
Gut 1994; 35: 231-235

Correlations between clinical activity, endoscopic
severity, and biological parameters in colonic or
ileocolonic Crohn's disease. A prospective
multicentre study of 121 cases

C Cellier, T Sahmoud, E Froguel, A Adenis, J Belaiche, J-F Bretagne, C Florent, M Bouvry,
J-Y Mary, R Modigliani, and the Groupe d'Etudes Therapeutiques des Affections
Inflammatoires Digestives

Abstract
The relationships between clinical activity,
endoscopic severity, and biological parameters
in Crohn's disease have not been thoroughly
investigated and a link was therefore sought
between these three elements. The following
parameters were determined simultaneously in
121 consecutive patients with colonic or
ileocolonic Crohn's disease: Crohn's disease
activity index, Crohn's disease endoscopic
index of severity, and serum albumin,
CE2-globulin, a,-antitrypsin, orosomucoid, C
reactive protein, erythrocyte sedimentation
rate, platelets, lymphocyte and polymorpho-
nuclear cell counts, haematocrit, and faecal
a,-antitrypsin concentration. The distribution
of these parameters was studied and trans-
formation was used so that data matched the
normal distribution closely. A weak but signifi-
cant correlation (r=032; p<0001) was found
between clinical and endoscopic indices in the
whole group of patients and this correlation
seemed to be homogenous in various patient
subgroups (clinically quiescent or active
disease, pure colonic disease, untreated
patients). Endoscopic or clinical indices were
also found to be weakly linked with biological
parameters (r<050). Stepwise linear regres-
sion identified C reactive protein as predictive
of the clinical index, and, successively,
C2-globulin, erythrocyte sedimentation rate,
faecal a,-antitrypsin, serum orosomucoid, and
a,-antitrypsin as predictive of the endoscopic
index. Both predictions were poor - the bio-
logical variables accounting for only 22 and
44% respectively ofthe clinical and endoscopic
index variations. In conclusion, Crohn's
disease clinical activity seems to be virtually
independent of the severity of the mucosal
lesions and biological activity.
(Gut 1994; 35: 231-235)

Treatment of Crohn's disease is frequently mon-
itored by repeated endoscopic and biological
assessments, a costly practice with no scientific
basis. Relationships between clinical activity,
endoscopic severity, and laboratory tests of
inflammation have not yet been thoroughly stud-
ied in Crohn's disease. The Groupe d'Etudes
Therapeutiques des Affections Inflammatoires
Digestives (GETAID) has recently developed,
on a multicentre basis, a standardised procedure

for endoscopic data collection in Crohn's disease,
measured interobserver variations in endoscopic
findings,' and elaborated and validated a Crohn's
disease endoscopic index of severity (CDEIS).2
In a previous study,3 no correlation was found
between clinical severity and the surface area or
severity of endoscopic lesions in 142 patients
with acute episodes (Crohn's disease activity
index >200). This prospective study aimed to
search for a link between the clinical activity,
endoscopic severity, and the degree and type of
biological abnormality in a large series of consec-
utive patients with quiescent or active colonic or
ileocolonic Crohn's disease.

Patients and methods

PATIENTS
The inclusion criteria were as follows: (1) a firm
diagnosis of Crohn's disease according to usual
criteria4; (2) colonic involvement; and (3) need
for colonoscopy according to the gastroenterolo-
gist in charge of the patient. Patients with
proctitis only or colonic lesions limited to the
caecum were excluded from the study.

DATA COLLECTION-ENDOSCOPIC PROCEDURE
The clinical, biological, and endoscopic variables
collected are shown in Table I. Clinical activity
was measured by the Crohn's disease activity
index (CDAI) (second version).5 ac-antitrypsin
was assayed by radical immunodiffusion in
serum and fresh faecal specimens; serum oroso-
mucoid and C reactive protein (CRP) were
measured by automated nephelometric immuno-
chemistry system, except in three centres where
serum CRP values were measured by radial
immunodiffusion. To take into account antici-
pated interassay variations, CRP and oroso-
mucoid serum values were expressed as 'n times'
the normal value of each laboratory. To check
that this method did not introduce a bias, 'raw'
CRP and orosomuocoid values for 31 patients
from the same centre were analysed separately.
Endoscopic findings were recorded in a stan-

dardised manner, as previously reported.' In
brief, they included the nature and frequency of
nine elementary lesions (Table I), as well as the
lesion and ulceration surface area. The Crohn's
disease endoscopic index of severity (CDEIS)
was derived from these data.2
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TABLE I Variables collected on entry into the study

Clinical vanrables (n= 13):
Sex
Age
Age at CD onset
Time elapsed between CD onset and diagnosis
Time elapsed between diagnosis and present study
First attack
Previous intestinal resection
Previous proctologic surgery
Previous medical treatment
Medical treatment in the month preceding present study
Small bowel disease
Anal lesions
CDAI

Biological variables (n= 11):
Serum albumin (g/l)
Serum a2 globulin (g/l)
Serum al antitrypsin (g/l)
Serum orosomucoid (n times the normal value)
Serum C reactive protein (n times the normal value)
Hematocrit (%)
ESR (mm/h)
Platelets (106/mm3)
Lymphocytes (103/mm')
Polymorphonuclear (/mm')
Faecal a, antitrypsin (mg%)

Endoscopic vanrables (n= 12):
Frequency of nine elementary lesions (pseudopolyp, healed

ulceration, frank erythema, franldy swollen mucosa, aphthoid
ulceration, superficial or shallow uleration, deep ulceration,
non-ulcerated stenosis and ulcerated stenosis)

Lesion and ulceration surfaces
Crohn's disease endoscopic index of severity (CDEIS)

STATISTICAL ANALYSIS
Relationships between clinical, biological, and
endoscopic variables were evaluated using Spear-
man's classical correlation coefficient - on raw
data for comparison with other series and after
transformation to match as closely as possible the
normal distribution necessary for statistical test-
ing.6 Departure from the normal distribution was
assessed through skewness and kurtosis coeffi-
cients, indices measuring asymmetry and devia-
tion from the normal.' Transformation (square
root or logarithm) was chosen for minimising
skewness and kurtosis coefficients.7 Tests were

performed on the classic correlation coefficient
after the appropriate transformation and were
confirmed by the non-parametric Spearman's
rank test.8 When examining these relations in
different subsets of patients, the homogeneity of
correlation coefficients determined in the sub-
groups was checked after Fisher's transforma-
tion.6 To avoid the pitfalls caused by multiple
testing, within-group correlations were tested
only when heterogeneity had been shown. Since
a few biological data were missing, clinical,
endoscopic, and biological data were compared
in patients with and without missing values by

TABLE II Description of the study sample (n= 121): clinical
and endoscopic data

Characten'stic (%)

Female 64
First attack 21
Previous intestinal resection 11-5
Patients receiving no treatment in the
month preceding inclusion 33

Crohn's disease intestinal location:
Colon only 44
Small bowel and colon 51
Colon and gastroduodenal location 5

Active anal lesion 27
Age (y) (mean (SD), (range)) 32(13) (13-86)
Crohn's disease activity index
(mean (SD), (range)) 242 (114) (24-654)

Crohn's disease endoscopic inflammation
score (mean (SD), (range)) 9-2 (6 6) (0 5-38)

TABLE III Description of the study sample: biological
parameters

Mean (SD) No

Serum albumin (g/l)
Serum a, globulin (gI)
Serum a, antitrypsin (g/l)
C reactive protein ( x normal value)
Orosomucoid (x normal value)
Polymorphonuclear cells (103/mm3)
Lymphocytes (103/mm3)
Platelets (104/mm')
Erythrocyte sedimentation rate
(mm in first h)

Haematocrit (%)
Faecal a, antitrypsin concentration (mg4)/o)

34.6 (6*7)
8 3 (2-4)
37(1 1)
5-3 (7-1)
1-8(1-4)

7100 (3100)
1900 (900)
450 (170)

45 (29)
36 (6)
160 (290)

120
120
92

111

108
111

109
118

118
121
82

No= sample size.

means of x2 and Mann-Whitney U tests.8 Step-
wise multiple linear regression analysis9 was
used, after variable transformation, to try to
predict clinical or endoscopic scores by using a
linear combination of the 11 laboratory para-
meters. The clinical (or endoscopic) index was
the dependent variable, and the laboratory para-
meters the independent variables. The quality of
the prediction was assessed by the square of the
multiple correlation coefficient (corrected esti-
mate),9 which represents the proportion of the
variability of the dependent variable explained
by the independent variables introduced into the
regression. The Statistical Package for the Social
Sciences (SPSS) was used for data description
and analysis.

Results
Altogether 121 consecutive patients were
included in the study. The patient sample is
described in Tables II and III. Ninety five
(78 5%) patients underwent total colonoscopy.
The procedure was incomplete in 26 patients
because ofpoor tolerance (n= 2), colonic stenosis
(n= 14), or the decision of the endoscopist
(n= 10). The terminal ileum was explored in 73
(60%) patients. On average, 4-3 of the 5
ileocolonic segments defined' were explored.
Patient subsets with or without missing bio-
logical data did not show statistically significant
difference for any of the variables listed in Tables
II and III (data not shown).

RELATIONSHIPS BETWEEN CLINICAL ACTIVITY,
ENDOSCOPIC SEVERITY, AND BIOLOGICAL
PARAMETERS
Square root or logarithmic transformation was
used when appropriate as shown in Tables IV
and V and the Figure. The correlation coeffi-
cients between the raw data are also given for
comparison with other published series. Skew-
ness and kurtosis were especially noticeable for
faecal c,-antitrypsin, orosomucoid, and CRP
(standardised skewness coefficients of 10-0,
307, and 14-9 and kurtosis coefficients of 21-3,
138-0, and 34-7 respectively).
Using the appropriate variable transforma-

tions, significant correlations were found
between the following (1) CDAI and CDEIS, in
the whole population (Figure) and in the differ-
ent subsets of patients (Table VI) which were
found to be homogeneous. (2) CDAI and all
biological parameters except polymorphonuclear
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TABLE IV Correlations between Crohn's disease activity index and biological parameters (evaluated through classic correlation coefficient values without (r') or
with transformation (r))

Polymor-
Serum Serum a, Serum a, Serum Serum Platelet phonuclear Lymphocyte Faecal a,
albumin globulin antitrypsin orosomucoid CRP counts counts counts ESR antitrypsin

Trans-
formation Ln None Sq root Ln Ln Ln Sq root Sq root Sq root Sq root

No 120 120 92 108 111 118 111 109 118 82
r' -0-28 0-18 0-32 0-16 0 35 0-22 0 07 0-13 0 37 0-12
r -0-32 0-19 0 34 0-32 0-48 0-25 0-06 0-14 0-42 0-21
p 0-001 0-02 0 001 0 001 0 001 0-004 NS NS 0 001 NS

None=no transformation; Ln=logarithmic transformation; Sq root=square root transformation; p=degree of significance of correlation coefficient value after
transformation; NS=non-significant; No=sampe size.

TABLE V Correlations between Crohn's disease endoscopic index ofseverity and biological parameters (evaluated through classic correlation coefficient values
without (r) or with transformation (r'))

Polymor-
Serum Serum a, Serum a, Serum Serum Platelet phonuclear Lymphocyte Faecal a,
albumin globulin antitrypsin orosomucoid (a) CRP (a) counts count count ESR Haematocrit antitrypsin

Trans-
formation Ln None Sq root Ln Ln Ln Sq root Sq root Sq root None Sq root

No 120 120 92 108 111 118 111 109 118 121 82
r -0-28 0-48 0 37 0 04 0-11 0-27 0 13 -0 04 0 34 -0-13 0-26
r' -0 30 0 44 0 39 0 13 0-20 0-28 0 14 -0-03 0 40 -0 16 0 37
p 0-001 0-001 0-001 NS 0-02 0001 NS NS 0-001 0-04 0-001

None=no transformation; Ln=logarithmic transformation; Sq root=square root transformation; p=degree of significance of correlation coefficient value after
transformation; NS=non-significant; No=sample size.

cell and lymphocyte counts (Table IV). (3)
CDEIS and all biological parameters except
polymorphonuclear and lymphocyte counts and
serum orosomucoid (Table V). (4) In 31 patients
from the same centre, CDAI and CDEIS were
correlated with serum levels oforosomucoid (g/l)
and CRP (mgI1). For CDAI, correlation coeffi-
cient values of orosomucoid and CRP were 0-12
(NS) and 0 30 (p<0005) respectively and for
CDEIS, 0 05 (NS) and 0-18 (NS) respectively.
All these correlations were loose, however, with
values not exceeding 050. The results obtained
with non-parametric Spearman's correlation
coefficients were consistent in all cases with those
obtained with classical correlation coefficients
using variable transformations (data not shown).

Stepwise linear regression on transformed
variables selected the following: (a) CRP to
predict CDAI (haematocrit, an item included in
the CDAI, was excluded from this regression);
CRP accounting for 22% of CDAI variation; (b)
serum a, globulin level, erythrocyte sedimenta-
tion rate, faecal a,-antitrypsin level, oroso-
mucoid, and serum a,-antitrypsin level to predict
CDEIS (these five variables accounting for 44%
ofCDEIS variation).

TABLE VI Correlations ofCrohn's disease activity index (CDAI) v Crohn's disease
endoscopic inflammatory score (CDEIS) in various subgroups (evaluated through classic
correlation coefficient value (r) after square root transformations)

Pure colonic Ileocolonic With intestinal Untreated
CDAI <150 CDAI >150 localisation localisation resection patients

No 21 100 53 62 14 40
r 0-31 0-24 040 0-21 0-39 025

No=samples size.
Statistical testing did not show heterogeneity between: (a) patients with CDAI < 150 v CDAI > 150;
(b) patients with pure colonic and total colonoscopy v ileocolonic location; (c) resected and
unresected patients; (d) treated and untreated patients.

Discussion
The evaluation of Crohn's disease activity has
mainly been based on clinical indices, especially
in controlled therapeutic trials. The search for
more objective biological markers has led to a
profusion of published studies but little con-
sensus.'0 CDEIS is so far the only validated
endoscopic index for Crohn's disease.2

In this study, links between clinical activity
and endoscopic severity were weak in the overall
patient population (n= 121) and in various sub-
sets (clinically quiescent or active Crohn's
disease, pure colonic disease, untreated
patients). In a previous study of patients during
an acute episode, we were unable to find a
significant correlation between CDAI and
CDEIS.3 Other attempts to correlate the clinical
and endoscopic severity ofCD are rare and based
on rudimentary endoscopic scores."'2 Radio-
graphic findings'3 and the depth of ulceration
measured on colectomy specimens'4 in patients
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Scatter plot ofCrohn's disease activity index (CDAI) and
Crohn's disease endoscopic inflammatory score (CDEIS) in
the whole sample of121 patients. The shaded area shows
patients with clinically quiescent disease. Correlation values:
without transformation: 0-26; after square root
transformation: 0-32 (p<0001).
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with acute colitis have also been shown to
correlate poorly with clinical severity. Links
between clinical activity or endoscopic severity
and laboratory parameters were weak or absent.
On the contrary, the published reports abound
with studies seeking relationships between clini-
cal and biological parameters. There are, how-
ever, wide discrepancies, probably because of (1)
the use of different indices of disease activity'5 16;
(2) possible selection bias owing to small sample
size" 18; (3) statistical pitfalls, such as the inclu-
sion of the same patient several times for analysis
of correlation'7 19; (4) the use of raw variables
whose distribution could deviate from the
normal distribution, making inappropriate the
use of classical correlation tests. On the whole,
levels ofcorrelation were low, except in one study
that reported a strong link between faecal clear-
ance of a, antitrypsin and CDAI,20 a finding not
confirmed by others.21-23
A number of methodological points in our

study warrant discussion. Firstly, the whole
colon was explored endoscopically in 78 5% of
the patients and the ileum in 60% of cases, and
the potentially missed lesions might have blurred
the correlations. This is probably not the case
since correlation levels were similar in the sub-
group ofpatients with purely colonic disease who
underwent total colonoscopy. Secondly, a treat-
ment induced bias is ruled out by the low
correlation value found in untreated patients.
Thirdly, serum orosomucoid and CRP values
were expressed as multiples ofnormal values, but
using the raw values in 31 patients did not
improve correlations with the clinical and endo-
scopic indices. Lastly, a,-antitrypsin assay in
fresh faecal samples instead of lyophilised
material, as in another study,'8 may be influenced
by stool dilution.
Data transformation seemed to be important

for orosomucoid, CRP, and faecal a1 antitrysin
when studying their relationships with CDAI
and CDEIS. Indeed, some very low correlation
coefficients found with the raw data could
increase to significance after transformation.
This illustrates a general problem which can arise
with biological variables, particularly when they
are skewed to the right, as was the case for these
three variables. Moreover, the results obtained
after variable transformation were validated
through non-parametric rank correlation which
gave similar results.

In sum, our results show that clinical, endo-
scopic, and biological findings are poorly corre-
lated in Crohn's disease. The following explana-
tions are suggested. (1) Clinical severity may
depend more upon transmural inflammation
typical of this disease than upon superficial
lesions accessible by the endoscopist. In this
context, assessment of the transmural patholog-
ical process by ultrasound endoscopy or leuko-
cyte scan'2 may be of interest. (2) The inflam-
matory proteins measured in this study are
produced by the liver. Direct determination of
mediators released by gut associated lymphoid
tissue, for example, lymphokines and their
soluble receptors, may provide insights into the
process taking place in the gut wall.24

Previous studies by the GETAID have shown
that endoscopic findings have no predictive value

for either the response to steroid treatment of an
acute attack,3 or the clinical course after steroid
withdrawal.25 It is thus clear from these data and
from the present results that monitoring of
Crohn's disease patients with repeated colon-
oscopies is currently unwarranted, with the
possible exception of recently resected patients.26
These results may form the basis for consider-

able savings in terms of financial cost, health
resources, and patient discomfort.
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