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Effectiveness of faecal calprotectin to identify patients with organic 

gastrointestinal diseases: a systematic review and diagnostic meta-analysis

Abstract 

Objectives: Assessing patients with lower gastrointestinal symptoms can be challenging. Data 

examining the clinical effectiveness of faecal calprotectin (FC) testing to distinguish between 

organic gastrointestinal diseases (OGIDs), such as Inflammatory Bowel Disease (IBD), and 

Functional Gastrointestinal Disorders (FGIDs) were systematically reviewed.

Study design: Journal articles that assessed the accuracy of FC to differentiate between IBD 

and/or OGIDs and FGIDs were reviewed. Data on methodology and the characteristics of the 

diagnostic test were collected. Study quality was assessed using QUADAS-2, an evidence-

based quality assessment tool for diagnostic accuracy studies. 

Data sources: MEDLINE and EMBASE were searched for relevant literature published from 

1998 to August 2018. A total of 18 studies were included.

Data synthesis: When distinguishing patients with OGIDs (including IBD) from FGIDs, FC 

had a sensitivity of 81% (95% CI=74-86%) a false positive rate of 19% (95% CI=12%-29%) 

(FPR= 1-Specificity), and an area under the curve (AUC) of 0.87. When distinguishing IBD 

from non-IBD, FC had a sensitivity of 88% (95% CI=80-93%), false positive rate of 28% (95% 

CI=18-41%), and an AUC of 0.89. Assuming a prevalence of 1% the positive predictive value 

(PPV) is 4.2% and the negative predictive value (NPV) is 100%. There was a non-significant 

(p=0.77) difference in sensitivity and false-positive rates with a cut-off of 50g/g (SE=3.7) 

compared to 100g/g (SE=4.0).

Conclusions: FC is a clinically useful test to distinguish OGIDs (including IBD) from FGIDs, 

and its wider implementation would support more timely diagnosis, better direct colonoscopy 

resources (fewer patients with FGIDs undergoing colonoscopy) and yield cost savings. 

PROSPERO registration: CRD42018105078

TWEETS (140 characters)

Faecal calprotectin is highly effective at distinguishing between organic and functional 

gastrointestinal disease on meta-analysis.  
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Introduction 

Gastrointestinal symptoms account for 5-10% of primary care consultations and referral of all 

patients to specialist care is unnecessary.(1, 2) It can be difficult for general practitioners (GPs) 

and specialists to confidently distinguish between patients presenting with functional 

gastrointestinal disorders (FGIDs) as compared to organic gastrointestinal diseases (OGIDs) 

such as inflammatory bowel disease (IBD), colorectal cancer, polyps >1cm and diverticulitis, 

on symptoms alone.

FGIDs are chronic symptom-based disorders, with typical symptoms including abdominal pain, 

diarrhoea, bloating, constipation and/or alternating bowel habit. OGIDs can present with 

similar symptoms, so distinguishing them from FGIDs can be difficult. FGIDs are vastly more 

common than OGIDs with the most common FGID, Irritable Bowel Syndrome (IBS), affecting 

approximately 10-20% of the population, presenting between the ages of 20 and 40.(3, 4) Once 

a diagnosis of FGID is established further diagnostic tests are not required and the vast majority 

of patients can be managed successfully in the primary care setting.(5) In contrast, various 

OGIDs result in inflammation of the colon, and these patients are best assessed with specialist 

referral and further evaluation, often with colonoscopy and/or cross-sectional imaging.  In the 

20-40 years age group the most common OGID is IBD, comprising ulcerative colitis (UC) and 

Crohn’s disease (CD), which affects 0.4% of those aged <50.(6)

In young adults (20-40 years of age), FC is most often used to differentiate between IBS and 

IBD. However, in children FC can be elevated due to a variety of conditions. Usually, it is not 

recommended to use FC alone as a screening tool in people older than 50, due to their higher 

risk of having OGIDs including neoplasms.(7-12)

The high prevalence of IBS in conjunction with the low incidence of organic disease in young 

adult patients have led to advocacy for a positive diagnosis of FGID based on medical history 

with minimal associated investigations, including faecal calprotectin (FC) testing to rule out 

OGIDs.(7-12) Despite primary care diagnosis and management of FGIDs being the 

recommendation, there are large numbers of referral of patients with likely IBS leading to 

unnecessary further assessment, such as colonoscopy, which are often normal.(13-15) 

Inflammation is the key characteristic that differentiates OGIDs from FGIDs. FC has been 

identified as a non-invasive predictive test with high sensitivity and specificity for OGIDs 
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(including IBD) and IBD respectively.(16,17) Furthermore, it has been demonstrated that FC 

testing is superior to other biomarkers, such as CRP and ESR.(16) Despite these reported 

benefits, there is a scarcity of literature that provides a comprehensive evaluation of the clinical 

effectiveness of FC. 

We have reviewed the clinical effectiveness of FC in distinguishing OGIDs and IBD from 

FGIDs compared to a specialist diagnosis based on clinical, laboratory, imaging and/or 

endoscopic findings. We present data on the effectiveness of FC in distinguishing between [1] 

patients with OGIDs who require further investigation and those with FGIDs, and [2] patients 

with IBD and non-IBD, which is a common clinical question.

Methods 

This study has been conducted in accordance with the Preferred Items for Systematic Reviews 

and Meta-analysis [PRISMA] guidelines.(18) 

Search strategy 

A search of the English medical literature was conducted using MEDLINE and EMBASE from 

January 1980 to June 2018 that examined the clinical effectiveness of FC in distinguishing 

OGIDs (including IBD) and IBD alone from FGIDs. The following key words were included 

alone or in combination: ‘Crohn disease’, ‘ulcerative colitis’, ‘inflammatory bowel disease’, 

‘irritable colon’, ‘digestive system function disorder’, ‘IBS’, ‘IBD’, ‘faecal or fecal’, 

‘calprotectin’, ‘general practitioner’, ‘GP’, ‘primary care provider’ and ‘primary medical care’. 

In addition, we examined the references of the screened articles to identify additional studies. 

Study selection

Retrieved studies were assessed by two reviewers [S.C. and J.B.] for eligibility for full text 

review. Non-relevant studies were excluded based on title, abstract and study type [i.e. review]. 

Subsequently, the selected full texts were assessed by two reviewers [Y.A. and D.P.]. Study 

inclusion criteria included: [1] study of FC as a diagnostic test in both primary care and 

outpatient hospital setting; [2] comparison with a reference test/standard such as colonoscopy 

or cross-sectional imaging; [3] paediatric and/or adult patients; [4] patients presenting with 

lower gastrointestinal symptoms; [5] FC using the standard ELISA-based method; [6] FC with 
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cut-offs of 50 or 100 g/g of stool; [7] articles written in English; [8] full text available [i.e. no 

abstracts]. 

We excluded studies in patients with red flag signs or symptoms, such as positive faecal occult 

blood test, overt rectal bleeding, iron deficiency anaemia, abdominal or rectal masses or a 

family history of bowel cancer that would require endoscopic evaluation. 

Data extraction

Pre-specified data were collated, including: study design, aim, number of patients, patient 

demographics, study setting, inclusion and exclusion criteria, reference test and index used. 

Additionally, the following data were collected: the FC assays used, cut-offs, true positive (TP), 

false positive (FP), true negative (TN), false negative (FN), sensitivity (Sn), specificity (Sp), 

positive predictive value (PPV), negative predictive value (NPV) and accuracy with reference 

test. 

Statistical analysis and data synthesis 

We followed the guidance from Cochrane Handbook for Systematic Reviews of Diagnostic 

Test Accuracy (Chapter 10) in preparing this meta-analysis.(19)

Diagnostic two-by-two tables and diagnostic performance measures per research questions are 

presented. Forest plots were used to display sensitivity and specificity across studies, together 

with confidence intervals. When studies used both 50 and 100 g/g of stool cut-off values for 

the same patient, we only used the 50 g/g value for this analysis. Furthermore, when the 

included studies used the same patient results for multiple comparisons, we only used the 

results associated with FC used to distinguish OGIDs from FGIDs. Specifically, we only used 

the patient’s results once per indication. 

The diagnostic odds ratio (DOR) is a single measure of test accuracy that incorporates both 

sensitivity and specificity.(20) It is a useful summary statistic in meta-analyses because it can 

summarise overall test accuracy when thresholds differ across studies. Diagnostic odds ratios 

were summarised across studies using a random effects model following the approach of 

DerSimonian and Laird.(21) Summary estimates of sensitivity and specificity with 95% CI were 

calculated using bivariate analyses based upon the approach of Reitsma et al.(22) 
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The Reitsma model was also used to generate Summary Receiver Operating Characteristic 

Curves (SROC). The SROC summarises the overall test accuracy (true positives relative to 

false positives) across various thresholds based upon all relevant studies. We defined the False 

Positive Rate (FPR) as: FPR = (1-Specificity). We present SROC curves per research question, 

together with point estimates of the true positive rates and false positive rates for each study, 

and the summary estimates (with 95% CI) from the bivariate meta-analysis. All analyses were 

performed using the mada package version 0.5.8 in the statistical software package R version 

3.5.1. 

Quality Assessment

All included studies were graded for methodological quality by two investigators [Y.A. and 

D.P.] with the revised tool for the Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS-2).(23) The QUADAS-2 tool is designed to assess the quality of diagnostic accuracy 

studies in four domains: patient selection, index test, reference standard, and flow and timing. 

Each domain is assessed in terms of the risk of bias and the applicability of the study results 

for the first three domains. A study was graded as high quality in the case of a low risk of bias 

in at least 6 out of the 7 subdomains. A study was graded as low quality in the case of a high 

risk or unclear risk in 4 or more subdomains. All other studies were graded as moderate quality. 

Any disagreements were resolved through discussion with a third reviewer, with the majority 

consensus used. 

Results

Study selection

93 records were identified through database search and 22 records were identified through 

references. A total of 115 records were screened after removal of duplicates. After screening 

titles and abstracts, 30 potentially eligible studies were selected for full text review. After full 

text review, 18 records were eligible for inclusion in our analysis (Figure 1A).

Grading of study quality

The results of the QUADAS-2 assessment are shown in Figure 1B. Study quality was graded 

high in eleven studies, moderate in four studies, and low in three studies. Most concerns were 

raised in the subdomains regarding patient selection and reference standard. In some studies, 

Page 5 of 49

https://mc04.manuscriptcentral.com/mja

Medical Journal of Australia

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

patient selection was not reflective of a true primary care population, while in others, there was 

lack of clarity about the reference standard test they had used to confirm the final diagnosis.

Study characteristics

The relevant study characteristics are shown in Table 1. (24-41) Sixteen studies used a prospective 

and two studies a retrospective design. Seven studies were conducted in primary care and 

eleven studies in secondary care settings either through outpatient clinics or in endoscopy units. 

Most studies were performed in Europe in an adult population with a mean age range between 

30 and 63; two studies also assessed a paediatric population with mean ages of 3.5 and 7. In all 

studies patients presented with chronic lower gastrointestinal symptoms, which were 

suggestive of either OGID (particularly IBD) or FGIDs. Colonoscopy was used as the reference 

standard in the majority of studies. The most commonly used enzyme-linked immunosorbent 

assay (ELISA) kit was EK-CAL (n=8), manufactured by Buhlmann Laboratories 

(Schonenbuch, Switzerland). Cost-effectiveness of FC was evaluated in two studies.

The number of patients included in each study varied from 49 to 1005, with a median of 262 

[IQR 399-111]. There was a total of 8150 patients included in the analyses (IBD vs non-IBD 

and OGIDs vs FGIDs), with 5431 associated with OGIDs vs FGIDs and 2719 associated with 

IBD vs non-IBD. However, results for 1887 of these patients were using a cut-off of 50 g/g 

and 100 g/g. When both values were reported, we only used the 50 g/g cut-off value. As 

such, our combined analysis included 6,263 patients. 

There were 18 studies eligible for inclusion. However, many (n=7) of these studies considered 

both diagnostic groups (OGIDs and/or IBD vs FGIDs), and both pathology reference ranges 

(50g/g and 100g/g) (n=7), with two studies including both an adult and paediatric population. 

As such, there were 26 separate comparisons. There were 16 studies that used FC as a 

diagnostic test for OGIDs, 10 studies that used FC to differentiate IBD from FGIDs, and 7 

studies that considered both entities. 

Diagnostic performance of faecal calprotectin

We present data for two different comparisons: [1] FC used to distinguish OGIDs from FGIDs; 

[2] faecal calprotectin used to distinguish IBD (includes UC, CD and IBD-U) from non-IBD 

(includes FGIDs and other OGIDs). 
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OGIDs descriptive (forest plots) and bivariate analysis

There were 16 studies (Supplement Table 1) included in the analysis for distinguishing OGIDs 

from FGIDs, with 14 including an adult population, 1 paediatric, and 1 mixed population. The 

adult population consisted of 5117 patients, with the remainder consisting of children (n=50), 

and both adults and children (n=264). The confidence intervals between the sensitivity and 

false-positive rates indicated limited variance in sensitivity (range=74-86%) and false-positive 

rates (range=12-29%). 

When distinguishing OGIDs from FGIDs, FC had a sensitivity of 81% (95% CI=74-86%) and 

a false positive rate of 19% (95% CI=12%-29%), as detailed in Figure 2A. The log diagnostic 

odds ratio equalled 3.0 (CI=2.4, 3.6), with the area under the curve equalling 0.87, as detailed 

in Table 2. 

IBD descriptive (forest plot) and bivariate analysis

There were 10 studies included in the analysis for IBD versus non-IBD (Supplement Table 2), 

with 9 including an adult population, and 1 mixed adult and paediatric population. The adult 

population consisted of 2455 patients, and the mixed study included 264 patients. The 

confidence intervals between the sensitivity and false-positive rates indicated limited variance 

in sensitivity (range=80-93%) and false-positive rates (range=18-41%), as detailed in Figure 

2B. 

When distinguishing IBD from non-IBD, FC had a sensitivity of 88% (95% CI=80-93%) and 

a false positive rate of 28% (95% CI=18-41%), as detailed in Figure 2B. The log diagnostic 

odds ratio equalled 3.2 (CI=2.5, 3.9), with the area under the curve equalling 0.89, as detailed 

in Table 2.

Overall analysis and meta-regression to compare diagnostic accuracy cut-off points

Since both patients with possible OGID or IBD require specialist referral and further 

investigation, most often a colonoscopy, to confirm the diagnosis, it is useful to consider both 

populations together. There were 19 studies included in the combined diagnostic analysis, with 

17 including an adult population, 1 paediatric, and 1 mixed population. The adult population 

consisted of 5704 patients, with the remainder consisting of children (n=50), and both adults 

and children (n=264). The confidence intervals between the sensitivity and false-positive rates 
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indicated limited variance in sensitivity (range=73-85%) and false-positive rates (range=12-

30%). 

The overall sensitivity and false positive rate were 80% (95% CI=73-85%) and 19% (95% 

CI=14-30%) respectively, as detailed in Figure 2C. The log diagnostic odds ratio equalled 3.1 

(CI=2.5, 3.6), with the area under the curve equalling 0.86, as detailed in Table 2.

Given the relatively high prevalence reported in the studies, we calculated the positive 

predictive value (PPV) and negative predictive value (NPV) using relevant population 

prevalence. The PPV and NPV at 1% prevalence equalled 4.2% and 100%, respectively. 

Whereas the PPV and NPV at 0.1% equalled 0.40% and 100%, respectively.

Diagnostic accuracy between FC pathology ranges

There were 7 studies that used both FC pathology cut-off ranges. When comparing the 

diagnostic accuracy, there was a non-significant (p=0.77) increase in sensitivity and decrease 

in false-positive rate between FC cut-offs of 50g/g (SE=3.7) and 100g/g (SE=4.0), as 

detailed in Figure 3A and 3B.   

Discussion

FC accurately reflects the degree of inflammation in the bowel and can be used to distinguish 

between OGIDs (including IBD) and FGIDs in patients presenting with lower gastrointestinal 

symptoms. When considering whether to perform an invasive test such as colonoscopy, the 

risk of harm of the procedure must be balanced against the risk of a missed diagnosis.  Given 

the high NPV (100%) of FC testing in low prevalence populations, it is ideally suited for 

screening in the primary care setting, although further investigations are required for positive 

tests given the low PPV.  The main benefit of using FC in primary care would be to confirm 

the clinical diagnosis of FGIDs by GPs, allowing patients to move into management phase and 

reduce the risk of a delayed diagnosis of OGIDs. This would greatly reduce the number of 

young adult patients without other alarm features being referred to specialist care, and reduce 

unnecessary and more expensive investigations such as cross-sectional imaging or 

colonoscopy. 
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Overall the sensitivity and false positive rate of FC testing using a cut-off of 50 g/g in this 

screening patient population showed a sensitivity range of 74-86% and a false positive rate of 

12-29% for distinguishing OGIDs versus FGIDs and a sensitivity range of 80-93% and a false 

positive rate of 18-41% for distinguishing IBD from non-IBD. Our SROC analysis showed that 

the overall sensitivity for distinguishing organic from functional gastrointestinal diseases was 

81% with a false positive rate of 19% and for distinguishing IBD from non-IBD the sensitivity 

was 88% with a false positive rate of 28%. Previous studies have shown that using a cut-off of 

50 g/g results in a higher sensitivity and lower specificity, but our analysis shows that in 

studies examining a cut-off of 50 and 100 g/g, there was a non-significant increase in 

sensitivity.  Nonetheless, given the role of FC as a screening test for OGIDs we believe that a 

cut-off of 50 g/g is appropriate.

Our analysis shows that FC testing is effective at identifying patients presenting with 

abdominal symptoms requiring further investigation. Our meta-analysis support guideline 

recommendations (7-11) that symptomatic patients with FC less than 50 g/g can be confidently 

diagnosed with a FGID and managed appropriately and do not require further evaluation by a 

specialist or further testing. 

The use of FC in the primary care setting allows the effective and appropriate use of resources 

and reduces unnecessary risk and cost to the patient and system. In patients with non-specific 

lower gastrointestinal symptoms, the use of FC reduces the risk of a missed diagnosis of OGIDs 

and ensures prompt specialist review.  A recent Australian study found that FC alongside a 

routine panel of blood tests allowed the identification of patients who needed prompt review 

by a specialist, improving the safety of local triage practices.(42) FC as a negative predictor of 

OGIDs also enables an early, accurate and confident diagnosis of FGIDs to be made by GPs 

without need for gastroenterology referral or further testing. Enabling a confident FGID 

diagnosis to be made in primary care is likely to improve patient acceptance of the diagnosis 

and uptake of effective management strategies.(5) An accurate diagnosis of FGIDs reduces the 

number of referrals for more expensive, unnecessary and invasive investigations such as 

colonoscopy. An audit of colonoscopies performed in one Australian hospital found that 12% 

of colonoscopies were for patients with functional gastrointestinal symptoms,(43) whilst another 

Australian study found that 79% of patients seen in a public hospital diagnosed with IBS 

underwent an endoscopic procedure at an overall (includes indirect costs in addition to the 
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colonoscopy) cost of $85 million AUD with an additional $2.4 million AUD/year in 

Emergency Department presentations.(43, 44) The introduction of FC has consistently 

demonstrated significant cost savings as compared to colonoscopies,(43, 45) Reducing this 

referral burden of functional gastrointestinal symptoms to public health secondary care allows 

valuable clinical resources to be used more effectively and appropriately.

Our analysis shows that FC is clinically effective in a primary care setting to distinguish OGIDs 

(including IBD) from FGIDs and would strongly encourage its wider implementation as a 

screening test in symptomatic patients to determine whether referral to specialist care is 

warranted in accordance with current Australian and international guidelines. 
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

diagram of study selection and QUADAS-2 quality assessment of included studies

[A] 
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Feedback: Please supply data to allow-redrawing in MJA style.
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Figure 2: Forest plot and SROC bivariate model [A] distinguishing OGIDs from FGIDs [B] 

distinguishing IBD from non-IBD [C] diagnostic accuracy of FC 

[A]

[B] 

[C] 
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Figure 3: [A] Comparison of diagnostic accuracy and [B] diagnostic odds ratio between FC 

cut-offs*

[A]

Nodes with lower sensitivity and FPR represent a cut-off of 100 g/g
* The area of the points is proportional to the inverse variance of the estimate. 

[B]

* The area of the points is proportional to the inverse variance of the estimate.
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Figure 3 in Tabular form

Study FC cut-off (g/g) Sn FPR DOR logDOR
Angulo 2015 50 0.93 0.71 5.3 0.40
Angulo 2015 100 0.76 0.47 3.4 0.28
Banerjee 2015 50 0.89 0.40 11.7 0.70
Banerjee 2015 100 0.66 0.19 8.4 0.52
Carrocio 2003 Adult 50 0.63 0.21 6.5 0.54
Carrocio 2003 Adult 100 0.44 0.09 8.3 0.67
Carrocio 2003 Paed 50 0.71 0.09 23.5 0.93
Carrocio 2003 Paed 100 0.51 0.09 10.2 0.92
El-Badry 2010 50 0.98 0.15 229.7 1.52
El-Badry 2010 100 0.78 0.02 210.1 1.52
Hogberg 2017 50 0.76 0.26 9.1 0.47
Hogberg 2017 100 0.46 0.13 5.6 0.42
Pavlidis 2013 50 0.82 0.23 14.8 0.28
Pavlidis 2013 100 0.77 0.09 34.4 0.27

Table 1: Population characteristics of included studies

Study No. of 
patients Mean age (yrs) Gender (% 

female) Setting Population

Limburg 2000 (24) 110 57 0.64 Secondary care, USA Adult
70 35 0.57 Secondary care, Italy AdultCarrocio 2003 (25)

50 3.5 0.6 Secondary care, Italy Children
D'Inca 2007 (26) 67 49 0.58 Secondary care, Italy Adults
Otten 2008 (27) 114 51 0.54 Secondary care, Netherland Adults
Damms 2008 (28) 140 58 0.56 Secondary care, Germany Adults
Schoepfer 2008 (29) 136 40 0.6 Secondary care, Bern Adults
El-Badry 2010 (30) 49 37 0.47 Secondary care, Egypt Adult
Kok 2012 (31) 382 60 0.55 Primary care, Netherlands Adults
Burri 2012 (32) 405 63 0.56 Secondary care, Switzerland Adult
Pavlidis 2013 (33) 962 33 0.6 Primary care, UK Adult
Angulo 2015 (34) 264 Adults – 43

Children – 7
0.54 Secondary care, Spain Mixed

Dhaliwal 2015 (35) 311 n/a 0.67 Secondary care, UK Adult
Banerjee 2015 (36) 119 46 0.54 Secondary care, UK Adult
Turvill 2016 (37) 262 37 0.7 Primary care, UK Adult
Hogberg 2017 (38) 373 63 0.65 Primary care, Sweden Adult
Conroy 2018 (39) 410 42 0.61 Primary care, UK Adults
Walker 2018 (40) 789 30 0.6 Primary care, UK Adults
Turvill 2018 (41) 1005 38 0.63 Primary care, UK Adults

Table 2: Summary statistics 

Accuracy Overall IBD vs non-IBD OGIDs vs FGIDs
Sensitivity, % (95% CI) 80 (73-85%) 88 (80-93%) 81 (74-86%)
False positive rate, 
% (95% CI)

19 (14-30%) 28 (18-41%) 19 (12-29%)

Log Diagnostic odds ratio 
(95% CI)

3.1 (2.5, 3.6) 3.2 (2.5, 3.9) 3.0 (2.4, 3.6)

Area under the curve 0.86 0.89 0.87
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Supplement Table 1: Studies reporting test characteristics of faecal calprotectin for 

detecting OGIDs
Study FC cut-off (g/g) TP FN TN FP Disease prevalence (%)
Limburg 2000 100 24 5 67 14 26.36 (18.42-35.62)
Carrocio 2003 50 (Adults) 19 11 32 8 42.86 (31.09-55.25)
Carrocio 2003 50 (Children) 25 10 14 1 70.00 (55.39-82.14)
D'Inca 2007 50 13 11 41 2 35.82 (24.47-48.47)
Otten 2008 50 22 1 79 12 20.18 (13.24-28.72)
El-Badry 2010 50 19 0 26 4 38.8 (25.20-53.76)
Kok 2012 50 52 10 168 152 16.23 (12.68-20.32)
Burri 2012 50 112 31 249 13 35.31 (30.65-40.18)
Pavlidis 2013 50 77 17 668 200 9.77 (7.97-11.82)
Angulo 2015 50 123 9 32 80 54.10 (47.62-60.47)
Banerjee 2015 50 19 2 59 39 17.65 (11.27-25.70)
Turvill 2016 100 23 3 192 44 9.92 (6.59-14.20)
Hogberg 2017 50 20 6 258 89 6.97 (4.60-10.05)
Conroy 2018 50 21 6 256 127 6.59 (4.38-9.44)
Walker 2018 100 64 36 620 69 12.67 (10.43-15.20)

Included in 
statistical 
analysis

Turvill 2018 100 73 5 803 29 8.20 (6.54-10.13)
Carrocio 2003 100 (Adults) 13 17 37 3 42.86 (31.09-55.25)
Carrocio 2003 100 (Children) 18 17 14 1 70.00 (55.39-82.14)
El-Badry 2010 100 15 4 30 0 38.78 (25.20-53.76)
Pavlidis 2013 100 73 21 790 78 9.77 (7.97-11.82)
Angulo 2015 100 100 32 59 53 54.10 (47.62-60.47)
Banerjee 2015 100 14 7 80 18 17.65 (11.27-25.70)

Removed 
from 

statistical 
analysis*

Hogberg 2017 100 12 14 301 46 6.97 (4.60-10.05)
* When studies used both 50 and 100 g/g cut-off values for the same patient, we only used the 50 g/g value for 
this analysis. 

Supplement Table 2: Studies reporting test characteristics of faecal calprotectin for detecting 

IBD
Study FC cut-off (g/g) TP FN TN FP Disease prevalence (%)

Limburg 2000 100 15 1 71 23 14.55 (8.55-22.54)
D'Inca 2007 50 2 0 52 13 2.99 (0.36-10.37)
Damms 2008 50 18 0 75 47 12.86 (7.80-19.56)
Schoepfer 2008 50 53 11 30 0 68.09 (57.67-77.33)
Angulo 2015 50 68 0 32 80 37.78 (30.67-45.29)
Dhaliwal 2015 50 115 33 126 18 50.68 (44.80-56.56)
Banerjee 2015 50 12 0 59 39 10.91 (5.77-18.28)
Hogberg 2017 50 4 0 264 105 1.07 (0.29-2.72)
Conroy 2018 50 4 3 259 144 1.71 (0.69-3.49)

Included in 
statistical 
analysis

Walker 2018 100 43 7 650 89 6.34 (4.74-8.27)
Angulo 2015 100 60 8 63 49 37.78 (30.67-45.29)
Dhaliwal 2015 100 113 35 140 4 50.68 (44.80-56.56)
Banerjee 2015 100 11 1 80 18 10.91 (5.77-18.28)

Removed 
from 

statistical 
analysis* Hogberg 2017 100 3 1 314 55 1.07 (0.29-2.72)

* When studies used both 50 and 100 g/g cut-off values for the same patient, we only used the 50 g/g value for 
this analysis
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Effectiveness of faecal calprotectin in primary care to identify patients with 

organic gastrointestinal diseases: a systematic review and diagnostic meta-

analysis

Abstract 

Objectives: In primary care, aAAssessing patients with lower gastrointestinal symptoms can 

be challenging. Data examining the clinical effectiveness of faecal calprotectin (FC) testing in 

primary care to distinguish between organic gastrointestinal diseases (OGIDs), such as 

Inflammatory Bowel Disease (IBD), and Functional Gastrointestinal Disorders (FGIDs) were 

systematically reviewed.

Study design: Journal articles that assessed the accuracy of FC to differentiate between IBD 

and/or OGIDs and FGIDs were reviewed. Data on methodology and the characteristics of the 

diagnostic test were collected. Study quality was assessed using QUADAS-2, an evidence-

based quality assessment tool for diagnostic accuracy studies. 

Data sources: MEDLINE and EMBASE were searched for relevant literature published from 

1998 to August 2018. A total of 18 studies were included.

Data synthesis: When distinguishing patients with OGIDs (including IBD) from FGIDs, FC 

had a sensitivity of 810.6% (95% CI=0.74-, 0.86%9) a, false positive rate of 198.8% (95% 

CI=12%0.1-29%, 0.3) (FPR= 1-Specificity), and an area under the curve (AUC) of 0.8767. 

When distinguishing IBD from non-IBD, FC had a sensitivity of 887.5% (95% CI=80-93%0.8, 

0.9), false positive rate of 287.6% (95% CI=0.2, 0.418-41%), and an AUC of 0.8986. Assuming 

a prevalence of 1% the positive predictive value (PPV) is 4.2% and the negative predictive 

value (NPV) is 100%. There was a non-significant (p=0.7717) difference in sensitivity and 

false-positive rates with difference between using a cut-off of 50g/g (SE=3.7) versus 

compared to 100g/g (SE=4.0).

Conclusions: FC is a clinically useful test to distinguish IBD and other OGIDs (including IBD) 

from FGIDs in the primary care setting, and its wider implementation would result insupport 

more timely diagnosis, better directimprove colonoscopy resources (fewer utilisation by 

reducing the number of patients with FGIDs undergoing unnecessary endoscopycolonoscopy), 

and yield cost savings. 

PROSPERO registration: CRD42018105078

TWEETS (140 characters)
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Meta-analysis shows that fFaecal calprotectin is highly effective at distinguishing between 

organic and functional gastrointestinal disease on meta-analysis.  

Final word count:  297126 words
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Introduction 

Gastrointestinal symptoms account for 5-10% of primary care consultations and referral of all 

patients to specialist care is neither necessary nor affordableunnecessary.(1, 2) It can be difficult 

for general practitioners (GPs) and specialists to confidently distinguish between patients 

presenting with functional gastrointestinal disorders (FGIDs) as compared to organic 

gastrointestinal diseases (OGIDs) which includessuch as inflammatory bowel disease (IBD), 

colorectal cancer, polyps >1cm and diverticulitis, based on symptoms alone.

FGIDs are chronic symptom-based disorders, with typical symptoms including abdominal pain, 

diarrhoea, bloating, constipation and/or alternating bowel habit. OGIDs can present with 

similar symptoms, so distinguishing them from FGIDs can be difficult. FGIDs are vastly more 

common than OGIDs with the most common FGID, Irritable Bowel Syndrome (IBS), affecting 

approximately 10-20% of the population, presenting mainly between the ages of 20 and 40.(3, 

4) Once a diagnosis of FGID is established further diagnostic tests are not required and the vast 

majority of patients can be managed successfully in the primary care setting, with reassurance, 

education, lifestyle changes, dietary modification and psychological approaches.(5) In contrast, 

various OGIDs result in degrees of inflammation of the colon, and these patients are best 

assessed with specialist referral and further evaluation, often with colonoscopy and/or cross-

sectional imaging.  In this theyoung adults (20-40 years of age group) the most common OGID 

is IBD, comprising ulcerative colitis (UC) and Crohn’s disease (CD), affecting which affects 

0.4% of the population below agethose aged <50.(6)

In young adults faecal calprotectin ( (20-40 years of age), FC) is most often used to differentiate 

between IBS and IBD. However, in children FC can be elevated due to a variety of conditions. 

Usually, it is not recommended to use FC alone as a screening tool in people older than 50, due 

to their higher risk of having OGIDs including neoplasms.(7-12) 

The high prevalence of IBS in conjunction with the low incidence of organic diseaseOGIDs in 

young adultthese patients have led to advocacy different guideline bodies worldwide to 

advocate for a positive diagnosis of FGID based on medical history with and minimal 

associated investigations,  including  faecal calprotectin (FC)FC testing to rule out OGIDswith 

good negative predictive value.(7-12) Despite primary care diagnosis and management of FGIDs 

being the recommendation, there continue to beare large numbers of secondary care referrals 

of patients with likely IBS FGIDs for leading to unnecessary and costlyfurther assessment, 
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such as colonoscopy, which are often normal. and investigations.(13-15) Audits of colonoscopies 

performed for investigation of symptoms alone have found that 60-87% were normal.(14, 15) 

Since iInflammation is the key characteristic that differentiates OGIDs from FGIDs. FC has 

been identified as a non-invasive predictive test with high sensitivity and specificity for OGIDs 

(including IBD) and IBD respectively., a biomarker of colonic inflammation such as faecal 

calprotectin (FC) is ideal for distinguishing the two groups of patients. The systematic review 

by Waugh(16,17) and Jellema(17) identified FC as a non-invasive predictive test with high 

sensitivity and specificity for IBD with significant potential for healthcare cost savings. 

However, this analysis was limited by a lack of data from studies in primary care populations. 

Since then multiple studies have been performed in the primary care setting to address this gap, 

but a comprehensive evaluation of these studies has not yet been conducted.Furthermore, it has 

been demonstrated that FC testing is superior to other biomarkers, such as CRP and ESR.(16) 

Despite these reported benefits, there is a scarcity of literature that provides a comprehensive 

evaluation of the clinical effectiveness of FC. 

We have reviewed the clinical effectiveness of FC in distinguishing OGIDs and IBD from 

FGIDs compared to a specialist diagnosis based on clinical, laboratory, imaging and/or 

endoscopic findingsgold standard endoscopy or imaging in adults who present to general 

practitioners (GPs) with lower gastrointestinal symptoms. We present data on the effectiveness 

of FC in distinguishing between [1] patients with OGIDs who require further investigation and 

those with FGIDs, and [2] patients with IBD and those with FGIDs and non-IBD, which is a 

common clinical question.

Methods 

This systematic review and meta-analysisstudy has been conducted in accordance with the 

Preferred Items for Systematic Reviews and Meta-analysis [PRISMA] guidelines.(18) 

Search strategy 

A search of the English medical literature was conducted using MEDLINE and EMBASE from 

January 1980 to June 2018 that examined the clinical effectiveness of FC in distinguishing 

OGIDs (including IBD) and IBD alone from FGIDs. The following key words were included 

alone or in combination: ‘Crohn disease’, ‘ulcerative colitis’, ‘inflammatory bowel disease’, 
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‘irritable colon’, ‘digestive system function disorder’, ‘IBS’, ‘IBD’, ‘faecal or fecal’, 

‘calprotectin’, ‘general practitioner’, ‘GP’, ‘primary care provider’ and ‘primary medical care’. 

In addition, we examined the references of the screened articles to identify additional studies. 

Study selection

All rRetrieved studies were assessed by two reviewers [S.C. and J.B.] for eligibility for full 

text review. Non-relevant studies were excluded based on title, abstract and study type [i.e. 

review]. Subsequently, the selected full texts were assessed by two reviewers [Y.A. and D.P.]. 

Study inclusion criteria included: [1] study of FC as a diagnostic test in both primary care and 

outpatient hospital setting; [2] comparison with a reference test/standard such as colonoscopy 

or cross-sectional imaging; [3] paediatric and/or adult patients; [4] patients presenting with 

lower gastrointestinal symptoms; [5] FC using the standard enzyme-linked immunosorbent 

assay (ELISA)-based method; [6] FC with cut-offs of 50 or 100 g/g of stool; [7] articles 

written in English; [8] full text available [i.e. no abstracts]. 

We excluded studies in patients with red flag signs or symptoms, such as positive faecal occult 

blood test, overt rectal bleeding, iron deficiency anaemia, abdominal or rectal masses or a 

family history of bowel cancer that would require endoscopic evaluation. 

Data extraction

The following pPre-specified data were collated, including: study design, aim, number of 

patients, patient demographics, study setting, inclusion and exclusion criteria, reference test 

and index used. Additionally, the following data were collected: the FC assays used, cut-offs, 

true positive (TP), false positive (FP), true negative (TN), false negative (FN), sensitivity (Sn), 

specificity (Sp), positive predictive value (PPV), negative predictive value (NPV) and accuracy 

with reference test. 

Statistical analysis and data synthesis 

We followed the guidance from Cochrane Handbook for Systematic Reviews of Diagnostic 

Test Accuracy (Chapter 10) in preparing this meta-analysis.(19)
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Diagnostic two-by-two tables and diagnostic performance measures per research questions are 

presented. Forest plots were used to display sensitivity and specificity across studies, together 

with confidence intervals. When studies used both 50 and 100 g/g of stool cut-off values for 

the same patient, we only used the 50 g/g value for this analysis. Furthermore, when the 

included studies used the same patient results for multiple comparisons, we only used the 

results associated with FC used to distinguish OGIDs from FGIDs. Specifically, we only used 

the patient’s results once per indication. 

The diagnostic odds ratio (DOR) is a single measure of test accuracy that incorporates both 

sensitivity and specificity which can summarise overall test accuracy when thresholds differ 

across studies.(20) It is a useful summary statistic in meta-analyses because it can summarise 

overall test accuracy when thresholds differ across studies. Diagnostic odds ratios were 

summarised across studies using a random effects model following the approach of 

DerSimonian and Laird.(21) Summary estimates of sensitivity and specificity with 95% CI were 

calculated using bivariate analyses based upon the approach of Reitsma et al.(22) 

The Reitsma model was also used to generate Summary Receiver Operating Characteristic 

Curves (SROC). The SROC summarises the overall test accuracy (true positives relative to 

false positives) across various thresholds based upon all relevant studies. We defined the False 

Positive Rate (FPR) as: FPR = (1-Specificity). We present SROC curves per research question, 

together with point estimates of the true positive rates and false positive rates for each study, 

and the summary estimates (with 95% CI) from the bivariate meta-analysis. All analyses were 

performed using the mada package version 0.5.8 in the statistical software package R version 

3.5.1. 

Quality Assessment

All included studies were graded for methodological quality by two investigators [Y.A. and 

D.P.] with the revised tool for the Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS-2).(23) The QUADAS-2 tool is designed to assess the quality of diagnostic accuracy 

studies in four domains: patient selection, index test, reference standard, and flow and timing. 

Each domain is assessed in terms of the risk of bias and the applicability of the study results 

for the first three domains. A study was graded as high quality in the case of a low risk of bias 

in at least 6 out of the 7 subdomains. A study was graded as low quality in the case of a high 
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risk or unclear risk in 4 or more subdomains. All other studies were graded as moderate quality. 

Any disagreements were resolved through discussion with a third reviewer, with the majority 

consensus used. 

Results

Study selection

93 records were identified through database search and 22 records were identified through 

references. A total of 115 records were screened after removal of duplicates. After screening 

titles and abstracts, 30 potentially eligible studies were selected for full text review. After full 

text review there were 10 articles examining the effectiveness of FC in distinguishing IBD 

from FGIDs, which was our initial predefined aim. However there were 18 publications 

reporting on the effectiveness of FC in distinguishing OGIDs from FGIDs. Therefore we 

included this test characteristic as an additional aim in our meta-analysis , 18 records were 

eligible for inclusion in our analysis (Figure 1A).

Grading of study quality

The results of the QUADAS-2 assessment are shown in Figure 1B. Study quality was graded 

high in eleven studies, moderate in four studies, and low in three studies. Most concerns were 

raised in the subdomains regarding patient selection and reference standard. In some studies, 

patient selection was not reflective of a true primary care population, while in others, there was 

lack of clarity about the reference standard test they had used to confirm the final diagnosis 

was unclear.

Study characteristics

The relevant study characteristics are shown in Table 1. (24-41) Sixteen studies used a prospective 

and two studies a retrospective design. Seven studies were conducted in primary care and 

eleven studies in secondary care settings either through outpatient clinics or in endoscopy units. 

Most studies were performed in Europe in an adult population with a mean age range between 

30 and 63; two studies also assessed a paediatric population with mean ages of 3.5 and 7. In all 

studies, patients presented with chronic lower gastrointestinal symptoms, which were 

suggestive of either OGID (particularly IBD) or FGIDs. Colonoscopy was used as the reference 

standard in the majority of studies. All studies used laboratory enzyme-linked immunosorbent 

assay (ELISA) tests. The most commonly used enzyme-linked immunosorbent assay (ELISA) 
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kit was EK-CAL (n=8), manufactured by Buhlmann Laboratories (Schonenbuch, Switzerland). 

Cost-effectiveness of FC was evaluated in two studies.

The number of patients included in each study varied from 49 to 1005, with a median of 262 

[IQR 399-111]. There was a total of 8150 patients included in the analyses (IBD vs non-

IBDFGIDs and OGIDs vs FGIDs), with 5431 associated with OGIDs vs FGIDs and 2719 

associated with IBD vs non-IBDFGIDs. However, results for 1887 of these patients were using 

a cut-off of 50 g/g and 100 g/g. When both values were reported, we only used the 50 g/g 

cut-off value. As such, our combined analysis included 6,263 patients. 

There wereOf the 18 eligible studies, eligible for inclusion. However, many (n=7) of these 

studies considered both diagnostic groups (OGIDs and/or IBD vs FGIDs), and both pathology 

reference ranges (50g/g and 100g/g) (n=7), with two studies including both an adult and 

paediatric population. As such, there were 26 separate comparisons. There were 16 studies that 

used FC as a diagnostic test for OGIDs, 10 studies that used FC to differentiate IBD from 

FGIDs, and 7 studies that considered both entities. 

Diagnostic performance of faecal calprotectin

We present data for two different comparisons: – [1] FC used to distinguish OGIDs from 

FGIDs; [2] faecal calprotectin used to distinguish IBD (includes UC, CD and IBD-U) from 

non-IBD (includes FGIDs and other OGIDs).FGIDs. 

OGIDs descriptive (forest plots) and bivariate analysis

There were 16 studies (Supplement Table 1) included in the analysis for distinguishing OGIDs 

from FGIDs, with 14 including an adult population, 1 paediatric, and 1 mixed population. The 

adult population consisted of 5117 patients, with the remainder consisting of children (n=50), 

and both adults and children (n=264). The confidence intervals between the sensitivity and 

false-positive rates indicated limited variance in sensitivity (range=74.1-865.8%) and false-

positive rates (range=121.7-298.7%). 

When distinguishing OGIDs from FGIDs, FC had a sensitivity of 81% (95% CI=74-86%) 80.6% 

(CI=0.7, 0.9) and a false positive rate of 19% (95% CI=12%-29%)18.8% (CI=0.1, 0.3), as 

detailed in Figure 2A. The log diagnostic odds ratio equalled 3.0 (CI=2.4, 3.6), with the area 

under the curve equalling 0.876.7, as detailed in Table 2. 
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IBD descriptive (forest plot) and bivariate analysis

There were 10 studies included in the analysis for IBD versus non-IBDFGIDs (Supplement 

Table 2), with 9 including an adult population, and 1 mixed adult and paediatric population. 

The adult population consisted of 2455 patients, and the mixed study included 264 patients. 

The confidence intervals between the sensitivity and false-positive rates indicated limited 

variance in sensitivity (range=8079.7-932.6%) and false-positive rates (range=187.5-410.6%), 

as detailed in Figure 2B. 

When distinguishing IBD from non-IBDFGIDs, FC had a sensitivity of 88% (95% CI=80-

93%)87.5% (CI=0.8, 0.9) and a false positive rate of 28% (95% CI=18-41%)27.6% (CI=0.2, 

0.4), as detailed in Figure 2B. The log diagnostic odds ratio equalled 3.2 (CI=2.5, 3.9), with 

the area under the curve equalling 0.898.6, as detailed in Table 2.

Overall analysis and meta-regression to compare diagnostic accuracy cut-off points

Since both patients with possible OGID or IBD require specialist referral and further 

investigation, most often a colonoscopy, to confirm the diagnosis, it is useful to consider both 

populations together. There were 19 studies included in the combined diagnostic analysis, with 

17 including an adult population, 1 paediatric, and 1 mixed population. The adult population 

consisted of 5704 patients, with the remainder consisting of children (n=50), and both adults 

and children (n=264). The confidence intervals between the sensitivity and false-positive rates 

indicated limited variance in sensitivity (range=73.3-85.3%) and false-positive rates 

(range=121.6-3029.9%). 

The overall sensitivity and false positive rate were 79.980% (95% CI=73-85%CI=0.7, 0.85) 

and 19.1% (95% CI=14-30%CI=0.1, 0.3) respectively, as detailed in Figure 2C. The log 

diagnostic odds ratio equalled 3.1 (CI=2.5, 3.6), with the area under the curve equalling 0.86.0, 

as detailed in Table 2.

Given the relatively high prevalence reported in the studies, we calculated the positive 

predictive value (PPV) and negative predictive value (NPV) using relevant population 

prevalence. The PPV and NPV at 1% prevalence equalled 4.2% and 100%, respectively. 

Whereas the PPV and NPV at 0.1% equalled 0.40% and 100%, respectively.
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Diagnostic accuracy between FC pathology ranges

There were 7 studies that used both FC pathology cut-off ranges. When comparing the 

diagnostic accuracy, there was a non-significant (p=0.7717) increase in sensitivity and decrease 

in false-positive rate difference between FC cut-offs of 50g/g (SE=3.7) and 100g/g (SE=4.0), 

as detailed in Figure 3A and 3B.   

Discussion

FC is used clinically Faecal calprotectinFC accurately reflectsto assess the degree of 

inflammation in the bowel and can be used to distinguish between IBD and FGIDs in patients 

presenting with lower gastrointestinal symptoms.  However, other OGIDs, which are only 

diagnosed on colonoscopy, can also lead to elevated FC.  OGIDs (including IBD) and FGIDs 

in patients presenting in the primary care setting with lower gastrointestinal 

symptoms.Therefore, we performed a meta-analysis using available publications on the 

characteristics of FC in distinguishing between OGIDs and FGIDs in symptomatic patients 

without alarm features. We performed a secondary analysis on FC to distinguish patients with 

IBD and FGIDs.  From a clinical perspective in an individual patient, wWhen considering 

whether to perform an invasive test such as colonoscopy, the risk of harm of the procedure 

must be balanced against the risk of a missed diagnosis.  When assessing FC in this scenario a 

high negative predicative value is desirable, to avoid false negative results. However, given the 

low prevalence of IBD and OGIDs in the primary care population, specificity of the test drives 

relative costs in this setting.Given the high NPV (100%) of FC testing in low prevalence 

populations, it is ideally suited for screening in the primary care setting, although further 

investigations are required for positive tests given the low PPV.  The main benefit of using FC 

in primary care would be to confirm the clinical diagnosis of FGIDs by GPs, allowing patients 

to move into management phase and reduce the risk of a delayed diagnosis of OGIDs. This 

would greatly reduce the number of young adult patients without other alarm features being 

referred to specialist care, and reduce unnecessary and more expensive investigations such as 

cross-sectional imaging or colonoscopy. 

Our systematic review identified 18 studies that examined the question of how accurately FC 

can distinguish IBD and other OGIDs from FGIDs in a patient population presenting with 

suggestive symptoms. The majority of studies were in the outpatient setting, and those 

performed in the gastroenterology setting were on a patient population that would be 
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appropriate for screening in primary care using FC.  The studies were primarily in adult 

populations, but two studies included paediatric patients. Overall the quality of the studies was 

good with 11 of the 18 studies graded as high quality using the QUADAS-2 tool. Complete 

data could be extracted from all of the studies for the meta-analysis. 

Overall the sensitivity and false positive rate of FC testing using a cut-off of 50 g/g in this 

screening patient population showed a sensitivity range of 74.1-865.8% and a false positive 

rate of 121.7-298.7% for distinguishing OGIDs versus FGIDs and a sensitivity range of 8079.7-

932.6% and a false positive rate of 187.5-410.6% for distinguishing IBD from FGIDsfrom non-

IBD. Our SROC analysis showed that the overall sensitivity for distinguishing organic from 

functional gastrointestinal diseases was 810.6% with a false positive rate of 198.8% and for 

distinguishing IBD from non-IBDFGIDs the sensitivity was 887.5% with a false positive rate 

of 287.6%. Previous studies have shown that using a cut-off of 50 g/g results in a higher 

sensitivity and lower specificity, but our analysis shows that in studies examining a cut-off of 

50 and 100 g/g, there was a non-significant increase in sensitivity.  Nonetheless, given the 

role of FC as a screening test for OGIDs we believe that a cut-off of 50 g/g is appropriate.

Our analysis shows that FC testing is effective at identifying patients presenting with 

abdominal symptoms requiring further investigation in these populations. The widespread 

adoption of FC testing in the primary care setting to investigate patients presenting with 

abdominal symptoms has the potential to improve resource utilisation and patient outcomes. 

Our meta-analysis demonstrates support guideline recommendations (7-11) that symptomatic 

patients witha FC less than 50 g/g in a patient without any red flag symptoms is very accurate 

at identifying patients withcan be confidently diagnosed with a FGID and managed 

appropriately and s that do not require further evaluation by a specialist or further testing. 

The use of FC in the primary care setting allows the effective and appropriate use of resources 

and reduces unnecessary risk and cost to the patient and system. In patients with non-specific 

lower gastrointestinal symptoms, the use of FC reduces the risk of a missed diagnosis of OGIDs 

and ensures prompt specialist review.  A recent Australian study found that FC alongside a 

routine panel of blood tests allowed the identification of patients who needed prompt review 

by a specialist, improving the safety of local triage practices.(4224) Almost 40% of patients 

referred with suspected FGIDs and triaged as ‘non-urgent’ were found to warrant earlier review.  
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However, FC as a negative predictor of OGIDs also enables an early, accurate and confident 

diagnosis of FGIDs to be made by GPs without need for gastroenterology referral or further 

testing. Enabling a confident FGID diagnosis to be made in primary care is likely to 

improveIndeed, there are several important benefits to this. Firstly, the provision of an early, 

accurate and confident diagnosis of a FGID by a GP is critical to patient acceptance of the 

diagnosis and uptake of effective management strategies.(5) An accurate diagnosis of FGIDs 

reduces the number of referrals for more expensive, unnecessary and invasive investigations 

such as colonoscopy. An audit of colonoscopies performed in one Australian hospital found 

that 12% of colonoscopies were for patients with functional gastrointestinal symptoms,(4325) 

whilst another Australian study found that 79% of patients seen in a public hospital diagnosed 

with IBS underwent an endoscopic procedure at an overall (includes indirect costs in addition 

to the colonoscopy) cost of $85 million AUD with an additional $2.4 million AUD/year in 

Emergency Department presentations.(4325, 4426) These costs estimates differ in the literature, 

however Tthe introduction of FC has consistently demonstrated significant cost savings as 

compared to colonoscopies,(4325, 4527) Reducing this referral burden of functional 

gastrointestinal symptoms to public health secondary care allows valuable clinical resources to 

be used more effectively and appropriately.

Our analysis shows that FC is clinically effective in a primary care setting to distinguish IBD 

and organic bowel disease as a wholeOGIDs (including IBD) from FGIDs and would strongly 

encourage its wider implementation as a screening test in symptomatic patients to determine 

whether referral to specialist care is warranted in accordance with current Australian and 

international guidelines. 
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

diagram of study selection and QUADAS-2 quality assessment of included studies
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Feedback: Please supply data to allow-redrawing in MJA style.
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Figure 2: Forest plot and SROC bivariate model [A] distinguishing OGIDs from FGIDs [B] 

distinguishing IBD from non-IBDFGIDs [C] diagnostic accuracy of FC 

[A]

[B] 

[C] 

Page 43 of 49

https://mc04.manuscriptcentral.com/mja

Medical Journal of Australia

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

Figure 3: [A] Comparison of diagnostic accuracy and [B] diagnostic odds ratio between FC 

cut-offs*

[A]

Nodes with lower sensitivity and FPR represent a cut-off of 100 g/g
* The area of the points is proportional to the inverse variance of the estimate. 

[B]

* The area of the points is proportional to the inverse variance of the estimate.
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Figure 3 in Tabular form

Study FC cut-off (g/g) Sn FPR DOR logDOR
Angulo 2015 50 0.93 0.71 5.3 0.40
Angulo 2015 100 0.76 0.47 3.4 0.28
Banerjee 2015 50 0.89 0.40 11.7 0.70
Banerjee 2015 100 0.66 0.19 8.4 0.52
Carrocio 2003 Adult 50 0.63 0.21 6.5 0.54
Carrocio 2003 Adult 100 0.44 0.09 8.3 0.67
Carrocio 2003 Paed 50 0.71 0.09 23.5 0.93
Carrocio 2003 Paed 100 0.51 0.09 10.2 0.92
El-Badry 2010 50 0.98 0.15 229.7 1.52
El-Badry 2010 100 0.78 0.02 210.1 1.52
Hogberg 2017 50 0.76 0.26 9.1 0.47
Hogberg 2017 100 0.46 0.13 5.6 0.42
Pavlidis 2013 50 0.82 0.23 14.8 0.28
Pavlidis 2013 100 0.77 0.09 34.4 0.27

Table 1: Population characteristics of included studies

Study No. of 
patients Mean age (yrs) Gender (% 

female) Setting Population

Limburg 2000 (24) 110 57 0.64 Secondary care, USA Adult
70 35 0.57 Secondary care, Italy AdultCarrocio 2003 (25)

50 3.5 0.6 Secondary care, Italy Children
D'Inca 2007 (26) 67 49 0.58 Secondary care, Italy Adults
Otten 2008 (27) 114 51 0.54 Secondary care, Netherland Adults
Damms 2008 (28) 140 58 0.56 Secondary care, Germany Adults
Schoepfer 2008 (29) 136 40 0.6 Secondary care, Bern Adults
El-Badry 2010 (30) 49 37 0.47 Secondary care, Egypt Adult
Kok 2012 (31) 382 60 0.55 Primary care, Netherlands Adults
Burri 2012 (32) 405 63 0.56 Secondary care, Switzerland Adult
Pavlidis 2013 (33) 962 33 0.6 Primary care, UK Adult
Angulo 2015 (34) 264 Adults – 43

Children – 7
0.54 Secondary care, Spain Mixed

Dhaliwal 2015 (35) 311 n/a 0.67 Secondary care, UK Adult
Banerjee 2015 (36) 119 46 0.54 Secondary care, UK Adult
Turvill 2016 (37) 262 37 0.7 Primary care, UK Adult
Hogberg 2017 (38) 373 63 0.65 Primary care, Sweden Adult
Conroy 2018 (39) 410 42 0.61 Primary care, UK Adults
Walker 2018 (40) 789 30 0.6 Primary care, UK Adults
Turvill 2018 (41) 1005 38 0.63 Primary care, UK Adults

Table 2: Summary statistics 

Accuracy Overall IBD vs non-
IBDFGIDs

OGIDs vs FGIDs

Sensitivity, % (95% CI) 80 (73-85%) 88 (80-93%) 81 (74-86%)
False positive rate, 
% (95% CI)

19 (14-30%) 28 (18-41%) 19 (12-29%)

Log Diagnostic odds ratio 
(95% CI)

3.1 (2.5, 3.6) 3.2 (2.5, 3.9) 3.0 (2.4, 3.6)

Area under the curve 0.86 0.89 0.87
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Supplement Table 1: Studies reporting test characteristics of faecal calprotectin for 

detecting OGIDs
Study FC cut-off (g/g) TP FN TN FP Disease prevalence (%)
Limburg 2000 100 24 5 67 14 26.36 (18.42-35.62)
Carrocio 2003 50 (Adults) 19 11 32 8 42.86 (31.09-55.25)
Carrocio 2003 50 (Children) 25 10 14 1 70.00 (55.39-82.14)
D'Inca 2007 50 13 11 41 2 35.82 (24.47-48.47)
Otten 2008 50 22 1 79 12 20.18 (13.24-28.72)
El-Badry 2010 50 19 0 26 4 38.8 (25.20-53.76)
Kok 2012 50 52 10 168 152 16.23 (12.68-20.32)
Burri 2012 50 112 31 249 13 35.31 (30.65-40.18)
Pavlidis 2013 50 77 17 668 200 9.77 (7.97-11.82)
Angulo 2015 50 123 9 32 80 54.10 (47.62-60.47)
Banerjee 2015 50 19 2 59 39 17.65 (11.27-25.70)
Turvill 2016 100 23 3 192 44 9.92 (6.59-14.20)
Hogberg 2017 50 20 6 258 89 6.97 (4.60-10.05)
Conroy 2018 50 21 6 256 127 6.59 (4.38-9.44)
Walker 2018 100 64 36 620 69 12.67 (10.43-15.20)

Included in 
statistical 
analysis

Turvill 2018 100 73 5 803 29 8.20 (6.54-10.13)
Carrocio 2003 100 (Adults) 13 17 37 3 42.86 (31.09-55.25)
Carrocio 2003 100 (Children) 18 17 14 1 70.00 (55.39-82.14)
El-Badry 2010 100 15 4 30 0 38.78 (25.20-53.76)
Pavlidis 2013 100 73 21 790 78 9.77 (7.97-11.82)
Angulo 2015 100 100 32 59 53 54.10 (47.62-60.47)
Banerjee 2015 100 14 7 80 18 17.65 (11.27-25.70)

Removed 
from 

statistical 
analysis*

Hogberg 2017 100 12 14 301 46 6.97 (4.60-10.05)
* When studies used both 50 and 100 g/g cut-off values for the same patient, we only used the 50 g/g value for 
this analysis. 

Supplement Table 2: Studies reporting test characteristics of faecal calprotectin for detecting 

IBD
Study FC cut-off (g/g) TP FN TN FP Disease prevalence (%)

Limburg 2000 100 15 1 71 23 14.55 (8.55-22.54)
D'Inca 2007 50 2 0 52 13 2.99 (0.36-10.37)
Damms 2008 50 18 0 75 47 12.86 (7.80-19.56)
Schoepfer 2008 50 53 11 30 0 68.09 (57.67-77.33)
Angulo 2015 50 68 0 32 80 37.78 (30.67-45.29)
Dhaliwal 2015 50 115 33 126 18 50.68 (44.80-56.56)
Banerjee 2015 50 12 0 59 39 10.91 (5.77-18.28)
Hogberg 2017 50 4 0 264 105 1.07 (0.29-2.72)
Conroy 2018 50 4 3 259 144 1.71 (0.69-3.49)

Included in 
statistical 
analysis

Walker 2018 100 43 7 650 89 6.34 (4.74-8.27)
Angulo 2015 100 60 8 63 49 37.78 (30.67-45.29)
Dhaliwal 2015 100 113 35 140 4 50.68 (44.80-56.56)
Banerjee 2015 100 11 1 80 18 10.91 (5.77-18.28)

Removed 
from 

statistical 
analysis* Hogberg 2017 100 3 1 314 55 1.07 (0.29-2.72)

* When studies used both 50 and 100 g/g cut-off values for the same patient, we only used the 50 g/g value for 
this analysis

Page 46 of 49

https://mc04.manuscriptcentral.com/mja

Medical Journal of Australia

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

 

Table 1. Population characteristics of included studies 
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Table 2. Summary statistics 
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Table 3. Diagnostic odds ratio between FC cut-offs 
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