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ABSTRACT
Objective Diagnostic delays in inflammatory 
bowel disease (IBD) result in adverse outcomes. 
We report a bespoke diagnostic pathway to 
assess how best to combine clinical history and 
faecal calprotectin (FCP) for early diagnosis and 
efficient resource utilisation.
Methods A rapid- access pathway was 
implemented for suspected IBD patients 
referred outside urgent ‘two- week wait’ criteria. 
Patients were triaged using symptoms and 
FCP. A 13- point symptom history was taken 
prediagnosis and clinical indices, including 
repeat FCP, collected prospectively.
Results Of 767 patients (January 2021–August 
2023), 423 were diagnosed with IBD (208 
Crohn’s disease (CD), 215 ulcerative colitis 
(UC)). Most common symptoms in CD were 
abdominal pain (84%), looser stools (84%) and 
fatigue (79%) and in UC per- rectal bleeding 
(94%), urgency (82%) and looser stools (81%). 
Strongest IBD predictors were blood mixed with 
stools (CD OR 4.38; 95% CI 2.40–7.98, UC OR 
33.68; 15.47–73.33) and weight loss (CD OR 
3.39; 2.14–5.38, UC OR 2.33; 1.37–4.00). Repeat 
FCP testing showed reduction from baseline in 
non- IBD. Both measurements >100 µg/g (area 
under the curve (AUC) 0.800) and >200 µg/g 
(AUC 0.834) collectively predicted IBD. However, 
a second value ≥220 µg/g considered alone, 
regardless of the first result, was more accurate 
(Youden’s index 0.735, AUC 0.923). Modelling 
symptoms with FCP increased AUC to 0.947.
Conclusion Serial FCP measurement prevents 
unnecessary colonoscopy. Two FCPs >200 µg/g 
could stream patients direct to colonoscopy, 
with two >100 µg/g prompting clinic review. 
A second result ≥220 µg/g was more accurate 
than dual- result thresholds. Coupling home FCP 
testing with key symptoms may form the basis of 
effective self- referral pathways.

INTRODUCTION
The importance of early diagnosis in 
inflammatory bowel disease (IBD) is well 
established. A recent meta- analysis demon-
strated that delayed diagnosis is associated 
with adverse outcomes in both ulcerative 
colitis (UC) and Crohn’s disease (CD).1 In 
CD, there is a higher likelihood of stric-
turing and penetrating disease, translating 
to an increased risk of need for surgery. 
In UC, delayed diagnosis increased the 
risk of colectomy. A collated analysis of 
all articles in this review found median 
time to diagnosis was 8 months in CD 
and 3.7 months in UC.1 Moreover, these 
studies took place prior to the advent of 
the COVID- 19 pandemic, where research 
has demonstrated increases in healthcare 
avoidance.2 3

In IBD diagnostic delays can stem 
from lateness seeking medical opinion, 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ Symptom prevalence at inflammatory 
bowel disease (IBD) onset has been 
evaluated in a North American Cohort, 
while symptom prediction has been 
analysed retrospectively in the UK. No UK 
study has evaluated symptom prediction 
prospectively, particularly in a cohort 
largely preselected using elevated faecal 
calprotectin (FCP).

WHAT THIS STUDY ADDS
 ⇒ This study highlights the key symptoms 
that separate IBD from other, 
predominantly functional, diagnoses. It 
also informs our understanding of how 
best to apply FCP in a health service under 
increasing strain.

http://www.bsg.org.uk/
http://fg.bmj.com/
http://orcid.org/0000-0002-0528-6154
http://orcid.org/0000-0003-3710-157X
http://crossmark.crossref.org/dialog/?doi=10.1136/flgastro-2023-102523&domain=pdf&date_stamp=2024-03-12
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delays after first healthcare interaction (typically 
primary care) and delays after referral to secondary 
care. Gastrointestinal symptoms can extend as far 
back as 5 years prior to diagnosis in IBD patients.4 In 
secondary care, COVID- 19 has resulted in increased 
waiting times for diagnostics and treatment.5 Time 
from referral to review should still not exceed 4 weeks 
but the current reality in the UK health service, set 
against the increasing prevalence of IBD, threatens the 
consistent achievement of this.6 7 ‘Getting It Right First 
Time’ is a national programme within NHS England, 
which has set out suggested referral pathways and 
strategies for IBD diagnosis.8 National campaigns led 

by Crohn’s and Colitis UK have followed the 2019 
IBD UK National report which highlighted delays in 
diagnosis as one of the major challenges facing patients 
and clinical services.9 10 Moreover, time to diagnosis 
following referral has recently been established as a 
key performance indicator for IBD.11

With burgeoning waiting lists for suspected IBD 
patients, effective triage of referrals from primary care 
is vital. A well- established tool to support this is faecal 
calprotectin (FCP) testing in primary care. Its use has 
been shown to reduce time to diagnosis and forms 
a focal point of most contemporary referral path-
ways.7 12 Nonetheless, several non- IBD conditions and 
common medications are associated with elevated FCP. 
This includes bacterial and viral gastrointestinal infec-
tions, diverticular disease, colonic polyps, colorectal 
cancer, GI bleeding, non- steroidal anti- inflammatory 
drugs, proton pump inhibitors and obesity.13 There 
is no international consensus on specific thresh-
olds for significant elevations in FCP. Implementa-
tion studies emphasise that where symptom severity 
allows, repeating FCP testing more than once would 
aid diagnostic specificity, particularly after a period of 
the aforementioned medications.14 15 Different time 
intervals have been suggested without clear consensus, 
ranging from 2 to 8 weeks. Current pressures in 
primary care mean repeat testing is increasingly rare 
prior to referral.

However, in this FCP driven environment, the value 
of the clinical history should not be forgotten. The 
last large study to prospectively collect presenting 
symptoms at IBD onset was undertaken by Perler 
et al in North America between 2008 and 2013.16 
However, the discriminant ability of each symptom 
for IBD was not explored. The most recent UK study 

Table 1 Overall cohort demographics

Crohn’s (n=208) UC (n=215) Non- IBD (n=339)

Age, median (IQR), years 34 (22) 37 (22.5) 35 (20)
BMI, median (IQR), years 25.3 (9.53) 25.5 (6.18) 27.9 (10.4)
Sex, % male 43 60 40
Symptom duration, median (IQR), 
months

10 (19) 4 (8.5) 6 (9)

Ethnicity, %
  White 67 66 74
  Asian 25 30 17
  Black 8 4 9
Location (or grouping), n (%) Ileal (L1) 91 (44) Proctitis (E1) 69 (32) Transient infection 54 (16)

Colonic (L2) 59 (28) Left sided (E2) 83 (39) Functional 171 (50)
Ileocolonic (L3) 58 (28) Extensive (E3) 63 (29) Other GI 114 (34)
Perianal 22 (11)

Behaviour, n (%) Non- stricturing, non- penetrating 172 (83) Mild 87 (41)
Stricturing 31 (15) Moderate 99 (46)
Penetrating 5 (2) Severe 29 (13)

BMI, body mass index; IBD, inflammatory bowel disease; UC, ulcerative colitis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ In its simplest form, this study may help improve referral 
triage and optimise utilisation of FCP in IBD referral 
pathways. It has the potential to reduce pressure on 
endoscopy and outpatient services and ensure the correct 
patients are prioritised. Our work aligns with ‘Getting It 
Right First Time’ but aims to take this one step further. 
Direct to endoscopy referrals for FCP >200 µg/g on 
two occasions could reduce strain on outpatient clinics 
without imposing further delay in diagnosis, while repeat 
sampling will also prevent unnecessary endoscopy. 
However, as we plan new care pathways, our data would 
support a move away from traditional approaches. A 
second FCP ≥220 µg/g, regardless of the first result, 
was a more accurate predictor. Coupled with key clinical 
symptoms, the formulation of reliable self- referral 
pathways based on patient- initiated home FCP testing 
could allow even more rapid diagnosis and treatment 
initiation. This would require further validation with a 
large prospective cohort, a process that we are currently 
initiating.
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retrospectively analysed primary care records only.17 
Neither accounted for FCP. To date, an evaluation 
of the predictive ability of individual symptoms in a 
cohort selected based on initial FCP result has not 
been undertaken.

The objectives of this study were therefore to analyse 
existing tools, with a view to providing clearer guid-
ance to improve referral triage. Specific aims were :

 ► To identify the preferred FCP thresholds for IBD 
diagnosis.

 ► To assess symptom frequency and predictive ability in a 
cohort preselected by FCP.

 ► To identify symptom complexes which, when coupled 
with FCP results, carry the highest pretest probability of 
IBD.

METHODS
The Birmingham IBD inception pathway is a rapid 
access clinic for patients over 16 years of age referred 
with suspected IBD. It was established to address 
spiralling waiting times for new patient referrals. 
Consequently, the additional capacity was used prag-
matically. Inclusion criteria were not strictly applied 
and the decision to stream patients to the inception 
pathway was at the discretion of the triaging clini-
cian. All patients seen were included in the dataset to 
capture the heterogeneity of real- world practice. In 
general, patients seen did:

 ► Not meet criteria for ‘straight to test’ colorectal cancer 
referral, whereby existing two- week wait pathways still 
apply.

 ► Have symptoms that the triaging clinician felt were 
compatible with an IBD diagnosis.

 ► (unless clinical suspicion is very strong) Have supporting 
evidence in the form of ‘elevated’ FCP (no set cut- off 
applied, patients with only one result at referral were 
still seen).

Patients were sent a stool sample collection kit and 
asked to bring this to their first appointment to check 
FCP and minimise delay. FCP was determined using 
the Buhlmann fCAL turbo test (Buhlmann, Basel- 
Landschaft). In those with significant symptomatology, 
failure to return a sample did not prevent progres-
sion through the pathway. A standardised 13- point 
symptom history and duration was obtained from 
patients by the responsible clinician at the time of the 
index, pre- diagnosis, appointment. Responses were 
recorded electronically. Diagnoses were established 
using history, biochemistry, endoscopy, histological and 
radiological criteria in line with the European Crohn’s 
and Colitis Organisation guidelines.18 Clinical and 
endoscopic severity indices were collected prospec-
tively. Endoscopy was undertaken by IBD physicians 
on colonoscopy lists ring- fenced for patients on the 
pathway. Those where IBD was excluded were catego-
rised into broad groups.

Figure 1 Inception clinic throughput split by diagnosis and overall patient contribution to each component of the analysis and modelling 
presented in this manuscript. CD, Crohn’s disease; FCP, faecal calprotectin; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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Statistical analyses
All analyses and modelling were undertaken in Jamovi, 
using R packages.19–24 JASP was used for additional 
visualisations.25 Only those with a final diagnosis were 
included in the onward analyses. All datasets presented 
followed a skewed distribution (first FCP Shapiro- Wilk 
(SW) 0.846 p<0.001, second FCP SW 0.697 p<0.001, 
difference between FCPs SW 0.926 p<0.002, symptom 
duration SW 0.589 p<0.001, age SW 0.95 p<0.001, 
body mass index SW 0.94 p<0.001). As such, non- 
parametric tests are used throughout. Mann- Whitney 
U tests were used for two groups, with Kruskal- Wallis 
for more than two groups (and Dunn test for pairwise 
comparison, p values use holm correction to account 
for population wide differences). χ2 tests (global and 
pairwise) were used to demonstrate significant differ-
ences in the proportion of categorical variables. For 
repeated measures, a non- parametric Wilcoxon- rank is 
presented.

The predictive models used a complete- case analysis 
approach. The sample size was pragmatic and dictated 
by patient availability. Two models were developed. 
The first model included only symptom histories. This 
multinomial logistic regression predicted either a CD, 
UC or non- IBD diagnosis. ORs predicting both CD 
and UC over a reference diagnosis of ‘non- IBD’ were 
calculated. All parameters presented were modelled as 
factors with binary ‘yes’/‘no’ responses (‘no’ given as 
the reference level for all) bar ‘blood type’ (‘mixed’, 
‘anorectal’ or ‘none’ with ‘none’ as reference) and 
‘smoking status’ (‘current’, ‘ex’, ‘non’ with ‘non’ as 
reference). The second model was a binomial logistic 
regression predicting ‘IBD’ versus ‘non- IBD’. The same 
methodology was applied to the symptom profiles. 
Two approaches were taken to integrating FCP results. 
In the main model, first and second FCPs were added 
as covariates. To assess the performance of FCP cut offs 
alongside specific symptoms, an alternative approach 

was used. Overall FCP levels were removed as covari-
ates. A binary ‘yes’/‘no’ response to achieving a single 
FCP cut- off was used instead and then added as a 
factor. The quality of fit for models is presented using 
McFadden’s PseudoR2 and the overall model test.

RESULTS
From January 2021 to August 2023, 767 patients were 
seen. A final diagnosis is currently available for 762 
(208 CD, 215 UC, 340 non- IBD). The overall cohort 
is summarised in table 1. The flow and numbers of 
patients included in each subsequent analysis is shown 
in figure 1.

Patients subsequently diagnosed with CD were seen 
within a median of 14 (IQR 11) days (d) of referral 
receipt by the inception team, while for UC this was 13d 
(14.75). However, delays in initial referral processing 
increased these values to 32.5d (36.3) and 29d (35.5) 
for CD and UC, respectively from the date the referral 
was written. At the point of first review, prior to diag-
nosis, the median duration of symptoms was signifi-
cantly longer in CD (median 10m (months), UC 4m, 
non- IBD 5.5m; Kruskal- Wallis (2) 34.54 p<0.001, 
Dunn pairwise test; UC pholm<0.001, non- IBD 
pholm<0.001). In CD, longer duration of symptoms 
significantly increased the likelihood of stricturing 
or penetrating disease (B1 n=162 median 9m, B2/3 
n=35 median 12m, Mann- Whitney U p=0.02).

Predictive value of serial FCP testing
Of 672 patients with at least one FCP result, 86% (581) 
had a result available at initial referral triage from primary 
care. Only 38% (258/672) had a paired faecal sample 
submitted to assess for enteric infection. Of the 422 with 
two FCP results, only 20% (85/422) had the second sample 
submitted in primary care pre- referral. Given the second 
sample was not submitted until review in secondary care, 
the delay between samples was longer than reported in 

Table 2 Differences in FCP at baseline compared between the cohorts providing one and two FCP results, with subsequent comparison 
of baseline and repeat FCP in those providing two, split by diagnostic subgroup

Baseline FCP µg/g
(one result only)*

Baseline FCP µg/g
(two results only)*

Baseline group 
comparison (within 
subgroup)

Repeat FCP µg/g 
(two results only)

Repeated measure 
comparison
(within subgroup)

Crohn’s disease
  N N=74 N=103 Mann- Whitney U

p=0.21
N=103 Wilcoxon rank

p=0.14Median (IQR) 664 µg/g (1300) 915 µg/g (1432) 592 µg/g (1347)
Ulcerative colitis
  N N=95 N=77 Mann- Whitney U 

p=0.95
N=77 Wilcoxon rank p=0.09

  Median (IQR) 1213 µg/g (1510) 1293 µg/g (1577) 1990 µg/g (1742)
Non- IBD
  N N=81 N=242 Mann- Whitney U 

p=0.002
N=242 Wilcoxon rank p<0.001

Median (IQR) 291 µg/g (444) 391 µg/g (641) 36 µg/g (118)

*Across all diagnoses, patient age was higher in the cohort providing one FCP (1 FCP median 39 (IQR 25), 2 FCP median 33 (IQR 18), Mann- Whitney U 
p<0.001), while a higher proportion were male (55.7% vs 38.7%, χ2 p<0.001).
FCP, faecal calprotectin; IBD, inflammatory bowel disease.
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previous studies (n=406 where confirmed interval iden-
tifiable, median 61d (IQR 63)). Table 2 compares the 
median baseline FCP between cohorts providing one or 
two results and displays the median FCP result.

The non- IBD baseline cohort providing a single 
sample had a significantly lower baseline FCP than 
those going on to provide a repeat sample, though 
there was no difference in either the CD or UC cohorts. 
For those providing a repeat FCP, a significant reduc-
tion on re- testing was only seen in the non- IBD cohort. 
Differences in IBD subtypes were non- significant. 
Consequently, many patients initially meeting typical 
thresholds for colonoscopy no longer required inves-
tigation following the second test. Receiver operator 
characteristic (ROC) curves were plotted using all 
available first and second FCP results. This, along-
side plots of baseline and repeat results split by subse-
quent diagnosis, is displayed in figure 2. All plotted 
first FCP results carried a grouped area under the 
curve (AUC) of 0.683, while this increased to 0.923 
for the smaller cohort of second FCP results. The 
optimal FCP threshold was seen at a second FCP level 
of 220 µg/g (sensitivity 86.7, specificity 86.8, Youden’s 
index 0.735).

Given that most existing referral pathways use 
binary cut- offs, the predictive ability of several theo-
retical values was analysed. To ensure validity, these 
cut- offs were only tested in the 422 patients with two 
FCP results available. The results are shown in table 3.

The strongest performing cut- off was >200 µg/g×2 
(AUC 0.834). However, this was associated with a fall 
in sensitivity to 79.8%. Applied to our cohort, this 
threshold missed 36 IBD diagnoses. In 16 of these, 
significant increases between first/second FCP measure-
ment (median 152.5 µg/g baseline vs 380.5 µg/g repeat) 

Figure 2 (A) Receiver operating characteristic curves for all first 
and second faecal calprotectin (FCP) results. For all first FCPs (n=672), 
the area under the curve (AUC) was 0.683, while for the second FCP 
(n=422) this was 0.923. The highest Youden’s index was at a second 
FCP cut point of 220 µg/g (Youden’s index 0.735). (B) For the cohort 
with two results (n=422), these plots demonstrate median FCP at 
referral and on clinic review prediagnosis, split by the condition 
subsequently diagnosed.

Table 3 Predictive indices of the ability of faecal calprotectin 
(FCP) to differentiate inflammatory bowel disease (IBD) from non- 
IBD diagnoses at different cut- offs on the basis on one or two 
results

FCP cut- offs
Sens 
(%)

Spec 
(%)

PPV 
(%)

NPV 
(%) AUC

>50 µg/g 99.4 3.7 44 90 0.516
>100 µg/g 97.2 6.2 44 75 0.517
>150 µg/g 93.9 12.0 44 73 0.530
>200 µg/g 89.5 24.0 47 75 0.567
>250 µg/g 82.3 31.4 47 70 0.569
>50 µg/g×2 94.4 56.7 62 93 0.755
>100 µg/g×2 89.8 70.2 69 90 0.800
>150 µg/g×2 84.8 78.2 74 87 0.815
>200 µg/g×2 79.8 87.0 82 85 0.834
>250 µg/g×2 75.3 89.5 84 83 0.824

This data is presented only for the subgroup who provided two samples 
(n=422).
AUC, area under the curve; NPV, negative predictive value; PPV, positive 
predictive value.
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highlighted the need for investigation anyhow. This 
left 20 who could have been missed without scrutiny. 
Of those, 13 had Crohn’s, with limited ileal disease in 
9. The remaining 7 had UC, 5 of whom presented only 
mild proctitis. Overall, proctitis consistently associated 
with lower FCPs than left sided or extensive disease 
(first FCP, E1 n=56 median FCP 653.5 µg/g, E2 n=59 
1459 µg/g, E3 n=57 1800 µg/g. Dunn pairwise test; E1 

vs E2 pholm0.001, E1 vs E3 pholm0.001). In CD, ileal 
disease behaved similarly (first FCP, L1 n=79 median 
FCP 400 µg/g, L2 n=47 1403 µg/g, L3 n=51 1052 µg/g. 
L1 vs L2 pholm<0.001, L1 vs L3 pholm<0.001).

Table 4 Symptom frequencies at presentation in Crohn’s, UC and grouped non- IBD diagnoses (n=711)

Crohn’s (n=199) UC (n=207) Non- IBD (n=305)

% (n of responses +ve) % (n of responses +ve) % (n of responses +ve) χ2 p value

Symptom duration >1 m 97% (193/199) 92% (190/207) 89% (279/305) Global: 0.007
CD vs UC: 0.005

Gastrointestinal symptoms
  Looser stools 84% (167/199) 81% (169/207) 74% (212/305) Global: 0.01

CD vs UC: 0.53
  Nocturnal bowel opening 37% (72/194) 46% (91/197) 27% (81/303) Global: <0.001

CD vs UC: 0.06
  Faecal urgency 63% (126/199) 82% (170/207) 55% (167/305) Global: <0.001

CD vs UC: <0.001
  Faecal incontinence 10% (20/199) 12% (24/207) 7% (22/305) Global: 0.22

CD vs UC: 0.61
  Constipation 23% (45/199) 17% (35/207) 34% (104/305) Global: <0.001

CD vs UC: 0.16
  PR blood (any type) 55% (110/199) 94% (194/207) 49% (149/305) Global: <0.001

CD vs UC: <0.001
Type of PR blood
  Anorectal 23% (45/199) 44% (90/207) 38% (117/305)
  Mixed 33% (65/199) 50% (104/207) 11% (32/305) Global: <0.001
  None 45% (89/199) 6% (13/207) 51% (156/305) CD vs UC: <0.001
  PR mucous 16% (32/198) 37% (77/206) 28% (86/304) Global: <0.001

CD vs UC: <0.001
  Abdominal pain 84% (168/199) 68% (141/206) 87% (266/305) Global: <0.001

CD vs UC: <0.001
Extra- intestinal symptoms
  Joint pain 27% (54/197) 18% (36/203) 21% (65/305) Global: 0.06

CD vs UC: 0.02
  Fatigue 79% (155/196) 63% (126/201) 50% (151/300) Global: <0.001

CD vs UC: <0.001
  Weight loss 53% (104/198) 36% (75/207) 23% (69/305) Global: <0.001

CD vs UC: 0.001
  Constitutional symptoms 10% (19/198) 6% (13/206) 9% (27/305) Global: 0.44

CD vs UC: 0.23
  Mouth ulcers 16% (31/197) 11% (23/204) 10% (31/304) Global: 0.16

CD vs UC: 0.20
Risk factors
  Smoking status
  Current 21% (41/199) 7% (14/204) 20% (61/304)
  Ex 18% (36/199) 27% (55/204) 16% (47/304) Global: <0.001
  Never 61% (122/199) 66% (135/204) 64% (196/304) CD vs UC<0.001
  Family history of IBD 26% (52/197) 15% (30/202) 13% (40/301) Global: <0.001

CD vs UC 0.005

χ2 p value presented for global differences and variation between IBD subtypes.
CD, Crohn’s disease; IBD, inflammatory bowel disease; PR, per rectal; UC, ulcerative colitis.
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Revisiting the clinical history: diagnostic discriminators
Symptom profiles were available for 199 CD, 207 UC and 
305 non- IBD patients. The number of patients positively 
reporting symptoms in each criterion is shown in table 4.

The five most common symptoms in CD were 
abdominal pain, looser stools, fatigue, faecal urgency 
and per- rectal (PR) bleeding. The most common five 
symptoms in UC were PR bleeding, faecal urgency, 
looser stools, abdominal pain and fatigue. As shown 
in table 4, the biggest differences between CD and 
UC were the increased prevalence of abdominal pain 
and fatigue in CD, while rectal bleeding and urgency 
increased in UC. While common in CD, abdominal 
pain was also highly prevalent in the non- IBD cohort. 
The largest differences seen across both IBD subtypes 
and non- IBD, as shown in table 4, were in the increased 
frequency of weight loss and the passage of blood per 
rectum mixed in with stools in IBD. Anorectal bleeding 
was seen more frequently in people with non- IBD 
diagnoses than in patients with CD.

The first regression model, based on symptom 
profiles only, is presented to highlight differences 
between IBD subtypes and to focus on the symptoms 
that can separate CD from non- IBD, given the frequent 
delays to CD diagnosis. The overall model demon-
strated adequate fit. Mixed blood in the stool was the 

most discriminant symptom for both CD (OR 4.38; 
95% CI 2.40–7.98) and UC (OR 33.68; 15.47–73.33). 
Weight loss (OR 3.39; 2.14–5.38), fatigue (OR 2.94; 
1.77–4.87) and family history of IBD (OR 2.05; 1.21–
3.49) also associated with an increased likelihood of 
CD over non- IBD diagnoses. The full CD predictive 
values are shown in table 5A. With regards to UC, 
weight loss was again a significant predictor (OR 2.33; 
1.37–4.00). Faecal urgency (OR 4.37; 2.25–8.48) and 
nocturnal bowel opening (OR 1.84; 1.05–3.24) were 
also associated with UC diagnoses. The full UC predic-
tive values are shown in table 5B.

Modelling clinical history with FCP
While table 5 demonstrates the differing presentations 
of IBD subtypes, any referral pathway needs to be able 
to separate IBD from non- IBD. To ascertain the overall 
ability of FCP and symptoms to achieve this, a binomial 
model was developed using the same symptom indices. 
This was only applied to the 389 with two FCPs avail-
able. By adding FCP, initially modelling two samples 
>200 µg/g as a factor, the model fit and predictive 
indices improved significantly. When applied in this 
way, it was possible to demonstrate a pretest proba-
bility of IBD of 92.5% (95% CI 74.6–98.1) in patients 
with two FCPs >200 µg/g and mixed bleeding. This 

Table 5 Predictive ability of presenting symptoms for IBD subtypes over non- IBD diagnoses across 670 patients

Multivariate model
Prediction of Crohn’s, UC or non- IBD
Model fit: McFadden’s PseudoR2 0.253, overall model test χ2 360 df 36 p<0.001

Predictor (Y- N) (A) Crohn’s: non- IBD Predictor (Y- N) (B) UC: non- IBD

OR 95% CI P value OR 95% CI P value

Model intercept 0.07 0.02–0.24 <0.001 Model intercept 0.07 0.02–0.24 <0.001
Symptom duration >1 month 3.89 1.42–10.62 0.01 Symptom duration >1 month 1.83 0.79–4.27 0.15
Looser stools 1.43 0.77–2.66 0.25 Looser stools 0.38 0.20–0.77 0.01
Constipation 0.78 0.47–1.28 0.32 Constipation 0.65 0.37–1.15 0.14
Nocturnal bowel opening 0.86 0.57–1.60 0.86 Nocturnal bowel opening 1.84 1.05–3.24 0.03
PR bleeding PR bleeding
  Anorectal—none 0.99 0.60–1.65 0.98   Anorectal—none 11.12 5.41–22.84 <0.001
  Mixed—none 4.38 2.40–7.98 <0.001   Mixed—none 33.68 15.47–73.33 <0.001
Mucous 0.39 0.22–0.69 0.001 Mucous 0.83 0.50–1.39 0.49
Faecal urgency 0.84 0.50–1.42 0.51 Faecal urgency 4.37 2.25–8.48 <0.001
Incontinence 1.20 0.55–2.60 0.65 Incontinence 1.27 0.57–2.25 0.55
Weight loss 3.39 2.14–5.38 <0.001 Weight loss 2.33 1.37–4.00 0.002
Abdominal pain 0.51 0.27–0.95 0.03 Abdominal pain 0.22 0.12–0.40 <0.001
Joint pain 0.92 0.56–1.52 0.75 Joint pain 0.72 0.40–1.28 0.26
Mouth ulcers 1.13 0.60–2.12 0.72 Mouth ulcers 0.88 0.42–1.84 0.74
Fatigue 2.94 1.77–4.87 <0.001 Fatigue 1.63 0.96–2.78 0.07
Constitutional symptoms 0.80 0.38–1.71 0.56 Constitutional symptoms 0.57 0.24–1.41 0.23
Family history 2.05 1.21–3.49 <0.001 Family history 0.81 0.43–1.52 0.51
Smoking status Smoking status
  Curren—non 1.08 0.62–1.86 0.79   Current—non 0.43 0.21–0.90 0.03
  Ex—non 1.21 0.69–2.13 0.50   Ex—non 1.50 0.85–2.65 0.16

IBD, inflammatory bowel disease; OR, odds ratio; PR, per rectal; UC, ulcerative colitis.
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increased to 95.9% (95% CI 84.0–99.1) if weight loss 
is also present, or 95.6% (95% CI 83–99) if weight loss 
is substituted for fatigue. If bleeding is removed but 
weight loss and fatigue modelled together at the same 
FCP threshold, the probability remained high at 91.9% 
(95% CI 73–97.9). However, changing approach and 
modelling FCP values as covariates, improved model 
performance and fit further, suggesting this was the 
optimal approach. The model fit, symptom outputs 
and predictive values from the integrated FCP models 
are compared in table 6.

DISCUSSION
Our study is the first to prospectively document 
presenting IBD symptoms and FCP level in an IBD 
inception cohort. Interrogating the predictive capacity 
of individual symptoms in a cohort largely preselected 
because of FCP is highly relevant given the widespread 

utilisation of FCP in referral pathways. The prolonged 
symptom duration at CD onset is again apparent. 
Longer durations remain associated with higher inci-
dences of stricturing or penetrating disease.

The most common symptoms at presentation in 
IBD were not always able to discriminate from non- 
IBD diagnoses. The strongest predictors of IBD were 
passing blood mixed with stools and weight loss. While 
abdominal pain remains highly relevant for patients 
with IBD, it was significantly more prevalent in non- 
IBD diagnoses (>50% functional).

Obtaining a second FCP result prevented patients 
undergoing unnecessary colonoscopy. In those being 
referred outside of two- week wait criteria, and in 
the absence of fulminant symptoms, a repeat FCP 
measurement is an accurate predictor of IBD. Of the 
traditional thresholds currently used in clinical prac-
tice, >200 µg/g on two occasions performed best 

Table 6 Ability to predict IBD over non- IBD: clinical history modelled with FCP as a covariate or factor at a set threshold (only for those 
providing two FCPs and complete symptom history; n=389)

Model A
Set FCP threshold >200 µg/g×2
McFadden’s PseudoR2 0.511
Overall model χ2 311 df 19 p<0.001

Model B
Baseline and repeat FCP as covariates
McFadden’s PseudoR2 0.580
Overall model χ2 305 df 20 p<0.001

Predictor (Y- N) IBD: non- IBD Predictor (Y- N) IBD: non- IBD

OR 95% CI P value OR 95% CI P value

Model intercept 0.01 .002–0.09 <0.001 Model intercept 0.01 .001–0.12 <0.001
Symptom duration >1 month 3.43 0.84–14.00 0.09 Symptom duration >1 month 6.58 0.61–71.32 0.12
Looser stools 1.50 0.60–3.74 0.38 Looser stools 1.06 0.41–2.77 0.90
Constipation 0.70 0.33–1.51 0.36 Constipation 0.93 0.42–2.06 0.86
Nocturnal bowel opening 0.84 0.38–1.90 0.68 Nocturnal bowel opening 0.78 0.33–1.85 0.58
PR bleeding PR bleeding
  Anorectal—none 3.01 1.37–6.61 0.01   Anorectal—none 2.54 1.11–5.80 0.03
  Mixed—none 12.23 4.68–31.93 <0.001   Mixed—none 8.09 2.79–23.51 <0.001
Mucous 0.73 0.34–1.60 0.44 Mucous 0.46 0.18–1.14 0.09
Faecal urgency 1.09 0.51–1.42 0.83 Faecal urgency 1.25 0.55–2.84 0.60
Incontinence 1.02 030–3.47 0.97 Incontinence 1.57 0.47–5.22 0.46
Weight loss 3.65 1.74–7.66 <0.001 Weight loss 2.62 1.20–5.73 0.02
Abdominal pain 0.36 0.15–0.92 0.03 Abdominal pain 0.28 0.10–0.74 0.01
Joint pain 0.86 0.39–1.89 0.71 Joint pain 1.13 0.50–2.55 0.76
Mouth ulcers 1.43 0.55–3.72 0.46 Mouth ulcers 1.28 0.48–3.47 0.62
Fatigue 3.11 1.43–6.75 0.004 Fatigue 3.04 1.32–7.00 0.01
Constitutional symptoms 0.33 0.08–1.42 0.13 Constitutional symptoms 0.15 0.02–1.40 0.10
Family history 1.62 0.67–3.96 0.29 Family history 1.39 0.56–3.50 0.48
Smoking status Smoking status
  Current—non 0.84 0.34–2.08 0.71   Current—non 1.23 0.49–3.06 0.66
  Ex—non 1.11 0.47–2.64 0.81   Ex—non 0.98 0.37–2.59 0.97
Both FCP >200 µg/g 27.09 13.73–53.47 <0.001 Baseline and repeat FCPs modelled as covariates
Overall predictive indices Optimal cut- off value: 0.40 Overall predictive indices Optimal cut- off value: 0.35

Sensitivity: 0.84 Sensitivity: 0.89
Specificity: 0.84 Specificity: 0.88
AUC: 0.929 AUC: 0.947

*These indices outperform the overall outputs generated by the same binomial model based on symptoms alone (McFadden’s PseudoR2 0.278, overall 
model χ2 148 df 18 p<0.001. Optimal cut- off value 0.43, sensitivity 0.78, specificity 0.77, AUC 0.837).
AUC, area under the curve; FCP, faecal calprotectin; IBD, inflammatory bowel disease; OR, odds ratio; PR, per rectal.
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statistically but missed some mild IBD presentations. 
A two- sample >100 µg/g threshold to trigger outpa-
tient clinic review with two samples above 200 µg/g 
to progressing directly to endoscopy would miss fewer 
IBD cases. However, our data would suggest a substan-
tially higher predictive value is derived from the second 
FCP result. When plotted as an ROC curve a second 
FCP of 220 µg/g, regardless of first result, carried 
a higher sensitivity, specificity and AUC than a two 
sample >200 µg/g threshold. By combining symptoms 
and FCP data, this predictive ability can be enhanced. 
Modelling FCP cut- offs with symptoms improved 
AUC compared with cut- offs alone and addition-
ally allowed the identification of high- risk symptom 
complexes. For example, in those with mixed blood 
per rectum, weight loss and an FCP >200 µg/g×2, 
the pretest probability of IBD was 95.7%. Clearly, 
many clinicians would identify the risk here without 
the need for predictive modelling. However, symptom 
complexes such as fatigue and weight loss, irrespec-
tive of bleeding history, still carried a pretest proba-
bility over 90% at this FCP level. When FCP values 
are modelled as covariates alongside symptom profiles, 
the model prediction improves further to an AUC of 
0.947.

With the growing availability of home FCP testing, 
symptom complexes and FCP values could feed into 
algorithms that allow self- referral to secondary care 
services. The provision of simple symptom question-
naires and home delivered FCP testing could reduce 
strain on primary care, allow rapid identification 
and prioritisation of those most likely to have IBD. 
This aligns with but builds on the recommendations 
of ‘Getting It Right First Time’. Exactly how such a 
pathway would look at this stage is not defined and 
would undoubtedly require significant resource, 
education and validation. At present, our modelling 
identifies discriminant factors but does not present a 
readymade pathway to apply at the point of referral. 
This is something we aim to address with a prospective 
validation cohort being initiated across sister hospital 
sites within our trust.

There are several other limitations to the model-
ling. Symptom histories are currently obtained from 
one trust and by a small number of clinicians, limiting 
generalisability. The histories are current obtained via 
the clinician, and self- reporting of symptoms has not 
been validated. Furthermore, patient perceptions of 
this process have not been formally evaluated.

Though throughput has been significant for a single 
centre, our cohort remains small to base this model-
ling on.26 Though this reflects clinical practice, the 
failure to apply inclusion criteria strictly allows for 
methodological inconsistency and limits reproduc-
ibility. Not mandating an FCP result for entry into the 
clinical pathway, alongside missing data in 41 patient 
histories results in patients being removed from the 
modelling, which includes 670 patients for symptoms 

alone but drops to 389 patients when two FCPs are 
required.

When evaluating FCP thresholds, most of our 
repeat FCP samples were not submitted until the time 
of initial review in secondary care. The time interval 
between results is longer than advocated in prior 
studies and carried a broad spread. With this in mind, 
it is not possible to robustly comment on the optimal 
time interval to leave between initial and repeat FCP 
testing within primary care. Furthermore, the return of 
stool samples by patients, even when sent in advance, 
was inconsistent. It is known that patient perspectives 
around stool samples can be prohibitive.27 It is there-
fore an inherent risk, given that two samples were not 
mandated, that those with more fulminant symptoms 
are more likely to progress through further inves-
tigations despite not returning two FCPs. Of those 
providing one FCP prior to diagnosis, 67.6% went 
on to have IBD, while this fell to 42.6% for those 
providing two FCPs. The biggest drop off (19.8%) 
was seen in UC. Despite this, there was no significant 
difference in baseline FCP between the IBD cohorts 
providing either one or two results. Non- IBD patients 
providing two FCPs had a higher baseline result than 
those providing one.

This work represents the first in- depth characteri-
sation of presenting symptoms combined with FCP 
level in an IBD inception cohort. Through a large vali-
dation cohort, we will apply the discriminant signals 
described here prospectively.
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