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bstract Objective: Resistin is a specific fat-derived hormone that affects fuel homeostasis and insulin
action in rodents. However, its role in human physiology and pathophysiologic conditions, such as
malnutrition, remains uncertain.
Methods: To enhance understanding of the role of resistin in the pathophysiology of anorexia
nervosa (AN), we measured plasma resistin levels in 13 women with a restrictive type of AN and
in 16 healthy age-matched women (control). Further, we measured resistin levels in the subcuta-
neous adipose tissue of eight women from the AN group and eight women from the control group
with an in vivo microdialysis technique (CMA/107 pump, CMA/60 catheters, CMA Microdialysis
AB, Solna, Sweden).
Results: Body mass index, percentage of body fat, fasting plasma leptin and insulin, and homeosta-
sis model assessment index for insulin resistance were severely decreased in patients with AN
compared with the control group. Plasma resistin levels were significantly decreased in patients with
AN (P � 0.05), whereas subcutaneous adipose tissue resistin levels were significantly increased in
patients with AN compared with the control group (P � 0.05). In both groups, plasma resistin levels
showed no significant relation to resistin in dialysate, percentage of body fat, body mass index,
homeostasis model assessment index for insulin resistance, and fasting plasma leptin levels.
Conclusion: We demonstrated that AN is associated with decreased plasma resistin levels and
increased resistin levels in extracellular space of the abdominal adipose tissue. Plasma resistin levels
in patients with AN or in healthy normal-weight women were not directly related to body mass
index, percentage of body fat, plasma leptin levels, and insulin sensitivity. © 2006 Elsevier Inc.
All rights reserved.
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Resistin has been proposed as a fuel homeostasis and an
nsulin action regulator in rodents [1] and may also be
nvolved in hematopoesis, immune function [2], and inflam-
atory processes [3,4].
Whether or not human resistin is implicated in insulin

esistance is still uncertain. Much speculation remains and
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ot only due to the differences observed between human
nd mouse tissue expressions of the gene [5]. Studies of
esistin gene expression in human adipose tissue have been
nconsistent [6,7] and the role of adipose tissue resistin gene
xpression in human insulin resistance has not been con-
rmed [8]. Resistin expression tended to be higher in obese

han in lean subjects [7,9] and was higher in abdominal than
n other adipose depots [9,10]. Plasma resistin levels were
ot found to be different between non-diabetic obese and
ean subjects and correlated with insulin resistance, but not
ith body mass index (BMI) [11]. In contrast, numerous
ther studies have not reported any relation between circu-

ating resistin levels and insulin resistance [12–14].



t
r
s
V
d
s
[
p
u
r
l

t
e
f
n
m
S
p
p
b
w
B
h
g
c
l
[
i
h

l
c
[
m
s
s
i
g
l

r
i
m
o
i
v

M

S

�

[
�
e
n
b
o
o
i
fi
f
t
F
e
e
P
P
c
t
w
h
c
p
o
f
l

E

c
w
t
m
r
m
(
s
2
b
d
m
t
u
I
a
S
fl
t
s
s
l
s
c
t
b

978 I. Dostalova et al. / Nutrition 22 (2006) 977–983
Initially, resistin was supposed to be under tight nutri-
ional control, being decreased by fasting and reincreased by
efeeding, suggesting that this factor may be an adipose
ensor for nutritional status in rodents [1,15]. Although
alsamikis et al. [16] postulated that serum resistin levels
ecrease with modest weight loss in obese individuals, other
tudies in human seem not to support the original hypothesis
17,18]. Further, some investigators found that resistin ex-
ression in human white adipose tissue was negatively reg-
lated by cholesterol [19] and by estrogen [20] and was not
elated to adiposity, blood pressure, fasting plasma glucose
evel [13], acute fasting, or leptin administration [12].

Anorexia nervosa (AN) is a psychiatric disorder charac-
erized by intense fear of gaining weight, leading to delib-
rate food intake reduction and life-threatening weight and
at loss in affected patients [21]. As expected, severe mal-
utrition in AN is associated with altered glucose and lipid
etabolism and multiple endocrine perturbations [22].
ome of these abnormalities may be linked to altered adi-
ocytokine production [2]. In a study by Housova et al. [18],
lasma resistin levels in patients with AN were not found to
e significantly different from those in controls or patients
ith bulimia nervosa and showed no significant relation to
MI or fat content. However, in vivo resistin levels in
uman white adipose tissue have not been explored. Our
roup previously reported that, despite significantly de-
reased plasma leptin levels in patients with AN, leptin
evels in adipose tissue of patients with AN are unchanged
23]. These findings underlined the importance of regional
n vivo measurements for a better understanding of systemic
ormone function.

Microdialysis is a powerful and safe technique that al-
ows detection of in vivo local changes in interstitial fluid
oncentrations of various molecules, including hormones
24]. The spectrum of molecules and tissues studied by
icrodialysis is widening. For example, in our previous

tudy [25], we documented increased sympathetic nervous
ystem activity, especially increased norepinephrine levels,
n adipose tissue of patients with AN. More recently, our
roup adopted the microdialysis technique to study in vivo
ocal adipocytokine production in adipose tissue [26].

Based on our previous results, we hypothesized that
esistin concentrations in the extracellular space of abdom-
nal adipose tissue of patients with AN may be altered and
ay contribute to regional changes in adipose tissue metab-

lism in AN. Therefore, we examined resistin levels in the
nterstitial space of adipose tissue in patients with AN by in
ivo microdialysis.

aterials and Methods

tudy subjects

Thirteen women with a restrictive type of AN (age 23.4

1.39 y, BMI 15.2 � 0.54 kg/m2, percentage of body fat s
%BF] 6.3 � 1.01) and 16 healthy control women (age 24.1
1.19 y, BMI 21.2 � 0.33 kg/m2, %BF 22.5 � 1.58) were

nrolled in this study. All subjects were non-smokers, had
o allergies, and had been free of medications for �3 wk
efore the study. The control women had no history of
besity, hypertension, gastrointestinal diseases, eating dis-
rders, or other psychiatric disorders and had normal phys-
cal examination and electrocardiogram. Blood tests con-
rmed normal blood cell counts and liver and renal
unctions. Patients with AN were diagnosed according to
he Diagnostic and Statistical Manual of Mental Disorders,
ourth Edition [27] after detailed medical and psychiatric
valuations. All patients with a restrictive type of AN were
xamined after 2 wk of hospitalization at the Department of
sychiatry, First Faculty of Medicine, Charles University,
rague, while still in an acute state. Patients with AN were
linically stable and in relatively good health, except for
heir eating disorder. All control women were in the first 2
k of their menstrual cycle, whereas all patients with AN
ad amenorrhea. All subjects provided written informed
onsent before participation in the study, which was ap-
roved by the human ethic review committee of the Institute
f Endocrinology (Prague, Czech Republic), and was per-
ormed in accordance with guidelines proposed in the Dec-
aration of Helsinki.

xperimental procedures

Upon enrollment, subjects were prohibited from drinking
offee and alcohol and were asked to fast and drink only
ater the night before the study. All subjects were admitted

o the Institute of Endocrinology at 0700 h. After a short
edical examination (blood pressure, heart and respiratory

ate measurements, and electrocardiogram), %BF was esti-
ated by anthropometric measurement and bioimpedance

Tanita, Tokyo, Japan). All subjects were then placed in a
upine position on a comfortable bed in a room kept at
3–25°C, and a venous catheter was placed in the antecu-
ital vein. A microdialysis catheter (CMA/60, CMA Micro-
ialysis AB, Solna, Sweden) with a membrane length of 30
m and a molecular cut-off of 20 kDa was inserted subcu-

aneously under sterile conditions, 8–10 cm lateral to the
mbilical scar after local anesthesia with 0.1% lidocaine.
mmediately after insertion, the catheter was perfused with
physiologic solution using a portable pump (CMA/107).
terile Krebs-Henseleit buffer [26] was used as a perfusion
uid. A constant perfusion rate of 2 �L/min was maintained

hroughout the study. Blood and microdialysate collections
tarted �45 min after catheter insertion and bedrest to reach
teady-state conditions. Microdialysate samples were col-
ected at 45-min intervals between 0800 and 0930 h. Blood
amples for resistin and leptin assay were collected into
hilled polypropylene tubes containing Na2EDTA and an-
ilysin. Plasma was immediately separated from whole
lood by centrifugation at 3000 rpm for 20 min at 4°C and

tored at �20°C until being thawed and assayed.
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ubcutaneous blood flow estimation

Subcutaneous adipose tissue blood flow in the abdominal
egion was estimated by the ethanol washout method
28,29]. Briefly, in our study, ethanol (50 mmol/L) was
dded to the perfusion fluid and its escape from the perfus-
te into the adipose tissue interstitial fluid was assessed by
easuring changes in the dialysate/perfusate ethanol ratio.
thanol was measured with a standard enzymatic assay

Sigma Diagnostics Inc., St. Louis, MO, USA).

alculation of relative resistin recovery and homeostasis
odel assessment index

Before starting microdialysis perfusion, the relative re-
istin recovery was calculated in vitro. The procedure is
escribed in detail in our previous report [26].

Insulin resistance (IR) was estimated by using the ho-
eostasis model assessment (HOMA) and the following

ormula: IR � fasting insulin�pmol/L��fasting glucose
mmol/L�⁄22.5[30].

nalytical procedures

Plasma and microdialysate resistin was measured by a
ommercial human resistin radioimmunoassay (RIA) kit
Phoenix Pharmaceuticals, Inc., Belmont, CA, USA). The
etection limit of the assay was 100 pg/mL and the intra-
nd interassay variabilities were 4.5% and 7.4%, respec-
ively. Plasma leptin was assayed by a commercially avail-
ble RIA kit (Linco Research, St. Charles, MO, USA).
ensitivity was 0.05 ng/mL and the intra- and interassay
ariabilities were 4.6% and 8.7%, respectively. Plasma in-
ulin was measured by a commercial RIA kit (Immunotech
S, Prague, Czech Republic). Sensitivity was 0.5 �IU/mL

nd the intraassay and interassay variabilities were 3.4%
nd 4.3%, respectively. Plasma glucose levels were mea-

able 1
linical, anthropometric, and major laboratory characteristics of the

tudy subjects*

C (n � 16) AN (n � 13)

ge (y) 24.1 � 1.19 23.4 � 1.39
MI (kg/m2) 21.2 � 0.33 15.2 � 0.54†

ody fat (%) 22.5 � 1.58 6.3 � 1.01†

otal fat skinfold (mm) 120.5 � 12.17 42.1 � 4.78†

bdominal fat skinfold (mm) 12.5 � 2.13 4.8 � 1.59†

eptin (ng/mL) 7.7 � 0.79 1.5 � 0.25†

asting insulin (pmol/L) 14.4 � 2.11 3.8 � 1.25†

asting glucose (mmol/L) 4.6 � 0.20 4.3 � 0.13
OMA-IR 2.8 � 0.38 0.8 � 0.31†

AN, anorexia nervosa; BMI, body mass index; C, control; HOMA-IR,
omeostasis model assessment for insulin resistance
* Values are expressed as mean � SEM.
† Values significantly different from C group, P � 0.05.
ured in a Cobas Integra 400 plus (Roche Diagnostics,
mbH, Mannheim, Germany). All assays were run twice in
uplicate.

ata analysis

All results are presented as mean � SEM. Microdialy-
ate resistin concentrations were corrected for in vitro rel-
tive resistin recovery. To evaluate the relation between
esistin concentrations and anorexia, an analysis of covari-
nce model was used with adjustment to constant BMI
nd/or %BF. To achieve Gaussian data distribution and
tabilize the variance, resistin plasma and adipose tissue
evels were transformed by logarithmic and rank transfor-
ations, respectively. Plasma resistin and other parameter

elations were analyzed with Spearman’s correlation. P �

.05 denoted statistical significance.

esults

haracteristics of study subjects

Baseline characteristics of study subjects, including an-
hropometric measurements, are summarized in Table 1.
atients with AN were extremely malnourished as evi-
enced by severely decreased BMI, %BF, and total and
bdominal skinfold relative to the control (C) group (Table
).

n vitro relative resistin recovery and abdominal adipose
issue blood flow

At a perfusion rate of 2 �L/min, the in vitro relative
esistin recovery was 3.9 � 0.18% (Table 2). Local adipose
issue blood flow was similar in the AN and C groups
ethanol ratio 42.3 � 1.25% versus 39.8 � 0.98%).

able 2
RR in vitro at four different perfusion rates*

o. of
amples

Perfusion rate
(�L/min)

RRR (%)

5 0.5 6.4 � 0.05
5 1.0 5.3 � 0.12
5 2.0 3.9 � 0.18
5 5.0 2.4 � 0.15

RRR, relative resistin recovery
The CMA/60 catheter with a molecular cutoff of 20 000 Da and the

MA/107 portable pump (CMA Microdialysis AB, Solna, Sweden) were
sed for the performance. Fifteen samples were taken at each perfusion
ate. The perfusion rate of 2 �L/min was chosen for in vivo trials.
* Values are expressed as mean � SEM.
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lasma and in vivo abdominal adipose tissue
oncentrations of resistin, plasma glucose, insulin, leptin,
nd HOMA index

Fasting plasma resistin levels were significantly lower in
atients with AN than in C subjects (252.9 � 17.93 versus
24.1 � 15.36 pg/mL, P � 0.05), whereas fasting dialysed
esistin levels from abdominal subcutaneous adipose tissue
ere significantly increased in patients with AN compared
ith C subjects (7501.4 � 784.85 versus 4201.8 � 126.76
g/mL, P � 0.05; Fig. 1). Detailed data on plasma and
dipose tissue resistin levels of subjects undergoing micro-
ialysis performance are presented in Table 3 for C subjects
nd patients with AN. Fasting plasma levels of insulin (3.8

1.25 versus 14.4 � 2.11 pmol/L, P � 0.05) and leptin
1.5 � 0.25 versus 7.7 � 0.79 ng/mL, P � 0.05) were
ignificantly decreased in patients with AN compared with

subjects, whereas fasting plasma glucose was not signif-
cantly different between groups (4.3 � 0.13 versus 4.6 � 0.20
mol/L). Insulin resistance estimated by HOMA was signifi-

antly decreased in patients with AN compared with C subjects
0.8 � 0.39 versus 2.8 � 0.38, P � 0.05; Table 1).

elation of plasma resistin to other parameters

Plasma resistin levels were not significantly related to
ther parameters studied, including dialysed resistin levels
n the abdominal adipose tissue, BMI, %BF, HOMA-IR,
nd fasting plasma leptin levels in patients with AN or C

ig. 1. Resistin concentrations (picograms per milliliter) were measured in
lasma and in the extracellular space of abdominal adipose tissue in
atients with AN (n � 13) and healthy age-matched women (n � 16).
esistin concentrations in the extracellular space of abdominal adipose

issue were measured in eight women from the AN group and eight women
rom the C group. Values are expressed as mean � SEM. *P � 0.05 versus

group; �P � 0.05 versus plasma levels. AN, anorexia nervosa; C,
ontrol.
ubjects.
iscussion

The most important finding of this study is that, although
lasma resistin concentrations were significantly decreased
n severely malnourished patients with a restrictive type of
N, resistin concentrations found in the extracellular space
f subcutaneous abdominal adipose tissue of these patients
ere much higher compared with those in healthy age-
atched women. Further, plasma resistin levels were not

ignificantly related to other parameters studied, including
MI, %BF, fasting plasma insulin and leptin levels, and
OMA-IR in patients with AN or C subjects.
In the only other study published thus far, plasma resistin

oncentrations in patients with a restrictive type of AN
ended to be lower than in C women but, in contrast to our
esults, the difference did not reach statistical significance
18]. Such a discrepancy might be explained by different
tudy design (time of blood sampling between 0700 and
800 h in that study [18] versus 0800 h in our study) and by
he analytical method used for plasma resistin evaluation
enzyme-linked immunosorbent assay versus RIA). Gerber
t al. [31] demonstrated the presence of different molecular
soforms of resistin in human blood, and this may raise
roblems when comparing data from diverse assay systems.
lasma resistin concentrations reported in previously pub-

ished studies have varied very widely, from high (�50
g/mL) [32] to low (�7 pg/mL) [33]. RIA for evaluation of
lasma resistin levels in our study was run twice in dupli-
ate, with minimal differences in duplication and between
ssays. Moreover, patients with AN in our study were ex-
mined after 2 wk of hospitalization at the Department of
sychiatry and all had amenorrhea. These important char-
cteristics in addition to the age of the study subjects are not

able 3
etailed data on plasma and adipose tissue resistin levels in eight

ubjects from the control group (C1–C8) and eight subjects from the
norexia nervosa group (AN1–AN8) undergoing microdialysis study

ubjects Plasma resistin (pg/ml) Adipose tissue resistin (pg/ml)

1 432.2 4703.9
2 293.0 4408.0
3 323.1 4324.3
4 290.1 3909.6
5 317.0 4252.3
6 431.5 4215.6
7 389.2 3500.1
8 301.3 4300.2
ean � SEM 347.2 � 21.50 4201.8 � 126.76
N1 202.8 5920.1
N2 340.9 10049.9
N3 253.9 9890.7
N4 282.0 5659.3
N5 250.9 5080.0
N6 290.5 5200.2
N7 238.8 8890.3
N8 320.1 9320.8
ean � SEM 234.1 � 31.21* 7501.4 � 784.85*
* Values significantly diffent from the control group, P � 0.05.
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learly explained in the study of Housova et al. [18]. Be-
ause the factors contributing to plasma resistin levels in
umans are not well established, all these points could have
nfluenced the obtained results.

Studies that examined the relation between BMI and
lasma resistin levels have produced rather contradictory
esults. Whereas some studies found such results correlative
34], others failed to determine such an effect [11,12,18]. In
he present study, we have shown that, despite altered re-
istin levels in plasma and the extracellular space of abdom-
nal adipose tissue of patients with AN, plasma resistin
evels demonstrated no significant relation to BMI or %BF.

e therefore suggest that neither reduction of fat mass nor
evere weight loss associated with AN are important factors
hat affect plasma resistin levels in these patients. A possible
xplanation of low resistin concentrations in plasma of
atients with AN may be diminished production in bone
arrow [5] and eventually altered stability or clearance of

esistin. It is likely that, rather than nutritional status, de-
ective mononuclear/macrophage function [2] and altered
ytokine production could contribute to decreased plasma
esistin levels in patients with AN. Early cytokines, includ-
ng tumor necrosis factor-� and interleukin-6, are responsible
or secondary induction or enhancement of resistin expres-
ion in macrophages [35]. However, plasma levels of tumor
ecrosis factor-� and interleukin-6 were found to be in-
reased [36], unchanged [37], and decreased [38] in patients
ith AN. Plasma resistin concentrations were associated
ositively with leucocytes and with the inflammatory
arker high-sensitivity C-reactive protein (CRP) [39].
owever, Reilly et al. [40] found that the relation of plasma

esistin levels to markers of inflammation is independent of
RP. Although plasma CRP levels were found to be sig-
ificantly associated with %BF, BMI, and insulin sensitivity
41], plasma levels of CRP showed no deviation from the
orm [42] or were undetectable [43] in underweight patients
ith AN, who have increased insulin sensitivity. Studies
ave previously shown proinflammatory cytokines, such as
nterleukin-6, tumor necrosis factor-�, and leptin, to be
mportant inducers of CRP [44], and resistin may also play

role as an inducer of CRP [45]. Thus, the decreased
evels of plasma resistin in patients with AN could indi-
ate a decreased systemic inflammatory state in these
atients. Although plasma resistin levels in both groups
howed no relation to resistin levels found in the extra-
ellular space of subcutaneous abdominal adipose tissue,
e can not exclude the existence of a relation between
lasma and adipose tissue resistin because of the small
umber of microdialysated probands in our study.

The initial report by Steppan et al. [1] suggested that
esistin might constitute the link between obesity and
nsulin resistance/diabetes. However, the role of resistin
n human physiology is currently unclear and probably
ifferent from that in mice. In addition, the producing
ell type, which in humans are the macrophages, and the

ite of the highest production, which is bone marrow [5], s
iffer from those in mice. Nevertheless, the evidence of
he production of resistin by human adipocytes was also
emonstrated [7,9].

Our microdialysis experiments showed increased lev-
ls of resistin in the subcutaneous adipose tissue of pa-
ients with AN. These results are free of bias by differ-
nces in blood flow, as was verified by the ethanol
ashout method. Several reasons for the increase in resistin

n adipose tissue of AN patients might be due to its pleio-
ropic character. Interestingly, minibiopsies of abdominal
dipose tissue in patients with AN and in C women per-
ormed previously by our group showed that the number of
dipocytes per volume is larger in AN patients than in C
omen [23]. Aside from macrophages, resistin is secreted
y adipocytes [9], high adipose tissue resistin concentra-
ions in patients with AN could be explained in part by the
ncreased number of small adipocytes in the vicinity of the
icrodialysing membrane. However, it remains of interest

s to whether resistin shows a higher expression in subcu-
aneous adipocytes of patients with AN.

The finding of increased resistin production in the ab-
ominal adipose tissue of patients with AN may have in-
eresting etiopathogenetic consequences. The changes of
esistin levels in patients with AN may reflect defective
ononuclear/macrophage functions [2] and/or a number of
ononuclear cells. Another interesting point is the exis-

ence of multiple forms of human resistin. Because micro-
ialysis is limited by the molecular weight of the substance,
e can not exclude the possibility that the results of our

tudy are influenced by a higher proportion of resistin
onomers in the subcutaneous adipose tissue of patients
ith AN and this could lead to higher resistin levels in
icrodialysate measured in AN. Moreover, our preliminary

esults showed increased levels of high-sensitivity CRP
RNA in biopsies from the abdominal adipose tissue of

atients with AN (our unpublished results). Because high-
ensitivity CRP has been positively correlated with resistin
39], high resistin concentrations in the subcutaneous adi-
ose tissue of patients with AN may indicate increased local
nflammatory activation.

onclusion

We have demonstrated that AN is associated with de-
reased plasma resistin levels and increased resistin levels
n the extracellular space of subcutaneous abdominal adi-
ose tissue. Plasma resistin levels in patients with AN or in
ealthy normal-weight women were not directly related to
MI, %BF, plasma leptin levels, and insulin sensitivity.
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