarkable. The title, the abstract and
the introduction parts approximated 100% adherence but, notwithstanding this, the
section “other information” (latterly included in the 2015 update) displayed
discouraging results. Explicitly, none of the studies gave access to the full protocol
and only one mentioned registration data. Resembling findings were documented by
Zarei et al, 2015, where items 18, 25, 28 and 29 also marked the lowest score [52].
Although in Zarei’s article the low adherence to the unit “other information” was
attributed to the nature of radiology studies, we suggest that the author, peer reviewers
and journal editors should be further familiarized with the novel items of STARD
2015. The methods section was generally adequately reported (eligibility criteria, trial
design, location, duration, index and reference test description) but the sample size
estimation, the indeterminate data handling and the blinding of the performers of the
FC test were the Achilles’ heel with an adherence score below 50%. Finally, the result
unit was characterized by a modest level of adherence (no referral to adverse events,
only 38.5% of publications use a participant flowchart). The core element of the result
section, the cross tabulation of index results against reference standard data, allows
recalculating measures of diagnostic accuracy and performing alternative or
additional analyses such as meta-analyses. [19] This substantial item scored no more
than a tolerable 50% hindering the appraisal and the future analysis of the trials’

results.

We did not identify any significant improvement in the reporting quality over time
and the 2015 update of STARD checklist had trivial effect. Analogously, Coppus et al
2006 supported that the introduction of STARD 2003 initiative had no impact in the
reporting of test accuracy studies in reproductive medicine [53]. In addition in our
study, the number of author’s and the journal 5-year impact factor had
inconsequential association with the STARD score. These findings are in consistency
with previous survey which noted a suboptimal reporting quality even in articles
published in journals with impact factor above 4 [54]. We concluded, nonetheless,

that only a larger number of participants formed a pattern of ameliorated adherence.

Diagnostic accuracy studies are paramount to the promotion of medical science and
the establishment of priorities and recommendations. Scarcity in reporting afflicts the
quality of systematic reviews and therefore downgrades the development of clinical
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guidelines that aim to detect patients with IBD in an early stage without imposing low
risk patients to the inconvenient and expensive endoscopic process. Only 6 studies out
of 26 included used the STARD tool proving that the scientific community is not yet
adequately informed. Ergo reporting can be substantially improved by disseminating
the utilization of the STARD statement; proper education of authors, training
researchers, reviewers, funders and journal editors has a key role to prevent against
incomplete adherence, one of the largest sources of avoidable waste in biomedical

research [55].
Study limitations

Several limitations of the study merit consideration. Firstly, the search strategy was
restricted only in PubMed and Cochrane libraries. Subsequently, articles indexed in
other databases were omitted. Secondly, non-English literature was excluded
increasing the potential risk of selection bias. Thirdly, the outcome measure, STARD
score, is a subjective evaluation. Especially in our study the presence of one sole
assessor inhibits the measurement of intra-observer agreement as an index of
systematic bias. Positively, the use of “N/A” as a supplementary dependent protects
included studies against falsely low scores, by only scoring articles out of a relevant
total. Finally, it must be accentuated that the quality of the science of an article and its
STARD score do not necessarily concur, albeit they do overlap. Besides, high quality
reporting allows the readership to accept the authenticity of a trial and the medical

society to conduct effective systematic reviews and meta-analyses.
Conclusion

To summarize, it is of high priority to spread and upgrade the role of STARD 2015 in
order to ensure a comprehensive reporting status of diagnostic accuracy studies. Some
vital sections of the checklist such as the analysis methodology and the results
performed below the satisfactory level. Hence, meticulous assessment is required to
guarantee the critical appraisal and the credibility of a study. Undoubtedly a basic
precondition for the right management decisions by doctors and policymakers is the

STARD tool implementation with the greatest of assiduity.
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