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Obesity and Major Depressive Disorder



Metabolic Comorbidities and Bipolar Disorder

1.77
1.98

1.58

0

0.5

1

1.5

2

2.5

3

Obesity T2DM Metabolic Syndrome

OR/RR

Jackson et a. Bipolar Disord. 2015; Zhao et al. J Affect Disord. 2016
Vancampfort et al. J Clin Psychiatry. 2015; Vancampfort et al. World Psychiatry. 2015; Grant et al. Arch Gen Psychiatry 2004.



Insulin Resistance in MDD

B.S. Fernandes et al. Neuroscience and Biobehavioral Reviews 139 (2022) 104758



Bidirectional Risk?

Speed et al. Transl Psychiatry. 2019 Aug 5;9(1):184. 



Metabolic Abnormalities Precede the Onset of Mental Illnesses

Watson et al. Am J Psychiatry. 2021 Oct 1;178(10):914-920.



Expression of Insulin Receptors in the Brain

Kullmann et al. Lancet Diabetes Endocrinol 2020; 8 524–34.



Brain Insulin Signaling

Kullmann et al. Lancet Diabetes Endocrinol 2020; 8 524–34.



Insulin and Functional Connectivity

Kullmann et al. Sci Rep. 2017 May 9;7(1):1627. 



Brain Insulin Signaling

Kullmann et al. Physiol Rev. 2016 Oct;96(4):1169-209.
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Research Domain Criteria (RDoC) Framework

https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/about-rdoc.shtml



Cognitive Function and Mood Disorders

Lee et al. J Psychiatr Res. 2014 Oct;57:1-11.

Meta-analysis of first episode bipolar disorder



Obesity and Metabolic Syndrome Are Associated 
With Cognitive Deficits in Patients With BD

Bora E1, McIntyre RS2, Ozerdem A1.Psychol Med. 2019;49:738-749.



Cognition and Energy Metabolism

Li et al. Bipolar Disord. 2012 Dec;14(8):831-42. 



Brain Insulin Resistance and Cognitive Function in 
Individuals with BD

Mansur, Lee, Delgado-Peraza, Nogueras-Ortiz, Chawla, Kapogiannis, McIntyre. Unpublished data

* Adjusted for age, 
gender, education, 
depressive symptoms 
severity and EV 
concentration

Insulin receptor substrate-1 phosphorylation at serine site 312 (IRS-1 p-S312),  
measured in neuronal origin-enriched extracellular vesicles, which has been 
associated with attenuated insulin signaling



Brain Insulin Resistance and Atrophy in BD

Mansur, Lee, Delgado-Peraza, Nogueras-Ortiz, Chawla, Kapogiannis, McIntyre. Unpublished data



Brain Insulin Resistance and Atrophy in BD

Mansur, Lee, Delgado-Peraza, Nogueras-Ortiz, Chawla, Kapogiannis, McIntyre. Unpublished data



Anhedonia is a Transdiagnostic Construct

Pizzagalli DA. Annu Rev Clin Psychol. 2014;10:393-423.

Psychiatric

•Mood disorders

•Psychotic disorders

•Substance abuse

•Eating disorders

Neurological

•Parkinson's disease

•Alzheimer's disease

•Multiple sclerosis

•Epilepsy

Medical

•Obesity

•Diabetes mellitus

•Rheumatoid arthritis

•Cardiovascular disease

Anhedonia



Reward Circuits

Russo and Nestler. Nat Rev Neurosci. 2013 Sep;14(9):609-25.



Insulin, Leptin and Dopamine Neurons

Figlewicz et al. Brain Res. 2003 Feb 21;964(1):107-15.

Expression of leptin receptors and insulin receptors in DA neurons of the VTA.

Co-localization is shown by yellow neurons in the merged images of tyrosine 
hydroxylase/leptin receptor (C) and tyrosine hydroxylase/insulin receptor (F).



Brain Insulin Resistance

Kleinridders et al. Proc Natl Acad Sci U S A. 2015 Mar 17;112(11):3463-8.

NIRKO mice:

Mice with a neuron-specific 
disruption of the insulin 
receptor gene



Insulin and Reward Behavior in MDD

Mansur et al. J Affect Disord. 2019

Willingness to make physical 
efforts for rewards is 
associated with peripheral 
insulin resistance, after 
adjustment for relevant 
confounders, in individuals 
with major depressive disorder. 



Insulin Resistance and Reward Neurocircuitry

Goldsmith et al. .Brain Behav Immun. 2020.

A composite score for glucose-related 
markers was negatively associated with 
ventral striatum (VS)-ventromedial 
prefrontal cortex (vmPFC) and dorsal 
caudal putamen (dcP)-vmPFC
functional connectivity (FC) in 
unmedicated MDD patients



Central Insulin and Dopamine Signaling

Kullmann et al. J Clin Endocrinol Metab. 2021 Sep 27;106(10):2949-2961. 



Brain Insulin Sensitivity and Reward in MDD

Overnight 
fast (12hs)

-15’ 0’ 15’ 60’

Mood Rating Scales 
and Cognitive Tests

160 IU of Intranasal 
Insulin or Placebo

fMRI session

Effort Expenditure 
for Rewards Task
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What are Psychiatric Diagnosis?

 Four ways of thinking

 Essentialist categories
 Classes whose members share an essence from which their 

defining features arise.

 Social constructions
 Classes whose members are defined by the cultural context in 

which they arise.

 Practical kinds
 Defer metaphysical questions about ‘ reality ’ and focus on 

defining classes that are useful.

 Mechanistic property cluster model of kinds
 Defined not in terms of essences but in terms of complex, 

mutually reinforcing networks of causal mechanisms.

Kendler et al. Psychological Medicine (2011)



What are Psychiatric Diagnosis?

Kendler et al. Psychological Medicine (2011)

Mechanistic property cluster 

Essentialist categories



Neural Control of Energy Expenditure

Mansur et al., 2020.



Heuristic Implications

Mansur et al. Neurosci Biobehav Rev. 2015 May;52:89-104.



Insulin Resistance, T2DM and BD course

Calkin et al. Br J Psychiatry. 2015 Jan;206(1):52-7. 

Identifying Subgroups



Identifying Subgroups

Mansur et al. Bipolar Disord. 2020 Feb;22(1):79-88. 
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Mansur et al. Bipolar Disord. 2020 Feb;22(1):79-88. 
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Mansur et al. Bipolar Disord. 2020 Feb;22(1):79-88. 
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Changes in Insulin Biomarkers and Brain 
Structure

Mansur et al. J Psychiatr Res. 2021 Jan;133:82-92. 



Changes in Insulin Biomarkers and Cognitive 
Improvement

Mansur et al. J Psychiatr Res. 2021 Jan;133:82-92. 



Therapeutic Implications – Intranasal Insulin

62 adults with bipolar disorder I / II received intranasal insulin (40 IU QID, n=34) or placebo 
(n=28) for 8 weeks 

TMT A: time × treatment interaction, p=0.70

TMT B: time × treatment interaction, *p<0.05

5.48

*
19.09

3.91
5.97

0

5

10

15

20

25

TMT A TMT B TMT A TMT BC
h

an
ge

 in
 c

o
gn

it
iv

e 
sc

o
re

Insulin Placebo

McIntyre RS et al. Bipolar Disord 2012;14:697-706



Intranasal Insulin and MDD

Cha et al. J Affect Disord. 2016 Dec 18;210:57-65. 

35 adults with MDD were randomized to 4 weeks of either intranasal insulin (40 IU QID, n=19) 
or placebo (n=16) in a double blind, placebo-controlled, crossover design. 



GLP-1R Agonists and Neuronal Insulin Signaling

Athauda et al. JAMA Neurol. 2019 Apr 1;76(4):420-429. 



GLP1 Receptor Agonists

Mansur et al. J Affect Disord. 2017 Jan 1;207:114-120.
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p = 0.009

p < 0.001 p = 0.010

19 individuals with MDD or bipolar disorder BD and an impairment in executive function
received liraglutide 1.8mg/day for 4 weeks in an open-label, proof-of-concept design



GLP-1R Agonists in Mood Disorders

Adjunctive Semaglutide for the Treatment of Cognitive Dysfunction in Major 
Depressive Disorder: a Randomized, Double-Blind, Placebo-Controlled Study 
(NCT04466345)



Collaborative Care

 12-month intervention that integrated a Diabetes 
Prevention Program–based behavioral weight loss 
treatment with problem-solving therapy for depression 
and, if indicated, antidepressant medications

Ma et al. JAMA. 2019 Mar 5;321(9):869-879.



Schuch et al. J Psychiatr Res. 2015 Feb;61:25-32.

Exercise as an Anti-Depressant



Metformin for Weight-Gain Prevention

de Silva et al. BMC Psychiatry. 2016
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