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Abstract
AIM: To evaluate the correlation between fecal calpro
tectin (fC), C-reactive protein (CRP), and endoscopic 
disease score in Asian inflammatory bowel disease (IBD) 
patients. 

METHODS: Stool samples were collected and assessed 
for calprotectin levels by Quantum Blue Calprotectin 
High Range Rapid test. Crohn’s disease endoscopic 
index of severity (CDEIS) and ulcerative colitis endoscopic 
index of severity (UCEIS) were used for endoscopic 
lesion scoring. 

RESULTS: A total of 88 IBD patients [36 patients with 
Crohn’s disease (CD) and 52 with ulcerative colitis 
(UC)] were enrolled. For CD patients, fC correlated with 
CDEIS (r  = 0.465, p  = 0.005) and CRP (r  = 0.528, p  = 
0.001). fC levels in UC patients correlated with UCEIS (r  
= 0.696, p  < 0.0001) and CRP (r  = 0.529, p  = 0.0005). 
Calprotectin could predict endoscopic remission (CDEIS 
< 6) with 50% sensitivity and 100% specificity (AUC: 
0.74) in CD patients when using 918 μg/g as the cut-
off. When using 191 μg/g as the cut-off in UC patients, 
calprotectin could be used for predicting endoscopic 
remission (UCEIS < 3) with 88% sensitivity and 75% 
specificity (AUC: 0.87). 

CONCLUSION: fC correlated with both CDEIS and 
UCEIS. fC could be used as a predictor of endoscopic 
remission for Asian IBD patients. 

Key words: Inflammatory bowel disease; Endoscopic 
score; Fecal calprotectin; Crohn’s disease; Ulcerative 
colitis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Mucosal healing is the goal in treating 
inflammatory bowel disease patients, and endoscopic 
examination remains the gold standard for evaluating 
mucosal status. Our results provide more evidence 
that fecal calprotectin (fC) correlates well with mucosal 
disease activity by using endoscopic disease score of 
ulcerative colitis endoscopic index of severity (UCEIS) 
and Crohn's disease endoscopic index of severity 
(CDEIS). The correlation of fC was higher in UCEIS 
than in CDEIS. fC could be used as a predictor of 
endoscopic remission for Asian inflammatory bowel 
disease patients.

Lin WC, Wong JM, Tung CC, Lin CP, Chou JW, Wang HY, 
Shieh MJ, Chang CH, Liu HH, Wei SC; Taiwan Society 
of Inflammatory Bowel Disease Multicenter Study. Fecal 
calprotectin correlated with endoscopic remission for Asian 
inflammatory bowel disease patients. World J Gastroenterol 
2015; 21(48): 13566-13573  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i48/13566.htm  DOI: http://
dx.doi.org/10.3748/wjg.v21.i48.13566

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflam­
matory and destructive disease of the gastrointestinal 
tract. The chronic active inflammation causes ulcera­
tions, stricture formations, and perforations and is 
a risk factor for the development of dysplasia and 
cancer[1]. To reduce longstanding IBD complications, 
the treatment goal in IBD patients is mucosal healing. 

Certain classifications have been constructed to 
monitor the clinical parameters and treatment effects 
in IBD patients, such as the Crohn’s disease activity 
index (CDAI) and the Montreal classification[2,3]. 
However, these scoring systems may be unreliable, 
because patients give subjective assessments of 
their symptoms, and clinicians are subjective in 
their assessments of patients. The gold standard for 
monitoring patients with IBD remains endoscopy, 
which is a time-consuming, expensive, and invasive 
procedure. In addition, the bowel cleansing that 
patients must undergo before endoscopic procedures 
is uncomfortable and inconvenient. 

A stool sample analysis is noninvasive without the 
necessity of bowel preparation, relatively convenient, 
and much less time-consuming for the patient. 
Calprotectin, a calcium-binding protein, originates 
from neutrophils found in both plasma and stool[4]. It is 
markedly elevated in inflammatory processes, such as 
IBD, sepsis, and necrotizing enterocolitis[5]. There are 
many bacterial proteases in feces, however, calprotectin 
is resistant to these enzymes, and, therefore, it is 
possible to measure it in a fecal sample[6]. In addition, 
samples can be stored for several days and shipped 
at ambient temperatures. Thus, measurement of this 
biomarker provides a reliable method for the degree of 
inflammation in the bowel[7]. Recently, fecal calprotectin 
(fC) levels have been reported to be a predictive marker 
of mucosal healing in patients with IBD[5]. Its levels 
have been correlated with histological disease activity 
and could be used as a relapse marker and a disease 
activity marker for IBD patients[6,8,9]. 

There are two types of fC tests, including 
fully quantitative laboratory-based technologies 
[enzyme‑linked immunosorbent assay (ELISA) 
platform], fully quantitative rapid tests, and semi-
quantitative point‑of‑care tests [10]. The level of 
calprotectin is age-related. Two to 9 year-old children 
and adults above the age of 60 have significantly 
higher concentrations of calprotectin than 10 to 
59 year-olds[11]. Furthermore, its level is higher in 
infants in rural areas than urban areas[12]. There are 
limited data regarding calprotectin levels in different 
races. Reports from Western countries show that fC 
levels significantly correlate with endoscopic disease 
activity in IBD[13]. In Japan, its levels were found to be 
correlated with endoscopic disease activity in pediatric 
and post-operative Crohn's disease (CD) patients[14,15]. 
For ulcerative colitis (UC), fC correlated with clinical 
activity in China[16]. We were unable to find any report 
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about evaluating fC, C-reactive protein (CRP), and 
endoscopic index in either Asian UC or CD patients. 
In order to define whether the fC could be used as 
a surrogate marker for mucosal healing, or even as 
a predictor for endoscopic remission, we examined 
the correlation between fC, CRP, and the endoscopic 
disease index in Asian IBD patients. 

MATERIALS AND METHODS
Patients
All patients signed the informed written consent for 
participation in this study, which was approved by the 
institution’s Ethics Committee. This was a prospective, 
multi-center study under the collaboration of the 
Taiwan Society of Inflammatory Bowel Disease. 
The inclusion criteria were: patients who were 
between 16 and 80 years of age; patients who were 
diagnosed with IBD based on standard endoscopic, 
radiological, and histological criteria; and outpatients 
who regularly followed up but not newly diagnosed, 
without acute illness under active medication 
adjustment. Exclusion criteria were: patients with 
possible concurrent gastrointestinal infection (fever 
and diarrhea) or malignancies, pregnant females, 
and patients who abused alcohol or regularly 
consumed aspirin, antibiotics, cytotoxic drugs, and 
non‑steroidal anti‑inflammatory drugs (more than 
two tablets per week). In Taiwan, when the patient’
s condition is stationary, the regular follow-up interval 
for the outpatient is 3 mo. Therefore, we invited 
those patients who were going to have their follow-
up endoscope before their next visit to enroll in this 
study. In order to minimize inconvenience for patients, 
we educated the patients on how to collect stool 
samples and had them return the samples prior to 
or on the next visit. All invited patients who accepted 
these terms were included during the study period. In 
this way, the interval between calprotectin and CRP 
measurements and the endoscopic examination was 
within 3 mo. Serum CRP level was obtained from the 
clinical records (normal level was less than 0.8 mg/dl 
in all centers involved in this study).

Endoscopic scoring
All UC patients underwent complete colonoscopy, 
and all CD patients underwent ileocolonoscopy. CD 
endoscopic index of severity (CDEIS)[17] and UC 
endoscopic index of severity (UCEIS)[18] were used for 
the endoscopic lesions scoring. The CDEIS is based on 
the recognition of elementary lesions (non-ulcerated 
lesions, superficial and deep ulcerations) associated 
with the appreciation of their surface in five different 
segments (ileum, right colon, transverse, left colon, 
and rectum)[17]. The CDEIS ranges from 0 (normal) 
to 44 (most severe). The UCEIS is based on vascular 
patterns (2 levels), bleeding (3 levels), and erosions 
and ulcers (3 levels)[18]. The final score represents the 

sum of the components, with the UCEIS ranging from 
0 (normal) to 8 (most severe). Endoscopic findings 
were recorded on color imaging and graded according 
to CDEIS and UCEIS by two specialist physicians who 
were blinded to the patient’s clinical details. 

Collection and measurement of fecal samples
Fecal samples (around 90 mg) were collected from 
all of the patients. Patients were instructed to collect 
the sample at home and have them stored in a 
refrigerator. Samples were delivered on the next day 
and transferred to the study laboratory for analysis. 
The laboratory personnel carrying out the analysis 
were blinded to the clinical history, data, and the 
endoscopic findings of the patients. The values quoted 
as normal in our laboratory were 100 μg/g. fC levels 
were assessed by using a commercially-available 
ELISA, Quantum Blue Calprotectin High Range Rapid 
Test (Buhlmann laboratories AG, Schonenbuch, 
Switzerland).

Statistical analysis
Each value is presented as a median with the inter­
quartile range (IQR). For data analyses we used SPSS 
for Windows software 14.0 (Chicago, IL, United States). 
For correlation analyses, we used the nonparametric 
Spearman’s rank order correlation (r). The Kruskal-
Wallis test was used for exploring changes between 
related variables. Sensitivity and specificity were 
estimated by the receiver operating characteristic 
(ROC) curve analysis. The calprotectin cut-off values 
were selected by the Youden’s index using ROC curves. 
The areas under the ROC curve (AUCs) were calculated 
for fC, and the combination of fC and CRP, respectively. 
All statistical testing was two-sided, and P values < 0.05 
were considered statistically significant.

RESULTS
A total of 88 patients, 52 diagnosed with UC and 36 
diagnosed with CD, were included in this study. The 
clinical characteristics of the 88 enrolled patients 
are listed in Table 1. The interval between the fC 
measurement and the endoscopy ranged from 4 to 80 
d, with a mean of 36.5 d. 

The UC patients were predominantly male (65%), 
with an age range of 17 to 76 years (median age 
of 44). The correlation between readers for UCEIS 
was good, with an intraclass correlation coefficient of 
0.8980. They had a median (IQR) UCEIS of 3 (1-4), 
a median (IQR) CRP level of 0.17 (0.04-0.51) mg/L, 
and a median (IQR) fC level of 447 (116-1700) μg/g. 
When separated by disease extent, as shown in Table 2, 
the median level of fC in UC was 116 μg/g in proctitis, 
478 μg/g in left-sided UC, and 611 μg/g in extensive 
UC. The fC level in UC patients was not statistically 
different between age groups more or less than 60 
years old (mean ± SD: 331 ± 638 and 1033 ± 2038, 
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the L1, L2, and L3 patients.
In UC patients, UCEIS correlated significantly with 

fC level, with a Spearman correlation coefficient of 
0.696 (P < 0.0001) (Figure 1A). UCEIS also correlated 
with the levels of CRP (Spearman correlation 
coefficient of 0.581, P < 0.0001) (Figure 1B). fC 
correlated with CRP, with a correlation coefficient of 
0.529 (p = 0.005) (Figure 1C). Although there was a 
trend suggesting that fC increased from E1 (proctitis) 
to E3 (total colitis), there was no correlation between 
the extent of disease and fC, CRP, and UCEIS. In 
the CD patients, CDEIS correlated with fC (Figure 
2A) as well as with CRP (Figure 2B), with Spearman 
correlation coefficients of 0.465 (p = 0.005) and 0.582 
(p = 0.0002) for calprotectin and CRP, respectively. 
Moreover, the correlation coefficient was 0.528 (p 
= 0.001) for CRP and fC (Figure 2C). There was no 
correlation between the location of disease and fC (P = 
0.060), CRP (P = 0.153) and CDEIS (P = 0.081).

In CD, where the threshold for endoscopic 
remission has been set by a systemic review study 
as a CDEIS < 6[19], the best discriminative cutoff was 
obtained at a calprotectin threshold of 918 μg/g, which 
could predict endoscopic remission with 50% sensitivity 
and 100% specificity (AUC of 0.74). In the UC group, 
where the threshold for endoscopic remission was 
set as a UCEIS < 3, the ROC curve analysis (AUC of 
0.87) revealed a cut-off calprotectin level of 191 μg/g, 
which could predict mucosa healing with a sensitivity 
and specificity of 88% and 75%, respectively. As 
shown in Figure 3, when using the combination of CRP 
and fC, the predicting ability of endoscopic remission 
increased, but it did not significantly increase when 
compared with fC alone (p value for CD: 0.07 and for 
UC: 0.28). 

When we divided the results by mean interval (36 
d) of fC measurement and endoscopy, the Spearman 
correlation coefficient of fC and UCEIS was 0.810 (p = 
0.008) for those with the shorter interval (< 36 d), and 
the correlation coefficient of fC and UCEIS decreased 
to 0.388 (p = 0.342) for those with the longer interval 
(> 36 d). However, there was no such difference for 
the CD patients. The Spearman correlation coefficient 
of fC and CDEIS was 0.509 for the shorter interval (< 
36 d ) (p = 0.0631), and the correlation coefficient of 

respectively; p = 0.37). The median level of CRP in UC 
was 0.06 mg/dL in proctitis, 0.19 mg/dL in left-sided 
UC, and 0.30 mg/dL in extensive UC. The median (IQR) 
UCEIS was 3 (1-4) in proctitis, 3 (1-4) in left-sided UC, 
and 3.5 (3-4.5) in extensive UC. For each biomarker of 
calprotectin, there was no significant difference among 
proctitis, left-sided UC, and extensive UC patients. 

Of the 36 CD patients enrolled, there were slightly 
more males than females (52% male), and the age 
ranged from 21 to 71 years, with a median age of 
34. The correlation between readers for CDEIS was 
also good, with an intraclass correlation coefficient 
of 0.9632. They had a median (IQR) CDEIS of 8.0 
(5.2-21), a median (IQR) CRP level of 0.15 (0.05-0.91) 
mg/L, and a median (IQR) fC level of 309 (100-1130) 
μg/g. The fC level in CD patients was not statistically 
different between patient groups more or less than 
60 years old (mean ± SD: 3250 ± 35436 and 1369 
± 2257, respectively; p = 0.115). When separated 
by disease location, as shown in Table 3, the median 
(IQR) level of fC in CD was 2693 (1071-5010) μg/g 
in ileum (L1), 176 (100-573) μg/g in colon (L2), and 
279 (100-2175) μg/g in ileocolon (L3) subtypes. The 
median (IQR) level of CRP in CD was 0.56 (0.13-1.09) 
mg/dL in L1, 0.05 (0.03-0.15) mg/dL in L2, and 
0.17 (0.08-1.27) mg/dL in L3 subtypes. The median 
(IQR) CDEIS was 9 (8-19) in L1, 3.9 (3.2-9.2) in L2, 
and 8 (6-28) in L3 subtypes. For each biomarker of 
calprotectin, there was no significant difference among 

Table 1  Clinical characteristics of the 88 inflammatory bowel 
disease patients  n  (%)

UC (n  = 52) CD (n  = 36)

Gender (M/F) 34/18 19/17
Age (yr) 44 (17-76) 34 (21-71)
Disease extent/location
   E1/L1 13 (25)   4 (11)
   E2/L2 15 (29)   8 (22)
   E3/L3 24 (46) 24 (67)
EIS [median (IQR)] 3 (1-4) 8 (5.2-21)
Calprotectin (µg/g) [median (IQR)]  447 (116-1700)  309 (100-1130)
CRP [median (IQR)] 0.17 (0.04-0.51) 0.15 (0.05-0.91)

For UC: E1: Proctitis; E2: Left-sided colon; E3: Total colon; for CD: L1: 
Ileum; L2: Colon; L3: Ileocolon; UC: Ulcerative colitis; CD: Crohn's disease.

Fecal calprotectin 
(µg/g) UCEIS CRP

 Median   Range Median Range Median Range

E1 116 100-620 3 1-4   0.06 0.04-0.17
E2 478 214.5-1249 3 1-4   0.19 0.04-0.45
E3 611    172-1800    3.5    3-4.5 0.3 0.05-1.04

EIS: Endoscopic index of severity; CRP: Serum C-reactive protein; E1: 
Proctitis; E2: Left-sided UC; E3: Extensive; UCEIS: Ulcerative colitis 
endoscopic index of severity.

Table 3  Fecal calprotectin, Serum C-reactive protein and 
Crohn’s disease endoscopic index of severity divided by 
location of the disease in patients with Crohn's disease

Fecal calprotectin 
(µg/g) CDEIS CRP

  Median    Range Median Range Median Range

L1  2693    1071-5010 9 8-18.5 0.56 0.13-1.09
L2    176    100-573    3.9 3.2-9.2 0.05 0.03-0.15
L3    279      100-2175 8 6-27.5 0.17 0.08-1.27

EIS: Endoscopic index of severity; CRP: Serum C-reactive protein; L1: 
Ileum; L2: Colon; L3: Ileocolon; CDEIS: Crohn's disease endoscopic index 
of severity. 

Table 2  Fecal calprotectin, C-reactive protein, and ulcerative 
colitis endoscopic index of severity in ulcerative colitis 
patients separated by the extent of disease

Lin WC et al . Fecal calprotectin correlated with endoscopic remission
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fC and CDEIS was 0.511 (p = 0.0179) for the longer 
interval (> 36 d) group.

DISCUSSION
The fC test is a simple, non-invasive, and reproducible 
test. To date, there have been few studies on the 
relationship between fC and endoscopic indices 
(mucosal status) in the Asian population. In this 
study, we assessed the association between fC, CRP 
level, and endoscopic disease activity. Our results 
demonstrated that the concentration of fC in Asian 
IBD patients was significantly correlated with the 
endoscopic index, which was evaluated by the UCEIS 

for UC and CDEIS for CD patients. 
In our study, a calprotectin level below 191 μg/g 

was associated with mucosal healing in UC (UCEIS < 
3), whereas a calprotectin level below 918 μg/g in CD 
reflected endoscopic remission (CDEIS < 6). This result 
is consistent with a Denmark study[20] that showed 
the cutoff level of fC was 192 μg/g for predicting 
endoscopic mucosa healing in UC, as assesed using 
both the UCEIS and Mayo Endoscopic Score. This 
finding confirmed that fC reflects endoscopic disease 
activity with different endoscopic scores. Another 
European report[13] observed that an fC level below 250 
μg/g was predictive for endoscopic remission (CDEIS 
≤ 3) in CD patients. In UC, an fC level above 250 

Figure 1  Correlations between (A) UCEIS and fecal calprotectin, (B) UCEIS 
and CRP, and (C) fecal calprotectin and CRP in ulcerative colitis patients. 
UCEIS: Ulcerative colitis endoscopic index of severity; CRP: C-reactive protein; 
fC: Fecal calprotectin.

Figure 2  Correlations between (A) CDEIS and fecal calprotectin, (B) CDEIS 
and CRP, and (C) fecal calprotectin and CRP in Crohn's disease patients. 
CDEIS: Crohn's disease endoscopic index of severity; CRP: C-reactive protein; 
fC: Fecal calprotectin.
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μg/g indicated active mucosal disease activity (Mayo 
Endoscopic Score > 0). Here, we provide additional 
necessary evidence that fC levels correlate significantly 
with endoscopic disease activity in Asian IBD patients. 

There is evidence that fC levels correlate more 
closely with histological evaluation than macroscopic 
findings, suggesting that this biological marker is 
more sensible than endoscopy in evaluating IBDs 
activity[9,20,21]. In combination with our results, the fC 
levels could help us identify not only endoscopic but 
also histologic healing. Therefore, fC could be used 
as a surrogate marker for mucosal status in both CD 
and UC patients. Although it has been reported that 
fC tended to be higher in patients more than 60 years 
old[11], we found no statistically significant difference 
between patients more or less than 60 years old for 
both UC and CD. 

In clinical practice, these cut-off points could be 
used to guide treatment decisions, where patients 
with calprotectin levels higher than these cut-off points 
will need treatment intensification or escalation. We 
found different studies reporting various cut-off levels 
of fC with endoscopic disease activity, which might be 
due to differences in patient selection, the extent of 
disease, and the remission duration[22]. Based on these 
studies, the use of serial fC measurements to detect 
endoscopic recurrence could potentially overcome the 

imperfect sensitivity of individual measurements and 
was better than using a cut-off level of fC[23]. Although 
the combination of fC and CRP increased the predictive 
ability, it did not reach statistical significance, which 
may be due to an underpowered sample. 

In previous studies[24-31], the correlation coefficients 
ranged from 0.48-0.83 for fC with endoscopic disease 
activity and from 0.46-0.61 for CRP in CD patients. In 
UC, the correlation coefficient ranged from 0.51-0.83 
for fC with endoscopic disease activity. In our study, 
we found that the correlation between fC concentration 
and endoscopic disease activity was higher in patients 
with UC. We also found that the fC can rapidly reflect 
the mucosal condition, as demonstrated by the 
stronger correlations when the intervals between fC 
measurement and endoscopy were shorter. Costa 
and colleagues reported a study describing that 
a high concentration of fC was associated with a 
14‑fold relapse risk in patients with UC and a 2‑fold 
relapse risk in patients with CD, indicating that a high 
concentration of fC may be a more accurate predictive 
marker of relapse in UC than in CD[32]. In contrast to 
UC, patients with CD have stronger CRP responses[33]. 
This finding may be related to the fact that transmural 
inflammation is seen in patients with CD, whereas the 
inflammation in UC patients is confined to the mucosa. 
Therefore, fC levels seem to represent a stronger 
biomarker for monitoring endoscopic activity in UC 
patients. For patients with CD, increased levels of both 
CRP and fC are likely to be sufficient to identify an 
active mucosal disease. 

As for the disease extent in IBD, ileocolonic and 
colonic CD significantly correlated with positive 
calprotectin tests and the probability of relapse[22,33]. 

It was reported that patients with ileal CD had 
significantly lower fC levels than those with ileocolonic 
disease, even in the presence of large ulcers[34]. In 
UC patients, a previous study showed that the fC 
increased significantly with disease extent in proctitis 
and left-sided colitis but the difference was not 
statistically significant[20]. In our study, we did not find 
a correlation between disease location and fC in UC or 
CD patients. However, fC, CRP levels, and CDEIS were 
higher in patients with ileum involvement than in CD 
patient with other sites affected. In UC, the extensive 
type had higher fC, CRP levels, and UCEIS but without 
statistical significance.

In conclusion, fC correlated with both the CDEIS for 
CD patients and the UCEIS for UC patients. Our results 
provide additional evidence that fC correlates well with 
mucosal disease activity. Therefore, fC levels could be 
used as a surrogate marker for monitoring mucosal 
status as well as predicting endoscopic remission of 
not only European but also the Asian IBD patients. 
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Background
Mucosal healing is the goal in treating inflammatory bowel disease (IBD) 
patients, and endoscopic examination remains the gold standard for evaluating 
the mucosal status. Recently, fecal calprotectin (fC) levels have been reported 
to be a predictive marker of mucosal healing in IBD. The aim of this study was 
to evaluate the correlation between fC, C-reactive protein, and endoscopic 
disease score.

Research frontiers
Previously, several studies have reported that fC is a stronger predictive marker 
of relapse in ulcerative colitis (UC) than in Crohn’s disease (CD) with colon 
involvement but not ileal CD. However, the effect of fC is less known in Asian 
patients. Therefore, we performed this head-to-head comparison for CD and 
UC.

Applications 
Those results demonstrated that the concentration of fC in Asian IBD patients 
was significantly correlated to the endoscopic index that was evaluated by the 
UC endoscopic index of severity for UC and CD endoscopic index of severity 
for CD patients. In agreement with the previous studies, when comparing fC 
level with endoscopic activity index in CD and UC, the correlation was higher in 
UC than in CD.

Terminology
fC is an extremely stable protein, and it can be found unaltered in stool for 
longer than 7 d. Thus, measurement of this biomarker provides a reliable 
method for determining the degree of inflammation in the bowel.

Peer-review
The study is certainly interesting and well designed. It sheds some light on the 
important issue of non-invasive evaluation of treatment effect in IBD patients.
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