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Summary

It is believed that omentin is secreted by stromal cells of adipose
tissue and modulates insulin sensitivity. Data from a few studies
have shown lower serum omentin in obese children and higher in
anorexia nervosa. However, to date, there is lack of research on
serum omentin concentrations in adolescent patients in a wide
range of body mass index (BMI) and insulin resistance. In this
cross-sectional study omentin-1 serum concentrations were
evaluated using commercially available ELISA kit in 47 Polish girls
with restrictive anorexia nervosa (AN), 50 with simple obesity
(OB) and 39 healthy controls (C). The mean serum omentin-1
concentration in girls with AN was statistically significantly higher
than that of C and OB girls. Statistically significant (P<0.0001)
negative correlations between the serum concentrations of
omentin-1 and body weight (r=-0.73), BMI (r=-0.75), standard
deviation score for body mass index (BMI-SDS) (r=-0.75),
insulin (r=—0.81) and HOMA-IR index (r=-0.82) were seen in
the entire examined population. We conclude, that omentin-1 is
the nutritional marker reflecting body weight and insulin
resistance. Our findings support the hypothesized role of omentin
in maintenance of body weight and regulation of appetite and
suggest the adaptation of its secretion to body weight and
glucose metabolism.
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Introduction

Anorexia nervosa (AN) and obesity (OB) are
disorders at the extreme ends of the nutritional spectrum,
and are characterized by marked reductions versus
increases in body fat content, changes in energy stores as
well as various hormonal axes.

The adipose tissue is the source of a large
number of signaling molecules with numerous functions
known as adipocytokines. They are involved in the
regulation of metabolism, inflammatory processes, and
body mass. Serum adipocytokine concentrations in AN
and obesity can represent a sensitive parameter of
nutritional status and fat tissue function (Leoni et al.
2010, Ondrak and Hackney 2010).
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Obesity is considered not only the condition of
excess fat tissue, but is also associated with the
development of a low-grade inflammation state that has
deleterious effects on insulin action in adipocytes and
disturbs their metabolic and hormonal function (Neels
and Olefsky 2006).

On the other hand, AN constitutes an example of
a chronic deficit of adipose tissue and is a good biological
model of the chronic atrophy of adipose tissue, energy
balance disorders, and nutrition disorders in humans
(Nogal and Lewinski 2008).

In our previous studies we have demonstrated
that serum leptin, resistin, visfatin, apelin and chemerin
concentrations are decreased in AN and increased in
2003, 2010ab, 2011, 2012,
Oswigcimska et al. 2014). These adipocytokines are

obesity (Ziora et al

positively related to stored fat, its distribution, insulin

resistance, metabolic disorders and inflammation
(McGown et al. 2014).

On the contrary, serum levels of a “beneficial”
adiponectin, which is a one of a few insulin-sensitizing
factors produced by adipose tissue that controls body
weight, prevents atherosclerosis and negatively regulates
immune function, are high or normal in AN and low in
obesity (Ziora et al. 2010c, Terra et al. 2013).

Another

inflammatory adiponectin is omentin, previously known

insulin-sensitizing and anti-
as intelectin-1 secreted by stromal cells of the visceral
adipose tissue (VAT), where its expression is 20 times
higher than in the subcutaneous adipose tissue (SAT)
(Yang et al. 2006, Wurm et al. 2007, Fain et al. 2008,
Olszanecka-Glinianowicz et al. 2009, Yamawaki 2011,
Ohashi et al. 2014).

There are two isoforms of omentin: omentin-1
and omentin-2 known. Omentin-1 is detected in the
circulation and occurs in higher concentrations in VAT
than omentin-2, which is released mainly to the intestinal
lumen and is not detected in plasma (de Souza Batista et
al. 2007).

The biological functions of omentin are not fully
known, however there are some reports about its role in
energy homeostasis. It is suggested that it increases
insulin sensitivity, increases the transport of glucose
stimulated by insulin in isolated human adipocytes and
regulating the fat distribution (Yang et al. 2006, de Souza
Batista et al. 2007).

Recent findings by Brunetti et al. (2011, 2013)
suggest that omentin may also be involved in regulation
of appetite.

So far omentin has been studied primarily in the
context of insulin sensitivity, but its role in the
pathophysiology of weight disorders is still poorly
understood.

It has been reported that in the obese adults
(de Souza Batista et al. 2007, Tan et al. 2008, Pan et al.
2010, El-Mesallamy et al. 2011, Auguet et al. 2011,
Moreno-Navarrete ef al. 2011) and children (Catli et al.
2014) serum omentin-1 concentrations are low and they
increase concomitantly with the body weight loss
(Moreno-Navarrete et al. 2010). The literature on the
behavior and role of omentin in humans with body
weight deficit caused by AN is limited to only one study
(Guo et al. 2013).

Therefore, the objective of this study was to
evaluate the serum omentin concentrations in girls with
AN and compare these levels with the results obtained
from healthy and obese girls.

Subjects and Methods

The examined group consisted of 47 girls who,

following  pediatric =~ examination,  psychological
evaluation, and psychiatric consultation were diagnosed
with the restrictive form of AN according to the
Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-1V) classification (mean age, 15.4+1.6
years). These criteria for AN included intense fear of
gaining weight, a refusal to maintain body weight >85 %
of the expected weight for a given age and height, and
three consecutive missed periods and either refusal to
admit the seriousness of the weight loss, undue influence
of shape or weight on one’s self image, or a disturbed
experience in one’s shape or
Psychiatric Association 2004).

Participants in the AN group were examined

weight (American

during the first 2 days of hospitalization before therapy
was started. Eligibility criteria consisted of a stable
general medical condition and the absence of clinical
signs of dehydration. The initial results of additional
laboratory investigations (serum electrolytes, aspartate
and alanine aminotransferases, and creatinine) excluded
those with hepatic and renal pathologies. Participants
with any organic or psychiatric disorders other than
eating disorders that could cause cachexia were excluded.
None of the participants took any medications, including
hormone drugs within the past 3 months or had infections
within the last month before the study. All participants
were non-smokers and had secondary amenorrhea.
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The control group (C) included 39 healthy
regularly menstruating female volunteers with the
standard deviation score for body mass index (BMI-SDS)
between —2.0 and +2.0 who were recruited from
secondary schools (mean age, 16.0+2.2 years).

We also examined a group of 50 girls with
simple obesity (OB) defined as BMI-SDS>2.0 (mean age,
15.1£1.9 years) with normal glucose tolerance.

Participants from OB group were examined in
the obesity outpatient clinic at their first presentation
there. Eligibility criteria consisted of a simple obesity
(i.e. resulting from excessive calorie intake), regular
menses, stable medical condition and normal glucose
tolerance in oral glucose tolerance test. The initial results
of additional laboratory investigations (aspartate and
alanine aminotransferases, creatinine, total cholesterol,

Table 1. Clinical characteristics of the examined groups of girls.

HDL- and LDL-cholesterol, triglycerides, TSH) excluded
those with hepatic, renal and thyroid pathologies.
Participants with any organic or psychiatric disorders
were excluded. None of the participants took any
medications, including hormone drugs, used slimming
diets, applied increased physical effort within the past
3 months or had infections within the last month before
the study. All participants were non-smokers.

All examined girls were at the pubertal stage of
Tanner IV-V. In all participants, body mass index (BMI)
[body weight (kg)/height (m®)] and BMI-SDS were
calculated according to current Polish population normal
ranges (Palczewska and Niedzwiedzka 2002).

Clinical characteristics of the study participants
are shown in Table 1.

C (n=39)

AN (n=47)

OB (n=50)

Age (vears)

16.0+2.2 (11.5;16.0)

Body weight (kg) 55.4+ 7.5 (40.6;75.0) *
Height (cm) 164.2 +1.20 (148.9;179.0)
BMI (kg/m’) 20.5+2.1 (16.7;24.6)
BMI-SDS 02+1.0(-1.7;1.99)
Insulin (mIU/I) 4.20+£0.49 (3.2;5.2)
Fasting glucose

(mmol/l) 4.6£0.1(4.3;5.2)
HOMA-IR 0.86 £ 0.1 (0.66;1.006)

154+ 1.6 (11.5;17.7)
38.7+ 5.3 (28.0;48.0) *
162.6 + 6.7 (143.5;176.5)
14.6 + 1.5 (11.4;17.3) *
3.0+ 0.8(-5.3;-1.9) *
2.32+£0.33 (1.8;3.1) *

43+0.1(3.1;5.2)

0.45£0.07 (0.35;0.60) *

15.05+ 1.9 (11.2;17.9)
91.8 + 16.8 (54.2;133.8) **
165.5 + 7.8 (152.2;182.0)
33.5+5.2(23.5;52.0) ¥
7.6+2.9(2.9;17.8) **
13.92 £2.98 (10.1;23.0) **

47402 (4.1;5.5)"

2.93+0.66 (1.84;5.28) **

Data are mean + SD (range). AN, anorexia nervosa group; OB, obesity group; C, healthy controls group; SD, standard deviation; BMI,
body mass index; BMI-SDS, BMI standard deviation score for age and sex, according to the normal ranges for Polish children.

* P<0.0001, AN vs. C; OB vs. C; # P<0.0001 OB vs. AN; ## P<0.0005 OB vs. C

This study was approved by the Bioethics
Committee at the Medical University of Silesia in
Katowice (No. L. dz. KNW/0022/KB1/2/1/11), and
written informed consent was obtained from all examined
participants and their parents or legal guardians before
their participation in this study.

Laboratory assays

To determine serum hormone concentrations,
blood was drawn between 7:00 AM and 8:30 AM after at
least a 12-h fast, in follicular phase in menstruating girls.
Serum was frozen at —70 °C until the time of assay.
Serum omentin-1 concentrations were determined using
the immunoenzymatic method with the application of the

Human Omentin ELISA kit (BioVendor, Brno, Czech
Republic) according to the manufacturer’s protocol.
Concentrations were determined on the basis of the
standard curve made for a series of dilutions of the
standards available in the kit (recombinant human
omentin). The absorbance of the samples was determined
by Universal Microplate Spectrophotometer (WQUANT,
Biotek Inc. Winooski, VT, United States) using the
wavelength of 450 nm. The sensitivity of the kit was
0.5ng/ml. The intra- and inter-assay coefficients of
variations were 3.6 % and 4.6 %, respectively. The
determination of insulin concentration was performed by
IRMA (immunoradiometric assay kit; Immunotech,
Praha, Czech Republic).
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Serum fasting glucose was evaluated on Cobas
6000 analyzer with ¢501 module (Roche Diagnostics,
Basel, Switzerland). HOMA-IR (homeostasis assessment
model-insulin resistance) index was calculated using the
formula HOMA-IR = (fasting insulin [mIU/l] x fasting
glucose) [mmol/1]/22.5.

Statistical analysis

MedCalc software v. 12.4.0.0 (Ostend, Belgium)
was used for statistical calculations. Results are presented
as means + standard deviation (SD). The level of
statistical significance was set at P=0.05. The normality
of the data was verified by Shapiro-Wilk test, and the
homogeneity of variance was confirmed by Levene test.
Log transformation (natural logarithm, In) was performed
on HOMA-IR index and insulin data, as they did not fit
a Gaussian distribution in order to use parametric tests.
ANOVA followed by post-hoc HSD Tukey test or the
Kruskal-Wallis test (if distribution of data was different
from normal) was used for intergroup comparisons.
Correlations were analyzed by Spearman’s test. Multiple
linear regression analysis was performed in forward
stepwise selection to identify independent relationships
and to adjust for covariate effects.

Results

The mean age of girls in the AN group was
similar to that of girls in the other groups (C, OB). The
mean body weight, BMI and BMI-SDS of girls with AN
were statistically significantly lower (P<0.0001) compared
with those in the healthy controls or obese girls. In the

obese group these values were significantly higher than in
the healthy participants (P<0.0001) (Table 1).

The mean serum concentration of insulin in the
AN group as well as HOMA-IR index were significantly
(P<0.0001) lower (2.32+0.33 mIU/l and 0.45+0.07,
respectively) compared with the C (4.20+0.49 mIU/]l and
0.86%0.1, respectively) and the OB groups (13.92+
2.98 mlU/l and 2.93+0.66, respectively). Serum insulin
concentrations and HOMA-IR index in the OB group
were significantly higher (P<0.0001) than those in the C
and AN patients (Table 1).

The mean serum omentin concentration in girls
with AN (46.1+3.8 ng/ml) was statistically significantly
higher (P<0.0001) than that of healthy (34.3+2.6 ng/ml)
and obese girls (30.7£2.5 ng/ml). Serum omentin in the
OB group was significantly lower than in C participants
(P<0.0001) (Fig. 1). After controlling for BMI-SDS and
HOMA-IR these
(P<0.0001).

Statistically

differences remained significant

(P<0.0001) negative
correlations between the serum concentrations of
omentin-1 and body weight (=—0.73), BMI (r=—0.75),
BMI-SDS (r=—0.75) (Fig. 2), insulin (r=—0.81) and
HOMA-IR index (r=—0.82) (Fig. 3) were seen in the entire
examined population. After adjustment for BMI-SDS and

significant

age partial correlations between omentin-1, In insulin and
In HOMA-IR were weaker (=026 and r=—0.30
respectively), but remained significant (P<0.005).
HOMA-IR
predictor of serum omentin-1 concentrations in a model

index remained independent

including age, BMI-SDS, fasting glucose and insulin
(B=—0.83; P<0.0001; adjusted R’=0.68).

55 Fig. 1. Mean omentin serum
: concentrations  (ng/ml) in  the
A examined groups. AN, anorexia
50 ¢ nervosa group; OB, obesity group; C,
healthy controls group. * P<0.0001
vs. C group, ** P<0.0001 vs. AN
45 ¢ group
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Discussion overt metabolic comorbidities and/or concomitant

Omentin is a novel adipokine that is shown to be
decreased in obesity and negatively associated with BMI,
insulin resistance and metabolic syndrome in adults
(de Souza Batista et al. 2007, Tan et al. 2008, Pan et al.
2010, El-Mesallamy et al. 2011).

Considering the growing epidemics of eating
disorders and obesity in adolescents it is essential to
establish how serum adipocytokines differ in accordance
with weight status and insulin sensitivity in this
population. It should be emphasized, that the advantage
of research on adipocytokines in children is the lack of be

medication as the progression of obesity and related
disease is early in this group. None of our participants
had abnormal fasting glucose levels or impaired glucose
tolerance either hyperlipidemia. Therefore we can
recognize our obesity group as “metabolically healthy”.
We, for the first time
concentrations of omentin-1 in adolescent girls with wide
variety of BMI and HOMA-IR. Our results demonstrated
that serum omentin-1 concentrations are significantly
higher in AN and

comparing with healthy subjects of normal weight. We

investigated the

significantly lower in obesity

also showed that although omentin-1 is closely negatively
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associated with BMI and HOMA-IR index in a group of
adolescent girls with a wide range of BMI and
HOMA-IR, the above mentioned differences are still
present after adjustment for BMI and HOMA-IR.

Although BMI is somewhat controversial index
of fat mass, it is simple and widely used in clinical
practice. For adolescents, BMI seems to be a good
criterion for obesity classification and is generally
associated to the onset and development of risk factors
that can predispose to a higher incidence of metabolic and
functional disorders, in addition to being easy to use and
correlating to body fat (Rodriguez ef al. 2004).

Data according serum omentin-1 concentrations
in children are scarce and contradictory. Our findings are
in line with the results obtained by Catli ef al. (2013) in
obese and normal weight children and Guo et al. (2013)
in case of adolescent girls with AN.

On the other hand, Prats-Puig et al (2011)
demonstrated that in prepubertal young children (aged
5-9 years) with a normal distribution of weight and height
increased serum omentin-1 levels are associated with
poorer metabolic profile and familial prevalence of
diabetes, but not with body weight or fat. These authors
speculate that in younger children elevated serum
omentin-1 may result from compensatory mechanism
whereby this insulin-sensiting adipocytokine attenuates
metabolic abnormalities (Prats-Puig et al. 2011). This
was indirectly confirmed by Catli ez al. (2013), since their
pubertal children had higher BMI and HOMA-IR values
than prepubertal ones suggesting the development of
obesity and its metabolic consequences with age. Puberty
did not influenced serum omentin-1 levels in this study
(Catli et al. 2013).

It cannot be, however excluded that above
mentioned discrepancies result from different affinities of
the antibodies used for omentin-1 assay to the various
molecular forms of this adipocytokine and/or its related
protein — intelectin-2, which shares 60 % amino acid
identity (Prats-Puig et al. 2011).

The regulation of omentin-1 secretion in adipose
tissue is poorly understood. According to the research by
Tan et al. (2008) insulin and glucose decrease the
production and expression of omentin mRNA in VAT,
and hyperinsulinemia significantly reduces the omentin-1
These
findings suggest that glucose and insulin directly or

serum concentration in healthy individuals.
indirectly regulate the synthesis of omentin. Omentin, in
turn, may modulate the metabolism of glucose and

insulin sensitivity (Yamawaki 2011).

The association between obesity and insulin
resistance is widely known (Invitti et al. 2003, Kasa-
Vubu et al. 2005), whereas on the opposite end of the
nutritional spectrum in the acute stage of AN serum
insulin levels and HOMA index are low, protecting these
subjects against hypoglycemia (Prioletta et al. 2011,
Dostalova et al. 2009).

In our study serum omentin-1 concentrations
correlated negatively with BMI, serum insulin and insulin
resistance. However, only HOMA-IR was the only
independent negative predictor of serum omentin-1
concentrations in a model including age, BMI-SDS,
fasting glucose and insulin.

Our findings are consistent with previous results
obtained in pediatric and adult patients where the
negative correlations between serum omentin-1 levels
and HOMA-IR or serum insulin have been reported
(de Souza Batista et al. 2007, Tan et al. 2008, Moreno-
Navarrete et al. 2010, Pan et al. 2010, El-Mesallamy et
al. 2011, Auguet et al. 2011, Catli et al. 2014). Some
authors demonstrated also negative relationship between
serum omentin-1 and BMI (de Souza Batista et al. 2007,
Moreno-Navarrete et al. 2010, Pan et al. 2010,
El-Mesallamy et al. 2011), but the others (Auguet et al.
2011, Prats-Puig et al. 2011) not, probably due to the fact
that BMI is not an ideal predictor of insulin resistance.

High
nervosa may result also from dieting and excessive

serum omentin-1 levels in anorexia
physical effort.

Dieting may influence serum omentin-1 levels in
result of both reduction of body weight and improved
insulin sensitivity. In obese women and men subjected to
a 4-month low-calorie diet, a significant increase in
serum omentin-1 concentration was observed. Apart from
reduced BMI, an increased concentration of omentin-1
was accompanied by improvement in insulin sensitivity
as evaluated by HOMA-IR index and the fasting insulin
level. Similar to our study, the level of serum omentin-1
correlated negatively with BMI, body weight, and insulin
levels (Moreno-Navarrete et al. 2010).

The influence of aerobic physical exercises on
the omentin concentration has been also demonstrated
(Saremi ef al. 2010). It should be noted here, that most of
the patients with AN obtained a low body weight not only
due to nutrition restrictions but also due to an intensive
physical effort which may contribute to high omentin-1
levels in these patients.

Another potential factor affecting omentin

concentration in anorexia nervosa is low estradiol
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concentration. Higher serum omentin concentrations were
reported in women than in men (Moreno-Navarrete et al.
2010) and in the study by Tan ef al. (2008) the expression
of mRNA for omentin-1 in adipose tissue and its serum
concentration correlated negatively with 17B-estradiol. It
should be noted that all our patients with AN had
amenorrhea and hypogonadotropic hypogonadism.

The results of our study confirm the previous
omentin-1 levels are

observations that serum

predominantly dependent on obesity and insulin
resistance. However, even after adjustment for BMI and
HOMA-IR index we observed significantly different
serum omentin-1 concentrations between the groups.
Therefore, we can speculate if changes of serum
omentin concentrations in our patients may result from
compensatory mechanisms influencing the appetite as
there is no sufficient research on this issue. However, in
rats, chronic but not acute administration of omentin
diminishes the expression of cocaine and amphetamine-
regulated transcript (CART) and CRH genes and
increases norepinephrine synthesis and release in the
hypothalamus. These findings suggest central orexigenic
function of peripheral omentin (Brunetti ez al. 2013).

We identified at least two potential limitations to
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