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Abstract: To formulate therapy goals, we aimed to define the

relationship between fecal calprotectin and health-related quality of

life in inflammatory bowel diseases (IBDs).

This retrospective single-center cross-sectional study included

ambulatory IBD patients who had completed standardized question-

naires comprising items of health-related quality of life (Short Inflam-

matory Bowel Disease Questionnaire) and clinical disease activity

scores, and who had provided stool samples for calprotectin determi-

nation within 30 days of questionnaire completion. Correlation analyses

were performed between the indicated parameters. Post hoc analysis

was conducted, taking into account only data from patients with fecal

calprotectin concentrations measured within 3 days of questionnaire

completion.

One hundred ninety-seven patients with Crohn disease and 111

patients with ulcerative colitis were enrolled in the study. Lower fecal

calprotectin concentrations were associated with better health-related

quality of life. The correlations were weak, but stronger if only fecal

calprotectin concentrations measured within 3 days of questionnaire

completion were included (results for 3 days; Crohn disease: n¼ 86,

rS¼�0.419, P< 0.001; ulcerative colitis: n¼ 43, rS¼�0.432,

P¼ 0.004). In Crohn disease, a significant correlation between fecal

calprotectin concentration and health-related quality of life was found in

patients with colonic involvement (n¼ 59, rS¼�0.470, P< 0.001), but

not in patients with purely ileal disease (n¼ 27, rS¼�0.268, P¼ 0.18).

Correlations between fecal calprotectin concentrations and clinical

disease activity were also only weak to moderate.

Owing to its moderate correlation with fecal calprotectin concen-

trations in IBD patients with colonic involvement, health-related quality

of life should be used in combination with other markers for IBD
Rainer Schaefert, wickel, MD,
emmel, MD, and Lukas Klute, MD

for use in research studies, care should be taken to keep the time between

clinical evaluation of IBD patients and the determination of fecal

calprotectin concentrations as short as possible.

(Medicine 95(16):e3477)

Abbreviations: AUC = area under the curve, CD = Crohn disease,

CRP = C-reactive protein, FC = fecal calprotectin, HBI = Harvey-

Bradshaw Index, HRQoL = health-related quality of life, IBD =

inflammatory bowel disease, NSAID = nonsteroidal anti-

inflammatory drug, PHQ-9 = Patient Health Questionnaire-9,

ROC = receiver-operating characteristic, SCCAI = Simple

Clinical Colitis Activity Index, SIBDQ = Short Inflammatory

Bowel Disease Questionnaire, UC = ulcerative colitis, UGI = upper

gastrointestinal.

INTRODUCTION

I nflammatory bowel diseases (IBDs)–comprising Crohn dis-
ease (CD) and ulcerative colitis (UC) as the 2 main entities–

are chronic progressive diseases that predominantly affect
young people. Optimal IBD management requires well-defined
therapy goals. Currently, one of the biggest challenges is
discerning the outcome parameters best suited for an individual
patient. At one end of the spectrum is the patient’s health-
related quality of life (HRQoL); at the other, the severity of
mucosal inflammation. For the patient, improvement of HRQoL
is the most urgent therapy goal. Reduced HRQoL in IBD has
been shown to relate to higher rates of sick leave and decreased
work participation,1–4 which may have far-reaching con-
sequences for the patients’ private and professional lives.
Recently, it has been increasingly recognized that patient-
reported outcomes encompassing mental, physical, social,
and emotional aspects should influence disease management
decisions.1,5 There is clear evidence that clinical activity of IBD
is negatively correlated with HRQoL.6,7 Moreover, a negative
correlation between endoscopic disease activity and HRQoL in
IBD patients has previously been shown.8–10

However, evidence-based recommendations for therapy
goals in IBD are more sophisticated. Mucosal healing or even
histologic remission are increasingly considered more appro-
priate therapy aims than clinical disease activity,11–13 as they
coincide with better rates of long-term remission and thus better
prognoses.14,15 Fecal calprotectin (FC) is a suitable tool to
assess mucosal inflammation and healing, obviating the need
for direct visualization by endoscopy.16 It correlates better with
endoscopic findings than with clinical activity and is more
suitable than C-reactive protein (CRP) to detect active
C is increasingly used as a biomarker
Interestingly, a prospective study by

ing 19 CD patients and 29 UC patients
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in clinical remission—revealed that FC concentrations>30 mg/g
showed a 93% sensitivity and a 50% specificity for detecting
endoscopically visible inflammatory changes of the mucosa,
while a combined test using FC >30 mg/g and SIBDQ <60
achieved an 81.2% sensitivity and a 75% specificity for detecting
active endoscopic disease.

Physicians at our IBD outpatient clinic are often con-
fronted with cases of disparity between HRQoL and FC con-
centrations. Routine use of FC raises the question of how to
proceed in these cases. Therefore, we sought to quantify the
relationship between FC and HRQoL in IBD patients in an
exploratory study without prespecified hypothesis. To our
knowledge, no published studies exist that investigated this
relationship as their primary goal. To compare our data with
data from previous studies, secondary objectives were to ana-
lyze the relationships between FC, humoral biomarkers and
clinical disease activity, and between clinical disease activity
and HRQoL.

METHODS

Study Design and Ethical Considerations
This is a retrospective single-center cross-sectional

analysis of data collected at the IBD outpatient clinic of the
Heidelberg University Hospital, a tertiary care center in South-
west Germany. The study protocol was approved by the local
institutional ethics review board (Ethikkommission der Medi-
zinischen Fakultät Heidelberg, Alte Glockengießerei 11/1, D-
69115 Heidelberg; protocol number: S-619/2014; date of
approval: 5 January, 2015). It is in accordance with the Declara-
tion of Helsinki.

Eligibility Criteria
All patients who presented at the IBD outpatient clinic of

the Heidelberg University Hospital at least once between Feb-
ruary 1, 2012, and February 28, 2015, were potentially eligible.
The inclusion criteria were diagnosis of CD or UC according to
ECCO criteria,22,23 age between 18 and 80 years, availability of
at least 1 standardized IBD questionnaire with a fully completed
HRQoL section, and availability of at least 1 FC result obtained
within 30 days before or after the visit to the outpatient clinic.
The length of this time span was determined empirically. It was
a compromise between a sufficient number of eligible patients
and an interval short enough to exclude excessive changes of
disease activity between the 2 measuring points based on our
clinical experience. The exclusion criteria were diagnosis of
IBD unclassified; presence of ileo- or colostomy, or status-post
subtotal or total colectomy; known infection of the gastroin-
testinal tract, including infection with cytomegalovirus at the
time of presentation at the outpatient clinic, or the time of FC
determination; and regular, not on-demand use of nonsteroidal
anti-inflammatory drugs. As the effect of proton pump inhibi-
tors on FC concentrations was suggested to be small in com-
parison with the effect exerted by IBD, we did not exclude
patients on proton pump inhibitor therapy from the study.

Determination of FC and Humoral Biomarkers
The decision on whether a patient’s FC would be measured

was individually made by the treating physician. Most phys-
icians prompted FC measurement on a regular basis for therapy

Gauss et al
control. Fecal samples were analyzed using a commercially
available quantitative enzyme-linked immunosorbent assay
(fCAL ELISA, Bühlmann Laboratories AG, Schönenbuch,
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Switzerland) with a working range of 30 mg/g to 1800 mg/g.
As further sample dilution is not performed in our routine
clinical practice, concentrations above this range were recorded
as >1800 mg/g. According to Sipponen et al,24 who determined
a positive predictive value of 94% for endoscopic activity in CD
patients with a cutoff FC concentration at 200 mg/g, patients
with FC concentrations <200 mg/g were classified as having
inactive disease. CRP and leukocyte counts were used as
humoral biomarkers and determined by routine methods on
the day of questionnaire completion.

Data Collection
All standardized IBD questionnaires available from

February 2012 to February 2015 were screened. The paper
questionnaire in German language—containing demographic,
clinical, and psychological items on 4 pages–was developed
in our department. The questionnaires are meant to be given to
all IBD patients at every visit to the IBD outpatient clinic before
their doctors see them. They are handed out by the reception-
ists, and their completion is voluntary. However, they were not
consistently distributed during phases of staff shortage, and it
was not documented how many patients received the ques-
tionnaires. After recruitment of all sufficiently completed
questionnaires, the hospital’s electronic documentation system
was used to determine whether current FC results were avail-
able for the identified cases. To avoid duplication of cases
belonging to 1 patient, only the most recent record for which FC
was available was included per random decision. Additional
information like laboratory results, comorbidities, disease
extent and disease behavior according to the Montreal classi-
fication,25 and the patient’s medication at the time of the visit
were extracted from the electronic documentation system. Data
were arranged in a Microsoft Excel spreadsheet (version 2010,
Microsoft Corporation, Redmond, WA). The total number of
IBD patients who visited the outpatient clinic during the study
period and the number of corresponding cases were calculated
using the electronic diagnosis documentation system of
the hospital.

Scores
All scores applied in the present study were calculated

from items listed on the standardized IBD questionnaire. The
Harvey-Bradshaw Index (HBI) was used to quantify clinical
activity of CD.26 Per Vermeire et al,27 clinical remission was
defined as HBI <5. Mild disease was defined as HBI 5 to 7,
moderate as HBI 8 to 16, and severe as HBI >16. In UC
patients, clinical disease activity was assessed by the Simple
Clinical Colitis Activity Index (SCCAI).28 Remission was
considered at SCCAI<3.29 Mild activity was defined as SCCAI
3 to 5, moderate as SCCAI 6 to 11, and severe as SCCAI >11.
The Short Inflammatory Bowel Disease Questionnaire
(SIBDQ), in its validated German version, was used to evaluate
disease-specific HRQoL. It includes 10 items, and total scores
range from 10 (bad) to 70 (good).30,31 The SIBDQ contains the 4
subscores bowel symptoms, systemic symptoms, emotional
function, and social function. The presence of depressive
symptoms was evaluated with the Patient Health Question-
naire-9 (PHQ-9) in its validated German version; scores of
>9 indicate a risk of major depression.32,33 According to the
World Health Organization (WHO) definition, body mass index

Medicine � Volume 95, Number 16, April 2016
(BMI) was classified as follows: <18.5 kg/m2 underweight,
18.5 to 24.99 kg/m2 normal weight, 25–29.99 kg/m2 preobesity,
�30 kg/m2 obesity.
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Statistical Analysis
Statistical analyses were performed using IBM SPSS

Statistics version 22.0 software (IBM Corporation, Armonk,
NY, USA) and SAS software (Release 9.4, SAS Institute, Inc,
Cary, NC). Data from CD patients and UC patients were
analyzed separately. For demographic and clinical parameters,
medians and interquartile ranges (IQR) were indicated. As
variables were not normally distributed, the nonparametric
Mann-Whitney U test (for comparison of 2 groups) and Krus-
kal-Wallis test (for comparison of 3 or more groups) were
performed to compare subgroups. Pairwise comparison was
subsequently conducted by Mann-Whitney U test and Bonfer-
roni correction. Categorical variables were compared using
Fisher exact test.

Correlation analysis was performed by calculation of
Spearman rank correlation coefficient (rS). FC concentrations
>1800 mg/g were not specified. This problem was approached
by translating FC concentrations>1800 mg/g to 1801 mg/g for
correlation analyses. Calculations were performed both includ-
ing and excluding these translated values. Furthermore, 2
categories of FC concentrations were defined, as described
above,24 and the subgroups were compared by Mann-Whitney
U test. Initially, all patients with FC concentrations determined
within 30 days of completion of the IBD questionnaire (marked
as ‘‘�30d’’) were included. In a post hoc analysis, subgroups
were formed using only patients in whom FC concentrations
were measured within 3 days of questionnaire completion
(marked as ‘‘�3d’’).

Demographic and disease-specific parameters with a
potential confounding influence on SIBDQ were analyzed using
logistic regression analyses with a SIBDQ of>58 versus�58 as
cutoff. The SIBDQ of 58 was chosen because a German healthy
control group31 reached a mean SIBDQ of 60 with a standard
deviation of 5.5 and confidence limits of 58.5 and 61.5. Vari-
ables were entered into multivariate logistic regression analysis
when P values for univariate analysis were <0.02. Odds ratios
with their 95% confidence intervals were given.

Receiver operating characteristic (ROC) curves were cal-
culated to analyze the test performance characteristics of
SIBDQ for predicting FC. Youden Index was used to determine
optimal cutoff values.34 Sensitivity, specificity, positive and
negative predictive values (PPV and NPV) were presented.
Two-sided P values <0.05 were considered statistically
significant.

RESULTS

Description of the Study Population

Eligible Patients
In total, 2277 IBD patients visited our outpatient clinic

from February 1, 2012 to February 28, 2015, making up 5203
cases. Within this interval, 1579 IBD questionnaires were
completed. The questionnaire return rate cannot be calculated
as the number of patients who received the questionnaire was
not documented. Based on these 1579 questionnaires, 1133
cases were excluded due to at least one of the following factors:
no—or no current—FC value was available; the questionnaire
was not fully completed; or the diagnosis of CD or CD did not
apply according to ECCO criteria.22,23 Only 2 patients had to be
excluded due to Clostridium difficile infection and 4 patients
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due to the presence of ostomy. Four hundred forty-six cases
fulfilled the inclusion criteria. Considering only the most
recent cases among patients who had completed several
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questionnaires, 308 individual cases of IBD patients were
finally eligible—197 with CD and 111 with UC. Among these
308 patients, 200 completed only 1 survey, 83 completed 2
surveys, 20 completed 3 surveys, and 5 completed 4 surveys
within the study interval. In all, 108 of 308 patients completed at
least 2 IBD surveys within the indicated time frame.

Demographic and Clinical Characteristics of the
Study Population

Baseline characteristics of the whole study population and
of the subgroups whose FC concentrations had been determined
within 3 days of questionnaire completion are detailed in
Table 1. No relevant differences were detected between the
FC (�30d) groups and the FC (�3d) subgroups.

Parameters of Disease Activity and HRQoL in the
Study Population

Results of clinical and biochemical disease activity mar-
kers and HRQoL in the study population are shown in Table 2.
In all, parameters were comparable between FC (�30d) groups
and FC (�3d) subgroups.

Time Spans Between Questionnaire Completion and
FC Determination

Median time spans between questionnaire completion and
FC determination did not differ significantly between the CD
group (4 days, IQR 2–8) and the UC group (5 days, IQR 2–8;
P¼ 0.50). Supplemental digital content 1 (Figure, http://
links.lww.com/MD/A914) shows the distribution of time spans
in the 2 disease groups.

Correlation Analyses

Relationship Between FC Concentrations and
HRQoL in the Whole Study Population

For both CD and UC, only very weak negative correlations
were found between FC concentrations and SIBDQ scores,
including all FC values determined within 30 days of ques-
tionnaire completion (Tables 3 and 4; Supplemental digital
content 2, Figure, http://links.lww.com/MD/A914). Excluding
patients with FC values >1800 mg/g yielded nonsignificant
results for CD, whereas for UC, results were comparable with
those including all patients (Tables 3 and 4).

Relationship Between FC Concentrations and
HRQoL in the FC (�3d) Subgroups

Repeating the analyses using only FC values collected
within 3 days of questionnaire completion resulted in stronger
correlations between FC concentrations and SIBDQ scores
in both CD and UC (Tables 3 and 4; Supplemental digital
content 2, Figure, http://links.lww.com/MD/A914). After
excluding FC values >1800 mg/g, the correlations remained
significant. Based on these findings, further analyses were
performed considering only FC values measured within 3 days
of questionnaire completion, and FC values >1800 mg/g
were included, unless otherwise indicated. Supplemental
digital content 3 (Table, http://links.lww.com/MD/A914) illus-
trates how correlation coefficients changed depending on the
time frame between questionnaire completion and FC

Quality of Life and Calprotectin in IBD
measurement.
In CD, the median SIBDQ score was significantly higher in

the group with FC (�3d) concentrations <200 mg/g (n¼ 35, 58
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TABLE 1. Demographic and Clinical Characteristics of the Whole Study Population (FC�30d) and the Subgroups of Patients
Whose FC Concentrations were Measured Within 3 Days of Questionnaire Completion (FC�3d)

CD FC (�30d) n CD FC (�3d) n UC FC (�30d) n UC FC (�3d) n P

Age, y (median; IQR) 39 (28–52) 197 39 (29–52) 86 42 (30–50) 111 39 (29–52) 43 0.79

Gender (men/women) (% men) 94/103 (47.7) 197 41/45 (47.7) 86 51/60 (45.9) 111 20/26 (46.5) 43 0.81

Disease duration, y (median; IQR) 10 (5–22) 197 11 (5–25) 86 9 (4–14) 111 9 (4–15) 43 0.02

Smokers/nonsmokers (% smokers) 55/138 (28.5) 193 24/60 (27.9) 84 8/103 (7.2) 111 5/38 (11.6) 43 <0.001

BMI, kg/m2 (median; IQR) 23.8 (21.6–27.5) 190 24.0 (21.3–27.5) 83 24.3 (20.7–27.9) 104 23.6 (20.2–27.2) 41 0.81

Underweight, n (%) 10 (5.3) 4 (4.7) 5 (4.8) 2 (4.9)

Normal weight, n (%) 110 (57.9) 45 (52.3) 55 (52.9) 24 (58.5)

Preobesity, n (%) 45 (23.7) 24 (27.9) 28 (26.9) 8 (19.5)

Obesity, n (%) 25 (13.2) 10 (11.6) 16 (15.4) 7 (17.1)

Disease location in CD,
�

n (%) 197 86 n.a. n.a. n.a. n.a. n.a.

Ileum (L1) 64 (32.5) 26 (30.2)

Ileum and UGI tract (L1, 4) 3 (1.5) 1 (1.2)

Colon (L2) 29 (14.7) 18 (20.9)

Colon and UGI tract (L2, 4) 2 (1.0) 0 (0.0)

Ileocolon (L3) 83 (42.1) 35 (40.7)

Ileocolon and UGI tract (L3, 4) 15 (7.6) 6 (7.0)

UGI tract alone (L4) 1 (0.5) 0 (0.0)

Disease behavior in CD,
�

n (%) 197 86 n.a. n.a. n.a. n.a. n.a.

Nonstricturing, nonpenetrating (B1) 81 (41.1) 36 (41.9)

Stricturing (B2) 42 (21.3) 15 (17.4)

Penetrating (B3) 39 (19.8) 14 (16.3)

Stricturing and penetrating (B2, 3) 35 (17.8) 21 (24.4)

Perianal diseasey 44 (22.3) 22 (25.6)

Disease extent in UC,
�

n (%) n.a. n.a. n.a. n.a. 108 43 n.a.

Proctitis (E1) 12 (11.1) 2 (4.7)

Left-sided colitis (E2) 39 (36.1) 20 (46.5)

Pancolitis (E3) 57 (52.8) 21 (48.8)

Immunosupressive medication,z n (%) 197 86 111 43

Oral glucocorticoids 20 (10.2) 10 (11.6) 21 (18.9) 10 (23.3) 0.04

Azathioprine or 6-mercaptopurine 29 (14.7) 14 (16.3) 31 (27.9) 13 (30.2) 0.007

Methotrexate 1 (0.5) 1 (1.2) 1 (0.9) 1 (2.3) 1.00

Anti-TNFa 84 (42.6) 37 (43.0) 24 (21.6) 8 (18.6) <0.001

Tacrolimus 1 (0.5) 0 (0.0) 2 (1.8) 1 (2.3) 0.30

Vedolizumab 2 (1.0) 1 (1.2) 1 (0.9) 0 (0.0) 1.00

Dual immunosuppression 7 (3.6) 4 (4.7) 10 (9.0) 3 (7.0) 0.07

Triple immunosuppression§ 3 (1.5) 2 (2.3) 1 (0.9) 1 (2.3) 1.00

Comorbidities,jj n (%) 197 86 111 43

Hypertension 24 (12.2) 10 (11.6) 9 (8.1) 4 (9.3) 0.34

Spondylarthritis 15 (7.6) 5 (5.8) 7 (6.3) 2 (4.7) 0.82

Osteoporosis 24 (12.2) 15 (17.4) 11 (9.9) 4 (9.3) 0.58

Lactose intolerance 16 (8.1) 8 (9.3) 9 (8.1) 3 (7.0) 1.00

Bronchial asthma 12 (6.1) 6 (7.0) 4 (3.6) 1 (2.3) 0.43

Depression 9 (4.6) 7 (8.1) 6 (5.4) 2 (4.7) 0.79

P values are indicated for comparisons between the CD (FC� 30d) group and the UC (FC� 30d) group.
Anti-TNFa¼ anti-tumor necrosis factor alpha; BMI¼ body mass index; CD¼Crohn disease; FC¼ fecal calprotectin; IQR¼ interquartile range;

n.a.¼ not applicable; n¼ indicates in how many cases information was available; UC¼ ulcerative colitis; UGI¼ upper gastrointestinal.�
According to Montreal classification.25

yNo patient suffered from isolated perianal disease.
z

ere
tly
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[IQR 49–64]) than in the group with FC concentrations �200
mg/g (n¼ 51, 47 [IQR 37– 55]) (P< 0.001; Figure 1A). Cor-
respondingly, UC patients with FC (� 3d) concentrations <200

Independent of other immunosuppressive medications.
§Systemic glucocorticoids, but not local glucocorticoids, were consid
jjComorbidities according to patient reports; only the 6 most frequen
mg/g (n¼ 20) had a significantly higher median SIBDQ score
(56, IQR 46–62) than those with FC concentrations �200 mg/g
(n¼ 23, 40 [IQR 36–57]) (P¼ 0.02; Figure 1B).

4 | www.md-journal.com
Among SIBDQ subscores, FC concentrations (�3d) of CD
patients correlated best with the subscore of systemic symp-
toms, while FC concentrations (�3d) of UC patients correlated

d as immunosuppressive medications.
documented comorbidities were included.
only with the subscores of bowel symptoms and social function
(Supplemental digital content 4, Table, http://links.lww.com/
MD/A914).
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TABLE 2. Parameters of Disease Activity and Health-Related Quality of Life in the Whole Study Population (FC�30d) and the
Subgroups of Patients Whose FC Concentrations Were Measured Within 3 Days of Questionnaire Completion (FC�3d)

CD FC (�30d) n CD FC (�3d) n UC FC (�30d) n UC (FC� 3d) n P

HBI (median, IQR) 4 (2–8) 197 5 (2–8) 86 n.a. n.a. n.a. n.a. n.a.

Remission, n (%) 101 (51.3) 41 (47.7)

Mild disease, n (%) 38 (19.3) 18 (20.9)

Moderate disease, n (%) 48 (24.4) 23 (26.7)

Severe disease, n (%) 10 (5.1) 4 (4.7)

SCCAI (median, IQR) n.a. n.a. n.a. n.a. 4 (2–6) 110 5 (2–7) 43 n.a.

Remission, n (%) 41 (37.3) 13 (30.2)

Mild disease, n (%) 29 (26.4) 11 (25.6)

Moderate disease, n (%) 39 (35.5) 18 (41.9)

Severe disease, n (%) 1 (0.9) 1 (2.3)

FC concentration, mg/g

(median, IQR)

223 (68–698) 197 287 (72–935) 86 203 (55–860) 111 214 (54–>1800) 43 0.99

CRP, mg/L (median, IQR) 4.6 (0.0–11.6) 185 5.2 (0.0–12.7) 83 0.0 (0.0–5.8) 101 2.7 (0.0–6.0) 40 <0.001

Leukocyte number, /nL

(median, IQR)

8.2 (6.5–10.4) 188 8.4 (6.4–10.4) 83 6.8 (5.4–8.7) 104 7.1 (5.7–9.2) 41 <0.001

SIBDQ total (median, IQR) 53 (43–62) 197 51 (42–61) 86 50 (41–59) 111 48 (39–62) 43 0.15

Bowel symptoms 17 (13–19) 17 (13–19) 14 (12–18) 15 (12–18) 0.001

Systemic symptoms 11 (8–12) 11 (8–12) 11 (8–12) 10 (8–13) 0.65

Emotional function 14 (11–19) 14 (11–18) 15 (12–18) 15 (11–18) 0.89

Social function 12 (8–14) 12 (7–14) 11 (8–14) 10 (7–14) 0.34

SIBDQ total �58, n (%) 128 (65.0) 197 60 (69.8) 86 83 (74.8) 111 29 (67.4) 43 0.10

PHQ-9 (median, IQR) 4 (2–9) 193 4 (2–9) 84 5 (2–8) 107 5 (2–9) 41 0.15

At risk of major depression, n (%) 43 (22.3) 15 (17.9) 16 (15.0) 6 (14.6) 0.13

P values are indicated for comparisons between the CD (FC� 30d) group and the UC (FC� 30d) group.
CD¼Crohn disease; CRP¼C-reactive protein; FC¼ fecal calprotectin; HBI¼Harvey-Bradshaw Index; IQR¼ interquartile range; n.a.¼ not

applicable; PHQ-9¼Patient Health Questionnaire-9; SCCAI¼Simple Clinical Colitis Activity Index; SIBDQ¼Short Inflammatory Bowel Disease

Medicine � Volume 95, Number 16, April 2016 Quality of Life and Calprotectin in IBD
In CD patients with isolated involvement of the ileum
(Montreal L1, �L4), no significant correlation was found
between FC (�3d) concentrations and SIBDQ scores (n¼ 27,
rS¼�0.268, P¼ 0.18), whereas that correlation was highly
significant among patients with colonic or ileocolonic disease
(Montreal L2 or L3, �L4) (n¼ 59, rS¼�0.470, P< 0.001).
Also, in the CD group, disease location was related to FC
concentrations: patients with involvement of the ileum and
colon (Montreal L3) displayed significantly higher FC
(�30d) concentrations than those with ileal (L1) involvement
(patients with additional involvement of the upper gastrointes-
tinal tract included; L1 [�L4]: n¼ 67, 118 mg/g, IQR 58–405
vs L3 [�L4]: n¼ 98, 285 mg/g, IQR 77–874; P¼ 0.02; overall
P¼ 0.04; Figure 2). In contrast, disease extent of UC according
to Montreal did not relevantly influence the strength of the
correlation between FC concentrations and SIBDQ scores
(Montreal E1þE2: n¼ 22, rS¼�0.478, P¼ 0.02 vs Montreal
E3: n¼ 21, rS¼�0.448, P¼ 0.04).

Relationships Between FC Concentrations, Humoral
Biomarkers, and Clinical Disease Activity

Results of all correlation analyses listed in this paragraph
are presented in Tables 3 and 4. In CD and UC, there were weak
to moderate correlations between FC (�3d) concentrations and

Questionnaire; UC¼ ulcerative colitis.
clinical disease activity. CD patients in clinical remission
(n¼ 41) had significantly lower FC (�3d) concentrations than
those with active disease (n¼ 45) (168 mg/g, IQR 57–448 vs

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
355 mg/g, IQR 151–1261; P¼ 0.01). Accordingly, UC patients
in clinical remission (n¼ 13) displayed more than 12-fold lower
FC (�3d) concentrations than those with active disease (n¼ 30)
(54 mg/g, IQR 34–568 vs 666 mg/g, IQR 152–>1800;
P¼ 0.02). In both diseases, CRP concentrations correlated with
clinical disease activity worse than FC (�3d) concentrations,
while there was a weak correlation between leukocyte counts
and clinical disease activity only in CD. CRP concentrations
correlated better with FC (�3d) concentrations in CD than in
UC. Blood leukocyte counts were associated with FC (�3d)
concentrations only in CD.

Relationship Between Clinical Disease Activity,
HRQoL, and PHQ-9

A strong negative correlation was found between SIBDQ
and HBI in CD patients (Table 3). The correlation between
clinical disease activity and SIBDQ was slightly weaker in UC
than in CD (Table 4). In addition, PHQ-9 was strongly corre-
lated with clinical disease activity and SIBDQ in CD (n¼ 193,
rS¼ 0.627, P< 0.001; n¼ 193, rS¼�0.832, P< 0.001) and
UC (n¼ 106, rS¼ 0.407, P< 0.001; n¼ 107, rS¼�0.754,
P< 0.001).

ROC Curves Analyses

To further assess how well SIBDQ detects inactive disease

according to FC concentrations, ROC curve analyses were per-
formed with inactive disease (FC< 200 mg/g) as the outcome

www.md-journal.com | 5



TABLE 3. Results of Correlation Analyses Between Biomarkers, Clinical Disease Activity, and Health-Related Quality of Life in
Crohn Disease

SIBDQ HBI CRP
Blood Leukocyte

Count

n rS P n rS P n rS P n rS P

FC concentration (�30d) 197 �0.224 0.002 197 0.125 0.08 185 0.671 <0.001 188 0.406 <0.001
FC concentration (�3d) 86 �0.419 0.001 86 0.301 0.005 83 0.691 <0.001 83 0.691 <0.001
FC concentration (�30d)

�
177 �0.120 0.11 177 0.027 0.72 165 0.603 <0.001 168 0.339 <0.001

FC concentration (�3d)
�

75 �0.271 0.02 75 0.145 0.21 72 0.485 <0.001 72 0.656 <0.001
Plasma CRP concentration 185 �0.235 0.001 185 0.159 0.03 — — — 185 0.427 <0.001
Blood leukocyte count 188 �0.425 <0.001 188 0.330 0.001 185 0.427 <0.001 — — —

HBI 197 �0.722 <0.001 — — — 185 0.159 0.03 188 0.330 <0.001

CRP¼C-reactive protein; FC¼ fecal calprotectin; HBI¼Harvey-Bradshaw Index; n¼ indicates number of included patients; rS¼Spearman rank
correlation coefficient; SIBDQ¼Short Inflammatory Bowel Disease Questionnaire.�
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parameter. Including all patients whose FC concentrations had
been measured within 30 days of questionnaire completion, we
found an AUC of 0.634 for CD and 0.618 for UC, indicating poor
ability of SIBDQ to discriminate between inactive disease and
active disease according to FC. When only FC values measured
within 3 days of SIBDQ determination were considered, AUCs
increased to 0.744 for CD and 0.712 for UC. In CD, AUC was
0.668 in patients with isolated ileal involvement versus 0.773 in
patients with (ileo-)colonic involvement, both regardless of
potential additional involvement of the UGI tract. Sensitivity,
specificity, positive predictive values (PPV), and negative pre-
dictive values (NPV) were calculated for optimal SIBDQ cutoff
scores to detect inactive disease within the FC (�3d) subpopu-
lations. In CD, SIBDQ scores >51 showed a 71.4% sensitivity
and a 68.6% specificity for detecting inactive disease (FC< 200
mg/g) (PPV: 61.0%; NPV: 77.8%), while in UC, SIBDQ scores
>42 achieved a sensitivity of 90.0% and a specificity of 56.5% for

FC concentrations >1800 mg/g were excluded.
detecting inactive disease (PPV: 64.3%; NPV: 86.7%). In com-
parison, for the SIBDQ cutoff score of 58, we obtained the
following results for CD: sensitivity 48.6%, specificity 82.4%,

TABLE 4. Results of Correlation Analyses Between Biomarkers, C
Ulcerative Colitis

SIBDQ SCC

n rS P n rS

FC concentration (�30d) 111 �0.220 0.02 110 0.60
FC concentration (�3d) 43 �0.432 0.004 43 0.46
FC concentration (�30d)

�
94 �0.212 0.04 93 0.35

FC concentration (�3d)
�

32 �0.459 0.008 32 0.41
Plasma CRP concentration 101 �0.140 0.16 100 0.23
Blood leukocyte count 104 �0.132 0.18 103 0.18
SCCAI — — — 110 �0.60

CRP¼C-reactive protein; FC¼ fecal calprotectin; n¼ indicates numb
SCCAI¼Simple Clinical Colitis Activity Index; SIBDQ¼Short Inflamma�

FC concentrations >1800 mg/g were excluded.
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PPV 65.4%, NPV 70.0%. For UC, we found sensitivity 45.0%,
specificity 78.3%, PPV 64.3%, and NPV 62.1%.

Logistic Regression Analysis
To identify parameters with a potentially confounding

impact on HRQoL in CD and UC, we analyzed all variables
listed in Tables 5 and 6. SIBDQ� 58 was used as the dependent
outcome variable. Clinical disease activity (HBI� 5), intake of
systemic glucocorticoids, FC� 200 mg/g vs <200 mg/g, and
BMI� 25 kg/m2 were all found to be independent risk factors of
poorer HRQoL in CD (Table 5). In UC, only clinically active
disease (SCCAI� 3) and a disease duration of 10 years or less
were independent predictors of poorer HRQoL (Table 6).
Comorbidities were not included in regression analyses owing
to their wide spectrum in our study population. Supplemental
digital content 5 (Table, http://links.lww.com/MD/A914) shows

how potential confounders identified using multiple logistic
regression analyses influenced the results of correlation
analyses between FC and SIBDQ.

linical Disease Activity, and Health-Related Quality of Life in

AI CRP
Blood Leukocyte

Count

P n rS P n rS P

0 <0.001 100 0.365 <0.001 104 0.261 0.007
3 0.002 43 0.316 0.05 41 0.121 0.45
7 <0.001 84 0.241 0.03 87 0.283 0.008
4 0.02 29 0.085 0.66 30 0.231 0.22
6 0.02 — — — 100 0.374 <0.001
8 0.06 100 0.374 <0.001 — — —

0 <0.001 100 0.236 0.02 103 0.188 0.06

er of included patients; rS¼Spearman rank correlation coefficient;
tory Bowel Disease Questionnaire.
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FIGURE 1. Boxplot diagrams illustrating the differences in SIBDQ scores between patient subgroups categorized according to their FC
dis
UC.
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DISCUSSION

Key Findings and Comparison With Published

concentrations, representing inactive (FC< 200 mg/g) versus active
days of questionnaire completion. A, Results for CD; B, Results for
FC¼ fecal calprotectin; UC¼ulcerative colitis.
Literature
The major finding of the current study—according to its

primary goal—is that there are moderate negative correlations

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
between FC concentrations and HRQoL in UC and in CD with
colonic involvement, but not in isolated ileal CD.

We identified one other study in the published literature in

ease (FC�200 mg/g). FC concentrations were determined within 3
The circle in Figure 1A represents an outlier. CD¼Crohn disease;
which the relationship between FC concentrations and HRQoL
in IBD was analyzed, but in that case it was only a secondary
objective. In that study, D’Haens et al35 reported a correlation
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FIGURE 2. Fecal calprotectin concentrations determined within 30 days of the presentation at the outpatient clinic in relation to disease
location in CD patients (n¼196, 1 patient suffered from isolated involvement of the upper gastrointestinal tract; patients with additional

Bon
Cr

Gauss et al Medicine � Volume 95, Number 16, April 2016
between FC and HRQoL (IBDQ) in UC of the same scale as in

involvement of the UGI were included). Overall P was 0.04. After
ileum and colon (P¼0.05). Outliers are indicated as circles. CD¼
our study (n¼ 39, r¼�0.470, P¼ 0.003), while they described
no significant correlation in CD (n¼ 87, r¼�0.186, P¼ .09).
The correlation coefficient for the 28 CD patients with purely

TABLE 5. Final Models of Multivariate Logistic Regression Analyse
Crohn Disease

Univa

Variable P

Remission (HBI< 5) versus active disease (HBI� 5) <0.0
BMI �25 kg/m2 versus <25 kg/m2 0.0
FC (�3d) �200 mg/g versus <200 mg/g 0.0
Intake of systemic glucocorticoids, yes versus no 0.0
At risk of major depression (PHQ-9 >9 vs �9) <0.0
Current cigarette smoking, yes versus no 0.0
Age at first diagnosis, �20 years versus >20 years 0.0
Current thiopurine therapy, yes versus no 0.1
Penetrating disease, yes versus no 0.1
Isolated ileal disease versus (ileo-)colonic disease

�
0.1

The following variables were not introduced into multivariate analysis (P
disease (P¼ 0.72), anti-TNFa therapy (P¼ 0.55), disease duration �10 ye

BMI¼ body mass index; CI¼ confidence interval; FC¼ fecal calprotect
Health Questionnaire-9.�

Independent of involvement of the upper gastrointestinal tract.

8 | www.md-journal.com
ileal disease in the study by D’Haens et al is not indicated, thus

ferroni correction, no significant differences were found between
ohn disease; UGI¼upper gastrointestinal tract.
comparison with our own data is limited.
Several previous studies have demonstrated strong corre-

lations between FC concentrations and endoscopic disease

s of Variables Associated with SIBDQ �58 in 197 Patients with

riate Multivariate

OR 95% CI P

01 0.091 0.038–0.201 <0.001
02 2.796 1.255–6.509 0.01
03 2.494 1.183–5.438 0.02
02 9.403 1.493–184.316 0.04
01 — — 0.94
6 — — 0.68
6 — — 0.26
4 — — 0.38
7 — — 0.91
6 — — 0.62

values for univariate analyses are indicated): gender (P¼ 1.00), perianal
ars versus >10 years (P¼ 1.00), and anti-TNFa therapy (P¼ 0.79).
in; HBI¼Harvey-Bradshaw Index; OR¼ odds ratio; PHQ-9¼Patient

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 6. Final Models of Multivariate Logistic Regression Analyses of Variables Associated with SIBDQ �58 in 111 Patients with
Ulcerative Colitis

Univariate Multivariate

Variable P OR 95% CI P

Remission (SCCAI < 3) versus active disease (SCCAI � 3) <0.001 0.142 0.049–0.370 <0.001
Disease duration, �10 y vs >10 y 0.11 2.479 0.928–6.882 0.07
BMI �30 kg/m2 vs <30 kg/m2 0.005 — — 0.97
At risk of major depression (PHQ-9 >9 vs �9) 0.01 — — 0.97
FC (�3d) �200 mg/g vs <200 mg/g 0.03 — — 0.52
Intake of systemic glucocorticoids, yes vs no 0.09 — — 0.14
Age at first diagnosis, �30 y vs >30 y 0.12 — — 0.16

The following variables were not introduced into multivariate analysis (P values for univariate analyses are indicated): gender (P¼ 1.00), current
cigarette smoking (P¼ 0.41), disease extent according to Montreal (P¼ .90), thiopurine therapy (P¼ 0.63), and anti-TNFa therapy (P¼ 0.79).

BMI¼ body mass index, CI¼ confidence interval, FC¼ fecal calprotectin, OR¼ odds ratio, PHQ-9¼Patient Health Questionnaire-9,
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activity in IBD.17–20 Owing to that close association, our results
regarding the relationship between FC and HRQoL may be
compared with the results of correlation analyses between
endoscopic disease activity (instead of FC concentrations)
and HRQoL. For example, Zahn et al8 pointed out a moderate
relationship between endoscopic activity index and IBDQ in 2
groups of UC patients (r¼�0.511 and r¼�0.634, respect-
ively). In comparison, the correlation between FC concentration
and SIBDQ in our study is only slightly weaker (r¼�0.432).
The fact that this comparison is indirect, and that IBDQ was
used in 1 study while SIBDQ was used in the other to determine
HRQoL, makes this comparison somewhat weak.

Implications for Therapy Control
Translated into clinical practice, the key finding of our

study implies that adhering solely to HRQoL to adapt IBD-
specific therapy cannot be justified owing to the relatively weak
correlation between HRQoL and FC concentration. This is also
underlined by the results of ROC curve analyses investigating
the performance of SIBDQ to recognize inactive disease
according to FC (FC concentration <200 mg/g). This analysis
is of interest as in clinical practice, an important question is
whether a patient reporting well-being might still have active
disease. According to our results, SIBDQ has overall a poor
ability in differentiating between active and inactive disease
according to FC concentrations. One of the SIBDQ cutoff scores
we examined was 58, indicating good HRQoL,31 as this may be
of special interest in clinical practice. According to our results,
the probability that a CD patient with SIBDQ >58 has inactive
disease is 61.0%, and that he has active disease with a score�58
is 77.8%. For UC patients, the corresponding probabilities were
64.3% and 62.1%. In all, also including PPV and NPV results
achieved by using optimal cutoff SIBDQ scores, it can be stated
that particular care must be taken in clinical practice to not
undertreat patients with good HRQoL. In these patients, it is
thus also wise to use additional activity parameters for therapy
management, and good HRQoL should not be the sole therapy
goal.

SCCAI¼Simple Clinical Colitis Activity Index.
In CD patients with isolated ileal involvement, represent-
ing a large part of CD patients (32.5% in our study), relying on
HRQoL as the major guide for therapy control seems to be ill-

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
advised, as HRQoL and FC concentrations do not correlate at all
in this subgroup. However, it must be taken into account that FC
is of limited value in the assessment of disease activity in purely
ileal CD, as prior data have shown that the correlation between
FC concentrations and endoscopic disease activity is worse in
ileal than in ileocolonic or colonic involvement.36 Accordingly,
FC concentrations were significantly lower in ileal disease than
in ileocolonic disease in our CD group. Thus, the spectrum of
noninvasive disease markers is generally more limited in ileal
CD than in CD with colonic involvement. Unfortunately, we
cannot make any statement on CD with isolated involvement of
the upper gastrointestinal tract based on our data, because only a
single patient fulfilling this criterion could be included. Overall,
it appears reasonable to incorporate both HRQoL and FC
concentrations into a score for therapy evaluation. Pursuant
to this approach, a small prospective study performed by Voiosu
et al21 revealed that combining FC concentrations and SIBDQ
into a score resulted in a better specificity in predicting active
endoscopic disease than FC concentrations alone.

Secondary Findings
The correlation between FC and clinical disease activity

was stronger in UC than in CD, but in both diseases, correlation
coefficients were in the same scale as those for correlations
between FC and HRQoL. In the literature, we found compar-
able, weak-to-moderate correlation results between FC and
clinical disease activity and slightly higher correlation coeffi-
cients in UC than in CD.24,35,37,38 This implies that using either
HRQoL or a classic disease activity score for treatment adap-
tation seems to be of minor clinical relevance, which may not be
surprising given the overlapping of the scores. Correspondingly,
the highest correlation coefficients that we found in our study
were between SIBDQ and clinical disease activity scores.

Although it was not the primary aim of our study, of note is
our finding of a closer association of HRQoL with the 3-day FC
results than with the 30-day FC results in both CD and UC.
Analysis of correlation coefficients depending on the length of
the interval between determination of SIBDQ scores and FC

concentrations showed that correlations were already weaker
when a 7-day interval was used instead of a 3-day interval. This
implies that for research assessments—and possibly for clinical
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use as well—a time span between clinical evaluation and FC
determination of 30 days is too long, and that the time span
should be as short as possible.

Multivariate regression analysis was performed to identify
demographic and clinical factors with an impact on HRQoL and
FC concentrations. It revealed that in CD—but not in UC—
poorer HRQoL (SIBDQ� 58) was independently associated
with FC concentrations >200 mg/g, active disease according to
clinical disease activity indices, BMI> 25 kg/m2, and the intake
of systemic glucocorticoids. It is of note that 36.9% of our CD
group and 42.3% of our UC group were overweight or obese.
Obesity has traditionally been considered rare in IBD.39 In
2002, Blain et al38 reported an obesity rate of only 3% in 2065
CD patients. In more recent studies, the authors described
considerably higher overweight and obesity rates among IBD
patients, for example, one of 56% in a Scottish study40—
corresponding to the local overweight and obesity rate—and
one of 23.6% in a US pediatric IBD population.41 While some
authors describe a relationship between obesity and more severe
disease especially in CD,42,43 there are also data suggesting that
obesity may be a marker of less severe disease.44–46 In our
study, overweight and obesity influenced the risk of poorer
HRQoL independently of clinical and biochemical disease
activity. This is in line with previous, non-IBD-related studies,
which described poorer HRQoL in overweight and obese
patients.47–50 Given rising rates of obesity among IBD
patients,46 overweight and obesity deserve more attention
among physicians treating IBD patients. On that note, over-
weight and preobesity present a potential confounder concern-
ing our correlation results between FC and SIBDQ.
Interestingly, subgroup analysis revealed clearly stronger cor-
relations in CD patients with BMI� 25 than those with
BMI< 25.

That the intake of systemic glucocorticoids had a negative
impact on HRQoL independent of biochemical and clinical
disease activity in CD might be attributed to side effects. Yet, as
concomitant medications were not considered in the analyses,
this suspicion must be expressed with caution. In UC, a disease
duration of 10 years or less was also a predictor of poorer
HRQoL; this effect is interesting, as it was independent of
clinical and biochemical disease activity. We speculate that it
might be explained by an increasing adaptation of IBD patients
to their disease over time. Not surprisingly, in both CD and UC,
clinical disease activity was the most important predictor of
poorer SIBDQ. It has to be noted, however, that SIBDQ scores
are a priori related to clinical activity scores, and even more to
PHQ-9 scores, as they are all calculated from questionnaire
items that partly overlap between the scores. Thus they are
strongly correlated with one another, and major depressive
symptoms according to PHQ-9 were not identified as an inde-
pendent risk factor of poorer SIBDQ. To summarize, the data
obtained by regression analyses indicate potential confounders
of our correlation results, but should not be overrated, especially

Gauss et al
due to small patient numbers in some subgroups. Thus, mainly

in the UC group, correlations probably did not reach signifi-
cance due to small patient numbers in several cases.

Limitations of the Study
The most important limitation of this study is its retro-

spective design. Of 2277 IBD patients visiting our outpatient

clinic within the study interval, we could only include 308. The
reasons for this were mainly that patients did not receive a
questionnaire, which they did not fill or incompletely filled in
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the questionnaire, and that FC concentration was not measured.
Thus our study implies a relatively high risk of selection bias,
because certain groups of patients—such as particularly com-
pliant patients or patients with lower disease activity—may
have achieved a higher questionnaire return rate than the
remaining patients. We could not control for this confounder,
as it was not documented in clinical routine how many and
which patients did not return their questionnaires. Further,
patient reception was tasked with distributing questionnaires
to all patients at our IBD outpatient clinic, but the question-
naires were not consistently distributed during phases of staff
shortage. Even though most physicians at our clinic order FC
measurement on a routine basis, some of them may have
investigated FC concentrations only in cases of unclear disease
activity. At the same time, some patients did not submit stool
samples. Both factors cannot be retrospectively controlled. The
majority of our study patients had relatively low FC concen-
trations, which might be explained by a tendency of healthier
patients to provide samples. It implies a bias in the direction of
patients with lower disease activity and is of concern for
generalizability of results to patients with the full spectrum
of disease activity. It must be taken into account that our results
are a priori not readily transferable to IBD patients at large, as
the data were collected in a tertiary referral center where usually
more patients with complex disease courses are seen than in
practices, for example. Therefore, it remains to be determined if
our results are reproducible at other institutions.

Before data collection, we had randomly defined that only
the most recent cases of patients visiting the clinic multiple
times during the study period were to be included. Using this
approach, we may unintentionally have selected better-treated,
healthier patients. However, a post hoc analysis using Wilcoxon
test, which was performed for this reason, did not yield a
significant difference between FC concentrations of patients
at their first and their most recent visits, respectively (data not
shown).

Initially, we deemed it reasonable and realistic to include
all FC concentrations measured within 30 days to the visit at the
outpatient clinic into the study. However, performing corre-
lation analyses between thus acquired FC concentrations and
HRQoL revealed correlation coefficients so small that we
considered whether the chosen inclusion criterion might have
been too broad. We decided to perform post hoc analyses
including all FC values determined within 3 days of question-
naire completion, as we assumed that during that short interval,
no relevant changes of HRQoL would occur. This approach
resulted in relatively small patient numbers to be used for
correlation analyses.

Another methodical shortcoming of our study is that FC
concentrations were measured only up to a limit of 1800 mg/g.
As correlation analysis was hampered by the lack of exact FC
concentrations >1800 mg/g, we used the Mann-Whitney U test
in addition to compare SIBDQ scores between patients with FC
values <200 mg/g and patients with FC values �200 mg/g,
corresponding to inactive and active disease according to
previously published data.24 We would have preferred a categ-
orization of FC concentrations into >2 categories, but decided
against it as we did not find reliable cutoff values for FC to
differentiate between moderate and severe disease in the
literature.

A major limitation of the study is that QoL scales are

Medicine � Volume 95, Number 16, April 2016
greatly influenced by sociodemographic and psychological
factors.51 These represent confounders whose impact on our
study results could not be sufficiently assessed, as especially
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sociodemographic factors were not reliably documented. As
expected, PHQ-9, indicating the risk of depression, correlated
strongly with HRQoL in our study population.

While being aware of the availability of more reliable
scores—like the Crohn Disease Activity Index (CDAI)52—we
used the HBI to determine clinical CD activity, as we prioritized
simplicity over highest possible reliability for our routine
purposes. It would certainly have been an important validation
step to ensure that FC concentrations correlate well with
endoscopic and histologic disease activity in our study. Unfor-
tunately, this evaluation could not be performed owing to
scarcity of endoscopic data.

CONCLUSIONS
Our study reveals a significant, but only weak to moderate

correlation between FC concentrations and HRQoL in both
CD and UC. In CD, this relationship was found in patients with
colonic involvement, but not in patients with isolated ileal
disease. Correlations were stronger when only FC concen-
trations measured within 3 days of HRQoL determination
were considered as compared with FC concentrations obtained
within 30 days of HRQoL determination. The strength of the
correlation between FC concentrations and HRQoL was com-
parable to that between FC concentrations and clinical disease
activity. Overall, these results suggest that IBD management on
the sole basis of HRQoL or clinical disease activity is not
recommendable, especially in purely ileal CD. In clinical
practice and in trials, HRQoL and clinical disease activity
should not be the only outcome parameters, but rather incorp-
orated into activity scores combining subjective with objective
parameters. Also, in research studies and in clinical practice, it
should be ensured that time spans between clinical evaluation of
IBD patients and the determination of FC concentrations are as
short as possible.
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