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Abstract Objective: Adipokines are fat-derived hormones and cytokines with immune-modulating and
metabolic properties. Most of them are associated with insulin resistance. The aim of the present
investigation was to evaluate circulating levels of adipokines and glucose homeostasis in patients
with inflammatory bowel disease (IBD) and to evaluate possible associations with the course and
characteristics of the disease.

Methods: Serum leptin, resistin, visfatin, retinol-binding protein-4, adiponectin, glucose, insulin, and
inflammatory parameters were analyzed in 93 patients with inactive IBD (49 with Crohn’s disease [CD],
44 with ulcerative colitis [UC]), 35 patients with active IBD (18 with CD, 17 with UC), and 37 age- and
body mass index—matched healthy controls. Ninety-two patients were followed for 6 mo.

Results: Leptin was similar in patients with IBD and controls, whereas resistin and visfatin were
increased in patients with active disease but not in those in remission. In active and inactive disease,
adiponectin was decreased (P < 0.001) and retinol-binding protein-4 was increased (P < 0.001)
compared with controls. About 60% of patients with IBD showed increased levels of insulin, whereas
serum glucose remained normal, resulting in increased homeostasis model assessment values in most
patients. Hyperinsulinemia was associated with the decrease in adiponectin (r = —0.572, P < 0.001) and
proved to be an independent protective factor for 6-mo maintenance of remission (P = 0.016).
Conclusion: IBD led to largely similar alterations in circulating adipokines and hyperinsulinemia in
patients with CD and those with UC. The unexpected protective effect of hyperinsulinemia on relapse
rate denotes the role of the metabolic—inflammatory response as a modulator in IBD.  © 2009 Published
by Elsevier Inc.
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Introduction

The advent of adipokines changed the paradigm of mam-

malian adipose tissue from being a pure reservoir of energy

. 0y Was - ¢ to a highly active endocrine tissue. Adipokines are cyto-
Charité—Universitidtsmedizin Berlin. i dh ith taboli di dulatin

* Corresponding author. Tel.: +49-30-450-514-113; fax: +49-30-450- 1nes and hormones with metabolic and immune-modulating

514-923. properties secreted by adipocytes and the non-adipocyte
E-mail address: luzia.valentini@charite.de (L. Valentini). fraction of adipose tissue [1-3]. Most adipokines are asso-

The study was funded by grants 89434169 and 89434160 from the

0899-9007/09/$ — see front matter © 2009 Published by Elsevier Inc.
doi:10.1016/j.nut.2008.07.020


mailto:luzia.valentini@charite.de

L. Valentini et al. / Nutrition 25 (2009) 172-181 173

ciated with insulin resistance, for instance adiponectin, lep-
tin, retinol-binding protein-4 (RBP-4), and visfatin [4].
Some have a higher association to proinflammatory activi-
ties, foremost resistin [5]. Altered levels of adipokines have
been reported in obesity [6], metabolic syndrome [7], type 2
diabetes mellitus [8], human immunodeficiency viral lipo-
dystrophy [9], joint diseases [10], end-stage renal failure
[11], and liver disease [12,13].

Inflammatory bowel disease (IBD) is associated with
alterations in fat mass and fat distribution. Alterations in fat
mass include increases of visceral fat mass [14] and subcu-
taneous adipose tissue [15]. Changes in fat distribution
comprise the fat halo sign [16] and creeping fat or fat
wrapping, the latter being lipohypertrophies at the intestinal
surface seen in Crohn’s disease (CD) only [17,18]. The fat
halo sign is caused by intramural lipid infiltrations in the
bowel wall and can be depicted on computed tomographic
scans in CD and ulcerative colitis (UC). These alterations in
fat mass and fat distribution were long considered a negli-
gible bystander, but recently it was suggested that they
might cause alterations in the secretion of adipokines and
thereby play a pivotal role in the inflammatory process [17].
In addition, they may predispose to insulin resistance
through the action of adipokines.

Therefore, the aims of the present investigation were to
assess circulating levels of adipokines and glucose ho-
meostasis in patients with inactive and active IBD and to
compare results with healthy controls. In addition, possible
associations to disease characteristics and rate of relapse
were to be identified.

Materials and methods
Subjects

The study protocol was approved by the ethics commit-
tee of the Charité—Universititsmedizin Berlin and all sub-
jects gave their informed consent before the start of the
study.

Patients

The study involved 128 patients with IBD (67 with CD,
49 women and 18 men, 34 = 11 y of age; 61 with UC, 40
women and 21 men, 43 = 13 y of age) 18 to 70 y of age who
were recruited at our department between September 2004
and August 2005. Inactive disease was defined as a Crohn’s
Disease Activity Index (CDAI) score <150 [19] or a Colitis
Activity Index (CAI) score <5 [20] for at least 3 mo, and
active disease as a CDAI score =150 or a CAI score =5.
The CDAI and CAI are accepted gold standards for the
assessment of disease activity in patients with CD and UC,
respectively. Clinical data of the patients are presented in
Table 1.

Table 1
Patient characteristics
Inactive IBD Active IBD
CD
Patients (n) 49 18
CDAI 52 (31, 109) 224 (187, 284)
Disease duration (mo) 84 (50, 180) 72 (23, 159)
Localization (n)*
Upper GI tract 14 6
Jejunum/ileum 12 3
Terminal ileum 37 13
Colon 37 7
Resections (1)"
Patients w/resections 19 7
Jejunum/ileum 7 0
Tleocecum 13 7
Colon 8 2
ucC
Patients (n) 44 17
CAI 3(2,5) 8 (7, 10)
Disease duration (mo) 96 (35, 150) 96 (72, 129)
Localization (n)
Rectal 2 1
Left-sided colitis 18 6
Pancolitis 24 10
Absolute resections (7)) 2 1
CD + UC
Patients (n) 93 35
Current medication (n)*
None 13 4
5-ASA 60 20
Immunosuppressants® 28 15
Topical steroids 14 9
Steroids systemic 5 15
Smoking status (n)
Non-smoker 40 10
Current smoker 28 15
Former smoker 25 10
Previous prednisolone therapy
Prednisolone ever (1) 68 33
Previous 5-y total dose (g) 2.9 (1.5, 3.9) 54 (33,114

5-ASA, 5-aminosalicyclic acid; CAIL, Colitis Activity Index; CD,
Crohn’s disease; CDAI, Crohn’s Disease Activity Index; GI, gastrointes-
tinal; IBD, inflammatory bowel disease; UC, ulcerative colitis

* Most patients were affected at more than one site.

* Multiple answers possible.

¥ Medication reflects current medication; some patients received more
than one drug.

§ Azathioprine, methotrexate, and infliximab.

The diagnosis and extent of disease were confirmed by
standard criteria. Exclusion criteria were severe concomi-
tant diseases, chronically active disease (CDAI score >150
over 6 mo despite steroid therapy of at least the equivalent
dose of 10 mg of prednisolone or relapse after discontinu-
ation of drug therapy), pregnancy, ostomy, and celiac dis-
ease. Actual medication and previous prednisolone therapy
(=5 y) were recorded in all patients.

Data on the 3- and 6-mo relapse rates were prospectively
recorded using questionnaires sent to the patients 6 mo after
the initial assessment. The patients were informed of the
6-mo follow-up period at the primary assessment and
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trained to evaluate their disease activity according to the
Harvey Bradshaw Index [21] in CD and the CAI in UC.
Patients were rated as “relapsed within 6 mo” when they
reported a relapse in the previous 6 mo or were in the active
phase at the time of the mailing. Ninety-two patients
(73.4%) returned the questionnaires.

Healthy controls

Thirty-seven healthy controls (31 women and 6 men,
39 = 10 y of age) matched by age and body mass index
(BMI) were recruited from the general population of Berlin.
Health was defined as absence of acute or chronic disease,
no acute or chronic medication, and all standard routine
blood parameters within the normal range.

Methods

Biochemical parameters

A venous blood sample (50 mL) was obtained from
patients and controls after an overnight fast. Glucose, C-
reactive protein (CRP), «,-acid glycoprotein (AAG), and
blood count were analyzed in the routine laboratory. The
remaining blood was centrifuged at 6°C and stored at
—80°C within 30 min after withdrawal.

Leptin, adiponectin, resistin, interleukin-6, and insulin
were analyzed using commercially available human serum
adipokine LINCOplex kits (panels A and B) according to
the manufacturer’s instructions (Millipore, Amsterdam,
Netherlands). These analytes were measured in the multi-
plex bead assay using a Luminex200 system in 96-well
plate format. Briefly, serum samples (1:400 dilution for
adiponectin and resistin), controls, and serial dilutions of
standard were incubated with antibody-immobilized fluo-
rescent beads over night at 4°C. The next day specific
detection antibody was added and washed, and the beads
incubated with streptavidin-phycoerythrin to quantify the
amount of antigen bound to the beads. All measurements
included independent quality controls.

Visfatin and RBP-4 were measured according to the
manufacturer’s instructions using separate commercially
available enzyme-linked immunosorbent assays (Phoenix
Pharmaceuticals, Belmont, CA, USA).

Insulin resistance was calculated according to the ho-
meostasis model assessment (HOMA) test with the follow-
ing formula: insulin (microunits per milliliter) X glucose
(milligrams per 100 mL)/405, where 1 pg of insulin equals
1/34.2 pU. HOMA values <1 are considered normal and
values >2.5 indicate a high probability of insulin resistance.

The determination of the total fatty acid content in
plasma was based on an esterification procedure and a
subsequent gas—chromatographic analysis of the fatty acid
methyl esters as described by Sattler et al. [22]. Coefficients
of variation (within-run) for the different fatty acids were
0.38% to 8.28%.

Nutritional assessment and body composition

Height and weight of the patients and controls were
measured on the day of assessment, and their BMI was
calculated as weight (in kilograms) divided by square height
(in meters).

Body composition was assessed with bioelectrical im-
pedance analysis. Bioelectrical impedance analysis was per-
formed in patients and controls as described elsewhere [23]
using a Nutriguard M analyzer (Data Input, Darmstadt,
Germany) applying alternating electrical current of 800 wA
at 50 kHz to measure resistance, reactance, and phase angle
a. Body cell mass measured by bioelectrical impedance
analysis was calculated as fat-free mass X 0.29 X In (@)
[24] using the formulae for fat-free mass as total body
water/0.732 and total body water = 0.69 X height*/resis-
tance + 0.8 [25]. Measurements were taken in subjects after
a 12-h overnight fast, voiding of urine from the bladder, and
lying in a supine position for 15 min.

Statistics

Statistical analysis was carried out using SPSS 13 (SPSS
Inc., Chicago, IL, USA).

Data are expressed as median (25th percentile, 75th per-
centile) or mean * standard deviation. Multiple compari-
sons were performed by the Kruskal-Wallis test and Mann-
Whitney U or chi-square tests were used to analyze
differences between two groups. Correlations were calcu-
lated using Spearman’s rank-order correlation coefficient
for non-parametric data. To identify independent influenc-
ing factors of the 6-mo relapse rate, multiple logistic regres-
sion analysis was used. In Figures 1 to 4 box plots were used
for the visual interpretation of the results. Box—whisker
plots display the 25th, 50th, and 75th percentiles in the
boxes and the minimum and maximum as whiskers, except
for extreme values.

An acceptable level of statistical significance was estab-
lished a priori at P < 0.05.

Results

Body composition, plasma fatty acids, and inflammatory
markers

Body mass index, fat mass, and body cell mass were
comparable in all groups except for a higher BMI value in
patients with inactive UC (Table 2).

Total, saturated, and monounsaturated fatty acids were
increased in the majority of IBD groups as compared with
controls; however, polyunsaturated fatty acids were ele-
vated only in patients with inactive CD. All inflammatory
markers were higher in patients with IBD as compared with
controls (Table 2), but in inactive disease values were
within normal range in more than 70% of patients. Interest-
ingly, results for patients with CD and those with UC were
largely similar.
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Fig. 1. Circulating levels of adipokines in patients with inflammatory bowel disease and controls (n = 37). Leptin was similar in all groups. Resistin and

visfatin were increased in active disease only, whereas alterations in RBP-4

and adiponectin were independent of disease activity. We detected no differences

between patients with CD and those with UC. *P < 0.05, **P < 0.01, **P < 0.001, patients with inflammatory bowel disease versus controls. CD_act
(n = 18), active Crohn’s disease; CD_rem (n = 49), inactive Crohn’s disease; RBP-4, retinol-binding protein-4; UC_act (n = 17), active ulcerative colitis;

UC_rem (n = 44), inactive ulcerative colitis.

Adipokines

Circulating levels of leptin were similar in all patient
groups as compared with controls (Fig. 1) and fat mass
correlated well with leptin in patients with inactive IBD
(r = 0.728), those with active IBD (r = 0.755), and controls

(r = 0.694) with no difference between CD and UC. Similar
values were also seen for leptin expressed per kilogram of
fat mass (inactive IBD 0.35 ng/mL [0.18, 0.63]; active IBD
0.33 ng/mL [0.23, 0.57]; control 0.32 ng/mL [0.20, 0.59]).
Interestingly, patients with UC who relapsed within 3 mo
showed higher leptin values (14.3 ng/mL [5.0, 37.0]) as
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Fig. 2. Glucose, insulin, and insulin resistance in patients with inflammatory bowel disease and controls (n = 37). We found normal glucose levels and
increased levels of insulin (picograms per milliliter) resulting in increased HOMA values in about 60% of patients. We detected no differences between
patients with CD and those with UC. ***P < 0.001, patients with inflammatory bowel disease versus controls. CD_act (n = 18), active Crohn’s disease;
CD_rem (n = 49), inactive Crohn’s disease; HOMA, homeostasis model assessment; UC_act (n = 17), active ulcerative colitis; UC_rem (n = 44), inactive

ulcerative colitis.
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Fig. 3. Associations between hyperinsulinemia and adiponectin and IL-6. (A) Adiponectin was closely associated to insulin but not the remaining adipokines.
Hyperinsulinemic patients had lower levels of adiponectin (B) and increased levels of IL-6 (C). Three IL-6 values are not depicted in C (=180: 49.1 pg/mL,

>180: 51 pg/mL, 62 pg/mL). IL-6, interleukin-6.

compared with patients with UC without relapse (6.1 ng/mL
[1.4, 9.5], P = 0.026). This association was not seen in
patients with CD. Neither inflammatory parameters nor ac-
tual disease activity correlated with leptin values. Resistin
was increased in patients with active disease but not in
patients in remission as compared with controls (Fig. 1).
Resistin correlated with disease activity scores (CDAI, CAI)
and all inflammatory markers except interleukin-6 but not
with body fat mass or plasma fatty acids. Visfatin was
increased in patients with active UC as compared with
controls but unchanged in the remaining patient groups. No
associations were seen to inflammatory parameters or body
composition. Visfatin was associated with resistin in con-
trols (r = —0.542, P < 0.001), but not in patients. RBP-4
was increased in all patient groups independent of disease
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activity (Fig. 1). The increase was associated with an in-
crease in circulating fatty acids (r = 0.373, P < 0.001), but
not with inflammatory parameters or body composition.
When patients with active and inactive disease were com-
bined, RBP-4 was significantly higher in those with CD as
compared with those with UC (25.0 wg/mL [19.9, 30.4]
versus 20.6 pg/mL [15.7, 27.0], P = 0.033). Adiponectin
was dramatically decreased in all patient groups indepen-
dent of disease activity (Fig. 1) and correlated with BMI
(r = —0.269, P = 0.005) and RBP4 (r = —0.359, P <
0.001) in patients with IBD, but not in controls (r = 0.079,

= 0.646, and r = 0.042, P = 0.813, respectively). Adi-
ponectin was associated with body fat mass in female (r =
—0.257, P = 0.034) and male (r = —0.278, P = 0.095)
patients.
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Fig. 4. Insulin and current medication. (A) Insulin levels were similar in all subgroups of patients receiving steroids as compared with patients not receiving
steroids. However, insulin was higher in patients with CD on topic budesonide therapy than in patients with CD receiving prednisolone. Because both

subgroups were small (prednisolone, n =

7, versus budesonide, n = 11) these results should be interpreted cautiously. (B) Most patients on immunosup-

pressive therapy received AZA (n = 37). Only three patients with UC and two with CD were on MTX and infliximab therapy. Therefore, the statistically
relevant increase of insulin levels in MTX-treated patients needs further evaluation. AZA, azathioprine; CD, Crohn’s disease; MTX, methotrexate; pred,

prednisolone; topic bude, topical budesonide; UC, ulcerative colitis.
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Table 2
Body composition, fatty acids, and inflammatory markers*

177

Inactive IBD Active IBD Healthy controls
=37
CD (n = 49) UC (n = 44) CD (n = 18) UC (n = 17) (n )
Body composition
Age (y) 36 (27, 45) 421 (30, 56) 32(26,43) 42 (33,52) 39 (30, 46)
Women (%) 74% 64% 72% 71% 84%

BMI (kg/m?)

Fat mass (%)

Body cell mass (%)
Plasma FA (umol/L)

Total FA

Saturated FA

Monounsaturated FA

Polyunsaturated FA
Inflammatory parameters

CRP (<5 mg/L)

AAG (<1200 mg/L)

IL-6 (<5 pg/L)

22.0(20.3, 26.1)
29.2(23.1, 34.7)
35.3(32.3,41.0)

24.27(21.0, 27.0)
29.0 (23.8, 35.6)
35.3(32.7,39.2)

103547 (8902, 11200)
3856% (3311, 4522)
2698 (2160, 3290)

3593 (3189, 4103)

3790" (3388, 4289)
2513% (2339, 2916)
412771 (3454, 4558)

1.8% (0.9, 5.0)
820" (630, 1000)
1.327 (0.64, 3.68)

2.1% (0.6, 6.2)
7257 (588, 925)
1.31 (0.64, 4.24)

10519% (9403, 11794)

20.5(18.8,24.3)
26.6 (20.4, 32.5)
36.1(34.2,40.1)

11225" (9353, 12857)
4280 (3394, 5308)
3050% (2417, 3711)

3716 (3145, 4106)

12 (3.5, 28)
1210% (920, 2040)
4.57%(1.42,7.23)

22.3(20.2,24.9)
31.1(22.4,36.1)
35.3(32.4,39.8)

10195 (8493, 12279)
3735 (3010, 4554)

26587 (2102, 3154)
3599 (3190, 4646)

5.0% (0.7, 17.8)
1180°% (885, 1315)
1.337(0.91, 3.45)

22.3(20.7,24.2)
25.8 (22.2,29.9)
37.7(35.0, 40.4)

9373 (8237, 10570)
2869 (2329, 3370)
2029 (1842, 2433)
3743 (3099, 4135)

0.8 (0.5, 1.6)
640 (515, 750)
0.64 (0.64, 2.0)

AAG, a;-acid glycoprotein; BMI, body mass index; CD, Crohn’s disease; CRP, C-reactive protein; FA, fatty acids; IBD, inflammatory bowel disease;

IL-6, interleukin-6; UC, ulcerative colitis

* Results are expressed as median (25th percentile, 75th percentile); statistical significance was calculated with the Mann-Whitney-U test.

TP < 0.05, IBD versus control.
¥ P < 0.01, IBD versus control.
8 P < 0.001, IBD versus control.
I P < 0.05, CD versus UC.

Disease duration, localization, type of disease, and actual
medication or previous use and dose of prednisolone ex-
erted no influences on adipokines except for higher levels of
RBP-4 in patients with CD and intestinal resections (n =
26) as compared with patients with CD without resections
(n = 41, 27.0 pg/mL [20.8, 34.4] versus 23.4 pg/mL [18.4,
26.5], P = 0.039).

Insulin, glucose, and insulin resistance (HOMA values)

Irrespective of CD or UC, patients with IBD showed
increased levels of insulin (picograms per milliliter),
whereas serum glucose (milligrams per deciliter) remained
normal, resulting in increased HOMA values in about 60%
of patients (Fig. 2). Insulin values were strongly associated
with HOMA values (r = 0.987, P < 0.001), confirming that
hyperinsulinemia alone and without contribution from glu-
cose was responsible for the increases in the HOMA index.
Insulin correlated positively with body fat mass (r = 0.367,
P < 0.001) and plasma fatty acids (r = 0.251, P = 0.008)
in patients with IBD, but not in controls. Among the adi-
pokines, only adiponectin correlated with insulin (r =
—0.572, P < 0.001; Fig. 3A) in patients with IBD (r =
—0.449, P < 0.001) and controls (r = —0.349, P < 0.037).
Adiponectin was normal in patients with insulin levels
=180 pg/mL (Fig. 3B) and significantly decreased in pa-
tients with insulin levels >180 pg/mL. Hyperinsulinemia
was further associated with increased levels of interleukin-6
(Fig. 30).

Duration, severity, and type of disease, localization, or
cumulative previous 5-y prednisolone use were not associ-
ated with insulin levels or HOMA. Regarding current med-
ication, we found higher insulin levels in patients with CD
receiving topical budesonide and in patients with UC on
methotrexate treatment. However, these results must be
interpreted very cautiously because groups were small in
these specific subgroups (Fig. 4).

Univariate analyses of potential risk factors for disease
relapse revealed a significant association with insulin (P =
0.006) and HOMA (P = 0.017) values, but no correlation to
adipokines or inflammatory parameters. Hyperinsulinemic
patients relapsed less often than normoinsulinemic patients
with IBD (Fig. 5). As known from previous studies, smok-
ing exerted significant deleterious effects on the rate of
relapse in patients with CD (P = 0.026) but not in those
with UC.

Multivariate analysis confirmed hyperinsulinemia as an
independent factor for relapse protection (Table 3). Sub-
group analysis resulted in a significant protective effect in
CD and a less pronounced effect in UC (Table 3). The less
pronounced effect in patients with UC was due to the
attenuation of the positive effect in active UC (Fig. 5).

We also performed the multivariate analysis for HOMA
index and could confirm the disease protective effect (P =
0.016). However, the effect was more pronounced in pa-
tients with HOMA values between 1 and 2.5 (P = 0.005,
odds ratio 0.169, 95% confidence interval 0.049-0.588)
than in patients with higher HOMA values (P = 0.083, odds
ratio 0.330, 95% confidence interval 0.094-1.156).
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Fig. 5. Hyperinsulinemia and relapse. Patients with increased insulin values relapsed less often than patients with inflammatory bowel disease and normal
insulin values. This was true for all subgroups, but reached statistical significance only in the combined group of all patients. The positive effect was less

pronounced in active UC. CD, Crohn’s disease; UC, ulcerative colitis.

Discussion

In the present study we investigated five circulating adi-
pokines (leptin, resistin, visfatin, RBP-4, and adiponectin)
and glucose homeostasis in patients with inactive and active
IBD. We observed alterations in serum adipokine levels and
increased levels of insulin that were largely similar in pa-
tients with CD and those with UC. However, the most
striking result was the association between dramatically
decreased adiponectin levels and hyperinsulinemia. Inter-
estingly, hyperinsulinemia seemed to have a relapse protec-
tive effect.

Only a few previous studies have investigated adipokines
in IBD [26-30] and none of the studies included insulin
(resistance) or effects on the course of disease as a possible

Table 3
Regression analysis for hyperinsulinemia as an independent protective
factor for 6-mo relapse rate

Insulin =180 Univariate Multivariate* Odds 95% Confidence
versus >180 pg/L pr ratio interval
All (n = 92) 0.006 0.009 0.120 0.025-0.583

CD (n = 49) 0.042 0.027 0.108 0.015-0.778

UC (n = 43) 0.279 0.075 0.232  0.047-1.157

CD, Crohn’s disease; UC, ulcerative colitis

* Multivariate analysis after adjustment for age, sex, body mass index,
smoking, percentage of body fat, adiponectin, leptin, resistin, interleukin-6,
and serum fatty acids.

implication of altered adipokines. Previous studies have
shown increased expression of leptin in the colon [26] and
in creeping fat [29], increased secretion of adiponectin [29],
and increased adiponectin mRNA levels in creeping fat
[30], whereas expression levels of resistin and adiponectin
receptors were normal [29]. Two studies investigated circu-
lating levels of adipokines. These reported normal [28] or
decreased [27] levels of leptin and increased levels of adi-
ponectin and resistin [27]. To our knowledge, visfatin and
RBP-4 have never been evaluated previously in patients
with IBD.

Leptin was normal in our patients, but subgroup analysis
revealed increased values in patients with UC who devel-
oped an acute flare within 3 mo after the assessment. This
might be taken in context to previous findings, where leptin
expression in colonic epithelial cells in IBD induced further
epithelial wall damage and neutrophil infiltration [26]. Re-
sistin in our study was elevated in active disease but not in
patients with disease remission. It was associated with in-
flammatory parameters and disease activity. Resistin is
known to act in a proinflammatory manner through activa-
tion of nuclear factor-«B inflammatory pathways [3]. Sim-
ilarly, visfatin was shown to activate human leukocytes and
to induce cytokine production [31]. RBP-4 was increased in
all patients groups independent of disease activity. RBP-4
shows the highest correlation to visceral fat mass among all
adipokines [32] and is normally closely linked to insulin
resistance in humans [33]. In our patients, RBP-4 values
were higher in those with CD than with UC, which is in
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accordance with the observation of increased mesenteric fat
accumulation in CD only [17,18]. However, its expected
association with HOMA values was not evident. In contrast
to previous studies [27], adiponectin was dramatically de-
creased in our patients independent of disease activity. Adi-
ponectin is expressed mainly in the subcutaneous adipose
tissue and is inversely associated with subcutaneous but not
with visceral fat mass. The literature also reports that adi-
ponectin is inversely associated with insulin resistance
[34,35], which was true for HOMA values in our patients.

More than 60% of our patients with IBD had increased
insulin values, resulting in increased HOMA values,
whereas fasting glucose was normal. Glucose metabolism
is not well investigated in patients with IBD, presumably
because oral glucose tolerance tests and euglycemic in-
sulin clamps have resulted in normal basal or stimulated
glucose levels in all previous studies [36—40]. Interest-
ingly, one of these studies [36] also reported increased
basal and stimulated insulin levels in patients with CD. In
this study, Bregenzer et al. [36] concluded that hyperin-
sulinemia is due to an upregulation of the enteropancre-
atic axis, resulting in increased (3-cell activity.

In our patients with IBD, hyperinsulinemia proved to be
an independent protective factor for the maintenance of
remission. Consequentially, increased HOMA values re-
sulted in being protective for the course of disease. HOMA
values, however, should be interpreted only cautiously as a
marker of insulin resistance in our patients, because in-
creased HOMA values were due to hyperinsulinemia with-
out contribution from glucose. This is in accordance with
the results of Bregenzer et al. [36] who also reported hy-
perinsulinemia with normal fasting and oral glucose toler-
ance tested glucose levels in their patients with CD. We
agree with them on the condition that HOMA should not be
interpreted as an indicator of a prediabetic state. Interest-
ingly, and in accordance with our results, Bregenzer et al.
[36] casually mentioned that “patients with active disease
showed significantly (P = 0.01) lower values for HOMA
(sic, insulin) than patients with inactive disease.” This could
be another hint that normoinsulinemic patients do indeed
relapse more often.

In patients with IBD, the association of insulin secretion
with rate of relapse has, to our knowledge, never been
investigated before. There are some questions left that we
could not answer with our investigation but that might be of
interest for future research:

First, is hyperinsulinemia due to medical therapy or is it
simply a regulative step of the organism allowing high
insulin levels without causing hypoglycemia? Insulin is
known to exert protein-anabolic actions [41] and anti-
inflammatory effects [42]. Both effects could be considered
beneficial in chronic inflammatory diseases such as IBD.

Second, are the alterations in fat mass and fat distribution
seen in IBD an innocent bystander of the disease, or are
these changes deleterious? Or are they even disease protec-
tive as previously suggested [3], which would be in accor-

dance with our results? When is the onset of changes in fat
mass and fat distribution in patients with IBD? There are
hints that the changes appear very early in the course of
IBD, and it might well be that they preset the actual out-
break of disease.

Third, are the changes in adiponectin the cause or effect
of increased insulin secretion?

From the evolutionary standpoint, the functional units
that control key metabolic and immune functions (immune
and blood cells, liver, adipose tissue) have evolved from
common ancestral structures, as Hotamisligil [6] pointed
out recently. For instance, in ancient insects, the adipose
tissue, liver, and hematopoietic system were organized in
one functional unit. This developmental heritage may un-
derlie the highly overlapping biological repertoire of these
organs. Therefore, it is possible to imagine a situation in
which common or overlapping pathways regulate metabolic
and immune functions through common key regulatory
molecules and signaling systems. A closely linked config-
uration and coordinated regulation of metabolic and im-
mune responses is likely to be advantageous in certain
conditions. During the metabolic—inflammatory response of
the organism to injury, the adipokine system provides neu-
roendocrine signals from body fat for modulation of meta-
bolic and immunological activities to save the physiologic
and anatomic integrity of the individual [13], which might
cause seemingly paradoxical results in chronic inflamma-
tory conditions.

The present study is limited by the non-compliance of
26.6% of patients in returning the follow-up sheets. Fur-
thermore, among our patients with inactive IBD estimated
by the CDAI or CAI, a proportion of patients displayed
moderately elevated CRP or AAG levels. However, these
markers did not correlate with measurements of insulin,
adiponectin, leptin, visfatin, or RBP-4 in our patients. Only
resistin was associated with CRP (r = 0.408) and AAG
(r = 0.585). Elevation of CRP and AAG in clinically
quiescent IBD is a well-known but unsolved phenomenon
even found in patients with endoscopic remission [43]. Thus
we cannot exclude that these patients have more active
disease than displayed by the CDAI or CAI, but in our study
it did not affect the results. We decided a priori to exclude
patients with chronically active disease on prednisolone
treatment because the literature indicated that chronic ex-
posure to oral prednisolone would increase body fat mass
[44,45]. Increased body fat mass could cause alterations in
the secretion of adipokines and would thus be a confound-
ing variable. Nevertheless, it would be interesting to per-
form a future study selectively on that group of patients with
chronically active IBD.

Adipokine and insulin concentrations were not affected
by disease localization. This is in agreement with the study
by Karmiris et al. [27]. However, the number of patients in
our study with limited disease, e.g., proctitis, was small.
These observations should be thus interpreted carefully,
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because we cannot exclude that adipokines and insulin be-
have differently in limited disease.

Conclusion

Inflammatory bowel disease was associated with alter-
ations in circulating adipokines and insulin, which were
largely similar in CD and UC, despite the differences in
immunopathogenesis known for these disease entities. In
addition, we found evidence that the neurohumoral pattern,
especially insulin secretion, affected the degree of inflam-
matory activity or remission in IBD. This interface between
inflammatory and metabolic mediators supports the close
link between inflammation and metabolic pathways as re-
cently highlighted by Hotamisligil [6]. A better understand-
ing of the metabolic and inflammatory responses may lead
to innovative new therapy strategies in IBD and probably in
various other diseases. Further studies are required to con-
firm our results and to elucidate the underlying mechanisms.

Acknowledgments

The authors thank Antje Kretschmer for expert technical
assistance.

References

[1] Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue,

inflammation and immunity. Nat Rev Immunol 2006;6:772—83.

Fain JN. Release of interleukins and other inflammatory cytokines by

human adipose tissue is enhanced in obesity and primarily due to the

nonfat cells. Vitam Horm 2006;74:443-77.

John BJ, Trukulla S, Abulafi AM, Kumar D, Mendall MA. Systematic

review: adipose tissue, obesity and gastrointestinal diseases. Aliment

Pharmacol Ther 2006;23:1511-23.

Pittas AG, Joseph NA, Greenberg AS. Adipocytokines and insulin

resistance. J Clin Endocrinol Metab 2004;89:447-52.

[5] Pang SS, Le YY. Role of resistin in inflammation and inflammation-

related diseases. Cell Mol Immunol 2006;3:29-34.

Hotamisligil GS. Inflammation and metabolic disorders. Nature 2006;

444(7121):860-7.

[7] Matsuzawa Y. The metabolic syndrome and adipocytokines. FEBS

Lett 2006;580:2917-21.

Kralisch S, Sommer G, Deckert CM, Linke A, Bluher M, Stumvoll

M, et al. Adipokines in diabetes and cardiovascular diseases. Minerva

Endocrinol 2007;32:161-71.

Sweeney LL, Brennan AM, Mantzoros CS. The role of adipokines in

relation to HIV lipodystrophy. AIDS 2007;21:895-904.

[10] Toussirot E, Streit G, Wendling D. The contribution of adipose tissue
and adipokines to inflammation in joint diseases. Curr Med Chem
2007;14:1095-100.

[11] Taskapan MC, Taskapan H, Sahin I, Keskin L, Atmaca H, Ozyalin F.
Serum leptin, resistin, and lipid levels in patients with end stage renal
failure with regard to dialysis modality. Ren Fail 2007;29:147-54.

[12] Ockenga J, Bischoff SC, Tillmann HL, Rifai K, Widjaja A, Boker
KH, et al. Elevated bound leptin correlates with energy expenditure in
cirrhotics. Gastroenterology 2000;119:1656—62.

2

—

[3

—

[4

[l

[6

=

[8

=

[9

—

[13] Ockenga J, Tietge UJ, Boker KH, Manns MP, Brabant G, Bahr MJ.
Distinct roles of free leptin, bound leptin and soluble leptin receptor
during the metabolic-inflammatory response in patients with liver
cirrhosis. Aliment Pharmacol Ther 2007;25:1301-9.

[14] Desreumaux P, Ernst O, Geboes K, Gambiez L, Berrebi D, Muller-
Alouf H, et al. Inflammatory alterations in mesenteric adipose tissue
in Crohn’s disease. Gastroenterology 1999;117:73-81.

[15] Valentini L, Buning C, Hengstermann S, Schaper L, Koernicke T,
Norman K, et al. Malnutrition and impaired muscle strength in pa-
tients with Crohn’s disease and ulcerative colitis in remission. Nutri-
tion 2008;24:694-702.

[16] Ahualli J. The fat halo sign. Radiology 2007;242:945-6.

[17] Peyrin-Biroulet L, Chamaillard M, Gonzalez F, Beclin E, Decourcelle
C, Antunes L, et al. Mesenteric fat in Crohn’s disease: a pathogenetic
hallmark or an innocent bystander? Gut 2007;56:577—83.

[18] Schaffler A, Herfarth H. Creeping fat in Crohn’s disease: travelling in
a creeper lane of research? Gut 2005;54:742—4.

[19] Best WR, Becktel JM, Singleton JW, Kern F Jr. Development of a
Crohn’s disease activity index. National Cooperative Crohn’s Disease
Study. Gastroenterology 1976;70:439—-44.

[20] Lichtiger S, Present DH, Kornbluth A, Gelernt I, Bauer J, Galler G,
et al. Cyclosporine in severe ulcerative colitis refractory to steroid
therapy. N Engl J Med 1994;330:1841-5.

[21] Harvey RF, Bradshaw JM. A simple index of Crohn’s-disease activ-
ity. Lancet 1980;1(8167):514.

[22] Sattler W, Puhl H, Hayn M, Kostner GM, Esterbauer H. Determina-
tion of fatty acids in the main lipoprotein classes by capillary gas
chromatography: BF3/methanol transesterification of lyophilized
samples instead of Folch extraction gives higher yields. Anal Bio-
chem 1991;198:184-90.

[23] Pirlich M, Schutz T, Spachos T, Ertl S, Weiss ML, Lochs H, et al.
Bioelectrical impedance analysis is a useful bedside technique to
assess malnutrition in cirrhotic patients with and without ascites.
Hepatology 2000;32:1208-15.

[24] Lautz HU, Selberg O, Korber J, Burger M, Muller MJ. Protein—
calorie malnutrition in liver cirrhosis. Clin Investig 1992;70:478—86.

[25] Kushner RF, Schoeller DA. Estimation of total body water by bioel-
ectrical impedance analysis. Am J Clin Nutr 1986;44:417-24.

[26] Sitaraman S, Liu X, Charrier L, Gu LH, Ziegler TR, Gewirtz A, et al.
Colonic leptin: source of a novel proinflammatory cytokine involved
in IBD. FASEB J 2004;18:696-8.

[27] Karmiris K, Koutroubakis IE, Xidakis C, Polychronaki M, Voudouri
T, Kouroumalis EA. Circulating levels of leptin, adiponectin, resistin,
and ghrelin in inflammatory bowel disease. Inflamm Bowel Dis 2006;
12:100-5.

[28] Nishi Y, Isomoto H, Ueno H, Ohnita K, Wen CY, Takeshima F, et al.
Plasma leptin and ghrelin concentrations in patients with Crohn’s
disease. World J Gastroenterol 2005;11:7314-7.

[29] Paul G, Schaffler A, Neumeier M, Furst A, Bataillle F, Buechler C, et
al. Profiling adipocytokine secretion from creeping fat in Crohn’s
disease. Inflamm Bowel Dis 2006;12:471-7.

[30] Yamamoto K, Kiyohara T, Murayama Y, Kihara S, Okamoto Y,
Funahashi T, et al. Production of adiponectin, an anti-inflammatory
protein, in mesenteric adipose tissue in Crohn’s disease. Gut 2005;
54:789-96.

[31] Moschen AR, Kaser A, Enrich B, Mosheimer B, Theurl M, Niedereg-
ger H, et al. Visfatin, an adipocytokine with proinflammatory and
immunomodulating properties. J Immunol 2007;178:1748-58.

[32] Kloting N, Graham TE, Berndt J, Kralisch S, Kovacs P, Wason CJ, et
al. Serum retinol-binding protein is more highly expressed in visceral
than in subcutaneous adipose tissue and is a marker of intra-abdominal
fat mass. Cell Metab 2007;6:79-87.

[33] Muoio DM, Newgard CB. Metabolism: A is for adipokine. Nature
2005;436(7049):337-8.



L. Valentini et al. / Nutrition 25 (2009) 172-181 181

[34] Trujillo ME, Scherer PE. Adiponectin—journey from an adipocyte
secretory protein to biomarker of the metabolic syndrome. J Intern
Med 2005;257:167-75.

[35] Okamoto Y, Kihara S, Ouchi N, Nishida M, Arita Y, Kumada M, et
al. Adiponectin reduces atherosclerosis in apolipoprotein E—deficient
mice. Circulation 2002;106:2767-70.

[36] Bregenzer N, Hartmann A, Strauch U, Scholmerich J, Andus T,
Bollheimer LC. Increased insulin resistance and beta cell activity in
patients with Crohn’s disease. Inflamm Bowel Dis 2006;12:53—6.

[37] Bendet N, Scapa E, Cohen O, Bloch O, Aharoni D, Ramot Y, et al.
Enhanced glucose-dependent glucagon-like peptide-1 and insulin se-
cretion in Crohn patients with terminal ileum disease is unrelated to
disease activity or ileal resection. Scand J Gastroenterol 2004;39:
650-6.

[38] Angelini G, Cavallini G, Bovo P, Brocco G, Castagnini A, Lavarini
E, et al. Pancreatic function in chronic inflammatory bowel disease.
Int J Pancreatol 1988;3:185-93.

[39] Katznelson L, Fairfield WP, Zeizafoun N, Sands BE, Peppercorn MA,
Rosenthal DI, et al. Effects of growth hormone secretion on body
composition in patients with Crohn’s disease. J Clin Endocrinol
Metab 2003;88:5468-72.

[40] Capristo E, Mingrone G, Addolorato G, Greco AV, Gasbarrini G.
Glucose metabolism and insulin sensitivity in inactive inflammatory
bowel disease. Aliment Pharmacol Ther 1999;13:209-17.

[41] Heslin MJ, Newman E, Wolf RF, Pisters PW, Brennan MF. Effect of
hyperinsulinemia on whole body and skeletal muscle leucine carbon
kinetics in humans. Am J Physiol Endocrinol Metab 1992;262(pt
1):E911-8.

[42] Dandona P, Chaudhuri A, Mohanty P, Ghanim H. Anti-inflammatory
effects of insulin. Curr Opin Clin Nutr Metab Care 2007;10:511-7.

[43] Langhorst J, Eisenbruch S, Koelzer J, Rueffer A, Michalsen A, Dobos
GJ. Noninviasive markers in the assessment of intestinal inflamma-
tion in inflammatory bowel disease: performance of fecal lactoferrin,
calprotectin, and OMN-elastase, CRP, and clinical indices. Am J
Gastroenterol 2008;103:162-9.

[44] Nordberg E, Schaufelberger C, Bosaeus I. The effect of glucocorti-
coids on fat and lean tissue masses in giant cell arteritis. Scand
J Rheumatol 1998;27:106—11.

[45] Lippuner K, Casez JP, Horber FF, Jaeger P. Effects of deflazacort
versus prednisolone on bone mass, body composition, and lipid pro-
file: a randomized, double blind study in kidney transplant patients.
J Clin Endocrinol Metabol 1998:83:3795-802.



	Circulating adipokines and the protective effects of hyperinsulinemia in inflammatory bowel disease
	Introduction
	Materials and methods
	Subjects
	Patients
	Healthy controls
	Methods
	Biochemical parameters
	Nutritional assessment and body composition

	Statistics

	Results
	Body composition, plasma fatty acids, and inflammatory markers
	Adipokines
	Insulin, glucose, and insulin resistance (HOMA values)

	Discussion
	Conclusion
	Acknowledgments
	References


