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DIFFERENT WAYS TO HELP THOSE WITH MENTAL ILLNESS

Topic Editor: 

Daniel F. Hermens, University of the Sunshine Coast, Australia

Mental health researchers are constantly working on ways to help people with illnesses such as anxiety and depression. Unfortunately, many people of all ages are affected by mental illnesses and not all respond to traditional treatments (such as medication) or they and their doctors prefer the option to try different types of treatment. For a number of decades medications such as anti-depressants have been used by people to help treat their mental illness, and they have their pros and cons. In some cases, people may need other, more novel treatments in addition to their traditional treatments, to improve the mental health even more. So, it is important that people have some different options. But what might other treatments be? What are some of the different ways that we can help to change the brain and body to improve mental health? You might be surprised at how many good and interesting treatment choices are now available for people with mental illness. 

When it comes to mental health or the treatment of mental ill-health, the brain is a very important aspect. Researchers have been able to show that mental illnesses often involve changes in the brain and so the brain is usually a ‘target’ of treatment. In other words, effective treatments that change how the brain functions
(quickly or slowly, in big ways or small ways) often match with changes in symptoms (for example, improvement in mood or feeling less anxious). All treatments in mental health seek to improve symptoms and they often do this by helping the brain and body work better.

In this collection of articles, researchers will explain and demonstrate how things like physical exercise, meditation or magnetic stimulation work when it comes to improving symptoms of mental ill-health. Also, since the target of such interventions is typically the brain, this collection will include articles about the best ways to measure changes in the brain – such as Magnetic Resonance Imaging (MRI) that provide us with detailed pictures of brain structures, and how they are connected or disconnected.

For example, in these articles, we‘ll find out how surf therapy benefits people with stress-related disorders, not only because it involves physical exercise, but also because it involves risk taking and a connection with nature – how interesting is that! Importantly, researchers working with a new form of treatment are trying to demonstrate how the intervention changes brain structure and function and how these changes are linked to improved mental health. Why? So, we can better understand why some individuals respond to this treatment, whether the treatment has ongoing effects and who may benefit the most from it.
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Depression is a common and disabling mental illness that can be difficult to treat and lasts a long time. Typical treatment options for depression are antidepressant medications and psychological therapies, which are helpful for some people but do not work for everyone. The underlying cause of depression is not well-understood, but one key problem is that brain cells do not communicate with each other as well as they should. Transcranial magnetic stimulation is a technique that can help to improve the communication between brain cells and this technique improves depression in many people who do not get better with antidepressant medication. However, this treatment is often not available to many patients with depression who may benefit from it, because it is expensive and takes up a lot of the patients’ time. Researchers are now working toward making this treatment more accessible, so that many more people with depression can benefit from it.


BRAIN CELLS NEED TO COMMUNICATE WITH EACH OTHER

The human brain is made up of billions of cells called neurons. There are an average of 100 billion neurons in our brains [1]! Are you wondering how all those neurons fit inside our heads? It is because they are very small (<0.5 mm in diameter) and packed together very tightly. There are many different types of neurons and they all have different jobs. To do their jobs well, they have to work as a team and communicate with each other. It is like doing a group assignment in school, in which all the students on a team are assigned different tasks to complete the project. If one person does not do her/his part, then it will impact the rest of the team! Neurons communicate with each other through “chemical signaling,” a process in which they exchange chemicals called “neurotransmitters.” This is how it happens: an “action potential” is an electrical impulse that travels through a neuron, triggering it to release neurotransmitters into a small gap found in between two neurons, called a “synapse.” Then, the neuron on the other side of the synapse takes up the neurotransmitters, which then generates an action potential that travels through this neuron. This process continues in several neurons that are connected to each other. Have a look at Figure 1C to see how neurons communicate with each other. Our abilities to pay attention to things in the environment, to remember what we learn and experience, to make decisions every day, and to manage our emotions all depend on how well our neurons work together as a team. When neurons cannot do their jobs properly, there is a domino effect on other neurons and because of this, important brain functions cannot be carried out properly. This is what happens to the brain when people experience a mental illness.
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Figure 1

(A) When a TMS pulse is applied to the brain, action potentials are generated in the neurons under the skull. (B) When an action potential happens, the electrically charged neuron becomes more positively charged, a process called depolarization. (C) When the action potential travels through the neuron, the neuron releases neurotransmitters into the synapse, the space in between neurons. The neurotransmitters are then taken up by the second neuron, triggering an action potential in that neuron.





WHAT IS IT LIKE TO HAVE DEPRESSION?

Depression is the most common mental illness [2]. 4.4% of the world’s population suffers from depression. This is an alarming 322 million people, which is about the total population of the U.S.A! For most people, depression starts when they are young, before 30 years of age, and as depression often lasts a long time, many people suffer from it for a large part of their lives [3]. People with depression experience prolonged periods of feeling very sad and/or lose the ability to feel pleasure. They commonly describe a feeling of emptiness, worthlessness, guilt, loss of hope, or lack of interest in many activities they used to enjoy. These feelings are often accompanied by other symptoms, such as trouble thinking clearly or carrying out day-to-day tasks, difficulty sleeping at night, feeling fatigued during the day, and reduced appetite. Depression is the leading cause of disability world-wide and many people who suffer from it cannot function well-enough to work, study, or maintain their relationships with family and friends.



HOW CAN WE IMPROVE COMMUNICATION BETWEEN NEURONS TO HELP PEOPLE WITH DEPRESSION?

Scientists do not fully understand all the complicated brain changes that cause depression. We know that there are several factors that play a role. Two of these factors are the abnormal activity of many different types of neurotransmitters and reduced ability of neurons to fix themselves when they malfunction [4]. Together, these factors result in poor communication between neurons in many regions of the brain.

Antidepressant medication can help people with depression by improving communication between neurons. While antidepressants work for many people with depression, at least half of patients are not able to achieve or sustain full recovery from their depression with antidepressants [3]. Another problem with antidepressants is that they cause undesirable side effects, such as weight gain, which can lead to other health problems. These side effects occur because medications that are swallowed are absorbed through the gut, and therefore affect cells throughout the body, not just in the brain. Psychological therapy (also called talk therapy) is also widely used to treat depression. It involves the patients seeing psychiatrists or psychologists who guide them to learn how to think about their feelings of depression differently. By training yourself to change the way you think about your feelings, you are organizing the neurons in certain regions of the brain so that they get better at communicating with each other [4]. The problem with psychological therapy is that it also does not work for all patients and it can take many months or even years before depression symptoms are treated. So, the treatments we typically use for depression have limitations and it is very important for researchers to find new, more effective treatments.



USING A MAGNETIC FIELD TO CHANGE THE ACTIVITY OF NEURONS

As described in 1831 by the famous physicist Michael Faraday, a brief magnetic field applied to a material that conducts electricity will generate an electrical current flow [5]. Do you remember that an action potential is an electrical impulse that travels through a neuron? This means neurons are electrically charged and can conduct electricity! So, applying a magnetic field will cause current to flow through the neurons and this can alter their activity. To alter the activity of neurons, the electric field must be strong enough to generate an electrical current in the neurons as well as in the synapses in between them [1]. When the electric charge is strong enough, the neuron will become “depolarized,” meaning that it becomes more positively electrically charged. Have a look at Figure 1B showing the change in electric charge over time during an action potential. When a neuron is depolarized, an action potential is produced. When the action potential reaches the end of the neuron, it triggers the release of neurotransmitters. The neurotransmitters then attach to “receptors” on the next neuron across the synapse, and these receptors take up the neurotransmitters into the receiving neuron. This then triggers depolarization in this neuron and then, an action potential. Figure 1 illustrates these processes. Now, can you imagine how applying current flow to neurons on the surface of the brain can set off a domino effect of communication to all the other neurons that are connected to it through synapses?



STIMULATING THE BRAIN WITH MAGNETS CAN IMPROVE DEPRESSION

In 1985, a device was invented that could alter the activity of neurons by applying a magnetic field on the scalp, a technique called TMS, which stands for transcranial magnetic stimulation [5]. Transcranial means that the magnetic field goes through the cranium (or skull) and magnetic stimulation refers to the use of a magnetic field to stimulate the neurons beneath the cranium. When TMS was first invented, researchers were very excited to use it to figure out which parts of the brain were connected to the different parts of the body. For example, they learnt that applying TMS to a certain part of the scalp made a person’s hand twitch! This is how the part of the brain responsible for controlling hand muscle movements was discovered! Interest in whether TMS could treat depression grew in the 1990’s, when the first research studies using brain scanning to look at pictures of the brain in depression were carried out. These studies showed that the left side of the pre-frontal cortex, a region of the brain, was underactive in depression, leading researchers to question whether they could use TMS to increase the activity of neurons in this brain region. The initial findings of TMS applied to the left pre-frontal cortex for depression found that depression symptoms improved, which was very exciting! Have a look at Figure 2 to see the pattern of electrical activity when TMS is applied on the pre-frontal cortex of the brain.
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Figure 2

Diagram of the electrical activity generated in the brain when TMS is applied to the left pre-frontal cortex. Each picture shows the brain from different angles. Cooler colors indicate increasing negative electric charge and warmer colors indicate increasing positive electric charge. These pictures clearly show how much of the brain is stimulated by TMS applied to the scalp.



There has been a tremendous amount of research on TMS treatment for depression in the past 20 years. Typically, TMS treatment consists of 20 min of treatment, 5 days a week, for 4 weeks. In Figure 3, you can see a photo of a patient receiving TMS. TMS is quite safe. The common side effects are mild, such as a mild headache, and severe side effects are very rare. As you can see in Figure 4, compared with antidepressant medication, there are many fewer side effects seen with TMS, and these side effects occur only around the scalp and not throughout the body. Several very careful studies performed on large numbers of patients have shown that TMS applied to the left pre-frontal cortex is effective for treating depression in people who do not improve with antidepressants. TMS has even been shown to improve the thinking skills that are normally affected in depression. These positive results have led to the approval of TMS as a treatment for depression by several governing bodies world-wide. However, like other depression treatments, TMS does not work for everyone—it works for about half the patients for whom medication does not work. Every year, TMS gives patients with depression new hope and changes thousands of lives. Here is an example of what one of our patients who received TMS for depression at the Monash Alfred Psychiatry Research Centre (Australia) said: “I had been in and out of hospital for months and tried every antidepressant ever made … then my psychiatrist suggested TMS, and after the first session I already felt much better. For the first time in years, I could think clearly and make rational decisions. I felt on top of the world, like it saved my life.”
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Figure 3

A patient receiving transcranial magnetic stimulation.
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Figure 4

Comparison of side effects people experience with antidepressant medication versus TMS treatment. You can see that TMS treatment results in fewer side effects than antidepressant medication.





THE FUTURE OF TMS TREATMENT FOR DEPRESSION

Since TMS has to be performed by medical professionals and it takes a lot of time, TMS is expensive and not all patients can afford it. Our goal now is to make TMS more accessible, so that many more patients can benefit from it. We are helping to make TMS accessible by researching ways to shorten the TMS treatment course and lobbying for some of the costs to be covered by health insurance or government-provided healthcare. Offering hope to patients with depression, particularly those who do not have other treatment options, makes the area of TMS research incredibly important and valuable.



GLOSSARY

NEUROTRANSMITTER

A group of chemical messengers that are exchanged between neurons as they communicate.

ACTION POTENTIAL

The electric impulse that travels through a neuron, changing the electric charge of the neuron.

SYNAPSE

The gap in between two neurons where neurotransmitters are exchanged in communication between the two neurons.

DEPOLARIZATION

When a neuron’s electrical charge becomes more positive, which occurs during an action potential.

TMS

Transcranial magnetic stimulation; a technique in which a magnetic pulse is applied to the scalp and travels through the skull to the brain, where it induces an electric current in neurons.
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You probably know that going to the gym to exercise is good for your body. Exercise keeps us fit and healthy. Did you know that you can also exercise your mind to keep it fit and healthy? Mindfulness training is just like taking your brain to the gym for a workout. When we practice mindfulness, we are training our attention to stay in the present moment instead of wandering off with our thoughts into the past or the future. By keeping our attention in the present, and bringing it back each time it wanders, we are training the brain networks that we use to control our attention. This type of training can improve our mental health, just like physical exercise improves our physical health.


DOES MINDFULNESS MEAN MY MIND IS FULL?

Have you ever been so deep in thought that you did not hear someone calling your name? At times like these, our minds are full of thoughts and we are not aware of what is going on around us. Often, we are busy thinking about what is going to happen later, thinking about what happened earlier, or thinking about what is happening now. It can certainly seem like our minds are full of thoughts! But that is not what mindfulness means. Mindfulness means being aware of what is happening now, without getting lost in all of those thoughts. Mindfulness helps us become more aware of what is going on both outside and inside of ourselves, without being distracted by our thoughts. With mindfulness, we can be fully aware of our minds (see Figure 1).
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Figure 1

When we bring full awareness to what is happening in the mind, we have mindfulness.





EXERCISE FOR THE MIND

Just as we need to exercise our bodies to stay physically healthy, exercising our minds can keep us mentally healthy, too. Mindfulness involves training our attention to stay in the present moment, rather than following our thoughts into the past or future. The same way we do certain exercises to strengthen our body’s muscles, with mindfulness we train the brain’s muscle—attention.

Attention is the brain’s way of selecting one thing to focus on out of the wide range of things in the environment. The brain is constantly receiving information about the world around us from our five senses, as well as interpreting that information using lots of thoughts. There is so much going on in the environment, but we often need to select one thing to focus on, without getting distracted. Attention’s job is to keep that one thing in mind, so we can focus on it. Attention is one of the most important brain functions. When attention does not work well we have lots of difficulties, such as attention deficit hyperactivity disorder (ADHD). In ADHD, people have trouble keeping their minds on one task, which makes it hard to concentrate when trying to solve a math problem at school, for example.

When you focus on something, you are using networks made up of brain cells called neurons. When you do physical exercise to strengthen a muscle, you train that muscle by repeating the exercise again and again. In mindfulness, you can target these brain networks by making your attention stay on one thing without getting distracted. And when you do get distracted, you bring your attention back again and again. It is like a gym workout for your brain! Scientists have discovered that this kind of exercise can benefit mental health [1].



MINDFULNESS

Let us try a mindfulness exercise right now.

Start by sitting down either on the floor or on a chair with your back nice and straight. As you sit, just relax. Be aware of your body as you sit still. While you are sitting still, notice the rising and falling of your belly as you breathe in and out. Do not try to make your breath deeper or longer, but just let it be. Just feel it. Can you feel the sensations of movement as your belly goes up and down with the breath? Try not to think about these movements. Just pay attention to the sensations of the rising and falling of the belly as you breathe in and out. Without following thoughts as they arise, just stay with the feeling of the rising and falling.

It would not be long before you start thinking of something other than your breath. Your attention will want to follow a thought, since watching the breath can be pretty boring! We usually like to pay attention to things that are exciting. But, by stopping your attention from following thoughts and just returning it to the rising and falling of your breath, you are training several attentional networks in your brain.

• When you focus on the breath, you use a brain network for focused attention.

• When you notice a wandering thought, you use a brain network for detecting distraction.

• When you stop that wandering thought, you use a brain network to prevent your attention from following that thought.

• When you return your attention back to the breath, you use a brain network for redirecting attention.

When we practice mindfulness, we are always getting distracted from the breath, so we have to activate all of these networks over and over again (see Figure 2). This is why mindfulness can seem like hard work. Because it is! We are really giving the brain a workout when we try to keep our attention on the breath.


[image: image]

Figure 2

The process of controlling attention during mindfulness practice. First, try to follow the feeling of your breath. When your mind wanders, notice that is happening and bring the attention back to the breath. Repeat this again and again! It is like a gym workout for your brain!



An important part of mindfulness is paying attention without reacting to what is going on. It is easy to get frustrated by your wandering mind. While you are trying to follow the rising and falling of the breath, just pay attention without reacting to what you are experiencing. Do not worry about whether it is easy or difficult. If you react to what is happening, you are just thinking even more thoughts! Just let your attention rest on the breath. And when it wanders, bring it back each time.

Can you do it for 1 min? Have a try!



WHAT HAPPENS TO A WANDERING MIND?

Scientists have discovered that the more our thoughts wander the greater chance we have of being unhappy [2]. When we keep thinking about something bad that happened in the past, we could become depressed. If we keep worrying about something bad that might happen in the future, we could become anxious. Being depressed and anxious occur when our thoughts take us away from what is happening right now, into the past or the future.

Neuroscientists (scientists who study the brain) have found that depression and anxiety are associated with changes in the brain. Scientists can measure the activity of neurons in the brain using a device called an electroencephalograph, or EEG. An EEG measures brain activity by recording the electrical signals produced by the neurons (see Figure 3).
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Figure 3

This girl is having her brain activity measured by EEG. The wires in this cap are connected to small electrodes that record the electrical activity produced by neurons in the brain. In this way, scientists can measure whether there is more left or right sided brain activity. Greater left-sided brain activity is associated with positive feelings.



These electrical signals are measured using electrodes placed on the scalp. If electrical activity is measured on both sides of the brain, neuroscientists can see if the activity is the same on both sides. If there is asymmetry (lack of equality) between the two sides of the brain, neuroscientists can see if there is relatively more right-sided or left-sided brain activity.

Studies have shown that greater left-sided brain activity is associated with positive feelings and behavior, while greater right-sided brain activity is associated with more negative feelings and behavior [3]. People with depression and anxiety have been shown to have higher levels of right-sided brain activity than people without these conditions [4].



PAYING ATTENTION TO THE PRESENT IS GOOD FOR US

By now, you might be wondering why you have to pay attention to the breath when you are practicing mindfulness. The breath has one very special feature. It only occurs now, in the present moment. If you are paying attention to your breath, you must be paying attention to what is happening right now. When your thoughts wander, you lose the present moment. But you can always come back to the present by remembering the breath.

Scientific studies are beginning to show that mindfulness practice may result in increased left-sided brain activity [5]. This increase in left-sided activity may also be accompanied by more positive feelings and well-being. This is really good news, because it means that we can change our brains just by training the way we pay attention. By training our attention to stay in the present moment, we can keep our minds from running off into the past and the future and worrying about all of those things. And this may change our brains in ways that help us feel better.



GLOSSARY

MINDFULNESS

The ability to pay attention to the present moment, without judgment or reaction.

ATTENTION

The brain’s ability to focus on one thing out of a wide range of objects.

NEUROSCIENTISTS

Scientists who study the brain and the way it works (neuro = brain).

ELECTROENCEPHALOGRAPH (EEG)

A device for recording (GRAPH) the electrical activity (ELECTRO) arising from the brain (ENCEPHALO).
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Our ability to interpret and process information and regulate emotion is determined by the structure and chemical makeup of our brains. A change to the structure or biochemical makeup of our brains can affect our mental health, the way we cope with the normal stresses of life, our productivity, and our overall well-being. Scientists interested in studying the brain and mental health disorders (called neuroscientists) seek to understand how the architecture and biochemical makeup of the brain differs in health and disease. To do this, we use a technique called magnetic resonance imaging (MRI) to image inside the living brain, to examine its function and structure. This article explains the physics of MRI and how we use it to generate images of our brains in order to investigate how the mind works.


THE BRAIN: HOME OF THE MIND

As the center of the nervous system, the brain makes sense of the information from our surroundings. The brain interprets information and both releases chemicals and sends electrical signals (messages) to cause the body to respond. However, our brains not only regulate our bodies and our movements but are also the home of our minds. The brain is the physical place where the mind resides.

Our minds constantly control the flow of information—our memories, thoughts, emotion, and imagination. This flow of information (Figure 1A) can be thought of as a social network where, instead of messages being sent between friends on social media, information is being sent to different parts of the brain along neurons. The mind’s network relies on the underlying structure and chemical makeup of the brain to function successfully. In fact, a successful or effective mind network allows us to be cognitively (our ability to carry out mental activities), emotionally, and socially healthy.


[image: image]

Figure 1

The mind’s network. (A) Flow of information, our emotions, and our thoughts can be thought of as a social network where, instead of messages being sent between friends on social media, information is being sent to different parts of the brain along neurons. (B) In mental health disorders, such as depression and anxiety, we often see a disruption to the mind network. This disruption can affect the way the mind network sends, receives, or interprets messages.





MENTAL HEALTH

The mind network, the way it sends information and its underlying structure determine our mental health. In mental health disorders, such as depression and anxiety, we often see a disruption to the mind network (Figure 1B). This change to the underlying structure and chemical makeup of our brains can affect the way we can cope with the normal stresses of life, our productivity, and our overall wellbeing. Therefore, neuroscientists who want to understand mental health disorders and how we can all stay mentally healthy seek to examine the mind network. If we can understand how the brain’s structure and chemical makeup lead to healthy function, then we can start to understand brain disorders. However, to be able to study the mind and its network, we need to be able to look inside people’s brains. To do this we use MRI.



MAGNETIC RESONANCE IMAGING: MRI

Magnetic resonance imaging (MRI) allows us to see inside the human body with amazing detail, by using magnets and radio waves. The first MRI scanner used to image the human body was built in New York in 1977. Since then, the technology has come a long way and MRI is now used frequently by doctors to look inside the human body. This is because MRI does not involve radiation (like an X-ray or CT scan) and there are more and more MRI scanners being installed around the world.



THE “MAGNET” IN MAGNETIC RESONANCE IMAGING

The MRI scanner is essentially a giant magnet. The strength of the magnet is measured in a unit called Tesla (T). Most MRI scanners used in hospitals and medical research clinics are 1.5 or 3 T. Putting that in to perspective, the earth’s magnetic field is around 0.00006 T. A 3 T MRI scanner is around 60,000 times stronger than the earth’s magnetic field!

MRI uses magnetic fields and radio waves to measures how much water is in different tissues of the body, maps the location of the water and then uses this information to generate a detailed image. The images are so detailed because our bodies are made up of around 65% water, so we have lots of signal to measure. The water molecule (H2O) is made up of two hydrogen atoms and one oxygen atom. The hydrogen (H) atoms are the part that makes water interesting for MRI, and what we use to measure the signal from the body when we do an MRI scan.

If we look at hydrogen in more detail, we see it has a central nucleus containing a single positive charge, called a proton (Figure 2A). Like the Earth spinning on its axis with a north and south magnetic pole, each spinning hydrogen proton is like a tiny magnet that spins around on its own axis. This spinning motion is known as precession. At any moment in time, all the billions of hydrogen protons in our bodies are all in random positions and spinning on their axes.
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Figure 2

Hydrogen protons and how they behave in a magnetic field. (A) Water is made up of two hydrogen atoms and one oxygen atom. The hydrogen nucleus (shown in red as P+) contains one positive charge—a proton spinning around on its axis, which acts like a tiny magnet. (B) In the MRI scanner, the protons align with the B0 magnetic field, some “up” (red), and slightly less “down” (white). The total magnet field generated from all the hydrogen protons almost cancel each other out, to leave only the magnetic field from the small proportion of extra “up” protons, and it is this small magnetic field that we can measure using MRI. (C) When an RF wave/pulse with the same frequency as the proton’s precessional frequency is turned on, the “up” protons flip away from the B0 field, as they absorb the RF energy.



However, this randomness changes when we place a human body into a very strong magnetic field, like an MRI scanner. Just like a compass needle aligns to the Earth’s magnetic field, when these randomly spinning hydrogen protons are placed in an MRI scanner, their axes realign them with the scanner’s stronger magnetic field. We call the scanners magnetic field the B0 field. Just like a compass needle in the earth’s field, the compass itself does not physically move, but rather the needle spins to align itself. Similarly, the hydrogen protons do not physically move in your body when you enter an MRI scanner, their axes just align along the direction of the B0 field. Some will align “up” (parallel) and some will align “down” (anti-parallel), while still spinning around on their own axes (Figure 2B). Due to the wonderful laws of quantum physics, which we will not go into here, there are always just slightly more “up” protons than “down.” If you now think about the total magnet field generated from all our hydrogen protons, these tiny magnets almost cancel each other out, to leave only the magnetic field from the small proportion of extra “up” protons, and it is this small magnetic field that we can measure using MRI.

The B0 field not only affects the hydrogen proton’s alignment, but also affects how fast these protons spin (called precessional frequency). The precessional frequency depends on the strength of the magnetic field. The stronger the magnetic field, the faster they spin. These two ideas of axis realignment and precessional frequency are important when we use MRI to measure the signal from these hydrogen molecules.



HOW DO WE DETECT THE MAGNETIC FIELD?

So how do we distinguish the tiny magnetic field caused by the extra “up” hydrogen protons in our body from the massive B0 field of the scanner? We use something called a radio frequency (RF) pulse, to disturb or flip all the protons, at the same time, out of alignment from the scanners magnetic field (Figure 2C). The frequency of the RF pulse must be the same as the frequency of the spinning hydrogen protons, so they can exchange energy, so that they are on resonance with each other. Resonance enables the protons to absorb enough energy from the RF pulse to rotate their axes away from the B0 field, so that the MRI scanner can measure it. If we think again about our compass in the Earth’s magnetic field pointing toward the north pole, we can make the needle rotate to point east if we place a small bar magnet next to the compass. This is similar to the way the protons behave when we turn on the RF pulse.

If the whole body is full of hydrogen “up” protons all spinning at the same precessing frequency in the B0, how do we target just the ones in the brain to investigate mental health? We use the fact that the precessional frequency of the protons is dependant on the magnetic field strength. We apply a second magnetic field, B1 that varies across the body. In the example shown in Figure 3A, hydrogen protons in the head will then be spinning faster than those in the chest, stomach and feet. Then, we tune the RF pulse to the precessing frequency of the hydrogen protons in the head. The RF pulse will then only be resonant with the protons in the brain. Therefore, only the protons in the brain will absorb energy from the RF pulse and be flipped away from the B0 field. We can obviously tune our RF pulse to be resonant with protons in other parts of the body, like the feet, if we were interested in imaging the feet!
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Figure 3

Focusing our imaging. (A) The B1 field is applied, which increases across the body, from foot to head. Hydrogen protons in the head will then be spinning faster than those in the feet. (B) Different tissues, such as white matter, gray matter and cerebral spinal fluid (CSF) in the body give off different amounts of energy. To measure the energy emitted by the protons in the brain when the RF pulse is turned off, we place a coil around the head. (C) This technique can provide many different images of the brain, giving us information about (top right): how the brain is structurally connected via white matter—the information highways of the brain. (Middle right): the volume of gray matter regions of the brain, where information is processed. (Bottom right): how the brain is functionally connected—how different regions of the brain communicate and work together.





HOW DO WE GET AN IMAGE FROM THESE SPINNING PROTONS?

So how do we get an image from these spinning, flipped hydrogen protons in the brain? When the RF pulse is turned off, the protons flip back and realign along the main magnetic field, B0. If we think of our compass again, when we move our small bar magnet away, the needle will rotate from east to north and align with the Earth’s magnetic field once more. As the protons flip back and realign with B0, they give off energy. Different tissues in the body give off different amounts of energy. To measure this emitted energy, we require some special equipment (called a coil) that is placed around the body part we are imaging (Figure 3B). The coil acts as an antenna and detects the released energy as an electrical current. The electrical current is transformed, via a computer, using a mathematical calculation called a Fourier transformation. Because protons in the different kinds of tissues in the brain, such as gray matter, white matter and blood, all give off different amounts of energy, the result of the transformed energy is a highly detailed image of the tissue inside the brain.



CONCLUSION

We have now described how we use MRI to generate and measure signal from water molecules in the body. But as well as providing images of the inside of our bodies, MRI can also be used to answer many different questions about the makeup of the brain and how it functions. From the MRI images, we can investigate not only the structure and chemical makeup of the brain, but also how our mind’s network is connected and how different regions of the brain communicate with each other (Figure 3C). In this manner neuroscientists can investigate how the mind’s network is different in health and mental health disorders. By understanding how mental health disease changes the brain we can begin to develop treatment for these disorders.



GLOSSARY

MRI

Magnetic Resonance Imaging.

B0

The MRI scanner’s main magnetic field.

PRECESSIONAL FREQUENCY

The rate at which protons spin in a magnetic field.

RF

Radio frequency pulse used to tip on resonance protons away from the B0 field.

ON RESONANCE

Have the same frequency.

FOURIER TRANSFORM

A mathematical calculation that is used to change the electrical current in a coil into an image.
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We know that regular exercise is important for maintaining a healthy body and for reducing the risk of developing chronic diseases, like heart disease and diabetes. Interestingly, the importance of exercise in maintaining a healthy mind is also becoming more and more clear. Exercise is now being prescribed by doctors as a part of treatment for a range of mental illnesses, including depression and anxiety. While scientists do not fully understand how exercise can help improve our mood, we know enough about the positive benefits of exercise to suggest that everyone living with mental illness should have access to tailored exercise programs as part of their recovery.


EXERCISE

You have heard it all before; get off your phone, stop watching TV, and go play outside, you couch potato! Are your parents and teachers just wasting their breath, or is there actually some science behind this advice? Let us take a look at some of the exciting research on how exercise can improve both physical and mental health.

How do you feel when you exercise regularly? Do you feel stronger? Fitter? More flexible? Exercise is known to help improve your cardiovascular system (your heart and lungs), to help you develop healthy bones, muscles, and joints, and help you maintain a healthy weight. Exercise has also been shown to help prevent and manage several chronic diseases, such as diabetes and heart disease.

Those are the benefits of exercise that you have probably already heard of. But how does your mind feel after you exercise? Do you feel happier? Can you think more clearly? Do you find it easier to fall asleep? Have a think about it and we will come back to this.



WHAT IS MENTAL ILLNESS?

Just like our bodies can get sick from time to time (like when we have a sore throat), so too can parts of our brain that control how we feel. This type of illness is called mental illness. Just like the phrase “cardiovascular disease” is used to describe a group of diseases that affect the heart, you can think of mental illness as broad term used to describe diseases that affect the mind. Mental illness includes a range of conditions you might have heard of, including depression and anxiety.

Everybody experiences a range of feelings that come and go; nervous, happy, lonely, excited, or angry. Sometimes the bad feelings do not go away and can start to impact important parts of our lives, such as the ability to perform at school or at work. Because we cannot see mental illness in quite the same way that we see physical illness or injury (like a broken leg), people sometimes find mental illness difficult to talk about. Even though we cannot “see” mental illness in the same way we can see a broken leg, it is important to remember that, just like a broken bone, with the right treatment and support, people can recover from a mental illness and live happy, healthy lives.

Mental illness is common and in Australia and affects around one in five people in any 1 year and ~45% of the population at some point during their lifetime. Unlike many other health conditions, such as heart disease or arthritis, the risk of developing a mental illness does not increase with age. In fact, the first onset of a mental illness typically occurs in childhood or adolescence, with half of all cases of mental illness starting by the age of 14 and three quarters by age 24 [1]. It is estimated that 13.9% of children aged 4–17 experience a mental illness [2]. Given how many people experience mental illness, finding new ways of treating and preventing mental illness is extremely important.

It is also important to understand the difference between mental health and mental illness. You do not have to have a diagnosed mental illness to experience poor mental health. For example, the diagram below shows how mental health and mental illness can be separate.

Just like physical illnesses, people experiencing mental illness often find it harder to engage in exercise and, on average, spend more time sedentary (sitting or lying down), which we know is bad for our health. Think about when you have felt upset or down. Did you find it harder to find the motivation to do things like socialize or walk the dog? Even in the general population, motivation to exercise is low, with only 35% of the population getting the recommended amount of physical activity. So, it is not surprising that people with mental illness often even less likely to be active.

Think of it like this, our mental health and our physical health are connected. It can be difficult to have one without the other. Often, someone experiencing mental illness will also experience poor physical health, and poor physical health can in turn be associated with poor mental health.



EXERCISE AS A TREATMENT FOR MENTAL ILLNESS

We now know that exercise can be a really important part of care for people living with short- and long-term mental illness [3]. Exercise can improve mood and reduce symptoms of mental illness, including depression and anxiety. Exercise can also improve sleep quality, increase energy levels and reduce stress. Exercise has also been shown to increase self-confidence and improve both memory and concentration. Plus, exercise offers all these benefits without the risk of serious side-effects. It has been said that, if exercise were a pill, it would be prescribed to every patient by every doctor.

The benefits of exercise are “transdiagnostic,” meaning that regardless of which mental illness someone may be experiencing, everyone can still gain some benefits from exercise. The benefits may differ a little depending on the symptoms experienced. For example, for someone with depression, exercise may help to improve sleep quality or help provide motivation to get out of bed, while for someone experiencing anxiety symptoms, exercise may act as a distraction from constant worry.



HOW CAN EXERCISE HELP?

The mechanisms by which exercise reduces the symptoms of mental illness are not fully understood. We do know that exercise may provide a sense of enjoyment and fulfillment. Exercise can enhance self-efficacy (belief in our own abilities) and self-esteem (how we feel about ourselves) by helping us master new skills. Exercise can also be a great opportunity to make friends, whether it is in a dance class or on a soccer team.

In terms of the biological mechanisms, exercise has been shown to cause changes in certain chemicals called endorphins. Endorphins are the “feel good” chemical messengers that help relieve pain and stress during exercise. Exercise also stimulates the release of other chemicals called dopamine, norepinephrine, and serotonin. Sounds fancy but what does that mean? Well, these brain chemicals play an important part in regulating your mood. In fact, they are the same chemicals that are targeted by medications for mental illness. Exercise also helps to reduce the levels of a stress hormone called cortisol, so that we feel less stressed out.

Another important chemical is brain-derived neurotrophic factor, or BDNF. Think of it like “a fertilizer for your brain.” BDNF is a protein in your brain that helps to maintain the life of your brain cells and helps you to grow new ones. Low levels of BDNF have been seen in people with mental illness like depression and anxiety. What is the good news? Exercise can also increase the brain’s BDNF levels, which helps improve brain function, mood stability and general well-being [4]. Is there anything exercise cannot do?

Finally, exercise can also be used as a form of exposure therapy. Think about the feelings you experience when you feel stressed. Your body tenses, your heart races, you sweat, you become short of breath. Interestingly, these are the same feelings you can experience when you work up a sweat exercising. Exercise is therefore another way to expose people to anxiety symptoms, but in a safe and controlled manner that can help people become less sensitive to these symptoms and help with recovery from anxiety.



SO, WHAT NOW?

Knowing all these benefits is good, but if we do not change the way we treat mental illness to ensure that exercise is included as a part of treatment, and then the science alone is unlikely to help anyone. While many countries now include exercise as part of mental illness treatment, we still have a long way to go in terms of breaking down the divide between physical and mental health care. While exercise is not a replacement for medication or other treatments, it can clearly be an important and useful part of the treatment of mental illness.

We have spoken a lot about the benefits of exercise for people experiencing mental illness, but the thing about exercise is it can make you feel better even if you are already feeling okay. Think back to Figure 1. Everyone finds themselves somewhere on the mental health–mental illness continuum, and it is important to know you do not need to have a mental illness to experience the benefits of exercise. One large study combining data from all around the world showed that exercising can reduce your chances of developing depression by up to 17% [5]!
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Figure 1

Mental health continuum. Mental health and mental illness are two distinct things. For example, someone with a diagnosed mental illness may be recovering well and experiencing positive mental health, while someone with no diagnosable mental illness may be experiencing poor mental health at any one point in time.



That being said, how much exercise should you be doing and what type is best? The Australian guidelines recommend that 5–12 years-old need 60 min of moderate to vigorous physical activity every day. Unfortunately, only one third of children meet these recommendations and it is even worse for adults. If you are not currently meeting these guidelines, increasing your activity gradually is the most achievable way. Even one exercise session a week can have great benefits for your mental and physical health. As we have said above, there are many types of exercise that can provide mental health benefits, not just running on a treadmill or lifting weights. You might prefer chasing friends, riding a bike, shooting basketball hoops, or dancing. Finding a type of exercise that you enjoy is critical. The benefits of exercise can occur regardless of the type of exercise.

Childhood through young adulthood is a really important time for our development and it lays the foundation for the rest of our lives, both physically and mentally. Think for a moment about your school PE classes. Is the thought enough to make you shudder? A new study found that the way we feel during gym classes at school can shape the way we feel about exercise in the future and whether we choose to be physically active [6]. There are many reasons why so many people are inactive, but most behavioral scientists agree that our attitudes about exercise play a defining role in whether or not we are physically active. If we expect exercise to be fun and enjoyable, often we will exercise. If we do not think exercise will be enjoyable, we would not. Simple as that. Therefore, establishing healthy habits and positive attitudes toward exercise at a young age is important. So, if you do not like PE class, it is about finding what you do enjoy and doing it regularly. Remember, our bodies are made to move. So, go on! Stop reading this boring old paper, grab a friend, and get moving.



GLOSSARY

EXERCISE

Structured subset of physical activity that is planned and deliberate.

MENTAL HEALTH

Someones psychological and emotional wellbeing.

MENTAL ILLNESS

A group of illnesses that affects the mind for example, depression and anxiety.

PHYSICAL ACTIVITY

Any bodily movement produced by skeletal muscles that requires energy expenditure.
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When we are mentally or physically unwell we can take medication to help with the symptoms we are experiencing. When we are mentally unwell we can also talk to someone about what is going on. Sometimes medication and talking work, and sometimes not. What if we could also do an activity that improves both the mental and physical symptoms of a mental illness? What if it was an activity that you would jump out of bed to do, because it is so much fun? What if, along with being fun, the activity, also helps the areas of the brain that are linked with some mental illnesses? Surfing, as a therapy, has shown positive effects on mental health, but what impact might it have on the brain of someone with post-traumatic stress disorder (PTSD)?


WHAT IS MENTAL ILLNESS?

A mental illness is a medical condition that affects the brain, resulting in changes in a person's thoughts, feelings, and behavior. Like many physical illnesses, mental illness affects a person's ability to live their normal daily life. Sometimes, mental illness can make it difficult to go to work, to study, to get out of the house, or to catch up with friends and family. Some of the more common mental illnesses are anxiety disorders, clinical depression, and post-traumatic stress disorder (PTSD). Anxiety often involves problems with the fear response–this response is too elevated and occurs too often. Depression usually involves having low mood, loss of interest in activities, and low motivation for a long period of time. PTSD is another common mental illness and is the focus of this paper.



WHAT IS POST-TRAUMATIC STRESS DISORDER?

As the name suggests, post-traumatic stress disorder (PTSD) is a stress-based health condition that typically occurs after someone experiences a traumatic event. People can get PTSD after experiencing a trauma themselves (e.g., a natural disaster, accident, military combat), or by witnessing a trauma happening to someone else (e.g., seeing someone else involved in a car accident). People with PTSD experience significant changes in cognitive functioning (their thinking skills, like attention, and memory), have difficulty regulating their emotions, experience overwhelming memories and dreams relating to the traumatic event, and show an elevated fight-or-flight response, which is a response to a stressful situation in which our bodies prepare us to either stay and fight the danger or to run away. People with PTSD can also experience other negative effects as a result of living with this mental illness. For example, people with PTSD are more likely to have cardiovascular disease and diabetes. They are less likely to have healthy diets, less likely to engage in physical activity, more likely to be obese and to smoke.



PTSD AND THE BRAIN

Scientists can examine the brain in two different ways: by looking at its structure and its function. That is, scientists can measure the size and shape of different parts of the brain (structure), or they may look at the activity within and between different parts of the brain (function). Research using different brain imaging techniques has revealed that people with PTSD often have changes to both the structure and function of the brain, compared with people without PTSD. Figure 1 shows the three parts of the brain that are often looked at when we investigate PTSD: (1) the amygdala (where emotions are processed), (2) the hippocampus (where memories are stored), and (3) the prefrontal cortex (where problem-solving happens). Changes in the structure of the amygdala have been associated with the constant re-experiencing of traumatic events, which is a key symptom of PTSD. Changes in the structure of the hippocampus are associated with difficulty learning and remembering that non-threatening situations are safe. Changes in the structure of the prefrontal cortex are associated with a reduced ability to stop the fight or flight response. So, these three areas of the brain are often out of balance in people with PTSD.
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Figure 1

In PTSD, certain areas of the brain, such as the amygdala, show greater activity (up arrows) compared with healthy brains, whereas other areas, such as the prefrontal cortex and the hippocampus show reduced activity (down arrows).





WHAT CAN WE DO FOR PATIENTS WITH PTSD?

Current treatments for PTSD usually include medications and talk therapy. These treatments attempt to reduce symptoms, make changes in the brain, and ultimately improve quality of life. However, they do not always work, and when they do, they only work a little, or for a short time. Scientists are interested in finding and using other, better ways to treat mental illness. As such, there is increased interest in what are called adjunctive treatments, which are additional treatments that can be provided along with traditional treatments. Adjunctive treatments are particularly important for complex mental illnesses, such as PTSD.



WHAT IF EXERCISE COULD HELP MENTAL ILLNESS?

Physical activity is increasingly recognized as an important adjunctive therapy for mental illnesses. Physical activity therapies can include walking, swimming, yoga, or team and individual sports. We all know that physical activity is beneficial when it comes to preventing things like heart disease, high blood pressure, diabetes, and asthma. But you may not have known that physical activity is also linked to improvements in mental health (see Figure 2), including cognitive function (prefrontal cortex), memory (hippocampus), and stress management (amygdala). Physical activity has also been shown to reduce negative mood states, such as anger and depression, and improve positive mood states, such as feeling energized [1]. Adventure-based physical activity is an important alternative to the common sports and exercises. What are adventure-based physical activities and why are they important? They are activities that include an element of risk, they are performed in changing environments, they are of high intensity, and they require physical and mental commitment. Some examples of adventure-based physical activities include rock climbing, hiking, snowboarding, and surfing. Surfing is an easily accessible activity performed by millions of people all over the world. Surfing as a therapy has been around for decades, and surfing therapy has been used on both kids with physical and mental disabilities and on combat veterans with PTSD and depression.
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Figure 2

Physical activity can help return brain functioning to healthy levels in the regions of the brain responsible for learning, problem solving, and responding to stress. For example, in the brains of people with mood disorders, physical activity can improve functioning in the prefrontal cortex and hippocampus (up arrows), and calm a hyperactive amygdala (down arrow).





SURFING AS A THERAPY FOR CHANGING THE BRAIN

In order to understand the effects of surfing as an adjunctive treatment for PTSD, we will focus on three areas that highlight important elements of surfing that make it a good activity for making beneficial changes in the brain.


Surfing is an Interaction with Nature

Research shows us that exercising in natural environments can lead to positive effects on physical and mental health. In terms of mental health, scientists commonly look at the effects on a person's mood. Mood influences our feelings of satisfaction with life and our ability to deal with the ups and downs of the day, as well as the choices we make regarding our studies, work and relationships. Have you ever woken up “on the wrong side of the bed?” Mood disorders are also a major component of all mental illnesses. The brain is a complicated organ and the control of mood by the brain is no different. The prefrontal cortex, the amygdala, and the hippocampus are all involved in the regulation of mood. As it turns out, spending time in nature seems to lower stress levels, help the prefrontal cortex to focus, and lead to lower levels of mental fatigue. These effects are even greater if the physical activity is in the presence of water [2].



Surfing Requires the Balance of Risk and Reward

When we surf, we engage both mental and physical skills in a challenging environment that is constantly changing. Surfing requires commitment in order to manage the risk of falling off the surfboard, but is rewarded by the joy of riding the waves. In other areas of research, scientists know that those moments of feeling good involve activity in the reward pathways of the brain, including those in the prefrontal cortex. A chemical in the brain called dopamine plays a role in feeling good. In some mental illnesses, dopamine is thought to function improperly, leading to decreased desire for doing things that give us that good feeling. Can you imagine if hanging out with your friends did not feel good anymore? Surfers report the good feeling they get when catching a wave, and this feeling may help with managing their mental health, so that they have lower levels of depression and anxiety than the general population [3]. For people with PTSD, surfing could help with increasing their capacity for positive feelings like joy, and for managing mood in the face of a hyperactive fight-or-flight response.



Surfing is a High Intensity Physical Activity

Additionally, surfing is a physically demanding activity. The challenges associated with surfing are varied and include carrying the surfboard, high intensity paddling to catch a wave, push-ups to stand up on the surfboard, and balance. Research has shown that physical activity has a positive effect on multiple areas of the brain. Physical activity can change activity in the amygdala and hippocampus, which are both involved in our responses to threat and stress [4]. Physical activity can also increase the size of the hippocampus, improving its ability to let the amygdala know that there is no threat in safe situations. For example, one study showed that physical activity resulted in a 14% increase in the size of the hippocampus, after just 8 weeks of doing a cycling exercise [5].




SURFING FOR PTSD

Based on previous studies, we can predict that surfing as a therapy for PTSD will strengthen the hippocampus' ability to inhibit the fight-or-flight response and help to improve mood. Excitingly, we are looking to investigate the effects of surf therapy for people with PTSD. We are hoping to see changes in the structure and function of the three brain areas discussed in this paper. Hopefully, surf therapy will lead to improvements in the quality of life of people with PTSD.
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GLOSSARY

POST-TRAUMATIC STRESS DISORDER

A mental illness that can develop in people who have been through a traumatic event that threatened their life or safety.

COGNITIVE FUNCTION

Mental processes that allow us to carry out important daily tasks, such as memory, attention, and problem solving.

FIGHT-OR-FLIGHT

A fear reaction of the brain and body in response to a threat, in which the body prepares us to either stay and fight the danger or run away.

AMYGDALA (“A-MIG-DA-LA”)

A part of the brain important for emotional responses, regulation of fear and aggression, and the fight-or-flight response.

HIPPOCAMPUS (“HIPP-O-CAMP-US”)

Responsible for learning and memory, as well as switching off the amygdala when there is no danger or threat.

PREFRONTAL CORTEX

An area of the brain that has a role in inhibiting the fight-or-flight response.

ADJUNCTIVE (“AD-JUNC-T-IV”)

A thing added to something else. In this case, an adjunctive therapy is a type of therapy added to traditional therapies such as medications and talk therapy.

ADVENTURE-BASED PHYSICAL ACTIVITY

Adventure-based physical activities are commonly performed in a natural setting, require high physical intensity, and include elements of risk and mental commitment.
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Obsessive-compulsive disorder is a brain disorder characterized by unwanted and repetitive thoughts that cause intense worry (called obsessions) and/or by repetitive behaviors that patients perform to try to relieve the suffering caused by obsessions (called compulsions). Treatments exist and include medication and psychotherapy (therapeutic conversations between a professional and the patient). New treatments using electromagnetic stimulation and/or a technique of real-time brain imaging are also being developed. In this article, we will describe the symptoms of this disorder, its causes, and the different treatments available. Learning about this disorder is very important, so that we will be able to identify and treat it appropriately.


WHAT IS OBSESSIVE-COMPULSIVE DISORDER?

Obsessive-compulsive disorder (OCD) is a brain disorder affecting 1–3% of the population worldwide. It affects men and women equally and it usually starts during childhood, adolescence, or early adulthood. It is uncommon for people to get OCD for the first time after the age of 30. As the name tells us, OCD is characterized by the presence of obsessions, compulsions, or both [1].

Obsessions are repetitive, unwanted, uncontrollable, and persistent thoughts (such as doubt about whether something they have done is good enough, or fear of germs), urges (such as saying something nasty), or mental images (such as violent scenes) that appear in the mind of the patient, causing intense anxiety and suffering. These worries just pop into the patient’s head and can be hard to get rid of.

To reduce the suffering and distress caused by obsessions, the patient can be compelled to perform repetitive behaviors (called compulsions). Compulsions (also called rituals) can include checking and re-checking whether something is closed or locked, or washing and cleaning too much, or they can be mental acts, such as repeating a word or counting something. Patients feel driven to perform these compulsions in response to their obsessions.

It is important to know that everyone can experience obsessions and compulsions occasionally. Obsessions, such as the thought, “did I really lock the door to the house?,” and compulsions, such checking and rechecking your answers when taking a test at school, are usually good things, because they improve our performance and reduce the chance of errors. To cross over into OCD, obsessive thoughts must occur for more than 1 h each day and/or interfere significantly with daily life.



TYPES OF OBSESSIONS AND COMPULSIONS

Obsessions and compulsions generally involve several common themes, which are summarized in Table 1.
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Table 1

Examples of obsessions and compulsions.





WHAT CAUSES OCD?

OCD is a brain disorder caused by multiple factors that are not completely known nor understood. In some cases, OCD is genetic (inherited through the mother’s or father’s genes), but in other cases it is related to certain infections (in rare situations, some children develop obsessive symptoms after a severe throat infection, for example), traumatic events (such as threatening situations, abuse, or bullying), and/or chronic stress [2]. We already know that OCD is not caused by anything that the patient or his/her parents did “wrong.”

The brain works like a computer, with multiple networks connecting brain regions that are responsible for different functions. We have complex systems for every function. For example, one brain network is responsible for acquiring and managing the data that comes in from our senses, another is responsible for creating and managing our emotions, another is responsible for movements, and another is responsible for creating, managing and prioritizing our thoughts.

In OCD, the communication system between parts of the brain, namely the orbitofrontal cortex and the basal ganglia, is disrupted and the brain makes mistakes when processing and prioritizing information.

The orbitofrontal cortex is responsible for using information from the senses to make decisions, and anticipating the result of our life choices. In OCD, this region is hyperactivated and detects errors and dangers where there is not anything wrong.

The basal ganglia controls movements and thinking, and acts as a control system that filters and stops anxious thoughts. In OCD, the basal ganglia fail to control the errors and dangers wrongly identified by the orbitofrontal cortex, which makes the patient overwhelmed by his or her thoughts and actions (Figure 1).
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Figure 1

Brain regions affected in OCD. Studies suggest that communication between the front part of the brain (the orbitofrontal cortex) and a deeper structure of the brain (the basal ganglia) is disrupted in OCD.





HOW IS OCD DIAGNOSED AND TREATED?

Many people suffering from OCD recognize that their obsessions and compulsions are unreasonable, which makes them feel ashamed and embarrassed. The shame and embarrassment often stop some OCD patients from seeking treatment, which prolongs their suffering.

The diagnosis of OCD is done by doctors who can recognize the symptoms and signs of the disorder. The doctors diagnose OCD by asking specific questions. When the disease is identified, patients may feel relieved to know what is causing their suffering.

Treatments for OCD usually involve a combination of medication and psychotherapy. The medications most often used to treat OCD are called serotonin reuptake inhibitors (SRIs), which work to fix the hyperactivation of the orbitofrontal cortex and to reduce the anxiety caused by the obsessions (Figure 2).
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Figure 2

The OCD cycle. Obsessions are intrusive thoughts or images that can be very disturbing. Because of the anxiety created by the obsession, compulsions are developed in order to relieve this anxiety. Antidepressants act by decreasing obsessions and their related anxiety, while psychotherapy (also called CBT or cognitive behavioral therapy) helps patients to learn how to resist to compulsions.



Psychotherapy can also be effective in the treatment of OCD. Psychotherapy is a therapeutic conversation between a professional (a therapist, psychologist, or psychiatrist) and the patient that can help to identify, understand, and resolve problems. The most effective psychotherapy is called cognitive behavioral therapy (CBT), which focuses on identifying and replacing inappropriate thoughts and behaviors to help patients resist their compulsions. In therapy sessions, patients learn more about OCD and how it works. Because the rituals patients perform keep their OCD going strong, patients learn and practice ways to ignore worrisome thoughts and to face the fear caused by their obsessions. By avoiding compulsions, patients eventually learn to stop the cycle of OCD (Figure 2), allowing their brain networks to work in a healthier way again.

Some research groups are working to develop new ways to treat OCD. The new treatments being tested include the electromagnetic stimulation of specific brain regions (to enhance or reduce the activation of these regions), and feedback using real-time brain imaging to provide the patients with information about the activation of the brain regions involved in OCD, and new forms of psychotherapy, such as online psychotherapy or group psychotherapy (Figure 2).



CONCLUSIONS

OCD is a common disorder that affects young people. It is characterized by repetitive and unwanted thoughts, images, and urges that cause worry (obsessions) and by repetitive behaviors that are used to control the anxiety provoked by obsessions (compulsions). In OCD, there is a dysfunction in the communication system of the brain, which causes problems with information processing. Treatments for OCD are available and include medications and psychotherapy. New treatments are being developed to provide better ways of helping those suffering from OCD.
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GLOSSARY

OBSESSIONS

Unwanted and repetitive thoughts, urges, or mental images that cause anxiety and suffering.

COMPULSIONS

Repetitive behaviors to reduce suffering provoked by obsessions.

CORTEX

The folded surface of brain.

BASAL GANGLIA

Group of nuclei located under the cerebral cortex.

SEROTONIN

Chemical substance used to transmit messages between neurons (neurotransmitter).
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Depression is a common mental illness that affects millions of people worldwide. Depression is not sadness. The low mood in depression is more intense than the typical experience of sadness. It lasts over 2 weeks and interferes with daily activities. Too much stress can contribute to depression and other health problems. Stress does that by changing the balance of chemicals, hormones, and immune proteins. In this article, you will learn about new research on the connections between stress, inflammation, and depression. You will also learn how lifestyle choices can promote brain health, lower the bad effects of stress, and reduce the risk of depression.

Depression is a mental illness that impacts millions of people. It affects the way a person thinks, feels, and behaves. Depression is more intense than the experience of sadness. Important symptoms of depression include low mood, loss of pleasure, weight loss or gain, low energy, and feelings of hopelessness. These symptoms last over 2 weeks and interfere with a person’s daily activities. Depression affects the depressed person, the person’s family, and the community. In the United States, over 80 billion dollars a year is spent on depression. Most important, depression can be fatal, so it requires as much care as a serious physical illness.

We need to understand the causes of depression. This need has prompted decades of study. Research now shows that many factors contribute to depression. Of the known factors, stress is very important. Stress can cause depression over time [1]. Fortunately, lifestyle choices can reduce the ill effects of stress and depression. Let us consider factors that contribute to an increased risk for depression and decide if we can choose a path of health that reduces our risk of this illness.


STRESS CAN CAUSE DEPRESSION

Stress is usually a good thing, because it occurs when the brain perceives a threat. When that happens, the brain responds to the perceived threat by releasing stress hormones, such as cortisol. These hormones travel through the blood to the rest of the body, to help us respond to the threat [2]. For instance, under stress, heart rate increases, and our cells supply us with more energy.

After the threat ends, the stress response usually stops quickly. But not always. If the stress continues, then the stress response also continues. This disrupts the body’s balance, because the body’s stress shut-off mechanism stops working and the tissues become used to the stress hormones. The parts of the brain that control the stress response become damaged. The amygdala—the part of the brain that detects threats and makes us feel fear—grows in size and begins talking too much to the other brain regions. Negative brain talk then dominates. Sometimes, these chemical changes in the brain are related to inflammation caused by the stress.



CONNECTING STRESS AND INFLAMMATION

Inflammation is the immune system’s first line of defense in dealing with threats. The immune system constantly monitors the brain and body for threats. The types of threats that the immune system is looking for include mental challenges, relationship challenges, injuries, irritations, diseases, or toxins. So usually, inflammation is another good thing. However, long-term stress can cause excessive inflammation. This happens because the continuing stress causes the immune system to produce pro-inflammatory proteins, which signal that there is a threat to the body, even when there is none. Trouble results if pro-inflammatory immune proteins stay active for too long. Healthy cells, blood vessels, and tissues become damaged. The pro-inflammatory proteins also cause changes in the brain.

Evidence links pro-inflammatory immune proteins with depression. For one thing, depressed people have more pro-inflammatory proteins. Second, people who have been exposed to long-term stress often have both inflammation and depression. Third, people with inflammatory conditions often get depressed. Fourth, animal studies show that animals get depressed when given pro-inflammatory substances. They get better after being given anti-inflammatory medicines. All these pieces of evidence link inflammation to depression in certain people [3].



A UNIQUE TYPE OF DEPRESSION RESULTS FROM STRESS AND INFLAMMATION

Several studies support the idea that inflammation caused by stress creates a unique type of depression. Pro-inflammatory proteins cause an imbalance in chemicals in the brain (see Figure 1). These chemicals allow different kinds of “talk” to go on in the brain. Specialized chemicals, called neurotransmitters, can talk in the brain in different ways. Serotonin talks about eating, sleeping, learning, and feeling good. Dopamine talks about movement, reward, and motivation. Serotonin and dopamine talk together about well-being. Norepinephrine talks about threat and whether to fight or flee the threat. When the balance of these chemicals is disturbed, the message that results from their chatter shifts toward a negative bias. This negative bias can contribute to symptoms of depression.
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Figure 1

Overview of the effects of stress on the brain and body. Stress affects the immune, nervous, and endocrine systems. Specifically, stress alters the release of pro-inflammatory proteins from cells in the immune system; in turn, pro-inflammatory proteins work on other systems. Pro-inflammatory proteins alter neurotransmitter function in the brain and the release of stress hormones in the body. Also, stress directly alters the release of neurotransmitters in the brain. In the turn, neurotransmitter changes alter the function of immune proteins and the release of stress hormones. Finally, stress directly alters the release of stress hormones from glands in the endocrine system (or the adrenal glands which sit on the kidneys). In turn, the release of stress hormones then affects the function of neurotransmitters and immune system. Together, these direct and indirect changes in the brain and body cause symptoms of depression.



Drugs for depression are called antidepressants. These drugs target neurotransmitters in an attempt to make their levels normal. The problem is that these drugs do not work for everyone. Many people who take antidepressants fail to get relief from their depression. For those who do benefit, the effects take weeks. The reason that antidepressants might not work well in all people may be connected to neurogenesis, which is the brain’s process of making new neurons. Neurogenesis occurs in a part of the brain called the hippocampus. Some newly born neurons in the hippocampus start working to regulate stress, and these new neurons may help to decrease depression. However, people with stress, inflammation, and depression tend to have low levels of neurogenesis. As a result, damaged neurons are not replaced in the brain in an ongoing process. This may cause antidepressants to fail, because the brain requires both newly born neurons and restored levels of neurotransmitters to heal effectively [4].



REDUCING THE RISK FOR DEPRESSION THROUGH LIFESTYLE FACTORS

Some people think that depression cannot be prevented. This is because many risk factors for depression are fixed, meaning they are genetic, environmental, and biological factors that are impossible or very difficult to change. Yet not all key factors are fixed. Many lifestyle factors can be modified [5].

Lifestyle factor choices, such as what we eat, how much sleep we get, and how much we exercise, can increase or decrease stress. These lifestyle factors can also have pro- or anti-inflammatory effects. So, depression might serve as a signal that we need to make better lifestyle choices. A balanced lifestyle that takes into account diet, exercise, and sleep reduces the bad effects of stress and inflammation on the body and the brain.

Eating correctly protects the brain. A healthy diet includes nutritious foods and limits calories, sugars, and saturated fats. According to the recommended guidelines, people ages 10–18 should consume 2,000–3,200 calories daily. The exact number of calories that should be eaten depends on the person’s sex and activity level. Yet, it is not just about calories. There is good evidence that some foods help the body and brain deal better with stress and inflammation and, in doing so, also reduce the risk of depression. For example, low-fat and low-sugar diets reduce inflammation and promote health. Also, a diet high in plant-based foods is important, because these foods contain anti-inflammatory compounds. This is an excellent reason to include plenty of fresh vegetables and fruits in our diets.

Exercise is also an important lifestyle factor choice, because it reduces the activity of the body’s stress and inflammation systems. Exercise does this in part by reducing pro-inflammatory proteins and increasing anti-inflammatory proteins in the blood. Today, we can engage in many activities that are not very physical. These include watching TV, playing video games, and surfing the Internet. All these activities may be fun and valuable, but it is also very important to get daily physical exercise. Children and teens ages 6–17 should get 60 min of physical activity each day. Healthful and beneficial physical activities include playing baseball, soccer, and other team sports, as well as running, swimming, walking, hiking, and mowing the lawn. In fact, these activities include just about anything that gets us out of our chairs and moving. The great thing about exercise is that it makes both the body and the brain happy. That is why we need to make daily exercise a habit when we are young. We should also make regular exercise a lifelong goal. If we do that, we will enjoy health benefits throughout life. These benefits include reduced stress levels, reduced risk of excess inflammation, and reduced risk of becoming depressed.

Sleep is a third important lifestyle factor for brain and body health. Many people eat an appropriate diet and exercise regularly, but then they cancel the positive effects of those choices by sleeping only 4–5 h per night. Lack of sleep is a problem, because it causes the release of pro-inflammatory proteins and negatively changes hormone levels. These changes increase the risk of becoming depressed. Children and teens need plenty of sleep, because their bodies and brains are still growing. The recommended amount is 8–10 h of sleep each night. Without enough sleep, the brain does not work at peak efficiency. But, after adequate sleep, the brain is sharp and the body is ready for action.



CONCLUSION

Our healthy lifestyle choices can (1) build the brain’s and body’s protection against stress and inflammation, (2) lower the risk for depression, and (3) reduce the symptoms of depression in those who are already depressed. This knowledge suggests that we need to make choices that promote brain and body health. We also need to monitor ourselves to make sure we are consistently making healthy choices. When we make these good choices about diet, exercise, and sleep, we are better able to cope with illness when it strikes. We can also help those we love to improve their own health by serving as good examples.



GLOSSARY

DEPRESSION

A mental illness that causes intense sadness and changes in the way a person thinks, feels, and behaves.

STRESS

A state where the body responds to mental, emotional, or physical threats.

INFLAMMATION

A state in the body in which the immune system responds to disturbances in the balance of body systems, injury, or infection.

NEUROTRANSMITTER

A chemical substance that conveys information from one neuron in the brain to another.

NEUROGENESIS

A process in certain parts of the brain where new neurons are formed to replace those that are injured.

LIFESTYLE FACTORS

Modifiable choices that influence health and well-being.

EXERCISE

Activity that requires physical effort and is carried out to improve health.
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