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1 | INTRODUCTION

The inflammatory bowel disease (IBD) is a disorder that includes
two forms of chronic intestinal inflammation: ulcerative colitis (UC)
and Crohn's disease (CD).! The incidence of IBD has increased over
the last decades leading to a substantial social and economic burden
on governments and health systems in the coming years.?? Irritable
bowel syndrome (IBS) is a disabling functional bowel disorder char-
acterised by recurrent abdominal pain associated with a change in
stool frequency or form.* The global prevalence of IBS is 11%, with
all regions of the world suffering from this disorder at similar rates,
causing a significant burden to healthcare systems worldwide.® There
is considerable overlap between symptoms in patients with IBD and
IBS, including abdominal pain and diarrhoea; thus, it is not always pos-
sible to distinguish between the two conditions based solely on symp-
toms.® Endoscopy with histopathological sampling is often considered
indispensable in the investigation of patients with suspected IBD, but
for many patients, endoscopy with the necessary bowel preparation is
uncomfortable,” and in most cases it will result negative‘8

Faecal calprotectin has been proposed as a non-invasive test that
may help distinguish patients with IBD from those with IBS. Calprotectin
is a stool marker of inflammation derived from neutrophils and released
into the gut during inflammation’ that can be measured with several
commercially available methods.’®** This test could play a relevant role
in clinical practice reducing the number of unnecessary endoscopic pro-
cedures.*? However, the diagnostic reliability of faecal calprotectin in
identifying patients with IBD among those with IBS remains uncertain,
especially in adults. Several studies provided estimates of sensitivity
and specificity that ranged from 50% to 100%, and in addition, most of
them had a case-control design with a high risk of selection bias. Finally,
not all studies used the Rome criteria to define IBS. Only two previous

1314 3ssessed the diagnostic performance of faecal cal-

meta-analyses
protectin in discriminating IBD from IBS; the former™® published in 2007
showed a low sensitivity and specificity <80% in adults, while the latter
reported negative and positive predictive values, but not the estimates
of sensitivity and specificity. On the other hand, two further meta-anal-
yses included patients with other gastrointestinal organic diseases and
this may have biased the estimates of sensitivity and specificity in dis-
criminating patients with IBD from those with 1BS.*>%¢ Clarifying the
diagnostic performance of this test is essential for its use in patients
with IBS-like symptoms, to distinguish between those who do and do
not need endoscopic and radiologic investigations.

We carried out a systematic review with meta-analysis to evalu-
ate the diagnostic performance of faecal calprotectin in distinguish-
ing adult patients with IBD from those with IBS defined according to
the Rome criteria.

2 | METHODS

We performed a systematic review with a meta-analysis following
the recommendations of the Cochrane Collaboration's Diagnostic

Test Accuracy Group.17
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2.1 | Search strategy and study selection

We searched MEDLINE via PubMed, Embase via Embase.com,
Scopus, and the Cochrane Library databases up to 1 January 2023.
The electronic search of the literature was performed using the
following keywords: “calprotectin”, “fecal calprotectin”, “inflam-
matory bowel disease”, “IBD”, “enteritis”, “colitis”, “Crohn”, “irrita-
ble bowel syndrome”, “IBS”. The search strategies are reported in
Appendix S1. We did not restrict language or publication status.
Two authors (ED and MS) did the initial selection based on titles
and abstracts. Subsequently, they independently performed a de-
tailed full-text assessment of potentially relevant studies, with any
disagreement resolved through discussion or arbitration by a third
reviewer (RMZ).

Selected studies were included in the review if they met the fol-
lowing pre-specified criteria: diagnostic studies evaluating the accu-
racy of faecal calprotectin in distinguishing IBD from IBS in adults
using colonoscopy with histology or radiology of the small bowel for
diagnosis of IBD'® as reference standard, and the Rome criteria for
the diagnosis of IBS. In particular, in cohort studies the diagnosis of
IBD was based on colonoscopy and histology with or without radiol-
ogy, while in case-control studies it could be based on radiology of
small bowel only. We excluded studies that did not meet the inclusion
criteria or if essential information, including data for construction of

a 2x2 table, was missing and could not be obtained by the authors.

2.2 | Data extraction and risk of bias assessment

Two authors (ED and MS) extracted independently the following
items from each study, when available: study design, country, inclu-
sion and exclusion criteria, total number of participants, average age
and number of males, number of patients with IBD, UC, CD, and IBS,
the Rome criteria for IBS, faecal calprotectin assay and cut-off value,
reference standard, and data for construction of a 2x 2 table. When
multiple articles for a single study were found, the latest publication
was considered and supplemented, if necessary, with data from the
previous publications.

Two authors (ED and LF) independently assessed the risk
of bias and concerns regarding applicability to the review question
of the included studies using the QUADAS-2 (Quality Assessment of

).? We evaluated the

Diagnostic Accuracy Studies) tool (Appendix S2
presence of potential bias in four domains: patient selection, index
test, reference standard, and flow and timing. Any disagreement was
resolved through discussion and, if necessary, arbitration by a third

reviewer (RMZ).

2.3 | Statistical analysis

The primary outcome was the diagnosis of IBD regardless of the
type of disease. The secondary outcome was the diagnosis of UC

and CD, separately.

95LB01 7 SUOWLLIOD BAIIe1D) 3[cfedldde U Ag peusenob ae Sl VO ‘85N JO Sa|nJ o} Akeudi8UlIUO A8]IM LD (SUONIPUOD-PUe-SWLBIL0D" A | IM Ale.d /BU [UO//STIY) SUONIPUOD PUe SIS 1 81 89S *[120Z/T0/TE] Uo Ariqiauljuo AB(Im ‘Wswinooq 3 Medid IWeISIS ealy Aq vG//T 1de/TTTT'0T/I0p/wW00 A3 1M AeIq1jeul|uo//sdny Wolj pepeojumoa ‘ZT-TT ‘€202 '9E02S9ET


http://embase.com

1122
—I—W] L.E Y- AP:T Alimentary Pharmacology & Therapeutics

We created 2x2 tables that contained the number of cases
found to be true positives (subjects with positive faecal calprotectin
who had IBD), true negatives (subjects with negative faecal calpro-
tectin who did not have IBD), false positives (subjects with positive
faecal calprotectin who did not have IBD), and false negatives (sub-
jects with negative faecal calprotectin who had IBD). Using 2x 2 ta-
bles, we calculated sensitivity and specificity with 95% confidence
interval (Cl) for each study and created coupled forest plots for
each set of data. We calculated summary estimates of sensitivity,
specificity, and positive and negative likelihood ratios (LRs) using
a random-effect bivariate model, and we fit a summary hierarchi-
cal receiving-operating characteristic (HSROC) curve. We used the
summary estimates of sensitivity and specificity to estimate nega-
tive and positive predictive values based on the median prevalence
(pre-test probability) of IBD across the studies and the prevalence
of 1% and 5% as the prevalence of IBD in primary and secondary
care settings. We selected these prevalence values based on previ-
ous reports.*

We explored heterogeneity between studies through visual ex-
amination of the forest plot and the prediction region in HSROC
space.”” We planned to explore sources of heterogeneity adding
them as covariates, if appropriate, to the bivariate regression model:
geographic region (West vs East), study design (cohort vs case-con-
trol studies), study period (before 2010 vs. after 2010), number of
participant centres (monocentre vs multicentre studies), inclusion
of teenagers (no vs yes), inclusion of a subgroup of patients with
non-active IBD (no vs yes), the Rome criteria (Rome I-Il vs Rome
I11-1V), exclusion of celiac disease for the diagnosis of IBS (no vs yes),
type of assay (ELISA vs immunochromatographic assay) and cut-off
of faecal calprotectin (<50 vs. >50pg/g), and risk of bias (low risk vs
high risk or some concerns) in the study. We performed subgroup
analyses for any covariates that showed a statistically significant
association with summary estimate of accuracy. In addition, we per-
formed separate meta-analyses to assess the performance of faecal
calprotectin in distinguishing UC and CD from IBS.

We used Cook's distance to check for particularly influential stud-
ies and produced a scatter plot of the standardised level 2 residuals
to check for outliers.?’ Cook's distance is a measure of the influence
of a study on the diagnostic accuracy parameters and can be used to
check for influential studies that may distort the pooled estimates
of sensitivity and specificity in diagnostic accuracy meta-analyses.
Standardised level 2 residuals give some insight into why suggesting
if outliers influence pooled sensitivity, specificity, or both.

We did not investigate publication bias as tests for publication
bias and standard funnel plot are not recommended in meta-analy-
sis of diagnostic test accuracy studies. All analyses were performed
with STATA version 16 (StataCorp).

3 | RESULTS

The electronic search identified 7555 records after duplicates

were removed, of which 80 full-text articles were assessed for
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eligibility. Of the 80 articles, 17 met the inclusion criteria and were
included in the meta-analysis.?*™%” Figure 1 shows the flow chart
of references through the selection process and the reasons for

study exclusion.

3.1 | Study characteristics

The 17 included studies involved a total of 1956 participants. Of
these, 1083 (55.4%) had a diagnosis of IBD, including 585 with

UC and 498 with CD, and 873 had IBS. All studies, but three that

21,23,27

included a subgroup of teenagers, enrolled only adult pa-

tients. Eleven studies were conducted in Europe,?1728:30:81.34 oy

82.333537 one in the USA,% and one in Africa.?? Twelve

22-26,29-31,38,34,36,37

in Asia,
studies were performed in a single centre,
while five were multicentre studies.?2?7283235 Three stud-
ies?13436 included also patients with indeterminate colitis, but
we were able to exclude these patients from the 2 x 2 table. Nine

D'21,23,24,29734

studies enrolled only patients with active IB while

2225-28,3637 anrolled both patients with active IBD

eight studies
and non-active IBD.
The diagnosis of IBS was based on the Rome Il criteria in 10

studies?28:30:33 and Rome Il criteria in 7 studies.??31:3234-37 oply

6 studies?223:26:28.83031 ey cluded coeliac disease for the diagnosis of
IBS. Regarding the index test, 13 studies measured faecal calprotec-
tin by ELISA21-2931:33.3536 34 4 studies by immunochromatographic
assay.29323437 The cut-off of faecal calprotectin was <50pg/g in
10 studies?122:2529:313235 4nd S50 g/g in 6 studies,2%:2430.33.36.37
while it was not available in one study.®* Table 1 shows the charac-
teristics of the included studies.

Ten studies reported data on sensitivity and specificity of
faecal calprotectin separately for UC and CD: 4 studies only for
UC,2780:33.37 3 stydies?h 2324 only for CD, and 3 studies for both UC
and CD.22:27.35

Tables S1 and S2 show the results of the assessment of the
risk of bias and concerns regarding applicability to the review
question of the included studies. All studies were at “high risk” or
“unclear risk” of bias in one or more domains. In particular, ten stud-

jes22725:27.30,32.34-36 \yere at high risk of selection bias because of

theircase—controldesign,whereasin6studie523'26'27'33'34'37the cut-
off of faecal calprotectin was not pre-specified. In addition, there

were unclear data for the blinding of the index test,?223:29.:30.32,34,37

24-27,30,33,34,36,37

the intubation of the ileum, and the time interval

between index test and reference standard.?%2427:30.33,34,36

3.2 | Diagnostic performance

Seventeen studies reported data on the performance of faecal cal-
protectin in distinguishing patients with IBD from those with IBS.
Sensitivity estimates ranged from 57%°° to 100%,2%2%313% and the
specificity ranged from 52%°! to 100%.2426:28:3032 Figyre 2 shows

the coupled forest plot of sensitivity and specificity with 95% Cls for
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers ]

Records removed before screening:

Duplicate records removed (n= 5686)

Records excluded
(n=7475)

Reports not retrieved
(n=0)

Reports excluded:

-Non original studies (n= 20)

-Non-IBS control (n=21)

-IBS not defined according to Rome
Criteria (=16)

-IBD diagnosis criteria not defined (n=1)
-Overlapping cohort of patients (n=1)
-Insufficient data (n=4)

5 Records identified from:
= Pubmed (n=2512)
(5} Scopus  (n=2695)
£ Embase (n=6951) >
§ Cochrane library (n= 1083)
—
\4
)
Records screened >
(n=7555)
A4
Reports sought for retrieval
= (n=80)
c
o
5
P \4
Reports assessed for eligibility
(n=80) >
—
v
]
° Studies included in review
=]
° (n=17)
f=

FIGURE 1 Flow chart of systematic literature search.

each included study. Pooling the results from the studies, the sum-
mary sensitivity was 85.8% (95% Cl: 78.3%-91%) and the summary
specificity was 91.7% (95% Cl: 84.5%-95.7%); the summary positive
LR was 10.3 (95% ClI: 5.3-20.1) and the summary negative LR was
0.15 (95% Cl: 0.09-0.24). The HSROC curve shows the summary
sensitivity and specificity and the 95% confidence and prediction
regions (Figure 3). Based on the median prevalence of IBD across the
cohort studies of 50%, the negative predictive value was 91% (95%
Cl: 89%-93%) and the positive predictive value was 87% (95% Cl:
84%-89%). At the pre-specified prevalence of IBD of 1% and 5%, the
negative predictive value was 99.8% (95% Cl: 99%-100%) and 99.2%
(95% Cl: 99%-100%) and the positive predictive value was 9% (95%
Cl: 7%-12%) and 34% (95% Cl: 30%-41%), respectively.

The scatter of point estimates in the coupled forest plot (Figure 2)
and the large prediction region in the HSROC space (Figure 3)
showed a large heterogeneity between the studies. The meta-re-

gression analysis showed that the geographic region (p<0.001) and

the cut-off value (p<0.001) were possible sources of heterogene-
ity among the studies. After excluding the study by El-Badry?’ from
Africa, the subgroup analysis by geographic region yielded a sum-
mary sensitivity of 88% (95% Cl: 82%-93%) in Western countries (12
studies) and 73% (95% Cl: 59%-87%) in Eastern countries (4 studies),
and a summary specificity of 92% (95% Cl: 86%-99%) and 91% (95%
Cl: 80%-100%) in Western and Eastern countries, respectively. The
subgroup analysis by the cut-off value produced a summary sensitiv-
ity of 87% (95% Cl: 80%-94%) for a cut-off of <50pug/g (10 studies)
and 79% (95% Cl: 68%-91%) for a cut-off of >50ug/g (6 studies), and
a summary specificity of 92% (95% Cl: 86%-99%) and 92% (95% Cl:
84%-100%), respectively. The summary sensitivity of faecal calpro-
tectin was lower in Eastern than in Western countries with both cut-
off of <50pg/g (East: 2 studies, sensitivity 84%, 95% Cl: 68%-100%
vs. West: 7 studies, sensitivity 87%, 95% Cl: 79%-85%) and cut-off
of >50pg/g (East: 2 studies, sensitivity 63%, 95% Cl: 55%-72% vs.
West: 4 studies, sensitivity 87%, 95% Cl: 81%-94%).
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Author TP FP FN TN
Tibble 2000 31 5 0 154 —
Costa 2003 106 12 25 36 ——
Dolwani 2004 21 1 4 23 —_—
Wassel 2004 21 0 4 25 —
Kaiser 2007 37 3 2 21 —,
Schroeder 2007 42 0 3 31 —e
Langhorst 2008 70 9 15 45 ——
Schoepfer 2008 53 0 1 30 ——
El-Badry 2010 8 3 0 17 —_—
Tursi 2011 13 0 3 16 _——
Caviglia 2014 17 10 0o M —_—
Chang 2014 52 0 6 26 —_——
Kalantari 2014 25 1119 —_——
David 2015 18 17 0 _—
Fu2017 70 2 23 25 —
Berinstein 2019 85 15 7 72 -
Gur 2020 173 19 99 102 -
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FIGURE 2 Coupled forest plot of sensitivity and specificity of faecal calprotectin for distinguishing inflammatory bowel disease from
irritable bowel syndrome in each study. TP, true positive; FP, false positive; FN, false negative; TN, true negative.

Pooling the 4 studies using a cut-off value of <50pg/g yielded a
summary sensitivity and specificity of 91% (95% Cl: 85%-98%) and
97% (95% Cl: 92%-100%) respectively, while pooling the 6 stud-
ies that used a cut-off value of 50ug/g produced a sensitivity and
specificity of 82% (95% Cl: 71%-93%) and 87% (95% Cl: 74%-99%),
respectively.

The performance of faecal calprotectin did not significantly vary
according to the study design (p=0.86), study period (p=0.36), num-
ber of participant centres (p=0.18), inclusion of teenagers (p=0.61),
inclusion of a subgroup of patients with non-active IBD (p=0.28),
the Rome criteria (p=0.15), exclusion of celiac disease for the diag-
nosis of IBS (p=0.77), and type of assay (p=0.85) (Table S3).

After the calculation of summary estimates, we produced
Cook's distance and standardised residuals to identify influen-
tial studies (Figure 4). Cook's distance showed that the study by
Caviglia et al®! could be influential, and standardised residuals re-
ported that this study was an outlier for specificity. No clinical or
methodological characteristics could explain why this study was
an outlier. However, after the exclusion of the study by Caviglia
et al. the sensitivity (from 85.8% to 84.6%) and specificity (from
91.7% to 92%) did not change, likely due to the very small sample
size of the study.

Pooling data from the 7 studies?227:2%:30:33.3537 that assessed the
performance of faecal calprotectin in the diagnosis of UC in a total
of 753 patients, of whom 423 had UC and 330 had IBS, the summary
sensitivity was 83.1% (95% Cl: 63.8%-92.2%) and the summary
specificity was 83.3% (95% Cl: 78.6%-87.2%) (Figure 5).

Pooling data from 6 studies?242735 including a total of 554 pa-
tients, of whom 217 had CD and 337 had IBS, the summary sen-
sitivity and specificity for the diagnosis of CD were 92.4% (95%
Cl: 78.5%-97.6%) and 93.1% (95% Cl: 83.3%-97.4%), respectively

(Figure 6).

4 | DISCUSSION

This meta-analysis included 17 studies that assessed the diagnos-
tic performance of faecal calprotectin in distinguishing patients
with IBD from those with IBS defined according to the Rome cri-
teria. Pooling data from these studies yielded a summary sensi-
tivity of 85.8% and a summary specificity of 91.7%. Assuming a
prevalence of IBD of 1% in primary care and 5% in secondary care,
the negative predictive value of faecal calprotectin was very high,

99.8% in primary care and 99.2% in secondary care, whereas the
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FIGURE 3 Hierarchical summary receiver-operating
characteristic plot of faecal calprotectin for distinguishing
inflammatory bowel disease from irritable bowel syndrome. Each
circle indicates an individual study, and it is sized according to the
total number of subjects; the solid spot in middle is the summary
sensitivity and specificity; and the inner and outer ellipses indicate
the 95% confidence region and prediction region, respectively.

positive predictive value was low, 9% and 34%, respectively. This
implies that 99 out of 100 patients with a negative test result will
not have IBD, whereas only 9 in primary care and 34 in secondary
care of 100 patients with a positive test result will have IBD. In
other words, for example, for every 1000 patients with IBS symp-
toms of whom 10 have IBD (prevalence of IBD =1%), faecal cal-
protectin would identify 9 patients (true positive) and would miss
1 patient (false negative) with IBD; of the remaining 990 patients
without IBD, 908 would be correctly identified (true negative) and
82 would be evaluated incorrectly as having IBD when they do not
(false positive) (Table 2).

We found that the pooled sensitivity and specificity of faecal
calprotectin were slightly higher for the diagnosis of Crohn's disease
(92% and 93%) compared to ulcerative colitis (83% and 83%).

4.1 | Strengths and weaknesses of the study

A strength of this review is the comprehensive search of literature
without restrictions on the language and type of publications. As

there is not a powerful method for testing for publication bias in

17

a meta-analysis of diagnostic accuracy studies,”” we are not able

DAJTIET AL.

to assess the likely impact of unpublished studies on our results.
However, unpublished studies would require a very large sample size
to change the findings of our meta-analysis. Another strength of this
study is the use of a multilevel statistical approach with a bivariate
model, which is recommended for meta-analysis of diagnostic ac-
curacy studies.'”

A weakness of our findings was the substantial heterogene-
ity between the studies. However, heterogeneity is a common
place in meta-analysis of diagnostic test accuracy studies. The
meta-regression analysis showed that the geographic region and
the cut-off value of faecal calprotectin were sources of heteroge-
neity between the studies. The subgroup analysis based on geo-
graphic region showed that the sensitivity of faecal calprotectin
was higher in Western than in Eastern countries (86% vs. 73%).
This finding may be partially due to diversity in genetic and envi-
ronmental factors and disease characteristics between Western
and Eastern populations that may possibly influence the diagnos-
tic performance of faecal calprotectin.35’38 For example, Asian
patients with IBD showed a higher proportion of proctitis among
those with UC and perianal disease among those with CD than
Caucasians,®® which may partially affect the sensitivity of faecal
calprotectin in diagnosing IBD. In addition, in our study popula-
tion CD was less frequent in Eastern (36.4%, 170 CD and 297 UC)
than in Western countries (53.9%, 328 CD and 280 UC), and this
may contribute to the lower sensitivity of faecal calprotectin in
Eastern countries. However, our result should be considered with
caution as only 4 studies were carried out in Eastern countries,
and in addition, possible problems with confounding factors can-
not be excluded.

We also found that the cut-off of <50ug/g provided a better sen-
sitivity than the cut-off of >50pg/g, with similar specificity. Previous
meta-analyses provided inconsistent results on the best cut-off of
faecal calprotectin for the diagnosis of IBD. The meta-analysis by
Von Roon reported that the cut-off of 100 pg/g was better than that
of 50ug/g 13 for differentiating patients with IBD from those with
IBS, while the meta-analysis by Menees'* showed a lower nega-
tive predictive value with a cut-off of 50ug/g in comparison with
100pg/g. Our finding suggests that the cut-off of <50pg/g could
provide the best combination of sensitivity and specificity in differ-
entiating patients with IBD from those with IBS. The cut-off value
did not affect the difference in the sensitivity of faecal calprotectin
between East and West.

Another limitation of our study is the inclusion of patients with
both active and non-active IBD and the inclusion also of teenagers.
However, meta-regression analyses showed that the inclusion of
studies with a subgroup of patients with non-active IBD or teen-
agers did not significantly affect the estimates of sensitivity and
specificity.

Unfortunately, only a few studies with a small sample size as-
sessed the performance of faecal calprotectin for the diagnosis of
UC or CD, separately. With this limitation, we found that sensitivity
and specificity of faecal calprotectin were slightly higher for CD than

UC. Indeed, 95% confidence intervals were quite large suggesting
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FIGURE 5 Coupled forest plot of sensitivity and specificity of faecal calprotectin for distinguishing ulcerative colitis from irritable bowel
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FIGURE 6 Coupled forest plot of sensitivity and specificity of faecal calprotectin for distinguishing Crohn's disease from irritable bowel
syndrome in each study. TP, true positive; FP, false positive; FN, false negative; TN, true negative.

TABLE 2 Consequences of summary sensitivity and specificity
of faecal calprotectin in 1000 tested patients with IBS symptoms.

(n) 1000 with IBS symptoms

Primary care Secondary care

Prevalence of IBD 1% 5%
Patients with IBD, n 10 50
Patients with IBS, n 990 950
Test result
True positive 9 43
True negative 908 871
False negative 1 7
False positive 82 79

Abbreviations: IBD, inflammatory bowel disease; IBS, irritable bowel
syndrome.

uncertainty in the pooled estimates of sensitivity and specificity for
both CD and UC. However, our result is in line with a previous study
that reported higher calprotectin levels in patients with CD than in
those with UC.'3 Differences in the performance of faecal calprotec-
tin might also be related to disease-specific differences in the locali-

sation and extension of the inflammatory activity.

Another weakness of our meta-analysis is the low methodologi-
cal quality of included studies. Most studies were case-controls and,
thus, at high risk of selection bias. In addition, in about half of the
studies the cut-off value of faecal calprotectin was not pre-speci-
fied, and it was unclear if the index test was performed in a blinded
fashion. Most studies did not clearly state if patients underwent ile-
ocolonoscopy, that is, if there was the intubation of the ileum, which
may have introduced a misclassification bias. Finally, some studies
did not report the time interval between stool sampling and endos-
copy. If the interval was too long, a medical treatment or unknown
factors may have affected faecal levels of calprotectin biasing the

test results.

4.2 | Comparison with other studies

To our knowledge, this is the first systematic review with meta-
analysis to estimate the summary sensitivity and specificity of
faecal calprotectin in distinguishing patients with IBD from those
with IBS using (a) a comprehensive literature search, (b) only pa-
tients with IBS as controls, (c) the Rome criteria for the diagnosis of
IBS, and d) a multilevel statistical approach for meta-analysis. Two
13 |14

previous meta-analyses by Von Roon et al* and by Menees et a
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assessed the performance of faecal calprotectin in discriminating
IBD from IBS. However, in the meta-analysis by Von Roon et al the
control group included also healthy people in addition to patients
with IBS. Furthermore, the analysis was performed using the tra-
ditional statistical model that consists of pooling sensitivities and
specificities across the included studies, rather than the multilevel
statistical approach that accounts for the correlation between sen-
sitivity and specificity and provides less biased estimates of perfor-
mance measures.>’ The meta-analysis by Von Roon et al reported
in adults a sensitivity and specificity of 71% and 80%, respectively,
while we found a higher sensitivity (85%) and specificity (91%) of
faecal calprotectin in distinguishing patients with IBD from those
with IBS. On the other hand, the meta-analysis by Menees et al pro-
vided negative and positive predictive values, but not the estimates
of sensitivity and specificity of faecal calprotectin.'* Indeed, sen-
sitivity and specificity are important measures to calculate nega-
tive and positive predictive values of a diagnostic test in settings
or populations with different prevalence of the target disease.
Furthermore, because of the statistical method used to calculate
predictive values, that is, Bayes' theorem, this meta-analysis was
limited to using only studies that reported faecal calprotectin as
median with interquartile ranges, thus excluding several other
studies from the analyses. Finally, the old Manning criteria for the
IBS diagnosis were also permitted in this review. However, the au-
thors reported a high negative predictive value (<1% probability of
having IBD at a prevalence of IBD of 1%) and a low positive predic-
tive value of faecal calprotectin for distinguishing IBD from IBS,
and our meta-analysis is in line with these findings.

Two further meta-analyses by van Rheenen et al*® and
Carrasco-Labra et al*¢ reported the performance of faecal calpro-
tectin for the diagnosis of IBD. However, both meta-analyses differ
from our study as they also include patients with other gastroin-
testinal organic diseases. The meta-analysis by van Rheenen et al
assessed the performance of faecal calprotectin in distinguishing
patients with IBD from those with “no IBD,” where the “no IBD”
group contained a large spectrum of organic diseases (i.e., celiac
disease, chronic infection, microscopic colitis, and colon cancer) in
addition to IBS. This analysis reported sensitivity and specificity of
faecal calprotectin of 93% and 96%, respectively. However, it is well
known that the range of differential diagnoses present in non-dis-
eased populations will affect the accuracy of the test.*® Thus, this
meta-analysis may have slightly overestimated the performance of
faecal calprotectin in distinguishing patients with IBD from those
with IBS. On the other hand, the meta-analysis by Carrasco-Labra
et al evaluated the performance of faecal calprotectin in distin-
guishing patients with organic diseases, including IBD, from those
with IBS reporting a sensitivity and specificity of faecal calprotectin
of 81% and 87%, respectively.“’ Although most patients with or-
ganic diseases included in the meta-analysis had IBD, the presence
of other organic diseases may have contributed to slightly under-
estimate the sensitivity of faecal calprotectin in detecting patients
with IBD among those with IBS.
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5 | CONCLUSIONS AND IMPLICATIONS

The results of our meta-analysis show that faecal calprotectin is a
very reliable test in distinguishing patients with IBD from those with
IBS symptoms defined according to the Rome criteria. Faecal cal-
protectin is a very powerful test for excluding IBD; applying faecal
calprotectin to all patients with IBS symptoms in primary or second-
ary care, only a few will suffer for a missed diagnosis of IBD with a
consequent delay in the treatment. Unfortunately, due to the low
positive predictive value, faecal calprotectin is not powerful for the
diagnosis of IBD; however, if we consider 1000 patients with IBS
symptoms of whom 10 have IBD (prevalence of IBD=1%) and 990
have IBS, only 82 of the 900 (8.3%) patients with IBS will have a
false-positive faecal calprotectin and will undergo unnecessary en-
doscopic and imaging investigations (Table 2); thus, we provide evi-
dence that faecal calprotectin would help avoid further diagnostic
procedures in about 90% of patients with IBS.

A novel finding of our meta-analysis is that faecal calprotectin
seems to have a higher sensitivity in Western than Eastern pop-
ulations (86% vs. 73%). However, the lower sensitivity does not
substantially affect the high negative predictive value of faecal cal-
protectin in Eastern countries; in fact, at a prevalence of IBD of 1%
the negative predictive value remains high (99.7%) even with a sen-
sitivity of 73%. However, the prevalence of IBD in Eastern countries
seems to be even lower than in the West.>® We also found that the
cut-off of <50ug/g provided a better sensitivity than at >50pg/g
without affecting the specificity. Thus, our finding would support
the use of the cut-off of <50pg/g for distinguishing patients with
IBD from those with IBS in adults; this would allow to optimise the
test for obtaining lower false-negative results without increasing
false positives.

Therefore, our study provides evidence that faecal calprotec-
tin is a useful screening test to rule out IBD and save endoscopic
and radiologic procedures in patients with IBS symptoms defined
according to the Rome criteria. However, the prevalence of IBD in
our study population corresponds to that in tertiary care; thus, es-
timates of negative and positive predictive values are applicable to
both primary and secondary care settings assuming that likelihood
ratios remain constant across the spectrum of care.

Moreover, well-designed high-quality studies with a sample size
large enough to allow stratification of the results by cut-off levels
and type, activity, and distribution of IBD are needed to confirm the
performance of faecal calprotectin in distinguishing patients with
IBD from those with IBS symptoms, especially in patients <50years
and without alarm features.
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