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Abstract Ghrelin possesses various biological activi-
ties—it stimulates growth hormone (GH) release, plays a
major role in energy metabolism, and is one of the hor-
mones that affects body composition. It also plays a role in
modulating immune response and inflammatory processes.
In this study we aimed to determine whether serum ghrelin
levels had correlation with markers associated with disease
activation. We also investigated any probable relationship
between serum ghrelin level and nutritional status. Serum
levels of ghrelin and its relationship with disease activity
and nutritional status were evaluated in 34 patients with
ulcerative colitis (UC), 25 patients with Crohn’s disease
(CD), and 30 healthy controls. Serum ghrelin levels, serum
IGF-1 and GH levels, and markers of disease activity
(sedimentation, C-reactive protein, and fibrinogen) were
measured in all subjects. Body composition and nutritional
status was assessed by both direct (by anthropometry) and
indirect (by bioimpedance) methods. Serum ghrelin levels
were significantly higher in patients with active UC and
CD than in those in remission (108 £ 11 pg/ml vs. 71 +
13 pg/ml for UC patients, P < 0.001; 110 £ 10 pg/ml vs.
75 £ 15 pg/ml for CD patients, P < 0.001). Circulating
ghrelin levels in UC and CD patients were positively
correlated with sedimentation fibrinogen and CRP and was
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negatively correlated with IGF-1, BMI, TSFT, MAC, fat
mass (%), and fat free mass (%). This study demonstrates
that patients with active IBD have higher serum ghrelin
levels than patients in remission and high levels of circu-
lating ghrelin correlate with the severity of disease and the
activity markers. Ghrelin levels in inflammatory bowel
disease (IBD) patients show an appositive correlation with
IGF-1 and bioelectrical impedance analysis, body compo-
sition, and anthropometric assessments. Finally, we arrived
at the conclusion that ghrelin level may be important in
determination of the activity in IBD patients and evaluation
of nutritional status.

Keywords Ghrelin - Inflammatory bowel disease -
Ulcerative colitis - Crohn’s disease - IGF-1 -
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Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are
characterized with chronic inflammation of the gastroin-
testinal tract [1, 2]. Weight loss, malnutrition, and
developmental retardation are also frequently observed in
inflammatory bowel disease (IBD), especially in CD [3, 4].
It has been reported that this malnutrition and develop-
mental retardation in IBD is caused by several factors such
as the irregularities in the GH-IGF-1 axis, inadequate
calorie intake, increased catabolic activity, and absorption
failure due to chronic inflammation [5-7].

Ghrelin is a 28-amino-acid peptide hormone that is
mainly produced by the X/A-like cells located in the
oxyntic mucosa of the stomach [8]. Ghrelin possesses
various biological activities, including stimulation of
growth hormone (GH) release [4]. It also plays a major role
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in energy metabolism and is one of the hormones that
affect body composition by stimulating food intake and
enhancing the use of carbohydrates and reducing fat utili-
zation [9, 10]. Plasma ghrelin levels are elevated by fasting
and reduced by re-feeding, and its levels are negatively
correlated with body mass index (BMI)—decreasing in
obese subjects and increasing in those with anorexia
nervosa [11-15]. Other than these effects it could also play
a role in modulating immune response and inflammatory
processes [16]. High circulating ghrelin levels have been
found in rats with septic shock, Celiac Disease with active
inflammation, and in inflammatory bowel disease in
patients with active disease [17-21].

There are some reports in the literature stating the close
relationship between the serum ghrelin level and severity
of mucosal inflammation in the gastrointestinal tract [19,
22-24]. Lanzini et al. determined a positive correlation
between ghrelin level and the inflammatory activity of
intestinal mucosa in newly diagnosed Celiac disease
patients. In this report they also found that ghrelin levels
decreased after a gluten free diet [18]. In a recent paper,
Perrachi et al. reported high serum ghrelin levels in
patients with inflammatory bowel disease. They found
positive correlation between serum ghrelin level and dis-
ease activity, TNF-alpha, and serum C-reactive protein
(CRP) levels. They did not report any change of ghrelin
level in patients with inactive IBD [20].

The GH-IGF-I axis is thought to play an important role in
the regulation of body composition throughout life. Changes
in body fat stores also affect the activity of the GH-IGF-I
axis, and it is known that IGF-1 is a strong indicator of the
peripheral effects of GH [25]. It has been reported in liter-
ature that such circulating inflammatory cytokines such as
TNF-alpha and IL-6 reduce the expression of IGF-1 [26,
27]. It is also known that IGF-1 level is low in patients with
IBD [28]. Eivindson et al. reported statistically low IGF-1
levels in active IBD cases with high sedimentation and CRP
levels, and this low level of IGF-1 was negatively correlated
with the nutritional status of the patients [29]. There are
many studies in literature stating a negative correlation
between ghrelin level and IGF-1 [30-33]. In a recent report,
Poykko et al. reported an inverse proportion between
ghrelin levels and IGF-1. They also stated that this relation
between IGF-1 and ghrelin is modified by obesity and body
mass index. This case is thought to be attributable to ghrelin
and the IGF-1/GH axis [30].

IBD is a disease often characterized by catabolism,
growth and developmental retardation. It is known that
these patients suffer from lack of appetite and reduced food
intake on active days in particular. We assumed that such a
hormone as ghrelin, which has proven to be influential in
energy homeostasis, regulation of appetite, determination
of the nutritional level and fat rate of the body, as well as
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play an important role in the functioning of the GH/IGF-1
axis and in modulating immune responses and inflamma-
tory processes, should have a role in the nutritional status
and disease activation.

In our study we aimed to determine whether there is a
change in serum ghrelin levels in IBD patients and find out
the relationship between ghrelin levels and disease activity
and learn whether this change, if any, showed a correlation
between IGF-1, GH, and activation markers (sedimenta-
tion, fibrinogen, CRP). We also investigated any probable
relationship between bioelectrical impedance analysis
(BIA), which shows nutritional status of the body in IBD
patients, body composition and anthropometric assess-
ments, and serum ghrelin level.

This study is the first to investigate whether ghrelin
plays a role in disease activation and nutritional status by
analyzing body composition—using both direct (anthro-
pometry) and indirect (bioimpedance) methods—in
patients with IBD.

Methods
Patients

In this randomized prospective study, 59 IBD patients from
the outpatient clinic of Gulhane Military Medical Hospital
were consecutively included. For comparison, 30 healthy
volunteers, matched for age, sex, and body mass index
(BMI = kg/m?), were also examined. All of the patients
received anti-inflammatory therapy. Diagnosis of CD and
UC was based on clinical, endoscopic, radiologic, and his-
tologic criteria. See Table 1 for clinical characteristics and
disease distributions. We employed the most frequently used
indices to characterize disease activity: Crohn’s disease
activity index (CDAI) for CD and Rachmilewitz clinical and
endoscopic activity index for UC [34, 35]. Values less than
150 for CD and less than 4 for UC were considered as
remission. Those who had already had an operation, any
chronic systemic disease, or who were receiving steroid or
immunosuppressive therapy were not included in the study.
The Regional Committee of Ethics approved of the study
and all the participants signed an informed consent.

Nutritional assessment

Body composition was assessed both directly (by anthro-
pometry) and indirectly (by bioimpedance). Patient’s
details (age, gender, etc.) and anthropometric measure-
ments (height, weight, BMI, triceps skin-fold thickness
[TSTF], mid-upper arm circumference [MAC]) were
recorded. Additionally, the subjective global assessment
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Ui Coms Ty 7
study population colitis disease controls value
Number of patients (n) Total 34 25 30 0.59
Remission 18 15 -
Active 16 10 -
Age (mean £ SD) Total 38.3 + 12.6 39.6 + 124 36.1 + 12.8 0.83
Remission 39.5 + 139 409 £ 11.9
Active 372+ 11.7 37.8 £ 13.8
Male/female (n) 20/14 14/11 18/12 0.85
BMI (kg/m?) Total 23.6 + 3.9 233+ 45 258 +£32 0.66
Remission 245+ 3.0 244 + 3.7 -
Active 22.1+24 212+ 25 -
Duration of disease Total 78.4 £ 75.2 76.5 £ 75.2 - 0.82
(months) Remission 80.6 +752  799+752 -
Active 714 + 752 702 £ 75.2 -
Localization of disease (n) Proctocolitis 9 - -
Left-sided 10 - -
colitis
Pancolitis 15 - -
Ileal alone - 12 -
Ileocolonic - 8 -
Colonic alone - 5 -

(SGA) and body composition by bioelectrical impedance
(BIA) were measured. Patients were categorized by BMI
measurement as underweight (<20), normal (20-24.9),
overweight (25-29.9), or obese (>30) .

Biochemical assessment

At 08:00 am, after overnight fasting longer than 12 h,
whole blood was directly drawn into a centrifuge tube that
contained 500 U of Aprotinin and 1.25 mg of EDTA-2Na
per 1 ml of whole blood. The blood samples were imme-
diately centrifuged at 1,500xg for 15 min at 4°C. Plasma
samples were then acidified with 100 pl of 1 mol/l HCI per
ml of collected plasma and stored at —80°C until assay.
The Active Ghrelin ELISA kit (LINCO Research, Mis-
souri, USA) recognizes the octanoyl modified portion of
Ghrelin. Plasma levels of octanoyl ghrelin were measured
using the octanoyl-ghrelin ELISA kit (LINCO Research,
Missouri, USA), which is an enzymatically amplified
“two-step” sandwich-type immunoassay. The method of
the study followed the IGF-1 kit IRMA (Diagnostic Sys-
tems Laboratories Inc., Texas, USA).

Statistical analysis

The results are given as average + standard deviation and
as medium (min-max). Independent Student’s #-test and

the Mann—Whitney U- test were used to evaluate the sta-
tistical significance between the groups. Correlation
between the variables was made with Spearman’s corre-
lation analysis and P < 0.05 was regarded as the key value
for statistical significance. The statistical analysis was
carried out with SPSS 10.0 for Windows.

Results
Demographic distribution

A total of 34 UC, 25 CD, and 30 healthy controls were
included in the study. Of the patients in the UC and CD
groups, 52.9% (n =18) and 47.1% (n =15) were in
remission, respectively, whereas 64% (n = 16) and 36%
(n = 10) were within the active disease period. There was
no statistically significant difference between the CD, UC,
and healthy control groups as regards to age, gender, and
BMI (P > 0.05) (Table 1).

Of the UC patients, 26.4% (n = 9) were proctocolitis,
29.4% (n = 10) were left type, and 44.2% (n = 15) were
pancolitis. Of the CD patients, 20% (n = 5) had disease
localization at the colonic region, 48% (n = 12) were ileal
alone, and 32% (n = 8) were ileocolonic type. The average
disease periods of the UC and CD patients were 71.4 and
70.2 months, respectively, in the active disease group. This
period was 80.6 and 79.9 months for the group included in
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remission, respectively. There was no statistical difference
between the groups as regards the disease period
(P > 0.05) (Table 1).

Clinical nutritional parameters

In the healthy controls group, fat mass (%), fat mass (kg),
fat free mass (%), and fat free mass (kg) were found as
27.45 + 6.3%, 18.90 £+ 6.2 kg, 72.50 £ 12.1%, and 49.60 +
3.9 kg, respectively. In the UC group these parameters
were 23.15 £ 5.5%, 14.90 + 5.9 kg, 76.83 + 10.6%, and
49.60 £ 4.1 kg, respectively, and for the CD group these
parameters were found to be 23.02 4+ 4.6%, 14.44 £+
4.4 kg, 76.80 £ 7.9%, and 48.35 + 3.7 kg, respectively.

When the anthropometric tests were taken into consid-
eration, in the healthy controls group body weight, BMI,
TSFT, and MAC values were calculated as
68.80 £ 9.2 kg, 25.80 & 3.2 kg/m?, 1.71 £ 0.5 mm, and
26.50 & 4.6 cm, respectively. In the UC group these
parameters were 64.50 & 6.9 kg, 23.60 + 3.9 kg/m?,
1.05 &+ 0.6 mm, and 23.20 + 3.3 cm, respectively, and for
the CD group these parameters were found to be
62.80 + 5.0 kg, 23.30 + 4.5 kg/m?, 1.02 & 0.3 mm, and
22.10 %+ 2.8 cm, respectively.

Considering the bioelectrical impedance analysis (BIA),
body composition, and anthropometric assessment levels
between the groups, the measured levels of the patients in
the UC and CD groups were found to be significantly
lower than the ones in the healthy group (P < 0.05)
(Table 2).

Table 2 Results of bioelectrical impedance analysis (BIA), body
composition, and anthropometric assessments in healthy controls and
IBD patients

Healthy controls, UC total, CD total,
n =30 n =34 n =25
BIA and body composition
Fat mass (%) 2745 £ 6.3 23.15£55 23.02+46
Fat mass (kg) 18.90 £ 6.2 1490 £ 59 1444 +44
Fat free mass (%) 72.50 £+ 12.1 76.83 £ 10.6 76.80 = 7.9
Fat free mass (kg) 49.60 £ 3.9 49.60 £ 4.1 48.35 4+ 3.7
Body liquid (1) 26 + 3.1 23 +£ 438 23 £ 42
Anthropometric tests
Body weight (kg) 68.80 £ 9.2 64.50 £ 6.9 62.80 £ 5.0
BMI (kg/m?) 25.80 £ 3.2 23.60 £3.9 2330+£45
TSFT (mm) 1.71 £ 0.5 1.05+ 06 1.02+03
MAC (cm) 26.50 £+ 4.6 2320 £3.3 22.10+ 238

P < 0.05 for healthy controls vs. UC and healthy controls vs. CD
when BIA, body composition, and anthropometric tests are
considered
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Laboratory findings

Ghrelin level was found to be 84 4+ 14 pg/ml in healthy
controls, 90 + 22 pg/ml in UC patients, and 92 £ 26 pg/
ml in CD patients. There was no statistical difference
between the groups (P > 0.05) (Table 3). Ghrelin levels in
active UC and CD patients were 108 & 11 pg/ml and
110 £ 10 pg/ml, respectively, while in the patients in
remission the levels were 71 4+ 13 pg/ml and 75 £ 15 pg/
ml, respectively. It was determined that Ghrelin levels of
UC and CD patients were statistically significantly higher
than those of the cases in remission (P < 0.001) (Table 3).

When we evaluated serum GH levels between the
groups, it was found that the measured values of the
patients in UC and CD groups did not show any difference
from the healthy control group (P > 0.05) (Table 3). As for
the IGF-1 levels, they were found to be considerably lower
in UC and CD patients than in the healthy control group
(P < 0.001). IGF-1 levels in active UC and CD patients
were 113 + 15 and 110 £ 12 ng/ml, respectively, while
they were 185 £ 24 and 183 £ 11 ng/ml in the patients in
remission, respectively. It was found that IGF-1 levels of
active UC and CD patients were statistically significantly
lower than those of the patients in remission (P = 0.011)
(Table 3).

Correlation between ghrelin and nutritional or
inflammatory parameters

Spearman’s correlation test was applied to investigate the
relationship between ghrelin levels and the other
parameters.

Circulating ghrelin levels in UC were negatively cor-
related with IGF-1 (r=—-0.45, P <0.01), BMI (r=
—0.47, P < 0.01), TSFT (r = —0.43, P < 0.05), MAC (r =
—0.44, P < 0.01), fat mass (%) (r = —0.46, P < 0.01), and
fat free mass (%) (r=—047, P <0.01). Circulating
ghrelin levels in CD negatively correlated with IGF-1
(r=—-0.45, P < 0.05), BMI (r = —0.46, P < 0.05), TSFT
(r=-0.43, P <0.05), MAC (r = —0.44, P <0.05), fat
mass (%) (r=—0.58, P <0.01), and fat free mass (%)
(r = —0.50, P < 0.05). It was found that the ghrelin levels
of UC and CD patients showed a statistically significant
negative correlation with IGF-1, body weight, BMI, TSFT,
MAC, fat mass (%), fat mass (kg), fat free mass (%), and
fat free mass (kg) and this correlation was more common
and intense in the active IBD patients than in the cases in
remission. There was no statistical correlation with ghrelin
levels in patients with UC and CD patients in remission
only in terms of BMI and body weight (Table 4).

Circulating ghrelin levels in UC were positively corre-
lated with sedimentation (r = 0.44, P < 0.01), fibrinogen
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Table 3 Descriptive data of the markers associated with disease activation in patients with UC, CD, and healthy controls

Parameter Healthy controls, UC total, UC active, UC remission, CD total, CD active, CD remission,
n=32 n=234 n=16 n=18 n=25 n=10 n=15
Ghrelin (pg/ml) 84 + 14 90 + 22 108 £ 11 71 £ 13 92 + 26 110 £ 10 75 £ 15
IGF-1 (ng/ml) 224 + 86 166 + 43 113 £ 15 185 £ 24 162 £ 39 110 £ 12 183 £ 11
GH (ng/ml) 1.95 £+ 0.11 1.94 £ 0.51 1.84 £+ 0.42 1.96 £ 0.45 1.88 £+ 0.46 1.85 £ 0.38 1.90 £+ 0.35
CRP mg/l 4+2 10+5 18+9 5+3 7+ 4 15+2 54+2
Fibrinogen 225 £+ 108 491 £+ 164 784 £ 191 296 £+ 106 589 £ 173 610 £ 196 284 + 103
ESR (mm/h) 4+1 14+ 8 26+ 3 6+2 18+9 28 + 2 7+3

When UC active vs UC remission and CD active vs CD remission are compared, P < 0.001 for ghrelin and fibrinogen, P = 0.011 for IGF-1,

P > 0.05 for GH, P = 0.044 for CRP, and P = 0.039 for ESR

(r=0.66, P <0.001), and CRP (r=048, P <0.01).
Circulating ghrelin levels in CD were also positively cor-
related with sedimentation (r = 0.45, P < 0.05), fibrinogen
(r =0.48, P < 0.05), and CRP (r = 0.48, P < 0.05). When
we attempted to determine whether there was a relationship
between the ghrelin levels and inflammatory markers used
for IBD, we found that ghrelin levels showed a statistically
significant positive correlation with CRP, ESR, and
fibrinogen levels and this correlation was more common
and intense in the active IBD patients than in the cases in
remission (Table 4).

Discussion
In our study we found the serum ghrelin levels to be

similarly high in the healthy group, as well as the UC and
CD patients. However, we determined that in both UC and

CD patients, the ghrelin levels were statistically higher in
those with active disease than in those in remission
(P < 0.001). It was found that the higher ghrelin levels
were accompanied by such activity markers as CRP,
fibrinogen, and ESR and that there was a significant cor-
relation between these markers and ghrelin level
(P < 0.01).

In the literature, Lanzini et al. reported that in Celiac
disease, there was a positive relationship between serum
ghrelin levels and disease severity and inflammatory
activity in the gastrointestinal mucosa [18]. In a recent
report, Nishi et al. reported normal ghrelin levels in inac-
tive CD patients [36]. Also, Perrachi et al. did not report
any change of ghrelin levels in patients with inactive UC
and CD, but Perrachi et al. did report high serum ghrelin
levels in patients with UC and CD. They found positive
correlation between serum ghrelin levels and disease
activity, TNF-alpha, and serum CRP levels [20]. In

Table 4 The correlation results of ghrelin with disease activity markers and nutritional parameters

Correlation with UC total, UC active, UC remission, CD total, CD active, CD remission,
ghrelin n=34 n=16 n=18 n=25 n=10 n=15
IGF-1 —0.45%%* —0.68%* —0.54* —0.45* —0.66* —0.55%
CRP 0.48%* 0.68** 0.53* 0.48* 0.66* 0.58*
Fibrinogen 0.66%** 0.67%* 0.61%* 0.48* 0.70* 0.63*
ESR 0.44 %% 0.68** 0.65%* 0.45* 0.65* 0.56*
Body weight (kg) —0.47%%* —0.67** NS —0.46* —0.67* NS
BMI (kg/m?) —0.47%* —0.66** NS —0.46* —0.64* NS
TSFT (mm) —0.43%* —0.53* —0.51* —0.43* —0.67* —0.54%
MAC (cm) —0.44%%* —0.54* —0.52* —0.44* —0.68* —0.58%*
Fat mass (%) —0.46%* —0.69%* —0.58* —0.58** —0.65* —0.58%*
Fat mass (kg) —0.45%%* —0.69%* —0.56* —0.45* —0.64* —0.59%*
Fat free mass (%) —0.47%* —0.50%* —0.58% —0.50* —0.69%* —0.60%*
Fat free mass (kg) —0.47%%* —0.52* —0.57* —0.52%* —0.64* —0.58%
Body liquid (1) NS NS NS NS NS NS

All of the values are given as Spearman’s rho/significance
NS nonsignificant correlation
* P <0.05, # P <0.01, #* P < 0.001
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accordance with Perrachi et al., we found statistically high
ghrelin levels in the patients with active disease compared
with those in remission. We also found a positive corre-
lation between disease severity and ghrelin levels. These
results make it possible to ascertain that ghrelin is a marker
that rises with disease activation and increases in relation to
the mucosal inflammation observed in the active period of
the disease.

Street et al. reported that IGF-1 levels showed an
inverse correlation with some cytokines, such as IL-6,
which are indicators of mucosal inflammation and activity
markers in IBD patients [37]. Similarly, we found that IGF-
1 levels showed an inverse correlation with activity
markers in IBD patients. This result is in accordance with
the findings by Eivindson et al. and Poykko et al. [29, 30].

It is known that there is an inverse relation between
ghrelin level and nutritional status [14, 27, 38]. Kotidis
et al. reported decreases in serum ghrelin levels after
weight loss in obese patients [39]. In a previous report,
Greenman et al. reported that ghrelin levels showed an
inverse correlation with the BMI and anthropometric tests
in determining nutritional status [40]. Our results are
concordant with these results. We have found in our study
that there is a statistically significant negative correlation
between ghrelin levels and patient’s nutritional status. We
also found a negative correlation between ghrelin levels
and IGF-1. IGF-1 levels showed a statistically positive
correlation with nutritional status and a negative correla-
tion with ghrelin levels. In the light of these results, we
believe that ghrelin and IGF-1 could be one of the factors
that play a role in malnutrition in these patients and IGF-1
and ghrelin levels are important in determining the nutri-
tional status in IBD.

This study demonstrates that patients with active IBD
have higher serum ghrelin levels than in patients in
remission and high levels of circulating ghrelin correlate
with the severity of disease and the activity markers (CRP,
sedimentation, and fibrinogen). However, ghrelin levels in
IBD patients shows an appositive correlation with IGF-1
and bioelectrical impedance analysis (BIA), body compo-
sition, and anthropometric assessments, which show the
nutritional status of the body.

Finally, we concluded that ghrelin level may be
important in determination of the activity in IBD patients
and evaluation of nutritional status. This study is the first to
investigate whether ghrelin level plays a role in disease
activity and nutritional status in IBD patients.
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