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Background & aims: Omentin-1 might play a role on insulin resistance, dyslipidemia and obesity. The aim
of this investigation was to evaluate the influence of weight loss on omentin-1 concentrations after a
hypocaloric diet with Mediterranean pattern.
Methods: A Caucasian sample of 67 obese patients was analyzed before and after 3 months on a
hypocaloric diet. Anthropometric parameters, blood pressure, fasting blood glucose, C-reactive protein
(CRP), fasting insulin, insulin resistance (HOMA-IR), lipid concentrations and omentin-1 were measured.
Results: Sixty-seven obese subjects were enrolled in the study. The mean age was 48.3 ± 8.0 years
(range: 25e66) and the mean BMI 34.5 ± 4.8 kg/m2 (range: 30.2e40.8). Gender distribution was 50
females (74.6%) and 17 males (25.4%). After dietary intervention and in males and females; body mass
index, weight, fat mass, waist circumference, blood pressure, glucose, LDL cholesterol, insulin and
HOMA-IR decreased. Omentin-1 levels increase after dietary intervention (males vs females) (delta basal
vs 3 months: 10.0 ± 3.8 ng/dl: p ¼ 0.01 vs 9.9 ± 4.1 ng/dl; p ¼ 0.03). In the multiple regression analysis
adjusted for age and sex; BMI and insulin remained independently associated with baseline and post-
treatment levels of omentin-1.
Conclusions: Our investigation showed a significant increase in omentin-1 levels after weight loss sec-
ondary to a hypocaloric diet with a Mediterranean pattern.

© 2017 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Obesity is a major global health problem with massive pro-
portions [1]. This disease affects all areas of the body leading to a
metabolic dysfunction. The adipose tissue is an energy storage or-
gan, but the role of this tissue as an endocrine organ has emerged
[2]. All the cells of the adipose tissue such as adipocytes, macro-
phages, mast cell and stromal vascular cells are known to secrete a
large number of proteins with many functions called adipokines.
The adipokines are implied in the pathogenesis of insulin resis-
tance, hypertension, dyslipidemia and cardiovascular disease [3].
Omentin is one of these adipokines. This molecule is a 40 kDa fat
depot-specific adipokine, which has been isolated from visceral
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omental adipocytes by Yang et al. [17]. There are two homologous
isoforms of omentin, omentin-1 and omentin-2; moreover,
omentin-1 is the major circulating form. Circulating omentin-1
correlated negatively with anthropometric parameters such as
weight, body mass index (BMI), waist circumference and
biochemical parameters (fasting insulin, HOMA-IR and leptin) and
positively with high density lipoprotein cholesterol (HDL-C) and
adiponectin levels [5].

Therefore, some strategies have been investigated in order to
reduce body weight secondary to a negative energy balance, such
as a reduction of energy intake, drugs or surgical treatments [6,7].
This weight loss is considered the main intervention to reduce the
levels of pro-inflammatory adipokines and to increase circulating
anti-inflammatory adipokines [8]. Some studies have evaluated the
effect of bariatric surgery [9,10] and dietary interventions [11,12] on
serum concentrations of omentin-1. Contradictory results have
been reported in the literature on omentin-1 changes after weight
loss with these strategies.
ism. All rights reserved.
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As far as we know, there are no studies evaluating the effect of a
hypocaloric diet with a Mediterranean pattern on omentin-1 levels
after a weight reduction intervention. The aim of our investigation
was to evaluate the influence of weight loss on omentin-1 con-
centrations and other parameters after a hypocaloric diet with
Mediterranean pattern.

2. Materials and methods

2.1. Subjects and procedure

All participants were Caucasians females and males with
obesity, who accepted the lifestyle modification programs for
weight loss in our Institution. The recruitment of patients was a
consecutive method of sampling among subjects send from Pri-
mary Care Physicians with obesity. A total of 67 patients were
recruited and all participants provided informed consent. This
protocol was conducted according to the guidelines laid down in
the Declaration of Helsinki, the local ethics committee (HCUVA)
approved all procedures involving patients and patient data were
codified to guarantee anonymity.

Participants were included for the following standards; body
mass index ranged from 30 kg/m2 to 45 kg/m2, absence of a diet
during the 6 months prior to the study and an adult age ranged
from 20 to 65 years. Exclusion criteria included without the history
of cardiovascular disease, psychiatric disorders, diabetes mellitus,
pregnancy, use of a weight-loss medication, as well as the use of
drugs such as glucocorticoids, angiotensin receptor blockers,
angiotensin converting enzyme inhibitors, statins and other lipid
drugs.

2.2. Procedure

All biochemical and anthropometric dates were obtained within
the start of the trial and repeated after 3 months of intervention.
Anthropometric parameters (weight, height, and total fat mass by
bioimpedance) and blood pressure were measured in both times.
Venous blood specimens (10 ml) were collected in EDTA-treated
tubes after a 12 h fast. Fasting glucose, C-reactive protein (CRP),
insulin, insulin resistance as homeostasis model assessment
(HOMA-IR), lipid profile determined by total cholesterol, LDL-
cholesterol, HDL-cholesterol, plasma triglycerides concentration
and omentin-1 were measured.

2.3. Dietary intervention

Diet was designed to provide about 500 kcal/day less than
individually estimated total energy expenditure during 12 weeks.
The target macronutrient composition with a Mediterranean
pattern (fresh vegetables, fruits, grains, dairy, fish and olive oil)
was; 53% of carbohydrates, 26% of lipids and 21% of proteins. Dis-
tribution of dietary fats was: 50.5% of monounsaturated fats, 38.6%
of saturated fats and 11.9% of polyunsaturated fats. The distribution
of caloric intake was 20% in breakfast, 30% in lunch, 30% in dinner,
10% in mid-morning and 10% in snack. All participants had an in-
dividual session (60 minwith diet sheets and example menu plans)
with the dietitian at the start of the trail to explain the diet. A
dietitian assessed the adherence of this diet each 14 days with a
telephone call in order to improve compliment of the calorie re-
striction and macronutrient distribution. All enrolled subjects
received instruction to record their daily dietary intake for three
days including a weekend day. Records were analyzed with a
computer-based data evaluation system (Dietosource®; Geneva
Switzerland). National composition food tables were used [13].
2.4. Biochemical assays

Plasma glucose levels were measured by using an automated
glucose oxidasemethod (Glucose analyser 2, Beckman Instruments,
Fullerton, California). Insulin was determined by RIA (RIA Diag-
nostic Corporation, Los Angeles, CA) with a sensitivity of 0.5 mUI/L
(normal range 0.5e30 mUI/L) [14] and the homeostasis model
assessment for insulin resistance (HOMA-IR) was calculated using
this formula (fasting insulin� fasting glucose concentrations/22.5)
[15]. Serum total cholesterol and triglyceride concentrations were
measured by enzymatic colorimetric assay (Technicon Instruments,
Ltd., New York, N.Y., USA), while HDL cholesterol was measured
enzymatically in the supernatant after precipitation of other lipo-
proteins with dextran sulfateemagnesium. LDL cholesterol was
calculated using Friedewald formula [16].

CRP was determined by immunoturbimetry (Roche Diagnostics
GmbH, Mannheim, Germany), with a normal range of (0e7 mg/dl)
and analytical sensitivity 0.5 mg/dl. Omentin-1 was determined by
ELISA (Biovendor Laboratory, Inc., Brno, Czech Republic)
(RD191100200R) with a sensitivity of 0.5 ng/ml, a normal range of
50e250 ng/ml [17] and a CV% 3.2%.

2.5. Anthropometric measurements and blood pressure

Body weight was assessed to an accuracy of 50 g and body mass
index computed as body weight in kg/(height in m2). Waist and hip
circumferences to derive waist-to hip ratio (WHR) were measured,
too. Bioimpedance was used to determine total body fat mass with
an accuracy of 50 g [18] (Akern, EFG, It). Blood pressure was
determined three times after a 5 min rest with a random zero
mercury sphygmomanometer, and averaged (Omrom, LA, CA).

2.6. Statistical analysis

Sample size was calculated to detect differences over 5 ng/ml in
omentin levels after weight loss with 90% power and 5% signifi-
cance (n ¼ 65). The ShapiroeWilk test was used to determine
normality. The results were expressed as mean ± standard devia-
tion. Numerical variables with normal distribution were studied
with a two-tailed Student's t-test. Non-parametric variables were
evaluated with the ManneWhitney U test. Categorical variables
were analyzed with the chi-square test, with Yates correction as
necessary, and Fisher's test. The statistical analysis to evaluate the
omentin-1 and diet interaction was an univariate ANCOVA. Corre-
lation analysis was realized with Pearson and Spearmen test as
needed. Multiple regression analysis (stepwise method) was used
to analyze relationship of omentin-1 concentrations as dependent
variable. A p-value <0.05 was considered significant. SPSS version
15.0 has been used to realize statistical analysis.

3. Results

Sixty-seven obese subjects were enrolled in the study. Themean
age was 48.3 ± 8.0 years (range: 25e66) and the mean body mass
index (BMI) 34.5 ± 4.8 kg/m2 (range: 30.2e40.8). Sex distribution
was 50 females (74.6%) and 17 males (25.4%). Age was similar in
males; 47.8 ± 8.1 years than females 48.6 ± 13.8 years. BMI was
similar in males 34.9 ± 4.3 kg/m2 than females 34.4 ± 5.1 kg/m2,
too.

After 3 months of dietary intervention, all patients achieved
dietary recommendations in both gender groups. Basal and final
caloric intakes were higher in male than female; (male: basal
2019.2 ± 418.9 vs 3 months 1516.2 ± 313.1 kcal/day vs female: basal
1799.9 ± 323.0 vs 3months 1320.1 ± 282.9 kcal/day; p¼ 0.01). Final
percentage of macronutrient intakes were similar in both gender
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groups; from carbohydrates (male: basal 52.1% vs 3 months 50.5%:
p ¼ 0.53) and (female: basal 52.3% vs 3 months 50.8%: p ¼ 0.12).
Percentage of dietary fats was similar (male: basal 24.8% vs 3
months 25.1%: p ¼ 077) and (female: basal 24.3% vs 3 months
24.9%: p ¼ 0.33). Finally, percentage of proteins did not show dif-
ferences (male: basal 23.1% vs 24.4%: p¼ 056) and (female: 24.4% vs
24.3%: p ¼ 0.27).

After dietary intervention BMI, weight, fat mass, waist circum-
ference and systolic blood pressure decreased in a statistical way
from basal values (Table 1). After dietary intervention, fasting
glucose, total cholesterol, LDL cholesterol, insulin levels and
HOMA-IR decreased in a statistical way from basal values (Table 2).
Omentin-1 levels increase in males and females, too.

Correlation analysis showed an association of omentin-1 basal
levels with (age, r ¼ 0.265; p ¼ 0.009), (BMI, r ¼ �0.275; p ¼ 0.01)
and (insulin, r ¼ �0.431; p ¼ 0.001). These association were
observed in each gender; (male age, r ¼ 0.257; p ¼ 0.01 and female
age, r ¼ 0.369; p ¼ 0.007), (male BMI, r ¼ �0.257; p ¼ 0.04 and
female BMI, r ¼ �0.391; p ¼ 0.01) and (male insulin, r ¼ �0.403;
p ¼ 0.01 and female insulin, r ¼ �0.513; p ¼ 0.007).

Post weight loss omentin-1 levels showed a significate corre-
lation with (age, r ¼ 0.212; p ¼ 0.03), (BMI, r ¼ �0.290; p ¼ 0.02)
and (insulin, r ¼ �0.369; p ¼ 0.01). These association were
observed in each gender; (male age, r ¼ 0.191; p ¼ 0.01 and female
age, r ¼ 0.269; p ¼ 0.009), (male BMI, r ¼ �0.334; p ¼ 0.01 and
female BMI, r ¼ �0.201; p ¼ 0.04) and (male insulin, r ¼ �0.313;
p ¼ 0.01 and female insulin, r ¼ �0.453; p ¼ 0.02). A correlation
analysis between changes of omentin-1 levels and changes of other
parameters was realized; (Delta BMI, r ¼ �0.280; p ¼ 0.03) and
(Delta insulin, r ¼ �0.377; p ¼ 0.01). These association were
observed in each gender; (male Delta BMI, r¼�0.301; p¼ 0.01 and
female Delta BMI, r ¼ �0.286; p ¼ 0.03) and (male Delta insulin,
r¼�0.309; p¼ 0.02 and female Delta insulin, r¼�0.478; p¼ 0.01).

In the multiple regression analysis adjusted by age and sex; BMI
kg/m2 (Beta �0.307: CI95% �3.51 to 0.16) and insulin UI/L
(Beta �0.26: CI95% �4.31 to 0.06) remained associated with basal
omentin-1 levels as dependent variable. The second regression
model with post-treatment omentin-1 levels as dependent variable
showed a statistical association with BMI kg/m2 (Beta �0.117:
CI95% �4.61 to 0.03) and insulin UI/L (Beta �0.21: CI95% �4.49 to
0.07).

4. Discussion

Our study shows a significant increase in circulating omentin-1
levels, after weight loss due to a hypocaloric diet with Mediterra-
nean patterns and its negative relationship with body mass index
and insulin levels. We decided to use a hypocaloric Mediterranean
diet because we work in an area in which it is the dietary pattern
usually used and this fact ensures a greater follow-up of the diets by
the patients studied.
Table 1
Changes in anthropometric parameters and blood pressure (Average ± SD).

Total group n ¼ 67 Males n ¼ 17

Basal 3 months Delta Basal

BMI 34.5 ± 2.6 33.0 ± 2.1* �1.4 ± 0.900 34.6 ± 8.1
Weight (kg) 87.2 ± 15.6 84.9 ± 10.8* �3.4 ± 1.100 95.8 ± 12.1$
Fat mass (kg) 36.1 ± 7.2 35.0 ± 6.1* �1.1 ± 1.000 28.3 ± 3.2 $
WC (cm) 106.7 ± 6.0 103.5 ± 4.0* �3.2 ± 1.800 109.9 ± 9.1$
SBP (mmHg) 129.9 ± 12.8 125.3 ± 3.0* �4.6 ± 1.000 131.7 ± 5.6
DBP (mmHg) 81.7 ± 5.0 81.2 ± 4.3 �0.5 ± 1.1 82.9 ± 5.0

BMI: body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC,
males and females. 00P < 0.05 Delta differences.
In our study, circulating omentin-1 was correlated with body
mass index in males and females, and no relationship was detected
with either waist circumference or fat mass. In some studies [11], a
correlationwith waist circumference in males and no correlation in
females was found.We didn't detect either correlationwith visceral
fat or sexual dimorphism. Some authors [19] found higher
omentin-1 concentration in females than males. Moreover,
Moreno-Navarete et al. [11] reported higher omentin-1 levels in
males than females. Perhaps the differences found in the literature
are due to different hormonal status of the evaluated females [20].
The exact factors contributing to inverse relationship of omentin-1
levels and adiposity remain to be determined. Perhaps, increased
insulin levels found in subjects with obesity [21] might be an
important contributor preceding decreased omentin-1 levels as
described in patients with anorexia nervosa [22].

To our best knowledge, this is the first study to evaluate the
effect of a hypocaloric diet with a Mediterranean pattern on
omentin-1 levels, a dietary pattern that has shown multiple health
benefits. In a previous study, Moreno-Navarrete et al. [11] reported
that omentin-1 levels increase after weight loss-induced by pre-
scription of a standard hypocaloric diet providing a daily energy
deficit of 500e1000 kcal per day during four months. The hypo-
caloric diet of this study supplied 16%, 30% and 54% of energy re-
quirements in the form of protein, fat and carbohydrates,
respectively. In this previous study [11] the effect on insulin levels
was similar to ours, with greater weight loss.

In a second study [10], a very lowcaloric diet during 2weeks had
not significant effect on omentin-1 levels. Moreover, omentin-1
levels increased 6 months after laparoscopy sleeve gastrectomy
and a maintained increase of these levels remained during 2-year
follow up [10]. These differences with our results can be due to a
longer duration of dietary intervention in our study. In this previous
study [10], levels of omentin-1 were inversely correlated with BMI,
serum insulin, LDL-cholesterol, CRP and triglycerides. Moreover,
multiple regression analysis performed in above-mentioned study
didn't identify a statistical significant independent predictor of
serum omentin-1 levels as our study (insulin and bodymass index).
Lesna et al. [12] reported that omentin-1 levels were stable during
an intervention with a hypocaloric diet (one month). Nevertheless,
a significant increase in omentin-1 levels were detected for a
further diabetic diet, during 11 months.

Perhaps these conflicting results found in the literature may be
due to different types of intervention to lose weight and the final
amount of weight loss. Thus, in a study [9] evaluating the effect of
biliopancreatic derivation on circulating omentin-1 levels, an
elevation of omentin-1 levels was detected at 24 h of surgery,
which was maintained throughout the follow-up period one year
(59% of patients). Moreover, another group of patients after the
initial elevation of omentin-1 levels at 24 h of surgery, showed a
decrease that was maintained at one year of follow up (18% of pa-
tients). In a recent study [23], omentin-1 remained unchanged after
Females n ¼ 50

3 months Delta Basal 3 months Delta

33.2 ± 5.0* �1.2 ± 1.0 34.5 ± 6.4 33.3 ± 5.0* �1.4 ± 1.000

91.7 ± 16.1*$ �4.1 ± 3.0 85.3 ± 15.1$ 83.1 ± 8.1*$ �3.2 ± 3.000

27.3 ± 4.0*$ �1.0 ± 1.1 39.7 ± 4.1$ 37.8 ± 3.0*$ �1.1 ± 0.900

105.2 ± 5.2*$ �4.7 ± 2.9 105.7 ± 4.1 $ 103.0 ± 4.1*$ �2.7 ± 2.300

125.1 ± 7.1* �6.6 ± 2.1 130.3 ± 9.8 126.0 ± 5.0* �4.1 ± 3.100

80.9 ± 5.1 �1.0 ± 0.8 82.8 ± 5.8 81.5 ± 7.1 �1.3 ± 1.1

waist circumference; *P < 0.05, in each group with basal value. $P < 0.05, between



Table 2
Changes in biochemical parameters (Average ± SD).

All group n ¼ 67 Males n ¼ 17 Females n ¼ 50

Basal 3 months Delta Basal 3 months Delta Basal 3 months Delta

Glucose (mg/dl) 101.4 ± 14.0 98.1 ± 14.0* �3.1 ± 2.600 97.3 ± 9.1 94.1 ± 8.1* 3.2 ± 2.800 102.7 ± 8.0 99.6 ± 9.1* 3.1 ± 2.100

Cholesterol total (mg/dl) 215.5 ± 20.8 200.1 ± 30.1* 15.3 ± 6.100 215.8 ± 17.2 200.4 ± 15.2 �15.4 ± 7.800 217.9 ± 10.1 202.6 ± 13.1* �15.3 ± 5.100

LDL-cholesterol (mg/dl) 135.8 ± 34.1 122.0 ± 30.1* 14.0 ± 5.800 135.8 ± 7.1 121.8 ± 7.4* �14.0 ± 5.800 136.0 ± 12.1 122.1 ± 14.3* �13.9 ± 6.100

HDL-cholesterol (mg/dl) 54.5 ± 3.0 53.4 ± 2.4 �1.1 ± 0.5 47.3 ± 7.0 49.3 ± 8.0 2.0 ± 0.9 56.1 ± 3.0 54.4 ± 4.1 �1.7 ± 0.8
Triglycerides (mg/dl) 123.4 ± 34.1 119.9 ± 23.4 �4.5 ± 5.8 139.3 ± 17.9 143.4 ± 17.1 �4.1 ± 3.4 118.9 ± 22.1 112.7 ± 23.4 �6.2 ± 5.7
CRP (ng/dl) 5.8 ± 1.8 6.1 ± 1.5 0.3 ± 0.1 5.1 ± 1.1 5.3 ± 1.2 0.2 ± 0.1 6.5 ± 2.1 6.7 ± 2.2 0.2 ± 0.09
Insulin (mUI/l) 14.7 ± 5.1 13.2 ± 4.8* �1.4 ± 0.900 16.4 ± 4.1 15.1 ± 6.0* �1.3 ± 1.800 13.5 ± 6.0 12.1 ± 4.6* �1.4 ± 2.100

HOMA-IR 3.4 ± 1.4 3.2 ± 1.3* �0.2 ± 0.900 3.9 ± 1.4 3.6 ± 1.1* �0.3 ± 1.100 3.3 ± 2.1 3.1 ± 1.7* �0.2 ± 1.000

Omentin-1 ng/ml 357.8 ± 55.4 366.7 ± 65.1* 9.9 ± 4.000 342.6 ± 66.1 352.6 ± 49.9* 10.0 ± 3.800 360.5 ± 61.4 370.4 ± 57.1* 9.9 ± 4.100

CRP: C reactive protein. HOMA-IR (homeostasis model assessment).; *P < 0.05, in each group with basal value. $P < 0.05, between males and females. 00P < 0.05 Delta
differences.
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54 weeks. Finally, Sdralis et al. [24] have evaluated the impact of
omentectomy performed in patients with morbid obesity under-
going sleeve gastrectomy (SG). After 1 year postoperatively,
omentin-1 levels increased significantly in the control group only
with SG and decreased in the omentectomy group.

Other types of treatment have also been evaluated in the liter-
ature. Other intervention study has demonstrated the lack of effect
of leptin infusion at pharmacological doses [25]. However, an in-
crease in omentin-1 levels has been demonstrated in obese women
with polycystic ovarian syndrome when treated with an 850 mg
daily dose of metformin for 3 months [26].

The limitations of our study are that sample size was small
and it was a heterogeneous sample in BMI and age, too. Second,
the current correlations results cannot be interpreted as caus-
ative. Thirdly, the short time follow up may restricted the
possibility to detect other long-term differences. Finally, our
sample were a sample of adult obese patients and the age and
the body mass index range could modulate the reported data.
This sample was no necessarily representative of the general
population.

The results from our design showed a significant increase in
serum omentin-1 levels after weight loss secondary to a hypo-
caloric diet with a Mediterranean pattern. This increase may be
beneficial for obese patients, improving cardiovascular parameters
and it is necessary to evaluate the longer-term effects.
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