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ABSTRACT

Depression and obesity (BMI = 30) have been
recognized as major public health issues world-
wide. Although they have traditionally been com-
partmentalized as separate physical and emo-
tional health conditions, evidence has sugges-
ted interactions and common pathways between
them, implying that they probably shared com-
mon underlying biological mechanisms. By a
systematic review of the literature and knowl-
edge mining, we explore a potential biological
mechanism of obesity effects on depression.
Bioactivators in the body of obesity including
adiponectin, leptin and its receptors, ghrelin, en-
docannabinoids and orexin receptors may con-
tribute to depression by the hypothalamic pitui-
tary adrenal axis, psycho-neuro-immunological
system, neurovegetative system and brain areas
control of mood and emotion such as hippo-
campus, cortex and amygdala.

Keywords: Obesity; Depression; Biological
Mechanisms; Literature and Knowledge Mining

1. INTRODUCTION

Obesity is an increasingly prevalent public-health pro-
blem with significant costs in the form of disease and
premature death [1], increased health-care costs [2], and
social stigmatization [3]. In addition, obesity causes or
exacerbates many health conditions, both independently
and in association with other diseases [1]. Recent data
from the National Physical Fitness Monitoring in China
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in 2010 indicate that approximately 32.1% of adults and
39.8% of oldster Chinese are obese. Physical complica-
tions from obesity have been studied extensively, espe-
cially coronary heart disease, certain forms of cancer,
and type 2 diabetes [4]. However, less is known about
the relationship between obesity and major depressive
disorder.

For the most part, obesity and depression have been
compartmentalized as separate health problems of a phy-
sical and emotional nature, respectively [5]. However,
the fact that depression and obesity have shared symp-
toms such as sleep problems, sedentary behavior and
dysregulated food intake is not a mere coincidence but
appears to be related to shared pathophysiological me-
chanisms. The purpose of the present article is to review
the physiological and biochemical changes induced by
depression and obesity in the body, highlight similarities
in their biological presentation, review and speculate
common pathways or other connecting mechanisms.

2. METHODS

Amounts of Medline, PsycINFO, PubMed, and Web
of Science searches were conducted using the key words
metabolic syndrom, waist circumference, waist hip ratio,
obesity, overweight, central adiposity/obesity, visceral
adiposity/obesity, body fat distribution, psychological,
depression/major depressive disorder. After a systematic
review of the literature, the method of noninteractive lite-
rature-based knowledge discovery created by D. R. Swan-
son was used to search the relative literature between
obesity and depression by a man-computer interactive
system named as Arrowsmith. The process starts with a
given A and C. It tretrieves all literature containing either
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A or C. From this, a list of B-terms is extracted. These
B-terms are words orphrases (of up to six words) which
co-occur at least twice with both A and C. The stop list is
applied next and the list is further edited by the user to
remove redundancies and useless terms. Finally, the sys-
tem display seach A-B-C link with the titles in which the
A-B and B-C co-occurrences are present. The user can
now study the context of the co-occurrences and deter-
mine which A-C links merit further investigation.

3. RESULTS

Although it seems obvious that obese people would
likely be at higher risk for major depressive disorder
(MDD) problems, the mediating factors in the relation-
ship between psychological problems and obesity are
still not well established. In this section, we review the
internal biological activities of the body that may serve
as links between obesity and depression and possible
targets for both disorders.

3.1. Adiponectin

Adiponectin (also referred to as GBP-28, apM1, Adi-
poQ and Acrp 30) is a protein which in humans is en-
coded by the ADIPOQ gene [6]. It is involved in regu-
lating glucose levels as well as fatty acid breakdown, and
a protein hormone that modulates a number of metabolic
processes, including glucose regulation and fatty acid
catabolism [7]. Adiponectin is exclusively secreted from
adipose tissue and also from the placenta in pregnancy
into the bloodstream and is very abundant in plasma
relative to many hormones [8]. Levels of the hormone
are inversely correlated with body fat percentage in
adults. The hormone plays a role in the suppression of
the metabolic derangements that may result in type 2
diabetes [9], obesity, atherosclerosis [7], non-alcoholic
fatty liver disease (NAFLD) and an independent risk
factor for metabolic syndrome [8].

A epidemiological studies documenting an association
between decreased plasma adiponectin concentration and
an increased risk of MDD were published [10]. And the
adiponectin hypothesis about psychopathology in the
context of obesity was proposed [11]. Moreover, circu-
lating adiponectin levels have also been shown to corre-
late inversely with anxiety scores, a condition highly
comorbid with depression [12].

As an adipokines, adiponectin has been believed to
play a role in developing of depression. Adiponectin lev-
els in plasma are reduced in a chronic social-defeat stress
model of depression, which correlates with decreased
social interaction time and intracerebroventricular (i.c.v.)
injection of an adiponectin neutralizing antibody pre-
cipitates stress-induced depressive-like behavior. Con-
versely, i.c.v. administration of exogenous adiponectin
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produces antidepressant-like behavioral effects in nor-
mal-weight mice and in diet-induced obese diabetic mice
[13]. Results of studies examining adiponectin in clinical
populations have been variable. The original work about
the links reported a decrease in plasma adiponectin con-
centrations in symptomatic patients with MDD [10] and
an increase in adiponectin in patients with depression
that was successfully treated [14], other studies have
been unable to find changes in people with depression
[15-17]. This effect may be mediated by antidepressants
in the short-term [18] and weight gain over time [19], but
recent work suggests that the presence of weight gain
and depression also appears to be additive. The two con-
ditions appear to have a greater effect on adiponectin that
either does separately, indicating that an underlying vul-
nerability may be conferred and then compounded by
either of the two conditions and their resultant hypoadi-
ponectinemia. Moreover, circulating adiponectin levels
have been shown to correlate inversely with anxiety
scores by the pathway of Psycho-neuro-immunological
aspects [12].

Adiponectin may regulate the expression of several
pro- and antiinflammatory cytokines and reduce both
secretion and attenuate the biological effects of TNF-a
[20,21] and to induce the production of antiinflammatory
cytokines such as interleukin-10 (IL-10) and inter-
leukin-1 receptor antagonist (IL-1RA) [22]. Proinflam-
matory mediators such as IL-6 can regulate the expres-
sion of adiponectin by way of suppressing adiponectin
transcription and translation [23], and contrarily, weight
loss is a potent inducer of adiponectin synthesis d which
might lead to dysregulation of the controls that inhibit
the production of proinflammatory cytokines, thereby
leading to the production of increased levels of proin-
flammatory mediators [24]. The hypothalamic pituitary
adrenal (HPA) axis also plays a role in adiponectin regu-
lation; adiponectin gene expression is reversibly down-
regulated by dexamethasone [23], and glucocorticoids
have been shown to inhibit adiponectin function [25].

3.2. Leptin and Its Receptors

Leptin is a peptide hormone secreted from adipocytes,
circulates in the blood as a 16-kDa protein and enters the
brain by a saturable transport mechanism. Leptin has
been well-recognized as an adiposity negative feedback
signal and a critical mediator of energy homeostasis
since its discovery. Leptin receptor is a single mem-
brane-spanning protein that belongs to the class | cyto-
kine receptor superfamily. Accumulating evidence has
expanded the function of leptin from the control of en-
ergy balance to the regulation of other physiological
processes such as reproduction and cognition [26,27].
Supporting this notion, the leptin receptor is widely dis-
tributed in discrete brain regions. Particularly, LepRb, an

OPEN ACCESS



Y. H. Gong et al. / Health 5 (2013) 1811-1818 1813

isoforms of the leptin receptor, is highly expressed in
brain areas implicated in the control of mood and emo-
tion such as the hippocampus, cortex and amygdala.

Animal models of depression in rats or mice exposed
to chronic unpredictable stress or chronic social defeat
stress to develop behavioral deficits and endocrine ab-
normalities, mimicking the symptoms of human depres-
sion, showed decreased basal levels of leptin in plasma
[28]. It was hypothesized that leptin insufficiency may
underlie depression-like behavioral deficits [29]. One of
the depression-like behaviors in chronically stressed
animals is reduction of sucrose preference, which is re-
garded as an analog of anhedonia, a key symptom of
depression in human [30]. Systemic administration of
leptin can reverse the chronic stress-induced decrease in
sucrose preference [28].

Studies about the role of leptin signaling in human de-
pression is limited and controversial [31,32]. With larger
sample sizes, researchers demonstrated that plasma leptin
levels were decreased in patients with major depression
independent of body mass status [33,34]. Also, lower
levels of leptin in cerebrospinal fluid were found in sui-
cide attempters with depression than those without de-
pression [35,36]. These suggest a link between reduced
leptin levels and major depression. It has been reported
that obese people are approximately 20% more likely to
have depressive disorders than non-obese subjects [37],
and leptin resistance is caused by defects in the leptin
signaling pathway possibly at several levels, including
impaired transport of leptin across the blood-brain-bar-
rier, reduced function of the leptin receptor and defects
in leptin signal transduction [38].

The principal homeostatic site of action of leptin and
ghrelin is the hypothalamic arcuate nucleus, where they
exert anorexigenic or orexigenic effects, respectively,
through a biologically elegant system of neuropeptides.
Interestingly, receptors for leptin and ghrelin, as well as
receptors for other feeding peptides are expressed in
several depression-related limbic substrates [39]. In light
of leptin’s ability to inhibit depressive behaviors inani-
mal models, it is possible that leptin resistance may con-
tribute to the higher rate for depression in obese people.
This could also help to interpret some of the conflicting
results obtained in relation to circulating leptin levels in
depressed patients [40].

3.3. Ghrelin

Ghrelin is a natural ligand for the growth hormone
(GH)-secretagogue receptor (GHS-R), is primarily pro-
duced in the stomach. Ghrelin plays a critical role in a
variety of physiological processes, including the stimula-
tion of GH secretion and regulation of energy homeosta-
sis by stimulating food intake and promoting adiposity
via a GH-independent mechanism [41,42].
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Prior studies found that rises in ghrelin occur not only
in response to states of energy insufficiency [43-45] but
also following Anxiety and depression [46], and eleva-
tions in either gastric ghrelin mRNA or total plasma
ghrelin have been observed in response to various mod-
els of acute stress, including following a tail pinch stress
protocol in ddy mice and following a water avoidance
stress protocol in Wistar Kyoto and Sprague-Dawley rat
[47,48].

Mouse models has revealed that increasing circulating
ghrelin levels by 10 days of calorie restriction or by
acute s.c. injection produces antidepressant-like respon-
ses in the forced swim test, but caloric restriction no
longer induced these responses in mice lacking ghrelin
receptors (GHSRnull mice), thus suggesting that inter-
ference with ghrelin signaling negates the antidepres-
sant-like behaviors associated with calorie restriction
[46]. Also, upon challenge with the chronic social defeat
stress (CSDS) protocol, GHSR-null mice manifested
greater social isolation (another marker of depressive-
like behavior) than did wild-type littermates. Thus, it has
been suggested that activation of ghrelin signaling path-
ways in response to chronic stress may be a homeostatic
adaptation that helps individuals cope with stress.

Studies has demonstrated the hippocampus as being
involved in antidepressant efficacy and other aspects of
depression, including that associated with stress, and the
hippocampus together with the neocortex mediates cog-
nitive aspects of depression such as memory impairment
and feelings of worthlessness, hopelessness, guilt, and
suicidality [49]. Interestingly, GHSRs are known to be
expressed within all regions of the hippocampus [50,51].
In addition, peripherally administered ghrelin is taken up
by and increases spine synapse density within the hippo-
campus [52]. Ghrelin also recently has been shown to
stimulate cellular proliferation and differentiation of
adult rat hippocampal progenitor cells [53,54], thus sug-
gesting that ghrelin also might induce hippocampal neu-
rogenesis.

3.4. Endocannabinoids

Endocannabinoids are lipid mediators derived from
membrane phospholipids or triglycerides with complex
effects on body weight and metabolic regulation [55,56].
Endocannabinoids in tissues controlling energy homeo-
stasis are altered in obesity, and has been suspected to
contribute to the association of visceral fat accumulation
with metabolic diseases. The endocannabinoid system,
which exists in both the brain and the periphery, is both a
regulator and effector of the stress response [57,58]. Pre-
clinical studies have demonstrated that the contents of
the endocannabinoids in limbic and hindbrain regions are
regulated by a variety of stressful stimuli [57]. These
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changes in endocannabinoid activity dampen or promote
recovery of the hormonal stress response since endocan-
nabinoid signaling negatively modulates the sensitivity
and output of the hypothalamic-pituitary-adrenal (HPA)
axis [57,58].

Prior study demonstrated that exposure of humans to
an acute social stressor results in altered circulating con-
centrations of the endocannabinoids [59,60], the source
of circulating endocannabinoids is not well characterized,
but adipocytes, endothelial cells and macrophages, as
well as visceral organs, such as the liver and intestines,
all possess the ability to synthesize and release endocan-
nabinoids into the blood [61-63]. Previous findings of a
reduction in circulating endocannabinoid content in an
independent population diagnosed with major depression
werereplicated [62].

Endocannabinoid signaling is known to influence
mood and emotion, such that impairments in endocan-
nabinoid signaling can produce depressive-like and anxi-
ety-like symptoms in rodents [60] and administration of
CB1 receptor (G-protein coupled receptors) antagonists
to humans has been found to increase indices of depres-
sion and anxiety [63]. Accordingly, the deficit in circu-
lating endocannabinoids documented in individuals with
major depression may contribute to the emotional seque-
lae associated with this disease.

3.5. Orexin Receptors

Orexin-A and orexin-B, via their receptors orexin-1
receptor (OX1R) and orexin-2 receptor (OX2R) have
been shown to play a role in the regulation of feeding,
body weight, and energy expenditure. The orexigenic pe-
ptides, orexin-A and orexin-B, are proteolytically clea-
ved from a common precursor, prepro-orexin and share
46% amino acid sequence identity [64,65]. The neurons
producing orexins are located in the lateral and posterior
hypothalamus and send their projections widely into the
central nervous system, resulting in multiple physiologi-
cal functions, including the control of arousal and sleep-
wake cycle, regulation of cardiovascular and autonomic
function, and the neuroendocrine system [66-68]. Orex-
ins bind to and activate two G-protein-coupled receptors,
orexin-1 receptor (OX1R) and orexin-2 receptor (OX2R),
which display 64% amino acid sequence identity [67].
Orexin-A binds with a high affinity to OX1R, whilst
OX2R binds both orexin-A and orexin-B with similar
affinity. Studies have demonstrated that the orexin re-
ceptors distributes in human isolated adipocytes [69] and
non-central tissue distribution include the adrenal gland
[70], male reproductive system [71] thyroid, lung, kidney,
and jejunum [72].

Calorie restriction and subsequent weight loss in mam-
mals induces a wide array of behavioral responses di-
rected toward promoting the identification of new food
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sources. These responses have been well studied in mice
and include increased arousal, increased locomotor ac-
tivity, and decreased anxiety-like behavior [73-75]. In-
terestingly, several psychiatric disorders, notably “typi-
cal” major depressive disorder and anorexia nervosa, are
characterized by reduced calorie intake. Behavioral re-
sponses to calorie restriction are thought to mediate cer-
tain clinical aspects of the illness. For example, reduced
production of leptin by adipose tissue has been impli-
cated in the increased psychomotor activity of patients
suffering from anorexia nervosa [76].

Findings demonstrated significant downregulation of
prepro-orexin mRNA expression after chronic social
defeat stress. Interestingly, decreased levels of orexin-A
were reported in the CSF of suicidal patients with major
depressive disorder [77], supporting chronic social defeat
stress as a model of major depression. One interesting
possibility is that prolonged reduction in orexin signaling
may contribute to the development of neurovegetative
symptoms seen in major depression. Orexin neurons
have broad projections, and multiple functions have been
attributed to orexin signaling, including consolidation of
arousal, regulation of metabolism, food intake, and car-
diovascular responses, controlling fluid intake, and me-
diating food and drug reward responses [78-81]. Given
the multiple roles of orexin neurons, reduction in orexin
signaling makes an attractive candidate to explain the
disrupted sleep/wake cycles, altered appetite, and psy-
chomotor retardation often observed in depressed pa-
tients.

4. DISCUSSION

The complex relationship between obesity and depres-
sion had been reported based on only one bioactivator in
most of prior studies. This review as well as knowledge
mining discusses a potential biological mechanism of
obesity effects on depression systemly. Bioactivators in
the body of obesity including adiponectin, leptin and its
receptors, ghrelin, endocannabinoids and orexin recep-
tors may contribute to depression by the hypothalamic
pituitary adrenal axis, psycho-neuro-immunological sys-
tem, neurovegetative system and brain areas control of
mood and emotion such as hippocampus, cortex and
amygdala.

Adiponectin plays a role in the suppression of the
metabolic derangements and the levels of which are in-
versely correlated with body fat percentage and anxiety
scores. The biological mechanism may be that obesity
results in the decrease of plasma adiponectin concerntra-
tion and then increases the risk of MDD by HPA axis
and psycho-neuro-immunological system. As an adipos-
ity negative feedback, leptin is a critical mediator of en-
ergy homeostasis. The decreased plasma leptin level will
contribute to depressive behaviors through a biological
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system of neuropeptides. The rises in ghrelin occur fol-
lowing depression, and the points of action may be re-
gions of hippocampus. Endocannabinoid is an important
mediator of energy homeostasis and a regulator and ef-
fector of the stress response. The biological mechanism
may be that depression leads to the rise of endocannabi-
noids, then make the fat accumulation and subsequent to
come into be obesity. Orexin produced by neurons is
located in hypothalamus. Weight loss will induce a be-
havioral response of food intake and this response will
decrease anxiety-like behavior through the neurovegeta-
tive system.

The method of noninteractive literature-based knowl-
edge discovery contributes to exploring the relation be-
tween psychological characteristics and illness, and the
theoretical hypothesis of biological mechanism can be
constructed between them through a system literature
review to provide valuable reference for medical and
psylogical researchers to benefit mental diseases under-
standing and disease prevention and control.
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