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Background: Limited data exist on adherence to fecal calprotectin (FCP) testing in patients with inflammatory bowel disease.
Methods: Completion rates for patients who had at least one FCP test ordered (n = 3082) and a subgroup with C-reactive protein, complete 
blood count, and Clostridium difficile tests also ordered (n = 1563) were analyzed.
Results: More patients completed blood than stool tests, with FCP having the poorest adherence of all tests analyzed. Older patients had higher 
FCP completion rates. No differences were noted in completion rates across age, gender, or ethnicity for blood tests.
Conclusions: Further studies are needed to develop strategies that improve the uptake of FCP.

Lay Summary 
We investigated adherence to commonly ordered blood and stool tests (complete blood count, C-reactive protein, Clostridium difficile, and fecal 
calprotectin) in our inflammatory bowel disease patient population and found that approximately 50% of stool tests and 75% of blood tests are 
completed.
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Introduction
Reliable, noninvasive biomarkers are crucial in the manage-
ment of inflammatory bowel disease (IBD) to minimize in-
vasive procedures, especially in the era of the coronavirus 
disease 2019 (COVID-19) pandemic. Conventional blood 
tests, such as hemoglobin, C-reactive protein (CRP), and 
erythrocyte sedimentation rate, are widely used in IBD man-
agement; however, the sensitivity of these tests is insufficient 
to reliably identify gut inflammation.1 Furthermore, approxi-
mately 15% of patients fail to mount a CRP response, and the 
disease subtype can further affect the sensitivity of this test.2 
These limitations have fostered the development and investi-
gation of alternative tests, specifically stool biomarkers.

Calprotectin is a calcium- and zinc-binding heterodimer of 
the S100A8/A9 protein that is found primarily in the cyto-
sol of neutrophils and, to a lesser extent, in monocytes and 
macrophages.3 Intestinal inflammation is characterized by 
neutrophil migration into the mucosa.4 Because calprotectin 
is primarily a product of neutrophils, its concentration is dir-
ectly proportional to the concentration of neutrophils in the 
gut mucosa, which may be reflected by levels in the stool.5 

Furthermore, fecal calprotectin (FCP) is resistant to bacterial 
degradation and is stable in stool at room temperature for up 
to 7 days.1

In the past decade, FCP has emerged as a reliable assay 
that can be used to evaluate the degree of disease activity, 
monitor response to therapy, and predict potential relapse in 
IBD patients.6 Moreover, FCP can also aid in distinguishing 
IBD from functional bowel disorders; FCP has a high negative 
predictive value in ruling out IBD in undiagnosed, symptom-
atic patients, and it has a high sensitivity for diagnosing IBD.7 
These properties make FCP a useful tool for prioritizing en-
doscopies, thereby lowering costs for patients and decreasing 
resource utilization.

Although FCP is a useful marker in the management of 
IBD patients, adherence to testing could limit its utility. In 
this retrospective study, we assessed completion rates for FCP 
as compared to other routine tests done in the care of IBD pa-
tients in a tertiary referral center. There are few studies aimed 
at exploring the adherence to FCP testing within established 
IBD patients. This study is relevant for identifying factors that 
may hinder widespread clinical uptake of fecal testing.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-2561-3826
mailto:Mabreu1@med.miami.edu?subject=


2 Khakoo et al

Methods
Study Design
This was a single-center, retrospective cohort study based 
on patient data retrieved from the electronic medical re-
cord (EMR; Epic Systems Corporation) at the University of 
Miami Miller School of Medicine. We obtained information 
on patients that fit the diagnosis of IBD from December 
2010 to March 2020 using the International Classification 
of Diseases, 10th revision, Clinical Modification codes 
(ICD-10-CM); these codes are provided in the supple-
mentary index of the article. Electronic records of 33 699 
unique patients older than the age of 18 were reviewed. Of 
these, 3082 individual patients were found with at least one 
FCP test ordered. A subset of 1563 patients who also had 
information on completion rates for CRP, complete blood 
count (CBC), and Clostridium difficile was also identified. 
Demographic data, including age and ethnicity, were col-
lected for analysis. The study flow diagram is displayed in 
Figure 1. The completion rate of the considered tests for 
each patient was calculated and then the completion rate 
of the entire cohort was calculated; this was done to ensure 
that each patient had the same contribution to the group 
analysis.

Statistical Analysis
Continuous variables were expressed as mean and stand-
ard deviations for normally distributed variables; me-
dian and interquartile ranges (IQRs) were used for non-
normally distributed variables. Independent T-tests and 
Mann–Whitney U tests were used to analyze continuous 
parametric and nonparametric variables, respectively. 
Categorical variables were expressed as frequencies and 
proportions, and differences were determined using the 
Chi-square test. When comparing multiple independent 
groups, the Kruskal–Wallis test was used. The Bonferroni 
method was utilized when comparing multiple categorical 
variables and a P value less than .001 was considered sig-
nificant. Spearman’s correlation was used to establish a 
correlation between nonparametric continuous variables. 
Linear regression was also performed for continuous vari-
ables. Statistical significance was accepted for P values less 
than .05.

Results
Between 2010 and 2020, a total of 3082 patients with IBD and 
at least one FCP test ordered were identified. In terms of IBD 
disease type, 1519 (49.3%) patients had Crohn’s disease (CD), 
1081 (35.1%) had ulcerative colitis (UC), and 482 (15.6%) 
had indeterminate colitis (IC). The age of patients ranged from 
18 to 96 years with an average age of 43.19 ± 17.2 years. Of 
this cohort, 1638 patients (53.1%) were female and 1235 pa-
tients (40.1%) self-identified as Hispanic. Females were sig-
nificantly older than males (44.5 ± 17.5 vs. 41.7 ± 16.8 years, 
P < .001). When comparing differences of age by ethnicity, 
non-Hispanics were found to be older than Hispanics; how-
ever, this difference was not statistically significant (42.8  ± 
16.7 vs. 43.5 ± 17.5 years, P = .0234). The demographics of 
this patient cohort are summarized in Table 1.

In the 3082 patients initially identified, the median comple-
tion rate for FCP for patients who had at least one FCP test 
ordered was 50% (IQR 0–100). When the subgroup analysis 
was performed for the 1563 patients for whom complete in-
formation was available for FCP, C. difficile, CRP, and CBC 
testing, the median completion rates (IQR) for each of these 
tests were noted to be 50.0% (25–100), 66.7% (40–100), 
75.0% (57–100), and 77.0% (61–90), respectively. The me-
dian completion rates are displayed in Figure 2.

The patients were then analyzed by IBD disease type. 
Median FCP completion rates by IBD disease type were 
45.5% (0–72.7) for CD, 50% (16.7–100) for UC, and 88.9% 
(33.3–100) for IC. Median C.  difficile completion rates by 
IBD disease type were 66.6% (33.3–100) for CD, 66.6% (50–
100) for UC, and 66.6% for IC (50–100). Median CRP com-
pletion rates by IBD disease type were 72.2% (57.1–87.5) for 
CD, 75% (55.7–90.7) for UC, and 100% (66.7–100) for IC. 
Finally, median CBC completion rates by IBD disease type 
were 75% (60.0–88.9) for CD, 76.9% (60.0–89.9) for UC, 
and 83.3% (66.7–100) for IC. A statistically significant differ-
ence was noted in the completion rate for FCP, CRP, and CBC 
in UC, CD, and IC patients (P < .001), respectively. However, 
no statistically significant difference was noted in completion 
rates of C. difficile in UC, CD, or IC patients.

Patients were stratified into 8 separate cohorts according to 
their age and median rates of completion for each test were 
compared. Median rates of completion by age group for FCP 
are displayed in Figure 3. Median FCP completion rate (IQR) 
for age <20–29 was 50% (25–80), which was significantly 

Figure 1.  Consort of patient selection. IBD, inflammatory bowel disease; 
FCP, fecal calprotectin; CRP, C-reactive protein; CBC, complete blood 
count.

Table 1.  Demographics of studied cohort.

Age

  Mean (SD) 43.2 (17.2)

IBD disease type

  Crohn’s disease 1519 (49.3%)

  Ulcerative colitis 1081 (35.1%)

  Indeterminate colitis 482 (15.6%) 

Sex

  Female 1638 (53.1%) 

  Male 1444 (46.9%) 

Ethnicity

  Hispanic 1235 (40.1%) 

  Non-Hispanic 1711 (55.5%) 

  Unknown 136 (4.4%) 

https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otab028#supplementary-data
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lower compared to the completion rate for age 60–69, which 
was 66.7% (50–100), P < .001. Similarly, the FCP completion 
rate for age 30–39 was 50% (14.3–75), which again was sig-
nificantly lower compared to age 60–69 (P < .001). This was 
further demonstrated when comparing the age range 40–49, 
which had a completion rate of 50% (20–80), to 60–69 (P < 

.001). When comparing completion in the age range 30–39 to 
50–59 and to 70–79, there were statistically significant differ-
ences noted (P < .001 and P < .01, respectively). All other age 
group comparisons were not statistically significant.

The comparison of age stratification versus median com-
pletion rates of CBC, CRP, and C. difficile was also calcu-

Figure 2.  Box-and-whisker plot displaying median completion rate per test type. FCP, fecal calprotectin; CRP, C-reactive protein; CBC, complete blood 
count. The median, or 50th percentile, is represented by the solid horizontal line per plot. Mean of the data is represented by an additional “x” symbol 
per plot.

Figure 3.  Box-and-whisker plot displaying age stratification versus median completion rate of fecal calprotectin. The median, or 50th percentile, is 
represented by the solid horizontal line per plot. Mean of the data is represented by an additional “x” symbol per plot.
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lated. No statistically significant difference was noted among 
age groups and completion of CBC and CRP. However, for 
C. difficile, age group 18–29 had a completion rate of 50% 
(30.2–100), which was significantly lower than the comple-
tion rate of 66.7% (50–100) noted among the age group 
60–69 (P < .05). Similarly, the age group 50–59 had a signifi-
cantly higher completion rate of 66.7% (50–100) compared 
to the age group 18–29 (P < .05). No statistically significant 
difference was noted based on gender or ethnicity in comple-
tion rates of any test. Because we have a large Hispanic popu-
lation, these data suggest that Hispanics are no less likely 
than non-Hispanic Whites to complete stool testing.

A Spearman’s rank-order correlation was run to determine 
the relationship between age and FCP rate of completion 
which showed no or negligible relationship (r = 0.148, P < 
.001). In univariate regression analysis, we observed an in-
crease of 0.003% in FCP completion rate for every increase 
in 1 year of age (P < .001). We also found a positive linear 
relationship when comparing age and C. difficile completion 
rate (r = 0.13, P < .001) in which for each increase in 1 year 
of age, there was a 0.28% increase in test completion rate. 
No correlation was found between age and CBC (r = 0.018, 
P  =  .38) or CRP (r  =  −0.03, P  =  .82) rates of completion. 
Interestingly, a positive correlation between FCP rates of 
completion and CBC (r = 0.22, P < .001), CRP (r = 0.25, P < 
.001), and C. difficile (r = 0.37, P < .001) was noted. Linear 
regression showed that for each increase of 1% of FCP rate of 
completion, there is an increase of 0.004% of CBC (P < .001), 
0.004% of CRP (P < .001), and 0.004% of C. difficile (P < 
.001) rates of completion.

Discussion and Conclusions
The need for noninvasive tests to aid with diagnosis, to moni-
tor disease activity and response to treatment, and to predict 
disease relapse is essential. The COVID-19 pandemic has fur-
ther highlighted this need when the performance of colon-
oscopies was limited. The sensitivity and specificity of FCP 
make it a valuable tool in the management of IBD patients. In 
this study, we assessed completion rates for FCP as compared 
to other routine tests done in the care of IBD patients at a 
tertiary referral center caring for a diverse patient population. 
Despite the utility of FCP as a surrogate marker of disease ac-
tivity and as a useful alternative to repeated endoscopic evalu-
ations, we observed that adherence to this test compared to 
standard blood tests among our patient cohort is poor. We 
observed a similar trend in the completion rate of C. difficile 
and overall found statistically fewer patients adhering to tests 
involving the collection of stools compared with blood.

Our analysis shows that age contributes to the differ-
ences observed in the completion of stool biomarker tests 
when compared to blood biomarker tests. In this subset of 
patients, there was a statistically significant increase in FCP 
completion rates among older patients compared to younger 
patients. We found a positive linear relationship when com-
paring age and FCP completion rate. Furthermore, we found 
that those patients who completed an FCP test were likely 
to complete other tests ordered by providers, specifically 
C. difficile stool tests and blood tests. Patients with colitis, 
UC, or indeterminate were more likely to complete FCP test-
ing. One possible explanation is that patients perceived a 
greater value for this test. There was no statistical difference 

in the completion of FCP tests based on gender or ethnicity. 
This is important given that 40.1% of our patient cohort are 
self-identified Hispanics.

We next asked if this finding was also seen in patients who 
had orders for another common stool test, C. difficile, ver-
sus commonly ordered blood tests. A similar pattern was ob-
served for C. difficile stool testing. Whereas we saw that older 
patients were more likely to perform stool testing, we did not 
see a difference in completion rates of blood tests based on 
age, gender, or ethnicity. Not surprisingly, patients willing to 
have the FCP stool test were also more likely to complete 
blood tests (CBC, CRP) and other stool tests (C.  difficile). 
This observation indicates that certain patients are generally 
more likely to adhere to all recommended testing.

Adherence to testing is required in a variety of other 
common conditions as part of screening guidelines and to 
aid in the delivery of evidence-based quality care. For ex-
ample, the Centers for Disease Control and Prevention re-
commends that diabetic patients undergo a glycated hemo-
globin test (HbA1C; hereafter referred to as A1C) every 
3 months.8 The national prevalence of diabetic individuals 
completing an A1C test at least twice in the last year is 
estimated to be approximately 65.0%.8 The rate of A1C 
test completion may differ based on race/ethnicity, and 
one study conducted by Nepal and Banerjee8 demonstrated 
that the completion among Hispanics is the lowest com-
pared to other races. Additionally, there are several con-
ditions that require close blood drug level monitoring to 
ensure drug efficacy. For example, patients on warfarin re-
quire frequent international normalized ratio (INR) checks 
for drug level monitoring. In a small study conducted by 
Pamboukian et al9 in 2008, the authors observed an adher-
ence to INR monitoring in 76.3% of their study cohort. 
Of interesting note, the authors remarked that younger 
age and less severe baseline disease were associated with 
higher rates of nonadherence to blood testing. Stool testing 
is also used widely as a screening tool for colorectal can-
cer. In a large-scale, observational study, adherence to fecal 
immunochemical testing was approximately 40%.10 IBD is 
distinct as it requires the regular collection of both blood 
and stool biomarkers to monitor disease activity and guide 
management.

In conducting this study, our group generated total orders 
of FCP and other laboratory tests through a search of our 
EMR, and as such, we do not know the specific indications 
for which these tests were ordered. Furthermore, it is pos-
sible that laboratory tests may be ordered without an accom-
panying visit. We know from previous studies conducted on 
our patient cohort that a majority of patients (approximately 
70%) are in histologic and endoscopic remission at the time 
of colonoscopy.11 Our current data demonstrate that approxi-
mately half (53%) of the patients are in FCP remission with 
the laboratory cutoff of 50  μg/g. A  systematic review and 
meta-analysis by Mosli et al2 identified an FCP cutoff point of 
50 μg/g as optimal for the detection of endoscopically active 
disease in symptomatic patients, which is substantially differ-
ent from the value of 250 μg/g reported by a meta-analysis 
conducted by Lin et al.12 Given the different cutoffs of FCP, 
we believe that the indications for ordering an FCP in our 
cohort are similar to the IBD patients undergoing routine 
colonoscopies in our center, which is to verify remission and 
monitor for relapse.
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CRP and FCP are among the most commonly used bio-
markers in the treatment and monitoring of IBD patients. 
A multicentered, randomized controlled trial completed in 
2017 studying the effect of tight control management on CD 
(CALM) demonstrated that treatment algorithms based on 
concentrations of FCP and CRP to monitor inflammatory 
activity alongside clinical symptoms led to superior out-
comes compared with an algorithm based on clinical symp-
toms alone in patients with CD.13 The use of biomarkers led 
to faster optimization of therapy and to a higher propor-
tion of patients achieving endoscopic and mucosal healing, 
biological remission, and steroid-free remission.13 However, 
CRP is not a specific marker of intestinal inflammation, as it 
has shown to have a specificity of 0.49 (95% CI: 0.72–0.98) 
in CD, and 15% of IBD patients do not mount a CRP re-
sponse during disease flares.2 Furthermore, genetic hetero-
geneity in CRP generation exists among individual patients.14

Although the use of FCP has emerged as one of the most 
useful tools for the clinical management of IBD, adher-
ence to FCP testing can be challenging to patients for vari-
ous reasons. A prospective, observational study conducted in 
Europe by Maréchal et al15 found that only one-third of the 
studied patients complied with FCP testing. The main reason 
for noncompliance was forgetfulness (76%) and a lack of per-
ceived benefit for the test (11%); other reasons included refusal 
to handle feces and difficulty with collecting the stool sample.15 
In a prospective patient survey by Kalla et al16 in 2018, 37% 
of patients found FCP testing challenging, with the collection 
of samples being the most difficult aspect (67%). In particu-
lar, patients (younger than 49 years; odds ratio: 2.5, 95% CI: 
1.6–4.0) had difficulties with the stool test and patients pre-
ferred blood testing versus FCP testing (55% vs. 6%, respect-
ively).17 This is similar to our study in which median comple-
tion rates were highest for CBC and CRP tests (75% and 77%, 
respectively) and lowest for FCP (50%), and completion rates 
were generally higher in older patients. These data suggest that 
younger patients may benefit from additional support and 
counseling regarding adherence to tests.

The strengths of this study include that data were obtained 
in a tertiary referral center with standardized care practices. 
We included patients of all ages, comprising recently diag-
nosed IBD and long-standing IBD. A high proportion of pa-
tients are self-identified Hispanics and thus these data con-
tribute to understanding whether there are cultural barriers to 
stool-based tests. Consecutive patients were included to avoid 
selection bias. The study has limitations, including the retro-
spective nature of the study over a wide range of dates and 
that it was performed in a single site. Therefore, it may not re-
flect the IBD population elsewhere. Furthermore, it is possible 
that when patients are acutely ill, their likelihood of complet-
ing testing may be higher than when they are well. Compared 
to other stool tests like C. difficile, FCP may be ordered more 
frequently in stable patients than other stool tests and, as a re-
sult, may partially explain our difference in completion rates.

Despite the cited limitations, the data presented here are 
directly applicable to clinical practice, as it reinforces that pa-
tient education for FCP testing is crucial to improve patient 
outcomes. Further studies are needed to explore the potential 
improvements that are needed to aid in stool sample collec-
tion. At-home testing that minimizes stool handling may help 
adherence. The development of blood-based biomarkers that 
reflect intestinal inflammation with greater sensitivity and spe-
cificity, as well as ease of adherence, will improve patient care.

Supplementary Data
Supplementary data is available at Crohn’s and Colitis 
360 online.
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