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Introduction

For decades, depression has most commonly been explained through the
‘chemical imbalance” model, particularly involving neurotransmitters such
as serotonin, dopamine, and norepinephrine. While these signaling
molecules remain central to understanding mood regulation, modern
neuroscience is increasingly examining another layer of brain function that

may influence mental health.

Researchers are now exploring how energy metabolism inside brain cells
affects mood, cognition, and emotional regulation. This growing field is
sometimes referred to as metabolic psychiatry.

Rather than replacing traditional theories of depression, metabolic
psychiatry suggests that mental health conditions may also involve
disruptions in the biological systems that allow brain cells to produce and

use energy efficiently.

Understanding these mechanisms may open new avenues for research
and potentially expand how clinicians think about prevention and

treatment.
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Why the “Chemical Imbalance” Explanation Is Being
Reconsidered

For many years, depression was widely explained as the result of a simple
imbalance in brain chemicals, particularly serotonin.

While serotonin and other neurotransmitters clearly play an important role
In mood regulation, many neuroscientists now believe the chemical
imbalance explanation is incomplete.

Several observations have contributed to this shift.

First, antidepressant medications that influence serotonin often take
weeks to produce noticeable improvements, even though their
biochemical effects occur within hours.

Second, many individuals with depression do not respond fully to
serotonin-based treatments, suggesting additional biological systems are
involved.

Third, advances in brain imaging and cellular biology have revealed that
depression may involve broader disruptions in brain function, including
inflammation, neural connectivity, and cellular energy metabolism.

As a result, researchers increasingly view depression not as a single
chemical problem but as a complex biological condition involving multiple
interacting systems in the brain and body.

Metabolic psychiatry is one of the emerging fields attempting to
understand those interactions.
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The Brain’s Extraordinary Energy Demands

The human brain is one of the most energy-intensive organs in the body.
Although it represents only about 2 percent of total body weight, it
consumes roughly 20 percent of the body’s total energy supply.

This energy supports an enormous network of electrical
signaling between billions of neurons.

Every thought, memory, and emotional response depends on this
continuous flow of energy.

At the cellular level, neurons rely on Adenosine Triphosphate, or ATP,
which acts as the primary energy currency of the cell.

ATP powers many critical brain functions, including:
- maintaining electrical activity across neurons
- transmitting signals between brain cells

- supportding learning and memory

- regulating emotional responses

When neurons struggle to produce sufficient energy, these systems may
become less efficient. Researchers believe this could contribute to
symptoms commonly associated with depression, including fatigue,
reduced motivation, impaired concentration, and difficulty regulating
emotions.
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Mitochondria and the Biology of Brain Energy

Much of the brain’s energy production occurs inside structures known as
mitochondria.

Often described as the power plants of the cell, mitochondria convert
nutrients into ATP through a process known as cellular respiration.

If mitochondrial function becomes impaired, cells may struggle to
generate the energy required to sustain normal activity.

Researchers have increasingly observed signs of mitochondrial dysfunction
in several psychiatric conditions, including depression and bipolar disorder.

Studies have reported:

- altered mitochondrial activity

- differences in high-energy phosphate compounds in the brain

- changes in cellular energy metabolism in people with mood disorders

These findings have prompted scientists to explore whether improving
cellular energy systems could influence mental health.
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The Emergence of Metabolic Psychiatry

Metabolic psychiatry examines how metabolic
processes influence brain function and
psychiatric symptoms.

This field explores how factors such as:

- mitochondrial function

- glucose metabolism

- inflammation

- nutrient availability

- hormonal regulation

may affect mood, cognition, and emotional
resilience.

The connection between metabolism and mental health has become
increasingly apparent through several lines of research.

People with metabolic conditions such as type 2 diabetes, obesity, and
metabolic syndrome experience significantly higher rates of depression.
At the same time, many psychiatric medications influence metabolic
processes within the body.

These overlapping observations suggest that mental health
and metabolic health may be more closely connected than
previously understood.
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MITOCHONDRIAL
DYSFUNCTION
HAS
BEEN OBSERVED
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BIPOLAR DISORDER
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NECUROIMAGING
STUDIES

-MANJI ET AL., 2012
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Creatine and Cellular Energy

One compound attracting attention in metabolic psychiatry research is
creatine.

Creatine is a naturally occurring compound produced in the body and
obtained through foods such as meat and fish. It is stored primarily in
muscles and the brain.

Creatine plays an essential role in the creatine-phosphocreatine energy
system, which helps cells rapidly regenerate ATP when energy demand
Increases.

Inside cells, creatine converts into phosphocreatine, a
molecule that acts as an emergency energy reserve.

When ATP levels fall, phosphocreatine can quickly donate a phosphate
group to regenerate ATP, helping stabilize cellular energy supply.

Because neurons have extremely high energy demands, this system may
play an important role in maintaining brain function.
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Clinical Research Exploring Creatine and Depression

Several small clinical trials have examined creatine supplementation in
individuals with major depressive disorder, often alongside standard
antidepressant treatment.

In one study involving women with depression, participants received five
grams of creatine daily for eight weeks.

Researchers observed:

- significant reductions in depression severity scores

- improvements beginning within approximately two weeks

- increased phosphocreatine levels in the brain’s frontal regions

The frontal lobe plays a major role in motivation, decision making,
attention, and emotional regulation.

Brain imaging suggested that increases in phosphocreatine
levels in this region were associated with improvements
in depressive symptoms.

Although these findings are promising, the studies remain small and
preliminary.
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Creatine, Brain Performance, and High-Demand Professions

Creatine is widely known in sports science because of its role in muscle
performance. However, researchers have also explored its effects on
cognitive performance under demanding conditions.

Studies have investigated creatine supplementation in situations that
challenge the brain’s energy supply, including:

- sleep deprivation

- prolonged mental workload

- physical fatigue

- high stress environments

Research involving military personnel, athletes, and individuals performing
complex mental tasks suggests creatine may help support cognitive
performance when the brain is under heavy strain.

Some studies have reported improvements in:

"’

- working memory

- processing speed

- mental endurance

- decision making under fatigue

These findings reinforce the
idea that the brain’s energy
systems are closely tied to

cognitive resilience.
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The Metabolic Health Connection

Another key area of metabolic psychiatry examines the relationship
between metabolic health and mental health.

Large population studies have found that metabolic disorders are strongly
associated with higher rates of depression.

These conditions include:
- obesity

- type 2 diabetes

- insulin resistance

- metabolic syndrome

Several biological mechanisms may explain this connection.

Metabolic disorders can impair how cells produce and use energy. They
can also increase systemic inflammmation, which affects brain function and
neurotransmitter signaling.

Insulin also plays an important role in brain metabolism. When insulin

regulation is disrupted, neurons may struggle to access and utilize glucose
effectively.

For these reasons, researchers are increasingly exploring whether
improving metabolic health could influence mental health outcomes.
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UP TO 70% OF
BRAIN ENCRGY
COMES FROM
GLUCOSE
METABOLISM,
HIGHLIGHTING WHY
DISRUPTIONS IN
METABOLIC HEALTH
CAaN DIRGCTLY AFFECT
MOOD AND COGNITION

-MAGISTRETTI & ALLAMAN, 2015
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A New Frontier in Mental Health Research

The emerging science of metabolic psychiatry does not suggest that
depression has a single cause. Instead, it emphasizes that mental health
conditions arise from complex interactions between many biological
systemes.

These systems include:

- neurotransmitter signaling
- cellular energy production
- mitochondrial function

- inflammation

- metabolic regulation

Understanding how these systems interact may eventually lead to more
personalized and effective approaches to mental health treatment.
While research in this area is still developing, one insight is becoming
increasingly clear.

The brain is an energy-intensive biological system that
must be continuously powered to support the thoughts,
emotions, and behaviors that define human experience.
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