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Background: An imbalance of cytokines is be-
lieved to contribute to the immunopathogenesis
of inflammatory bowel diseases (IBD). Serum cy-
tokine levels may correlate with disease activity
and acute phase reactivity.

Aim:To determine the correlation of systemic
interleukin-18 (IL-18) levels with disease activity
and other markers of inflammation using a cross-
sectional pilot study in outpatients with IBD.

Methods: Peripheral venous blood was ob-
tained from 84 patients with Crohn’s disease
(CD) and from 46 patients with ulcerative colitis
(UC). Serum levels of C-reactive protein (CRP),
IL-8, IFN-g, IL-12p70 and IL-18 were assessed
by ELISA. Disease activity was expressed by the
Crohn’s Disease Activity Index (CDAI) and the
Clinical Activity Index (CAI), respectively. Statis-
tical analysis comprised correlation coefficients
and linear regression analysis.

Results: In CD IL-18 and other cytokine con-
centrations, CRP levels, leukocyte and platelet
counts did not correlate with the CDAI. How-
ever, IL-18 as well as IL-8 and platelets positively
correlated with CRP levels (p <0.001), while IFN-g
and IL-12p70 did not. In contrast, in UC only the
CAI and CRP levels showed a significant positive
correlation.

Conclusions: In CD IL-18 lacks significant cor-
relation with the CDAI, as do serum acute phase
protein and other cytokine markers of inflamma-
tion. As opposed to UC, IL-18 and IL-8 may,
however, serve as indicators of acute phase reac-
tivity in CD and should be explored in a larger
study.
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Summary

The chronic relapsing inflammatory bowel
diseases, Crohn’s disease and ulcerative colitis, are
typically characterised by episodes of acute flares
and remission [1, 2]. Depending on disease loca-
tion and extent, exacerbation leads to diarrhoea,
abdominal pain and systemic symptoms such
as fatigue and weight loss [3–5]. Disease activity
indices have been developed as outcome measures
in clinical trials [6, 7]. They may help to repro-
ducibly and validly assess the patients’ status
and to support therapeutic decision making [6].
Variables of disease activity indices comprise
frequency of bowel movements, severity of ab-
dominal pain, general well-being, occurrence of
extraintestinal manifestations and laboratory pa-
rameters [8].

The efficacy of biologicals in recent clinical
trials has been associated with elevated concentra-
tions of acute phase proteins in serum samples
prior to onset of treatment [9, 10]. Vice versa,

placebo responses seem to negatively correlate
with systemic inflammation. Therefore, objec-
tively assessable acute phase reactivity may pres-
ent a better correlate of disease activity. This ap-
proach may be particularly important in outpa-
tients with inactive or mild disease, because direct
endoscopic or radiologic visualisation of the de-
gree of inflammation are rarely performed in this
patient subgroup.

Selection of relevant circulating, thus easily
obtainable markers of inflammation may focus on
substances correlating with inflammation in gen-
eral, such as leucocytes and C-reactive protein, or
on cytokines that may more specifically reflect in-
flammatory cascades associated with inflamma-
tory bowel disease [11, 12].

Interleukin (IL)-18 is a pleiotropic proinflam-
matory cytokine with stimulatory effects on both
T helper-1 and T helper-2 cell responses [13–18]
that have been implied in Crohn’s disease and ul-
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cerative colitis, respectively. In patients with
Crohn´s disease a markedly enhanced expression
of IL-18 was found in infiltrating lamina propria
macrophages and intestinal epithelial cells [19,
20]. Several experimental animal models have
been linked to an increased expression of IL-18,
and inhibition of IL-18 in some of these led to a
significantly decreased degree of inflammation
[21–24].

Our study aimed to prospectively assess and
then to correlate systemic levels of IL-18 in out-
patients with inflammatory bowel disease with
disease activity and blood-derived standard mark-
ers of inflammation as well as additional cytokines
associated with the pathogenesis of these condi-
tions.

Materials and methods

Patients

Patients were recruited at the outpatient clinic at
the Department of Medicine II, University Hospital
Mannheim, Germany from January 2001 to June 2003.
Ethical approval was obtained from the local ethics com-
mittee (#0199/02), and was in accordance with the
Helsinki Declaration from 1975. All participants gave
their written informed consent. The consecutive recruit-
ment ensured that all patients had the opportunity to par-
ticipate in the cross-sectional study if they met the fol-
lowing study criteria: 1) diagnosis of Crohn’s disease or
ulcerative colitis on the basis of clinical symptoms and en-
doscopic, radiological or histological criteria; 2) age ≥16
years; 3) disease duration of at least 6 months; 4) no os-
tomy, and 5) no other serious medical condition at the
time of inclusion. At their initial presentation the major-
ity of the patients underwent upper endoscopy, ileo-
colonoscopy and small-bowel follow-through or MRI.

The disease activity of patients with Crohn’s disease
or ulcerative colitis was determined by the criteria of the
Crohn’s disease activity index (CDAI) [8] and the clinical
activity index (CAI) of Rachmilewitz [25], respectively.
Furthermore, concomitant medical conditions and cur-
rent medication was noted.

Assessment of blood cell count, acute-phase
reactants and cytokines

On the last day of the seven-day disease activity
index diary, blood was obtained by venepuncture into he-
parinised tubes. An aliquot was used for determination of
the complete blood cell count. Serum was collected after
centrifugation of heparinised blood and stored at –70 °C
until further processing. Levels of C-reactive protein
were assessed with a commercially available assay
(Siemens, Germany).

The normal ranges of the complete blood cell count
and the C-reactive protein were as follows: White blood
cells 4.2–10.2 x 109/l; haemoglobin 12.3–15.2 g/dl (fe-
males), 13.2–16.7 g/dl (males); haematocrit 33.0–41.0%
(females), 33.4–46.2% (males); platelets 165–387x109/l
(females), 145–348x109/l (males); C-reactive protein 0–5
mg/l. Historical cytokine levels in a healthy control pop-
ulation were as follows: IL-18 165.2 ± 43.6 ng/l; IL-
12p70 14.7 ± 6.8 ng/l; IFN-g 34.4 ± 18.0 ng/l) [26];
IL-8 11.5 ± 5.3 ng/l (unpublished observation).

Levels of IL-18 were determined in paired super-
natant samples by a specific sandwich enzyme immunoas-
say (ELISA) with minor modifications as described previ-
ously [27]. Assessment of IL-12p70, IL-8 and IFN-g
levels was performed with commercially available ELISAs
(OptEIA Set, BD Biosciences Pharmingen, San Diego,
USA).

Outcomes and statistical analysis

Primarily, correlation of IL-18 with disease activity
was assessed. Secondarily, correlation of IL-18 with other
laboratory parameters and cytokines was tested. Further,
correlations between other parameters were considered.
Statistical analysis was performed with the SAS software
version 8.2 and 9.1. Descriptive statistics included mean,
median and standard deviation. Differences between
groups were determined with a T-test for two independ-
ent samples. The Wilcoxon test was applied for T-test
confirmation. For correlation analysis Pearson’s correla-
tion coefficient r and the determination coefficient R2

were determined. A p-value ≤0.05 was considered to be
significant.

Results

Patients’ characteristics
Eighty-four patients with Crohn’s disease and

46 patients with ulcerative colitis were included in
the study. Selected characteristics of the partici-
pants are summarised in table 1. Patient age
ranged from 16 to 72 years with a mean of 42.75
and a median of 43. Accumulation of very young
or very old patients with inflammatory bowel dis-
eases was not present in our cohort.The mean du-
ration of illness was 146 months. There was no
significant difference in the mean duration of ill-
ness between the two patient groups (141.67
months in Crohn’s disease vs 151.83 months in ul-

cerative colitis [p = 0.653]). At the time of testing,
a minority of patients was on systemically active
anti-inflammatory drugs such as corticosteroids
or immunosuppressants. None of the patients
were receiving anti-tumour necrosis factor-a anti-
bodies. The rate of extraintestinal manifestations
was comparably high with a predominance of
arthralgia.

Disease activity
Disease activity among patients with Crohn’s

disease and ulcerative colitis as assessed with the
CDAI and CAI, respectively, was as follows (table 1):
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Crohn’s disease (N = 59): 136.49 ± 90.82
(8.80–464.70); ulcerative colitis (N = 35) 2.37
± 2.33 (0–7).Accordingly, the mean CDAI reflected
clinical remission. However, patients with se-
verely active disease were also part of the cohort.
Further, the mean CAI also mirrored clinical
remission. Overall disease activity in ulcerative
colitis was low.

Inflammatory markers and cytokine levels
Single laboratory parameters such as maxi-

mum, minimum value, median and standard devi-
ation were determined and analysed by means of
descriptive statistics (table 2). In some patients,
not all of the parameters could be determined, as
indicated in the subsequent tables by the number
of subjects analysed. The mean and median cy-

CD UC
(n = 84) (n = 46)

Age, in years mean ± SD (range) 40.35 ± 12.92 (16–68) 45.48 ± 14.36 (21–66)

Gender

Women, n (%) 40 (47.62) 44 (52.38)

Men, n (%) 26 (56.52) 20 (43.48)

Duration of disease, in months mean ± SD 151.83 ± 121.63 141.67 ± 121.25

Disease location at time of testing, n (%)

Small bowel only 9 (10.7)

Large bowel only 9 (10.7)

Small/large bowel 43 (51.2)

N.a. 23 (27.3)

Proctitis 0 (0)

Left sided colitis 16 (34.8)

Extensive and pancolitis 19 (41.3)

N.a. 11 (23.9)

Disease activity, CDAI (CD) and CAI (UC)

Mean ± SD 136.49 ± 90.82 2.37 ± 2.33

(range) (8.80–464.70) (0–7)

Prednisolone equivalent 07.5 mg/day, n (%) 13 (10) 5 (10.87)

Immunosuppressant, azathioprine n (%) 21(16.15) 10 (21.74)

Extraintestinal manifestation, n (%)

All sites 44 (52.39) 22 (47.83)

Arthralgia 55 (42.31) 14 (30.44)

Eye manifestation 16 (19.05) 3 (6.52)

Skin manifestation 16 (19.05) 9 (19.56)

CD: Crohn’s disease; UC: ulcerative colitis;
N.a. Not assessed at time of study inclusion

Table 1

Patients’ disease
characteristics and
medication at base-
line.

CD UC

CRP (mg/l) 8.33 ± 11.4 (0.5 – 72.7) 4.81 ± 5.21 (0.5 – 24.7)

WBC (x109/l) 8.11 ± 2.85 (3.3 – 17.5) 7.78 ± 3.16 (3.3 – 18.7)

Hb (g/dl) 13.96 ± 1.39 (10.6 – 17.1) 14.09 ± 1.58 (7.8 – 16.2)

Hct (%) 41.35 ± 3.76 (31 – 49.4) 41.93 ± 3.53 (33.9 – 45.2)

Plt (x109/l) 333.48 ± 95.45 (141 – 728) 314 ± 92.1 (170 – 666)

CRP: C-reactive protein; WBC: white blood count; Hb: haemoglobin; Hct: haematocrit; Plt: platelets

Table 2

Laboratory results
(mean, std, range) in
patients with Crohn’s
disease (CD; n = 81)
and ulcerative colitis
(UC; n = 43).

CD UC

IL-18 (ng/l) 387.76 ± 170.45 (125.8 – 1011.35) 274.09 ± 173.68 (118.35 – 873.8)

IL-8 45.96 ± 243.35 (3.16 – 2175) 82.59 ± 293.28 (3.97 – 2594)

IL12p70 14.45 ± 6.77 (7.96 – 51.70) 12.61 ± 3.46 (8.92 – 24.51)

IFN-g 31.27 ± 35.65 (9.18 – 220.2) 33.1 ± 29.2 (9.83 – 179.35)

Table 3

Cytokines (ng/L) in
patients with Crohn’s
disease (CD; n = 81)
and ulcerative colitis
(UC; n = 43) (mean,
Std, range).
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Crohn’s disease and ulcerative colitis are
chronic inflammatory intestinal diseases (IBD).
Different pro-inflammatory cytokines and
chemokines seem to be responsible for sustained
inflammation, causing a continuous invasion of
leukocytes from the bloodstream into the intes-
tinal mucosa [11, 12, 28, 29]. Data support the as-
sumption that Crohn’s disease is characterised by
a cytokine milieu favouring T helper 1 cell activa-
tion, while ulcerative colitis has been associated
with a T helper 2 cell predominance [19, 30–33].

This cross-sectional pilot study focussed on
the systemic presence of T helper 1 cell associated
cytokines in IBD and particularly the potential
correlation of IL-18 with clinical activity indices
and acute phase reactants. Our data suggest that
IL-18, although not correlating with clinical dis-
ease activity, may serve as an indicator of acute
phase reactivity in Crohn’s disease but not in ul-
cerative colitis. The same seems to be true when
using IL-8 as a marker. Disease activity was gen-
erally low in our outpatient cohort. However, a
patient group was thereby enrolled that might
more realistically reflect the setting of an outpa-

tient clinic. The results justify a larger study indi-
cating sensitivity, specificity and prediction in pa-
tients with inflammatory bowel disease when
using these markers.

Expression of IL-18 has been studied in pa-
tients with inflammatory bowel diseases. In a
Japanese cohort, IL-18 serum concentrations
were higher in patients with Crohn’s disease than
in patients with ulcerative colitis or in controls.
Furthermore, a positive correlation between
IL-18 and the CDAI was noted [34]. Furuya and co-
workers reported IL-18 serum levels to be higher
in five patients with Crohn’s disease than in con-
trols [35]. Interestingly, a positive correlation be-
tween IL-18 levels and the expression of the
human glucocorticoid receptor b was described in
steroid-resistant patients [36]. A predominance of
an elevation of IL-18 in Crohn’s disease as com-
pared to ulcerative colitis was demonstrated in the
plasma. In addition, colonic explant cultures from
inflamed areas released more IL-18 than those
from unaffected segments [37]. Naftali and col-
leagues reported increased levels of both IL-18
and IL-18 binding protein during exacerbation of

parameters N R2 r p

IL-12p70/IL-8 83 0.1175 0.34273 0.0015

IL-8/IL-18 83 0.1519 0.38973 0.0003

IL-8/CRP 82 0.2520 0.50204 <0.0001

IL-8/HGB 74 0.0599 –0.24472 0.0356

IL-18/CRP 82 0.1843 0.42930 <0.0001

IL-18/HGB 74 0.0721 –0.26859 0.0207

HCT/IL-18 75 0.0852 –0.29188 0.0111

HCT/CRP 75 0.1278 –0.35745 0.0016

PLT/IL-18 74 0.0729 0.26996 0.0200

PLT/CRP 74 0.3992 0.63182 <0,0001

Table 4

Correlation analysis
in patients with
Crohn’s disease (CRP:
C-reactive protein,
RBC: red blood cells,
HGB: haemoglobin,
HCT: haematocrit,
PLT: platelets, WBC:
white blood cells).

parameters N R2 r p

CAI/CRP 35 0.2694 0.51909 0.0014

CAI/HGB 35 0.2671 –0.51678 0.0015

CRP/WBC 41 0.1453 0.38118 0.0139

HCT/CAI 35 0.2002 –0.44745 0.0070

PLT/CAI 41 0.1120 0.33471 0.0324

Table 5

Correlation analysis
in patients with
ulcerative colitis
(CAI: Clinical Activity
Index, CRP: C-reac-
tive protein, HGB:
haemoglobin, WBC:
white blood cells,
HCT: haematocrit,
PLT: platelets).

disease but still higher than in the historical con-
trol group. By contrast, the mean IL-8 serum
level was higher in ulcerative colitis than in
Crohn’s disease. In the former, mean serum levels
of IL-12p70 and IFN-g were not different from
historical controls. The data indicated suitability
of both IL-18 and IL-8 serum levels for disease
activity assessment in inflammatory bowel dis-
eases.

Correlation analyses
Pearson’s correlation coefficient r, determina-

tion coefficient R2 and p-values (significance)
were calculated between all laboratory parameters
after descriptive statistics were completed. Pa-
rameters were analysed separately for patients
with Crohn’s disease (table 4) and ulcerative coli-
tis (table 5). Interestingly, no statistically signifi-
cant correlation between Crohn’s disease activity
as determined by the CDAI and IL-18 was found.
The same was true for the other cytokines that
were assessed in the study and the C-reactive pro-
tein levels (table 4). However, in contrast to pa-
tients with ulcerative colitis, patients with Crohn’s
disease displayed a highly significant correlation
between levels of IL-18 with the C-reactive pro-
tein levels as did levels of IL-8 and platelets, re-
spectively. It is of note that the CAI and C-reac-
tive protein level in ulcerative colitis showed a
good correlation (table 5). However, no signifi-
cant correlation was demonstrated between IL-18
and the CAI. Further, in this condition IL-18 did
not correlate with levels of other markers of in-
flammation or cytokines (not shown).

tokine levels in the whole cohort as well as in the
two patient groups were determined (table 3). In
Crohn’s disease the mean C-reactive protein level
was above the upper level of normal. As compared
with historical data of a control group, mean
serum levels of IL-18 and IL-8 were higher in
Crohn’s disease, while IL-12p70 and IFN-g levels
were not different. In ulcerative colitis, the mean
serum level of IL-18 was lower than in Crohn’s

Discussion
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Crohn’s disease and in patients with ulcerative co-
litis [38]. In children, however, elevated serum lev-
els of IL-18 were confined to patients with
Crohn’s disease [39].

Our data also support the recent notion that
clinical activity indices may insufficiently corre-
late with markers of systemic inflammation. In
our cohort, the CDAI used in patients with
Crohn’s disease did not significantly correlate
with the level of the C-reactive protein or the
leukocyte and platelet count. In contrast, the CAI
used in patients with ulcerative colitis exhibited a
significant correlation with the C-reactive protein
level, but not with the leukocyte or the platelet
count. The CDAI was developed more than
30 years ago. Lone Jørgensen and co-workers stated
that nowadays inflammatory parameters were
much more specific than the haematocrit, the only
laboratory parameter used for calculation of the
CDAI [40]. Others agree that the CDAI does not
represent a sufficiently reliable index for determi-
nation of disease activity in Crohn’s disease.
Gomes and colleagues could not find any correla-
tion between the CDAI and histological findings
in 50 patients with Crohn’s colitis, and therefore
concluded that this index was no longer reliable
[41]. Vermeire and colleagues, however, provided
data demonstrating a good correlation between
the CDAI and different inflammatory markers
such as C-reactive protein [9]. Furthermore, in
clinical studies the CDAI has been the most
widely used index for disease activity in Crohn’s
disease. However, it is desirable to develop an
index which on the one hand is mostly independ-
ent from patient compliance and easier to calcu-
late, and on the other hand includes more objec-
tive parameters, such as C-reactive protein or cy-
tokines.

A highly significant correlation between C-re-
active protein on the one hand and IL-18, IL-8
and platelets on the other hand was found in our
cohort of patients with Crohn’s disease. In con-
trast, no significant correlation between C-reac-
tive protein and tested cytokines was found in

patients with ulcerative colitis. Higher values of
C-reactive protein in patients with Crohn’s dis-
ease than patients with ulcerative colitis have been
reported, especially in the event of an acute flare.
The underlying reasons are widely unknown.
Solem and co-workers in their study analysed the
correlation between C-reactive protein and the
clinical and endoscopic disease activity in patients
with chronic inflammatory intestinal diseases.
C-reactive protein level in Crohn’s disease corre-
lated with the endoscopic and histological inflam-
mation as well as with the clinical inflammatory
activity, whereas no correlation with histological
findings was found in ulcerative colitis [42]. Most
investigators concluded that the inflammatory ac-
tivity in ulcerative colitis is difficult to appraise by
determination of the C-reactive protein level.
This could also explain the missing correlation
between C-reactive protein and pro-inflammatory
cytokines in patients with ulcerative colitis in our
study.

In conclusion our report supports the neces-
sity to identify and validate new activity markers
in inflammatory bowel disease patients including
mediators of the immunological activation in the
gut that potentially better reflect the inflamma-
tory burden of the patient. IL-18 and also IL-8
seem to be good candidates, at least in Crohn’s
disease.
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