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Background: Early treatment of inflammatory bowel disease (IBD) is associated with positive outcomes but a significant diagnostic delay has
been reported in most countries.

Aim: We aimed to develop and validate IBD-REFER criteria, intended for primary care physicians, to screen patients at risk for IBD.

Methods: A Delphi group of 10 experts generated a list of symptoms associated with the onset of IBD, supplemented by a review of the liter-
ature. The list was reduced in an iterative process and graded based on importance. For data-driven statistical formatting, the charts of 200 IBD
(100 children, 100 adults) and 100 non-IBD controls but with gastrointestinal symptoms were reviewed. The IBD-REFER items were scored for
each subject, as well as the contending Red Flag criteria from the International Organization for the Study of IBD. External validation was per-
formed on additionally enrolled cohorts of 100 IBD patients and 50 controls.

Results: The Delphi process retained 5 items as major criteria (>1 item required for early referral) and 11 as minor (22 items required). Following
the removal of uninformative items and further formatting in the data-driven stage, 10 core items were retained: 3 as major and 7 as minor. In the
external validation, the final IBD-REFER criteria had a sensitivity/specificity of 98%/96% in adults and 96%/96% in children, significantly higher
than achieved by the Red Flag criteria (71%/84% and 60%/88%, respectively; P < 0.001).

Conclusion: The IBD-REFER criteria may guide the selection of patients for expedited gastrointestinal investigation.

Lay Summary: Early treatment of inflammatory bowel disease (IBD) is associated with positive outcomes but a significant diagnostic delay has
been reported in most countries. Therefore, we developed and validated IBD-REFER criteria, intended for primary care physicians, to screen

patients at risk for IBD.
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INTRODUCTION

The prevalence of inflammatory bowel disease (IBD)
is constantly rising in most countries with 15%-20% of cases
presenting during childhood."? IBD is often characterized
by nonspecific symptoms and therefore the presentation
may be nonspecific, particularly in Crohn’s disease (CD).
It may overlap with other gastrointestinal conditions, such
as irritable bowel syndrome (IBS), celiac disease, lactose

intolerance, and dyspepsia, or may present solely with
extraintestinal manifestations.** Selecting those who require
prompt referral to a gastroenterologist may thus be chal-
lenging and lead to a significant diagnostic delay.* ¢ Because
early treatment in IBD is associated with improved disease
outcome,’ there is a need to develop effective strategies for
guiding early referral of those with signs and symptoms sug-
gestive of IBD.
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Currently, the Red Flag index, developed as part of an
International Organization of IBD (IOIBD) initiative, is the
major available tool to guide primary practitioners in selecting
patients who are at risk of having IBD.® During the develop-
ment of the Red Flag index, 21 items have been generated, of
which 8 were retained by multivariate regression analysis. [tems
were weighted statistically according to the beta scores of the
model (Table 2). Nonetheless, the Red Flag index has never
been subjected to external validation and is not suitable neither
for children nor for ulcerative colitis (UC).

We aimed to develop and validate a screening tool,
named the IBD-REFER criteria, to guide general practitioners
and pediatricians in selecting children and adults for early re-
ferral to a gastroenterologist for suspected CD and UC. We
also aimed to compare the newly developed criteria with the
existing Red Flags index.

METHODS
The IBD-REFER criteria have been developed by a com-
bined clinimetric and psychometric approach, incorporating
both clinical judgment by a Delphi group of experts and statis-
tical analyses on retrospective cohorts of patients and controls.
The criteria were validated on separate cohorts of patients and
controls.

Stage 1: Delphi Group

Item generation, reduction, and formatting were initially
performed judgmentally by a Delphi group of 10 IBD experts
(5 pediatric and 5 adults) in an iterative process supplemented
by a review of the literature. The group conducted a systemic
literature review of signs and symptoms associated with early
presentation of CD in the primary care setting. Thereafter, the
experts added items based on clinical experience. Item reduc-
tion followed rank-ordering by the Delphi group in an iterative
process until consensus has been reached.

Stage 2: Data-Driven Formatting and Weighting

The items obtained by the literature review and Delphi
group were explored on 2 retrospective cohorts of adults
and children (<18 years) referred to the out-patient clinics of
Shaare Zedek Medical Center, Jerusalem, for gastrointestinal
symptoms, during a 5-year period (2013-2018). The first cohort
was composed of those eventually diagnosed with IBD (both
CD and UC), and the other, of those whose final diagnosis was
other than IBD (eg, IBS, food intolerance), serving as controls.
The eligibility criteria were deliberately left wide to ensure a
full breadth of possible IBD symptoms and signs, but patients
who were referred with a specific concern clearly unrelated to
IBD were excluded (eg, cancer surveillance) to mimic real-life
referral challenges.

For each patient, we determined which of the gener-
ated signs and symptoms were reported at the time of referral.

Further retrieved data included demography, family history,
symptoms, laboratory results, as well as fecal calprotectin,
anti-Saccharomyces cerevisiae antibodies (ASCA), and anti-
neutrophil cytoplasmic antibodies (ANCA). We scored in all
subjects the IOIBD Red Flag for allowing direct comparison.

Based on these 2 cohorts, we revised the IBD-REFER
items both judgmentally (based on the patient data) and sta-
tistically (See Statistical paragraph) in an attempt to maximize
sensitivity and specificity for differentiating the 2 cohorts. We
removed uninformative items to maximize feasibility and re-
duce response burden, and, finally, we determined the optimal
discriminative cutoff for each item (eg, optimal duration of the
abdominal pain and optimal percent of weight loss) based on
the data. The final draft was then sent to the Delphi group for
comments and linguistic revisions.

Stage 3: External Validation

The final IBD-REFER, developed during the previous 2
steps, was then externally validated on 2 further retrospective
cohorts of IBD cases and controls, enrolled with identical defin-
itions and eligibility criteria as in the derivation stage. To ensure
that the validation is indeed external, we enrolled the cohorts
at other medical centers: the Rabin (adults) and Schneider’s
(children) Medical Centers in Petah Tikva, Israel.

Statistics

Variables are presented as means * standard devia-
tion or medians (interquartile range [IQR]) and compared by
Student ¢ test, Wilcoxon rank sum test, and X2 test as appro-
priate. Statistical selection of items utilized a regression model
to determine the [-coefficient of each item to predict the cor-
rect diagnosis of IBD. Informative items were selected by Lasso
procedure and stepwise logistic regression. We compared the
sensitivity and specificity between the IBD-REFER and Red
Flag criteria by McNemar test and area under the receiver op-
erating characteristic (ROC) curve. For constructing the ROC
curve, we calculated the number of positive items for each pa-
tient, when major criteria received 2 points and minor criteria
1 point. Analyses were performed using SPSS V15; P-values
less than 0.05 were considered significant. This study was ap-
proved by the local ethical committee of all participating med-
ical centers.

RESULTS

In the item-generation stage, 19 signs and symptoms
were initially generated from the literature and the Delphi
group process (Supplementary Table 1). The list was then
reduced by rank-ordering to tentative 16 items, separated
into 2 groups according to their perceived importance for
early referral: 5 major items and 11 minor items that may
require more than one to prompt a referral for suspected
IBD (Table 1).
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The final list determined by the Delphi group was then
formatted mathematically in the data-driven stage. The med-
ical charts of 200 IBD patients (100 adults and 100 children)
and 165 controls were reviewed. As per the eligibility criteria,
65 patients who were referred for specific obvious reasons were
excluded from the control group to ensure overlap with the IBD
group (n = 25 celiac disease, n = 12 hepatitis, n = 5 lactose intol-
erance, and n = 23 peptic ulcer disease and others). Eventually,
the non-IBD control group included 100 patients (50 children
and 50 adults). Among the IBD group, 73 (73%) children and
78 (78%) adults were eventually diagnosed with CD, while 27
(27%) and 22 (22%) with UC. The mean age of children was
13.1 £ 3.5 years and of adults 30.4 £ 11.1 years. Forty-nine

TABLE 1. List of Tentative Items Determined by a
Literature Search and the Delphi Group

Group | (Most Important—
Any Item Is Sufficient for
Early Referral)

Group 2 (Important—More
Than One Item Is Required for
Early Referral)

Diarrhea lasting for at least
1 month

Bloody stool lasting for at
least 1 week

Recurrent perianal abscess,
fistula, or large inflamed
skin tag

Elevated fecal calprotectin

Impaired growth in children

Abdominal pain for at least 1 month

Elevated serum inflammatory marker

Weight loss (>10%)

Iron deficiency anemia or
hypoalbuminemia

Fever of unknown origin

Chronic fatigue

First-degree family history

Arthritis, uveitis, erythema nodosum,
not meeting a clear rheumatolog-
ical diagnosis

Recurrent oral aphthous ulcerations

Large chronic anal fissure

Positive ASCA or ANCA

100

80

40

20

Adults
(n=100 IBD, 50 controls)

98
88
76
I 63
REFER-IBD CRITERIA - RED-FLAG CRITERIA
Judgmental

(49%) children and 49 (49%) adults were females. In the control
group, the mean age was 9.5 * 4.4 years in children and 38.2 £
16 years in adults; the female gender rate was 50% and 54%,
respectively.

The draft of the judgmental criteria developed by the
Delphi group (Table 1) performed well in this cohort (sen-
sitivity/specificity: 100%/92% in children and 98%/76% in
adults), better than the contending Red Flags index (Fig. 1).
The median calprotectin level of the IBD patients was 370 pg/g
(IQR 300-709). Nonetheless, in an attempt to improve fur-
ther specificity, the criteria were revised based on the patient
data. The following items were removed because they had (-
coefficients less than 0.1 and seemed uninformative in manual
simulations: hypoalbuminemia, iron deficiency anemia, fever of
unknown origin, fatigue, rheumatologic symptoms without a
rheumatological diagnosis, recurrent oral aphthous ulcerations,
large chronic fissures, and large inflamed skin tags (Table 2).
Removal of these items does not mean that they are not impor-
tant in diagnosing IBD but that, in practice, these are typically
accompanied by more common signs and symptoms and thus
redundant. We also moved calprotectin and growth delay from
the major to the minor criteria group because it seemed to im-
prove the specificity without altering the sensitivity.

The final IBD-REFER criteria were composed of 3
major criteria and 7 minor criteria (Fig. 2) and had very high
sensitivity and specificity on the derivation cohort (98%/94% in
children and 94%/88% in adults).

We next validated the criteria on the external cohorts,
which included 100 IBD patients (50 children and 50 adults)
and 85 non-IBD patients. From the comparison group we ex-
cluded 35 patients referred for specific diagnoses (ie, celiac dis-
ease, n = 5; liver dysfunction, n = 7; lactose intolerance, n = 2;
and peptic ulcer disease and others, n = 21). Eventually, the
non-IBD control group included 50 patients (25 children and

Children
(n=100 IBD, 50 controls)

00

S
o

o

100
1 92 96
80
60
o 60
2
0

REFER-1BD CRITERIA -
Judgmental

RED-FLAG CRITERIA

B Sensitivity M Specificity

FIGURE 1. Sensitivity and specificity of the “judgmental version” IBD-REFER criteria and the Red Flag index of an International Organization of IBD
(I0IBD) in the development cohort to differentiate IBD from non-IBD patients at referral.
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25 adults). Among the IBD group, 37 (74%) children and 24
(48%) adults had CD, while 13 (26%) and 26 (52%) had UC.
The mean age of the pediatric and adult cohorts was 13.7 + 3.1
and 43.3 + 22 4 years, respectively; 46% and 64% were females.

TABLE 2. Items Coefficient by Multiple Regression

In the control group, the corresponding mean ages were 12.1 £
4.2 and 61.1 * 17.5; 40% and 36% were females.

As in the development cohort, the final IBD-REFER
criteria had very high sensitivity and specificity in both
children and adults (96%/96% in children and 98%/96% in
adults, respectively), significantly higher than achieved by the
TIOIBD Red Flag index (Fig. 3). Similarly, the area under the
ROC curve was significantly higher in IBD-REFER criteria

Item Coefficient  compared with the IOIBD Red Flag criteria (AUC = 0.97
Bloody stool 048 [95% CI 0.92-0.99] vs 0.78 [95%CI 0.7-0.86]; P < 0.001)
perianal abscess/fistula 0.31 (Fig. 4).
Diarrhea 028 Finally, in a sensitivity analysis, we explored the utility of
Elevated serum inflammatory marker 026 2 simplified versions of the IBD-REFER criteria, one without
First-degree family history 026 the laboratory items (ie, fecal calprotectin, ESR/CRP, ASCA/
Elevated fecal calprotectin 021 ANCA) and the other with the major criteria only (ie, excluding
Rheumatological symptoms 0.19 all items on the minor list). The performance of both simplified
Impaired growth in children 0.14 versions was inferior to the full version: the sensitivity/speci-
Weight loss 0.13 ficity of the former was 89%/97% in children and 91%/93% in
Tron deficiency anemia or hypoalbuminemia 011 adults and of the latter 76%/99% in children and 87%/95% in
Chronic fatigue 0.09 adults.
Large chronic anal fissure 0.09
Positive ASCA or ANCA 0.07 DISCUSSION
Chronic abdominal pain 0.02 We have developed and validated a simple screening tool
Fever of unknown origin ~0.03 based on routinely recorded signs and symptoms to guide pri-
Recurrent oral aphthous ulcerations —0.06 mary practitioners in selecting children and adults for early re-
ferral to the gastroenterologist for suspected CD and UC. Our
Group 1 Group 2
1. Bloody diarrhea for >1 week! 1. Increased ESR or CRP
2. Diarrhea without blood for >1 month? 2. High fecal calprotectin
3. Recurrent perianal abscess or fistula 3. Weight loss
4. Prolonged abdominal pain - especially
if it interferes with function, worsens,
In the presence of located, or disturbs sleep
h’:;“:ﬁzfi?;;i :f“:tm at 'Eas:t:::’sf ositive 5. First fiegree relative of IBD
6. Positive ASCA or ANCA
7. In children — unexplained impaired growth?

Consider referring to a gastroenterologist
for suspected IBD

In the absence of two items
and low clinical suspician®

Follow-up with a primary care physician <

FIGURE 2. The final IBD-REFER criteria. 1. Bloody stools without diarrhea not associated with a fissure or hemorrhoids also require early referral to a
gastroenterologist, but in this case, not necessarily for suspected IBD. 2. Particularly in the event of nocturnal diarrhea or rectal urgency. 3. Normal
serology to celiac disease should be confirmed. If height is more impaired than weight in the absence of gastrointestinal symptoms, a referral to an
endocrinologist should be considered. 4. When clinical suspicion is high, the presence of even one Group 2 item is sufficient for a referral to the gas-

troenterologist or for determining fecal calprotectin.

4
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FIGURE 3. Sensitivity and specificity of the final IBD-REFER criteria compared with the Red Flags index, in the external validation cohort.

100 p——
a0 ] P<0.,001 M |BD-REFER CRITERIA
I AUC = 0.7 ($5%C1 0,92-0.95)
M RED-FLAG CRITERIA
60 H AUC = 0.78 [95%CI 0.70-0.86)
g [
2
@
Y
2H
O I L ] | L
0 20 40 80 80 100

100-Specificity

FIGURE 4. Receiver operating characteristic curve of IBD-REFER criteria
and Red Flag index.

overall goal was to decrease the time elapsed from the onset
of symptoms to the diagnosis of IBD, thereby allowing early
appropriate treatment and reducing the risk of disease-related
complications. The IBD-REFER criteria seemed to perform
better than the Red Flag index and, unlike the latter, is relevant
not only for CD and adults but also for UC and children.’

We explored 2 simplified versions but these were not en-
dorsed given the attempt to maximize both sensitivity and spec-
ificity. In developing referring criteria, ensuring high specificity
is of utmost importance to avoid over-utilization of scarce re-
sources. Low specificity will inevitably lead to the referral of
many patients with gastrointestinal symptoms, but who are at
low risk of having IBD. In turn, this will lower the confidence
of primary physicians in the criteria. Nonetheless, in our study,
the high specificity was not at the expense of sensitivity which
was also very high (96% in children and 98% in adults).

The incorporation of fecal calprotectin into the algorithm
was not intuitive. On the one hand, it has become an important
screening test for IBD; but on the other hand, it is not com-
monly used by primary care physicians and its low specificity
may impact the accuracy of the criteria.' Thus, calprotectin is
a supplementary rather than mandatory item, allowing its in-
corporation when performed. In addition, because some of the
items in our final criteria are not specific to IBD (eg, abdominal
pain, diarrhea, and impaired growth), other possible diagnoses
should be considered by the primary care physician such as lac-
tose intolerance, enteric infections, celiac disease, and growth
hormone deficiency.

The median delay from symptoms to diagnosis range in
western countries is from 4 to 9 months, and approximately
25% of patients are diagnosed more than 2 years after the onset
of symptoms.’ In Asia, the median delay may be as long as
18 months, and 37% of patients are diagnosed with a more than
2-year delay.® In turn, the diagnostic delay has been consistently
associated with an increased risk of disease-related complica-
tions.!'"* Several studies have shown that diagnostic delay is
associated with an increased risk of bowel damage, intestinal
resection, !> * and, in children, growth impairment.'

The strengths of our study include the use of robust com-
bined judgmental-clinimetric and mathematical strategies, the
use of 2 separate cohorts enrolled at different hospitals but
with identical eligibility criteria, and the inclusion of both
children and adults because many general practitioners treat
both. We also used a challenging comparison group composed
of patients with symptoms requiring gastroenterology consul-
tation but without those with an obvious working diagnosis.
Nonetheless, the study is limited by its retrospective design and,
consequently, the inherent inability to report predictive values.
We enrolled patients already referred to a gastroenterologist
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and not from primary care clinics. However, all IBD patients
eventually see a gastroenterology and by enrolling consecutive
patients we practically included also those who were referred
with significant delays capturing the full breadth of patients.
This, because even if a patient is missed in the screening by
the primary care physician he/she will eventually be seen in
the clinic.

The newly developed IBD-REFER criteria set is an accu-
rate tool for selecting patients to expedite gastrointestinal con-
sultation for suspected IBD. A Swiss study showed that time
from the gastroenterologist visit to the diagnosis of CD was
also a contributing factor in the diagnostic delay and not only
from symptoms to referral.!! To that end, the IBD-REFER cri-
teria can be used also by the gastroenterology units for priori-
tizing cases for more urgent visits and endoscopic assessment.
In the era of “early treatment” recommendation for high-risk
patients, shortening the time from onset of symptoms to di-
agnosis may impact long-term important outcomes of IBD
patients.

SUPPLEMENTARY MATERIAL

Supplementary data are available at Crohn’s & Colitis
360 online.
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