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Abstract
Objective  Inflammatory bowel disease (IBD) is a chronic, 
autoimmune, gastrointestinal disorder. Canada has one 
of the highest prevalence and incidence rates of IBD in 
the world. Diagnosis is challenging due to the similarity 
of symptoms to functional gastrointestinal disorders. 
Faecalcalprotectin (FC) is a biomarker for active mucosal 
inflammation and has proven effective in the diagnosis 
of IBD. Our study objective was to assess the cost-
effectiveness of adding an FC test compared with standard 
practice (blood test) in primary care among adult patients 
presenting with gastrointestinal symptoms.
Design  We constructed a decision analytic tree with a 
1-year time horizon. The cut-off level of 100 µg/g was used 
for FC testing. Probabilistic analyses were conducted for 
the base case and all scenarios.
Setting  Canadian health sector perspective.
Population  A hypothetical cohort of adult patients 
presenting with gastrointestinal symptoms in the primary 
care setting.
Interventions  FC test compared with blood test.
Main outcome measures  Costs, quality-adjusted life 
years (QALYs), incremental cost-effectiveness ratio (ICER) 
of FC test expressed as cost per QALY gained compared 
with blood test and time to IBD diagnosis.
Results  FC testing is expected to cost more ($C295.1 
vs $C273.9) than standard practice but yield little higher 
QALY (0.751vs0.750). The ICER of FC test was $C20 323 
per QALY. Probabilistic analysis demonstrated that at a 
willingness-to-pay threshold of $C50 000 per QALY, there 
was 81.3% probability of FC test being cost-effective. 
The use of FC test in primary care reduced the time to 
IBD diagnosis by 40.0 days (95% CI 16.3 to 65.3 days), 
compared with blood testing alone.
Conclusions  Based on this analysis of short-term 
outcomes, screening adult patients in primary care using 
FC test at a cut-off level of 100 µg/g is expected to be 
cost-effective in Canada.

Introduction  
Inflammatory bowel disease (IBD), of which 
the two main subtypes are Crohn’s disease 
(CD) and ulcerative colitis (UC), is character-
ised by mucosal inflammation and ulceration 
of the gastrointestinal tract. During the course 
of the disease, patients often present with 
symptoms such as diarrhoea, abdominal pain 

and fatigue, which significantly impact the 
quality of life of patients with IBD.1 Canada 
has one of the highest reported prevalence 
and incidence rates of IBD in the world.2 The 
prevalence of IBD in Canada was estimated 
at 0.67% (129  000 individuals with CD and 
104 000 with UC) in 2012, with approximately 
10 200 incidents occurring annually.3 The 
corresponding annual economic costs of IBD 
were estimated at $C2.8 billion.3 

IBD shares similar presenting symptoms 
with functional gut disorders. One of the 
most common function gut disorders that is 
difficult to distinguish from IBD is irritable 
bowel syndrome (IBS), which affects around 
11% of the population in Canada and glob-
ally.4 While IBS can be safely managed within 
primary care setting, the risk of serious 
complications associated with IBD (such as 
bowel obstruction and toxic megacolon) 
necessitates specialist care management. In 
order to distinguish IBD from functional 
gut disorders, the conventional diagnostic 
pathway in primary care includes initial blood 

Strengths and limitations of this study

►► This paper presents a cost-effectiveness analysis 
(CEA) comparing a faecal calprotectin (FC) test with 
blood test in diagnosis of inflammatory bowel dis-
ease (IBD) in the primary care setting.

►► This was the first CEA of FC test in the Canadian 
context and one of few CEAs of FC test in the prima-
ry care setting in literature.

►► We also compared the average time to IBD diagnosis 
between using FC test and blood test in primary care 
and estimated the reduced time to IBD diagnosis by 
using FC test.

►► The analysis was from the Canadian health sector 
perspective and did not consider costs (eg, produc-
tivity losses) from a societal perspective.

►► The main limitation was the short-term time horizon 
of the analysis and thus there is outstanding uncer-
tainty over the long-term impact of FC testing in this 
setting.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-027043
http://dx.doi.org/10.1136/bmjopen-2018-027043
http://dx.doi.org/10.1136/bmjopen-2018-027043
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-027043&domain=pdf&date_stamp=2019-04-13


2 Zhang W, et al. BMJ Open 2019;9:e027043. doi:10.1136/bmjopen-2018-027043

Open access�

tests, such as erythrocyte sedimentation rate (ESR) and 
C  reactive protein (CRP), which are used to determine 
whether patients should be referred to gastroenterolo-
gists for further investigation including imaging studies 
and/or endoscopy.5 However, these blood tests lack accu-
racy. They may delay IBD diagnosis in the case of false 
negatives, and lead to unnecessary endoscopies in the 
case of false positives.6 7 Due to limited resources, endos-
copy is not readily accessible in many areas of Canada 
and unnecessary endoscopies can have further impacts 
on healthcare resources and costs.

Recently, the detection of faecal calprotectin (FC), the 
most extensively studied faecal marker of IBD, has been 
shown to be an accurate and useful screening tool for iden-
tifying patients who need further investigation through 
endoscopy.6–9 The majority of studies that assessed the 
accuracy of FC testing to date have been in the secondary 
care setting.6–8 Based predominantly on secondary care 
data using the standard cut-off of 50 µg/g, Waugh et al have 
shown that FC testing is cost-effective for distinguishing 
between IBD and non-IBD in adults in primary care in 
the UK.7 10 The National Institute for Health and Care 
Excellence (NICE) in the UK therefore recommends FC 
testing as an option to help clinicians distinguish between 
IBD and non-IBD in adults with recent onset of gastro-
intestinal symptoms.10 A recent prospective primary care 
cohort study conducted in the UK demonstrated that FC 
testing using the cut-off of 100 µg/g accurately distin-
guishes IBD from functional gut disorder in primary care 
and reduces secondary care referrals as well as diagnostic 
healthcare costs.11 More recently, Turvill et al have also 
demonstrated that repeating FC testing among those 
with a first FC test ≥100 µg/g in primary care is cost-saving 
compared with CRP/ESR testing or single FC testing 
using the standard cut-off of 50 µg/g.12 NICE has subse-
quently endorsed this repeated testing algorithm, using 
the higher 100 µg/g cut-off, within a recent consensus 
document.13

In Canada, however, FC tests are currently only covered 
by provincial health plans in Alberta and Quebec, as well 
as some extended health insurance plans.14 There is still 
no cost-effectiveness evidence within primary care in 
Canada. The objective of this study, therefore, is to deter-
mine the cost-effectiveness of FC testing in the diagnosis 
of adult cases of IBD in primary care from the Canadian 
healthcare sector perspective.

Materials and methods
Comparison groups
A higher 100 µg/g cut-off in primary care has been advo-
cated and demonstrated to increase the positive predictive 
power of the test and counter the high false positive rate 
observed at the lower 50 µg/g cut-off.11–13 15 Therefore, 
we chose the 100 µg/g cut-off for FC testing in primary 
care setting as the intervention for our analysis. Referrals 
based on standard care CRP/ESR testing in primary care 
were used as the comparator. This assumes that patients 

with a normal CRP/ESR would not be referred initially 
but would subsequently be referred if they have ongoing 
symptoms. This is a simplification of real-world practice—
clinicians are known, for example, to refer patients with 
normal CRP/ESR to secondary care. Nevertheless, there 
is currently a lack of reliable data on the accuracy of real-
world primary care referral practices in the literature 
particularly in Canada. Thus, we based the comparator 
on CRP/ESR testing, in line with previous cost-effective-
ness analyses.12 16 An alternative estimate of primary care 
referral accuracy was based on the study of Waugh et al,7 
which estimated a high sensitivity (=1) and specificity 
(=0.788). Since the reliability of these estimates has been 
previously questioned,12 they were used as a scenario anal-
ysis only.

Decision model
A decision analytic model was built to estimate the cost-ef-
fectiveness of using FC test as compared with the current 
practice using blood test, in the screening for IBD in 
the primary care setting. The patient population in the 
model was a hypothetical cohort of adult patients aged 
19–64 years, who present with gastrointestinal symp-
toms suggestive of IBD in a primary care setting but are 
not suspected of having cancer (which requires urgent 
specialist referral). A decision tree was developed in 
Microsoft Excel where the hypothetical cohort of adult 
patients underwent certain pathways. The associated 
cost and effectiveness of each pathway was captured in 
the model and the expected cost and effectiveness was 
estimated.

Effectiveness was measured using quality-adjusted life 
years (QALYs). The time horizon for the cost-effectiveness 
analysis was 1 year as this was a reasonable length of time 
for a patient to reach a confirmed diagnosis of either IBD 
or non-IBD. Due to the brief time horizon, discounting 
was not applied to either costs or benefits in this analysis. 
Time to IBD diagnosis was also estimated from the model. 
The analysis perspective was the Canadian health sector.

The clinical pathways of patients presenting with gastro-
intestinal symptoms in primary care were established 
from published literature7 12 16–18 as well as input by two 
gastroenterologists from St. Paul’s Hospital, Vancouver. 
Established clinical pathways were consistent with the 
best-practice clinical care pathway for management of IBS 
in primary care as outlined by the Canadian Association 
of Gastroenterology19 and local primary care guidelines 
on the use of FC in the UK.13 15

Figure 1 illustrates the current practice using the stan-
dard blood test, whereas figure  2 depicts the proposed 
strategy of adding FC test as a diagnostic support tool for 
general practitioners (GPs). Under the current practice 
(figure  1), based on results of the blood investigation 
(ESR and CRP), a GP will make a decision on whether 
to refer patients to specialist care or not. Patients with 
abnormal blood results will be referred to gastroenter-
ology for specialist assessment. The specialist may then 
order an endoscopy as necessary to confirm IBD diagnosis 
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or follow-up with patients unlikely to have IBD and 
monitor their symptoms accordingly. If symptoms are still 
persistent after 3 months (assumed and same as Waugh 
et al7), an endoscopy may be ordered at the specialist 
follow-up visit to confirm diagnosis of IBD. Under the FC 
testing strategy (figure 2), patients with positive FC test 
results will be referred to specialist care and an endoscopy 
will be ordered for them at the specialist visit to confirm 
diagnosis of IBD.

Patients with normal blood results or negative FC test 
results will be followed-up by the GP and receive lifestyle 
and dietary advice with appropriate medication to treat 
symptoms for 3 months (assumed) (figure  3). Those 
with symptoms inadequately controlled will receive more 

intensive management (different medication) from their 
GP for another 4 weeks (assumed). If symptoms are still 
persistent, further assessment by a gastroenterologist and 
endoscopy will be performed.

Model parameters
The model parameters (table 1) were obtained from liter-
ature or based on assumptions. The parameters include 
sensitivity and specificity for FC testing at the 100 µg/g 
cut-off and ≥15 mm/hour for ESR and ≥5 mg/L for CRP 
blood testing; prevalence of IBD in primary care; the 
ratio of UC and CD; patients with no IBD with negative 
test results; costs; utilities and waiting time.

Figure 1  Overview of the model structure for standard practice using blood test. IBD, inflammatory bowel disease; GP, general 
practitioner.

Figure 2  Overview of the model structure for faecal calprotectin testing strategy. FC, faecal calprotectin; IBD, inflammatory 
bowel disease; GP, general practitioner.
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Sensitivity and specificity
As mentioned above, the majority of studies measuring 
FC testing accuracy were conducted in the secondary care 
setting. As such, we used the sensitivity and specificity of 
FC testing at the 100 µg/g cut-off from the recent UK 
study conducted with the prospective primary cohort.11 
For blood testing, we chose the cut-offs of ≥15 mm/hour 
for ESR and ≥5 mg/L for CRP. Three studies using these 
ESR and CRP cut-offs were identified from a published 
systematic review.6 20–22 Following this, a meta-analysis was 
conducted to synthesise the logit-transformation of sensi-
tivity and specificity and the details can be found in the 
online supplementary file 1.

Prevalence of IBD in primary care
Very few studies have estimated the prevalence of IBD in 
primary care,7 11 23–25 with most estimates originating from 
UK studies. To be consistent with the sensitivity and speci-
ficity estimates used in our model, we used the prevalence 
of IBD (=6.8%) in primary care from the same study.11 
Among IBD cases, 45% were UC and 55% were CD.3

Patients with no IBD with negative test results
Based on expert opinions, previous studies estimated 
that the probability of patients with no IBD still having 
persistent symptoms after the initial management by 
GPs was 50% or 60%.16–18 In our study, we applied the 
47% probability used in the cost-effectiveness analysis 
conducted by Waugh et al.7 We also assumed that 15% of 
these who have persistent symptoms after initial manage-
ment by GP (based on expert advice) would subsequently 
experience uncontrolled symptoms after further inten-
sive management by GPs, be referred to a specialist and 
undergo endoscopy.

Costs
Only the diagnosis-related costs, including the costs for 
diagnostic testing (FC, endoscopy and pathology) and 
physician and gastroenterologist visits, were considered. 
All costs were reported in 2017 Canadian dollars. Cost 
data were obtained from the British Columbia Ministry of 
Health Medical Services Commission Payment Schedule 
(1  July 2017 version),26 which is comparable with other 
provinces in Canada; literature review for colonoscopy 
cost in Canada27 adjusted to 2017 cost using total health-
care implicit price index28 and literature review and a 
local gastroenterology clinic for FC testing cost.7 18 Costs 
of managing complications associated with colonoscopy 
such as bleeding and perforation were not considered in 
this analysis due to the unavailability of data.

Utilities
Our utility estimates for IBS were taken from a study 
conducted among 257 patients in USA using Euro-
Qol-5D.29 The utilities of 0.78 for patients with IBD 
with adequate relief of symptoms or 0.73 for those with 
persistent symptoms were applied to patients with no IBD 
in our analysis.29 A weighted IBS utility of 0.76 was calcu-
lated based on the proportion (47% assumed above) of 
patients with no IBD with persistent symptoms and the 
remaining 53% with adequately controlled symptoms. In 
our model, patients with adequately controlled symptoms 
started with a weighted utility of 0.76 until the time of 
diagnosis, wherein a weighted utility of 0.78 (utility for 
adequately controlled) was applied for the rest of the 
1-year time horizon. Patients with persistent symptoms 
started with 0.73 (utility for persistent symptoms) until 
the time of diagnosis followed by 0.78 if symptoms were 

Figure 3  Overview of the decision branch for normal blood test or negative faecal calprotectin test results. FC, faecal 
calprotectin; IBD, inflammatory bowel disease; GP, general practitioner.

https://dx.doi.org/10.1136/bmjopen-2018-027043
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Table 1  Model input parameters

Parameter Estimate Distribution Distribution parameters Data source

 � IBD prevalence, % 6.8 Beta Alpha=50
Beta=689

Walker et al11

 � UC proportion, % 44.6 Fixed Rocchi et al3

Test accuracy

 � Sensitivity

 � Blood test 0.649 Normal, logit 
transformation

Logit estimate=0.613
Logit SE=0.199

Meta-analysis based on a 
systematic review of three 
studies6 20–22

 � FC test, at 100 µg/g cut-off 0.860 Beta Alpha=43
Beta=7

Walker et al11

 � Specificity

 � Blood test 0.866 Normal, logit 
transformation

Logit estimate=1.867
Logit SE=0.196

Meta-analysis based on a 
systematic review of three 
studies6 20–22

 � FC test, at 100 µg/g cut-off 0.901 Beta Alpha=621
Beta=68

Walker et al11

Model probabilities, %

 � Proportion of patients with abnormal 
blood test with endoscopy ordered 
in the initial gastroenterologist 
consultation

88.3 Beta Alpha=7.520
Beta=0.993

Expert opinion

 � Proportion of patients with no IBD with 
persistent symptoms after the initial 
management by GPs

47.0 Log-normal 95% CI 33 to 57 Waugh et al7

 � Proportion of patients with no IBD 
with symptoms after further intensive 
management by GPs that need 
further investigation by specialist and 
endoscopy

15.0 Fixed Expert opinion

Cost estimates ($C)

 � FC test 40.00 Fixed Local clinic cost, Waugh et al7 and 
Yang et al18

 � Initial GP visit 68.64 Fixed BC MSC payment schedule26

 � Follow-up GP visit 30.92 Fixed BC MSC payment schedule26

 � Initial gastroenterologist consultation 160.25 Fixed BC MSC payment schedule26

 � Follow-up gastroenterologist 
consultation

97.39 Fixed BC MSC payment schedule26

 � Surgical pathology 85.52 Fixed BC MSC payment schedule26

 � Colonoscopy, with biopsy 427.70 Fixed Sharara et al27

Utilities

 � Non-IBD

 � a) With adequately controlled 
symptoms

0.78 Beta Alpha=5.367
Beta=1.514

Spiegel et al29

 � b) With persistent symptoms 0.73 Calculated from a/c Spiegel et al29

 � c) Fixed ratio for utility of adequately 
controlled over persistent symptoms

Fixed 1.068

 � Weighted IBS utility 0.76 Calculated from a), 
b) and proportion of 
patients with no IBD with 
persistent symptoms 
above

 � IBD

Continued
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eventually controlled or 0.76 if they had to undergo 
endoscopy.

Similar to Waugh et al,7 our utility estimates of IBD were 
taken from a study conducted among 225 patients with 
CD and 219 patients with UC in Germany using the Euro-
Qol-5D.30 This study had a reasonably large sample size 
and reported utility estimates for active disease compared 
with remission for both UC and CD. The utility esti-
mates of 0.71 for active UC and 0.61 for active CD were 
chosen to represent the utility of patients with IBD when 
they visited GP for the first time. We assumed that their 
utilities would then decrease by a certain amount every 
month due to disease progression until diagnosis was 
made, at which point the utility value at the time of diag-
nosis would be maintained throughout the rest of the 
1-year time horizon. Following the method of Waugh et 
al by taking the utility difference between active disease 
and remission and dividing it by 12, we derived a monthly 
utility decrement of 0.0167 for UC and 0.023 for CD.7

Waiting time
The median time a patient with IBD was first referred 
to specialist until consultation by a specialist was 72 days 
(95% CI 52 to 121) and the median time from the first 
specialist consultation to endoscopy was 44 days (95% CI 
27 to 100) in Canada.31 The median time for patients with 

no IBD from the first referral to specialist consultation 
was 126 days (95% CI 103 to 141).31 Other wait times were 
assumed to be fixed according to the guidelines.

Analyses
We performed probabilistic analyses to estimate means 
and 95% CI of total costs, QALYs and incremental cost-ef-
fectiveness ratios (ICERs) to reflect the underlying 
parameter uncertainty. Additionally, the time to the diag-
nosis of IBD among patients with IBD was calculated. A 
total of 5000 Monte Carlo simulations were generated 
from the parameter probability distributions. The base-
case results were presented in a cost-effectiveness plane 
(online supplementary file 1) and as the cost-effectiveness 
acceptability curve, which demonstrates the probability 
of the FC testing strategy being cost-effective compared 
with the standard care across a range of willingness-to-pay 
thresholds.

To explore the sensitivity of results to specific param-
eter uncertainty, alternative assumptions and sources 
of data, we also conducted a series of scenario analyses. 
(1) IBD prevalence was varied from 5% to 20% in 5% 
increments. (2) FC testing accuracy was changed using an 
alternative data source. The sensitivity and specificity for 
repeating FC testing among the first FC testing ≥100 µg/g 
in the study by Turvill et al12 were used in the model. (3) 

Parameter Estimate Distribution Distribution parameters Data source

 � Active UC 0.71 Beta Alpha=3.802
Beta=1.553

Stark et al30

 � Active CD 0.61 Beta Alpha=1.116
Beta=0.713

Stark et al30

 � Monthly utility decrement for UC 0.017 Beta Alpha=1.601
Beta=94.443

Stark et al30

 � Monthly utility decrement for CD 0.023 Beta Alpha=1.647
Beta=68.958

Stark et al30

Wait time

 � Time taken to undergo blood test 
and/or FC test after presenting with 
symptoms in primary care

7 days Fixed Expert opinion

 � Time taken to obtain results of blood 
test and FC test

7 days Fixed Expert opinion

 � Time taken to follow-up by GP first 
time

3 months Fixed Expert opinion

 � Time taken to follow-up by GP second 
time

4 weeks Fixed Expert opinion

 � Time taken to a specialist consultation 
for patients with IBD

86.50 Normal SE=17.602 Leddin et al31

 � Time taken to a specialist consultation 
for patients with no IBD

122.00 Normal SE=9.694 Leddin et al31

 � Time taken to endoscopy after seeing 
a specialist

63.50 Normal SE=18.622 Leddin et al31

 � Time taken to follow-up by a specialist 3 months Fixed Expert opinion

CD, Crohn’s disease; FC, faecal calprotectin; GP, general practitioner; IBD, inflammatory bowel disease; IBS, irritable bowel 
syndrome; MSC, Medical Services Commission; UC, ulcerative colitis.

Table 1  Continued 

https://dx.doi.org/10.1136/bmjopen-2018-027043
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The sensitivity and specificity of the primary care practice 
in the study by Waugh et al7 was used. (4) We increased 
the proportion of patients with abnormal blood test for 
whom an endoscopy was ordered in the initial gastro-
enterologist consultation from 83% to 100%. (5) We 
changed the proportion of patients with no IBD with 
symptoms after further intensive management by GPs 
that needed further investigation by specialist and endos-
copy from 5% (same as Waugh et al7 and Whitehead and 
Hutton16) to 30% with 5% increments. (6) Different FC 
test costs and an increase or decrease in other costs by 
20% were implemented. (7) We changed the source of 
utility decrement estimates from Stark et al30 to that of 
Gregor et al32and Poole et al.33 (8) Time taken to the first 
follow-up by GP and time taken to follow-up by a specialist 
were changed from 1 to 4 months with 1-month incre-
ments. (9) We applied our model to a patient population 
without gastrointestinal alarm symptoms described by 
Walker et al.11

Patient and public involvement
Patients and/or public were not involved in our study. A 
hypothetical cohort of adult patients has been simulated.

Results
Base case
For the base case, the probabilistic analysis based on 
5000 Monte Carlo simulations showed that the FC testing 
strategy was about $C21 more expensive on average 
than the standard practice using blood test ($C295.12 
vs $C273.93) but yielded a slightly higher QALY (0.751 
vs 0.750, respectively) (table  2). Thus, the ICER was 
$C20 323.35 per QALY gained. The time to diagnosis 
for patients with IBD was 39.96 days (95% CI 16.34 to 
65.29) shorter under the FC testing strategy (192.39 
days [95% CI 143.10 to 239.74]) than standard practice 
(232.36 days [95% CI 186.02 to 277.92]). There was an 
81.3% probability that the FC testing strategy was cost-ef-
fective at the willingness-to-pay threshold of $C50  000/
QALY (figure 4).

Scenario analyses
Our analyses showed that the cost-effectiveness of FC 
testing strategy was sensitive to the prevalence of IBD 
among the patients presenting with gastrointestinal symp-
toms in primary care, the FC cost and the value of utility 
decrements (table 2). When the prevalence was increased 
to 20%, the probability of the FC testing strategy being 
cost-effective would increase to 96.7% at the threshold 
of $C50 000/QALY. The probability of FC testing being 
cost-effective became 96.5% when using the sensitivity 
and specificity estimates for repeating FC testing strategy 
in the study by Turvill et al. The maximum price at 
which the FC testing strategy would still be cost-effective 
was about $C70. At $C70, the probability of FC testing 
being cost-effective was 47.4% at the willingness-to-pay 
threshold of $C50  000/QALY. When applying a much 

lower utility monthly decrement especially for CD (from 
0.023 to 0.006 for CD and from 0.017 to 0.014 for UC), 
the probability of FC testing strategy was 68.6% at the 
threshold of $C50 000/QALY.

Discussion
Based on cost-effectiveness models built in previous 
studies,7 16–18 current practice guidelines in Canada19 
and clinical expertise from gastroenterologists, we 
constructed a decision analytic model to evaluate the 
cost-effectiveness of adding FC testing to current practice 
compared with the current practice of blood test only in 
the diagnosis of adult patients with IBD in the Canadian 
primary care setting. To our knowledge, this is the first 
cost-effectiveness analysis of FC testing in primary care in 
Canada. Our base-case analysis suggested that the FC test 
was cost-effective. Probabilistic analysis showed that at a 
willingness-to-pay threshold of $C50 000 per QALY, there 
was an 81.3% chance of the FC testing strategy being 
cost-effective. Scenario analysis demonstrated that the 
cost-effectiveness was most sensitive towards prevalence of 
IBD, monthly utility decrement of IBD and cost of FC test.

A 6.8% prevalence of IBD was applied in our base-case 
analysis. This estimate was based on a prospective UK 
primary care cohort of patients aged between 18 and 46 
years.11 The prevalence was very similar to the one used 
in the cost-effectiveness analysis conducted by Waugh et 
al.7 Among our model population (aged 19–64 years), the 
prevalence would likely be higher. Unfortunately, Cana-
dian estimates were not found in published literature. 
Thus, we conducted scenario analysis by varying the prev-
alence from 5% to 20%. Although the cost-effectiveness 
of the FC testing strategy was highly sensitive to the prev-
alence of IBD in the adult patient population presented 
in the primary care setting, our study has shown it is still 
cost-effective when the prevalence is as low as 5%.

The ICER of the FC testing strategy compared with 
blood testing increased when the monthly utility decre-
ment for IBD was lower. This finding is consistent with the 
assumption made in the calculation of QALYs for patients 
with IBD. A delay in diagnosis would cause patients to 
reach a lower utility value before diagnosis. Therefore, a 
higher utility decrement for IBD increased the difference 
in QALYs gained between the two strategies and caused a 
decrease in ICER and vice versa.

We used the current FC test cost, $C40, in our base case, 
which was consistent with the cost used in previous cost-ef-
fectiveness analyses conducted in the UK and the USA.7 18 
When the cost of FC testing was under $C70, the FC testing 
strategy had the potential to be cost-effective. The wider 
implementation of FC testing across Canada may drive 
the cost down. Laboratory-based FC testing has been 
shown to be cost-effective when conducted in batches.7 10

One of the strengths of our study is that we used the 
FC testing accuracy in primary care11 instead of the 
secondary care setting. The test accuracy in the secondary 
care setting was found to be higher than that of primary 
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care setting. According to the most recent meta-analysis 
conducted by Waugh et al,7 all of studies included were 
for secondary setting and the synthesised sensitivity (0.93) 
and specificity (0.94) of FC testing at the 50 µg/g cut-off 
were both higher than the estimates (0.86 and 0.90) for 
the 100 µg/g cut-off we used for the primary care setting. 
However, the sensitivity and specificity values of CRP/ESR 
in our study were derived from secondary care sources20–22 
and thus might differ in primary care setting.

Additionally, we estimated the benefit of using FC 
testing in primary care in terms of reducing the time to 
IBD diagnosis (by about 40 days). The average times to 
IBD diagnosis among patients with IBD were 192.4 days 
with FC testing and 232.4 days for standard practice. The 
time to diagnosis under the standard practice was reason-
ably consistent with a Canadian study that reported the 
mean time to diagnosis for CD and UC to be 255.5 and 
202.3 days, respectively.34 Delayed diagnosis is a common 
problem in IBD. A study involving 1591 patients with IBD 
from the Swiss IBD cohort reported a diagnostic delay of 
9 and 4 months for CD and UC.35 The delay was due to 
similarities in symptoms among patients with mild IBD 
and those with IBS. A literature review on natural history 
studies of CD reported that at time of diagnosis, one-third 
of patients already had intestinal complications such as 
ileitis, colitis or ileocolitis.36 In UC, an early diagnosis 
and identification of patients with a high risk of devel-
oping complicated disease, is crucial for choosing appro-
priate treatment and prevention of colectomies.37 The FC 

testing strategy has the potential to speed up diagnosis 
and reduce the wait time for a specialist and endoscopy 
by avoiding the unnecessary referrals.

Our study has several limitations. First, there was a lack 
of data for certain parameter inputs of the model. For 
example, costs and utility decrements of complications 
associated with colonoscopy such as bleeding and perfo-
ration could not be identified and were therefore not 
considered in this analysis. In Canada, the pooled rates of 
colonoscopy-related bleeding, perforation and mortality 
were 1.64/1000, 0.85/1000 and 0.074/1000, respec-
tively.38 While the rates of complications associated with 
colonoscopy may be low, the impact on the overall costs 
and outcomes may be significant if the time horizon of the 
analysis was longer, especially when deaths occur. As the 
number of colonoscopies were expected to be reduced 
by FC testing, we took a more conservative approach by 
not considering the impact of the complications associ-
ated with colonoscopies. Data on the utility decrement 
of IBD due to delayed diagnosis were also unavailable. 
Therefore, we adopted the approach used by Waugh et 
al,7 assuming the annual utility decrement of IBD due to 
delayed diagnosis as the difference between active disease 
and remission of UC. While our CEA was limited to costs 
from a health sector perspective, considering costs from 
a societal perspective, for example, productivity losses 
due to colonoscopy, would further make FC testing more 
cost-effective.

Figure 4  Cost-effectiveness acceptability curve.
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Second, we did not consider a longer time horizon. In 
long term, because of the earlier diagnosis, we expect 
FC to generate more benefits, for example, by avoiding 
mortality/risk resulting from reduced unnecessary colo-
noscopies or bowel perforations/surgeries. Therefore, 
we expect our study to provide a relatively conservative 
cost-effectiveness estimate for FC. Nevertheless, further 
research on the long-term impact of early diagnosis of 
IBD and IBS is needed to validate this claim. Adopting a 
long-term horizon would likely produce more favourable 
results for FC and hence our finding that FC is cost-effec-
tive should hold in the long run.

Third, the model assumed that FC would be used as a 
single test applying a fixed cut-off of 100 µg/g. Alterna-
tive two-stage testing strategies may also be used. Turvill 
et al, for example, recently evaluated such a retesting FC 
strategy, using a cut-off of 100 µg/g and conducting a 
repeat FC testing for patients with an initial test above 
this cut-off.12 They found this retesting FC strategy to be 
cost-saving in a UK primary care setting, due to saving 
100–150 unnecessary colonoscopies and 140–190 gastro-
enterology outpatient appointments compared with 
CRP/ESR testing alone. The utility of the second FC test 
is that it can cut out a high proportion of false positive 
test results, resulting in overall cost-savings. The results 
of our scenario analysis using the sensitivity and speci-
ficity estimates from the study by Turvill et al indicate a 
higher cost-effectiveness of FC using the retesting strategy 
(a 96.5% probability of being cost-effective compared 
with CRP/ESR testing alone) versus the single testing 
base-case strategy (81.3%) when a single FC test cost was 
applied. Future research should focus on these kinds of 
confirmatory testing strategies.

Additionally, our modelling assumed 100% patient 
uptake for every diagnostic test, blood test, FC test and 
endoscopy. Given the invasive nature and set of complica-
tions associated with colonoscopies, patients may refuse 
this diagnostic test. The FC test may also not be widely 
accepted, with a variable uptake rate between primary and 
secondary care. Some patients might decline to produce 
a sample of faeces for their GP, but may possibly be willing 
to do so for a gastroenterologist if the alternative is colo-
noscopy. Recently, a home-based FC kit has been made 
available, allowing patients to measure the concentration 
of FC directly using a rapid immunochromatographic 
assay captured by a smartphone’s camera. The availability 
of this kit may increase the uptake and patient adherence 
of FC testing.39

It is worth noting that FC test accuracy might differ by 
populations with different age or in different settings. 
We used test sensitivity and specificity values from the 
study by Walker et al,11 which focused on young adults 
between 18 and 46 years in the UK and might not be 
applicable to our model population aged 19–64 years. 
In addition, different FC tests produced by different 
manufacturers and using different platforms can 
produce significantly different test results (ie, between-
method bias).7 This means that the sensitivity and 

specificity values adopted in our study (based on the 
study by Walker et al11 using a specific ELISA test), may 
not hold for different laboratories with different pre-an-
alytical and analytical operating procedures and/or 
using different test kits/methods. This is potentially a 
significant issue for home-based FC kits since the bene-
fits of increased uptake of testing may be negated by 
issues with test imprecision and bias.

Future research can be conducted to estimate the 
cost-effectiveness of FC test for distinguishing between 
IBD and non-IBD in the paediatrics population when 
the important model parameters are available. Further-
more, there has also been growing interest in the use of 
FC test in a few areas of IBD management. For example, 
FC test might be used to monitor disease progression, 
predict relapse and monitor response to treatment.40 
As such, an economic model which links the diagnostic 
outcomes of this analysis to the management of IBD in 
terms of treatment and monitoring can be considered 
in the future.

In conclusion, using FC at the 100 µg/g cut-off in 
primary care in the diagnosis of IBD can be a cost-effec-
tive strategy and can speed up IBD diagnosis in adults 
who present with gastrointestinal symptoms in Canada.
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