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A B S T R A C T

Obesity has been associated with cognitive and behavioral syndromes. Individuals who are obese have
higher risk for developing neuropsychiatric disorders such as depression and dementia than non-obese.
Conversely, patients with neuropsychiatric conditions may exhibit some features that contribute to obesity
development such as unhealthy behaviors and treatment with drugs that increase appetite. This review
addresses the multiple pathways implicated in the relationship between obesity and neuropsychiatric dis-
orders, mainly mood disorders, schizophrenia, and major neurocognitive disorder or dementia. Both obe-
sity and neuropsychiatric disorders are characterized by a low-grade systemic inflammation and
neuroinflammation. Obesity is frequently accompanied by neuroendocrine changes, particularly involving
the hypothalamic�pituitary�adrenal (HPA) axis. Indeed, activation of the stress system is commonly seen
as a trigger for mood episodes, psychosis exacerbation, and cognitive decline. Growing evidence suggests
the role of gut microbiota in obesity and brain functioning through the modulation of the inflammatory
response and HPA axis. Owing to the intricate relationship between obesity and neuropsychiatric disor-
ders, tackling one of themmay affect the other. Therefore, a better understanding of the pathways underly-
ing the link between obesity and neuropsychiatric disorders can contribute to the development of
therapeutic strategies for these conditions.
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Introduction

Neuropsychiatric disorders, including mood and cognitive dis-
orders, are an important cause of impairment, representing a major
global burden accounting for >20% of years lived with disability
worldwide [1]. People with mood disorders exhibit more
unhealthy behaviors such as smoking, physical inactivity, and
excessive alcohol consumption, which are associated with obesity,
than those without mood disorders [2]. Obesity is an established
risk factor for mood disorders.

According to Strine et al., individuals who are obese have a 60%
greater chance of developing depression than non-obese people
[2]. Similarly, cognitive functioning seems to be influenced by obe-
sity [3�5]. For instance, midlife obesity may increase the risk for
dementia later in life [6]. Obese adolescents showed worse cogni-
tive performance in tests assessing attention and mental flexibility
than their non-obese peers [7]. Moreover, weight loss induced by
bariatric surgery or diet restriction has been associated with
improvements in mood and cognition [8]. The context of bariatric
surgery is very complex from a neuropsychiatric perspective and is
beyond the scope of this review. Candidates for bariatric surgery
have increased frequency of psychiatric disorders, suggesting that
individuals with severe obesity may be more prone to develop
these conditions [9,10]. Actually, depressive symptoms are very
likely to return 24 mo after bariatric surgery [9].

This review addressed the intricate relationship between
obesity and neuropsychiatric disorders, focusing on mood disor-
ders, schizophrenia, and major neurocognitive disorder or
dementia. This link seems to involve multiple biological path-
ways, including the inflammatory or immune system, hypothala-
mic�pituitary�adrenal (HPA) axis, and the gut�brain axis, that
must be seen as potential therapeutic targets for both obesity
and neuropsychiatric conditions.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nut.2019.03.017&domain=pdf
mailto:Antonio.l.teixeira@uth.tmc.edu
https://doi.org/10.1016/j.nut.2019.03.017
https://doi.org/10.1016/j.nut.2019.03.017
https://doi.org/10.1016/j.nut.2019.03.017
http://www.ScienceDirect.com
http://www.nutritionjrnl.com


L.B. Martins et al. / Nutrition 66 (2019) 16�21 17
Mood disorders and obesity

Mood disorders comprise a heterogeneous group of conditions
marked by the emergence of clinically significant symptoms
expressed during depressive (sadness, anhedonia, abulia) or manic
(euphoria, irritability) episodes. Although major depressive disor-
der is defined by the presence of recurrent or persistent depressive
episodes (or depression), bipolar disorders are defined by the pres-
ence of mania (bipolar I) or hypomania (bipolar II) that can alter-
nate with depressive episodes. The 12-mo prevalence of major
depressive disorder is around 6%, and »2.4% of people worldwide
have bipolar disorders [11,12].

The relationship between obesity and depression is bidirec-
tional. Individuals who are obese have a higher risk for developing
depression than non-obese people. Obesity may influence the per-
son’s self-image with a self-depreciating perception, leading to
depressive symptoms, especially in the context of high social
expectations and beauty standards [13]. Conversely, depressive
symptoms can contribute to the development of obesity owing to
an unhealthy lifestyle, including sedentarism and eating habits
[2,14]. Moreover, food preference may change during periods of
stress or depression. For instance, Ansari et al. showed a positive
correlation between depressive symptoms and unhealthy food
consumption, including sweets, cookies, snacks, and fast food
among college students [15]. Mood disorders can also lead to car-
bohydrate-craving and increases in sweet or starchy food intake
[16,17]. In fact, meals with high-carbohydrate content can tempo-
rarily lift the mood, particularly because consumption of highly
palatable food activates the brain opioid system, producing
hedonic responses [16]. Blocking the opioid response with nalox-
one, an opioid receptor antagonist, reduces the consumption of
high-fat sweet foods in binge eaters, whereas individuals exposed
to opioid agonists prefer high-sugar foods [18,19]. In addition,
alternative mechanisms explaining how carbohydrates may affect
mood have implicated alteration of motivational drive, and seroto-
nergic and stress response systems. The consumption of carbohy-
drates may increase serotonin production in the brain owing to
increased tryptophan availability [17].

Mood disorders are also characterized by sleep abnormalities,
with insomnia affecting approximately three-fourths of patients
with depression and decreased need for sleep being a hallmark of
hypo/mania [20]. Given that sleep is a major regulator of neuroen-
docrine functions, sleep impairment is associated with dysfunction
of glucose metabolism, an increase in ghrelin levels (orexigenic
hormone), a decrease in leptin levels (anorexigenic hormone), and
consequently, increase in hunger [21]. Together, these behavioral
and neurobiological mechanisms may increase the risk for obesity
in patients with depression.

Around 70% of patients with bipolar disorder are overweight or
obese, and this is primarily associated with the duration of depres-
sive episodes [12,22]. Although bipolar disorders are defined by
the presence of mania or hypomania, depressive symptoms or epi-
sodes are more frequent, playing a major role in the prognosis of
these patients. Accordingly, the aforementioned comments on
depression also apply to patients with bipolar disorder. Conversely,
during mania or hypomania, patients tend to eat less and to be
physically overactive [23]. It is worth emphasizing that many anti-
depressants (e.g., mirtazapine and tricyclic antidepressants) and
mood stabilizers, mainly valproate and lithium, are associated with
weight gain. According to a recent cohort study, the use of antide-
pressant drugs contributes to weight gain mainly during the sec-
ond and third years of treatment [24]. Although the mechanisms
underlying antidepressant-related weight gain are not fully under-
stood [25], involving antihistaminic effect among others, it is very
important to consider the metabolic consequences of antidepres-
sant treatment.

Schizophrenia and obesity

Schizophrenia is a severe psychiatric disorder characterized by
psychotic symptoms (hallucinations and delusions), negative
symptoms (avolition, flat affect, social withdrawal), and cognitive
dysfunction [26]. The prevalence of obesity and overweight among
patients with schizophrenia is higher than in the general popula-
tion [27]. Several factors contribute to weight gain in this popula-
tion, including sedentary lifestyle, unhealthy eating behaviors, and
notably, the use of antipsychotics [28]. A recent systematic review
showed that patients with schizophrenia also engage in signifi-
cantly less moderate and vigorous physical activity than healthy
controls [29].

The initiation of antipsychotic treatment by drug-naive patients
usually leads to significant weight gain of around 4 kg or 1.2 points
in the body mass index (BMI) within the first 12 wk [30]. Most anti-
psychotics are associated with weight gain, but the effect is more
pronounced with several second-generation antipsychotics, partic-
ularly olanzapine and clozapine [27]. The mechanisms underlying
this drug-induced weight gain involve appetite increase and
changes in eating preference. Olanzapine seems to increase the
preference for high-fat and high-sugar diets, an effect possibly
related to olanzapine-induced plasma glucagon-like peptide-1
decrease [31]. Glucagon-like peptide-1 plays a role in satiation sig-
nals and modulation of taste sensitivity [31�33].

The poor diet quality of patients with schizophrenia has also
been systematically described [34]. Patients’ diet is usually charac-
terized by a high consumption of saturated fat and low intake of
fruit and dietary fiber [34]. Increases in orexigenic protein expres-
sion (neuropeptide Y), decreases in anorexigenic protein expres-
sion, and upregulation of ghrelin signaling have been proposed as
the mechanisms for this unhealthy food preference in schizophre-
nia [27].

The net effect of these changes is a high risk for metabolic syn-
drome and, as consequence, the development of chronic metabolic
diseases such as type 2 diabetes [31]. The elevated prevalence of
metabolic complications in schizophrenia not only influences the
quality of life of these patients, but also decreases their life expec-
tancy by an estimated 15 y [35]. Accordingly, strategies aiming to
treat obesity and metabolic complications in these patients may
have a positive effect on their prognosis.

Dementia and obesity

Dementia is a neuropsychiatric syndrome marked by progressive
cognitive decline (e.g., memory, language, visuospatial skills, deci-
sion making, etc) that affects the functioning of the those affected
[36]. Alzheimer’s disease, pathologically defined by the accumula-
tion of b-amyloid plaques and neurofibrillary tangles in cortical
regions, is the main cause of dementia, followed by vascular demen-
tia and other forms of neurodegenerative dementias [37]. Based on
current estimates, it is expected that by 2050, worldwide numbers
of individuals with dementia will reach 131.5 million [38].

Gustafson et al. were the first to suggest the association between
dementia risk, particularly Alzheimer’s disease, and BMI in women.
In a cohort study involving 392 non-demented individuals followed
for 18 y (from age 70 to 88 y), women who developed dementia had
higher BMI than those without dementia [39]. Other epidemiologic
studies have confirmed the association between midlife BMI and
dementia. A meta-analysis carried out by Pedditizi et al. showed
that obesity increases the risk for dementia 1.4-fold [6].
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In line with these findings, in a recent study with 1 349 857
adults without dementia from 39 cohorts in Europe, the United
States, and Asia, higher BMI, measured >20 y earlier, was associ-
ated with increased dementia risk. However, higher BMI 10 y
before the diagnosis of dementia was associated with a decreased
risk for dementia [40]. This phenomenon of reversing the direction
of association between BMI and dementia has also been reported
by other studies [41�44].

In other words, studies based on traditional anthropometric
measures, such as weight and waist circumference, have reported
that high BMI and central obesity in midlife may increase the risk
for dementia later in life. After midlife, however, decreases in BMI
are frequently observed in association with dementia. Individuals
with dementia had lower BMI than those without cognitive
impairment in late life, and lower BMI has been associated with
faster progression of dementia [45]. These latter observations are
in accordance with the concept of “frailty syndrome,” which has
been an independent predictor of dementia (Fig. 1) [46].

The production of inflammatory mediators and hormones by
the hypertrophic adipose tissue, vascular dysfunction (including
high blood pressure that may impair cerebral perfusion), insulin
resistance, and obesity-related gut microbiota changes, which may
influence the inflammatory milieu and the gut�brain axis, have
been proposed as possible mechanisms that link obesity to
increased risk for dementia [36,47]. The role of adipokines, which
are cytokines primarily secreted by adipocytes, has gained special
attention as these proteins play different roles in the central ner-
vous system (CNS) [45]. Leptin, for example, seems to play a role in
learning and memory through action in hippocampal neurons, in
addition to being important for the normal development of the
hypothalamus [36,45,48]. Of course, this is in addition to its estab-
lished role in energy homeostasis and food intake, regulating arcu-
ate hypothalamic neurons [36,45]. In contrast, chronic peripheral
leptin administration reduced b-amyloid load in an experimental
model of Alzheimer’s disease and elevated plasma leptin levels
were associated with reduced risk for dementia and Alzheimer’s
disease in humans [49,50]. This has stimulated interest in examin-
ing the therapeutic potential of leptin for dementia [45,48].
Neuroimmune pathways underlying the association between
obesity and neuropsychiatric disorders

As previously discussed, several behavioral and biological mech-
anisms have been proposed to justify the association between obe-
sity and neuropsychiatric disorders, but they can vary depending on
Fig. 1. The association between body mass index (BMI) and risk of dementia. High
BMI and central obesity in midlife may increase the risk of dementia later in life.
However, after midlife, lower BMI has been associated with frailty and faster pro-
gression of dementia.
the specific condition. Figure 2 summarizes the putative biological
mechanisms involved in the association between obesity and cogni-
tive and behavioral impairment, highlighting the role played by neu-
roimmune pathways.

In obesity, adipocyte hypertrophy triggers the recruitment of
innate immunity cells and stimulates the production of inflamma-
tory mediators [51]. As a result, a state of low-grade inflammation
ensues. The cytokines released by adipocytes reach the circulation
and even the CNS, triggering neuroinflammation, especially in the
hypothalamus and hippocampus [52]. These brain areas are
involved in appetitive behaviors, memory, and learning [52, 53].
An obesogenic diet, such as high-fat diet (especially saturated fat),
has been associated with hypothalamic inflammation, which leads
to apoptosis of anorexigenic neurons in the arcuate nucleus that
compromise the regulation of satiety favoring weight gain [54].
Moreover, peripheral cytokines may influence other CNS processes,
such as neurotransmitter metabolism and neuroendocrine activi-
ties, leading to mood and behavioral alterations [55]. In humans,
the observation of “sickness behavior” in the context of inflamma-
tory diseases and behavioral or depressive changes after treatment
with interferon (IFN) are probably the best evidence for that,
although the mechanisms are still debated [56]. In the preclinical
setting, Dinel et al. showed that an animal model of metabolic syn-
drome (db/db mice) had increased anxiety-like behaviors and
impaired spatial memory performance. In parallel with these
mood and cognitive alterations, there were significant increases in
the mRNA expression of proinflammatory cytokines (tumor necro-
sis factor, interleukin [IL]-6 and IL-1b) and decreases in brain-
derived neurotrophic factor (BDNF) in the hippocampus of db/db
mice [53]. BDNF plays an important role in synaptic plasticity and
neuronal survival in the hippocampus and other brain regions
implicated in mood regulation and learning [57]. Furthermore,
decreases in BDNF brain expression and mutation in the BDNF gene
have been associated with obesity in human and animal models
[58]. Nutritional strategies that prevent weight gain also contribute
to normalizing BDNF levels in the hippocampus and to preventing
cognitive alterations in mice [59]. In a recent study by Valcarcel-
Ares et al., declines in cognitive function were observed in obese
and older mice, which was associated with upregulation of genes
involved in microglia activation and neuroinflammation in the hip-
pocampus [60].

Inflammation is associated with altered neurotransmitter sig-
naling involved in emotion and cognitive processes (Fig. 3). More
specifically, inflammatory cytokines activate the enzymes indole-
amine 2,3-dioxygenase (IDO) and GTP-cyclohylase 1, impairing the
production of neurotransmitters [52]. The enzyme IDO catabolizes
tryptophan into kynurenine, diverting it away from serotonin pro-
duction. Chronic treatment with IFN-a, used as immunomodula-
tory therapy in several diseases [61], has been associated with
increases in peripheral and central kynurenine levels, along with
depressive symptoms [62]. Increases in IDO activity in adipose tis-
sue and decreases in tryptophan plasma levels have been demon-
strated in individuals who are obese and have been attributed to
obesity-related immune activation [63�65]. Immune activation
also increases the activity of the enzyme GTP-cyclohylase 1, which
catalyzes the conversion of guanosine-triphosphate (GTP) into
dihydrobiopterin, which is then converted into neopterin at the
expense of tetrahydrobiopterin (BH4). As BH4 participates in sero-
tonin and dopamine synthesis, increases in neopterin levels theo-
retically mean reductions in the bioavailability of BH4.
Interestingly, increases in neopterin levels have been associated
with the number of depressive episodes in major depressive disor-
der, a condition traditionally associated with reduced levels of
serotonin [66]. In this context, it is possible that obesity-related



Fig. 2. Putative biological mechanisms involved in the association between obesity and neuropsychiatric disorders. Obesity is characterized by chronic low-grade inflamma-
tion, possibly owing to increased secretion of cytokines and adipokines by the adipose tissue where immune cells infiltration can be observed. Obesity is also associated with
changes in gut microbiota composition and increased intestinal permeability. Both can lead to activation of an immune response through microbial or pathogen associated
molecular patterns (MAMPs or PAMPs, respectively), such as lipopolysaccharide (LPS). The inflammatory molecules can reach the circulation and the central nervous system,
where it may cause neuroinflammation. The inflammatory process and immune activation in the brain can affect the hypothalamus�pituitary�adrenal (HPA) axis and neuro-
transmitter signaling, influencing cognition and behavior.

L.B. Martins et al. / Nutrition 66 (2019) 16�21 19
inflammation contributes to the development or progression of
neuropsychiatric symptoms. Conversely, a number of neuropsychi-
atric conditions, including mood disorders, schizophrenia, and
dementia, are also associated with chronic low-grade systemic
inflammation and neuroinflammation [56,67�69]. As such, inflam-
mation seems to be a common mechanism that contributes to the
pathophysiologic changes in both obesity and neuropsychiatric dis-
orders [70].

Obesity is also accompanied by neuroendocrine changes, in par-
ticular involving the HPA axis [71]. A recent meta-analysis by
Stalder et al. confirmed the relationship between hair cortisol con-
centration, a measure of cumulative cortisol levels, with BMI and
waist-to-hip ratio [72]. Cortisol, the prototypical stress hormone,
plays pivotal roles in pathways that contribute to the development
Fig. 3. Inflammation increases the activity of the enzyme guanosine-triphosphate-
cyclohylase 1 (GTP-CH1), which catalyzes the conversion of guanosine-triphosphate
(GTP) into dihydrobiopterin (BH2). BH2 is converted into neopterin at the expense of
tetrahydrobiopterin (BH4) (a cofactor of theenzymes tryptophan hydroxylase [TPH]
and tyrosine hydroxylase [TH]). Inflammatory cytokines can also activate the enzyme
indoleamine 2,3-dioxygenase (IDO) with catabolizes tryptophan into kynurenine,
diverting available tryptophan away from serotonin production.
of obesity, such as appetite, insulin resistance, and redistribution of
white adipose tissue to the abdominal region [73]. Activation of
the stress system is frequently seen as a trigger or a maintaining
factor for mood episodes, psychosis exacerbation, and cognitive
decline [70,74,75]. Again, both obesity and neuropsychiatric condi-
tions may share a similar pattern of HPA axis activation.

Growing evidence suggests the role of gut microbiota in brain
functioning through the regulation of inflammatory response and
HPA axis [76]. Some factors such as diet, drugs, comorbid diseases,
and genetic factors have been implicated in changes of gut micro-
biota composition, and, as consequence, in the development of
metabolic and neuropsychiatric disorders [77]. Alteration in the
prevalence of symbiotic versus pathogenic bacteria in the gut leads
to the activation of immune cells residing in the intestinal mucosa.
This, in turn, may influence the gut�brain axis, herein defined as a
complex bidirectional interaction between the gut and the brain
with the participation of the enteric nervous system and the vagus
nerve [76,78�83]. Disruption in the gut bacterial composition has
already been implicated in obesity as well as in several neuropsy-
chiatric disorders [76,78�83].

Changes in gut bacteria populations caused by obesity and
unhealthy behaviors, including diet, are associated with gut per-
meability to macromolecules [84]. Interestingly, patients with
depression also display increases in gut bacterial translocation and
activation of immune responses [85,86]. Bacteria have a peptido-
glycan cell wall that may activate the immune system, leading to
inflammatory response. Microbial -associated molecular patterns,
such as lipopolysaccharide and porins, are peptidoglycan of gram-
negative bacteria cells, which may cause activation of immune
cells, partly explaining obesity-related inflammation [87,88]. The
systemic inflammation observed in obesity may contribute to
the development of neuroinflammation and to the activation of the
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aforementioned pathways, affecting neurotransmitter production,
HPA axis function, and ultimately, cognition and behavior [78,89].

The relationship between the gut and the brain becomes more
evident when manipulation in gut microbiota through probiotics
influences mood and cognition. In a preclinical study, the use of
the probiotic bacterium Bifidobacterium infantis promoted reduc-
tion in inflammatory response and increased plasma concentration
of tryptophan, improving depressive-like symptoms in mice [90].
The pivotal clinical trial by Messaoudi et al. with healthy volunteers
who received Lactobacillus helveticus R0052 and Bifidobacterium
longum R0175 or a placebo for 30 d showed decrease in depressive
symptoms in the group taking probiotics [91]. A recent systematic
review and meta-analysis of randomized controlled trials support
the concept that the use of probiotics may be associated with a
reduction of depressive symptoms [92]. The use of probiotics has
been associated with positive effects in cognitive measures in
patients with Alzheimer’s disease [93]. Previous randomized pla-
cebo-controlled trials also suggest the potential role of probiotic
interventions in schizophrenia [94�96]. Further investigation into
the role of probiotics in neuropsychiatric disorders, including the
role of specific bacteria strains, is warranted.

Conclusion

Obesity has been associated with cognitive and behavioral syn-
dromes. The understanding of the mechanisms underlying this
association is still in its infancy and may involve exacerbation in
inflammatory pathways that may cause neuroinflammation, and
changes in the HPA and gut�brain axis.

Owing to the intricate relationship between obesity and neuro-
psychiatric disorders, addressing one of these conditions may affect
the other. A better understanding of the pathways involved in the
link between obesity and neuropsychiatric disorders can contrib-
ute to development of therapeutic strategies for these conditions.

References

[1] Vigo D, Thornicroft G, Atun R. Estimating the true global burden of mental ill-
ness. Lancet Psychiatry 2016;3:171–8.

[2] Strine TW, Mokdad AH, Balluz LS, Gonzalez O, Crider R, Berry JT, Kroenke K.
Depression and anxiety in the United States: findings from the 2006 Behav-
ioral Risk Factor Surveillance System. Psychiatr Serv 2008;59:1383–90.

[3] Boeka AG, Lokken KL. Neuropsychological performance of a clinical sample of
extremely obese individuals. Arch Clin Neuropsychol 2008;23:467–74.

[4] Fergenbaum JH, Bruce S, Lou W, Hanley AJ, Greenwood C, Young TK. Obesity
and lowered cognitive performance in a Canadian First Nations population.
Obesity 2009;17:1957–63.

[5] Gunstad J, Paul RH, Cohen RA, Tate DF, Gordon E. Obesity is associated with
memory deficits in young andmiddle-aged adults. Eat Weight Disord 2006;11:
e15–9.

[6] Pedditzi E, Peters R, Beckett N. The risk of overweight/obesity in mid-life and
late life for the development of dementia. A systematic review and meta-anal-
ysis of longitudinal studies. Age Ageing 2016;45:14–21.

[7] Yau PL, Castro MG, Tagani A, Tsui WH, Convit A. Obesity and metabolic syn-
drome and functional and structural brain impairments in adolescence.
Pediatrics 2012;130:e856–64.

[8] Siervo M, Arnold R, Wells JC, Tagliabue A, Colantuoni A, Albanese E, et al. Inten-
tional weight loss in overweight and obese individuals and cognitive function:
a systematic review and meta-analysis. Obes Rev 2011;12:968–83.

[9] Castaneda D, Popov VB, Wander P, Thompson CC. Risk of suicide and self-harm
is increased after bariatric surgery—a systematic review and meta-analysis.
Obes Surg 2019;29:322–33.

[10] Jakobsen GS, Smastuen MC, Sandbu R, Nordstrand N, Hofso D, Lindberg M,
et al. Association of Bariatric Surgery vs medical obesity treatment with long-
term medical complications and obesity-related comorbidities. JAMA
2018;319:291–301.

[11] Otte C, Gold SM, Penninx BW, Pariante CM, Etkin A, Fava M, et al. Major
depressive disorder. Nat Rev Dis Primers 2016;2:16065.

[12] Tully A, Murphy E, Smyth S, Conway Y, Geddes J, Devane D, et al. Interventions
for the management of obesity in people with bipolar disorder. Cochrane Data-
base Syst Rev 2018;(4):CD013006.
[13] Macedo TTS, Portela PP, Palamira CS, Mussi FC. Obese people’s perception of
their own bodies. Esc Anna Nery 2015;19:505–10.

[14] Luppino FS, deWit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, et al. Over-
weight, obesity, and depression: a systematic review and meta-analysis of lon-
gitudinal studies. Arch Gen Psychiatry 2010;67:220–9.

[15] El Ansari W, Adetunji H, Oskrochi R. Food and mental health: relationship
between food and perceived stress and depressive symptoms among univer-
sity students in the United Kingdom. Cent Eur J Public Health 2014;22:90–7.

[16] Ventura T, Santander J, Torres R, Contreras AM. Neurobiologic basis of craving
for carbohydrates. Nutrition 2014;30:252–6.

[17] Corsica JA, Spring BJ. Carbohydrate craving: a double-blind, placebo-controlled
test of the self-medication hypothesis. Eat Behav 2008;9:447–54.

[18] Drewnowski A, Krahn DD, Demitrack MA, Nairn K, Gosnell BA. Naloxone, an
opiate blocker, reduces the consumption of sweet high-fat foods in obese and
lean female binge eaters. Am J Clin Nutr 1995;61:1206–12.

[19] Mysels DJ, Sullivan MA. The relationship between opioid and sugar intake:
review of evidence and clinical applications. J Opioid Manag 2010;6:445–52.

[20] Nutt D, Wilson S, Paterson L. Sleep disorders as core symptoms of depression.
Dialogues Clin Neurosci 2008;10:329–36.

[21] Beccuti G, Pannain S. Sleep and obesity. Curr Opin Clin Nutr Metab Care
2011;14:402–12.

[22] Goldstein BI, Liu SM, Zivkovic N, Schaffer A, Chien LC, Blanco C. The burden of
obesity among adults with bipolar disorder in the United States. Bipolar Disord
2011;13:387–95.

[23] Grande I, BerkM, Birmaher B, Vieta E. Bipolar disorder. Lancet 2016;387:1561–72.
[24] Gafoor R, Booth HP, Gulliford MC. Antidepressant utilisation and incidence of

weight gain during 10 years' follow-up: population based cohort study. BMJ
2018;361:k1951.

[25] Himmerich H, Minkwitz J, Kirkby KC. Weight gain and metabolic changes dur-
ing treatment with antipsychotics and antidepressants. Endocr Metab Immune
Disord Drug Targets 2015;15:252–60.

[26] Kahn RS, Sommer IE, Murray RM, Meyer-Lindenberg A, Weinberger DR, Can-
non TD, et al. Schizophrenia. Nat Rev Dis Primers 2015;1:15067.

[27] Manu P, Dima L, Shulman M, Vancampfort D, De Hert M, Correll CU. Weight
gain and obesity in schizophrenia: epidemiology, pathobiology, and manage-
ment. Acta Psychiatr Scand 2015;132:97–108.

[28] Citrome L, Vreeland B. Schizophrenia, obesity, and antipsychotic medications:
What can we do? Postgrad Med 2008;120:18–33.

[29] Stubbs B, Firth J, Berry A, Schuch FB, Rosenbaum S, Gaughran F, et al. How
much physical activity do people with schizophrenia engage in? A systematic
review, comparative meta-analysis and meta-regression. Schizophr Res
2016;176:431–40.

[30] Tarricone I, Ferrari Gozzi B, Serretti A, Grieco D, Berardi D. Weight gain in anti-
psychotic-naive patients: a review and meta-analysis. Psychol Med 2010;40:
187–200.

[31] Smith GC, Vickers MH, Shepherd PR. Olanzapine effects on body composition,
food preference, glucose metabolism and insulin sensitivity in the rat. Arch
Physiol Biochem 2011;117:241–9.

[32] Shin YK, Martin B, Golden E, Dotson CD, Maudsley S, Kim W, et al. Modulation
of taste sensitivity by GLP-1 signaling. J Neurochem 2008;106:455–63.

[33] Shah M, Vella A. Effects of GLP-1 on appetite and weight. Rev Endocr Metab
Disord 2014;15:181–7.

[34] Dipasquale S, Pariante CM, Dazzan P, Aguglia E, McGuire P, Mondelli V. The
dietary pattern of patients with schizophrenia: a systematic review. J Psychiatr
Res 2013;47:197–207.

[35] Strassnig M, Harvey PD. Treatment of obesity and disability in schizophrenia.
Innov Clin Neurosci 2013;10:15–9.

[36] Anjum I, Fayyaz M, Wajid A, Sohail W, Ali A. Does obesity increase the risk of
dementia: a literature review. Cureus 2018;10:1–6.

[37] Kivipelto M, Mangialasche F, Ngandu T. Lifestyle interventions to prevent cog-
nitive impairment, dementia and Alzheimer disease. Nat Rev Neurol
2018;14:653–66.

[38] World Alzheimer Report 2015: The Global Impact of Dementia. Available at:
www.alz.co.uk/research/world-report-2015. Accessed 8 May 2019.

[39] Gustafson D, Rothenberg E, Blennow K, Steen B, Skoog I. An 18-year follow-up
of overweight and risk of Alzheimer disease. Arch Intern Med 2003;163:
1524–8.

[40] Kivimaki M, Luukkonen R, Batty GD, Ferrie JE, Pentti J, Nyberg ST, et al. Body
mass index and risk of dementia: analysis of individual-level data from 1.3 mil-
lion individuals. Alzheimers Dement 2018;14:601–9.

[41] Gustafson DR. Adiposity and cognitive decline: Underlying mechanisms. J Alz-
heimers Dis 2012;30(Suppl 2):S97–112.

[42] Whitmer RA, Gustafson DR, Barrett-Connor E, Haan MN, Gunderson EP, Yaffe
K. Central obesity and increased risk of dementia more than three decades
later. Neurology 2008;71:1057–64.

[43] Whitmer RA, Gunderson EP, Quesenberry Jr. CP, Zhou J, Yaffe K. Body mass
index in midlife and risk of Alzheimer disease and vascular dementia. Curr Alz-
heimer Res 2007;4:103–9.

[44] Gustafson DR, Backman K, Waern M, Ostling S, Guo X, Zandi P, Mielke MM,
Bengtsson C, Skoog I. Adiposity indicators and dementia over 32 years in Swe-
den. Neurology 2009;73:1559–66.

[45] Kiliaan AJ, Arnoldussen IA, Gustafson DR. Adipokines: A link between obesity
and dementia? Lancet Neurol 2014;13:913–23.

http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0001
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0001
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0002
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0002
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0002
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0003
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0003
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0004
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0004
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0004
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0005
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0005
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0005
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0006
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0006
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0006
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0007
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0007
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0007
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0008
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0008
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0008
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0009
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0009
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0009
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0010
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0010
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0010
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0010
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0011
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0011
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0012
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0012
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0012
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0013
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0013
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0014
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0014
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0014
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0015
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0015
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0015
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0016
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0016
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0017
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0017
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0018
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0018
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0018
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0019
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0019
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0020
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0020
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0021
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0021
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0022
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0022
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0022
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0023
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0024
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0024
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0024
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0025
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0025
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0025
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0026
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0026
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0027
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0027
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0027
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0028
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0028
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0029
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0029
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0029
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0029
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0030
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0030
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0030
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0031
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0031
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0031
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0032
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0032
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0033
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0033
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0034
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0034
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0034
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0035
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0035
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0036
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0036
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0037
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0037
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0037
http://www.alz.co.uk/research/world-report-2015
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0038
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0038
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0038
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0039
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0039
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0039
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0040
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0040
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0041
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0041
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0041
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0042
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0042
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0042
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0043
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0043
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0043
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0044
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0044


L.B. Martins et al. / Nutrition 66 (2019) 16�21 21
[46] Rogers NT, Steptoe A, Cadar D. Frailty is an independent predictor of incident
dementia: Evidence from the English Longitudinal Study of Ageing. Sci Rep
2017;7:15746.

[47] Solas M, Milagro FI, Ramirez MJ, Martinez JA. Inflammation and gut�brain axis
link obesity to cognitive dysfunction: Plausible pharmacological interventions.
Curr Opin Pharmacol 2017;37:87–92.

[48] Carro EM. Therapeutic approaches of leptin in Alzheimer's disease. Recent Pat
CNS Drug Discov 2009;4(3):200–8.

[49] Fewlass DC, Noboa K, Pi-Sunyer FX, Johnston JM, Yan SD, Tezapsidis N. Obe-
sity-related leptin regulates Alzheimer's Abeta. FASEB J 2004;18(15):1870–8.

[50] Lieb W, Beiser AS, Vasan RS, Tan ZS, Au R, Harris TB, Roubenoff R, Auerbach S,
DeCarli C, Wolf PA, et al. Association of plasma leptin levels with incident Alz-
heimer disease and MRI measures of brain aging. JAMA 2009;302(23):
2565–72.

[51] Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity. Annu Rev
Immunol 2011;29:415–45.

[52] Castanon N, Luheshi G, Laye S. Role of neuroinflammation in the emotional
and cognitive alterations displayed by animal models of obesity. Front Neuro-
sci 2015;9:229.

[53] Dinel AL, Andre C, Aubert A, Ferreira G, Laye S, Castanon N. Cognitive and emo-
tional alterations are related to hippocampal inflammation in a mouse model
of metabolic syndrome. PLoS One 2011;6(9):e24325.

[54] Velloso LA. The brain is the conductor: Diet-induced inflammation overlapping
physiological control of body mass and metabolism. Arq Bras Endocrinol
Metabol 2009;53(2):151–8.

[55] Dantzer R, O'Connor JC, Freund GG, Johnson RW, Kelley KW. From inflamma-
tion to sickness and depression: When the immune system subjugates the
brain. Nat Rev Neurosci 2008;9:46–56.

[56] Colpo GD, Leboyer M, Dantzer R, Trivedi MH, Teixeira AL. Immune-based strat-
egies for mood disorders: Facts and challenges. Expert Rev Neurother 2018;18
(2):139–52.

[57] Martins LB, Teixeira AL, Domingues RB. Neurotrophins and Migraine. Vitam
Horm 2017;104:459–73.

[58] Sandrini L, Di Minno A, Amadio P, Ieraci A, Tremoli E, Barbieri SS. Association
between Obesity and Circulating Brain-Derived Neurotrophic Factor (BDNF)
Levels: Systematic Review of Literature and Meta-Analysis. Int J Mol Sci
2018;19(8).

[59] Moy GA, McNay EC. Caffeine prevents weight gain and cognitive impairment
caused by a high-fat diet while elevating hippocampal BDNF. Physiol Behav
2013;109:69–74.

[60] Valcarcel-Ares MN, Tucsek Z, Kiss T, Giles CB, Tarantini S, Yabluchanskiy A,
et al. Obesity in Aging Exacerbates Neuroinflammation, Dysregulating Synap-
tic Function-related Genes and Altering Eicosanoid Synthesis in the Mouse
Hippocampus: Potential Role in Impaired Synaptic Plasticity and Cognitive
Decline. J Gerontol A Biol Sci Med Sci 2018.

[61] Sleijfer S, Bannink M, Van Gool AR, Kruit WH, Stoter G. Side effects of inter-
feron-alpha therapy. PharmWorld Sci 2005;27:423–31.

[62] Raison CL, Dantzer R, Kelley KW, Lawson MA, Woolwine BJ, Vogt G, Spivey JR,
Saito K, Miller AH. CSF concentrations of brain tryptophan and kynurenines
during immune stimulation with IFN-alpha: Relationship to CNS immune
responses and depression. Mol Psychiatry 2010;15:393–403.

[63] Brandacher G, Hoeller E, Fuchs D, Weiss HG. Chronic immune activation
underlies morbid obesity: Is IDO a key player? Curr Drug Metab 2007;8:
289–95.

[64] Favennec M, Hennart B, Caiazzo R, Leloire A, Yengo L, Verbanck M, Arredouani
A, Marre M, Pigeyre M, Bessede A, et al. The kynurenine pathway is activated
in human obesity and shifted toward kynurenine monooxygenase activation.
Obesity (Silver Spring) 2015;23:2066–74.

[65] Wolowczuk I, Hennart B, Leloire A, Bessede A, Soichot M, Taront S, Caiazzo R,
Raverdy V, Pigeyre M, Guillemin GJ, et al. Tryptophan metabolism activation
by indoleamine 2,3-dioxygenase in adipose tissue of obese women: An
attempt to maintain immune homeostasis and vascular tone. Am J Physiol
Regul Integr Comp Physiol 2012;303:R135–43.

[66] Celik C, Erdem M, Cayci T, Ozdemir B, Ozgur Akgul E, Kurt YG, Yaman H, Isintas
M, Ozgen F, Ozsahin A. The association between serum levels of neopterin and
number of depressive episodes of major depression. Prog Neuropsychophar-
macol Biol Psychiatry 2010;34:372–5.

[67] Noto C, Maes M, Ota VK, Teixeira AL, Bressan RA, Gadelha A, Brietzke E. High
predictive value of immune-inflammatory biomarkers for schizophrenia diag-
nosis and association with treatment resistance. World J Biol Psychiatry
2015;16:422–9.

[68] Modabbernia A, Taslimi S, Brietzke E, AshrafiM. Cytokine alterations in bipolar
disorder: A meta-analysis of 30 studies. Biol Psychiatry 2013;74:15–25.

[69] Kohler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS, Stubbs B,
Solmi M, Veronese N, Herrmann N, et al. Peripheral cytokine and chemokine
alterations in depression: A meta-analysis of 82 studies. Acta Psychiatr Scand
2017;135:373–87.
[70] Bauer ME, Teixeira AL. Inflammation in psychiatric disorders: What comes
first? Ann N Y Acad Sci 2018.

[71] Lucassen EA, Cizza G. The Hypothalamic-Pituitary-Adrenal Axis, Obesity, and
Chronic Stress Exposure: Sleep and the HPA Axis in Obesity. Curr Obes Rep
2012;1:208–15.

[72] Stalder T, Steudte-Schmiedgen S, Alexander N, Klucken T, Vater A, Wichmann
S, Kirschbaum C, Miller R. Stress-related and basic determinants of hair cortisol
in humans: A meta-analysis. Psychoneuroendocrinology 2017;77:261–74.

[73] van der Valk ES, Savas M, van Rossum EFC. Stress and Obesity: Are There More
Susceptible Individuals? Curr Obes Rep 2018;7:193–203.

[74] Keller J, Gomez R, Williams G, Lembke A, Lazzeroni L, Murphy Jr. GM, Schatz-
berg AF. HPA axis in major depression: Cortisol, clinical symptomatology and
genetic variation predict cognition. Mol Psychiatry 2017;22:527–36.

[75] Lara VP, Caramelli P, Teixeira AL, Barbosa MT, Carmona KC, Carvalho MG, Fer-
nandes AP, Gomes KB. High cortisol levels are associated with cognitive
impairment no-dementia (CIND) and dementia. Clin Chim Acta 2013;423:18–22.

[76] Jiang H, Ling Z, Zhang Y, Mao H, Ma Z, Yin Y, Wang W, Tang W, Tan Z, Shi J,
et al. Altered fecal microbiota composition in patients with major depressive
disorder. Brain Behav Immun 2015;48:186–94.

[77] Baothman OA, Zamzami MA, Taher I, Abubaker J, Abu-Farha M. The role of Gut
Microbiota in the development of obesity and Diabetes. Lipids Health Dis
2016;15:108.

[78] Daulatzai J. Obesity and Gut’s Dysbiosis Promote Neuroinflammation, Cogni-
tive Impairment, and Vulnerability to Alzheimer’s disease: New Directions
and Therapeutic Implications. J Mol Genet Med 2014;S1.

[79] Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune
responses during health and disease. Nat Rev Immunol 2009;9:313–23.

[80] Ley RE, Backhed F, Turnbaugh P, Lozupone CA, Knight RD, Gordon JI. Obesity
alters gut microbial ecology. Proc Natl Acad Sci U S A 2005;102:11070–5.

[81] Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: Human gut
microbes associated with obesity. Nature 2006;444:1022–3.

[82] Rodrigues-Amorim D, Rivera-Baltanas T, Regueiro B, Spuch C, de Las Heras ME,
Vazquez-Noguerol Mendez R, et al. The role of the gut microbiota in schizo-
phrenia: Current and future perspectives. World J Biol Psychiatry 2018: 1–15.

[83] Jiang C, Li G, Huang P, Liu Z, Zhao B. The Gut Microbiota and Alzheimer's Dis-
ease. J Alzheimers Dis 2017;58:1–15.

[84] Fasano A. Gut permeability, obesity, and metabolic disorders: Who is the
chicken and who is the egg? Am J Clin Nutr 2017;105:3–4.

[85] Maes M, Kubera M, Leunis JC. The gut-brain barrier in major depression: Intes-
tinal mucosal dysfunction with an increased translocation of LPS from gram
negative enterobacteria (leaky gut) plays a role in the inflammatory patho-
physiology of depression. Neuro Endocrinol Lett 2008;29:117–24.

[86] Maes M, Kubera M, Leunis JC, Berk M. Increased IgA and IgM responses against
gut commensals in chronic depression: Further evidence for increased bacte-
rial translocation or leaky gut. J Affect Disord 2012;141:55–62.

[87] Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu Y, Parameswaran P,
Crowell MD, Wing R, Rittmann BE, et al. Human gut microbiota in obesity and
after gastric bypass. Proc Natl Acad Sci U S A 2009;106:2365–70.

[88] Rieder R, Wisniewski PJ, Alderman BL, Campbell SC. Microbes and mental
health: A review. Brain Behav Immun 2017;66:9–17.

[89] Rea K, Dinan TG, Cryan JF. The microbiome: A key regulator of stress and neu-
roinflammation. Neurobiol Stress 2016;4:23–33.

[90] Desbonnet L, Garrett L, Clarke G, Bienenstock J, Dinan TG. The probiotic Bifido-
bacteria infantis: An assessment of potential antidepressant properties in the
rat. J Psychiatr Res 2008;43:164–74.

[91] Messaoudi M, Lalonde R, Violle N, Javelot H, Desor D, Nejdi A, Bisson JF, Rou-
geot C, Pichelin M, Cazaubiel M, et al. Assessment of psychotropic-like proper-
ties of a probiotic formulation (Lactobacillus helveticus R0052 and
Bifidobacterium longum R0175) in rats and human subjects. Br J Nutr
2011;105:755–64.

[92] Huang R, Wang K, Hu J. Effect of Probiotics on Depression: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Nutrients
2016;8(8).

[93] Akbari E, Asemi Z, Daneshvar Kakhaki R, Bahmani F, Kouchaki E, Tamtaji OR,
Hamidi GA, Salami M. Effect of Probiotic Supplementation on Cognitive Func-
tion and Metabolic Status in Alzheimer's Disease: A Randomized, Double-Blind
and Controlled Trial. Front Aging Neurosci 2016;8:256.

[94] Nemani K, Hosseini Ghomi R, McCormick B, Fan X. Schizophrenia and the gut-
brain axis. Prog Neuropsychopharmacol Biol Psychiatry 2015;56:155–60.

[95] Tomasik J, Yolken RH, Bahn S, Dickerson FB. Immunomodulatory Effects of Pro-
biotic Supplementation in Schizophrenia Patients: A Randomized, Placebo-
Controlled Trial. Biomark Insights 2015;10:47–54.

[96] Dickerson FB, Stallings C, Origoni A, Katsafanas E, Savage CL, Schweinfurth LA,
Goga J, Khushalani S, Yolken RH. Effect of probiotic supplementation on
schizophrenia symptoms and association with gastrointestinal functioning: A
randomized, placebo-controlled trial. Prim Care Companion CNS Disord
2014;16(1).

http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0045
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0045
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0045
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0046
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0046
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0046
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0046
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0047
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0047
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0048
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0048
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0049
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0049
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0049
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0049
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0050
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0050
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0051
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0051
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0051
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0052
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0052
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0052
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0053
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0053
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0053
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0054
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0054
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0054
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0055
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0055
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0055
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0056
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0056
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0057
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0057
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0057
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0057
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0058
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0058
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0058
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0059
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0059
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0059
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0059
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0059
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0060
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0060
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0061
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0061
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0061
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0061
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0062
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0062
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0062
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0063
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0063
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0063
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0063
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0064
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0064
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0064
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0064
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0064
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0065
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0065
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0065
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0065
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0066
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0066
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0066
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0066
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0067
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0067
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0068
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0068
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0068
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0068
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0069
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0069
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0070
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0070
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0070
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0071
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0071
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0071
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0072
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0072
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0073
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0073
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0073
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0074
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0074
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0074
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0075
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0075
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0075
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0076
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0076
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0076
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0077
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0077
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0077
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0078
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0078
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0079
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0079
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0080
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0080
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0081
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0081
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0081
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0082
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0082
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0083
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0083
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0084
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0084
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0084
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0084
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0085
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0085
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0085
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0086
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0086
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0086
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0087
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0087
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0088
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0088
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0089
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0089
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0089
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0090
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0090
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0090
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0090
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0090
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0091
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0091
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0091
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0092
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0092
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0092
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0092
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0093
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0093
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0094
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0094
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0094
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0095
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0095
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0095
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0095
http://refhub.elsevier.com/S0899-9007(19)30048-6/sbref0095

	Pathways linking obesity to neuropsychiatric disorders
	Introduction
	Mood disorders and obesity
	Schizophrenia and obesity
	Dementia and obesity
	Neuroimmune pathways underlying the association between obesity and neuropsychiatric disorders
	Conclusion
	References


