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Epidemic of Metabolic Syndrome and Diabetes

The rise of insulin resistance. 
Pre-diabetes.

1980

108 Million worldwide with Diabetes
Prevalence in adults: 4.7%

2014

422 Million worldwide with Diabetes
Prevalence in adults: 8.5%

https://www.who.int/news-room/fact-sheets/detail/diabetes



Twin Epidemics: Metabolic Health and Mental Health 

WHO World Mental Health Report 2019

• WHO estimate that nearly 1 billion people 

worldwide are now living with a mental 

disorder.

• Mental disorders are the leading cause of 

disability, causing 1 in 5 years lived with 

disability.

• People with severe mental health conditions 

die on average 10 to 20 years earlier than 

the general population, mostly due to 

preventable physical diseases.

WHO Depression and Other Common Mental Disorders 2017



Epidemic of Metabolic Syndrome and Diabetes

Liver: Non-

alcoholic fatty 

liver disease 

(NAFLD)

Kidneys: Diabetic 

Nephropathy

Ovaries: Polycystic 

ovary syndrome 

(PCOS)

?

Adipose Tissue:

Obesity

Diabetic Neuropathy

Heart: Atherosclerosis

Type 2 Diabetes

• Metabolic dysfunction and insulin resistance 
affects every major organ of the body.

• Why would the brain be isolated from this 
damage? 



Energy in the Brain

• The brain is ~2% of human body 
weight.

• Yet it accounts for around 20% of the 
oxygen and therefore calories burned 
by the body.

• Highly sensitive to energy deficit caused 
by metabolic dysfunction.

• Bipolar disorder is one of the clearest 
examples of energy dysregulation in 
serious mental illness.

Raichle ME, Gusnard DA. Appraising the brain’s energy budget. Proc Natl Acad Sci U S A. 2002 Aug 6;99(16):10237–9.



Research Timeline: Insulin Resistance in the Brain

1970 1978 1990s 2000s 2019

Neurons considered 
to be insulin 
insensitive.

Insulin and Insulin 
receptors detected in 

animal brain.

Insulin receptors in 
human brain and the 
action of insulin in the 
central nervous system 

established.

Increasing recognition 
of the importance of 
insulin signalling in 

diabetic neuropathy 
and 

neurodegenerative 
conditions.

Recognition that pre-
diabetic 

hyperinsulinemia 
leads to neuronal 
insulin resistance.

• The effects of insulin resistance on the peripheral tissues of the body are well researched.

• However the effects on neurons in the brain and central nervous system have been under-recognised.



Research Timeline: Insulin Resistance in Bipolar Disorder

2002 2012 - 2014 2015 2019 2020

Increased prevalence 
of T2DM in BD 

patients independent 
of medication.

3X risk of diabetes in 
BD Patients. IR 

Detected in in Drug 
Naive BD Patients.

T2DM or IR in >50% of 
BD patients. Reduced 
hippocampal volume. 

First trial of Metformin 
(Calkin). Better 

outcomes in those 
who reverse insulin 

resistance.

Improvement in 
insulin signaling  

results in increased 
hippocampus and 
pre-frontal cortex 

volumes.



Neurotransmission to Neurometabolism

Neurotransmission Neurometabolism



Neurotransmission & Neurometabolism

Neurotransmission “This review suggests that the huge research effort 
based on the serotonin hypothesis has not produced 
convincing evidence of a biochemical basis to 
depression.” 



H O W  D O E S  M E T A B O L I C  
D Y S F U N C T I O N  E X P R E S S  I N  
T H E  B R A I N ?

• PI3K/AKT Insulin Signalling plays a 

significant role.

• Regulates brain energy through glucose 

metabolism and mitochondrial function.



M E C H A N I S M S  O F  A C T I O N  O F  L I T H I U M
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W H A T  I S  I N S U L I N  
R E S I S T A N C E  I N  T H E  B R A I N ?

“We found the therapeutic effect of Lithium in Bipolar Disorder Lithium Responsive patients 

was associated with Akt signalling and confirmed that an Akt activator mimics Lithium.”



T A K E A W A Y S

• Metabolic dysfunction (insulin resistance, type 2 diabetes…) is highly prevalent in 
people with serious mental illness (SMI).

• It is increasingly apparent that metabolic dysfunction in the brain plays a significant, if 
not primary role in causing SMI.

• People with SMI have 2-3 X risk of cardiovascular disease and live 10 years less than 
people without SMI.

• Many of the existing treatments for serious mental illness further compromise 
metabolic health.

• Metabolic treatment strategies should therefore receive greater prioritisation in 
research and care to treat both physical comorbidities and mental health.



Increased Lactate

Anti-seizure Medications 

Altered Glutamate/GABA

Co-morbidity

Ketogenic Diet

Bipolar Disorder and Epilepsy
Shared Mechanisms and Medications

Indicating altered glucose 
metabolism.

Excitatory/inhibitory 
neurotransmission.

Episodic 
Occurrence
Heightened activity 
in the brain.

Metabolic therapy. 13 RCTs in Epilepsy. 
>100 years of clinical use.
Pilot studies in bipolar disorder.

Around 50 - 60% of people 
with epilepsy experience 
psychiatric symptoms.

Carbamezapine, valproate, 
lamotrigine.
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Systematic Review: Brain Imaging Biomarkers in Bipolar Disorder

• Systematic review indicates that brain glutamate 
level is consistently increased in BD.
(Chabert et al., 2022)

• Reduction in glutamate, glutamine, and Glx
(glutamate+glutamine) in BD patients is 
considered a marker of response to 
pharmacological treatment
(Dong et al., 2021; Friedman et al., 2009; Frye et al., 2007; Mansur et al., 
2021; Strawn et al., 2012; Yoon et al., 2009; but see Brennan et al., 
2010; Godlewska et al., 2019; Machado-Vieira et al., 2015) 

• And other therapies such as light therapy
(Benedetti et al., 2009; Melloni et al., 2022)



Neurotransmission to Neurometabolism

Neurotransmission Neurometabolism



Review: Epilepsy Blood Biomarkers

Alanine, aspartate 

and glutamate 

metabolism.

D-Glutamine and D-

glutamate 

metabolism

“Changes in Glu, 

lactate and citrate 

are most common in 

the serum of people 

with epilepsy.”

[PMID: 29782966]

https://pubmed.ncbi.nlm.nih.gov/29782966


Review: Epilepsy Blood Biomarkers

• Ketosis appears to downregulate 
glutamate metabolism in favour of GABA, 
promoting a reduced excitatory state in 
the brain.

• It has been suggested that this is an 
important mechanism of action in seizure 
reduction.

• Could this also explain some of the mood 
stabilising effects of a ketogenic diet?



• Glx decreased from baseline by 9.22% in the ACC (p<0.02)

• Glx decreased from baseline by 13.13% in the PCC (p<0.001)

Magnetic Resonance Spectroscopy (MRS)
Edinburgh Pilot Study of a Ketogenic Diet

For Bipolar Disorder



Glutamate as a Metabolic Fuel Source

• Research in bipolar disorder has 
primarily focused on the role of 
glutamate as an excitatory 
neurotransmitter.

• However, the role of glutamate 
as a metabolic substrate was an 
original focus of Hans Krebs 
research throughout the 1960s.

• Focus of research shifted to its 
function as an excitatory 
neurotransmitter later in 1980s.



Energy Dysregulation in BD

1. Increased lactate, indicating
impaired glucose metabolism. 1.

Campbell (2023). Hyperglycolysis and Glutaminolysis in 
Bipolar Mania. Molecular Psychiatry (In Press).



1. Increased lactate indicating,
impaired glucose metabolism.

2. Ketones act as an alternative 
fuel source to restore energy 
(ATP).

1.1.

Ketones

2.

Campbell (2023). Hyperglycolysis and Glutaminolysis in 
Bipolar Mania. Molecular Psychiatry (In Press).



1. Increased lactate indicating, 
impaired glucose metabolism.

2. Ketones act as an alternative 
fuel source to restore energy 
(ATP).

3. Glutamate can also be used as 
a significant alternative 
energy source in neurons.

1.
2.
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Ketones
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1. Increased lactate indicating, 
impaired glucose metabolism.

2. Ketones act as an alternative 
fuel source to restore energy 
(ATP).

3. Glutamate can also be used as 
a significant alternative 
energy source in neurons.

4. Aspartate participates in the 
transamination reaction  
converting glutamate to krebs
cycle intermediate alpha-
ketoglutarate.

1.
2.

3. 4.

Ketones

Campbell (2023). Hyperglycolysis and Glutaminolysis in 
Bipolar Mania. Molecular Psychiatry (In Press).

Aspartate



1. Increased lactate indicating, 
impaired glucose metabolism.

2. Ketones act as an alternative fuel 
source to restore energy (ATP).

3. Glutamate can also be used as a 
significant alternative energy source 
in neurons.

4. Aspartate is participates in the 
transamination reaction  converting 
glutamate to krebs cycle 
intermediate alpha-ketoglutarate.

5. Ketones may preclude the need to 
upregulate glutamate metabolism 
and promote increased GABA.

1.
2.

3.
4.
Aspartate

5.Ketones

Campbell (2023). Hyperglycolysis and Glutaminolysis in 
Bipolar Mania. Molecular Psychiatry (In Press).



Summary

• Bipolar Disorder shares anti-seizure medications with 
epilepsy.

• A metabolic therapy for epilepsy (ketogenic diet) is now 
showing indications of beneficial effects in bipolar 
disorder.

• Ketosis causes a shift from excitatory brain activity 
toward inhibitory activity by reducing glutamate 
metabolism and increasing GABA.

• These are relevant mechanisms for both epilepsy and 
bipolar disorder. Glutamatergic mechanisms are a 
primary target of several anti-seizure medications.

• Ketogenic diet can confer concomitant physical and 
mental health benefits. It also has potential as a 
powerful preventative measure.

• Neurometabolism
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