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The aim of this study was to evaluate the association between estrogen removal, antioxidant enzymes, and oxidative stress
generated by obesity in a MS female rat model. Thirty two female Wistar rats were divided into 4 groups: Control (C), MS,
MS ovariectomized (Ovx), and MS Ovx plus estradiol (E

2
). MS was induced by administering 30% sucrose to drinking water

for 24 weeks. After sacrifice, intra-abdominal fat was dissected; adipocytes were isolated and lipid peroxidation, non-enzymatic
antioxidant capacity, and the activities of Cu-Zn andMn superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx) were determined.There were no significant differences in the activities of Cu-Zn,Mn SOD, CAT, andGPx between the C and
MS groups, but in the MS Ovx group there was a statistically significant decrease in the activities of these enzymes when compared
toMS andMSOvx+E

2
.The increased lipid peroxidation and nonenzymatic antioxidant capacity found inMSOvxwas significantly

decreased when compared to MS and MS Ovx+E
2
. In conclusion, the removal of E

2
by ovariectomy decreases the activity of the

antioxidant enzymes in the intra-abdominal tissue of MS female rats; this is reflected by increased lipid peroxidation and decreased
nonenzymatic antioxidant capacity.

1. Introduction

The metabolic syndrome (MS) is defined as a cluster of
metabolic alterations [1], which includes the following diag-
nostic criteria: hypertension, diabetes, insulin resistance,
dyslipidemia, and obesity [2]. Obesity, as component ofMS, is
considered a public health problem because of its magnitude
and importance. Overweight and obesity are the fifth leading
risk factor for death in the world [3]. The accumulation
of abnormal or excessive fat stored in adipose tissue is
the result of a chronic imbalance between energy intake

and energy expenditure [2–4]. Adipose tissue, which was
previously regarded as a tissue with few metabolic functions
and considered only as passive reservoir, is now known to be
metabolically active [5]. Several studies have suggested that
obesity is associated with increased free radical concentra-
tions [6], which can cause oxidative stress in the endoplasmic
reticulum of the adipocyte [7]. An increase in oxygen con-
sumption bymitochondria of the adipocyte [8] leads to excess
processing of free fatty acids [9–11], which are produced
by the hydrolysis of triglycerides in adipose tissue [12]. An
excess of adipose tissue is also a source of inflammatory
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cytokines such as IL-1, IL-6, and TNF-𝛼, and obesity is con-
sidered as a chronic inflammatory state.These cytokines are a
potent stimulus for the production of reactive oxygen species
[13]. Moreover, the mammalian cells are equipped with
enzymatic antioxidant defense mechanisms among which
are superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) enzyme, and the nonenzymatic systems
such as vitamins A, C, and E, among others [14, 15]. The
antioxidant enzymes contribute to eliminate radicals such as
superoxide (O

2

−) and hydrogen peroxide (H
2
O
2
), preventing

the formation of the very active species O
2

− and radical
hydroxyl (HO−) which are damaging to cells.

Sexual dimorphism is involved in the clinical manifes-
tations of MS [16] and this disease tends to occur more
often in postmenopausal than in premenopausal women [17–
19]. Additionally, increased oxidative stress after menopause
is associated with loss of endogenous estrogen synthesis
[20]. Protection by female sex hormones is attributed to the
well-demonstrated antioxidant properties of estrogen in vivo;
estrogen decreases the occurrence of cardiovascular diseases
in postmenopausal women [21], and in vitro estradiol acts as
a molecule with antioxidant activity decreasing lipid perox-
idation in rat liver microsomes [22]. GPx activity in female
rat liver is increased by 60% when compared to Ovx female
rats [23]. Behl et al. postulated that the antioxidant activity
of estradiol in neuronal cells depends on the presence of the
hydroxyl group (OH) at the C-3 position of the phenolic ring
of the molecule [24], and another study showed that E

2
can

inhibit the oxidation cascades through the hydroxyl group of
phenolic ringA [25].Other antioxidant properties of estrogen
action are exerted on glutathione (GSH). Cellular protection
against oxidative stress has been demonstrated in neural
cells, through the synergistic activity of estrogens and GSH
[25]. Other studies show that postmenopausal women have a
higher incidence of abdominal adiposity, associated with an
increase in systemic levels of inflammatory cytokines, which
suggests that estrogen can modulate body fat and systemic
inflammation [26]. Stubbins et al. recently demonstrated
that estrogen protected females against inflammation and
oxidative stress when compared to males when studying
intact female mice adipocytes, Ovx plus estradiol mice, and
males subjected to a high-fat diet for 10 weeks [26]. It has
been demonstrated that in kidney homogenates of intact rats
with MS the activity of the enzymes CAT and SOD was
significantly increased when compared to theMSOvx group.
These results suggest that female rats are protected against the
estrogen prooxidant effects in the renal system induced by the
high consumption of sucrose in the diet, but the protective
effect decreases after ovariectomy [27].

On the other hand, Reaven and Ho [28] developed
MS in rats by the administration of high-sucrose or fruc-
tose diets, which induce hypertriglyceridemia, hypertension,
hyperinsulinemia, and insulin resistance and increase intra-
abdominal fat tissue. In our laboratory we have developed
a variant MS rat model by chronic administration of 30%
sucrose in the drinking water for a period of 24 weeks.

Excess adipose tissue generates oxidative stress and estro-
gens have antioxidant properties; however, studies of the
antioxidant capacity of estrogens in adipocytes are scarce.

Therefore, the aimof this studywas to evaluate the association
between estrogen removal in MS female rat model and levels
of antioxidant enzymes and oxidative stress generated by
obesity.

2. Material and Methods
2.1. Animals. Experiments in animals were approved by the
Laboratory Animal Care Committee of our institution and
were conducted in compliance with the Guide for the Care
and Use of Laboratory Animals of NIH. Weanling female
rats weighing 100 ± 10 g, 𝑛 = 8 per group. The groups
were control (C), 30% sucrose-fed (MS), MS ovariectomized
(Ovx), and MS Ovx + estradiol (E

2
). The animals were

housed in ad hoc plastic boxes and were subjected to 12-
hour light/obscurity cycles and environmental temperature
between 18 and 26∘C. They were fed commercial rodent
pellets (23% of crude protein, 4.5% of crude fat, 8% of ashes,
and 2.5% of added minerals; PMI Nutrition International,
Inc., LabDiet 5008, Richmond, IN USA) ad libitum. At the
end of the experimental period of 24 weeks, the rats were
weighed and their blood pressure (BP) was measured by the
tail-cuff method [27]; after overnight fasting, the animals
were subjected to euthanasia with a guillotine and their
blood was collected in vacutainer tubes. The samples were
centrifuged for 20min at 936 g and 4∘C, in order to collect
the serum in aliquots of 400𝜇L and store it at −70∘C.

2.2. Ovariectomy. Surgical ovariectomy was performed at 1
month of age. This was performed under anaesthesia (pen-
tobarbital sodium 63mg/Kg of body weight). The abdominal
and pelvic area of the back was depilated, cleaned with soap,
anddisinfectedwith ethanol. A longitudinal incision of 1.5 cm
was made, the skin was separated from the muscle, and a
second incision of 0.5 cm was made in the muscle on both
sides of the first, to exteriorize the ovaries.TheFallopian tubes
were ligated and cut below the ligature. After the extirpation,
the incision was sutured [27].

2.3. Hormonal Treatment. Estradiol valerate (Primogyn,
Schering, Mexico; 1mg/Kg body weight) was injected i.m.
every 3 days, during the experimental period.

2.4. Measurement of Serum Sex Hormones. Serum estradiol
was measured using the Diagnostic Products Corporation kit
(Los Angeles, CA) and determination of some rat biochem-
ical variables, such as glucose, cholesterol, triglycerides, and
insulin, was determinate using commercially obtained kits.
The HOMA index of resistance to insulin was calculated.

2.5. Isolation of Adipocytes. White adipocytes were isolated
by collagenase digestion as described by Rodbell [29] with the
following modifications: 4 g of adipose tissue was removed
and transferred into Krebs buffer (containing 2% bovine
serum albumin (BSA), 118mM NaCl, 24mM NaHCO

3
,

1.2mM KH
2
PO
4
, 1.2mM MgSO

4
, 4.7mM KCl, 2.5mM

Ca
2
Cl, and 4.5mM D-glucose at pH 7.35). Adipose tissue

pieces were minced and digested with collagenase II (Sigma)
and at 37∘C for 90min in a shaking water bath; the fat
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Table 1: General and biochemical characteristics.

Variables C SM SM Ovx SM Ovx+E
2

Body mass (g) 272.5 ± 6.2 305.4 ± 2.0∗∗ 377.4 ± 2.6†† 296.2 ± 3.2
Intra-abdominal fat (g) 4.8 ± 0.5 7.1 ± 0.4∗ 13.3 ± 0.7†† 6.0 ± 0.1
Systolic blood pressure (mm/Hg) 116.6 ± 2.6 125.3 ± 3.1 146.1 ± 2.2†† 124.5 ± 1.8
Cholesterol (mg/dL−1) 68.2 ± 3.3 69.2 ± 5.0 69.7 ± 2.8 70.0 ± 3.6
Triglycerides (mg/dL−1) 57.2 ± 5.8 96.2 ± 10.0∗∗ 105.5 ± 5.9 108.7 ± 9.1
Glucose (mmol/dL−1) 6.4 ± 0.2 6.3 ± 0.3 7.3 ± 0.4 6.3 ± 0.2
Insulin (𝜇UI/mL−1) 2.7 ± 0.7 7.6 ± 0.9∗∗ 11.6 ± 1.5† 6.1 ± 1.2
HOMA 0.5 ± 0.1 2.5 ± 0.4∗ 3.9 ± 0.6† 1.8 ± 0.3
Leptin (ng/mL) 3.2 ± 0.5 2.8 ± 0.4 1.3 ± 0.1† 2.1 ± 0.2
Estradiol (pg/mL) 24.8 ± 3.2 29.1 ± 5.8 9.2 ± 1.1† 26.8 ± 3.6
Data are means ± SE; 𝑛 = 8 each group. Statistically significant at C versus MS ∗𝑃 < 0.01 and ∗∗𝑃 < 0.001; †𝑃 < 0.01 and ††𝑃 < 0.001MS versus MS Ovx. C:
control; MS: metabolic syndrome; MS Ovx: metabolic syndrome ovariectomized; MS Ovx+E2: metabolic syndrome ovariectomized plus estradiol.

cell suspension thus obtained was filtered through a 250 𝜇m
nylonmesh and centrifuged for 1min at 300 g.The adipocytes
collected from the top phase were washed with 10ml of Krebs
buffer without BSA three times, then resuspended in 900𝜇l
buffer sucrose containing (1mM EDTA, 10 mMTRIS and 250
mM sucrose) and 100 𝜇L of protease inhibitors (1mM PMSF,
2mM pepstatin, 2mM leupeptin, and 0.1% aprotinin) and
homogenized; the sample was frozen at −30∘C. Total proteins
were determined by the method of Bradford [30].

2.6. Evaluation of Antioxidant Enzymatic System. The mea-
surement of the activity of antioxidant enzymes was carried
out by electrophoresis in 10% polyacrylamide native gels.
To determine the activity of CAT, the gel was washed with
distilled water during 5 minutes; this procedure was repeated
three times; then it was incubated with a mixture of 1% K

3
Fe

(CN)
6
and 1% of FeCl

3
6H
2
O for 10 minutes in the dark and

then washed with distilled water to stop the reaction [27].
To determine the activity of SOD, the gel was washedwith

distilled water during 5 minutes; this procedure was repeated
three times; then it was incubated with 2.45mM nitro blue
tetrazolium (NBT) for 20 minutes; then the NBT solution
was discarded and the gel was incubated in a solution of
28mM EDTA, 0.028mM riboflavin, and 36mM phosphate
buffer, pH 7.8. After 15 minutes of incubation in the dark,
the NBT stain for O

2
was developed by exposure to UV

light for another 10 minutes [27]. The gels were analyzed by
densitometry with an image Sigma Scan Pro 5 Analyzer.

The activity of enzyme GPX was measured by spec-
trophotometry: 1mg of protein from the adipocyte homo-
genate was suspended in 1.6mL of 50mM phosphate buffer
(pH 7.0), with added 0.2mM NADPH, 1mM GHS, and
1UI/mL glutathione reductase. The mixture was incubated
for 5 minutes at room temperature; then 100𝜇L of 0.25mM
H
2
O
2
was added and the reading was taken immediately

at 340 nm (initial reading) and again after 5 minutes (final
reading) [31].

2.7. Evaluation of Antioxidant Capacity of the Nonenzymatic
System. For the precipitation of the proteins in the samples,
100 𝜇L of 10% ZnSO

4
and 100 𝜇L of 0.5N NaOH were added

to one mg of protein from the adipocyte homogenate and
centrifuged at 7155×g; the supernatant was suspended in
1.5mL of reaction mixture (300mM acetate buffer pH 3.6,
20mMhexahydrate of ferric chloride, 10mMof 2, 4, 6 Tris-2-
pyridil-s-triazine dissolved in 40mM chlorhydric acid (HCl)
were added in a relation of 10 : 1 : 1 v/v, resp.); the mixture was
shaken vigorously in vortex for 5 sec.Then it was incubated at
37∘C for 15minutes in the dark.The absorbancewasmeasured
at 593 nm. The calibration curve was obtained using 𝜇mol
Trolox equivalent [31].

2.8. Lipid Peroxidation (TBARS). TBARS, a marker of dam-
age by free radicals, was measured by a standard method.
To 1mg of protein from the adipocyte homogenate, 50𝜇L
methanol with 4% BHT plus phosphate buffer pH 7.4 was
added. The mixture was shaken vigorously in a vortex for
5 seconds and then incubated in a water bath at 37∘C for
30 minutes. This was followed by the addition of 1.5mL
of 0.8M thiobarbituric acid and then incubated in a water
bath at boiling temperature for 1 hour. After this time and
to stop the reaction, the samples were placed on ice; 1mL
5% KCL was added to each sample as well as 5mL n-
butanol; they were shaken in a vortex for 30 seconds and
centrifuged at 2000 rpm., at room temperature for 2 minutes.
Then the n-butanol phase was extracted and the absorbance
was measured at 532 nm. The calibration curve was obtained
using tetraethoxypropane as standard [27].

2.9. Statistical Analysis. Statistical analysis and graphics were
performed with a SigmaPlot 11 program. The data are
presented as the mean ± SEM. Statistical significance was
determined by one-way ANOVA test, followed by the post
hoc Tukey test. Differences were considered statistically
significant at 𝑃 < 0.05.

3. Results

3.1. General Characteristics. Table 1 shows some general and
biochemical characteristics of the experimental animals. The
body mass, intra-abdominal fat, triglycerides, insulin, and
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Figure 1: Effect of the estrogen removal and estradiol replace-
ment on catalase activity in adipocyte homogenate. Native-gel
electrophoresis with 10% polyacrylamide. CAT: catalase, C: control,
MS: metabolic syndrome, MS Ovx: metabolic syndrome ovariec-
tomized, andMSOvx+E

2
: metabolic syndrome ovariectomized plus

estradiol. Data are means ± SE; 𝑛 = 8 in each group.

HOMA index were significantly elevated in MS in compar-
ison with C (𝑃 < 0.001), and the MS Ovx increased it in
comparison to MS intact (𝑃 < 0.01). Cholesterol and glucose
remained at normal levels in all groups. In MS Ovx+E

2

rats hormonal treatment did not modify the variables in
comparison with MS intact rats.

3.2. Antioxidant Enzymes. There was no difference in the
activity of CAT in adipocyte homogenate between female C,
MS intact, or MS Ovx+E

2
. However, a significant decrease in

CAT activity was observed in MS Ovx when compared with
MS intact (𝑃 = 0.01) (Figure 1). The treatment with estradiol
induced a significant increase in MS Ovx+E

2
versus MS Ovx

(𝑃 = 0.05).
There were no differences in Mn SOD activity except

betweenMS intact andMSOvx, the latter being reduced (𝑃 =
0.05) (Figure 2), but treatment with estradiol significantly
increased it in MS Ovx+E

2
versus MS Ovx (𝑃 = 0.05).

Figure 3 shows the Cu-Zn SOD activity. There were no
significant differences between groups C, MS intact, or MS
Ovx+E

2
. However, a significant decrease in this enzyme

activity was observed in MS Ovx when compared with MS
intact (𝑃 = 0.03) (Figure 1). The treatment with estradiol
induced a significant increase in MS Ovx+E

2
versus MS Ovx

(𝑃 = 0.01).
Figure 4 shows the activity of the GPx enzyme in C and

MS intact groups; there are no significant changes; however,
the MS Ovx group showed lower activity than the MS intact
rat group (𝑃 = 0.04). The treatment with estradiol in MS
Ovx+E

2
rats group tended to increase the activity but the

change was not statistically significant.

3.3. Lipid Peroxidation (TBARS). The lipid peroxidation
index in adipocyte homogenates showed no changes between
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Figure 2: Effect of the estrogen removal and estradiol replacement
on Mn SOD activity in adipocyte homogenate. Mn SOD: super-
oxide dismutase manganese. Native-gel electrophoresis with 10%
polyacrylamide. Data are means ± SE; 𝑛 = 8 in each group.
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Figure 3: Cu-Zn SOD activity in adipocyte homogenate of exper-
imental groups. Cu-Zn SOD: superoxide dismutase copper-zinc.
Data are means ± SE; 𝑛 = 8 in each group.
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glutathione peroxidase activity in the adipocyte homogenate. Data
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Figure 6: Effects of the ovariectomy and estradiol replacement upon
the antioxidant capacity of the nonenzymatic system. See Table 1
legend for abbreviations. Values are means ± SE; 𝑛 = 8 each group.

C andMS intact. Ovariectomy increased lipid peroxidation in
the MS group in comparison to MS intact and MS Ovx+E

2

rats groups (𝑃 < 0.001). The hormonal treatment did not
produce significant changes in MS Ovx+E

2
when compared

to MS intact group (Figure 5).

3.4. Antioxidant Capacity of the Nonenzymatic System.
Figure 6 shows that there were no statistically significant
changes in the antioxidant capacity of the nonenzymatic
system in the C and MS intact group but ovariectomy
decreased the antioxidant capacity in the MS Ovx group
versus MS intact group (𝑃 = 0.01). In the MS Ovx+E

2
group

there were significant increases in the antioxidant capacity
of the nonenzymatic system in comparison with MS Ovx
(𝑃 = 0.04).

4. Discussion

Obesity is a component of MS and is the consequence result
of a positive energy balance resulting from the interaction of
several factors, including feeding, reduced physical activity,
and genetic components. There is enough literature showing
that in diseased states, such as MS and obesity, there is
increased systemic oxidative stress [32–34]. Moreover, the
reduction of the synthesis endogenous estrogen is associated
with the onset of MS development. The aim of this study
was to evaluate the association between estrogen removal and
antioxidant enzymes andoxidative stress generated by obesity
in a MS female rat model.

4.1. Body Weight and Intra-Abdominal Fat. The results
showed that body weight in the MS group was significantly
higher than in the C group; however, the group with the
highest increase in weight was the MS Ovx group; these
results are similar to those obtained by Stubbins et al.
who showed that after 10 weeks of consuming high-fat diet
male mice had significantly higher body weight than intact
female mice. Ovx females show similar changes to male
mice with respect to changes in body weight, but when
supplemented with estradiol, changes in body weight were
minimal and similar to intact females [26]. Accumulation
of intra-abdominal adipose tissue is considered as a risk
factor for the development of MS [35–37]. Intra-abdominal
fat is more expandable than subcutaneous adipose tissue;
it is metabolically active and secretes substances directly to
the portal circulation such as inflammatory cytokines and
free fatty acids which are associated with insulin resistance,
hypertension, and cardiometabolic risk [38]. Estrogens are
important regulators of adipose tissue deposition in humans,
rodents, and other species [39]. Our results show that MS
Ovx group had a higher amount of intra-abdominal fat
when compared to MS intact and MS Ovx+E

2
groups. These

results suggest that intra-abdominal fat increases in the
MS Ovx group and this is probably due to the absence of
estradiol. In premenopausal women it has been reported
that fat tissue is located primarily in subcutaneous deposits;
however, at menopause, there is redistribution to visceral
adiposity, which is sensitive to estrogen therapy [40]. It
has been described that the intra-abdominal adipose tissue
expresses 𝛼 and 𝛽 receptors but that 𝛼 receptor expression
is predominant; Meyer et al. have reported that female mice
lacking 𝛼 estrogen receptor develop central obesity [40].
Likewise, Brown et al. mention that estrogens can regulate
energy intake through direct action of 𝛼 estrogen receptor
or through indirect action decreasing orexigenic peptides;
therefore the absence of estrogensmay promote hyperphagia,
although some authors report that ovariectomy is not neces-
sarily accompanied by increased food intake [35]. Another
study, in a female mice model subjected to ovariectomy
and in which there was no decrease in energy expenditure
or concomitant changes in energy intake and adipocyte
hypertrophy, showed that Ovx female mice replaced with
estradiol were protected from adipocyte hypertrophy [36].
Estrogenmay directly inhibit the deposition of adipose tissue
by reducing lipogenesis through decreased mRNA, activity,
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and expression of lipoprotein lipase, an enzyme that regulates
the storage of triglycerides in the adipocytes [39]. It has
been described that ovariectomy can increase the activity
of lipoprotein lipase and lipid deposition in adipocytes, but
the administration of physiological estrogen doses reverses
this condition. Our results show that the MS Ovx rats
had increased body weight and intra-abdominal adipose
tissue when compared to the MS intact and MS Ovx+E

2

rats. In addition, estrogens may also affect lipid deposition
through the hormone-sensitive lipase and increased fatty
acid oxidation, diminishing the likelihood of lipotoxicity [41].
It has been reported that in postmenopausal women the
adipocyte hypertrophy and lipolytic activity are high, which
may explain why postmenopausal women show high levels
systemic of FFA [26, 42].

4.2. Systolic Blood Pressure. TheMSOvx group showed a sig-
nificant increase in SBP when compared to the other groups.
This result is consistent with basic and clinical research, in
which it was demonstrated that the SBP is elevated in pre-
menopausal women compared to postmenopausal women
[43, 44]. In addition, it is known that nitric oxide, a potent
vasodilator, participates in the regulation of SBP [27]; nitric
oxide metabolism is better preserved in females than in
males, partly as a result of the action of estrogen [44]. The
results show that, in the C groups and MS and MS Ovx+E

2

groups, SBPwas decreasedwhen compared toMSOvx group.
Another study showed that estradiol replacement in MS Ovx
female rats withMS is associated with an increased activity of
nitric oxide synthase, endothelium-dependent vasodilation,
and decreased blood pressure [45].

4.3. Hypertriglyceridemia. Diets high in carbohydrates, such
as fructose, sucrose, or both, induce hypertriglyceridemia
and reduction in antioxidant reserves [45]. The results
show that triglycerides are increased in MS groups and
decreased when compared to the C group and are similar
to those obtained by Pettersson et al. who induced MS
in female rats by administering a high-fat diet (60%) over
a period of 14 weeks and found a significant increase in
triglycerides when compared to the C group [46]. Another
study showed that hypertriglyceridemia, resulting from the
intake of high carbohydrate diet in rats, was associated with
hyperinsulinemia, increased SBP, and insulin resistance [47].
Moreover, decreased levels of ovarian hormones associated
with menopause or ovariectomy have been related to a
decrease in glucose uptake by insulin [48]. Our results show
that the serum insulin levels were increased in the MS
group when compared to the C group, but the group MS
Ovx showed the highest values; therefore, it appears that
estrogen may have protective effect against the development
of hyperinsulinemia.

4.4. Insulin Resistance. In addition, alterations in lipid
metabolism and fat body distribution coupled with estrogen
deficiency have been postulated as a causative factor con-
tributing to the increased prevalence of insulin resistance in
postmenopausal when compared to premenopausal women
[48]. Furthermore, as previously mentioned, the MS Ovx

group was the one that had the highest rate of insulin
resistance when compared to the MS Ovx+E

2
. Saglam et al.

showed that hormone replacement therapy increased insulin
peripheral action in postmenopausal women [49], and, in
another study, Abbas and Elsamanoudy found that estrogen
exerted effects upon insulin resistance; these authors found
that the estrogen administration in Ovx rats significantly
decreased the plasma glucose, insulin concentration, and
HOMA index when compared with C [48]. Insulin binding
to its receptors on the cell membrane is required to cause
the hormonal actions.Therefore, the structure and functional
integrity of the cell membrane influence the properties of
the insulin receptor. Cell membrane properties, particu-
larly its fluidity, depend upon the fatty acid composition.
In hyperinsulinemic states, increased saturated fatty acids
lead to a decrease in the affinity and number of insulin
receptors, whichmay cause insulin resistance associated with
hyperinsulinemia [47]. Estrogens can improve insulin action
by increasing receptor specific binding to insulin. Evidence
suggests that estrogen can increase the action of insulin in
adipocytes via activation of transcription factors (protein-
1 activator than response to cAMP) which are orchestrated
by insulin [35, 48]. Moreover, a high concentration of H

2
O
2

(100 𝜇M) decreases insulin receptor affinity [50]. Our results
show that lipoperoxidation index in MS Ovx group was
higher when compared to the other experimental groups; this
suggests that the elimination of estradiol through ovariec-
tomy increases reactive oxygen species that can oxidize
polyunsaturated fatty acids of cell membrane favoring insulin
resistance and oxidative stress.

4.5. Leptin. Leptin, an adipokine secreted by adipose tissue
[51], is directly proportional to the fat content [52]. The
results show that the ovariectomy reduces serum leptin
concentration in comparison toMS intact female rats and this
was restored by estradiol replacement. These results suggest
that estradiol may modulate leptin secreted by adipocytes.
To support the above, it has been described that leptin levels
are increased in women when compared to men, partly as
result of inhibition of androgen and estrogen stimulation
[51]. Leptin action is mediated via a specific receptor Ob-Rb,
located mainly in the hypothalamus; estrogen may modulate
the catabolic action of leptin in the brain and it has been
described that estrogens are associated with increased leptin
sensitivity [35]. A study by Alonso et al. demonstrated that
estradiol can directly modulate the expression of Ob-Rb
receptor in adipose tissue and skeletal muscle [53]. Another
study inOvx rats demonstrated that leptinmRNA expression
in adipose tissue was associated with decreased plasma leptin
concentration when compared to rats treated with estradiol.
The mechanism responsible for the effect of estrogen on
leptin concentrations in plasma remains unclear, but it is
postulated that estrogenmay have a direct action on the leptin
gene in the adipocytes [53].

4.6. Antioxidant Enzymes. Investigations on the differences
in gender related antioxidant reserves include studies in
humans and in several animal species in both normal pop-
ulations and pathological conditions and different organs.
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Several studies indicate that females have higher antioxidant
potential, given by the enzymatic and nonenzymatic activity
[54]. In addition, the activity of the antioxidant enzymes
SOD, Cat, and GPx plays an important role in obesity
associated with MS. The results show that the activity of the
Cu-Zn SOD in theMSOvx groupwas significantly decreased
when compared to the MS intact and MS Ovx+E

2
group;

concerning the activity of Mn SOD, the results showed the
same tendency. This suggests that estradiol may modulate
the activity of both SOD isoforms. It has been described that
estrogens may regulate the nuclear transcription factor, Nrf-
2 pathway, which controls the expression and induction of
genes that are encoded for phase II antioxidant enzymes,
including SOD isoforms [55]. Moreover, our results are
similar to those of a study conducted by Kumar et al., in
which the antioxidant effect of estradiol in liver fractions
of rat females of 3, 12, and 24 months of age was evaluated
which showed that the treatment with estrogens normalized
the decrease of the SOD activity induced by aging and
menopause [56]. Another study in kidney homogenate ofMS
female rat, which evaluated the activity of the Cu-Zn andMn
SOD, with estradiol replacement, showed an increase in the
activity of these enzymes in the control rats in comparison
to MS rats; the activity decreased after ovariectomy and
treatment with E

2
restored it [27]. Furthermore, Baños et al.

showed that SOD activity in the heart of MS male rats
was decreased while oxidative stress was increased but these
changes were not present in female rats [54]. Busserolles
et al. demonstrated that the SOD activity was decreased in
the heart of male rats that were fed with sucrose for two
weeks, when compared to female rats [57]. Moreover, it has
been shown that fructose or sucrose may inactivate CAT in
vitro [58]. However, our results on CAT activity in adipocyte
homogenates showed no significant changes between C, MS,
and MS Ovx+E

2
groups but showed significant difference

when comparing the MS intact and Ovx+E
2
group with the

MS Ovx group. These results are similar to those of other
studies which showed significant decrease in CAT activity
in the MS Ovx female rats when compared to MS female
intact and replaced with estradiol [27]. Therefore, the results
suggest that E

2
can promote an increase in CAT activity.

Furthermore, Pajović and Saicić mention that females had
lower oxidative stress in the brain and increased activity of
CAT in comparison with males [59]. Regarding the activity
of GPx, the results show that the control group showed no
significant difference when compared to the MS group, but
there was significant decrease in the activity of this enzyme in
the MS Ovx group compared to MS intact group. Baltgalvis
et al. demonstrated in murine skeletal muscle that genes
encoded for type 3 GPx expressions are sensitive to estradiol
and regulated via 𝛼 receptors [60]. In addition, another study
showed that the activity of GPx was significantly increased
in premenopausal women and it decreased after menopause
[61]. However, another study showed no significant difference
in the activity of this enzyme in the brain of male and female
mice, while in the liver the enzyme activity was significantly
higher in females than inmales [59]. Supporting the above, in
vitro studies have shown that damage induced in myocardial
cells by free radicals was stopped by nuclear translocation of

Nrf-2 and that this effect was promoted by pretreatment with
estrogen, since it controls and induces expression of genes
encoded for GPx [55]. Likewise, other investigations have
shown synergistic interaction between estrogens and GSH in
neuronal protection against oxidative stress [25].

4.7. Nonenzymatic Antioxidant Capacity. The nonenzymatic
antioxidant capacity in adipocyte homogenates showed no
significant differences when comparing the C group with
the MS group, but the MS Ovx group showed a significant
decrease in comparison with MS intact and MS Ovx+E

2
.

This result suggests that the E
2
have antioxidant properties

that allow the increase in nonenzymatic antioxidant capacity
in the adipocytes of the MS rats. Another study, which
determined the protection of estradiol upon oxidative stress
in visceral tissue in a murine model subjected to high-
fat diet, showed that male mice and Ovx females have a
significant increase in 𝛾H2AX, a biomarker for oxidative
stress, in adipocyte core compared to intact and Ovx females
with estradiol replacement. The researchers concluded that
estradiol may protect from the development of oxidative
stress in adipose tissue [26].

4.8. Lipid Peroxidation (TBARS). With respect to lipid per-
oxidation, the results show no significant difference in the
C group compared to the MS groups, but in the MS Ovx
group there was a significant increase when compared to MS
and MS Ovx+E

2
group, which had similar lipoperoxidation

values. Moreover, a study conducted by Taskiran and Evren
demonstrated that H

2
O
2
induced lipid peroxidation in cell

cultures of adipose tissue and that it was attenuated with
pretreatment with different concentrations of estradiol; the
maximum effect was observed at 10 nM [62]. Signorelli et al.
demonstrated that oxidative stress damage, measured by
the concentrations of 4-hydroxynonenal, a waste product
of the oxidation of lipids, was significantly increased in
postmenopausal women when compared to premenopausal
women, which suggest that estrogenmay protect against lipid
peroxidation [61].The effect of estrogen decreasing the rate of
lipid peroxidation can be explained by the key structure of the
phenolic ring of estradiol which renders the molecule with
antioxidant protection [63]. Wang et al. proposed that cell
membranes are one of the primary targets of the antioxidant
effects of estrogen. Antioxidant actions of estrogens on cell
membranes are independent of estrogen receptor and the
phenolic ring structure may play an important role in this
effect [25]. In addition, another study postulated that the
antioxidant capacity of E

2
in neuronal cells depends on the

presence of the hydroxyl group at the C-3 position of the
phenolic ring of the molecule [24]. This mechanism has also
been previously demonstrated by Jellinck and Bradlow who
postulated that E

2
could inhibit oxidative cascades through

the hydroxyl group of the A phenolic ring [25, 64].

5. Conclusions

In conclusion, the results suggest that removal of E
2
by

ovariectomydecreases the activity of the antioxidant enzymes
in the intra-abdominal tissue of MS female rats; this is
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reflected in increased lipid peroxidation and decreased
nonenzymatic antioxidant capacity. Replacement with E

2
can

protect MS female rats from increases in body weight, intra-
abdominal fat accumulation, and hypertension. It can also
improve insulin sensitivity by decreasing insulin resistance
and sensitivity to leptin. The oxidative stress and obesity
present in MS ovariectomized female rats may be attenuated
by hormonal replacement therapy; however, more studies are
still needed on the antioxidant capacity of E

2
in metabolic

syndrome.
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Obesity, is a chronic, biological, preventable, and treatable disease. The accumulation of fat mass causes physical changes
(adiposity), metabolic and hormonal changes due to adipose tissue dysfunction (adiposopathy), and psychological changes.
Bariatric endocrinology was conceived from the need to address the neuro-endocrinological derangements that are associated
with adiposopathy, and from the need to broaden the scope of the management of its complications. In addition to the
well-established metabolic complications of overweight and obesity, adiposopathy leads to hyperinsulinemia, hyperleptinemia,
hypoadiponectinemia, dysregulation of gut peptides including GLP-1 and ghrelin, the development of an inflammatory milieu, and
the strong risk of vascular disease. Therapy for adiposopathy hinges on effectively lowering the ratio of orexigenic to anorexigenic
signals reaching the the hypothalamus and other relevant brain regions, favoring a lower caloric intake. Adiposopathy, overweight
and obesity should be treated indefinitely with the specific aims to reduce fat mass for the adiposity complications, and to normalize
adipose tissue function for the adiposopathic complications. This paper defines the principles of medical practice in bariatric
endocrinology—the treatment of overweight and obesity as means to treat adiposopathy and its accompanying metabolic and
hormonal derangements.

1. Introduction

Overweight and obesity are a continuum, and together they
represent a chronic, biological, preventable, and treatable
disease.Overweight andobesity are an epidemic affecting two
thirds of the American population [1–3]. The accumulation
of fat mass leads to physical changes (adiposity), metabolic
changes due to adipose tissue dysfunction (adiposopathy),
and psychological changes, each of which adversely affects
health (Table 1) [4].

Obesity has long been held a risk factor for diabetes,
hypertension, dyslipidemia, and premature cardiovascu-
lar disease [5–8]. The strong association between intra-
abdominal, visceral fat and metabolic disorders led the
National Cholesterol Education Program Expert Panel on
Detection, Evaluation and Treatment of High Blood Choles-
terol in Adults, Adult Treatment Panel III (NCEP-ATP III)
to include the measurement of waist circumference as a

defining element of the dysmetabolic syndrome [9, 10]. In the
NCEP-ATP III initial report, the five elements that defined
dysmetabolic syndrome included a waist circumference (≥40
inches in men and ≥35 inches in women), high blood pres-
sure (≥130/85), high fasting plasma glucose concentration
(≥110mg/dL), hypertriglyceridemia (≥150mg/dL), and low
plasma levels of high density lipoprotein cholesterol (HDL-
C) (<40mg/dL in men and <50mg/dL in women). Three or
more of these five diagnostic criteria give an individual the
diagnosis of dysmetabolic syndrome, for which the Interna-
tional Classification of Diseases, 9th edition, introduced the
code 277.7. Following this report, intra-abdominal or visceral
fat became a treatment target in medical practice.

Adipose tissue dysfunction is etiological in the devel-
opment of the metabolic and endocrine derangements that
accompany overweight and obesity. This concept is now well
established in the medical literature [8, 11–13]. What follows
from acceptance of this premise is near-universal agreement
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Table 1: Some complications of obesity by body system.

Cardiovascular
(i) Hypertension
(ii) Congestive heart failure
(iii) Cor pulmonale
(iv) Varicose veins
(v) Peripheral edema
(vi) Pulmonary embolism
(vii) Coronary artery disease
Endocrine (adiposopathy)
(i) The metabolic syndrome
(ii) Type 2 diabetes/hyperinsulinemia
(iii) Dyslipidemia
(iv) Polycystic ovarian syndrome/androgenicity
(v) Amenorrhea/infertility/menstrual disorders
(vi) Hyperleptinemia/hypoadiponectinemia
Gastrointestinal
(i) Gastroesophageal reflux disease (GERD)
(ii) Nonalcoholic fatty liver disease (NAFLD)
(iii) Cholelithiasis
(iv) Hernias
(v) Colon cancer
Genitourinary
(i) Urinary stress incontinence
(ii) Obesity-related glomerulopathy
(iii) Hypogonadism (male)
(iv) Breast and uterine cancer
(v) Pregnancy complications
Integument
(i) Striae distensae (stretch marks)
(ii) Stasis pigmentation of legs
(iii) Lymphedema
(iv) Cellulitis
(v) Intertrigo, carbuncles
(vi) Acanthosis nigricans/skin tags
Musculoskeletal
(i) Hyperuricemia and gout
(ii) Immobility
(iii) Osteoarthritis (knees, hips)
(iv) Low back pain
Neurologic
(i) Stroke
(ii) Idiopathic intracranial hypertension
(iii) Meralgia paresthetica
Psychological
(i) Depression/low self esteem
(ii) Body image disturbance
(iii) Social stigmatization
Respiratory
(i) Dyspnea
(ii) Obstructive sleep apnea
(iii) Hypoventilation syndrome
(iv) Pickwickian syndrome
(v) Asthma

that early weight loss is a desirable part of medical treatment,
best implemented prior to the development of complications
with irreversible health consequences. The observation that

in some cases overweight and obesity are associated with
better health outcomes, especially as it relates to vascular
disease, the so-called “obesity paradox,” has subtracted from
the sentiment that overweight and obesity should be treated
[14–19]. The obesity paradox is likely due to having better
lean mass index and cardiovascular fitness in some people
with overweight and obesity, and to differences in treatment.
Patients with overweight and obesity that have had vascular
events are treated more aggressively than thin patients [17–
20]. The “obesity paradox” aside, the formal implementation
of a long-standingweightmanagement program that includes
pharmacological intervention is still missing from medical
practice. Even contemporary reviews by leaders in the field
of obesity lack this important element of medical practice.
The discussion of the management of overweight and obesity
frequently jumps from lifestyle changes to bariatric surgery,
and the lack of data on the long-termuse of pharmacotherapy
is the only mention given to this subject [21, 22].

The drivers for food intake are complex, and hedonic
food control plays a major role for many people [23–25]. The
hypothalamus is the major control center for energy balance
and adipose tissue stores, but other brain centers also play a
role [26–29]. Therefore, therapy for adiposopathy hinges on
effectively lowering the ratio of orexigenic to anorexigenic
signals reaching the the hypothalamus and other relevant
brain regions, favoring a lower caloric intake.

Effective reductions of body fat (including intra-
abdominal fat) are accomplished by an integrated, team
approach to patient care [11]. Adiposopathy, overweight and
obesity should be treated indefinitely with the specific aims
to reduce fat mass for the adiposity complications, and to
normalize adipose tissue function for the adiposopathic
complications.

This paper defines the principles of medical practice in
bariatric endocrinology—the treatment of overweight and
obesity as means to treat adiposopathy and its accompanying
metabolic and hormonal derangements.

2. Principle 1—Overweight and Obesity Are
a Continuum and Together Represent
a Chronic, Biological, Preventable, and
Treatable Disease

Adipose tissue is distributed throughout the human body.
Adipose tissue is metabolically active, both receiving and
sending signals that help regulate metabolism [30–33]. Adi-
posity, the physical accumulation of fat mass through fat
hypertrophy or fat hyperplasia, leads to many mechanical
complications that need to be identified and treated, since
they are obstacles to effective weight loss. Among these are
degenerative osteoarthritis and obstructive sleep apnea [34–
39]. The accumulation of fat mass is also strongly associated
with psychiatric disease [40–45]. Additionally, psychotropic
medications are associated with metabolic diseases (Table 2)
[46–49]. Simply on the basis of physical and psychological
complications, overweight and obesity meet the definition of
a chronic disease.
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Table 2: Second-generation antipsychotics and the risk ofmetabolic
abnormalities [47, 49].

Drug Weight gain Risk for
diabetes mellitus

Worsening
lipid profile

Clozapine +++ + +
Olanzapine +++ + +
Risperidone ++ D D
Quetiapine ++ D D
Aripiprazole∗ +/− − −

Ziprasidone∗ +/− − −

+: increase effect; −: no effect; D: discrepant results; ∗newer drugs with
limited data.

Overweight and obesity are commonly defined by the
body mass index (BMI)—calculated by dividing body weight
in kilograms by height in meters squared [50]. Commonly
used BMI cutoff values to diagnose obesity have high speci-
ficity but low sensitivity to identify adiposity, as they fail to
identify half of the people with excess body fat percentage
[51]. Thus, newer approaches that seek to quantitate different
fat pools and differentiate between lean and fat mass, includ-
ing DXA body composition analysis, may have more clinical
relevance [8, 52–57].

In clinical practice, body weight, waist circumference,
and waist-to-hip ratio provide sufficient assessment of
metabolic risk. These measurements are best interpreted as
they evolve over time. When possible, the differentiation
between lean and fat mass is desirable, especially to find
individuals who have significant visceral fat mass, but whose
BMI might not place them in an overweight or obesity
category.

Adiposopathy is a complication of excess fat mass when
adipose tissue becomes dysfunctional. Bariatric endocrinol-
ogy takes into account the physical and psychological com-
plications of overweight and obesity and the role they may
play as obstacles to effective weight loss and metabolic health
(Figure 1).

3. Principle 2—Every Patient Who Has
Overweight or Obesity Should Be Initially
Evaluated for Causes and Complications of
Weight Gain, Including Adiposopathy

Adipose tissue is not just for the storage of energy. Rather,
it is a very active endocrine and metabolic tissue, and it
actively helps regulate metabolism. Like any other tissue,
adipose tissue may change anatomically, and it may become
dysfunctional.The concept that altered anatomy and function
of adipose tissue cause metabolic diseases is now well
engrained in themedical literature [58–61]. Cardiomyopathy,
myopathy, encephalopathy, ophthalmopathy, retinopathy,
enteropathy, nephropathy, neuropathy, and dermopathy
define disease of specific tissues or organs. Similarly,
adiposopathy defines disease of adipose tissue. To continue
the analogy, in cardiomyopathy there is enlargement of
cardiac myocytes (hypertrophy), which leads to clinical

Fatigue
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Low testosterone

Osteoarthritis

Figure 1: Complications of obesity that interfere with its treatment
(Copyright © Minnesota Center for Obesity, Metabolism and
Endocrinology, PA).

disease (cardiac outlet obstruction). And in adiposopathy
there is enlargement of fat cells, leading to clinical disease.
Adiposopathy is also anatomically manifested by visceral
adiposity, growth of adipose tissue beyond its vascular supply
leading to ischemia and inflammation, increased number of
adipose tissue immune cells, and ectopic fat deposition (in
other body tissues, i.e., fatty liver) [8, 13].

Adiposopathy is functionally manifested by: [12, 13]

(i) impaired adipogenesis with the subsequent develop-
ment of adipocyte hypertrophy [64–66],

(ii) heterogeneous distribution of adipose tissue (e.g.,
visceral adiposity),

(iii) adipocyte lipolysis in excess of lipogenesis leading to
increased free fatty acid release into the circulation,

(iv) pathogenic adipose tissue endocrine responses (e.g.,
hypoadiponectinemia and hyperleptinemia),

(v) pathogenic adipose tissue immune responses,
(vi) pathogenic “crosstalk” between adipose tissue and

other organs [13, 67].

The adipose tissue changes of adiposopathy affect other
tissues, changing homeostasis and leading to derangements
of metabolism (e.g., insulin resistance with eventual hyper-
glycemia, hypogonadism, hepatosteatosis possibly leading to
steatohepatitis, etc.) [61] and increased cardiovascular risk
[8, 68, 69].

For all of the above reasons, in the evaluation and
management of patients with overweight and obesity there
must be a thorough evaluation looking for causes and
complications of the disease, including a complete history
and physical examination and laboratory testing [21, 70–72].
Table 3 lists medications that are commonly associated with
weight gain, which should be substituted for as possible.
Table 4 lists the laboratory findings that may be found in
patients with adiposopathy.

4. Principle 3—Every Patient Who Has
Overweight or Obesity Should Have
Periodic Risk Restratification

Not all patients with an elevated BMI have adiposopathy
and metabolic diseases. And not all patients who have
adiposopathy and metabolic diseases have an elevated BMI
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Table 3: Selected medications associated with increased adipose tissue mass.

Psychiatric/neurological
(i) Antipsychotic agents: phenothiazine, olanzapine, clozapine, risperidone
(ii) Mood stabilizers: lithium
(iii) Antidepressants: tricyclics, monoamine oxidase inhibitors, selective serotonin reuptake inhibitors (paroxetine hydrochloride),
mirtazapine
(iv) Antiepileptic drugs: gabapentin, valproate sodium, carbamazepine

Steroid hormones
(i) Corticosteroids
(ii) Progestational steroids

Antidiabetes agents
Insulin, sulfonylureas, thiazolidinediones

Antihypertensive agents
Beta- and alpha-1 adrenergic receptor blockers

Antihistamines
Cyproheptadine hydrochloride

HIV protease inhibitors
Lipodystrophy (central obesity)

Table 4: Laboratory findings in patients with adiposopathy.

(i) Elevated leptin
(ii) Decreased adiponectin
(iii) Increasing leptin to adiponectin ratio over time
(iv) Increased tumor necrosis factor alpha
(v) Increased c-reactive protein
(vi) High triglycerides/low HDL cholesterol
(vii) Elevated free fatty acids
(viii) Hyperinsulinemia/hyperglycemia
(ix) Activation of renin-angiotensin-aldosterone
(x) Hypoandrogenemia in men
(xi) Hyperandrogenemia in women

(Table 5) [62]. For this reason, it is imperative that patients
have a periodic re-stratification of their metabolic risk. In our
practicewe recommend that all patients who have overweight
or obesity by their BMI have a yearly risk re-stratificationwith
laboratory testing (Table 4).

5. Principle 4—There Are No Short-Term
Solutions to a Chronic Medical Problem:
Overweight and Obesity Should Be Treated
with the Same Model of Chronic Disease
Management That We Use for Other
Chronic Diseases

No one would think of treating diabetes for just a few weeks
or months. No one would think of stopping treatment if
initialmonotherapy for diabetes did not result in the expected
reductions in hemoglobin A

1c. And no one would ever think
of treating congestive heart failure, hypertension, epilepsy,

asthma, multiple sclerosis, hypothyroidism, or any other
chronic disease, for just a short while. Yet, overweight and
obesity are not held in the same light. Historically, treatments
for obesity were limited in duration. The genesis of this
restriction in duration of treatment was the fear that centrally
acting medications might have addictive potential or lead to
tolerance. Because of these government agency restrictions,
the prevailing attitude in the medical community has been
that overweight and obesity are not treatable as a chronic
disease.

The last five years have brought about a change in this atti-
tude. Several leading organizations including the American
Association of Clinical Endocrinologists [73], the National
Lipid Association [8], the Obesity Society/American College
of Cardiology/American Heart Association [21], the Amer-
ican Society of Bariatric Physicians [74], and the National
Diabetes Education Program [75] have all issued statements
calling for the treatment of obesity as a chronic disease. And
the AmericanMedical Association (AMA) finally recognized
obesity as a chronic disease at the annual meeting of the
House of Delegates in Chicago, in June 2013.

The approach to overweight and obesity should be exactly
the same as the approach to any other chronic disease. Using
diabetes as an example, the management of overweight and
obesity over time should follow a parallel track (Table 6).

6. Principle 5—Effective Behavior
Modification to Achieve a Negative Energy
Balance Is the Primary Long-Term Goal of
the Medical Treatment of Overweight and
Obesity

The hypothalamus and other relevant brain regions regulate
the frequency and volume of feedings [26–28, 76–79]. This is
a highly complex process that takes input from throughout
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Table 5: Incidence of metabolic disorders by BMI category.

Comorbidity Overall population with comorbidity, % Subjects in BMI ranges (kg/m2), %
18.5–24.9 25.0–26.9 27.0–29.9 30.0–34.9 35.9–39.9 ≥40

Diabetes∗ 8.9 4.2 5.7 10.1 12.1 16.4 27.2
Hypertension† 28.9 17.6 25.3 30.8 39.3 44 51.3
Dyslipidemia‡ 52.9 38.2 53.1 62.2 68 67.5 62.5
∗Includes previously diagnosed and undiagnosed diabetes mellitus. Diagnosed is based on self-report. Undiagnosed is defined using the criterion of fasting
glucose >125mg/dL.
†Elevated blood pressure (systolic ≥140mmHg, or diastolic ≥90mmHg), or taking antihypertensive medications.
‡Any of the following: total cholesterol ≥240mg/dL, triglycerides >200mg/dL, low-density lipoprotein ≥160mg/dL, or high-density lipoprotein <40mg/dL.
Adapted from: [62].

Table 6: Management model for diabetes and obesity: a successful model of care.

Diabetes mellitus Overweight and obesity
Initial workup/risk assessment Initial workup/risk assessment
Institute treatment Institute treatment
Patient and family education Patient and family education
Glucose self-monitoring Step count and weekly weight
Quarterly office assessments: follow A1C, BMI, BP Quarterly office assessments: follow BMI, BP, WC
Periodic screening for complications and risk restratification Periodic screening for complications and risk restratification
A1C: glycosylated hemoglobin A1C; BMI: body mass index; BP: blood pressure; WC: waist circumference.
See [63].

the body, and carefully determines the balance of orexigenic
and anorexigenic stimuli both in health and disease [80–87].
The primary long-term goal of the medical management of
overweight and obesity is to reset the hypothalamus and other
relevant brain regions to allow for satiety at a lower set point.

Behavior modification to achieve a lower caloric intake
and an increased level of physical activity (caloric expendi-
ture) should be implemented and maintained. Patients must
learn how to achieve these goals. It is not enough to tell a
patient that they should restrict calories and become more
active. They must be taught how to achieve these goals as
explicitly as possible.

Simple concepts are important to deliver in patient
education and need to be reviewed repeatedly.

(i) It is possible to achieve fullness with fewer calories by
increasing the volume of meals with foods that have a
lower caloric density [11, 88, 89].

(ii) Drink water instead of high-calories beverages—a
twist of lime makes it much more palatable.

(iii) Using a smaller diameter plate for meals makes
portions smaller (i.e., the MyPlate campaign by the
FDA) [11, 90–92].

(iv) It should be a goal to ingest 10 servings of fresh fruits
or vegetables every day [11].

(v) Caloric expenditure is accomplished by moving body
mass over distance or against gravity. It does not have
to be done fast, or all at once. A two-minute walk
every hour on the hour during the waking hours of
the day is equivalent to a 30-minute walk [8].

(vi) Avoid the words “diet” and “exercise” and focus on
healthy eating and meal planning and on physical

activity that is achievable, realistic, sustainable, and
incrementable.

(vii) Quantitate physical activity with tools such as a
pedometer.

(viii) Involve your support structures at home and at work.
(ix) Push yourself to be physically active when you get

hungry. Going up and down two flights of stairs
instead of going to the kitchen for food will make it
unlikely that hunger prevails.

All of these examples of behavior modification have the
common goal of decreasing orexigenic stimuli, and increas-
ing anorexigenic signals to the hypothalamus and other rele-
vant brain regions. It takes time, but by achieving consistent
lifestyle changes, the signals that reach the hypothalamus and
other relevant brain regions will change to favor a lower set
point for energy balance.

7. Principle 6—The Team Approach to
Overweight and Obesity Should Be Offered
to All Patients to Provide Nutrition
Education and Physical Activity Coaching

Obesity lends itself to themodel of chronic endocrine disease
management that is commonly accepted for other chronic
diseases, such as diabetes (Table 6) [63]. Implicit in thismodel
is a comprehensive team approach to patient care with an
emphasis on patient education [93–103]. Also implicit in this
model of care is the existence of the infrastructure to make
patients comfortable—wide chairs, large gowns, scales that
accurately measure up to 800 pounds, large blood pressure
cuffs, contingency plans that take into account very large
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body mass (e.g., preparedness to handle a syncopal episode
or a cardiac arrest of a very large person), and staff that has
been trained to be understanding and supportive.

Central to patient education and support is the availability
of materials to meet individual patient needs. Props and
models, electronicmedia, printmedia, audiovisual resources,
web-based education, and group classes are all viable means
to provide education.

The health care team should include specialized clini-
cians, nurse educators, dietitians, behavioral counselors,
mental health professionals, pulmonologists, physical
medicine and rehabilitation consultants, physical therapists,
pain specialists, dermatologists, gynecologists, oncologists,
cardiologists, bariatric surgeons, and others.

8. Principle 7—Pharmacotherapy Should Be
Used Indefinitely in the Management of
Overweight and Obesity

“It is possible to frame a house with a bucket of nails and
a hammer. But it is faster and better if one gets an air
compressor and an air gun.” This message resonates with
patients when introducing the concept of pharmacotherapy
for obesity. Pharmacotherapy significantly enhances the ben-
eficial changes of better nutrition and increased physical
activity.

Medications for obesity have a tainted past. When
amphetamines were used as weight loss agents and their use
became popular in the 1950s, it soon became evident that
they are habit-forming, tolerance-building, and addictive.
Subsequent centrally acting medications were all labelled
as having the potential for addictiveness. Because of this
concern, and because obesity was considered a condition and
not a disease back then, medications for weight loss were
approved only for short-term use.

Most recently, rimonabant, which was effective in achiev-
ing weight loss, was withdrawn from the market in 2009
because of an association with depression and suicides [104,
105]. Additionally, sibutraminewas removed from themarket
in 2010 because it was not superior to placebo in decreasing
vascular events in a population at risk [106–108], and because
in the Sibutramine Cardiovascular Outcomes Trial (SCOUT)
it was shown to have increased mortality in patients with
established arteriosclerosis. These recent developments fol-
lowed the association of fenfluramine use with valvular heart
lesions in the 1990s, leading to an abrupt end to the use of
fenfluramine with phentermine (fen-phen) and removal of
fenfluramine and dexfenfluramine from the market.

The popular notion that pharmacotherapy for obesity
carries a higher risk than benefit, and that the historical
restrictions on length of treatment, are proof in practice of
this risk, is pervasive in medicine. Indeed, it is pervasive in
society. For example, Minnesota has a statute that makes it
illegal for the state to pay for any obesity medications.

Thus, pharmacotherapy for obesity will need strong data
to support its long-term use. In the meantime, a lack of such
data is not a reason not to treat patients who have a serious,
chronic disease.

The initial approach to overweight and obesity should
always be to focus on lifestyle changes. The vast major-
ity of patients will benefit from pharmacotherapy. Initially
monotherapy with any one of a number of available agents
is appropriate. Economics frequently dictates which agent
will be used. Of all obesity medications, generic phentermine
is the least expensive and is available, cash-out-of-pocket,
for as little as $10.00USD a month. Other medications for
monotherapy will have incremental cost.

Of note, all medications currently approved for over-
weight and obesity in the United States are pregnancy
category X, where the FDA considers the risks involved in use
of the drug in pregnant women to clearly outweigh potential
benefits. Paradoxically, pregnancy in some women may only
be achieved with insulin sensitization and weight loss.

Phentermine, available since the 1950s, is indicated for
short-term use, but it continues to be used as an “off-
label” single agent for prolonged treatment of overweight and
obesity. Phentermine is a trace amine-associated receptor 1
(TAAR1) agonist. TAAR1 is an amine-activated Gs and Gq
protein-coupled receptor located at the neural presynaptic
membrane [109]. Although the precise mechanism of action
of phentermine on the hypothalamus and other relevant
brain regions remains unknown, it causes an anorexigenic
effect [110–113]. Phentermine also increases adrenergic tone,
leading to adrenal release of catecholamines, which causes
lipolysis. This adrenergic effect of phentermine mandates
careful monitoring of the blood pressure. At clinically
relevant doses, phentermine also releases serotonin and
dopamine, but to a much lesser extent than norepinephrine
[114]. Phentermine is not habit-forming, tolerance-building,
or addictive. Discontinuation of phentermine leads to a loss
of therapeutic effect and no other untoward effects [115].
Phentermine in combination with topiramate may be used
as initial therapy for overweight and obesity and is discussed
below.

It is important to note that neither phentermine nor any
other currently available centrally acting agents take away
a patient’s appetite. Appetite is a survival mechanism that
ensures a continuous energy supply for the organism’s needs
and is preserved with the use of phentermine and other
weight loss drugs.

Orlistat is a pancreatic lipase inhibitor. By prevent-
ing fat break-down during digestion, orlistat causes fat
malabsorption and weight loss. The potential side effects of
this medication are mostly due to steatorrhea. Anecdotal
reports of liver damage and acute oxalate nephropathy have
been reported with orlistat use. Orlistat leads to significantly
more weight loss than placebo, with the ensuing beneficial
metabolic changes associated with it [116–118]. With orlistat
treatment 35.5 to 54.8% of patients achieve ≥5% weight
loss and 16.4 to 24.8% of patients achieve ≥10% weight loss
after one year of treatment [119, 120]. Following 4 years of
treatment with orlistat, 28% of the placebo patients and
45% of the orlistat patients lost ≥5% of their baseline body
weight and 10% of the placebo patients and 21% of the orlistat
patients lost ≥10% of their baseline body weight [116, 117].

Lorcaserin is a selective 5-hydroxytryptamine T
2C recep-

tor agonist which promotes weight loss through satiety [121,
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122]. The dose of lorcaserin is one 10mg tablet twice daily.
It was approved for the treatment of obesity in the United
States in 2012.There are three registration trials for lorcaserin:
Behavioral Modification and Lorcaserin for Overweight and
Obesity Management (BLOOM) trial [123], Behavioral Mod-
ification and Lorcaserin Second Study for Obesity Manage-
ment (BLOSSOM) trial [124], and the Behavioral Modifica-
tion and Lorcaserin for Overweight and Obesity Manage-
ment in Diabetes Mellitus (BLOOM-DM) trial [125]. In com-
parison to placebo, lorcaserin decreased waist circumference,
blood pressure, total cholesterol, low-density lipoprotein-
cholesterol and triglycerides. The most frequent adverse
events reported with lorcaserin are headache, dizziness, and
nausea [126]. Lorcaserin did not statistically affect heart
rate, like phentermine does, or high-density lipoprotein-
cholesterol [126].

Three other centrally acting drugs are currently
FDA-approved for treatment of obesity: benzphetamine,
phendimetrazine, and diethylpropion. All three are centrally
acting medications that cause early satiety and have similar
potential side effects to phentermine.

Bupropion, fluoxetine, and other antidepressants are
sometimes useful in the management of obesity. Antide-
pressants have significant variability on weight. It remains
unclear if the effect of antidepressants on weight is due
to the medication itself or the treatment of the underlying
depression. Some patients lose weight with resolution of
depression, and some gain weight.

Other medications that are associated with weight
loss include metformin, exenatide, liraglutide, pramlintide,
canagliflozin, dapagliflozin, and topiramate monotherapy.
None has an approved indication for weight loss.

9. Principle 8—Failure of Monotherapy to
Achieve Effective Weight Loss Should Not
Lead to Discontinuation of Treatment, but
Rather to the Institution of Combination
Therapy

Combination therapy for obesity has been an option for
decades. Fen-phen, discussed above, helped thousands of
patients lose weight and was a prime example of the benefit
of combination therapy.

The US Food and Drug Administration requires that
the labeling for obesity medications, including orlistat and
lorcaserin, calls for discontinuation of these medication if
5% weight loss is not achieved after 12 weeks of treatment.
The authors strongly disagree with this approach to the
management of overweight, obesity, and adiposopathy. As is
the case with diabetes mellitus, dyslipidemia, hypertension,
heart failure, asthma, depression, and every other chronic
disease, the initial agent used for weight loss monotherapy
is unlikely to achieve a full therapeutic goal, even with dose
titrations. For this reason, the authors strongly recommend
that for overweight, obesity, and adiposopathy, as is the
case with other chronic diseases, monotherapy should be
continued, and combination therapy should be instituted
when the treatment effect of one agent wanes or is insufficient

to reach treatment goals. The 5% threshold set by the FDA is
arbitrary, especiallywhen one considers that lack of treatment
might have led to continued weight gain. Compared to
no treatment even those who do not reach the arbitrary
5% threshold benefit from pharmacotherapy. Of note, until
the data is generated, prolonged use of older medications,
and combinations of medications, other than phentermine-
topiramate, which is already in the market, will have to be
“off label.”

Currently, the only combination product that is available
in the United States market is Qsymia, a combination of
phentermine with topiramate approved for treatment of
obesity in 2012. There are three registration trials: EQUIP
[127], EQUATE [128], and CONQUER [129]. Qsymia causes
significant weight loss, reduction in waist circumference
and improvements in glycemia, lipids, inflammatory mark-
ers, and blood pressure. The recommended initial dose
is 3.75mg/23mg (phentermine 3.75mg/topiramate 23mg
extended release) daily for 14 days and then increased to
7.5mg/46mg daily. If 3% weight loss is not achieved after 12
weeks on the 7.5mg/46mg dose, escalation to the maximum
dose of 15mg/92mg is recommended. The 7.5mg/46mg
dose should not be exceeded for patients with moderate or
severe renal impairment or patients with moderate hepatic
impairment. Adverse events ofQsymia included paresthesias,
dry mouth, constipation, dysgeusia, and insomnia. Because
the topiramate component has teratogenic potential, the
combination product carries a black box warning. The doses
of both phentermine and topiramate in the extended release
combination tablet are lower than those approved for the
individual components. Thus, the reported adverse events
with phentermine-topiramate CR are manageable, and dis-
continuation rates are lower than placebo.

10. Principle 9—Bariatric Surgery Should
Only Be Considered after Failure of a
Formal Medical Management Program
for Overweight and Obesity

This paper does not deal with the surgical management of
overweight and obesity. Consideration of referral for bariatric
surgery must always take place only after patients have had
the benefit of the team approach to weight management,
including behavior modification and pharmacotherapy. In
our hands, most patients meet the goal of 5–10% body
weight loss when we approach overweight and obesity like
we approach any other chronic diseases. Overweight or
obesity refractory to medical management does warrant
consideration of bariatric surgery (Figure 2) [8].

11. Principle 10—A Major Goal of Treatment
Should Be to Return Adipose Tissue
Function toward Normal in Patients with
Overweight and Obesity

The primary goal in the management of overweight and
obesity is to correct their complications. A parallel goal
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Figure 2: Models of chronic disease management as a practical future approach to treatment of adiposity and adiposopathy [8].

is to return adipose tissue function to normal through
effective weight loss. Any weight loss will improve the fat-
mass (adiposity) related complications. When weight loss is
achieved, it is usually a global loss of fatmass.Thus, fat depots
like intra-abdominal and visceral fat are also effectively
reduced in most cases [8, 12]. In some individuals, however,
visceral fat mass is preserved, and the metabolic disorders
associated with it persist [69, 130–135]. For this reason,
ongoing monitoring is necessary for all patients. Resolution
of laboratory abnormalities or signs and symptoms due to
adiposopathy (e.g., resumption of regular menstrual flows
in women with polycystic ovarian syndrome) should be the
desired outcome, not just the loss of pounds of body weight.

12. Conclusion

This paper defines the principles of medical practice in
bariatric endocrinology—the treatment of overweight and
obesity as a means to treat adiposopathy and its accompany-
ing metabolic and hormonal derangements. Overweight and
obesity are a continuum and together represent a chronic,
biological preventable and treatable disease. The goal of
treatment is not only to decrease fat mass, but also to
return adipose tissue dysfunction to normal. The principles
of chronic disease management that apply to other chronic
diseases also apply to themanagement of overweight, obesity,
and adiposopathy.
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The Visceral Adiposity Index (VAI) has recently proven to be an indicator of adipose distribution and function that indirectly
expresses cardiometabolic risk. In addition, VAI has been proposed as a useful tool for early detection of a condition of
cardiometabolic risk before it develops into an overt metabolic syndrome. The application of the VAI in particular populations
of patients (women with polycystic ovary syndrome, patients with acromegaly, patients with NAFLD/NASH, patients with HCV
hepatitis, patients with type 2 diabetes, and general population) has produced interesting results, which have led to the hypothesis
that the VAI could be considered a marker of adipose tissue dysfunction. Unfortunately, in some cases, on the same patient
population, there is conflicting evidence. We think that this could be mainly due to a lack of knowledge of the application limits of
the index, on the part of various authors, and to having applied the VAI in non-Caucasian populations. Future prospective studies
could certainly better define the possible usefulness of the VAI as a predictor of cardiometabolic risk.

1. Introduction

The BMI is wrongly considered a satisfactory predictor of
the percentage of body fat, and it is known that it shows
a curvilinear and not a linear association with the body fat
percentage in both men and women [1].

Beyond the criticisms recently leveled [2] towards the
normalization of weight by the square of the height (normal-
ization suggested in the 19th century by Adolphe Quetelet),
many factors affect the relationship between BMI and body
fat percentage, such as gender, race, high muscle mass
(e.g., subjects who practice body building), and changes in
hydration status (in particular subjects having retention of
extracellular fluids may lead to significant mistakes in inter-
pretation about BMI). In older people, significant changes
also occur in both BMI numerator and denominator.

Also, in 2005 in JAMA Katherine Flegal published one of
the first studies [3] to analyze in detail the correlation between
BMI and all causes of mortality on a large series. This study,
based on National Health and Nutrition Examination Survey
(NHANES) data, showed that BMI is not a good predictor

of mortality risk. A subsequent meta-analysis published in
Lancet in 2006 [4], evaluating 40 epidemiological studies
for a mean followup of 3.8 years, confirmed Flegal’s data.
These data led in 2006 to an editorial [5] published in
Lancet, provocatively titled “Should we continue to use
BMI as a cardiovascular risk factor?” which states that “the
BMI may now be withdrawn permanently as a clinical or
epidemiological tool for evaluation of cardiovascular risk in
both primary and secondary prevention.”

This is a condition which deep-down does not appear
desecrating to those who are concerned with prevention of
cardiovascular disease: in fact the BMI does not appear in any
of the versions of the algorithm of Framingham, one of the
strongest tools for defining coronary and cardiovascular risk.
Indeed, in the Framingham study it was assumed that there
could be “metabolically healthy obese subjects.”

An important contribution to evaluation of the influence
of obesity on cardiovascular risk is the Interheart Study [6],
which shows inconvertible evidence that abdominal obesity
makes a higher contribution than BMI to the probability of
these events. The following year, focusing attention on the
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relation between obesity and heart attack risk, Yusuf et al.
published a study [7] defining the results more accurately,
showing that the association between abdominal adiposity
and coronary heart disease risk is highly significant in all
geographical areas in which Interheart Study data were
collected.

These data incontrovertibly seem to support the use-
fulness of the evaluation of waist circumference (WC) in
cardiovascular risk stratification, having been considered
the most valid index of regional distribution of adipose
tissue. Measurement of body circumferences, although it is
a valid method, requires an accurate performance method
in order to provide reproducible information. Several studies
have shown that WC is strongly related to visceral fat and
abdominal adiposity, more than BMI and waist/hip ratio.

The only limitation of WC is inaccurate distinction
between visceral and subcutaneous adipose tissue in the
abdominal region.

2. A New Method for Evaluation of
Adipose Distribution and Function
(Visceral Adiposity Index)

The Visceral Adiposity Index (VAI) is an empirical-
mathematical model, gender-specific, based on simple
anthropometric (BMI and WC) and functional parameters
(triglycerides (TG) and HDL cholesterol (HDL)), and
indicative of fat distribution and function [8]. It is an
empirical-mathematical model that does not originate from
theoretical assumptions, but from observation in a healthy
normal/overweight population of a linear relationship
between BMI and CV, from which a linear equation has been
extrapolated (Figure 1).

At first a model of adipose distribution (MOAD) was
created based on this linear equation (which shows a strong
correlation with visceral fat mass determined by MRI. Sub-
sequently MOAD was corrected for triglyceride and HDL
cholesterol levels, determining the VAI:

Females: VAI = ( WC
36.58 + (1.89 × BMI)

)

× (

TG
0.81

) × (

1.52

HDL
) ,

Males: VAI = ( WC
39.68 + (1.88 × BMI)

)

× (

TG
1.03

) × (

1.31

HDL
) ,

(1)

where WC is expressed in cm, BMI in K/m2, TG in mmol/L,
and HDL in mmol/L.

The VAI has shown a strong positive correlation with
peripheral glucose utilization during euglycemic hyperinsu-
linemic clamp and seems to be independently associated with
cardio- and cerebrovascular events [8]. In the last three years,
it has been reported on more than 30 publications, in which
the capability of the VAI to express a possible “adipose tissue

dysfunction” and the cardiometabolic risk associated to it
have been evaluated.

3. VAI in the General Population as
a Marker of Cardiometabolic Risk

The main aim of our research field on the VAI has been to
identify a simple clinicalmarker of adipose tissue dysfunction
(indirectly reflecting cardiometabolic risk), before it develops
into an overt metabolic syndrome and/or a cardiovascular
complication. Unfortunately, today there are still no long-
term prospective studies that allow us to evaluate the predic-
tive power of the VAI regarding cardiovascular risk.

Our first study on the VAI [8], in a population of 1,498
Caucasian primary care patients, already showed that there
was a strong independent association with both cardiovascu-
lar (odd ratio (95% CI): 2.45 (1.52–3.95)) and cerebrovascular
events (odd ratio (95% CI): 1.63 (1.06–2.50)); in the same
study, a receiver operating characteristic (ROC) analysis
proved greater sensitivity and specificity of VAI, compared
to its individual components (WC, BMI, HDL, and TG)
with regard to cardiovascular and cerebrovascular events.
In another ROC analysis on 1518 Peruvian adults, in which
various measures of adiposity were evaluated, VAI, WC, and
waist-height ratio (WHtR) were the best predictors of the
individual components of the metabolic syndrome [9]. In
particular, the VAI showed good predictive power regarding
the visceral adiposity-related risk of type 2 diabetes [10–
12] and hypertension [13]. Although in some studies the
increase in VAI was significantly associated with a significant
reduction in insulin sensitivity [8, 14, 15], VAI is not to be seen
as an index of insulin sensitivity, but as an indicator of altered
adipose function which is associated with insulin resistance.

Although the VAI was modelled on a Caucasian pop-
ulation, several studies confirm the validity of its use with
other races. For example, in a large case-control study, a high
VAI is associated with elevated risk of CHD in Chinese men
and women [16]. Moreover, in a large cross-sectional study
on 1,764 primary care patients, through an ROC analysis,
appropriate stratified-for-age cut-offs were identified that
were able to identify a supposed adipose tissue dysfunction
[17] (Table 1).These cut-offs have beenmore or less confirmed
in a recent study (data not yet published) in which adipose
tissue dysfunction was directly investigated through a large
panel of proinflammatory adipokines.

Despite this suggestive evidence, there are also conflicting
data like those shown by an Iranian study, which concluded
that using the “complex” VAI, instead of other simple anthro-
pometric measures, may lead to loss of much information
needed for predicting incident CVD [18]. Another Canadian
study also indicated the nonsuperiority of the VAI, compared
to BMI and WC, in predicting the visceral adipose tissue
change in postmenopausal women during a low-calorie diet
[19]. These data suggest the need for further prospective
studies which take into account the greater variability in the
years of the VAI, compared to other simple anthropometric
measures.
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Table 1: Age-stratified cut-off points of VAI for identification of adipose tissue dysfunction (ATD).

ATD absent Mild ATD Moderate ADT Severe ADT
Age < 30 years ≤2.52 2.53–2.58 2.59–2.73 >2.73
≥30 < 42 years ≤2.23 2.24–2.53 2.54–3.12 >3.12
≥42 < 52 years ≤1.92 1.93–2.16 2.17–2.77 >2.77
≥52 < 66 years ≤1.93 1.94–2.32 2.32–3.25 >3.25
≥66 years ≤2 2.01–2.41 2.42–3.17 >3.17
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Figure 1: Linear relationship observed between BMI and WC in 315 primary care patients, with BMI between 20 and 30Kg/m2 and age
43.46 ± 14.30 years (range 19–83), selected because of absence of diabetes mellitus or FPG ≥ 5.6mmol/L, high blood pressure, dyslipidemia,
metabolic syndrome and cardiovascular disease (CVD). A model of adipose distribution (MOAD) was created based on this gender-specific
linear equation. Taken from Amato et al. [8].

4. VAI in NAFLD and NASH

In the hepatological field, the VAI has been investigated in
several studies in patients with NAFLD, with the main objec-
tive of identifying a clinical marker predictive of evolution
towards necroinflammatory injury and fibrosis [20–25]. In
this respect, there are contrasting results between the various
studies, since according to some authors the VAI accurately
predicted progressive liver histology more accurately than
other validated noninvasive scores and identified patients
withNAFLDat increasedCVDrisk [20, 24, 25], while accord-
ing to other authors [21–23] the VAI is not more powerful
than other anthropometric indices in discriminating steatosis
from steatohepatitis. In our opinion, these discrepancies
are attributable to differences between the patients enrolled,
especially concerning the variables included in the VAI. This
especially applies (as explained in the proper use and limits
section) to the mean of triglyceride levels in the various
populations [26]. Moreover, in the hepatological field, an
interesting result was obtained from a study [27] on patients
with chronic hepatitis C due to genotype 1. In these patients
only older age, high VAI, and fibrosis were independently
associated with moderate-severe necroinflammatory activity
by a logistic regression analysis; a higher VAI also has a
direct correlation with viral load. Probably, adipose tissue

dysfunction (indirectly expressed by the VAI) by way of
free fatty acid and proinflammatory cytokine secretion could
directly participate in both liver steatosis and induction of
inflammation. In this complex interplay between the liver
and adipose tissue, HCV could have an important role. It
is possible not only that adipose tissue could provide fatty
substrates and a proinflammatory status, favouring HCV
replication, but also that HCV could interfere with adipocyte
function indirectly by increasing the inflammatory status and
directly by colonizing adipocytes or immune cells infiltrating
adipose tissue [28, 29].

5. VAI in Various Endocrine Diseases

It is now known that carbohydrate, lipid, and protein
metabolism and the whole cardiovascular system respond to
multiple endocrine signals, including those originating from
the adipose endocrine organ. Therefore, there are several
endocrine diseases that expose the patient to a significant
cardiometabolic risk. This risk is unfortunately not easily
identifiable through the classic systems of valuation (risk
charts, Framingham risk score, etc.) based on classical car-
diovascular risk factors. Nor, in this field, can one rely on the
presence of obesity; it is nowknown that endocrinopathymay
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increase cardiovascular risk even in lean subjects. Therefore,
especially in young patients with endocrine disease, who
have not yet developed an overt metabolic syndrome, the
application of the VAI could give useful information.

5.1. VAI in the Polycystic Ovary Syndrome (PCOS). Insulin
resistance and abdominal obesity are common but not uni-
versal features of PCOS, and they are not always associated
with an increased BMI. Indeed, many studies have shown
that both lean and obese women with PCOS have insulin
resistance [30], though recently it has been shown that in
PCOS there is an intrinsic IR that is further worsened
by increasing BMI [31]. It is also known that obesity is
not necessarily an expression of cardiometabolic risk, given
that there exists “metabolically healthy obesity” in which
the particular gynoid distribution of fat does not confer a
cardiometabolic risk [32]. According to these findings, in
womenwith PCOS, it is necessary to identify a simple clinical
index able to distinguish metabolically healthy polycystic
ovary syndrome (MH-PCOS) from metabolically unhealthy
PCOS (MU-PCOS). In first study of ours [33] it was found
that the oligomenorrhoic phenotypes of PCOS (applying the
Rotterdam criteria) were characterized by a high VAI and a
condition of cardiometabolic risk. Recently in young Korean
women with PCOS, the VAI positively correlated with the
visceral fat area (measured with computed tomography) and
visceral-to-subcutaneous fat ratio and negatively correlated
with the insulin-mediated glucose utilization (M value) dur-
ing euglycemic hyperinsulinemic clamp [14]. Another recent
study shows that in women with PCOS the VAI increases
in relation to the severity of anovulation, insulin resistance,
and inflammation [34]. Recently these findings have led
us to verify whether it was possible to distinguish women
with MH-PCOS from women with MU-PCOS through the
use of simple diagnostic tools such as BMI, waist to hip
ratio (WHR), the at-risk category suggested by Androgen
Excess Society (AES) [35], and the VAI. Despite the risk
according to AES, a BMI > 27 kg/m2 and a VAI > 1.675
have similar diagnostic value in detecting adverse metabolic
profile inwomenwith PCOS, a risk that according toAES and
BMI > 27 kg/m2 criteria tends to overestimate the problem;
therefore, given the simplicity of WC and BMI measurement
and TG and HDL assessment, it has been suggested that the
VAI could be an easy and useful tool for the assessment of
MU-PCOS in daily clinical practice and in population studies
[36].

5.2. VAI in Acromegaly. Untreated acromegalic patients have
a decreased fat mass and increased lean body mass due
to the lipolytic effect of GH [37, 38]. In such patients the
subcutaneous adipose tissue is reduced, but the visceral
adipose tissue secretes a number of cytokines that may cause
adipocyte dysfunction and contribute to insulin resistance in
the liver and skeletal muscle and adversely affect pancreatic
𝛽-cell function [39]. This pathophysiological condition can
escape the dichotomous criteria of metabolic syndrome,
especially because of the absence in many cases of an

increased waist circumference. Although the VAI is a gender-
specific index (separately modelled on healthy women and
healthy men), in women with active acromegaly it is strongly
associatedwith insulin resistance, adipose tissue dysfunction,
and cardiometabolic risk, especially in the postmenopausal
age [40]. In another study [41] theVAI also appears to be asso-
ciated with disease activity, inversely with adiponectin levels,
insulin sensitivity, and insulin secretion, and independently
correlated with GH levels. These data suggest that the VAI
could therefore be used as a useful tool for the assessment
of cardiometabolic risk associated with active acromegaly,
especially in postmenopausal acromegalic women.

5.3. VAI in Prolactinoma. Much is known about the effects
of prolactinomas on the reproductive system, but few data
are yet available regarding metabolism and adipose tissue
function. However, in both men and women alterations have
been observed in the distribution of adipose tissue, probably
related to chronic hyperprolactinemia [42, 43]. In two recent
studies it has been shown that in patients with prolactinoma
cabergoline treatment is able to significantly reduce the VAI
and improvemetabolic profile and insulin sensitivity [44, 45].
In clinical practice, in young patients with prolactinoma
without overtmetabolic involvement, theVAI could be useful
both at diagnosis and during the treatment followup, to
prevent the metabolic complications of the disease.

5.4. VAI in Cushing Disease. The application of VAI in overt
Cushing’s syndrome, on the basis of the typical clinical and
phenotypic alterations of the disease, is probably not very
useful. The fact is that almost all patients with overt Cushing
have a pathological increase inwaist circumference, BMI, and
triglycerides and lower HDL cholesterol. In these patients
(who for the reasons indicated above present a high VAI),
the use of the index adds nothing to simple application of the
metabolic syndrome criteria. Furthermore, if on the one hand
the VAI is probably an indicator of adipose dysfunction, on
the other hand it is known that all patients with Cushing have
visceral fat dysfunction. In our opinion, the only application
field of the VAI in Cushing’s syndrome is epidemiological
studies with a high sample size, taking into account the well-
known limits of the index. In a recent study, the VAI was
tested in 140 patients with Cushing’s syndrome [46]; in this
studywomenwithCushing showed a significantly higherVAI
(considering that inmenwith Cushing the VAI was also high,
compared to values observed in the general population),
consequent of the influence of cortisol excess on visceral
adipose dysfunction. The increase in the VAI, specifically
described in women with Cushing, confirms the loss of
gender-related cardiovascular protection of the women when
they develop an increase in visceral adipose tissue, as also
observed in other endocrine diseases, such as acromegaly and
prolactinoma [40, 44]. On the basis of these experiences, even
if we consider unnecessary the use of the VAI in case-control
studies on Cushing patients versus healthy populations, this
index could show its usefulness in prospective studies which
contemplate therapeutic outcomes.
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6. Proper Use and Limits of Visceral
Adiposity Index

The scientific evidence of the last three years on the use
of VAI has allowed us to understand the usefulness of the
index and especially also its limitations. These have been
summarized in a recent letter to the journal NMCD [26].The
main aspect to consider is that the VAI is an indicator of early
cardiometabolic risk in all borderline conditions in which
overt metabolic syndrome is not present. This is explained
by the fact that three of the variables making up the VAI
(WC, TG, and HDL) are dichotomically expressed in the
criteria for metabolic syndrome. Also, of the four variables
that make up the VAI, triglycerides present the problem of
the wide range of values found in the general population,
and waist circumference the problem of the validity of
measurement in subjects with morbid obesity and pendulous
abdomen. For these reasons it has been recommended in an
individual patient or in small sample studies the VAI should
not be applied, above all in the presence of morbid obesity,
pendulous abdomen, severe hypertriglyceridemia, and/or use
of fibrates [26]. In this regard, we observed that, above values
of serum triglycerides> 3.15mmol/L (279mg/dL), the impact
of triglyceridemia on the VAI becomes very crucial: in these
cases triglycerides alone can provide us with much more
information than the VAI regarding the cardiometabolic
risk associated with adipose dysfunction. The same can also
be said about subjects with morbid obesity, in which even
WC has no great diagnostic value. An example of incorrect
application of the VAI is a recent study in a population with
obstructive sleep apnoea, where the authorswanted to test the
association with the severity of sleep apnoea [47]. In actual
fact, in many patients with this problem morbid obesity and
a metabolic syndrome occurred.

Another important aspect that deserves to be investi-
gated concerns changes in the VAI with a low-calorie diet.
Theoretically a healthy weight loss achieved with a mildly
reduced calorie-balanced diet (which does not result in
intense and rapid lipolysis), possibly accompanied by aerobic
physical activity, should result in a reduction in the VAI.
This aspect has not yet been studied. An original recent
study found that Ramadan fasting in healthy adult men
was associated with significant decreases in body weight,
BMI, waist circumference to height ratio (WHtR), and Body
Adiposity Index (BAI), but we found no significant changes
in the VAI [48]. These data indicate that this particular form
of fasting for a period of about a month, even if it determines
weight loss, does not reduce the cardiometabolic risk.

Another important limitation to consider is the applica-
tion of the VAI in non-Caucasian populations and in patients
aged less than 16 years. The fact is that the numerical factors
of the index arise from a mathematical modelling process
on healthy Caucasian men and women, aged between 19
and 83 years. In this regard a study was recently published
which evaluated the VAI in children [49].The authors rightly
conclude that the VAI should be extrapolated with caution in
this age range. We will add more: the VAI “absolutely should
not be applied in this age range,” because the numerical
factors that make up the formula of the VAI are derived by

the linear equation linking the BMI and waist circumference
in a healthy adult population and mean levels of triglycerides
and HDL cholesterol in the same population (Online-Only
Appendix in [8]).

Having made these considerations, we recommend the
application of VAI in the following populations: healthy or
apparently healthy population with BMI < 40 kg/m2, patients
with one or two of the 5 components of the metabolic
syndrome, women with PCOS, and patients with endocrine
disorders (e.g., acromegaly, adult GH deficiency, hypogo-
nadism, hyperprolactinemia, or abnormal thyroid function).

7. Conclusion

An appropriate use of the VAI (which necessarily implies
absolute knowledge of what we have already defined as limits
of application) could help us in various clinical situations
to assess the complex phenomenon of “adipose tissue dys-
function,” especially in the absence of an overt metabolic
syndrome. Unfortunately, today the ability of the VAI to
express adipose tissue function is only to be seen as a
hypothesis; indeed few studies exist that have evaluated the
correlation between it and adipocytokine production [11, 25,
41]. However, in our recent study [50] we evaluated the cor-
relations among various anthropometric indices (BMI, waist
circumference (WC), hip circumference (HC), waist/hip
ratio (WHR), BAI, and Visceral Adiposity Index (VAI))
and several adipocytokines (visfatin, resistin, leptin, soluble
leptin receptors (sOB-R), adiponectin, ghrelin, adipsin, PAI-
1, vascular endothelial growth factor (VEGF), hepatocyte
growth factor (HGF) TNF-𝛼, hs-CRP, IL-6, and IL-18) in
patients with type 2 diabetes. Our data suggest that the VAI,
among the most common indexes of adiposity assessment,
would be an easy tool for clearly mirroring adipose tissue
dysfunction and its associated cardiometabolic risk.

In conclusion, although still lacking prospective studies
that can attribute a prognostic role to the VAI regarding
cardiovascular risk, given the simplicity of WC and BMI
measurement and triglycerides and HDL cholesterol assess-
ment, we suggest that the VAI would be an easy tool for the
evaluation of adipose tissue dysfunction and its associated
cardiometabolic risk in various patient populations, mainly
in the absence of an overt metabolic syndrome.
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Bariatric surgery improves glucose homeostasis and alters gut hormones partly independent of weight loss. Leptin plays a role in
these processes; levels are decreased following bariatric surgery, creating a relative leptin insufficiency. We previously showed that
leptin administration in a weight-reduced state after Roux-en-Y gastric bypass (RYGB) caused no further weight loss. Here, we
discuss the impact of leptin administration on gut hormones, glucostasis, and appetite. Weight stable women after RYGB were
randomized to receive placebo or recombinant human metreleptin (0.05mg/kg twice daily). At weeks 0 and 16, a liquid meal
challenge was performed. Glucose, insulin, C-peptide, GLP-1, PYY, glucagon, and ghrelin (total, acyl, and desacyl) were measured
fasting and postprandially. Appetite was assessed using a visual analog scale. Mean post-op period was 53 ± 2.3 months; mean
BMI was 34.6 ± 0.2 kg/m2. At 16 weeks, there was no significant change in weight within or between groups. Fasting PYY was
significantly different between groups and the leptin group had lower sweets craving at week 16 than the placebo group (𝑃 < 0.05).
No other differences were observed. Leptin replacement does not alter gut hormones or glucostasis butmay diminish sweet cravings
compared to placebo in this population of post-RYGB women.

1. Introduction

Roux-en-Y gastric bypass (RYGB) surgery results in a reduc-
tion of approximately 38% of total body weight at one year
that, unlike diet therapy alone, is mostly maintained over the
long term [1]. In addition to weight reduction, improvement
in glucose homeostasis has also been observed, which may
be partly independent of reduced body weight. Unique
alterations in circulating levels of gut hormones, such as
ghrelin, peptideYY (PYY), and glucagon-like peptide 1 (GLP-
1), also occur after RYGB that create an environment favor-
ing decreased appetite, weight reduction, maintenance of a
reduced body weight, and improved glucose tolerance. Ghre-
lin, an orexigenic hormone produced in cells of the oxyntic
glands of the stomach, was found to decrease or remain
the same following RYGB [2, 3], in contrast to the usual

increase in ghrelin levels that occurs after diet or gastric
banding. PYY is secreted by intestinal L cells in response to
food intake, leading to a decrease in gastrointestinal motility
and increased satiety. Postprandial PYY levels are markedly
increased after RYGB [2, 4]. Circulating concentrations of
GLP-1, also produced by L cells, are increased following
RYGB, contributing directly to reduced appetite, increased
satiety, and weight loss as well as increases in glucose-
stimulated insulin release following food ingestion [4, 5].

Many individuals who have undergone RYGB experience
a plateau in weight loss with a body mass index (BMI) still
within the obese range [6]. Counterregulatory hormonesmay
impede further loss despite the presence of excess of body
fat [7]. Leptin is a critical afferent component of a regulatory
loop linking fat mass to food intake and energy expenditure
and has also been shown to play an important role in
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glucose homeostasis through its effects on insulin as well
as other mediators of glucose metabolism [8, 9]. Following
weight loss, leptin levels decrease out of proportion to the
amount of fat mass [10]. Leptin levels in those having lost
weight following RYGB are less than levels in BMI-matched
individuals who have not undergone weight loss [11], putting
the former in a state of relative leptin insufficiency, whichmay
be an important factor contributing to their inability to lose
more weight.

Leptin is thought to modulate a number of hormones
involved in appetite regulation and food metabolism, which
are themselves altered by weight loss [12, 13]. While its
relationship with some appetitive hormones is as yet unclear,
animal studies have suggested that GLP-1 as well as PYY are
increased following leptin administration [14–16], favoring
appetite reduction and weight loss. Leptin and ghrelin have
opposing actions and leptin administration in animal models
has resulted in a reduction in ghrelin levels [17, 18]. Lep-
tin administration has been shown to increase satiety and
satiation in mouse models of obesity as well as in humans
with leptin insufficiency [19–21], suggesting that it may affect
the secretion and/or function of such hormones to promote
weight reduction. Insulin sensitivity is improved following
leptin administration [22], and leptin has been found to
decrease glucagon levels in rat and mouse models of both
type 1 and type 2 diabetes, contributing to the improvement
in glycemic status [23, 24].

Leptin replacement therapy has been used in humans
with congenital leptin deficiency and has resulted in weight
loss when prescribed in physiologic doses. However, high
pharmacologic levels of leptin are required to induce weight
loss in otherwise healthy obese individuals; physiologic
replacement of leptin has led to minimal to no weight loss
[25–31]. In contrast, administration of physiologic replace-
ment doses of leptin that restore circulating concentrations
to preweight loss levels reverses many of the manifestations
characteristic of the weight-reduced state, in some cases,
irrespective of further weight loss [25–27]. Animal models
of weight loss have suggested that leptin interacts with
appetitive hormones in a manner that promotes further
weight reduction [14, 15, 18]. Such interactions have yet to be
studied in humans after RYGB.

We previously reported that, contrary to our expectation,
leptin administration did not lead to further weight loss in
women who had undergone weight loss after RYGB and
whose leptin levels were lower than that predicted for a
nonreduced individual with the same BMI [32]. This paper
examines our secondary objective, which was to establish
whether leptin administration in this weight-reduced state
would be associated with changes in hormones involved in
nutrient metabolism as well as in satiation. We hypothesized
that leptin administration would lead to alteration in gut
hormones that would promote further weight reduction and
improve glucose homeostasis.

2. Materials and Methods

2.1. Study Subjects. Women between the ages of 25 and
65 years who were at least 18 months after RYGB, had

a percent total weight loss from the highest presurgical
weight to current weight between 18% and 45%, and had
a current BMI of 28–50 kg/m2 were invited to participate.
Subjects were considered for enrollment if their plasma leptin
level was less than the level predicted from the regression
equation generated using leptin levels and BMI from a non-
weight-reduced cohort of 55 women who had participated in
previous studies from our group: (0.991 × BMI) − 3.37. [JK,
unpublished data]. Exclusion criteria have been described
elsewhere [32].This study is in accordancewith the guidelines
of the Declaration of Helsinki and was approved by the
Columbia University Institutional Review Board. All subjects
provided written informed consent.

Thirty-five of the 69 subjects screened met enrollment
criteria. Eight subjects failed to have at least one follow-
up visit after randomization and were excluded from the
analysis. Of the remaining 27 subjects, 22 completed the test
meal at baseline and 16 weeks after treatment [32].

2.2. Protocol. The study protocol has been described pre-
viously [32]. Briefly, subjects who met criteria entered a 2
week single-blind placebo run-in period, after which they
were randomized to receive either placebo or recombinant
human metreleptin. Metreleptin, referred to as “leptin,” and
placebowere generously donated byAmylin Pharmaceuticals
(San Diego, CA).The dose of leptin (0.05mg/kg body weight
self-administered via subcutaneous injection twice daily)
was expected to raise maximum plasma leptin levels to
high physiologic/low pharmacologic levels yet would not be
expected to cause clinically significant weight loss in a person
who had not undergone weight reduction [25].

At weeks 0 and 16, a meal challenge (Optifast; Novartis,
Minneapolis MN; 474mL, 320Kcal, 50% carbohydrate, 35%
protein, and 15% fat) was performed. PYY, insulin, glucose,
insulin, C-peptide, and ghrelin (total, acyl, and desacyl) were
measured in the fasted state as well as 15, 30, 60, 90, and
120 minutes after consumption of the liquid beverage, with
the exception of total GLP-1 that was measured in the fasted
state as well as 15 and 30 minutes postprandially. Appetite
was assessed using a validated visual analog scale [33] with
questions about a subjective feeling written below a 100mm
line anchored on either end with opposite descriptors (not at
all, extremely). Subjects were asked to make a vertical mark
across the line corresponding to their feelings. The answer
was quantified by measuring the distance from the left end of
the line to the mark. The VAS was administered in the fasted
state as well as 60, 90, and 120 minutes after consumption of
the liquid meal.

Venous blood samples were collected in EDTA tubes that
were centrifuged for 15 minutes at 4∘C and stored at −80∘C
until assayed in duplicate. Glucose, insulin, leptin, and total
ghrelin weremeasured as described elsewhere [11]. Assays for
total PYY and total GLP-1 were previously described as well
[34]. C-peptide was measured with the Immulite Analyzer
(Diagnostic Products Corp., Los Angeles, CA). Glucagon
was measured by RIA as per manufacturer’s instructions
(MilliporeCorporation, Billerica,MA). Blood samples for the
measurement of acyl and desacyl-ghrelin were collected in
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Table 1: Baseline characteristics of study participants.

Parameter Placebo Leptin 𝑃 value∗

Age (y) 42.2 ± 2.8 51.4 ± 2.0 0.02
Pre-RYGB BMI (kg/m2) 48.6 ± 1.9 47.1 ± 1.8 0.58
BMI at screen (kg/m2) 35.0 ± 1.1 33.3 ± 1.4 0.35
Wt Loss (%) 30.2 ± 2.3 30.7 ± 2.1 0.88
Post-op period (mo) 44.2 ± 7.4 64.6 ± 8.6 0.09
Leptin (ng/mL) 27.1 ± 3.2 21.8 ± 2.5 0.20
Leptin/kg FM (ng/mL/kg) 0.70 ± 0.06a 0.66 ± 0.06b 0.61
Results are expressed as mean ± SEM. 𝑛 = 11 subjects per group except as
follows: a𝑛 = 9; b𝑛 = 10. ∗𝑃 value obtained by two-tailed independent 𝑡-test.

EDTA tubes containing AEBSF, were centrifuged, and then
acidified with HCl prior to measurement by sandwich assays
[35]. Plasma was diluted as necessary to obtain readings
within the assay range.

2.3. Statistical Analysis. Data were evaluated for normality
with the Kolmogorov-Smirnov test and none were found to
require transformation. Raw score differences and percent
change from baseline were calculated. For repeatedly mea-
sured postprandial samples, area-under-the-curve was calcu-
lated using the trapezoidal rule. Group differences at base-
line were evaluated with independent 𝑡-tests for continuous
measures. Group, time, and group by time interactions were
estimated with linear mixed models for repeated measures as
fixed effects, the value of the outcome at baseline entered as a
continuous covariate, and a compound symmetry covariance
structure for the autocorrelation of measures within subject.
The covariance structure was selected prior to inferential
testing from empirical evaluation of alternative structures.
Model estimated mean and standard errors for differences
between times within group and between groups at specific
times were used for the specific comparisons. 𝑃 values
for differences are based on the method of simultaneous
confidence intervals. Least squares regression was used to
assess the association of weight loss to initial leptin levels,
number of months between surgery and study entry, and
percent weight loss from presurgical maximum weight. No
adjustment for multiplicity was employed for the multiple
endpoints assessed.

3. Results

Prior to RYGB, BMI was similar between groups (Table 1).
Baseline characteristics, with the exception of age, were also
similar at the time of this study. Duration of postoperative
period was a mean of 53 ± 2.3 months for the study cohort.
Mean percent weight loss from the highest preoperative
weight to weight at time of screening visit was 30.7 ± 0.33%,
with a range of 18.2–44.7%. The mean BMI for the study
cohort at the time of screening was 34.6 ± 0.2 kg/m2, with a
range of 28.4–41.7 kg/m2.

At 16 weeks there was no significant change in weight
within or between groups (Table 2). As expected, leptin
concentrations increased in the treated group. Group by time

interaction testing revealed significant differences between
leptin and placebo treated groups for fasting PYY and insulin
AUC (Table 2); however, the latter difference was driven
by one subject who had an unusually elevated postprandial
insulin and C-peptide response in the placebo group at week
16 (Figure 1). Otherwise, there were no changes in glucostatic
parameters that were different between the groups. Fasting
ghrelin and the ghrelin response to the test meal were similar
between groups (Figure 2). Similarly, acyl-ghrelin, desacyl-
ghrelin, and the ratio of desacyl-to acyl-ghrelin in the fasted
and postprandial state did not change with leptin treatment.

One question on the VAS scale showed a statistically
significant difference between the leptin and placebo treated
groups at week 16 (𝑃 = 0.05; Table 3). “How much do you
crave something sweet right now?” The leptin treated group
had a significantly lower rating for this question than did the
placebo treated group.

4. Discussion

Our previously published report of this investigation showed
that physiological leptin replacement in weight stable women
who are in a state of relative leptin insufficiency after RYGB
does not result in further weight loss [32]. Absence of an
effect on body weight allowed for the unique opportunity
to examine the role of leptin on gut hormone and glucose
regulation independent of weight loss. Our findings indicate
that leptin replacement does not lead to alterations in gut
hormone physiology that would favor a further reduction in
weight or improvement in glucose homeostasis compared to
placebo in this population of obese women after RYGB.

Ghrelin is an orexigenic hormone that has an opposing
effect to the anorexigenic properties of leptin. Leptin has
been found to decrease ghrelin release from the stomach in
vitro and suppress ghrelin secretion fromwild type and ob/ob
mouse models as well as diabetic rat models [17, 18, 36].
However, this effect was observed only transiently in adult
rats [37]. Ghrelin O-acyl transferase (GOAT), the enzyme
that octanoylates ghrelin from the desacylated to the acylated
form, is increased by leptin in vitro in stomach cells, thus
increasing expression of the more potent acylated form and
promoting food intake [38]. Desacyl-ghrelin has been shown
in some, but not all, studies to favor insulin sensitivity and
lack of weight gain [18, 36, 38]. Glucose-stimulated insulin
secretion was observed in rats following central desacyl-
ghrelin administration but not following peripheral admin-
istration [39]. Our findings showed no changes in ghrelin
levels after leptin administration, suggesting that modulation
of ghrelin levels or acylation may not be dependent upon
leptin in the weight-reduced state or that our subjects were
resistant to the effects of leptin.

Leptin andPYYboth play roles in appetite reduction yet it
is unclear whether theywork synergistically or independently
toward this common goal. Ad libitum fed rats administered
PYY followed by leptin had prolonged satiation compared
to when administered PYY alone [40], suggesting that the
two hormones work synergistically. Leptin administration to
humans following diet-induced weight loss did not increase
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Table 2: Changes in weight, glucostatic, and appetitive hormones.

Placebo Leptin
𝑃
∗

Week 0 Week 16 Week 0 Week 16
Wt (kg) 91.5 ± 4.9 91.1 ± 5.1 86.2 ± 3.8 86.4 ± 3.9 0.74
Leptin (ng/mL) 27.1 ± 3.2 29.8 ± 4.5 21.8 ± 2.5 223.4 ± 66ab 0.01
Glucose (mg/dL) 86.2 ± 1.8 84.4 ± 2.5 88.0 ± 1.7 88.0 ± 2.1 0.49
Insulin (𝜇IU/mL) 3.0 ± 0.4 3.6 ± 0.6 4.2 ± 0.7 4.1 ± 0.8 0.34
Glucose AUC 10354 ± 599 11506 ± 294 11718 ± 338b 11814 ± 438 0.20
Insulin AUC 2990 ± 327 4693 ± 888a 4553 ± 455 4181 ± 561 0.04
HOMA-IR 0.63 ± 0.08 0.76 ± 0.13 0.90 ± 0.14 0.89 ± 0.19 0.40
CPEP (ng/mL) 1.31 ± 0.11 1.30 ± 0.15 1.42 ± 0.14 1.40 ± 0.17 0.94
CPEP AUC 8.5 ± 0.7 10.3 ± 1.4 10.9 ± 1.3 9.8 ± 1.2 0.07
GLP-1 (pg/mL) 11.5 ± 2.1 9.7 ± 2.2 6.8 ± 1.6 7.1 ± 1.4 0.54
GLP-1 AUC 1332 ± 166 1136 ± 84 1957 ± 395 1171 ± 198a 0.21
PYY (pg/mL) 69.1 ± 12.6 43.0 ± 10.6a 47.9 ± 10.4 58.5 ± 15.6 0.04
PYY AUC 19536 ± 2483 16968 ± 2793 19557 ± 3405 21619 ± 3380 0.15
Glucagon (pg/mL) 79 ± 7 75 ± 7 71 ± 7 82 ± 5 0.10
Glucagon AUC 197 ± 20 231 ± 20a 216 ± 15 251 ± 10a 0.96
Ghrelin (pg/mL) 379 ± 54 379 ± 53 343 ± 48 326 ± 43 0.42
Acyl-ghrelin (pg/mL) 34.1 ± 13.5 31.7 ± 9.9 18.8 ± 5.4 21.9 ± 4.4 0.59
Desacyl-ghrelin (pg/mL) 64.7 ± 16.3 68.4 ± 19.0 41.4 ± 0.4 37.2 ± 3.2 0.63
Results are expressed as mean ± SEM. 𝑛 = 11 subjects per group except for ghrelin, acyl-ghrelin, and desacyl-ghrelin, where 𝑛 = 9 for placebo group. Hormone
measurements are from the fasted state unless otherwise indicated. a𝑃 < 0.05; week 16 is statistically different from week 0 within group. b𝑃 < 0.05; difference
in values is statistically significant between groups at the same week. ∗𝑃 < 0.05; statistically significant values for group by time interaction.

Table 3: Visual analog scale.

Placebo Leptin
Week 0 Week 16 Week 0 Week 16

How hungry are you? 2460 ± 479 3761 ± 569 2747 ± 524 3200 ± 592
How satisfied are you? 7606 ± 819 6537 ± 924 5283 ± 885 4719 ± 969
How full do you feel? 7428 ± 785 6241 ± 890 5286 ± 848 5197 ± 933
How much do you crave something sweet? 2120 ± 517 2898 ± 563∗ 2391 ± 543 1461 ± 585∗

How much can you eat now? 3221 ± 454 4264 ± 529 3453 ± 492 3246 ± 557
How much nausea or discomfort do you feel? 2958 ± 508 2330 ± 577 3056 ± 549 2888 ± 604
Values represent mean ± SEM AUC from fasting to 120min after consumption of the test meal. ∗𝑃 < 0.05 for within-group change.

PYY levels following a short term fast [40], which is similar
to our findings in surgically induced weight loss, suggesting
that PYY is not dependent on leptin to exert satiating effects.

Postprandial GLP-1 levels have been found to increase
following RYGB [41] and may contribute to a reduction in
appetite, weight loss, and improved glucose homeostasis.
GLP-1 and leptin interact to cause a reduction in food intake
in ob/ob mice and rat models, with GLP-1 secretion being
enhanced following leptin administration [15, 16].We did not
observe an increase in GLP-1 levels after leptin treatment.
Although AUCmeasurement of GLP-1 decreased after leptin
treatment, which is contrary to animal models and counter
to what we expected based on the role of GLP-1, the group by
time interaction was not significant. A possible limitation of
this study is that total, and not active, GLP-1 was measured.

Leptin, glucagon, and insulin work collaboratively to
maintain normoglycemia through inhibitory and stimulatory
effects on each other. The relationship between insulin and

leptin has been heavily studied, with findings most recently
suggesting that leptin has an inhibitory effect on insulin
secretion and reduces glucagon secretion in rodents with
type 1 diabetes, resulting in improved glycemic control in
the absence of insulin [24]. Restoration of leptin receptors
on proopiomelanocortin neurons in obese mice normalized
blood glucose and ameliorated hepatic insulin resistance and
hyperglucagonemia independent of changes in body weight
[24]. In humans, leptin administration had a minimal impact
on glycemic control (HbA1c decreased from 8.01% to 7.96%)
in patients with type 2 diabetes who maintained a stable
weight over the 4 month study period [42]. Similarly, leptin
treatment did not have a clinically important effect on insulin
action in obese people with newly diagnosed type 2 diabetes
[43]. Our findings are in disagreement with mouse studies
showing a reduction in glucagon secretion in the presence
of leptin. A limitation of our study is that although subjects
were obese, they were not hyperglycemic or insulin resistant
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Figure 1: Levels of glucose, insulin, C-peptide, GLP-1, glucagon, and PYY. GLP-1 in placebo and leptin treated groups at weeks 0 and 16
(triangles, placebo group; circles, leptin group). Individual values and group mean (solid line) are represented.

as evaluated byHOMA-IR; thus, resultsmay not be indicative
of results that might be obtained using leptin therapy in a
population with glucose intolerance or before diabetes. Also,
the small study size would not be able to detect very small
changes.

Feelings of hunger and satiety data were not different
between groups with the exception of a decreased craving
for something sweet in the leptin treated group at week
16 compared to placebo treated subjects at that time point.
Leptin has been shown to modulate sweet sensitivity at the

level of the taste receptors of the tongue. Ob/ob mice were
found to have increased cravings for sweet items that were
decreased following administration of leptin [44]. This did
not occur in the leptin receptor deficient db/db mice. Simi-
larly, obese humans were found to have obliterated diurnal
variation in sweet cravings that are present in nonobese
humans and to have a higher threshold for sensitivity to
the effects of leptin on sweet cravings, thought to be due
to a higher basal leptin level [45]. Our findings suggest that
this threshold can be overcome with leptin administration;
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Figure 2: Fasting and postprandial plasma levels of total ghrelin, acyl-ghrelin, and desacyl-ghrelin (open circles and dashed line, week 0;
closed circles and solid line, week 16).

however, such decreases in cravings were unable to elicit
significant alterations in weight or glucose homeostasis but
might conceivably play a role in the maintenance of weight
loss over time.

Our study subjects were still overweight or obese at the
time of study entry, and while they had lost a considerable

amount of weight and had leptin levels below those predicted
for their current BMI, there is a possibility that they contin-
ued to be leptin resistant, manifesting no significant changes
to gut related hormones or feelings of satiety and satiation.
Our results are specific to a stable weight-reduced state
and, thus, may not indicate whether leptin administration
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can modulate hormone levels during active weight loss. The
question then becomes, at what level of leptin or at what
weight or at what amount of weight loss would the resistance
begin to subside, thus allowing those undergoing weight
loss to experience the weight regulating benefits of leptin
and possibly of appetitive hormones regulated by leptin.
There may also be subpopulations, such as individuals with
sweet cravings, who may benefit from longer exposure to
exogenous leptin administration in order to help maintain a
reduced body weight.

5. Conclusion

Leptin administration to women after RYGB who are in
a state of relative leptin insufficiency does not lead to
alterations in gut hormones or hormones that control glucose
homeostasis in the absence of weight reduction, suggesting
that the effects of these hormones to promote weight loss are
not necessarily leptin-dependent. Sweet cravings were found
to be decreased in those subjects receiving leptin, suggesting
a possible therapeutic benefit of leptin administration in a
subset of individuals.
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An alternative approach in determining cause, treatment, and prevention of obesity is to study those who appear resistant to the
obesogenic environment. We examined appetite responses in 33 obesity resistant individuals (ORI) versus 28 obesity susceptible
individuals (OSI). Fingerprick blood samples to measure ghrelin, total peptide YY (PYY), leptin, glucose, and insulin along with
appetite ratings were collected at baseline and 15, 30, 60, 120, and 180min following consumption of a standardized meal. Fasting,
area under the curve (AUC), peak/nadir, and time to peak/nadir were compared. Participants completed the three factor eating
questionnaire (TFEQ). No significant differences were observed for ghrelin or PYY. Higher leptin concentrations in the OSI
disappeared after controlling for percent body fat (%BF). Significant differences in appetite ratings included a lower hunger nadir
among OSI compared with ORI (𝑃 = 0.017). Dietary restraint (𝑃 < 0.001) and disinhibition (𝑃 < 0.001) were lower in ORI
compared with OSI, with and without adjustment for %BF. Given the differential body weight of the study groups, similar observed
ghrelin concentrations were unexpected, perhaps indicating OSI and ORI respond differently to the same ghrelin concentration.
Also ORI response to hunger appears different as they exhibit lower levels of dietary restraint and disinhibition compared with OSI.

1. Introduction

Obesity is well-recognised as a disease process leading to
multiple pathological consequences. The WHO declared
obesity to be an epidemic in 1998 [1]. In countries where
data are available, prevalence rates of obesity today are about
four times those of thirty years ago [1, 2]. Unfortunately,
most strategies to reduce or even curb increases in rates of
obesity have been largely unsuccessful [3–6]. Our so-called
obesogenic environment has been blamed for the dramatic
increase in obesity rates in recent years, as genetics alone
cannot account for such dramatic changes in a relatively short
time-frame.

Some obesity experts have made dire predictions for
future obesity prevalence rates. For instance, Wang et al. [7]
have predicted that by the year 2048, all American adults

would become overweight or obese. However, evidence sug-
gests that these predictions may be flawed. Information from
cross-sectional and prospective studies on temporal changes
in body mass index (BMI) indicate that the population
distribution of BMI is positively skewed and that over time
the degree of skew has increased [8–13].Thismeans that there
is proportionally more shifting at the upper end of the distri-
bution curve with the lower end of the distribution remaining
relatively static. That is, within a population, more people are
becoming overweight and obese; however, there still remains
a substantial sector of the population who have remained
lean, seemingly resistant to this obesogenic environment.

Most obesity researchers have investigated the character-
istics of overweight and obese individuals and populations in
an attempt to determine the cause, treatment, and prevention
of obesity. An alternative approach is to study those who have
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remained lean despite living in an obesogenic environment.
Information from this group may allow us to develop novel
strategies to benefit those who continually struggle to main-
tain a healthy body weight.

One potential difference between those who struggle
with their weight and those who remain lean with seeming
ease may involve appetite regulation. Several hormones have
important roles in regulating appetite. For example, ghrelin,
an orexigenic peptide, appears important in meal initiation
[14], whereas PYY may reduce food intake [15]. A previous
study compared concentrations of ghrelin, PYY, glucagon-
like peptide 1 (GLP-1), and leptin measured every 4 h
over a 24 h period among those considered constitutionally
thin (CT) and a group of healthy weight individuals [16].
Individuals were considered CT if they met the following
criteria: a BMI between 14.5 and 16.5 kg⋅m−2, stable weight
throughout the postpubertal period, presence of menstrual
periods without estroprogestative treatment, and the desire
to gain weight. Ghrelin, GLP-1, and leptin concentrations
were significantly lower, while PYY was significantly higher
in the CT group compared to normal weight controls. One
could propose that the hormone profile of CT individuals
may protect them from overeating and therefore in part
explain how thin individuals remain lean despite living in
an obesogenic environment. However, it is equally likely that
potential differences in eating patterns between the CT and
normal weight controls result in changes in the hormone
profile.

Some [17–19], but not all [20] research has reported lower
baseline and postprandial ghrelin concentrations in obese
individuals when compared to their lean counterparts. The
suppression of ghrelin in response to a meal may indicate
some form of dysregulation of appetite hormones in obese
individuals. In addition, ghrelin levels increase with subse-
quent weight loss, implying a role in long-termweight regula-
tion. It has also been suggested that lower fasting ghrelin may
be a consequence of downregulation caused by overeating
[21]. Two anorexigenic hormones, Peptide YY and GLP-1,
are reported to be lower in obese individuals, suggesting
differences in these hormones may be contributing to higher
energy intakes in the obese [19, 22, 23].

It would therefore be of interest to compare the hormone
profiles of those who report they remain lean with relative
ease (ORI) with those who report they struggle to maintain
a healthy body weight (OSI). As some studies have shown
that ghrelin secretion mirrors reported hunger [14, 20, 24],
it would also be worthwhile to investigate any differences
in appetite indices between these two diverse groups of
individuals.

We investigated hormone concentrations and appetite
indices in response to a standard meal among those who
remain lean with ease and those who constantly struggle with
their weight.

2. Materials and Methods

2.1. Subjects. Sixty-one participants were recruited from the
general public in Dunedin, New Zealand, via the distribution

of flyers, designed with specific questions to target obesity
susceptible and obesity resistant individuals, around local
supermarkets, advertising in the local newspaper, and emails
sent to University staff.

To be eligible, participants were required to be healthy
males or females aged between 20 and 45 years. Participants
completed a screening questionnaire to see if they met our
study criteria as either an obesity susceptible individual
(OSI) (struggles to maintain their weight, despite perceived
low energy intakes) or an obesity resistant individual (ORI)
(remains lean with relative ease and can eat whatever they
like). Participants were classified as OSI if they answered
positively to either or both of the following two statements:

(i) I am a person who needs to eat small amounts of food
to manage my weight,

(ii) I am a person who gains weight easily.

Conversely, participants were classified as ORI if they
answered positively to any of the following statements:

(i) I am a person who can eat whatever I like without
gaining weight,

(ii) I am a person who maintains my weight easily,
(iii) I am a person who loses weight easily,
(iv) I am a person who finds it difficult to put on weight.

Participants were excluded if they did not answer posi-
tively to any of the screening tool questions, had a thyroid
disorder, or were menopausal. In total 28OSI and 33ORI
were recruited. Obesity resistant individuals had a BMI of
17.5–27.7 kg/m2, had always been lean (as indicated by self-
reported weight history), and found it difficult to gain but not
lose weight. In contrast, OSI had a BMI of 21.6–44.0 kg/m2,
were likely to experience fluctuations in weight (as indicated
by self-reported weight history), and found it difficult to lose
but not gain weight. The study protocol was approved by the
Human Ethics Committee of the University of Otago, New
Zealand. All participants provided written informed consent.

2.2. Experimental Design and Procedures. Each participant
attended a 4 h clinic visit at the Department of Human
Nutrition, University of Otago. Participants arrived at the
clinic after an overnight fast of at least 10 h. A fasting
fingerprick blood sample using a disposable lancet was taken
for measurement of ghrelin (active), PYY (total), leptin,
glucose, and insulin. Capillary blood samples were collected
in microcentrifuge tubes containing potassium EDTA. This
was followed by the consumption of a standardised meal that
participants were asked to consume within 15min. Further
capillary blood samples were collected at 15, 30, 60, 120,
and 180min following the start of ingestion of the meal.
Participants also completed an appetite questionnaire at each
blood sampling time-point.

2.3. Standardized Meal. The standardized meal was designed
to provide 2440 kJ (584 kcal) for females and 2928 kJ
(700 kcal) for males made up of 55, 29, and 15 percent of
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the total energy intake from carbohydrate, fat, and protein,
respectively.The meal was comprised of a muesli cereal
(containing oats, wheat germ, Special K (Kelloggs), brown
sugar, desiccated coconut, skimmed milk powder, full fat
milk, canola oil, almonds, sultanas, dried apricots, sunflower
seeds), milk, yoghurt, and orange juice. Participants were
required to consume the entire standardized meal. Because
the response of important study variables (namely, ghrelin,
PYY, and appetite scores) has been shown to be proportional
to caloric intake and because this study was cross-sectional,
we decided to fix caloric intake for each sex to reduce
interindividual variability.

2.4. Sampling and Biochemical Analysis. Capillary blood
samples (1mL) were collected in 1.5mL microcentrifuge
tubes containing 10 𝜇L of sodium EDTA. Immediately prior
to blood collection, 10 𝜇L of serine protease inhibitor was
added for the ghrelin (active) measurement. Upon blood col-
lection the tubes were gently inverted and stored on ice. Sam-
ples were then centrifuged for 15min to obtain plasma, which
was stored in microcentrifuge tubes at −80∘C until assay.
Whole capillary blood was also collected into a HemoCue
cuvette and blood glucose concentration measured using a
HemoCue Glucose 201+ Analyzer (Helsingborg, Sweden).

Ghrelin (active), PYY (total), leptin, and insulin were
analysed using immunoassay (Human Gut Hormone Panel
LINCOplex Kit, LINCO Research, St. Charles, MO, USA).
The minimum detectable concentrations for the hormones
were 1.8 pg⋅mL−1 for ghrelin (active), 8.4 pg⋅mL−1 for PYY
(total), 157.2 pg⋅mL−1 for leptin, and 44.5 pg⋅mL−1 for insulin.
The coefficient of variation formeasurements of ghrelin, PYY
(total), leptin, and insulin was 13.0%, 8.1%, 11.8%, and 8.4%
respectively.

Area under the curve (AUC) for ghrelin, PYY (total),
leptin, glucose, and insulin was calculated by the trapezoid
method.

2.5. Appetite Ratings. At each blood sampling time-point
participants completed a series of appetite related questions
using a 10 cm visual analogue scale (VAS) [25, 26]. In relation
to each question, there were extreme states anchored at either
end of the line. The questions asked were “how hungry are
you right now?” (not at all hungry/as hungry as I’ve ever
felt); “preoccupation with thoughts of food” (no thoughts of
food/very preoccupied, difficult to concentrate); “how strong
is your desire to eat right now” (very weak/very strong); and
“how full are you right now?” (not at all full/as full as I have
ever felt). The VAS was measured by an investigator blinded
to the study group. Area under the curve (AUC) for each
rating was calculated by the trapezoid method. The observed
peak/nadir and time to peak/nadir were recorded.The three-
factor eating questionnaire (TFEQ) [27] was administered on
a separate occasion before the 4 h clinic visit.

2.6. Body Composition. Body weight was measured on cal-
ibrated electronic scales (Wedderburn) that measured to
the nearest 0.01 kg. Height was measured to the nearest
millimeter using a stadiometer. Body composition including

lean mass, fat mass, and body fat percentage (%BF) was
measured using dual-energy X-ray absorptiometry (DXA)
(manufacturer info DPX-L Scanner, Lunar Corp., Cincinnati,
OH, USA) using software version 1.35 (Lunar, Cincinnati,
OH, USA) at the Dunedin Public Hospital Dual X-Ray
Absorptiometry Scanning Unit. Following screening, partic-
ipants also completed a questionnaire regarding past-weight
history. Weight history information was not used to further
categorise the participants, but it did confirm their status as
obesity resistant or obesity susceptible. When entering the
study participants self-reported being weight stable.

2.7. Statistical Analysis. The primary outcome measure to
be assessed was the postprandial change in ghrelin. Thirty
participants per group (OSI andORI) were required to detect
a difference of 5% in the serial measurements of ghrelin with
a power of 90% and alpha 0.05. Participant characteristics are
presented as arithmetic means and standard deviations (SD).
The results show the differences for sex adjusted for obesity
resistance/susceptibility category (ORS) and differences for
ORS adjusted for sex from regression analysis. A further
adjustment %BF was conducted by including a term for %BF
in the regressionmodel. An interaction between sex andORS
group was considered but as it was not statistically significant
it was not included in the final model. The fasting and AUC
hormone variables were log transformed before analysis. The
results are presented as medians (interquartile range). No
adjustment was made for multiple testing. Statistical analysis
was performed using STATAVersion 12 (STATA Inc., College
Station, TX).

3. Results

3.1. Participant Characteristics. The characteristics of study
participants are shown in Table 1.

3.2. Hormone Analyses. Fasting, AUC, peak or nadir, and
time to peak or nadir results for ghrelin, PYY (total), leptin,
glucose, and insulin adjusted for ORS and sex with and
without adjustment for %BF are presented in Table 2.

3.3. Ghrelin and PYY. No differences related to ORS or sex
were observed in the analysis of ghrelin or PYY.

3.4. Leptin. Fasting leptin concentration and leptin AUC
were significantly greater in females compared to males. The
nadir for leptin was also higher in females compared with
males. However, these differences disappeared when control-
ling for %BF. Fasting leptin concentration, leptin AUC, and
nadir for leptin were all lower in ORI compared with OSI.
Again, these differences disappeared when controlling for
%BF. No differences were observed in the leptin time to nadir.

3.5. Glucose and Insulin. Therewere no significant differences
for fasting, AUC, or time to peak for blood glucose for OSI
versus ORI or males versus females. Peak blood glucose was
significantly higher in males compared to females. Fasting
insulin and insulin AUC were significantly lower in ORI
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Table 1: Characteristics of obesity resistant individuals (ORI) and obesity susceptible individuals (OSI).

ORI OSI P value∗
Females Males Females Males

n 16 17 15 13
Age (years) 32.6 (7.6) 30.6 (7.7) 35.0 (7.7) 35.5 (9.1) 0.081
Weight (kg) 56.3 (5.3) 73.3 (10.7) 86.6 (15.2) 94.1 (11.0) <0.001
Height (m) 1.65 (0.06) 1.81 (0.08) 1.66 (0.05) 1.79 (0.04) 0.400
WC (cm) 71.6 (6.0) 80.4 (4.7) 95.6 (10.8) 99.4 (11.7) <0.001
BMI (kg/m2) 20.6 (1.8) 22.3 (2.9) 31.6 (6.2) 29.5 (3.3) <0.001
LBM (kg) 40.1 (4.2) 58.5 (9.1) 45.8 (3.7) 63.7 (7.6) 0.002
Fat Mass (kg) 13.1 (2.9) 11.3 (4.6) 37.2 (14.2) 26.1 (8.1) <0.001
% Body Fat 23.4 (4.8) 15.4 (5.6) 41.9 (9.9) 27.6 (7.1) <0.001
TSH (𝜇IU⋅mL−1) 1.45 (0.96) 1.78 (0.97) 1.67 (0.77) 1.58 (0.82) 0.958
All values are means (standard deviation).
BMI: Body Mass Index, LBM: Lean Body Mass, TSH: Thyroid Stimulating Hormone (reference range = 0.3–5 𝜇IU⋅mL−1 for adults with no known thyroid
dysfunction), WC: waist circumference.
∗P value from regression analysis for ORS adjusted for sex.

compared with OSI. These differences disappeared when
controlling for %BF.

3.6. Subjective Ratings of Hunger and Satiety. Fasting, AUC,
peak or nadir, and time to peak or nadir results for “hunger,”
“desire to eat,” “fullness,” and “preoccupationwith thoughts of
food” adjusted for ORS and sex with and without adjustment
for %BF are presented in Table 3.

The nadir for “hunger” was significantly lower for OSI
compared with ORI. The fasting rating of “preoccupation
with thoughts of food” was significantly higher in females
compared with males. Differences were also observed in the
time to nadir for the “preoccupation with thoughts of food”
rating, with the nadir occurring significantly later in ORI
versus OSI. These differences disappeared after controlling
for %BF. There were no significant differences observed in
fasting, AUC, peak, or time to peak for ratings of “fullness”
or “desire to eat.”

3.7. Three-Factor Eating Questionnaire (TFEQ). The TFEQ
results are presented in Table 3 and Figure 1. Dietary restraint
scores were significantly lower in ORI versus OSI (𝑃 <
0.001). Disinhibition scores were significantly lower in ORI
versus OSI (𝑃 < 0.001), while no significant differences were
observed in scores for hunger. These differences remained
statistically significant after adjustment for %BF.

4. Discussion

Why some individuals remain lean with relative ease while
others constantly struggle with their body weight, despite
living in a similar environment, is an intriguing question.
Although the majority of research in the obesity field
has focused on the characteristics of obese individuals, an
alternative approach is to compare the characteristics of
those who are seemingly resistant to obesity (ORI) with
those who appear highly susceptible (OSI). One reason for
the difference in weight gain susceptibility may be due to
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Figure 1: Three-factor eating questionnaire (TFEQ) scores for
obesity resistant (OR) females (F) and males (M) versus obesity
susceptible (OS) females (F) and males (M). Values are medians
in 25th and 75th interquartile range. ∗= obesity resistant < obesity
susceptible 𝑃 < 0.001.

physiological differences in appetite control. We studied the
hormonal response to a standardized meal amongst ORI and
OSI. Despite some differences in absolute values of these
hormones, the patterns of change in response to a standard
meal were remarkably similar between ORI and OSI.

As expected, ghrelin concentrations decreased in all
groups upon feeding reaching a nadir between 30 and
60min. Ghrelin, an orexigenic hormone, is acutely negatively
regulated by the ingestion ofmeals and positively regulated by
fluxes in overall energy balance [14]. Most previous studies
have shown that total ghrelin is negatively correlated with
%BF (obese individuals tend to have lower fasting ghrelin
levels compared to lean controls) [17–19]. Based on these
previous observations, onemight have anticipatedORI (%BF:
23.4 in females, 15.4 in males) to have a higher fasting
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ghrelin compared to OSI (%BF: 41.9 in females, 27.6 in
males). However, our study showed no differences in ghrelin
concentration betweenORI andOSI. Perhaps this is evidence
that ORI and OSI respond differently, in terms of eating
behaviour, to the same ghrelin concentration. That is, the
OSI’s higher level of dietary restraint and disinhibition may
indicate that they are either more responsive to orexigenic
signals and/or less responsive to anorectic factors.

Similar gherlin concentrations, despite different body
composition and therefore energy stores, have also been
observed in the study cohorts of two previous studies.
Khoury et al. [28] compared gut hormone response to three
standardized meals in a group with the metabolic syndrome
and lean controls. Despite a 15% difference in mean body
fat (33.5% versus 17.9%) there was no difference in active
ghrelin. Mittelman et al. [19] showed that although fasting
active ghrelin concentration was lower in obese, postprandial
increases were similar in both lean and obese children.

The similarities in ghrelin concentration among the two
groups may reflect two different mechanisms. Whereas the
OSI ghrelin levels are due to increased energy stores, the ORI
may have lower than predicted ghrelin levels due to a possible
underlying protective mechanism which theoretically could
protect against overeating and subsequent weight gain. Thus,
no obvious difference between the two groups is apparent.
Obesity resistance individuals may differ from other popula-
tions previously studied in that they largely struggle to gain
weight rather than simply being lean. One previous study
that investigated constitutionally thin (i.e., those who find it
difficult to gain weight) also found lower ghrelin levels than
expected given their low %BF [16]. As ghrelin is orexigenic
this finding may indicate a possible mechanism that prevents
these particularly lean individuals from overeating.

PYY is an anorexigenic hormone that has been associated
with meal satiety and thus theoretically meal termination
[15]. One may expect that those who remain lean with
relative ease have a higher concentration of these hormones
in response to feeding when compared to those who struggle
tomaintain a healthy bodyweight. In themajority of previous
studies investigating overweight and/or obese compared to
lean subjects, PYY levels were higher amongst lean indi-
viduals postprandially, suggesting a blunted response in
overweight/obese individuals [16, 19, 20, 22, 24]. In contrast,
we found no difference in PYY concentrations in response
to a meal. This finding compliments the ghrelin results and
may also indicate a differential response to the same PYY
level in ORI versus OSI. Khoury et al. [28] also observed no
differences in PYY responses and AUC between individuals
with the metabolic syndrome and controls in response to a
variety of meals.

Consistent with results from previous studies where
higher leptin concentrations have been associated with
increases in BMI [17, 29], the fasting and postprandial leptin
concentrations in the present study were also higher in the
group with greater BMI (OSI). This is in line with previous
literature that has highlighted the concept of leptin resistance
in overweight and obese individuals as a result of increased
adipose tissue stores [30]. In our study OSI have markedly
higher leptin concentrations than ORI but equivalent satiety

scores. This suggests that OSI are not responding fully to the
high concentrations of leptin.

In the face of similar hormone patterns it would have been
of interest to observe how much our two groups would have
eaten when presented with an ad libitum meal. Would they
choose a similar meal size or would OSI have actually wanted
to eat more? Future research should seek to investigate this as
it represents a more realistic eating situation.

In addition to the potential differential response to the
hormones in these two distinct groups of individuals there
were some differences in perceived appetite ratings. Most
notably, the ORI experienced smaller fluctuations in hunger
ratings. In addition, the TFEQ indicates that ORI may
respond differently to hunger in that they are less likely
to engage in dietary restraint and disinhibition behaviours.
This style of eating could be an artifact of the differential
response to the hormones or may be in response to some
psychological factors or learned behaviour. Overeating and
lack of response to satiety cues may be a learned response
that affects some to a greater extent than others. Physiological
signals and behavioural cues both regulate appetite and
energy intake. Which one predominates may depend on a
number of factors including genetics, the environment, past
experiences, parental influence, sensory stimulation, social
situation, and psychological well-being.

There are some limitations that should be considered
when interpreting the results of this study. Firstly, the cross-
sectional design of the study does not allow us to draw casual
inferences and the sample size was relatively small. Further,
given that ghrelin plasma concentrations differ throughout
the day in cyclic fashion in relation tomeal taking and diurnal
rhythms [14], it may be that the analyses simply did not
capture ghrelin differences as values were only assessed over
a 4 h period in the morning. In addition, any differences
observed between males and females may be attributable
to differences in the energy content of the standardized
meal as this was based on sex rather than estimated energy
requirements. This method for assigning energy content to
the standardized meal could also potentially have resulted
in the OSI eating less and the ORI eating more than they
are used to. Furthermore, current dieting patterns may have
influenced the results as individualswho were in a pattern of
energy restriction may have responded differently compared
to someone who was not actively trying to lose weight.

In conclusion, comparing peoplewho remain lean despite
living in an obesegenic environment (ORI) to those who
struggle to maintain a healthy weight (OSI) has provided
us with a novel approach to investigate the aetiology of
obesity. Given the differential body weights observed in the
two study groups in the present study, a similar ghrelin
concentration was unexpected. This could indicate that
OSI respond differently to the same ghrelin concentration.
Conversely, the lower than expected fasting ghrelin levels
observed in the ORI may provide a protective mechanism
that enables these individuals to remain lean. This warrants
further investigation. The higher levels of dietary restriction
and disinhibition amongst OSI indicate that psychosocial
factors are likely also important regulators of energy balance
in this group.
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Objective. The aim of this study is to analyse associations between eating behaviour and psychological dysfunctions in treatment-
seeking obese patients and identify parameters for the development of diagnostic tools with regard to eating and psychological
disorders.Design andMethods. Cross-sectional data were analysed from 138 obese women. Bulimic Investigatory Test of Edinburgh
and Eating Disorder Inventory-2 assessed eating behaviours. Beck Depression Inventory II, Spielberger State-Trait Anxiety
Inventory, form Y, Rathus Assertiveness Schedule, and Marks and Mathews Fear Questionnaire assessed psychological profile.
Results. 61% of patients showed moderate or major depressive symptoms and 77% showed symptoms of anxiety. Half of the
participants presented with a low degree of assertiveness. No correlation was found between psychological profile and age or
anthropometric measurements. The prevalence and severity of depression, anxiety, and assertiveness increased with the degree
of eating disorders.The feeling of ineffectiveness explained a large degree of score variance. It explained 30 to 50% of the variability
of assertiveness, phobias, anxiety, and depression.Conclusion. Psychological dysfunctions had a high prevalence and their severity is
correlated with degree of eating disorders.The feeling of ineffectiveness constitutes the major predictor of the psychological profile
and could open new ways to develop screening tools.

1. Introduction

The prevalence of obesity has increased markedly worldwide
during the past 20 years [1]. AmongUS adults, approximately
127million are overweight, 60million are obese, and 9million
havemorbid obesity (bodymass index (BMI)> 40 kg/m2) [2–
4].

This increase has a major impact on public health and
on health care costs because of the raise of obesity-related
diseases [4]. Further, and despite more than $30 billion
spent per year on weight-reduction programs [4–6], their
efficacy has not increased accordingly [7]. A recent review
suggested that the standard conservative treatments (diet,
physical activity, cognitive-behavioural therapy, and drugs)

are ineffective in the long term in 95% of the patients [8].
After diet alone, 75% of patients regain most of their weight
[9] and the addition of behavioural treatments only modestly
improves the results [10]. Bariatric surgery is currently the
only treatment achieving a sufficient and durable weight loss
[11, 12]; still, follow-up studies show that a number of patients
present a weight regain as early as 1 to 2 years after surgery
[13, 14].

One of the major reasons for the treatments’ ineffec-
tiveness is the large prevalence of eating disorders in obese
patients trying to lose weight [15], namely, binge eating
disorder (BED) [16]. The impact of weight loss programs
on the reduction of BED is low and actually tends to
exacerbate the severity of BED and obesity [17, 18]. Specific
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treatments including psychological support are essential in
those patients to improve long term results and to escape
fromweight cycling [19–22]. Interestingly, most patients with
BED start binge eating prior to the onset of dieting.The eating
disorder therefore seems to be the primum movens leading
to weight gain [23, 24]. Other psychological dysfunctions
such as depression are also frequent among obese subjects
[25]. Moreover, obese patients with BED present a higher
prevalence and/or severity of most psychological dysfunc-
tions than obese patients without BED [26–32].The detection
of psychological dysfunctions in obese patients is essential
as these are associated with lower weight self-efficacy and
limited weight loss [20, 33]. This evidence suggests that the
identification of potential psychological dysfunctions is a
very important step in the assessment of an obese patient,
as are the detecting potential cardiovascular and metabolic
comorbidities. Unfortunately, the implementation of psy-
chological assessment is complex and time consuming and
requires the use of specific questionnaires by psychologists.

Despite the fact that a number of studies already showed
that binge eating in obese women is a marker for greater
psychiatric morbidity, no data is available concerning poten-
tial predictive factors for the identification of psychological
distress in patients who suffer from eating disorders.

Thus, the aim of this study was to analyse the associations
between eating behaviour and psychological dysfunctions in
obese patients searching weight loss and to identify possible
predictive parameters for future development of diagnostic
tools in the field of eating and psychological disorders.

2. Materials and Methods

2.1. Patient’s Sampling. Thisworkwas approved by the Ethical
Committee of Lausanne University Medicine School and was
conducted at the Outpatient Obesity Clinic of the University
Hospital of Lausanne, Switzerland. Inclusion criteria were
female gender, willingness to lose weight, and agreeing to
participate; as men represent less than 5% of our Obesity
Clinic, it was decided to exclude them as it would be very
difficult to obtain an adequate sample size.The current use of
psychotropic medication was an exclusion criterion. Overall,
one hundred and fifty women trying to lose weight and to
control food compulsion accepted to participate.

2.2. Anthropometric Measurements andWeight History. Body
weight was measured in kg with a Detecto scale with a
precision of 0.2 kg; height was measured in cm with a
stadiometer with a precision of 0.5 cm. For the weight the
clothes and shoeswere left off and for the height the shoes and
socks were left off. For each parameter only onemeasurement
was taken. BMI was calculated as weight/height squared
(kg/m2). Waist circumference was taken at the smallest
standing horizontal circumference between the ribs and the
iliac crest using a TEC anthropometric tape (Rollfix, Hoechst
Mass, Germany). Three measurements were taken with the
criterion that difference between the measurements had to
be less than 2 cm apart and an average of these three values
was calculated. Additional measurements were taken when
needed until this criterion was fulfilled.

A specific case history was taken in order to estimate
weight history and fluctuation during the patient’s life. The
participation in organised weight loss programs defined as
a diet following a defined program through a nutritionist
or an organisation and the number of intentional weight
loss attempts were collected. The previous use of weight loss
drugs was also registered. The presence of a weight cycling
syndrome (WCS), defined as at least 3 weight reductions of
≥5 kg with a subsequent regain of ≥50% of the weight loss,
was also assessed [34, 35].

2.3. Eating Behaviours and Eating Disorders. The eating
behaviours over the last six months before evaluation were
assessed by the use of a clinical specific interview and two
specific questionnaires: the Bulimic Investigatory Test of
Edimburgh (BITE) [36] and the Eating Disorder Inventory-2
(EDI-2) [37, 38].

Regarding the BITE scales the score used was proposed
previously by Henderson and Freeman [36]: symptom score
was divided in three groups: high (≥20, indicating presence
of binge eating), medium (10–19, suggesting unusual eating
pattern), and low (<10, being within normal limits) score;
for severity scale, a score ≥5 was considered as clinically
significant. For the ineffectiveness itemof the EDI-2, since the
absence of standardized scores, three groups were arbitrarily
established for statistical analysis: low (0–5), medium (6–10),
and high (≥11) score.

2.4. Psychological Profile. All patients were evaluated by the
same trained psychologist with a large experience of years
of practice and a specific formation in eating disorders,
through three one-hour semistructured interviews. During
these interviews, depression, anxiety, phobias, and assertive-
ness were assessed by the following questionnaires: the
Beck Depression Inventory II (BDI-II) [39]; the Spielberger
State-Trait Anxiety Inventory (STAI) [40], form Y (French-
Canadian adaptation IASTA-Y) [41]; the Rathus Assertive-
ness Schedule (RAS) [42], and the Marks and Mathews Fear
Questionnaire (Fear M and M) [43]. These questionnaires
were used to assess characteristic attitudes and symptoms
of depression, anxiety, phobia, and assertiveness and not to
perform a clinical diagnosis.

The following cutoff values were used for grouping total
BDI-II scores: 0–9 not depressed; 10–15mildly depressed; 16–
24 moderately depressed; ≥25 severely depressed [44]. For
the STAI-Y, considering the sex and the mean age of our
cohort, a value ≥40 was applied to define clinically significant
symptoms of transient and enduring levels of anxiety [45–47].
For the RAS, a score ≥105 was considered representative of
a low degree of assertiveness, as proposed by Bouvard and
Cottraux in the French version of the questionnaire [48].The
FearMandMquestionnaire has no formal cutoff point, so the
following cutoff values were defined according to Cottraux
[43] in the validated French version of the questionnaire:
agoraphobia ≥27 and for social phobia ≥23.

2.5. Statistical Analysis. All analysis was performed using
JMP 8 statistical package (SAS Institute, Cary, NC, USA).
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Results were expressed as number of patients and per-
centages or as mean ± standard deviation (SD). Between-
group comparisons were performed using Chi-square for
qualitative variables and Student’s t-test or analysis of vari-
ance (ANOVA) for quantitative variables. The associations
between anthropometric measurements, eating behaviours,
and psychological profile were evaluated by univariate non-
parametric Spearman’s correlation.The associations between
eating behaviours and psychological profile were further
refined by Cochran-Armitage trend test and by multivariate
forward stepwise regression (𝑃 value for entry is 0.05) using
the scores of the psychological questionnaires (BDI-II, STAI-
Y, and RAS), as dependent variables, and age, BMI, BITE
score, and items score of EDI-2 as independent variables.The
𝑅
2 values for each final (i.e. including all significant variables)

model were computed. Statistical significance was considered
for 𝑃 < 0.05.

3. Results

3.1. Patients’ Characteristics. Of the 150 women, 12 (8%) were
excluded from the analysis because of missing data for height
(𝑛 = 3), waist circumference (𝑛 = 12), and/or STAI-Y (𝑛 = 9).
The remaining 138 women had a mean age (±SD) of 41.4 ±
11.6 years, a mean BMI of 39.3± 6.4 kg/m2, and a mean waist
circumference of 108.6 ± 14.3 cm.

One hundred and ten (80%) of all patients had made >5
intentional weight loss attempts and 109 (79%) presentedwith
WCS. The BMI of patient with WCS was significantly higher
than in patients without WCS: 40.3 ± 7 versus 35.8 ± 4 (𝑃 <
0.01).

3.2. Eating Profile. The mean BITE symptom and severity
scores were 18.3±6.4 and 4.0±3.3, respectively. Almost half of
the patients (48.6%) had a high (≥20) BITE symptom score,
and 41% of them had a clinically significant BITE severity
score. No correlations were found between the questionnaire
scores and age or BMI or waist circumference of the patients.
The mean scores of EDI-2’s items were drive for thinness
8.9 ± 5.3; bulimia 5.2 ± 4.3; body dissatisfaction 20.8 ± 6.6;
ineffectiveness 8.1±6.9; perfectionism 5.7±4.3; interpersonal
distrust 4.0 ± 3.8; interoceptive awareness 7.6 ± 5.8; maturity
fears 3.8±4.1; asceticism 5.9±3.2; impulse regulation 4.0±4.4;
social insecurity 5.6 ± 4.4.

3.3. Psychological Profile. The psychological profile of the
patients is summarized in Table 1. Over half of the patients
showed moderate (26%) or major (35%) depressive symp-
toms. Clinically significant signs of enduring levels of anx-
iety were found in 77% of patients, and a low degree of
assertiveness was found in approximately half of the patients.
Agoraphobia was identified in about 4% of patients and social
phobia was identified in 20%. Conversely, no differences
in BMI and waist circumference were found within all
subclasses of the different psychological groups evaluated by
the four questionnaires.

3.4. Association between Eating Behaviours and Psychological
Profile. No correlations were found between psychological

markers and age or BMI, while strong positive correlations
were found between psychological markers and BITE com-
ponents. Similarly, strong correlations were found between
psychological markers and most EDI-2 components, namely,
ineffectiveness, social insecurity, interoceptive awareness,
and impulse regulation (Table 2).

The results of the stepwise regression analyses using
psychological (BDI-II, STAI-Y State-Trait, and RAS) scores
as dependent variables and the scores of BITE and EDI-2
items and age as independent variables are summarized in
Table 3. Overall, depression and RAS were associated with
BITE symptom score and EDI-2 ineffectiveness score, while
anxiety was associated with BITE severity score and EDI-
2 ineffectiveness score. In all models, EDI-2 ineffectiveness
score was the variable most related with psychological scores,
and in all models the percentage of variance explained was
over 30%, with a value >50% for the Beck Depression score
(Table 3).

The results of the different psychological questionnaires
(BDI-II, STAI-Y State-Trait, RAS, and FearM andM anxiety-
depression and social phobia items) according to the BITE
symptoms categories and EDI-2 ineffectiveness groups are
summarized in Figures 1 and 2. Depression scores as well
as the number of patients presenting with major depressive
symptoms increased with high severity at BITE symptoms;
similarly, STAI-Y Trait score and prevalence of patients
presenting clinically significant symptoms of anxiety also
increased with high severity of assertiveness. Finally, RAS
scores increasedwith high severity of BITE symptomswhile a
borderline significant (𝑃 value <8%) trend was found for the
prevalence of a high degree of the assertiveness (Figures 1 and
2).

4. Discussion

This study confirms that obese women with an obesity
level 2 and seeking weight loss present high prevalence of
typical psychological characteristics especially depressive and
anxious symptoms and a low degree of assertiveness. These
results are compatible with those shown in the literature
[25, 49–56].

The prevalence and the severity of eating disorders and
of psychological dysfunctions were not correlated with the
degree and type of obesity. In a previous study, Onyike et al.
[57] reported a positive correlation betweenmajor depression
and obesity. However, they analyzed data from the Third
National Health and Nutrition Examination Survey, which
included underweight and obese subjects. Ahlberg et al. [58]
also documented a significant correlation between depressive
and anxious symptoms and abdominal distribution of body
fat, but not with degree of obesity, and Hill andWilliams [59]
showed that a higher severity of the obesity was not bound
with a higher frequency of psychological disorders.

On the other hand the prevalence and severity of depres-
sion, anxiety, and assertiveness increased according to the
degree of eating disorders. Several studies showed that obese
patients with BED presented with a higher prevalence and/or
severity of most of psychological dysfunctions in comparison
to obese patients without BED [26–32]. Didie and Fitzgibbon
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Table 1: Distribution and characteristics of patients according to psychological profile.

Score N∘ patients (%) Age (years) BMI (kg/m2)

BDI-II

0–9 37 (26.8) 40.9 ± 11.4 39.5 ± 6.7

10–15 17 (12.3) 45.2 ± 11.6 39.0 ± 8.6

16–24 36 (26.1) 40.7 ± 10.2 39.8 ± 6.5

≥25 48 (34.8) 40.9 ± 12.7 38.9 ± 5.3

Test (𝑃 value) 0.98 (0.40) 0.10 (0.96)

STAI-Y State ≤39 48 (34.8) 40.8 ± 9.8 39.2 ± 7.3

≥40 90 (65.2) 41.7 ± 12.4 39.3 ± 5.9

Test (𝑃 value) 0.19 (0.67) 0.01 (0.91)

STAI-Y Trait ≤39 31 (22.5) 42.0 ± 10.8 39.2 ± 6.6

≥40 107 (77.5) 41.2 ± 11.8 39.3 ± 6.3

Test (𝑃 value) 0.12 (0.73) 0.01 (0.96)

RAS <105 66 (47.8) 41.8 ± 11.4 40.2 ± 7.2

≥105 72 (52.2) 41.1 ± 11.8 38.4 ± 5.3

Test (𝑃 value) 0.31 (0.76) 1.49 (0.14)
Fear M and M

Agoraphobia ≤26 133 (96.4) 41.6 ± 11.5 39.3 ± 6.4

≥27 5 (3.6) 36.8 ± 13.7 40.3 ± 4.2

Test (𝑃 value) 0.82 (0.37) 0.13 (0.71)

Social phobia ≤22 111 (80.4) 42.5 ± 11.5 39.5 ± 5.0

≥23 27 (19.6) 37.0 ± 11.0 38.3 ± 5.0

Test (𝑃 value) 4.93 (0.03) 0.79 (0.38)
Results are expressed as number of subjects and percentages or as mean ± standard deviation. BMI: body mass index; BDI-II: Beck Depression Inventory
II; STAI-Y: Spielberger State-Trait Anxiety Inventory, form Y; RAS: Rathus Assertiveness Schedule; Fear M and M: Marks and Mathews Fear Questionnaire.
Statistical analyses performed using Student’s 𝑡-test or analysis of variance for quantitative variables.

Table 2: Spearman’s correlations between anthropometric parameters, eating behaviour, and psychological profile.

BDI-II STAI-Y State STAI-Y Trait RAS
Age −0.102NS −0.084NS −0.150NS 0.026NS

BMI −0.003NS 0.041NS −0.005NS −0.104NS

Waist circumference 0.027NS −0.166NS −0.008NS 0.008NS

BITE
Symptom 0.374∗∗∗ 0.398∗∗∗ 0.338∗∗∗ 0.275∗∗∗

Severity 0.261∗∗ 0.314∗∗∗ 0.283∗∗∗ 0.184∗

EDI-2
Ineffectiveness 0.677∗∗∗ 0.616∗∗∗ 0.709∗∗∗ 0.548∗∗∗

Interpersonal distrust 0.221∗∗ 0.088 NS 0.333∗∗∗ 0.234∗∗

Desire for thinness 0.291∗∗∗ 0.375∗∗∗ 0.294∗∗∗ 0.133 NS

Bulimia 0.335∗∗∗ 0.292∗∗∗ 0.285∗∗∗ 0.322∗∗∗

Body dissatisfaction 0.105 NS 0.250∗∗ 0.251∗∗ 0.200∗

Perfectionism 0.190∗ 0.218∗ 0.162 NS 0.082 NS

Interoceptive awareness 0.564∗∗∗ 0.486∗∗∗ 0.488∗∗∗ 0.438∗∗∗

Maturity fears 0.304∗∗∗ 0.265∗∗ 0.360∗∗∗ 0.115 NS

Asceticism 0.260∗∗ 0.366∗∗∗ 0.262∗∗ 0.232∗∗

Impulse regulation 0.461∗∗∗ 0.387∗∗∗ 0.472∗∗∗ 0.315∗∗∗

Social insecurity 0.576∗∗∗ 0.462∗∗∗ 0.565∗∗∗ 0.437∗∗∗

BMI: body mass index; BITE: Bulimic Investigatory Test of Edinburgh; EDI-2: Eating Disorder Inventory-2; BDI-II: Beck Depression Inventory II; STAI-Y:
Spielberger State-Trait Anxiety Inventory, form Y; RAS: Rathus Assertiveness Schedule. Statistical analysis by Spearman’s rank correlations: NSnot significant;
∗
𝑃 < 0.05; ∗∗𝑃 < 0.01; ∗∗∗𝑃 < 0.001.
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Figure 1: Psychological profile according to eating behaviour categories, as assessed by the Bulimic Investigatory Test of Edinburgh (BITE)
symptoms score, and to ineffectiveness groups, as assessed by the Eating Disorder Inventory-2 (EDI-2). Results are expressed as percentage.
BDI-II: Beck Depression Inventory II; STAI-Y: Spielberger State-Trait Anxiety Inventory, form Y; RAS: Rathus Assertiveness Schedule.
Statistical analyses were performed using Cochran-Armitage trend test for qualitative variables and analysis of variance for quantitative
variables.

[60] showed that eating disorders account for psychological
dysfunction independently of weight status and Fassino
et al. [27, 28] showed that obese patients with eating disorders
were at higher risk of being diagnosed with personality
disorders and concluded that the presence of binge eating in
obese women is a marker for greater medical and psychiatric
morbidity. Particularly Behar et al. [61] showed that a lack
of assertiveness was a significant trait in patients with eating
disorders and may be considered as a predictive factor in the
development of an eating disorder and Elfhag [62] showed

that a lack of assertiveness characterized obese patients with
more problematic eating behaviours and that a greater self-
assertiveness was found in patients with a relatively more
efficient eating strategy.

Furthermore Iliceto et al. [63] showed that overweight
or obese women have higher scores on the EDI-2 subscales
and Villarejo et al. [64] showed that obese women with BED
had still higher scores on some EDI-2 subscales compare with
obese women without BED or control group with normal
weight. In another study Barry et al. [65] found also that
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Figure 2: Psychological profile according to eating behaviour categories, as assessed by the Bulimic Investigatory Test of Edinburgh
(BITE) symptoms score, and to ineffectiveness groups, as assessed by the Eating Disorder Inventory-2 (EDI-2). Results are expressed as
mean ± standard deviation. BDI-II: Beck Depression Inventory II; STAI-Y, Spielberger State-Trait Anxiety Inventory, form Y; RAS: Rathus
Assertiveness Schedule. Statistical analyses were performed using Cochran-Armitage trend test for qualitative variables and analysis of
variance for quantitative variables.

patients with BED differ also in subscale of EDI-2. This
variation was bound to the presence of BED but not with the
obesity.

Stepwise regression analyses of eating status and psycho-
logical profile identified the ineffectiveness score of the EDI-2
as the major determinant of each of the questionnaires used
(BDI-II, STAI-Y, and RAS).This is the most relevant and new
finding of this work. In fact, for the first time, a potential
predictive parameter for the identification of psychological
distress has been recognized.

This finding has clinical implications in the health care
of obese patients. Indeed, in order to recognize patients at

risk of psychological dysfunctions, the first step in patient’s
evaluation should include a specific interview focusing on
emotional behavioral aspects, such as body dissatisfaction,
ineffectiveness, or perfectionism, for example. The devel-
opment of such a questionnaire based on these emotional
behavioral aspects could complement the interview and
generate a promising data basis to conduct longitudinal
cohort studies comparing results of long-term weight loss
depending on different screening methods.

From a psychopathological point of view, these results
(high ineffectiveness score, low interoceptive awareness, and
impulsivity among obese) are in line with Hilde Bruch
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Table 3: Multivariate analysis of the associations between eating
behaviours and psychological profile.

BDI-II STAI-Y State STAI-Y Trait RAS
Age — — — 0.150
BITE

Symptom 0.222 — — 0.190
Severity — 0.188 0.199 —

EDI-2
Ineffectiveness 0.653 0.636 0.651 0.495
Interpersonal distrust — −0.149 — —

R2 of model 0.546 0.400 0.478 0.323
Statistical analysis by forward stepwise linear regression. BITE: Bulimic
Investigatory Test of Edinburgh; EDI-2: Eating Disorder Inventory-2; BDI-
II: Beck Depression Inventory II; STAI-Y: Spielberger State-Trait Anxiety
Inventory, form Y; RAS: Rathus Assertiveness Schedule.
Results are expressed as standardized slope. —: not retained. The other
items of the EDI-2 (desire for thinness, bulimia, body dissatisfaction;
perfectionism, interoceptive awareness, maturity fears, asceticism, impulse
regulation, and social insecurity) were not retained.

and Bergeret’s psychoanalytical theories, as well as with
Fairburn and Apfeldorfer’s cognitive-behavioral models of
the obese patient’s psychological functioning. Fairburn’s con-
cept regarding the factors contributing to the persistence of
eating disorders is of particular interest. He suggested that a
biopsychological vulnerability, together with ambivalent rela-
tionships with the environment, results in low self-esteem.
The eating disorder resulting from this low self-esteem
attempts to compensate it, followed by a self-controlling
attitude with restrictive eating behaviors, which provides an
immediate feeling of control, thus positively reinforcing self-
esteem. However this behavior cannot be maintained in the
long term and inevitably results in loss of control (binging
behaviors). The fragile self-esteem which had momentarily
been established is then shattered and feelings of frustration,
guilt, and inefficacy take over. This experience of failure
produces feelings of anxiety, which remind us of the simi-
larities between eating disorders and the phobic functioning
described by Apfeldorfer.

The results of this study also highlight that psychiatric
diagnosis per se might not be useful for outcome prediction
and that identification of underlying psychological dynamics
might be more promising. Recent critics with regard to DSM
criteria for research purposes are in line with these assump-
tions. The fact that the underlying construct of “feeling of
ineffectiveness” has been identified as clinically relevant by
both, psychoanalytic and cognitive-behavioral theories, also
adds to its potential value.

This study has some limitations. First of all it is a cross-
sectional data. Secondly only women have been included and
further research is needed to confirm the results in men.
We have chosen to analyze depression, anxiety, phobias, and
assertiveness by means of specific questionnaires, to facilitate
an objective and standardized statistical evaluation, but
without relying onDSM-IV diagnostic criteria for psychiatric
disorders; the lack of psychiatric diagnoses therefore hampers
an evaluation of their predictive value. The arbitrarily estab-
lished groups for the ineffectiveness item of the EDI-2 lead

also to a limitation and a study for standardized scores should
be done. Finally, this outpatient obesity clinic is a tertiary
centre for eating disorders and obesity and we may therefore
assume that the studied population consists of themost severe
cases. In future study with a greater number of patients or
patients of different types should be done to confirm these
results

5. Conclusions

In conclusion this study confirms the high prevalence of
psychological dysfunction such as depression, anxiety, self-
affirmation, and phobia in obese women trying to lose weight
and that their severity is correlated to the degree of eating
disorders. In addition, the fact that the feeling of ineffec-
tiveness constitutes the major determinant of these patients’
psychological profileswas demonstrated.This evidence opens
new ways for the development of screening tools for outcome
prediction in the field of eating and psychological disorders
and for early and targeted intervention for patients at risk
for unfavorable developments after bariatric surgery. For
example, the future development of easy questionnaires based
on these parameters done by patients alone at home will be a
great development and a great benefit in time and in money
for a better care of these patients.
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[13] L. Sjöström, K. Narbro, C. D. Sjöström et al., “Effects of bariatric
surgery on mortality in Swedish obese subjects,” New England
Journal of Medicine, vol. 357, no. 8, pp. 741–752, 2007.

[14] J. A. Tice, L. Karliner, J. Walsh, A. J. Petersen, and M. D. Feld-
man, “Gastric banding or bypass? A systematic review compar-
ing the two most popular bariatric procedures,” American Jou-
rnal of Medicine, vol. 121, no. 10, pp. 885–893, 2008.

[15] A. E. Dingemans,M. J. Bruna, and E. F. Van Furth, “Binge eating
disorder: a review,” International Journal of Obesity, vol. 26, no.
3, pp. 299–307, 2002.

[16] R. H. Striegel-Moorel and D. L. Franko, “Epidemiology of binge
eating disorder,” International Journal of Eating Disorders, vol.
34, supplement 1, pp. S19–S29, 2003.

[17] D. E. Pankevich, S. L. Teegarden, A. D. Hedin, C. L. Jensen, and
T. L. Bale, “Caloric restriction experience reprograms stress
and orexigenic pathways and promotes binge eating,” Journal
of Neuroscience, vol. 30, no. 48, pp. 16399–16407, 2010.

[18] J. G.Thomas, M. L. Butryn, E. Stice, andM. R. Lowe, “A prospe-
ctive test of the relation between weight change and risk for
bulimia nervosa,” International Journal of Eating Disorders, vol.
44, no. 4, pp. 295–303, 2011.

[19] R. Dalle Grave, S. Calugi, M. L. Petroni, S. Di Domizio, and G.
Marchesini, “Weight management, psychological distress and
binge eating in obesity. A reappraisal of the problem,” Appetite,
vol. 54, no. 2, pp. 269–273, 2010.

[20] T. M. Legenbauer, M. de Zwaan, B. Mühlhans, F. Petrak, and S.
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Rovera, “Mood, eating attitudes, and anger in obese women
with and without Binge Eating Disorder,” Journal of Psychoso-
matic Research, vol. 54, no. 6, pp. 559–566, 2003.

[28] S. Fassino, P. Leombruni, A. Pierò et al., “Temperament and
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Changes in food reward have been implicated in exercise-induced compensatory eating behaviour. However, the underlying
mechanisms of food reward, and the physiological correlates of exercise-induced changes in food reward, are unknown.Methods.
Forty-six overweight and obese individuals completed 12 weeks of aerobic exercise. Body composition, food intake, and fasting
metabolic-related hormones were measured at baseline, week six, and postintervention. On separate days, the reward value of
high-and-low-fat food (explicit liking and implicit wanting) was also assessed at baseline, week six, and postintervention. Results.
Following the intervention, FM, FFM, and VO

2peak improved significantly, while fasting leptin decreased. However, food intake or
reward did not change significantly. Cross-sectional analyses indicated that FM (𝑃 = 0.022) and FFM (𝑃 = 0.046) were associated
with explicit liking for high-fat food, but implicit wanting was associated with FM only (𝑃 = 0.005). Fasting leptin was associated
with liking (𝑃 = 0.023) and wanting (𝑃 = 0.021) for high-fat food. Furthermore, a greater exercise-induced decline in fasting leptin
was associated with increased liking (𝑃 = 0.018). Conclusion.These data indicate that food reward has a number of physiological
correlates. In particular, fasting leptin appears to play an active role in mediating food reward during exercise-induced weight loss.

1. Introduction

Day-to-day food intake involves the coordination of both
homeostatic and nonhomeostatic signals in the overall
expression of eating behaviour [1]. Homeostatic feeding is
often described through a series of physiological processes
that initiate and terminate feeding (i.e., satiation) and sup-
press intermeal hunger (i.e., satiety) [2].This pattern of eating
is thought to be driven by tonic and episodic inhibitory
signals (arising from adipose tissue and the gastrointestinal
tract) that modulate an intrinsic excitatory drive to eat [3].
However, extrinsic determinants of eating behaviour such
as food palatability and hedonic reward, linked closely to
perceived fat and energy content of food, interact with these

homeostatic mechanisms with the potential to enhance or
undermine appetite control [4]. Recent attention has started
to focus on the hedonic determinants of eating behaviour
and has highlighted the importance of distinguishing liking
(i.e., the perceived pleasurable sensory properties of food)
from wanting (i.e., the attraction towards a specific food over
available alternatives) [5, 6]. Both components of food reward
are thought to act in parallel to facilitate eating behaviour [7].
Indeed, heightened liking and wanting for food have been
noted in overweight and obese individuals [8] and those who
demonstrate binge eating [9].

Changes in food reward may also play a role in com-
pensatory eating behaviour following exercise [10–12]. For
example, following 50 minutes of cycling, lean women who
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overconsumed relative to the energy cost of exercise exhibited
increased wanting for food compared to those who did not
exhibit postexercise compensatory eating [10]. Furthermore,
overweight and obese individuals who exhibited an imme-
diate postexercise increase in explicit liking and wanting
for food (particularly, high fat sweet foods) demonstrated
smaller fat mass losses following a program of aerobic
exercise training [11]. However, while these findings suggest
that exercise-induced changes in food reward influence
compensatory eating behaviour, the physiological processes
that influence food reward are not well understood. Given
that appetite control is a psychobiological process [13], it is
plausible that a prolonged and potent metabolic stimulus
such as aerobic exercise training would be reflected in an
increased motivational drive for high energy yielding foods.
However, whether adaptive changes in metabolism influence
food reward during chronic exercise training has yet to be
examined. Therefore, this study aimed to examine whether
exercise-induced changes in body composition or metabolic-
related hormones influenced food reward in overweight and
obese individuals during 12 weeks of aerobic exercise.

2. Materials and Methods

2.1. Participants. Forty-six overweight and obese individ-
uals participated in the present study (30 females, BMI
= 30.8 ± 3.5 kg/m2; 16 males, BMI = 30.5 ± 4.7 kg/m2).
Participants were recruited from the University of Leeds,
UK, and surrounding areas using poster advertisements
and recruitment emails. Participants were initially physi-
cally inactive (≤2 hrs.wk−1 of exercise over the previous six
months), weight stable (±2 kg for the previous threemonths),
nonsmokers, and not taking medication known to effect
metabolism or appetite. At baseline mean dietary restraint
and disinhibition scores, as measured using theThree-Factor
Eating Questionnaire [14], were 7.21 ± 0.55 and 8.10 ± 0.50,
respectively, which are within the normal ranges for healthy
adults [15]. The study was conducted in accordance with the
Declaration of Helsinki (1964), and all participants provided
written informed consent before taking part. In addition,
ethical approval was granted by the Institute of Psychological
Science’s Ethics Board, University of Leeds, and the Leeds
West NHS Research Ethics Committee (09/H1307/7).

2.2. Study Design. Participants completed a 12-week
supervised aerobic exercise program designed to expend
2500 kcal.wk−1. Body composition, food intake, and fasting
metabolic-related hormones (glucose, insulin, and leptin)
were measured at baseline, week six, and postintervention.
In addition, explicit liking and implicit wanting for a
standardised array of high fat and low fat foods were assessed
before a fixed-energy meal, at baseline, week six, and
postintervention, using a validated computer based task, for
example, the Leeds Food Preference Questionnaire [7].

2.3. Exercise Protocol. Participants completed a 12-week aer-
obic exercise program in which they exercised five days

per week, expending 500 kcal per session at 70% of age-
predicted maximum heart rate. All exercise sessions were
supervised in the research laboratory, and participants could
choose from a range of exercise modes (running, cycling,
rowing, or stepping). Individual exercise prescriptions were
calculated using standard stoichiometric equations [16],
based on the relationship between heart rate and VO

2
/VCO

2

during a maximal incremental treadmill test. To account for
changes in cardiovascular fitness during the intervention,
the incremental test was performed at baseline, week six,
and postintervention, with the exercise prescription adjusted
accordingly. To verify and record the duration and intensity
of exercise, participants wore a heart rate monitor during
each session (Polar RS400, Polar, Kempele, Finland). Total
exercise-induced energy expenditure during the intervention
was 27960 ± 3479 kcal, which represented >98% of the
prescribed exercise-induced energy expenditure.

2.4. PhysiologicalMeasures. At baseline, week six, and postin-
tervention, venous blood, body composition, and maximal
aerobic capacity were measured in the morning (7–9am)
following an overnight fast (10–12 hrs). Baseline measures
were taken prior to the start of the intervention, while
postintervention measures were taken upon completion of
the exercise intervention (a minimum of 48 hrs after the
final exercise bout and within one week of finishing the
intervention). Body composition was measured using air-
displacement plethysmography (BOD POD Body Composi-
tion System, Life Measurement, Inc., Concord, USA). After
voiding, participants were weighed (to the nearest 0.01 kg)
and instructed to sit in the BOD POD. Measurements were
taken according tomanufacturers’ instructions, with thoracic
gas volumes estimated using the manufacturer’s software.
In addition, the fat mass index (FMI; fat mass/height2)
and the fat-free mass index (FFMI; fat-free mass/height2)
were calculated from these body composition data. Maximal
aerobic capacity (VO

2peak) was determined using a validated
maximal incremental treadmill test [17], with expired air
(Sensormedics Vmax29, Yorba Linda, USA) and heart rate
(Polar RS400, Polar, Kempele, Finland) measured continu-
ously. The respiratory and heart rate data from this test were
also used to calculate the exercise prescriptions used in the
exercise intervention.

2.5. Metabolic- and Appetite-Related Hormones. Fasting glu-
cose, insulin, and leptin were measured at baseline, week six,
and postintervention in a subsample of 32 participants who
completed the exercise intervention. Fasting venous blood
samples were collected into EDTA-containing Monovette
tubes. After collection, blood samples were centrifuged for
10min at 4∘C at 3500 rpm andwere immediately pipetted into
Eppendorf tubes and stored at −80∘C until analysis. Insulin
and leptin were analysed using a magnetic bead based multi-
ples kit (Millipore, Billerica,MA,USA). Furthermore, insulin
resistance was calculated using the homeostatic model of
assessment (HOMA) [18].



International Journal of Endocrinology 3

2.6. Assessment of Food Reward and Food Intake. A
laboratory-based test meal protocol was used to measure
food intake at baseline, week six, and postintervention.
At each time point, participants consumed test meals at
4-hour intervals. No exercise was performed on these days.
A detailed description of the foods provided can be found
elsewhere [19]. Meals consisted of an individualised energy
breakfast (ad libitum at baseline and then fixed at baseline
levels for the remainder of intervention), a fixed-energy
lunch (800 kcal), and an ad libitum dinner meal. After the
dinner meal, participants were free to leave the research
unit but were given an ad libitum snack box of foods to
consume if desired during the evening. All meals consumed
in the research unit were eaten in isolation, with participants
instructed to eat as much or as little as they wanted until
comfortably full (during ad libitummeal consumption).

Prior to the lunch test meal, food reward was assessed
using the Leeds Food Preference Questionnaire (LFPQ; [7]).
The LFPQ measured liking and wanting for foods according
to differences in fat content (i.e., >50% or <20% energy from
fat). Each food category was represented by 8 photographs
of ready-to-eat foods that were matched for familiarity, taste,
protein, and acceptability. Firstly, to measure “implicit want-
ing” a forced-choice paradigmwas used inwhich participants
were presented with two foods from different categories and
were required to press a key as quickly as possible to indicate
which food “they most want to eat at that moment.” This was
repeated until all food photograph pairs had been presented.
Following Dalton et al. [20], the parameters were set as 96
randomised food pair trials presented in three blocks, with
each stimulus appearing 8 times. Stimuli were presented until
a valid response was detected up to a maximum of 4000ms
with a 500ms washout between presentations in which a
central fixation cross was displayed. Mean response times for
choices outside of each food category, adjusted for choice
frequency, were subtracted from response times for choices
towards each category, adjusted for frequency. Therefore
positive scores for a specific category indicated a more rapid
preference (i.e., “implicit wanting”). Secondly, to measure
explicit liking, the food images were presented individually
in randomised order, and the participant rated the extent to
which they liked each food image presented to them using
a 100 mm visual analogue scale; for example, how pleasant
would it be to taste this food now? Mean scores for high fat
and low fat food categories were calculated. The LFPQ has
been shown to demonstrate reliable immediate postexercise
and postmeal changes [21] and is a good predictor of food
choice and intake in laboratory and community settings [22,
23].

2.7. Statistical Analysis. Data are reported as mean ± SEM
throughout. Statistical analyses were performed using IBM
SPSS for Windows (Chicago, Illinois, Version 21). For food
reward measures, mean scores for high fat and low fat
categories were computed for implicit wanting and explicit
liking outcomes. Mean low fat scores were then subtracted
from themean for high fat scores to provide a composite score
representing reward value for high fat relative to low fat food

for both liking and wanting. Using this approach, a positive
score indicated greater liking or wanting for high fat foods
over low fat foods; a negative score indicated greater liking or
wanting for low fat foods over high fat foods; and a score of
zero indicated an equal liking or wanting for high and low fat
foods. Scores on each food reward outcome were calculated
at baseline, week six, and postintervention and analysed using
one-way repeated measures ANOVAs.

Changes in body composition, metabolic-related hor-
mones, and total daily energy intake were examined using
one-way repeated measures ANOVAs. Where appropriate,
Greenhouse-Geisser probability levels were used to adjust
for sphericity, and Bonferroni adjustments were applied to
control for multiple post hoc comparisons. To test for asso-
ciations between physiological variables and food reward,
Pearson partial correlation coefficients were used, controlling
for sex. Firstly, cross-sectional models were examined using
mean scores on each variable collapsed across the three time
points of the exercise intervention (i.e., baseline, week six, and
postintervention). Secondly, associations between changes in
physiological variables and changes in explicit liking and
implicit wanting following the exercise intervention were
performed. Change variables were calculated by subtracting
baseline scores from postintervention scores. To control
for confounding effects of body composition, metabolic
hormones were tested both with and without adjustment for
adiposity by dividing by percentage body fat.

3. Results

3.1. Changes in Body Composition and Metabolism following
the Exercise Intervention. As can be seen in Table 1, there
was a significant reduction in body mass (−1.72 ± 0.41 kg;
𝑃 < 0.001), fat mass (−2.23 ± 0.38 kg; 𝑃 < 0.001), and
percentage body fat (−1.90 ± 0.22%; 𝑃 < 0.001) following
the exercise intervention, while fat-free mass was preserved
at baseline levels (+0.52 ± 0.17 kg; 𝑃 = 0.081). Furthermore,
FMI decreased (−0.76 ± 0.14 kg/m2; 𝑃 < 0.001) and FFMI
increased significantly (0.17 ± 0.62 kg/m2; 𝑃 < 0.01). VO

2peak
increased from 33.33 ± 1.17mL.kg.min−1 at baseline to
39.16 ± 0.09mL.kg.min−1 after intervention (𝑃 < 0.001).
There were no significant changes in fasting glucose (−0.20 ±
0.25mmol.L−1; 𝑃 = 0.415) or fasting insulin (−42.98 ±
82.94 ng.L−1; 𝑃 = 0.230) following the exercise intervention.
However, fasting leptin decreased significantly following the
exercise intervention (−6215.93±3076.37 ng.L−1; 𝑃 = 0.023).

3.2. Changes in Food Intake and Food Reward following the
Exercise Intervention. Table 2 shows that total daily energy
intake, explicit liking, and implicit wanting for high fat food
did not differ significantly between baseline and week 6 or
baseline and postintervention. There was a nonsignificant
trend for implicit wanting to shift from a small bias for high
fat food at baseline, towards a bias for low fat food following
the intervention (𝑃 = 0.114).
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Table 1: Body composition and metabolic values during the 12-week exercise intervention (𝑛 = 46).

Baseline Week six Postintervention Delta Δ 𝑃 value
Body mass (kg) 88.21 (2.04) 87.39 (2.00) 86.49 (2.04) −1.72 (0.41) 0.000∗

Fat mass (kg) 35.71 (1.34) 34.48 (1.35) 33.49 (1.43) −2.23 (0.38) 0.000∗

Fat mass index (kg/m2) 12.61 (0.52) 12.17 (0.53) 11.85 (0.56) −0.76 (0.14) 0.000∗

Body fat (%) 40.33 (1.13) 39.24 (1.16) 38.43 (1.22) −1.90 (0.32) 0.000∗

Fat-free mass (kg) 52.48 (1.43) 52.91 (1.41) 53.00 (1.39) 0.52 (0.17) 0.081
Fat-free mass index (kg/m2) 18.25 (0.31) 18.40 (0.30) 18.41 (0.30) 0.17 (0.62) 0.009∗

VO2peak (mL⋅kg−1⋅min−1) 33.33 (1.17) 37.45 (1.08) 39.16 (0.09) 5.83 (0.95) 0.000∗

Fasting glucose (mmol⋅L−1) 4.93 (0.15) 4.88 (0.17) 4.73 (0.19) −0.20 (0.25) 0.415
Fasting insulin (ng⋅L−1) 1034.32 (106.24) 918.77 (105.33) 991.34 (113.24) −42.98 (82.94) 0.230
HOMA index 3.18 (0.31) 2.92 (0.31) 3.02 (0.33) −0.16 (0.25) 0.554
Fasting leptin (ng⋅L−1) 38318.80 (4832.26) 369923.92 (4612.41) 32102.87 (5333.58) −6215.93 (3076.37) 0.023∗

Delta Δ: baseline to postintervention change. VO2peak: maximal aerobic capacity. HOMA: homeostatic model of assessment. ∗Significant difference between
baseline and postintervention (𝑃 < 0.05).

3.3. Physiological Correlates of Food Reward: Cross-Sectional
Associations. As can be seen in Table 3, liking for high fat
food was positively associated with body mass (𝑃 = 0.008)
and fat mass (𝑃 = 0.022) and marginally associated with fat-
free mass (𝑃 = 0.046). However, there were no significant
associations between these components of body composition
when adjusted for height (i.e., FMI or FFMI). Wanting for
high fat foods was also positively associated with body mass
(𝑃 = 0.004), fat mass (𝑃 = 0.005), and FMI (𝑃 = 0.018), but
not fat-free mass (𝑃 = 0.129) or FFMI (𝑃 = 0.161). Of the
metabolic hormones, fasting leptin was positively associated
with both greater liking (𝑃 = 0.023) and wanting (𝑃 =
0.021) responses. Moreover, these relationships remained
after adjusted fasting leptin values for percentage body fat
(liking, 𝑃 = 0.043; wanting, 𝑃 = 0.041), suggesting they were
independent of adiposity.

3.4. Physiological Correlates of Food Reward: Exercise-Induced
Changes. No associations existed between changes in food
reward and changes in body composition following the
intervention (Table 3). Furthermore, no associations existed
between the changes in food reward and the changes in
fasting glucose, insulin, HOMA index, or VO

2peak. However,
the change in fasting leptin (absolute or adjusted leptin)
was found to be negatively associated with the change in
liking for high fat foods following the exercise intervention
(𝑃 = 0.018 and 𝑃 = 0.031, resp.). As can been seen in
Figure 1, a decline in fasting leptin following the exercise
intervention was associated with increased liking for high
fat food. No associations were found between the change in
implicit wanting for high fat foods and the change in fasting
leptin (absolute or adjusted leptin).

4. Discussion

This study examined whether components of body compo-
sition and metabolic-related hormones were associated with
food reward in overweight and obese individuals during 12
weeks of aerobic exercise. Cross-sectional analyses disclosed
associations between body composition (fatmass and fat-free
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Figure 1: Scatter plot illustrating the relationship between the
change in fasting leptin (adjusted for percentage body fat) following
the exercise intervention and the change in appeal bias scores for
liking for high fat foods (𝑛 = 32). Positive appeal bias = preference
for high fat foods > low fat foods. Negative appeal bias score =
preference for low fat foods > high fat foods.

mass), fasting leptin, and food reward. Furthermore, a novel
relationship was also disclosed between the change in fasting
leptin and the change in explicit liking for high fat foods
following the exercise intervention. Specifically, a decline in
fasting leptin was associated with an increased liking for high
fat foods relative to low fat foods following the intervention.
This relationship was independent of changes in fat mass and
suggests that leptin may have a key role in mediating changes
in food reward during exercise-induced weight loss.

4.1. The Effect of Exercise on Body Composition, Metabolism,
and FoodReward. The12-week exercise intervention resulted
in significant (but modest) reductions in bodymass, fat mass,
and percentage body fat, while fat-free mass was preserved
at baseline levels. In addition, significant improvements in
VO
2peak were seen following the exercise intervention. When
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Table 2: Changes in food intake, explicit liking, and implicit wanting for high fat versus low fat foods during the 12-week exercise intervention
(𝑛 = 46).

Baseline Week six Postintervention Delta Δ 𝑃 value
Total daily EI (kcal⋅day−1) 2949.29 (79.15) 2877.24 (92.77) 2892.81 (88.11) −56.48 (60.15) 0.438
Explicit liking (appeal bias score) −0.20 (2.25) −1.08 (2.16) −0.85 (2.02) −0.65 ( 1.72) 0.919
Implicit wanting (appeal bias score) 1.10 (4.18) −2.56 (4.47) −3.17 (3.98) −4.27 (2.58) 0.114
EI: energy intake; Delta Δ: baseline to postintervention change. Positive appeal bias score = preference for high fat foods > low fat foods. Negative appeal bias
score = preference for low foods > high fat foods.

Table 3: Pearson partial correlation coefficients (controlling for sex) between food reward and the cross-sectional and exercise-induced
changes in body composition and fasting metabolic-related hormones.

Body composition and VO2peak Metabolic hormones
Liking Wanting Liking Wanting

BM 0.393
∗∗

0.417
∗∗ Glucose 0.019 0.060

ΔBM −0.251 0.116 ΔGlucose −0.014 0.077
FM 0.341

∗
0.414

∗∗ Adjusted Glucose −0.267 −0.336
ΔFM −0.196 0.004 ΔAdjusted Glucose −0.039 0.061
FMI 0.265 0.351

∗ Insulin −0.236 0.311
ΔFMI −0.223 −0.016 ΔInsulin −0.206 −0.216
BF% 0.212 0.324

∗ Adjusted Insulin 0.155 0.194
ΔBF% −0.210 −0.101 ΔAdjusted Insulin −0.213 −0.178
FFM 0.295

∗ 0.230 Leptin 0.358
∗

0.401
∗

ΔFFM −0.138 0.265 ΔLeptin −0.437
∗

−0.110
FFMI 0.213 0.184 Adjusted Leptin 0.373

∗
0.370

∗

ΔFFMI −0.121 −0.094 ΔAdjusted Leptin −0.378
∗

−0.159
VO2peak −0.224 −0.231 HOMA 0.213 0.008
ΔVO2peak −0.178 −0.179 ΔHOMA −0.123 −0.151

Adjusted HOMA 0.090 0.139
ΔAdjusted HOMA −0.124 −0.152

VO2peak: maximal aerobic capacity; FM: fat mass; FMI: fat mass index; FFM: fat-free mass; FFMI: fat-free mass index; %BF: percentage body fat; HOMA:
homeostatic model of assessment. Delta Δ: baseline to postintervention change.∗𝑃 < 0.05; ∗∗𝑃 < 0.01. Of note: the metabolic-related hormones have been
adjusted for percentage fat mass. Cross-sectional models represent the mean scores on each variable collapsed across baseline, week six, and postintervention.

the changes in food intake and reward were examined, no
mean changes in total daily energy intake, explicit liking,
or implicit wanting were found. However, it has become
clear that examination of the mean (group) response to
exercise masked marked heterogeneity in eating behaviour
and exercise-induced weight loss following acute [24] and
chronic exercise [25–28]. Previous studies have suggested
that exercise-induced changes in food reward may mediate
compensatory eating behaviour and in turn body weight reg-
ulation following exercise [10–12]. However, the physiological
correlates of food reward during exercise-inducedweight loss
have not previously been examined.

4.2. Body Composition and Food Reward. Recent evidence
has demonstrated the importance of distinguishing explicit
perceptions of liking frombehavioural operations of wanting,
with these components of food reward considered to be
separable risk factors in overconsumption andweight gain [5,
6]. During the present study, fat mass and fat-free mass were
associated with explicit liking for high fat foods. However,

implicit wanting was only associated with fat mass cross-
sectionally (i.e., when the baseline, week six, and postin-
tervention measures were combined). These data therefore
suggest that fat mass may predict food reward (particularly
food wanting) independently of fat-free mass. These findings
are consistent with recent observations that fat mass and fat-
free mass operated differentially in the control of appetite,
with separate roles for fat-free mass in satiation [29] and
hunger [19, 30] and fatmass in hedonic eating behaviour traits
[31] and neural activation to high energy foods[32]. However,
these findings are so far limited to obese individuals and need
to be confirmed in a range of different populations, that is,
lean versus obese and active versus inactive.

4.3. Leptin and Food Reward. It has been suggested that
obese individuals display a loss of hedonic control over
eating when exposed to highly palatable foods compared
to lean individuals [33]. This increase in the susceptibility
to overconsumption in obese individuals may be related to
increased leptin and insulin resistance (resulting from the
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excessive accumulation of adipose tissue), which may reduce
the sensitivity of short-term appetite control [34, 35]. In
the present study, cross-sectional associations were found
between explicit liking and implicit wanting for high fat
foods relative to low fat foods and fasting leptin, but not
fasting glucose, insulin, HOMA, or VO

2peak. These findings
are supported byRaynaud and colleagues [36], who examined
the relationships between body composition, serum leptin,
insulin, and self-reported palatability of a high CHO break-
fast in a sample of predominantly obese adults. A positive
relationship was noted between serum leptin and palatability,
but not insulin and palatability, and this association remained
after controlling for BMI or fat mass. In the present study, the
cross-sectional associations indicated that a greater implicit
wanting for high fat foods was associated with greater ad
libitum food intake, suggesting that differences in food
reward are expressed behaviourally through differences in
food intake (data not reported). However, it should be noted
that as the test meal design employed in the present study
incorporated both fixed-energy and ad libitum meals, the
measures of daily energy intake in the present study do not
reflect “true” ad libitum daily intake.

Interestingly, the present study also disclosed a novel
relationship between the changes in fasting leptin and explicit
liking for high fat foods following the exercise intervention,
with a decline in fasting leptin associated with an increase
in liking for high fat foods relative to low fat foods. This
relationship is consistent with the proposed role of leptin
in food reward, in which leptin is thought to tonically
inhibit brain reward pathways [34]. It is hypothesised that
a reduction in leptin would act to increase the sensitivity of
reward brain circuitry, potentially increasing the motivation
to consume highly palatable energy dense foods via its
action on dopamine reuptake transporters [37]. Furthermore,
leptin’s role as an adiposity signal is well established [34],
with a decline in leptin thought to stimulate increased
hunger and, in turn, food intake, via a downregulation in
the hypothalamic expression of anorexigenic neuropeptides,
such as proopiomelanocortin and alpha-melanocyte stimu-
lating hormone, and an upregulation in the expression of
orexigenic neuropeptides, such as neuropeptide Y and agouti
gene-related peptide [38, 39]. Importantly, the present data
suggest that a decline in leptin may also promote a greater
perceived liking for high fat foods, thereby helping to further
promote increased food intake and the restoration of energy
homeostasis.

The present findings are in keeping with the idea that
leptin is primarily a “starvation” signal rather than a “satiety”
signal [40]. While a decline in leptin is thought to promote
increases in hunger and food intake [39], an increase in fat
mass and leptin does not appear to exert a proportional
downregulation in eating [40]. As such, it could be argued
that the inhibitory action of fatmass (and associated adiposity
signals) on food intake is actually weaker at higher levels of fat
mass, and this asymmetry may reflect increased “leptin resis-
tance” with obesity. Indeed, leptin resistance may account
for the positive (cross-sectional) correlations between fasting
leptin and food reward seen in the present study. How-
ever, a decline in leptin (independent of fat mass) during

the exercise intervention was also found to be associated
with increased explicit liking for high fat foods. While
these findings may initially appear contradictory, it has been
argued that it is the fall in circulating leptin below a critical
(and individualised) threshold level that triggers corrective
hypothalamic responses to restore energy homeostasis [41–
43]. Theoretically, increased leptin sensitivity resulting from
the exercise intervention could have made individuals more
sensitive to perturbations in peripheral leptin concentrations,
with a decline in leptin perceived by the brain in some
individuals as a state of relative leptin deficiency despite an
actual surplus of stored energy, that is, fat mass [41–43].
However, clearly this can only be speculated, upon and the
precise role of leptin and leptin resistance in food reward
remains an important area for future research.

It has previously been reported that the change in leptin
(independent of fat mass) during weight loss was negatively
associated with the changes in subjective appetite [44].These
observations were made in the context of a 12-week weight
loss program in which subjects lost an average of 7 kg fat
mass (through diet and exercise). The present intervention
on the other hand resulted in a relatively modest 2.2 kg
loss of fat mass. Therefore, the subtle effects of the exercise
intervention on food reward are perhaps unsurprising. It
should be noted that a role for leptin in the hedonic control
of food intake during exercise-induced weight loss is a novel
hypothesis, and, as such, further work is needed to examine
the physiological correlates of food reward in more targeted
research. Nevertheless, these findings are consistent with
other recent observations that some individuals experience
a greater than expected decline in resting metabolic rate
following exercise-induced weight loss, and this compen-
satory downregulation in resting metabolic rate was again
associated with a decline in fasting leptin (independent of
fat mass). Importantly, those individuals who experienced
a compensatory downregulation in resting metabolic rate
also experienced a concomitant upregulation in food intake
during exercise-induced weight loss [45].

The present study has some limitations that deserve com-
ment. When interpreting the findings of the present study,
it is important to note that a nonexercise control condition
was not included. However, the observed improvements in
body composition, VO

2peak are unlikely to have occurred
independent of the exercise intervention. Furthermore, due
to the need to measure body composition and metabolism
at standardised time points during the exercise intervention,
no control was made for menstrual cycle phase in female
participants.Thismay have contributed to the variability seen
in food reward, as studies have shown that eating behaviour
and food reward are influenced by the phases of themenstrual
cycle [46, 47].

5. Conclusion

Through the concurrent measurement of physiological and
behavioural components of energy balance, this study has
disclosed novel relationships between food reward, body
composition, and metabolic-related hormones in overweight
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and obese individuals. Cross-sectional relationships were
found between measures of explicit liking and both fat mass
and fat-free mass. However, only fat mass was found to
be associated with implicit wanting, suggesting that aspects
of body composition may differentially affect the separate
components of food reward. Independent of adiposity, a
positive relationship between fasting leptin and liking and
wanting for high fat food was demonstrated. Furthermore, a
decline in fasting leptin following the exercise intervention
was found to be associated with an increase in liking for high
fat relative to low fat foods. Taken together, these findings
suggest a dynamic role for fasting leptin as a regulatory signal
of food reward during exercise-induced weight loss.
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The present study was designed to explore the effects of GAS6 and AXL gene polymorphisms on adiposity, systemic inflammation,
and insulin resistance in adolescents. After multistage sampling from the data of the Taipei Children Heart Study-III, we collected
358 boys and 369 girls with an average age of 13.3 years. We genotyped the adolescents’ GAS6 rs8191973, GAS6 rs8191974, AXL
rs4802113, andAXL rs2304232 polymorphisms. Significantly higher bodymass index (BMI), waist circumference (WC), and hsCRP
levels were found in boyswith theGGgenotype ofGAS6 rs8191974 thanA allele carriers; higher IL-6 and insulin levels and increased
HOMA-IR were found in boys with the GG genotype ofAXL rs2304232 than the A allele carriers.There was a significant difference
in hsCRP levels of boys with the TT, TC, and CC genotypes of AXL rs4802113. Boys with both the GG genotype of GAS6 rs8191973
and the GG genotype ofGAS6 rs8191974 exhibited higher BMI,WC, IL-6, and hsCRP levels than the boys carrying both the C allele
of the GAS6 rs8191973 and the A allele of the GAS6 rs8191974. In conclusion, GAS6 and AXL polymorphisms are associated with
adiposity, systemic inflammation, and insulin resistance in adolescents, especially in boys.

1. Introduction

Childhood obesity is a serious and growing public health
problem that has arisen over the past three decades [1]. The
increasing occurrence of disorders such as type 2 diabetes
during childhood is believed to be a consequence of this
obesity epidemic [1]. In addition to several behavioral and
dietary risk factors, genetic predisposition is an important
factor in the pathogenesis of childhood obesity [2]. It is
estimated that 40–70% of adiposity variance can be explained
by direct or indirect genetic factors [3].

Growth arrest-specific 6 (Gas6), cloned in 1988 and
characterized in 1993, is a secreted vitamin K-dependent
protein present in the human circulatory system [4, 5].
Initially, Gas6 was shown to be upregulated in growth-
arrested fibroblasts, suggesting that it plays a protective role
in certain cellular stresses such as during apoptosis [6]. Gas6
expression is widespread in many tissues, including immune
cells, endothelial cells, vascular smooth muscle cells, and
adipocytes [7–9]. The protein is also a ligand for the TAM
(Tyro-3/Axl/Mer) family tyrosine kinase receptor [4]. The
Gas6/TAM system has been implicated in cell survival and
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proliferation, cell adhesion and migration, hemostasis, and
inflammatory cytokine release [4, 10].

Recently, the Gas6/TAM pathway was found to be
involved in mediating adipocyte survival and proliferation
in vitro [11, 12]. Experiments with mice fed a high-fat diet
indicated that overexpression of Gas6 might enhance body-
fat accumulation [9], but blocking Gas6 signaling using an
Axl antagonist could reduce body-fat mass and body weight
[13]. Interestingly, transgenic animals that ectopically express
the Axl tyrosine kinase receptor also develop progressive
obesity with elevated circulating proinflammatory cytokines
and severe systemic insulin resistance [14].This protein-array
study also revealed higher levels of Axl mRNA in subcuta-
neous adipose tissue of obese humans than their lean control
counterparts had.This indicates that the Axl receptor may be
involved in the development of human obesity [15]. In addi-
tion, some studies in transgenic mice indicate that Gas6/Axl
signaling might recruit macrophages and other immune cells
into the adipose tissue resulting in the production and secre-
tion of proinflammatory mediators. This suggests that the
Gas6/Axl signaling might play a role in the pathogenesis of
obesity-associated systemic inflammation [8, 16, 17]. Recent
studies have indicated that systemic inflammation, a hallmark
of childhood and adult obesity, is a pivotal mechanism
linking obesity to insulin resistance and type 2 diabetes
[18–21].

Although GAS6 gene polymorphisms are reported to be
associated with stroke, acute coronary syndrome, and type
2 diabetes [22–24], to our knowledge, both GAS6 and AXL
gene polymorphisms associated with childhood obesity have
not yet been identified. In order to address this issue, we
conducted a community-based study to determine whether
commonvariations in theGAS6 andAXL genes correlatewith
adiposity, systemic inflammation, insulin resistance among
adolescents.

2. Materials and Methods

2.1. Study Design and Sampling. The Taipei Children Heart
Study-III was an epidemiological survey that investigated
obesity and cardiovascular disease risk factors among ado-
lescents in Taipei City during 2006. The sampling method
and results have been previously described [25]. Briefly,
the survey included junior high school students in Taipei
City to collect a representative distribution of demographic,
lifestyle, and biochemical characteristics to measure their
risk for cardiovascular disease. After multistage sampling,
researchers randomly selected 1283 Taipei adolescents.Those
with autoimmune diseases, cancers, or active infection and
those taking medications known to interfere with insulin or
glucose metabolism were excluded. Excluding any missing
data, 727 adolescents (358 boys and 369 girls) were included
in the final analyses.

2.2. Data Collection. The institutional review board of
the Tri-Service General Hospital approved these studies
and obtained informed consent from both parents and

adolescents. All the participants completed a structured ques-
tionnaire detailing their gender, age, puberty development,
and lifestyle characteristics (including cigarette smoking,
alcohol consumption, and physical activity). Based on their
responses, the subjects were divided into young adolescents
with history of smoking, those without, and those who
currently smoke.The study divided alcohol consumption into
2 categories: present or no consumption. Physical activity was
divided into 5 levels based on amount of exercise per week:
less than 1 h, 1–3 h, 3–5 h, 5–7 h, andover 7 h. Survey questions
concerning puberty onset included the development of the
penis/testis and pubic hair for boys and development of
breasts and pubic hair for girls. Pubertal status was evaluated
according to the Tanner criteria [26].

2.3. Anthropometric Measurements. Body weight was mea-
sured of barefoot students wearing light indoor clothing
and was rounded to the nearest 0.1 kg. Body height was
recorded to the nearest 0.1 cm. Waist circumference (WC)
was measured at the midway point between the inferior
margin of the last rib and the crest of the ilium in a
horizontal plane and was recorded to the nearest 0.1 cm.
Hip circumference was measured at its widest point to the
nearest 0.1 cm. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in
meters.

2.4. Analytical Methods. To reduce extraneous variation
between subjects, we collected blood samples from the
students after 12 h fasting and who had consumed their usual
diet for the previous 3 days. Children who had recently
attended a holiday or family celebration were contacted for
a blood sample several weeks after the event. Biochemical
assays were performedwithin 2weeks of blood collection and
storage at −4∘C. Plasma was stored at −70∘C until used for
biochemical analysis.

Plasma glucose concentrations were determined by the
glucose oxidase method by using the Beckman Glucose Ana-
lyzer II (Beckman Instruments, Fullerton, CA). The intra-
and interassay coefficients of variation (CVs) for glucose were
0.6% and 1.5%, respectively. Plasma insulin was measured
using a commercial immunoradiometric kit (BioSource
Europe, Nivelles, Belgium). The intra- and interassay CVs
for insulin were 2.2% and 6.5%, respectively. Serum levels
for high-sensitivity C-reactive protein (hsCRP) were mea-
sured using the Tina-Quant (Latex) high-sensitivity assay
(Roche, Mannheim, Germany). The intra- and interassay
CVs for hsCRP were 3.7% and 4.9%, respectively. Serum
IL-6 concentrations were determined using a human high-
sensitivity enzyme-linked immunosorbent assay (ELISA)
(Innotest, Besancon, France). The intra- and interassay CVs
for IL-6 were 1.5% and 5.3%, respectively. Serum TNF-𝛼 was
measured with the Biotrak high-sensitivity human ELISA kit
from Amersham Biosciences (Buckinghamshire, UK). The
intra- and interassay CVs for TNF-𝛼 were 3.5% and 5.3%,
respectively. All concentrations of the above biochemical
variables are the means of 2 samples. Insulin resistance was
assessed using the homeostasis model assessment (HOMA),
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Table 1: Anthropometric and biochemical data with different GAS6 rs8191973 genotypes among boys and girls.

Boys Girls
GG GC CC GG GC CC

(n = 277) (n = 72) (n = 9) (n = 277) (n = 85) (n = 7)
BMI (kg/m2) 22.4 ± 4.0 21.7 ± 4.0 24.2 ± 2.8 21.1 ± 3.2 21.6 ± 3.7 21.1 ± 2.0
WC (cm) 80.1 ± 10.5 79.2 ± 10.4 84.7 ± 8.6 75.2 ± 7.8 76.5 ± 9.2 78.6 ± 6.8
hsCRP (mg/L) 0.8 ± 1.3 1.0 ± 1.3 1.0 ± 1.7 0.6 ± 0.9 0.6 ± 0.7 0.3 ± 0.2
TNF-𝛼 (pg/mL) 26.8 ± 2.9 23.5 ± 4.1 25.3 ± 6.2 22.7 ± 4.7 27.3 ± 5.4 25.1 ± 7.5
IL-6 (pg/mL) 3.2 ± 2.1 3.5 ± 3.1 3.9 ± 3.0 3.3 ± 3.1 3.0 ± 1.4 2.8 ± 1.1
Glucose (mg/dL) 94.1 ± 6.4 92.7 ± 5.8 93.7 ± 4.1 91.7 ± 6.4 91.1 ± 7.3 88.3 ± 3.5
Insulin (𝜇U/mL) 15.4 ± 8.8 13.8 ± 8.3 17.1 ± 6.3 14.1 ± 7.5 15.7 ± 8.0 15.9 ± 5.1
HOMA-IR 3.6 ± 2.2 3.2 ± 2.1 4.0 ± 1.6 3.2 ± 1.8 3.6 ± 1.9 3.4 ± 1.0
Gas6 (ng/mL) 12.1 ± 3.3 14.1 ± 3.7 12.9 ± 3.7 12.6 ± 3.9 12.2 ± 3.1 11.8 ± 3.1
Data are expressed as mean ± SD.
BMI: body mass index; WC: waist circumference; HOMA-IR: homeostasis model assessment of insulin resistance; hsCRP: high-sensitivity C-reactive protein;
TNF-𝛼: tumor necrosis factor-𝛼; IL-6: interleukin-6.

in which the HOMA of insulin resistance (HOMA-IR) =
fasting insulin (𝜇U/mL) × fasting glucose (mmol/L)/22.5
[27].

Gas6 protein concentration was measured using a sand-
wich ELISA and a polyclonal mouse anti-human Gas6
antibody (R&D Systems, Lille, France) as a catcher and a
biotinylated goat antiserum as a detector (R&D Systems),
using previously described methods [28]. The technique has
been validated by Food and Drug Administration guidelines
in a previous study (intra- and interassay CVs of 6.5% and
8.5%, resp.; mean recovery on 10 patients of 97%; lower limit
of quantification 0.26 ng/mL) [29].

2.5. DNA Extraction and Genotype Analysis. DNA was iso-
lated from buffy coats using the QIAamp DNA blood kit and
following the manufacturer’s instruction (Qiagen, Valencia,
CA, USA). The qualities of isolated genomic DNAs were
quantified using agarose gel electrophoresis, and the quanti-
ties were determined using a spectrophotometer. Genotyping
was performed using quantitative real-time PCR. The SNP
selection and primer design are described in a previous
study [30]. SNPs rs8191973 and rs8191974 in GAS6, as well
as rs4802113 and rs2304232 in AXL, were genotyped using a
TaqMan assay with allele-specific probes on the ABI Prism
7900HT Sequence Detection System (Applied Biosystems,
Foster City, CA, USA) according to the standardized labora-
tory protocols [24].

2.6. Statistical Methods. Descriptive results of continuous
variables were expressed as means ± SD. Prior to statistical
analysis, the normal distribution and homogeneity of the
variables were evaluated using the Levene test for quality
of variance, and the variables were then given a base loga-
rithmic transformation if necessary.The parameters HOMA-
IR, triglycerides, hsCRP, IL-6, and TNF-𝛼 were analyzed
and tested for significance using a log scale. The studied
adolescents were categorized into subgroups based on their
GAS6 rs8191973 genotype (CC, CG, andGG),GAS6 rs8191974
genotype (GG, GA, and AA), AXL rs4802113 genotype (CC,

CT, and TT), and AXL rs2304232 (AA, AG, and GG) with
gender specification. The differences between anthropomet-
ric and biochemistry data across genotypes were analyzed
using a general linear model after adjusting for age, Tanner
stages, smoking status, drinking status, and physical activity.
Chi-square tests were used to determine the genotype distri-
butions for the Hardy-Weinberg equilibrium and to compare
the proportions of abnormal anthropometric and biochem-
istry variables across genotypes. We tested different genetic
inheritance models, and a recessive model was applied in
the final analyses for GAS6 and AXL. To determine whether
the GAS6 and AXL SNPs are predictors of obesity and
obesity-associated complications, logistic regression analysis
was used to calculate the odds ratio (OR) and 95% confidence
interval (CI) for each genotype and combined genotypes.
A two-sided 𝑃-value of <0.05 was considered statistically
significant. All statistical analyses were performed using
PASW Statistics 18.0 software (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Subject Characteristics. In total, 727 adolescents (358 boys
and 369 girls) were included in this study.Themean age of all
adolescents in this study was 13.3 years (range, 12–15) and was
similar between boys and girls. In general, boys had higher
BMI (22.3 ± 4.0 versus 21.2 ± 3.3 kg/m2), WC (80.0 ± 10.1
versus 75.1 ± 8.1 cm), hsCRP (0.9 ± 1.3 versus 0.6 ± 0.9mg/L),
and glucose levels (93.8± 6.3 versus 91.5± 6.5mg/dL) than the
girls (all 𝑃 < 0.001). However, girls had higher Tanner stages
(3.2 ± 0.5 versus 3.0 ± 0.4) than the boys (𝑃 < 0.001). There
was no statistically significant difference in the ages, TNF-𝛼,
IL-6, and insulin levels, andHOMA-IR between the boys and
girls.

3.2. Genotype and Allele Frequencies. The genotype frequen-
cies of the 4 polymorphisms are presented in Tables 1–
4. All genotype frequencies were found to be within the
Hardy-Weinberg equilibrium. The allele frequency for the
least frequent allele in boys was 12.6, 22.1, 41.9, and 29.7%,
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Table 2: Anthropometric and biochemical data with different GAS6 rs8191974 genotypes among boys and girls.

Boys Girls
GG GA AA GG GA AA

(n = 213) (n = 132) (n = 13) (n = 242) (n = 109) (n = 18)
BMI (kg/m2) 22.5 ± 4.2b 22.0 ± 3.6b 20.7 ± 3.3b 21.2 ± 3.3 21.3 ± 3.4 20.3 ± 2.3
WC (cm) 80.6 ± 11.0b 79.3 ± 9.5b 76.7 ± 9.4b 75.8 ± 8.1 75.2 ± 8.2 74.6 ± 8.3
hsCRP (mg/L) 0.8 ± 1.2a,b 1.1 ± 1.6a,b 0.4 ± 0.2a,b 0.6 ± 1.0 0.5 ± 0.5 0.9 ± 1.3
TNF-𝛼 (pg/mL) 26.7 ± 8.2 25.5 ± 10.1 23.8 ± 4.6 24.5 ± 9.3 22.9 ± 6.5 27.9 ± 4.3
IL-6 (pg/mL) 3.4 ± 2.8 3.3 ± 3.2 2.5 ± 1.3 3.2 ± 2.8 3.1 ± 3.0 2.9 ± 0.7
Glucose (mg/dL) 94.0 ± 6.3 93.4 ± 6.4 95.3 ± 3.6 91.8 ± 6.7 90.6 ± 6.3 92.1 ± 5.7
Insulin (𝜇U/mL) 14.9 ± 8.7 15.3 ± 9.0 15.0 ± 8.2 15.0 ± 8.1 13.9 ± 6.6 11.7 ± 4.2
HOMA-IR 3.5 ± 2.2 3.6 ± 2.2 3.5 ± 2.0 3.4 ± 2.0 3.1 ± 1.5 2.7 ± 1.1
Gas6 (ng/mL) 13.1 ± 3.7 13.2 ± 3.7 13.0 ± 3.1 11.8 ± 3.1 12.1 ± 3.0 1.7 ± 2.2
Data are expressed as mean ± SD.
BMI: body mass index; WC: waist circumference; HOMA-IR: homeostasis model assessment of insulin resistance; hsCRP: high-sensitivity C-reactive protein;
TNF-𝛼: tumor necrosis factor-𝛼; IL-6: interleukin-6.
aGG versus GA versus AA, P < 0.05; bGG versus (GA + AA), P < 0.05. All comparisons were analyzed using a general linear model after adjusting for age,
Tanner stages, smoking status, drinking status, and physical activity.

Table 3: Anthropometric and biochemical data with different AXL rs4802113 genotypes among boys and girls.

Boys Girls
TT TC CC TT TC CC

(n = 123) (n = 170) (n = 65) (n = 108) (n = 181) (n = 80)
BMI (kg/m2) 22.0 ± 3.7 22.6 ± 3.8 21.9 ± 4.7 21.4 ± 3.6 21.1 ± 3.2 21.2 ± 3.0
WC (cm) 79.4 ± 10.3 80.8 ± 10.0 79.0 ± 11.9 75.8 ± 9.0 75.2 ± 7.7 76.1 ± 7.9
hsCRP (mg/L) 0.8 ± 1.2a 1.0 ± 1.4a 0.8 ± 1.3a 0.6 ± 0.8 0.6 ± 0.9 0.6 ± 0.9
TNF-𝛼 (pg/mL) 24.8 ± 5.5 26.2 ± 6.5 28.2 ± 10.1 24.0 ± 7.3 25.7 ± 8.3 26.6 ± 8.3
IL-6 (pg/mL) 3.0 ± 2.8 3.4 ± 2.7 3.7 ± 3.5 3.5 ± 3.0 2.9 ± 2.0 3.3 ± 2.9
Glucose (mg/dL) 93.4 ± 6.1 94.3 ± 6.0 93.4 ± 7.1 92.0 ± 6.9 91.0 ± 6.5 91.8 ± 6.2
Insulin (𝜇U/mL) 14.8 ± 8.1 15.6 ± 9.7 14.5 ± 7.9 15.2 ± 7.3 14.1 ± 7.8 14.7 ± 7.4
HOMA-IR 3.4 ± 2.0 3.7 ± 2.3 3.4 ± 2.0 3.5 ± 1.7 3.2 ± 1.9 3.3 ± 1.7
Data are expressed as mean ± SD.
BMI: body mass index; WC: waist circumference; HOMA-IR: homeostasis model assessment of insulin resistance; hsCRP: high-sensitivity C-reactive protein;
TNF-𝛼: tumor necrosis factor-𝛼; IL-6: interleukin-6.
aTT versus TC versus CC, P < 0.05. All comparisons were analyzed using a general linear model after adjusting for age, Tanner stages, smoking status, drinking
status, and physical activity.

Table 4: Anthropometric and biochemical data with different AXL rs2304232 genotypes among boys and girls.

Boys Girls
AA AG GG AA AG GG

(n = 180) (n = 143) (n = 35) (n = 165) (n = 161) (n = 43)
BMI (kg/m2) 22.3 ± 3.7 22.2 ± 3.9 22.4 ± 5.4 21.4 ± 3.5 21.0 ± 3.3 21.2 ± 2.5
WC (cm) 79.8 ± 10.1 80.3 ± 10.0 79.5 ± 13.8 75.7 ± 8.6 75.5 ± 7.9 75.0 ± 7.3
hsCRP (mg/L) 0.9 ± 1.5 0.8 ± 1.0 0.8 ± 1.5 0.5 ± 0.8 0.5 ± 0.8 0.8 ± 1.4
TNF-𝛼 (pg/mL) 26.9 ± 6.0 25.2 ± 7.0 24.7 ± 7.7 24.7 ± 7.5 25.4 ± 8.4 28.1± 9.5
IL-6 (pg/mL) 3.1 ± 3.0a 3.2 ± 3.1a 4.8 ± 4.0a 3.2 ± 3.1 3.0 ± 1.8 3.7 ± 3.5
Glucose (mg/dL) 93.7 ± 5.8 94.0 ± 6.2 93.4 ± 8.4 91.3 ± 6.5 91.5 ± 6.7 92.0 ± 6.0
Insulin (𝜇U/mL) 15.4 ± 9.3a 14.5 ± 8.2a 15.9 ± 8.6a 15.1 ± 7.5 14.0 ± 7.9 14.1 ± 6.1
HOMA-IR 3.6 ± 2.3a 3.4 ± 2.0a 3.7 ± 2.3a 3.4 ± 1.8 3.2 ± 1.9 3.2 ± 1.4
Data are expressed as mean ± SD.
BMI: body mass index; WC: waist circumference; HOMA-IR: homeostasis model assessment of insulin resistance; hsCRP: high-sensitivity C-reactive protein;
TNF-𝛼: tumor necrosis factor-𝛼; IL-6: interleukin-6.
a(AA + AG) versus GG, P < 0.05. All comparisons were analyzed using a general linear model after adjusting for age, Tanner stages, smoking status, drinking
status, and physical activity.
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Table 5: Logistic regression analyses of different GAS6 SNP on abnormal variables among adolescents.

Variablesb
GAS6 rs8191973 GAS6 rs8191974
GG OR (95% CI)a GG OR (95% CI)a

Unadjusted Adjustedc Unadjusted Adjustedc

Boys
High BMI 1.12 (0.47–2.68) 1.26 (0.34–4.76) 1.40 (1.06–2.99)d 1.85 (1.04–3.23)d

High WC 0.82 (0.38–1.76) 1.11 (0.39–5.26) 1.58 (1.18–2.01)d 1.68 (1.08–3.25)d

High hsCRP 1.87 (1.25–2.87)d 2.53 (1.03–6.24)d 1.88 (0.68–3.25) 1.92 (0.93–3.96)
High TNF-𝛼 4.26 (0.99–18.37) 3.34 (0.42–24.98) 0.93 (0.43–1.98) 0.99 (0.33–2.94)
High IL-6 2.09 (0.92–4.82) 2.27 (0.98–5.26) 2.68 (1.32–5.20)d 2.56 (1.33–5.00)d

High HOMA-IR 1.41 (0.56–3.52) 1.14 (0.31–4.17) 1.28 (0.61–2.67) 2.35 (0.73–7.69)
Girls

High BMI 0.76 (0.36–1.61) 0.57 (0.22–1.45) 1.09 (0.53–2.26) 1.10 (0.43–2.86)
High WC 0.60 (0.30–1.23) 0.44 (0.17–1.11) 1.26 (0.60–2.64) 1.57 (0.55–4.55)
High hsCRP 0.90 (0.41–1.96) 1.04 (0.39–2.78) 1.19 (0.58–2.44) 1.05 (0.44–2.50)
High TNF-𝛼 0.91 (0.41–2.04) 0.69 (0.24–1.96) 1.00 (0.47–2.13) 0.85 (0.31–2.33)
High IL-6 1.37 (0.61–3.09) 0.90 (0.34–2.50) 1.42 (0.69–2.95) 1.68 (0.06–4.55)
High HOMA-IR 0.76 (0.33–1.72) 0.69 (0.25–1.92) 1.48 (0.64–3.41) 2.20 (0.70–7.14)

aUnder a recessive model (using heterozygotes and minor homozygotes as the reference for each SNP). bAbnormal variables were determined using an age-
and gender-specific 90th percentile cut-off point.
cAdjusting for age, Tanner stage, cigarette smoking, alcohol drinking, and physical activity.
dP < 0.05.
OR: odds ratio; CI: confidence index; BMI: bodymass index;WC: waist circumference; HOMA-IR: homeostasismodel assessment of insulin resistance; hsCRP:
high-sensitivity C-reactive protein; TNF-𝛼: tumor necrosis factor-𝛼; IL-6: interleukin-6.

and 13.4, 19.6, 32.7, and 33.5% in girls for the GAS6 rs8191973,
GAS6 rs8191974, AXL rs4802113, and AXL rs2304232 poly-
morphisms, respectively. There was no significant difference
in allele or genotype distribution between boys and girls at
the 4 polymorphisms.

3.3. Association of GAS6 Gene Polymorphisms with Adiposity,
Inflammatory Markers, and HOMA-IR. No statistically sig-
nificant association between anthropometric characteristics,
biochemistry data, and the GAS6 rs8191973 genotypes was
observed in the boys and girls (Table 1). However, there
were significantly different hsCRP levels between GG, GA,
and AA genotypes of GAS6 rs8191974 in boys, regardless
of their age, Tanner stages, smoking status, drinking status,
or physical activity (Table 2). Moreover, boys with the GG
genotype of GAS6 rs8191974 had significantly higher BMI,
WC, and hsCRP levels than those carrying the A allele. The
GAS6 rs819174 genotypes were not significantly associated
with any anthropometric characteristics and biochemistry
in girls. The 𝑃-values of all comparisons between anthropo-
metric and biochemistry data across GAS6 genotypes were
presented in Supplemental Tables 1 and 2 available online at
http://dx.doi.org/10.1155/2014/674069.

In addition, the association between circulating Gas6
protein levels andGAS6 polymorphismswas investigated.We
found that the GAS6 rs8191973 or rs8191974 genotypes were
not significantly associated with circulating Gas6 protein
levels in both the sexes.

3.4. Association of AXL Gene Polymorphisms with Adi-
posity, Inflammatory Markers, and HOMA-IR. There were

significantly different hsCRP levels between TT, TC, and
CC genotypes of AXL rs4802113 in boys, independent of
their age, Tanner stages, smoking status, drinking status, or
physical activity (Table 3). In addition, boys with the GG
genotype of AXL rs2304232 had significantly higher IL-6 and
insulin levels and increased HOMA-IR than those carrying
the A allele (Table 4). However, in girls, AXL rs4802113 or
rs2304232 polymorphisms were not significantly associated
with any anthropometric characteristics or biochemistry
(Tables 3 and 4). The 𝑃-values of all comparisons between
anthropometric and biochemistry data acrossAXL genotypes
were presented in Supplemental Tables 3 and 4.

3.5. Association of GAS6 and AXL Gene Polymorphisms
with Elevated Adiposity, Inflammatory Markers Levels, and
HOMA-IR. Boys with the GG genotype of GAS6 rs8191973
were 1.87-fold more likely to have higher hsCRP levels
than the C allele carriers. Even after adjusting for age,
Tanner stage, smoking status, drinking status, and physical
activity, a significant relationship between the GG geno-
type of GAS6 rs8191973 and higher hsCRP levels was still
observed in boys (Table 5). Moreover, boys with the GG
genotype of GAS6 rs8191974 exhibited a 1.40-fold greater
risk for developing high BMI, a 1.58-fold greater risk for
developing high WC, and a 2.68-fold greater risk to have
higher IL-6 levels than the A allele carriers. Even after
adjusting for all possible confounding factors including
age, Tanner stage, smoking/drinking status, and physical
activity, the relationship between the GG genotype of
GAS6 rs8191974, higher BMI/WC, and higher IL-6 lev-
els still remained significant in boys. However, the AXL
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Figure 1: Combined effect ofGAS6 rs8191973 and rs8191974 polymorphisms on the risk of abnormal variables in boys. ∗𝑃 < 0.05; R = reference
group.

rs4802113 or rs2304232 polymorphisms showed no signif-
icant association with abnormal adiposity, inflammatory
markers, and HOMA-IR in boys or girls (see Supplemental
Table 5).

3.6. Combined Effect of the GAS6 and AXL Polymorphisms on
High Adiposity, Inflammatory Marker Levels, and HOMA-IR.
Logistic regression analyses were applied to evaluate whether
the combination of the GAS6 rs8191974 and rs8191973 poly-
morphisms is a stronger risk factor for high adiposity, inflam-
matory markers levels, and HOMA-IR than when alone. The
combined effects of the 2 GAS6 gene polymorphisms in the
risk of high BMI, WC, IL-6, and hsCRP levels are shown in
Figure 1. After adjusting for the relevant confounding factors,
we still observed that boys with the GG genotype of GAS6
rs8191973 and the GG genotype of GAS6 rs8191974 exhibited
a 4–7-fold higher risk of high BMI, WC, IL-6, and hsCRP
levels than the individuals with both the C allele of the GAS6
rs8191973 and the A allele of the GAS6 rs8191974 did (OR
= 4.92, 95% CI: 1.08–23.6, 𝑃 = 0.018; OR = 4.18, 95%
CI: 1.05–22.5, 𝑃 = 0.016; OR = 4.08, 95% CI: 1.06–28.56,
𝑃 = 0.015; OR = 7.22, 95% CI: 1.46–35.72, 𝑃 = 0.010,
resp.). However, for girls, there was no statistically significant

association between the combination of the GAS6 rs8191974
and rs8191973 polymorphisms and abnormal variables.

In addition, we evaluated the combined effect of theGAS6
rs8191973 or rs8191974markerwithAXL gene polymorphisms
and its association with risk of high adiposity, inflammatory
marker, and HOMA-IR. However, combinations of GAS6
markers withAXL gene polymorphisms were not found to be
significantly associated with any abnormal variables in both
boys and girls (data not shown).

4. Discussion

In this study, a strong association between GAS6 and AXL
polymorphisms with body adiposity, systemic inflammation,
and insulin resistance was identified among boys. The risk of
possessing high adiposity and inflammatory markers levels
was higher in boys carrying the GG genotype with GAS6
rs8191973 or rs8191974 than the noncarriers. Moreover, the
combination of both GAS6 polymorphisms had an additive
effect on the development of obesity and obesity-associated
inflammation in boys. These data strongly suggest that GAS6
and AXL genes play a role in the pathogenesis of childhood
obesity and its associated complications.
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GAS6 was originally identified as a gene that is expressed
in fibroblasts and increaseswith serum starvation and contact
inhibition [6]; Gas6 is also a potential growth factor for
fibroblasts [11]. Maquoi and colleagues demonstrated that
when fed with a high-fat diet, GAS6-deficient mice had
significantly less fat than their wild-type counterparts [9].The
authors also reported the expression of Gas6 and its 3 recep-
tors (Tyro-3, Axl, Mer) in murine adipose tissues, thus sug-
gesting that Gas6 may act in an autocrine and/or paracrine
manner to promote murine adipose tissue development [9].
Previous experiments in transgenic mice demonstrate that
Gas6 might also induce obesity-associated inflammation via
recruiting immune cells into the adipose tissue to producing
and secreting proinflammatory cytokines [8, 16, 17]. Our
recent clinical study found that circulatingGas6 protein levels
are associated with adiposity and inflammatory markers
in overweight/obese adolescents [5]. In this study, GAS6
is further implicated as a candidate susceptibility gene for
obesity and systemic inflammation. However, the association
between GAS6 genotypes and circulating Gas6 protein levels
was not observed among adolescents. We hypothesize that
GAS6 polymorphisms could affect the biology of the Gas6
protein itself rather than its transcription or process rate, thus
influencing adiposity regulation and systemic inflammation.
To validate this, further studies regarding the association
between Gas6 protein biology and GAS6 polymorphisms are
required.

Recent studies demonstrated that Gas6/TAM signaling
is involved in releasing inflammatory cytokines (such as
IL-6 and hsCRP) in diverse human diseases [23, 31, 32].
In addition, the Gas6/TAM signaling is also known to be
involved in several inflammation-related systems, including
maturation of immune cells [33], endothelial activation [7],
and immunoregulation [34]. Our present study found that
the GG genotype of GAS6 rs8191973 and the GG genotype
of GAS6 rs8191974 are strongly associated with higher circu-
lating IL-6 and hsCRP levels in boys. Therefore, the GAS6
polymorphisms presumably influence Gas6/TAM signaling
and could further activate inflammatory reactions and result
in releasing circulating IL-6 and hsCRP. However, the com-
prehensive effects of the GAS6 polymorphisms in regulation
of inflammatory cytokines still remain to be determined by
more researches.

Interestingly, a previous study found that the A allele
or the AA genotype of GAS6 rs8191974 is associated with
decreased risk of stroke [22]. Moreover, the A allele and the
AA genotype are also thought to be related to a lower risk
of developing acute coronary syndrome or type 2 diabetes,
suggesting that this genotype exhibits protective activities
against developing acute coronary syndrome and type 2
diabetes [23, 24]. We also observed similar results in those
with the A allele or AA genotype of GAS6 rs8191974. These
subjects exhibited a lower risk for developing obesity and
systemic inflammation than those with the GG genotypes.
Together, these findings suggest that the GAS6 rs8191974
polymorphisms play an important role in the development
of obesity and obesity-associated complications (e.g., type 2
diabetes, cerebrovascular, and cardiovascular diseases). The
protective role of the AA genotype of GAS6 rs8191974 against

the developing childhood obesity and obesity-associated
complications requires further study.

The Axl protein is a membrane-bound receptor that
belongs to the TAM family of receptor tyrosine kinases.
Gas6 and protein S are the known ligands of the TAM
receptor family [35]. Axl exhibits the highest affinity for
Gas6 as compared to the other members of the TAM family,
whereas protein S predominantly binds Mer and Tyro-3 [36].
Gas6/Axl signaling has been shown to be involved in the
pathogenesis of obesity and systemic inflammation [13–15].
However, our study demonstrates that AXL polymorphisms
are associated with systemic inflammation rather than child-
hood obesity. Moreover, the combination of GAS6 and AXL
gene polymorphisms is not significantly associated with
any variables in adiposity among adolescents. Our findings
indicated that AXL gene polymorphisms might not play a
significant role in childhood obesity. Recently, Scroyen and
colleagues [37] have published similar findings indicating
that deficiency in a single Axl receptor did not significantly
affect adipogenesis or adipose tissue development in mice.
This is because an Axl deficiency can be partially compen-
sated by other TAM family members (Tyro-3 and Mer) via
Gas6 interaction. Axl may not be the only TAM receptor
through which Gas6 could modulate adipogenesis. Further
studies are needed to investigate the effect of Tyro-3 and Mer
receptors on the development of childhood obesity.

In addition, our present study also indicates that gender
disparity exists regarding the effects of the GAS6 polymor-
phisms on anthropometric characteristics and inflammatory
markers. We found no significant difference in genotype
frequencies between boys and girls; however, the effects of the
GAS6 polymorphisms, individually or combined, only man-
ifest in boys. The GAS6 gene contains an estrogen response
element in its promoter and is upregulated by estrogen via
an activated estrogen receptor in mammary epithelial cells
[38]. Moreover, androgen was reported to directly regulate
GAS6 transcription via the androgen receptor [39].Therefore,
we hypothesized that the gender-specific effect of the GAS6
polymorphisms on childhood obesity might be due to a dis-
parity in sex hormone distributions.This has been previously
reported to be associated with GAS6 expression and body
composition [40, 41].

Despite these results, our study does have certain lim-
itations. First, this was a cross-sectional study, as such we
might not be able to assess GAS6 polymorphisms on weight
dynamics and the development of obesity-associated com-
plications throughout life. Furthermore, longitudinal studies
are required to confirm our results. Second, because of
the limitations of our questionnaire, we were not able to
comprehensively estimate every adolescent’s daily intake.The
impact of dietary energy intake on genetic susceptibility
also requires further investigation to better understand any
confounding effect.

In conclusion, we indicate an association between the
GAS6 and AXL polymorphisms with adiposity, circulating
inflammatory markers, and insulin resistance of adolescents,
especially in boys. Moreover, the GG genotype of GAS6
rs8191973 or rs8191974 strongly correlates with susceptibil-
ity to develop obesity and systemic inflammation in boys.
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Nonetheless, these results together with those from studies
in cellular and animal models encourage the study of the
Gas6/TAM system in childhood obesity and its potential
complications and further support the hypothesis that mod-
ulation of Gas6 activity may indeed provide an important
intervention point for future therapies.
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[22] X. Muñoz, V. Obach, B. Hurtado, P. G. de Frutos, Á. Chamorro,
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