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Abstract
Depression and obesity are common conditions with major public health implications that tend to co-occur within
individuals. The relationship between these conditions is bidirectional: the presence of one increases the risk for developing
the other. It has thus become crucial to gain a better understanding of the mechanisms responsible for the intertwined
downward physiological spirals associated with both conditions. The present review focuses specifically on shared
biological pathways that may mechanistically explain the depression–obesity link, including genetics, alterations in systems
involved in homeostatic adjustments (HPA axis, immuno-inflammatory activation, neuroendocrine regulators of energy
metabolism including leptin and insulin, and microbiome) and brain circuitries integrating homeostatic and mood regulatory
responses. Furthermore, the review addresses interventional opportunities and questions to be answered by future research
that will enable a comprehensive characterization and targeting of the biological links between depression and obesity.

Introduction

Both depression and obesity are widespread conditions with
major personal and public health implications [1–3]. As
there is evidence that their prevalence and relative impact
on public health will increase further over the next decade,
both conditions deserve our full research and clinical
attention. Clinically relevant depression could be defined
either through self-reported symptoms (e.g. applying
established cut-offs to questionnaire scores) or through an
interview-based psychiatric diagnosis of major depressive
disorder (MDD). Throughout this review, the term depres-
sion, if not otherwise specified, is used in its broadest
meaning including both relevant self-reported symptoms
and clinical syndromes. Where needed, the appropriate

terms of MDD diagnosis or self-reported symptoms are
used to specifically distinguish the different definitions.
Obesity is most often defined by a body mass index
(BMI) ≥ 30 kg/m2 according to WHO criteria. Many recent
lines of scientific evidence indicate that depression and
obesity are not independent. In fact, there is strong reason to
believe that these conditions are interconnected through a
vicious, mutually reinforcing cycle of adverse physiological
adaptations. It is crucial to gain a better understanding of the
mechanisms responsible for the interconnected downward
spiral into both conditions. This review summarizes the
epidemiological evidence linking depression and obesity
(see Evidence for a bidirectional link between MDD and
obesity). Then, the focus is on shared biological mechan-
isms that may explain the depression–obesity association at
different levels, from genes and peripheral endocrine,
immuno-inflammatory and metabolic mechanisms to brain
(see Biological mechanisms linking depression and obe-
sity). We conclude by discussing interventional opportu-
nities and key issues to be addressed by future research (see
Clinical and research implications).

Evidence for a bidirectional link between
MDD and obesity

Epidemiological evidence strongly supports an association
between depression and obesity. Table 1 summarizes pre-
vious meta-analytic evidence; where feasible, pooled
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estimates were presented separately for clinical diagnoses
and self-reported symptoms of depression. Six meta-
analyses [4–9] combining up to 26 cross-sectional studies
all confirm a positive association between depression and
obesity. Pooled cross-sectional odds ratios of depression
among the obese ranged from 1.23 to 1.41 in studies based
on self-reported symptoms, and from 1.14 to 1.30 in studies
based on clinical diagnoses. Four longitudinal meta-
analyses [10–13] confirm the existence of a bidirectional
relationship: obesity longitudinally increases the risk of
developing depression, and vice versa, depression increases
the risk of subsequent obesity. As compared to cross-
sectional meta-analyses, effect sizes tend to be higher in
longitudinal analyses and one study [10] showed stronger
bidirectional effects for MDD as compared to self-report
symptoms. Overall, effect sizes are stronger when con-
sidering extreme obesity (class III: BMI ≥ 40 kg/m2) than
when applying the BMI cut-off of 30 kg/m2, and are posi-
tive but less strong and not always significant for over-
weight (BMI 25–30 kg/m2) [5, 10]. Sex has been shown to
moderate the depression–obesity association as it was
stronger in women than in men, but only in cross-sectional
[5, 7, 10] and not in longitudinal meta-analyses. Finally,
meta-analytic evidence shows that the depression–obesity
association extends to bipolar depression [14], exists
already in childhood and adolescence [6, 12], and is con-
sistent across Western and non-Western countries [4, 5, 7].

Several meta-analyses provided effect sizes both unad-
justed and adjusted for sociodemographic and lifestyle (e.g.
smoking, activity) indicators. Overall, adjusted and unad-
justed effect size estimates do not differ much [10–12],
suggesting that these factors do not largely explain the
depression–obesity link. One potentially important factor
may be concurrent treatment by antidepressant medication,
as indications exist that antidepressant treatment itself
causes subsequent weight increase. Although this factor is
often ignored in population-based studies, the prevalence of
antidepressant medication in these studies is generally
rather low and therefore it is unlikely that
depression–obesity associations are completely attributable
to antidepressant medication. In a meta-analysis examining
body weight changes due to antidepressant use, Serretti and
Mandelli [15] concluded that most antidepressants have
transient and negligible effects on body weight in the short
term. When side effects of antidepressants were examined
over a longer term of 2–4 years in a study among ~1000
depressed patients, only mirtazapine use was associated
with weight gain [16]. In a large-scale study among
2545 subjects, it was depression status and not anti-
depressant medication that predicted 2-year subsequent
weight increase in multivariate analyses [17]. Overall, these
findings suggest that, although few selective antidepressant
medications cause (short term) weight gain, the

depression–obesity association likely is not explained by
antidepressant medication.

Evidence exists that the association between depression
and obesity is stronger for abdominal obesity. Abdominal
obesity, characterized by visceral fat accumulation, has
been more strongly linked to metabolic dysregulations. The
meta-analysis of Xu et al. [8]. confirmed that the association
between abdominal obesity and depression was stronger
than that between general obesity and depression reported
by previous cross-sectional meta-analyses (Table 1). Also,
the association between depressed mood with longitudinal
change in abdominal visceral fat has been shown to be
stronger than that with change in overall obesity [18]. The
importance of metabolic dysregulation also becomes clear
in an analysis among 30,337 obese persons [19]. Obese
persons with a favorable metabolic profile had only a
slightly increased depression risk compared to the non-
obese, but the depression risk was greater when obesity is
accompanied with an adverse metabolic profile (e.g.
hypertension, dyslipidemia, high C-reactive protein, or
insulin resistance).

Heterogeneity of depression

Depression’s heterogeneity contributes to variability in the
association with obesity; this association is stronger in
certain subgroups of patients. Clinicians are well aware that
patients with the same diagnosis of MDD may endorse very
different symptom profiles. An important line of research on
depression heterogeneity has classically focused on the
distinction between two major clinical subtypes, melan-
cholic and atypical. Melancholic depression is characterized
by anhedonia, pronounced feelings of worthlessness, non-
reactive mood, psychomotor disturbances, insomnia, loss of
appetite and weight, diurnal mood variation, and impaired
cognitive abilities, while atypical depression is character-
ized by lethargy, fatigue, excessive sleepiness, hyperphagia,
weight gain, and mood reactivity. A comprehensive over-
view of the research on these clinical subtypes has been
previously published in the Mol Psychiatry journal [20].

Emerging evidence suggests that the MDD link with
obesity measures, and related metabolic and inflammatory
dysregulations, is stronger for patients endorsing a symptom
profile that previous studies often labeled as “atypical” [21–
28]. However, these studies applied the same label of aty-
pical to subgroups of patients selected based on different
definitions: while some studies [24, 26, 27] strictly applied
the DSM criteria for the atypical specifier, others [25, 28]
used a simplified definition based on few symptoms (e.g.
hyperphagia, hypersomnia, fatigue), or used classifications
based on data-driven methods [21, 22, 28]. It is crucial
therefore to indicate which of the atypical symptoms may
constitute a major driver of the associations with obesity-
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related features. In a large-scale study among MDD
patients, it became clear that appetite upregulation in par-
ticular and to a lesser extent weight increase during a
depressive episode were the symptoms most strongly
associated with BMI and obesity-related inflammatory (high
C-reactive protein and tumor necrosis factor alpha) and
endocrine (high leptin) alterations [29, 30]. Other atypical
symptoms showed weaker (leaden paralysis) or no (hyper-
somnia) associations with these markers [29, 30]. Together
these findings suggest that the depression–obesity associa-
tion is stronger in MDD patients with increased neurove-
getative symptoms. It has been previously reported that
while ~40–50% individuals lose their appetite and/or weight
while depressed, a subgroup of ~15–25% of patients
increases their appetite and/or weight during the active
episode [28, 31]. The latter patients may represent a specific
subgroup at higher risk for comorbid obesity.

Biological mechanisms linking depression
and obesity

Biological, psychological, and behavioral factors may
influence the bidirectional association between depression
and obesity. Below we review biological pathways that may
mechanistically explain the depression–obesity link (Fig. 1),
starting from genetics. Then, we will consider alterations in
systems involved in homeostatic adjustments
(hypothalamic–pituitary–adrenal (HPA) axis, immuno-
inflammatory activation, neuroendocrine regulators of
energy metabolism and microbiome) and brain circuitries
integrating homeostatic and mood regulatory responses.
These biological pathways may act in two, non-mutually
exclusive, ways: as common underlying mechanisms
influencing the liability to both depression and obesity, or as
mediating mechanisms in causal relationships between the

two conditions. Finally, we will briefly mention other
relevant behavioral and psychological mechanisms.

Genetics

Genetic factors influence similarly depression and obesity,
with additive genetic effects explaining ~40% of phenotypic
variation (heritability) for both MDD [32] and BMI [33].

Looking at the genetics of obesity, genome-wide asso-
ciation studies (GWAS) have identified more than two
hundred loci reliably associated with BMI, obesity status,
and fat distribution measures [34]. Complementary analyses
based on transcriptomic data showed that genes near BMI-
associated loci are highly expressed in brain regions
involved in appetite and energy homeostasis (hypothalamus
and pituitary gland) and mood regulation (hippocampus and
limbic system) [35]. Relatedly, when considering cell type-
specific annotations, the polygenic contribution to BMI
heritability was found to be significantly enriched for brain
cells as compared to other tissues [36]. These findings point
towards the central role of specific brain regions in the
regulation of body mass and energy homeostasis, which are
overlapping with those involved in mood regulation.

With respect to the genetics of MDD, recent GWAS [37–
42] uncovered more than 50 genetic loci reliably associated
with depression phenotypes. Some of the strongest signals
overlapped or were close to genes (NEGR1, neuronal
growth regulator 1; OLFM4, olfactomedin 4; KSR2, kinase
suppressors of ras 2) previously associated with BMI and
severe early-onset obesity [35, 43, 44]. The function of
NEGR1 is emblematic of possible shared mechanisms
linking depression to obesity. NEGR1 modulates synaptic
plasticity in brain areas crucial for mood and appetite reg-
ulation, such as cortex, hippocampus and hypothalamus
[45–47]. Hypothalamic expression of NEGR1 has been
shown to be enhanced in animal models exposed to a
restricted feeding schedule determining a reduction in body
weight and in endocrine signals impacting on adiposity and
mood (i.e. leptin, paragraph 3.3) [48]. Overarching analyses
of all available GWA studies [41] confirmed that MDD
polygenic architecture partially overlaps with obesity-
related traits: estimates of genome-wide genetic correla-
tions (determined by the number of genetic variants, and
their level of concordance, shared between two traits) of
MDD was 0.09 with BMI, 0.20 with obesity class III, 0.15
with body fat percentage, and 0.11 with waist cir-
cumference. It is important to consider the role of depres-
sion’s heterogeneity when appraising the previous results.
Recent large-scale analyses [31] involving >25,000 samples
reported a strong genetic correlation (0.53) between BMI
and MDD with increased appetite and/or weight gain.

Overall, emerging evidence suggests that the phenotypic
relationship between depression and obesity is rooted in

Fig. 1 Overview of the shared biological pathways influencing
depression and obesity
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partially overlapping genetic bases. This common genetic
base is also reflected in most of the shared mechanisms
described in the next paragraphs.

HPA axis

Hyperactivation of the HPA axis, determining a non-
adaptive unabated release of cortisol, is one of the most
consistent findings in biological psychiatry [49]. Long-term
exposure to cortisol leads to neuronal damage and loss in
limbic regions vulnerable to stress and associated with
depression, such as the hippocampus and amygdala [50–
52].

A natural model of prolonged cortisol exposure on mood
is Cushing’s syndrome (CS), characterized by endogenous
hypercortisolism caused by a pituitary or adrenal adenoma
or bilateral adrenal hyperplasia, which reverses after surgi-
cal removal or other treatments targeting the hypercortiso-
lism. MDD occurs in 50–80% of CS patients with active
disease [53]. Importantly, the onset of depressive symptoms
with CS and their improvement after treatment of hyper-
cortisolism demonstrates a causal role for cortisol in
depression. Long-term HPA axis hyperactivation can also
be found in nearly half of adult obese persons (“hypercor-
tisolistic obesity”) [54]. Even at a young age, an almost 10-
fold increased risk of obesity has been observed in children
with the highest long-term cortisol levels [55]. Exposure to
high cortisol may induce obesity through several mechan-
isms: (1) increase in appetite with a preference for energy-
dense food; (2) promotion of adipogenesis and hypertrophy
especially in visceral fat; (3) suppression of thermogenesis
in brown fat with related reduction in energy expenditure
[56]. It is conceivable that these ‘hypercortisolistic’ obese
patients may be more prone to the metabolic sequela of
obesity and to depression.

Several mechanisms influencing cortisol release and
metabolism could play a role in obesity and MDD. Chronic
inflammation typical of obesity may disrupt the functioning
of glucocorticoid receptor (GR), the cortisol-binding
receptor initiating the negative feedback and thereby sup-
pressing HPA activity. Proinflammatory cytokines activate
elements of cellular transduction cascades that impede GR
nuclear translocation or interfere in GR interaction with
response elements in promoters of genes [57]. Dysregula-
tion of 11-β-hydroxysteroid dehydrogenase (11-βHSD)
isozymes 2 and 1 (converting, respectively, bio-active cor-
tisol into inactive cortisone and vice versa) is associated
with disturbed cortisol metabolism in obesity [58] and
MDD [59]. Furthermore, impaired 5α-reductase activity
(reducing glucocorticoids clearance) may potentiate accu-
mulation of visceral adipose tissue [60] and influence the
development of MDD [61]. Finally, the activity of hepatic
enzymes responsible for cortisol clearance and regeneration

has been shown to be altered in patients with non-alcoholic
fatty liver disease (NAFLD) [62], which is one of the
metabolic sequela of abdominal obesity. Interestingly, evi-
dence is also accumulating of links between NAFLD and
depression [63].

HPA-axis hyperactivation represent a potentially relevant
mechanism connecting depression and obesity. As the
involvement of hypercortisolism in obesity has been
recently recognized [64], the exact extent of the overlap
between depression and obesity around the HPA axis
remains to be clearly established.

Immuno-inflammatory activation

Chronic low-grade inflammation is a hallmark of obesity.
White adipocytes infiltrated by macrophages and other
immune-cells produce proinflammatory cytokines [65]. This
peripheral immune activation could be translated via
humoral, neural, and cellular pathways [66] into brain
inflammation, as indicated by higher hippocampal and
cortical expression of cytokines in obesity animal models
[67–69]. Different neural pathways are organized to provide
a counter-response to central inflammation aimed at inhi-
biting its peripheral source: for instance, cytokine activation
of afferent vagus nerve is mirrored by efferent signals
inhibiting the release of cytokines [70]. Dysregulation of
this circuit may contribute to the maintenance of obesity-
related enhanced inflammation. Central inflammation
impacts on established depression pathophysiological pro-
cesses, such as monoaminergic neurotransmission alteration
[66]. Cytokine-induced activation of the enzyme indolea-
mine 2,3-dioxygenase modulates tryptophan depletion and
degradation towards neurotoxic end-products such as qui-
nolic acid, resulting in hippocampal neuronal damage [71,
72]. Quinolic acid binds to glutamate receptor and, in
synergy with cytokine-induced glutamate release and
reuptake reduction, increases excitotoxicity and decreases
neurotrophic factors synthesis [73, 74]. Finally, as described
above, cytokines determine HPA-axis hyperactivation by
disrupting its negative-feedback circuit [57].

More recently, inflammasomes have gained increasing
attention as important regulators of inflammatory activation.
Inflammasomes are groups of protein complexes that are
triggered by molecular patterns induced by physiological
and psychosocial stress and cleave cytokines precursors into
their active form via caspase-1 activation [75, 76]. It has
been shown that expression of the NLRP3 inflammasome
and caspase-1 is upregulated in adipocytes from obese
patients [77], and caspase-1 inhibition reduced body weight
and weight increase in obese mouse model [78]. Similarly,
NLRP3 and caspase-1 expression was found to be increased
in peripheral blood mononuclear cells of depressed patients
[79], and caspase-1 inhibition decreased depressive-like

Depression and obesity: evidence of shared biological…



behaviors in mice [80]. Furthermore, upregulation of the
NLRP3 inflammasome may determine a caspase-mediated
cleavage of GR, impairing its responsivity and therefore
contributing to chronic activation of HPA axis [81].

A role for immuno-inflammatory dysregulation in
depression has been confirmed by a large body of evidence:
from clinical studies on cytokine-induced depression [66] to
large meta-analyses reporting on higher levels of inflam-
matory markers in depressed persons versus controls [82–
86]. More recently, pathway analyses of MDD GWAS
results [41, 87] identified significant associations with gene
clusters involved in cytokine and immune response. Simi-
larly, transcriptome studies showed that MDD is associated
with expressions of genes in pathways related to innate and
adaptive immunity [88, 89].

Clinical heterogeneity may impact the complex interplay
between depression, obesity, and inflammation. Three large
cohort studies found higher C-reactive protein (CRP) con-
centrations in MDD patients with increased neurovegetative
features, as compared to other patients and healthy controls
[21, 90, 91]. Consistently, a recent large collaborative study
[31] showed that depressed patients endorsing increased
appetite/weight during an active episode carried a higher
number of genetic risk variants for high BMI and CRP.

Increased inflammation is emerging as a central patho-
physiological process in depression and obesity. Its cen-
trality is also due to the widespread effect of chronic
inflammation in altering other neuroendocrine systems
hereby examined, including HPA axis and those involved in
energy homeostasis described in the next paragraph.

Neuroendocrine regulators of energy metabolism

The leptin–melanocortin pathway is a key neuroendocrine
regulator of energy homeostasis. Leptin is produced by
white adipose tissue in proportion to body fat and acts as an
adiposity negative signal. Leptin binding to receptors
expressed in the hypothalamus activates pro-
opiomelanocortin neurons, which interact with other brain
centers to integrate physiological and behavioral processes
suppressing food intake and promoting energy expenditure
[92]. Loss-of-function mutations in key genes of the path-
way (LEP, leptin; LEPR, leptin receptor; MC4R, melano-
cortin 4 receptor) results in rare extreme forms of obesity,
characterized by severe hyperphagia [93–95]. More com-
mon forms of obesity are associated with leptin resistance (a
process comparable with insulin resistance in type 2 dia-
betes), blunting its anorexigenic effect and consequently
disinhibiting feeding despite elevated circulating leptin.
Central resistance is due to impaired leptin transport across
the blood–brain barrier, reduced function of leptin recep-
tors, and defects in leptin signal transduction [96]. Obesity-
related inflammation plays a relevant role in disrupting

leptin central signaling. For instance, CRP has been shown
to directly inhibit the binding of leptin to its receptors [97].
Moreover, central inflammation can impair hypothalamic
leptin receptors activity through the activation of inhibitory
signals from multiple negative-feedback circuits[96].

Leptin also has an impact on mood. In animal models,
peripheral and central administration of leptin produces
antidepressant-like effects in behavioral tests and reverse
depressive-like behavior induced by chronic unpredictable
stress [98, 99]. Leptin effects on mood may be exerted via
different pathways: direct action on neurons via receptors
expressed in the hippocampus and amygdala, enhancement
of neurogenesis and neuroplasticity in hippocampus and
cortex, and modulation of HPA axis and immune system
[100–102]. It has been hypothesized that leptin resistance
(peripheral hyperleptinemia due to reduced central signaling)
may constitutes a phenotype risk for depression [103].
Consistently, genetic deletions of leptin receptor in the hip-
pocampus and cortex of mice causes hyperleptinemia with
depression-like phenotypes [104] and resistance to treatment
with fluoxetine and desipramine [105]. Results from previous
observational studies in humans were hampered by small
samples and clinical heterogeneity. A recent study [30] based
on more than 2000 participants showed that current MDD
patients with increased neurovegetative symptoms (in parti-
cular appetite and weight) had higher circulating leptin as
compared to healthy controls, independently from BMI.
Moreover, among current MDD patients, higher leptin was
associated, independently from BMI, with hyperphagia and
increased weight. Finally, a recent study [31] on
>25,000 samples showed that only MDD characterized by
increased appetite/weight symptoms was associated with
polygenic risk scores for circulating leptin.

Obesity increases the risk of alterations of the insulin
pathway regulating glucose metabolism, and ultimately lead-
ing to the development of type 2 diabetes (T2D). In the pre-
diabetic stage tissues become unresponsive to insulin despite a
peripheral increased release by pancreatic β-cell (insulin
resistance). Again, inflammation plays a role in these altera-
tions: raised concentrations of proinflammatory cytokines may
lead to attenuate insulin receptor ability to propagate the sig-
naling downstream (via increased activation of the same
feedback mechanisms affecting leptin receptor) [106, 107] and
to pancreatic β-cell apoptosis [108]. Insulin has significant
effects in the brain, especially in the hippocampus and adja-
cent limbic structure in which insulin receptors are highly
expressed. Alteration of regional cerebral metabolism due to
insulin resistance has been associated with memory and
executive functions impairment and neuronal damage in the
hippocampus and medial prefrontal cortex [109–111].
Therefore, it has been postulated that insulin dysregulation
may play a role in neuropsychiatric conditions such as
dementia and depression [112].
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Observational evidence sustains a link between depression
and insulin-related conditions. A significant cross-sectional
association between depression and insulin resistance was
found in a recent meta-analysis [113]. Furthermore, several
meta-analyses [114–117] indicate prospective bidirectional
associations between depression and T2D. A previous study
[118] based on national twin registries indicated that both
genetic and environmental factors may explain a proportion of
the phenotypic correlation between MDD and T2D. However,
using molecular data, a large study [41] showed no significant
genome-wide genetic correlation between MDD with gly-
cemic traits or T2D. These data suggest that other factors
beyond genetics may have a major impact on the interplay
between insulin dysregulation and depression.

Overall, alteration of energy homeostasis mechanisms
may represent a central link in the chain connecting
depression and obesity. Experimental and observational
evidence for leptin dysregulation suggests a common
underlying mechanism influencing the two conditions at
several levels, from genetics to behavior, resulting in the
hyperphagia phenotype central for both obesity and
depression with increased neurovegetative symptoms.
Insulin dysregulation may likely represent a mediating
mechanism in the obesity-depression relationship, highly
influenced by environmental factors.

Microbiome

Microbiota of the gastro-intestinal tract is emerging as a key
player in the pathophysiology of obesity. Gut microbiota,
consisting of 40 trillion cells of hundreds of different

species (carrying 250 to 800 times more genes than
humans) is a complex active network that directly affects
host metabolic phenotypes [119]. Two bacterial phyla are
predominant in humans, bacteroidetes and firmicutes, the
latter producing more harvestable energy than the former.
Obesity is characterized by an impaired bacteroidetes/fir-
micutes ratio, and experimental alteration of microbiota
composition modulates the development of obesity
[120, 121]. These alterations are also related to markers of
local inflammation, which could increase gut permeability
to bacteria that, in turn, contributes to onset and progression
of systemic inflammation (metabolic endotoxemia) [122].
This inflammatory response may ultimately trigger inflam-
masomes and depression-related brain processes, creating a
gut brain–microbiota axis potentially impacting on mood
states.

Preliminary research showed that the microbiome and
MDD are linked. In small observational studies [123, 124],
MDD patients showed higher firmicutes and lower micro-
biota phylogenetic diversity as compared to controls.
Moreover, microbiota transplantation from severely
depressed patients induced depression-like behaviors in rats
[125, 126]. Meta-genomic analyses of 1135 samples from a
population-based cohort showed associations between the
microbiome and several diseases and medications, includ-
ing MDD and the use of tricyclic antidepressants and
selective serotonin reuptake inhibitors [127].

The exact mechanisms linking microbiome activity to
obesity and depression have yet to be fully elucidated. A
previous expert review in Mol Psychiatry journal [128]
examined in depth the role of gut microbiome in shaping

Fig. 2 Brain circuitry involved
in perception, cognition, and
action related to potentially
rewarding stimuli
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brain development and the potential mechanisms con-
tributing to mental illness.

Brain mechanisms

The biological alterations described above influence the
central nervous system’s appetitive and homeostatic reg-
ulatory processes in ways that promote obesogenic and
depressogenic behaviors. Peripheral signaling pathways
communicate with the brain’s circuitry involved in percep-
tion, cognition, and action related to potentially rewarding
stimuli. This circuitry involves brain regions that support
the mental representation of objects’ and ideas’ perceptual
features (occipital and ventral temporal cortex [129]), their
interoceptive/homeostatic significance (insula [130]),
reward value (orbitofrontal cortex [131]), motivational sal-
ience and inferred hedonic potential (nucleus accumbens
and ventral pallidum [132]), reward-relevant autonomic
changes (ventral anterior cingulate cortex (ACC) [133]),
and ultimately the executive control of behaviors necessary
to acquire rewards (dorsal anterior cingulate cortex (ACC)
[134]) (Fig. 2). Peripheral biological signals likely com-
municate with this infrastructure by initially altering activity
in homeostatic/interoceptive regions, particularly the
hypothalamus and insula.

Evidence from rodent and human research demonstrates
that obesity is associated with changes in hypothalamic
responses to metabolic signaling molecules [135]. The most
well-studied of these phenomena is the development of
obesity-related leptin resistance, which renders the hypo-
thalamus relatively deaf to the leptin anorexogenic signal,
thereby further promoting obesity. An extensive literature
points to altered hypothalamic function associated with
elevated cortisol [136–139] and leptin [30, 103] levels in
animals exposed to depressogenic stress and depressed
humans. The insula is another brain region involved in
sensing peripheral body states that has been linked to obe-
sity and depression. The insular cortex is the location of the
primary interoceptive and gustatory cortices [140–143], and
receives afferent projections from the vagus nerve via the
solitary nucleus and thalamus [130]. Importantly, the lar-
gely unmyelinated vagus collects a wealth of visceral and
inflammatory information from respiratory, cardiac, and
gastric organs [135, 144]. Once this interoceptive infor-
mation is received in the posterior and mid-insula, it is
relayed back and forth along the insula’s long axis in a
process that ultimately results in higher-order integrated
representations of the body’s homeostatic state [145, 146].
Consistently with its role in visceral interoception, human
neuroimaging studies have demonstrated that insula food-
cue reactivity is sensitive to circulating markers of energy
availability such as glucose and insulin [147–149], with
insula activity typically decreasing markedly following

meals relative to when subjects are hungry [150–152].
Interestingly, obese adults do not exhibit the expected drop
in insula activity to post-prandial food cues, suggesting that
obesity is associated with decreased sensitivity to inter-
oceptive signals of satiety [153]. Interestingly, other
researchers have demonstrated that obese adults exhibit
increased activity in the insula during experimentally
induced hypoglycemia [148], suggesting that obesity may
be associated with increased sensitivity to metabolic signals
of hunger.

The central role of the insula in interoception is therefore
key in obesity (associated with both increased sensitivity to
hunger signals and decreased sensitivity to satiety signals),
but extends also to other functions based on the perception/
awareness of interoceptive signals, such as emotion reg-
ulation. Disorders such as depression partially arise from
misperception and misattribution of interoceptive signals
from the body [145, 154]. This accords well with the
observation that some of the most pervasive symptoms of
depression involve somatic disturbances and altered sense
of body awareness [155, 156]. Consistently, altered insula
activity is one of the most common findings across the
neuroimaging literature in depression [157, 158].

Both the hypothalamus and insula have strong anatomi-
cal and functional connectivity to all the brain regions of the
network depicted in Fig. 2. As a result, once peripheral
dysregulations alter insula and hypothalamic activity, the
consequences can easily propagate throughout the brain
ultimately affecting mood and body weight. For example,
through direct and polysynaptic connections, neurons in the
hypothalamus and insula are able to influence the brain’s
dopaminergic reward system, including the striatum, ventral
pallidum, orbitofrontal cortex (OFC), and medial prefrontal
cortex (vmPFC). Within this pathway, the striatum (both
ventral and dorsal) and ventral pallidum play critical roles in
learning associations between external stimuli (such as food
cues) and their hedonic consequences, as well as engen-
dering those stimuli with motivational salience when they
are likely to result in hedonic reward [132, 159]. The OFC
and vmPFC use this information to compute reward
valuations which then greatly influence behavior selection
[131, 160]. Importantly, an extensive literature implicates
all of these regions and processes in obesity [161, 162].

Likewise, a large literature demonstrates associations
between depression and both abnormal reward representa-
tion, and abnormal activity within the dopaminergic reward
system regions, particularly as it relates to anhedonia [163–
166]. Although more research is required to precisely
understand the extent to which depression-related altera-
tions in the activity of reward neurocircuitry may be due to
peripheral signals, there are clear examples that depression
is associated with altered reward circuit activity specifically
to food. McCabe et al. [167] demonstrated that individuals
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with remitted depression exhibit decreased ventral striatum
and vmPFC activity to the taste of chocolate. Likewise, at-
risk young adults with a depressed parent exhibit decreased
OFC activity to the taste of chocolate [168].

Considering depression heterogeneity is crucial when tra-
cing its neural substrates. Simmons et al. [169] asked unme-
dicated depressed subjects to undergo fMRI while viewing
pictures of food cues. Depressed subjects with decreased
appetite exhibited decreased activity in a region of the mid-
insula that is critical for monitoring the body’s internal
homeostatic state (interoceptive cortex), while depressed sub-
jects with increased appetite exhibited increased orbitofrontal,
striatal, and ventral pallidum activity while viewing food
pictures. These findings help us to understand the behavioral
heterogeneity among depression subtypes, with hypo-activity
in a key interoceptive/homeostatic monitoring region in indi-
viduals whose depression manifests with a failure to meet their
energy needs, and hyper-activity of reward regions in indivi-
duals whose depression manifests with increased eating.

Other mechanisms

Our review mainly discusses biological mechanisms linking
depression and obesity. Nevertheless, it cannot be ignored
that these proximal mechanisms may be heavily influenced
by more distal behavioral and psychosocial factors. Over
the past decades, adoption of sedentary lifestyles, reduction
of time spent in physical activity, increased consumption of
high caloric palatable food, and reduction in sleeping hours
have constituted the main drivers of the secular trend toward
increasing obesity in developing countries. Clustering of
these risk factors is common in depressed persons, who are
more likely engaging in behaviors such as smoking,
excessive alcohol use, poor nutrition, poor sleep hygiene,
and sedentariness [170, 171]. Furthermore, such behavioral
factors are associated with biological dysregulations of
depression and obesity. For instance, inadequate sleep has
been linked with increased cortisol, inflammatory markers,
leptin and reduced insulin sensitivity, and with increased
risk of development of both depression and obesity [172,
173]. Also psychological factors play a prominent role in
maintaining this detrimental link. For example, emotional
eating (the tendency to eat in response to negative emo-
tions) has been associated with depression [174] and obesity
[175]. Behavioral and psychological risk factors remain a
key target, accessible, and modifiable, for treatments aimed
at breaking down the depression–obesity spiral.

Clinical and research implications

As described, depression and obesity are closely inter-
connected and interact causing a progressive downward

spiral in a persons’ health status. This observation has
important clinical implications. On the one hand, this co-
occurrence may represent a major obstacle in the treatment
of each conditions separately. Indeed, in depressed patients,
obesity-related biological dysregulations have been asso-
ciated with a more chronic course [176] and poor response
to standard antidepressant treatments [177]. Similarly,
comorbid depression may disrupt adherence to treatments
aimed at obesity and related conditions via reduced adher-
ence to medication and lifestyle prescriptions [178]. On the
other hand, this link may represent an important leverage in
treating patients with comorbid depression and obesity: for
this specific subgroup, the toolbox of available interventions
may be widened to include treatments with evidence of
positive effects in both conditions.

Treatment strategies targeting the shared mechanisms
described in the present review could be beneficial for
improving both depression and obesity. For example, lifestyle
modifications aimed at modifying dietary habit and physical
activity are effective in reducing body weight, improving
related biological dysregulations and depressive symptoms
[179, 180]. Further trials should systematically tackle
important methodological issues, such as long-term weight
re-gain and identification of the most effective protocol of
exercise and nutritional programs, combined with behavioral
interventions. Most importantly, such trials should be
designed for patients with comorbid depression and obesity.

Another promising shared biological mechanism to be
targeted is inflammation. A recent meta-analysis [181]
including 14 randomized placebo-controlled trials showed
that anti-inflammatory treatment effectively reduced symp-
toms in depressed patients. Nevertheless, substantial het-
erogeneity was found, indicating the need to identify
subgroups in which the effect of the treatment could be
maximized. Intriguingly, post-hoc analyses of a previous
trial [182] showed that infliximab (the monoclonal antibody
against tumor necrosis factor-α) exerted antidepressant
effects only in patients with higher baseline CRP and higher
BMI. These findings suggest that (adjunctive) anti-
inflammatory treatment may be especially relevant for
depressed patients with obesity.

In addition, treatment strategies with established efficacy
in one condition could be extended and tested to the other.
A promising example of this extension is represented
by bupropion, an antidepressant that inhibits dopamine
and norepinephrine reuptake and increases pro-
opiomelanocortin neuron activity. Bupropion is one of the
few antidepressants producing weight loss [15]; the com-
bination of bupropion and naltrexone, an antagonist of
opioid receptor system (modulating hedonic evaluation of
food) has been approved for obesity treatment by FDA and
EMA. Intriguingly, a recent study [183] showed that genes
shared between MDD and BMI are overrepresented among
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those whose expression is induced by bupropion. Pre-
liminary positive evidence [184] should be further extended
to test whether naltrexone/bupropion combination may be
specifically effective for patients with comorbid depression
and obesity.

Another promising treatment may be the use of recom-
binant human leptin (metreleptin), which is highly effective
in rare conditions characterized by severe obesity due to
congenital leptin deficiency, inducing remarkable weight
loss and improvement of related metabolic phenotypes
[185]. Limited efficacy has been shown instead in common
forms of obesity, characterized by leptin resistance. Based
on established antidepressant-like effects, leptin-based
treatments have been advocated for depression. In this
effort, development of treatment effectively overcoming
leptin resistance would be crucial. Finally, reducing
hypercortisolism by using 11-βHSD1 inhibitors or selective
GR antagonists may specifically target hypercortisolistic
patients with obesity and depression [64]. These potential
treatments should be tested in future studies of sufficient
methodological quality, duration, and sample size, includ-
ing people with comorbid depression and obesity.

A major challenge in developing and testing new treat-
ments for patients with depression and obesity will be
represented by heterogeneity. As described, the relationship
between depression and obesity is not consistent across
patients, and not all patients similarly exhibit dysregulations
in linking biological mechanisms. This observation under-
lines the need to identify more homogeneous subgroups of
patients and to fully characterized them in clinical and
biological terms. For this reason, ongoing research lines
should be scaled-up and extended to include all ‘omics’
levels (e.g. microbiome, (epi)genomics, transcriptomics,
proteomics, metabolomics) in order to provide an extensive
characterization of all biological mechanisms connecting
depression and obesity. Furthermore, an important step will
be the delineation of causal connections in this complex
network, especially between peripheral markers and brain
activity. In the past decade progress has been made in
linking aberrations in peripheral markers to altered activity
in brain regions. Nevertheless, as yet there are no studies in
humans that directly relate these peripheral dysregulations
to changes in neural responses. This area of research faces
the significant challenge of inferring the directionality of
any observed effects between peripheral markers and cen-
tral nervous system activity in depression and obesity.
Answering these questions will require experimental studies
where mood, appetite, and body composition are measured
in the presence of experimental interventions that alter
activity in basic biological signaling pathways.

Research along the lines indicated will enable the
possibility to provide biologically based multi-level
descriptions of patients with obesity and depression, and

the identification of patient subgroups at higher risk.
Development of tailored treatments for persons selected
based on their biological profile, in accordance with a
personalized medicine approach, may ultimately benefit
patients who suffer most under the weight of depression
and obesity.
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