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Therapeutic Effect of Exercise on Mental Health
Egzersizin Ruh Saghg Uzerindeki Terapétik Etkisi

@ Sinem Parlakyildiz!
!Nevgehir Hac1 Bektag Veli University, Nevgehir

Mental health is an integral part of well-being and a fundamental human right. It is known that a substantial
number of people worldwide struggle with mental illness, and a large proportion of these individuals live in low-
and middle-income countries. Depression and anxiety are among the most common mental health problems.
Considering the positive effects of exercise on neurobiological mechanisms, it can be considered as an alternative
or complementary therapy in the treatment of mental illnesses such as depression and anxiety. Exercise also
increases neurogenesis and neuroplasticity, improves cognitive function, and protects brain health, reducing the
risk of various neurological diseases. By regulating levels of neurochemicals such as dopamine, serotonin, and
norepinephrine, exercise positively affects mood and can lead to favorable emotional and behavioral changes. The
use of exercise as a nonpharmacological treatment option has important advantages such as ease of access, low
cost, and low risk of adverse effects. In conclusion, exercise is a safe, accessible, and inexpensive
nonpharmacological therapeutic option that provides neurobiological benefits and can play a crucial role in mental
health treatment and promotion. Integrating exercise into clinical practice is important to improve treatment
success and patient outcomes.
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ABSTRACT

Ruh saghgi, refahin ayrilmaz bir parcas: ve temel bir insan hakkidir. Diinya genelinde ¢ok sayida insanin ruhsal
bozukluklarla miicadele ettigi ve bu bireylerin biyitkk bir kisminin disik ve orta gelirli iilkelerde yasadig
bilinmektedir. Stk gérilen ruhsal bozukluklar arasinda depresyon ve anksiyete yer almaktadir. Egzersizin,
noérobiyolojik mekanizmalar tizerindeki olumlu etkileri goz éntine alindiginda, depresyon ve anksiyete gibi ruhsal
bozukluklarin tedavisinde alternatif veya tamamlayici bir terapi yéntemi olarak degerlendirilebilecegi s6ylenebilir.
Ayrica egzersiz, c¢esitli norolojik hastaliklarin riskini azaltip beyin saghgini koruyarak norogenez ve
noroplastisiteyi artirmakta ve biligsel islevleri iyilestirmektedir. Dopamin, serotonin ve norepinefrin gibi
nérokimyasallarin seviyelerini diizenleyerek ruh halini olumlu yonde etkileyen egzersizin olumlu duygusal ve
davramigsal degisikliklere yol acan etkileri de bulunmaktadir. Egzersizin farmakolojik olmayan bir tedavi secenegi
olarak kullanilmas, tedaviye erigimin kolay ve maliyetinin diisiik olmasinin yani sira yan etki riskinin az olmas:
gibi 6nemli avantajlar sunmaktadir. Sonug olarak, egzersizin mental saglik sorunlarinin tedavisinde, nérobiyolojik
faydalar saglamasinin yam sira diigiik maliyetli, erisilebilir ve yan etkisi az olan farmakolojik olmayan bir tedavi
secenegi olarak énemli bir rol oynayabilecegi gorillmektedir. Bu nedenle, egzersizin klinik uygulamalara entegre
edilmesinin énemli bir rol oynayacag soylenebilir.

Anahtar soézciikler: Anksiyete, depresyon, egzersiz, stres
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Introduction

Approximately 970 million people struggle with mental health problems globally, and 82% of this population
lives in low- and middle-income countries (Global Burden of Disease [GBD]) (GBD 2019 Mental Disorders
Collaborators 2022). More specifically, an estimate from before the COVID-19 pandemic stated that 193 million
people had major depressive disorder and 298 million people had an anxiety disorder (World Health
Organization [WHO] 2022a). The GBD 2019 Mental Disorders Collaborators (2022) predicted a substantial
increase in major depressive and anxiety disorders as a result of the pandemic, and given the uncertainties
surrounding epidemiological predictions of mental disorders in major emergencies, this increase was considered
significant (Salari et al. 2020). The psychosocial effects of the pandemic itself combined with related factors such
as social restrictions and economic losses led to a significant increase in cases of depression and anxiety
(Santomauro et al. 2021). Post-pandemic data suggest that the number of people with major depressive disorder
reached 246 million and that of people with anxiety disorders reached 374 million. This corresponds to 28%
increase in depressive disorders and 26% increase in anxiety disorders (WHO 2022a).
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Although major depressive and anxiety disorders are approximately 50% more common among women than
men throughout life, men are more likely to have substance use disorders, which constitute a large part of mental
health problems. Therefore, mental disorders affect women only slightly more than men overall (13.5% vs.
12.5%) (WHO 2021). Refugees are another population with a high incidence of mental health problems (Bas-
Sarmiento et al. 2017, Giammusso et al. 2018, Yetim 2024). According to 2021 data, there are approximately
3.7 million Syrian refugees living under temporary protection in Turkiye, and although they are at higher risk
for mental health conditions, they are less likely to seek or receive treatment (WHO 2022a).

Mental health problems are conditions characterized by a clinically significant impairment in cognitive function,
emotional regulation, or behavior, and are often associated with distress or functional impairment in important
areas of life (WHO 2021). They range broadly from mood disorders such as anxiety and depression to bipolar
disorder, schizophrenia, eating disorders, posttraumatic stress disorder, behavioral disorders, and
neurodevelopmental disorders (WHO 2022b). Anxiety disorders are behavioral disorders associated with
excessive fear and worry (American Psychiatric Association [APA] 2013). Similarly, depression is characterized
by symptoms such as a constant feeling of sadness or loss of interest. Posttraumatic stress disorder occurs
following exposure to traumatic events and includes re-experiencing, avoidance, and hypervigilance (APA 2013).
Despite the existence of effective prevention and treatment options, many individuals with mental illness do
not receive adequate care and face stigmatization, discrimination, and human rights violations (WHO 2022b).
In this context, it is important to develop effective strategies to enhance the well-being of individuals and
societies. Exercise has been suggested as an alternative or complementary therapeutic method because of its
positive impact on mental health (Noetel et al. 2024).

Physical activity is defined as any bodily movement produced by the skeletal muscles that results in energy
expenditure above basal level and includes sports-related activities, household chores, and occupational activity.
In contrast, physical exercise is defined as a subset of physical activity that is planned, structured, repetitive, and
aims to improve or maintain physical fitness (Caspersen 1985), and this concept is also used extensively in the
literature (Matei et al. 2023, Valenzuela et al. 2023). Therefore, it can be said that physical activity and exercise
are related but distinct constructs, as physical exercise can always be considered physical activity, but physical
activity cannot always be considered exercise, and this distinction has important implications when conducting
and interpreting research (Budde et al. 2016).

The benefits of regular exercise include improved mental health (Blumenthal and Rozanski 2023), enhanced
neurocognitive function (Smith et al 2010), improved sleep quality, increased energy levels, and better overall
cardiovascular health (Emery et al. 2005). In particular, recent research highlights the positive effects of exercise
on physical and mental health (D'Onofrio et al. 2023, Ross et al. 2023, Wu et al. 2023). Especially in the
treatment of depression, the use of physical exercise together with antidepressants and psychotherapy appears
to be a promising option (Wegner et al. 2014, 2020). These results show that the effects of exercise improve
mood and reduce stress levels. However, factors such as the spread of technology and the preference for motor
vehicles have led to a more sedentary lifestyle in modern societies (Santos et al. 2023). Many physical and mental
health problems occur in societies with high inactivity. Considering the positive health effects of regular exercise
and the harm caused by a sedentary lifestyle, exercise should be regarded as the key to health (Katzmarzyk 2023).

Many studies have highlighted the positive effects of exercise on mood and cognition (Kramer et al. 2005,
Erickson et al. 2011, Suwabe et al. 2021, White et al. 2023). Furthermore, the importance of exercise in the
treatment of mental disorders such as depression and anxiety is being increasingly recognized (Harvey et al.
2018). Research shows that regular exercise is effective in alleviating symptoms of depression and anxiety
(Bartholomew et al. 2005). Understanding the effects of exercise on mental health is an important step in
guiding treatment approaches.

The role of neuroinflammation in the pathogenesis of mental disorders such as depression and anxiety further
increases the importance of exercise. Neuroinflammation is significant in depression pathogenesis because
microglia are considered the main immune cells in the brain. The activation of microglia leads to decreased
neurogenesis and increased production of proinflammatory factors, which can lead to depression and anxiety
(Yirmiya et al. 2015, Bassett et al. 2021). Stress can increase microglial activation and trigger the release of
proinflammatory factors, thus forming the neurobiological basis of depression. Some research suggests that
exercise has anti-inflammatory effects (Kim et al. 2017, Stein et al. 2017). Studies on the effects of exercise on
neuroinflammation emphasize its positive contributions to mental health (Kim et al. 2017).

Neurobiological research provides clues to understand the effects of exercise on mental health in more depth. In
particular, acute exercise has been found to improve cognitive function related to the prefrontal cortex and
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positively influence mood (Lambourne and Tomporowski 2010, Chang et al. 2012, Liao et al. 2015). Hashimoto
et al. (2024) reported that even a single weight-lifting exercise session strengthens the connections in the
hippocampus responsible for memory and strengthens memory, resulting in higher memory test scores. The
increased muscle mass that occurs with fitness training also contributes substantially to cognitive function.
Muscles play an important role in enhancing energy and iron metabolism and producing a molecule called brain-
derived neurotrophic factor, which promotes healthy neuronal function (Sui et al. 2020; Sui et al. 2022; Lu et al.
2023). Studies on neurological and neurochemical changes demonstrated an increase in the release of happiness
hormones such as dopamine and serotonin after a single exercise session (Meeusen et al. 2001). These changes
are believed to be part of the effects of exercise that improve mood and reduce stress levels (Reed and Ones
2016). Furthermore, low-intensity acute exercise was shown to reduce depressive and anxiety-like behaviors and
potentially optimize brain function (Pagliari and Peyrin 1995, Otsuka et al. 2016). Therefore, it is important to
consider exercise-based interventions as an alternative or complement to conventional treatments such as
pharmacotherapy and psychotherapy (Stein et al. 2017). Utilizing exercise as a nonpharmacological treatment
option also offers advantages such as facilitating access to treatment and reducing the risk of adverse effects.
This supports its feasibility and importance as a public health strategy. The aim of the present study was to
evaluate the favorable effects of regular exercise in people with mental health problems. It also addresses how
the impact of exercise on neurobiological mechanisms can be utilized as an alternative or complementary
approach in the treatment of mental disorders such as depression and anxiety.

Exercise

Exercise is considered a subcategory of physical activity that is planned, structured, repetitive, and purposefully
focused on improving or maintaining one or more components of physical fitness (Mittal et al. 2017). Physical
fitness is defined as the acquired qualities associated with the ability to perform physical activity (muscle
endurance, muscle strength, cardiorespiratory endurance, flexibility, and body composition) (Warburton et al.
2006). Fibbins et al. (2020) stated that exercise is physical effort that enables the body to reach a healthy or
healthier level of physical fitness in terms of both mental and physical health. Physical activity and physical
fitness show a strong dose-response relationship with positive health outcomes, but the relationship between
physical fitness and health outcomes is more pronounced (Blair and Jackson 2001, Williams 2001, Bayles 2023).

Exercise programs are generally heterogeneous in terms of the types, intensities, durations, and frequencies of
physical activity. Exercise is basically divided into aerobic and anaerobic. Aerobic forms of exercise are rhythmic,
sustainable, and utilize large muscle groups (Hootman et al. 2002), including activities such as running, walking,
dancing, cycling, and swimming. Aerobic exercise increases cardiorespiratory fitness while improving endurance
(Bayles 2023). In contrast, anaerobic exercise refers to the need for energy production in oxygen-deficient
conditions and involves movements that require quick and intense exertion (Yildiz 2012). For example, climbing
stairs quickly is a type of anaerobic exercise. Anaerobic energy production results in the accumulation of lactic
acid in the body, which causes fatigue (Guzel Erdogan and Aslan 2021). Types of exercise examined in clinical
trials include walking (Mota-Pereira et al. 2011, Chen et al. 2015; Liu et al. 2021), cycling (Hanssen et al. 2018,
Imboden et al. 2020), swimming (Pfaff et al. 2014), running (Schuch et al. 2015, Olson et al. 2017, Toups et al.
2017, Gujral et al. 2019), jumping rope (Danielsson et al. 2014), step aerobics, cardio kickboxing (Schneider et
al. 2016), resistance exercises (Pfaff et al. 2014), flexibility exercises (Hallgren et al. 2015, Helgadoéttir et al.
2017), weight-lifting exercises (Stanton and Reaburn 2014), yoga (Helgadéttir et al. 2016, Lu et al. 2020), and
pilates (Park et al. 2023). In a study conducted by Schuch et al. (2011), participants were presented with various
types of exercise to increase their fitness. They reported aerobic exercise was the most preferred intervention
method.

As the intensity of exercise increases, so does oxygen demand, which requires greater oxygen consumption
(Gupta and Elumalai 2017). Basso and Suziki (2017) proposed four basic measures for the standardization of
exercise studies. First, exercise durations can be classified as short (1-15 minutes), intermediate (16-45
minutes), and long (46 minutes and longer). Second, exercise intensity can be graded as low (less than 40% of
VO2 max), moderate (40-59% of VO2 max), and high (60% of VO2 max or greater), with heart rate data recorded
during exercise to help determine actual VO2 max percentages. Finally, the Borg Ratings of Perceived Exertion
Scale can be used to measure perceived difficulty. An exercise program has five main features: the activity type,
frequency, duration, progression, and intensity (Bayles 2023). In the development of exercise programs, these
five components are stated to be applicable for all individuals regardless of age, functional capacity, or the
presence of coronary heart disease and related risk factors. In health adults, the ideal exercise prescription
should encompass a combination of strength, endurance, flexibility, cardiorespiratory (aerobic) fitness, and
neuromotor fitness (Garber et al. 2011).
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Reducing inactivity is recommended for a healthy life (Bayles 2023). Hallal et al. (2012) stated that
approximately 31% of adults worldwide are inactive, which corresponds to the weighted average of inactivity in
122 countries, but information is not available from approximately one-third of countries due to a lack of data,
especially from low-income regions such as Africa and Central Asia. Inactivity activates muscle degradation
mechanisms, and this atrophy is readily apparent after only a few days of inactivity (Monti et al. 2021, Sarto et
al. 2021). A sudden cessation of exercise is associated with rapid onset of insulin resistance in muscle tissue,
decreased utilization of muscle glucose, and consequently muscle atrophy and muscle protein degradation
(Mazzucco et al. 2010, Reidy et al. 2021). Inactivity causes reductions in cardiorespiratory conditioning, bone
mineral content, and physical functioning, and may increase the risk of disorders such as cardiovascular disease,
type 2 diabetes, cancer, osteoporosis, and mental disorders (Sanchis-Gomar et al. 2015, Brooks et al. 2020).

Itis argued that exercise can improve overall health and contribute to the tolerance of physical and mental health
problems (Pisot 2021). Individuals who exercise regularly are observed to be healthier and more independent
than those who are sedentary (Wickham and Amarasekara 2020). Wegner et al. (2020) emphasized that this can
be achieved only with exercise, not physical activity. Various types of exercise, such as yoga, resistance, and
aerobic exercise, have been shown to have positive mental health effects in the young population (Pascoe and
Parker 2019). Similarly, mind-body, aerobic, and resistance exercises have been reported to be used as effective
complementary methods in reducing depressive symptoms and anxiety (Blumenthal et al. 2016, Sherwood et al.
2016). Birinci et al. (2023) emphasized that exercise exerts positive effects on mental health via brain-derived
neurotrophic factors and may be an effective strategy in preventing or delaying the onset of mental diseases.
However, they noted that it is difficult to create a standard exercise program due to the variable effects of
different exercise types and combinations.

It is still unclear whether exercise can be used as an intervention in the treatment of mental health problems
(Gronwald and Budde 2019). Studies conducted during the COVID-19 pandemic indicated an increase in
depression, anxiety, stress, suicidal thoughts, and self-harm tendencies (Tang et al. 2020, Giinli et al. 2021,
Muyor-Rodriguez 2021). It is thought that exercise can provide long-term benefits as well as having short-term
effects on these mental problems. Exercise can also be utilized in addition to methods such as cognitive therapy
and pharmacological support to prevent or alleviate the symptoms of these major psychological problems
(Eckshtain et al. 2020, Wegner et al. 2020). It has been observed that aerobic exercise has antidepressant and
anxiolytic effects, protects against stress, and can be an effective intervention for patients resistant to
traditional psychological treatments (Salmon 2001). Especially in the treatment of depression, the combination
of antidepressant drugs, psychotherapy, and physical exercise is said to be a promising option (Wegner et al.
2014). Therefore, exercise should be regarded as playing an important role in coping with mental health
problems.

Positive Effects of Exercise on Mental Health Problems

Mental health is recognized as a major global concern (Richardson et al. 2021). Complete mental health does not
only mean the absence of disease, but also includes feeling that life is valuable and meaningful (lasiello and Van
Agteren 2020). Although drugs currently form the basis of treatment for most mental disorders, they can be
associated with problems such as adverse side effects, risk of addiction, high cost, and poor patient adherence.
Research shows that drug therapy generally does not provide adequate satisfaction and can even seriously impair
patients’ quality of life (Maj et al. 2020). Therefore, nonpharmacological approaches, especially methods such as
psychotherapy, play an important role in the treatment of depressive symptoms (Eckshtain et al. 2020).
Antidepressant therapy may be required for patients with severe symptoms (Wegner et al. 2020). However, the
potential adverse effects of this treatment can be seen in all age groups (Taurines et al. 2011). Exercise is
considered effective in the prevention and treatment of mental health problems due to its accessibility, low cost,
and benefits it provides (Sigwalt et al. 2011, Higuera-Hernandez et al. 2018). As a nonpharmacological treatment
method, exercise has been shown to effectively alleviate depressive symptoms comparably to medication and
other psychological interventions (Harvey et al. 2018). Different results have been reported regarding the effect
of different types of exercise on depression. Recently, more research has focused on structural and functional
changes in certain regions of the central nervous system that form the anatomical basis of depression (Cervenka
etal. 2017, Liet al. 2018).

Certain exercise programs have been associated with reduced levels of inflammatory markers (Wang 2023). For
example, aerobic exercise programs lowered inflammatory cytokine levels and were associated with a reduction
in depressive symptoms (Liu et al. 2013). Oxidative stress has been associated with endothelial damage and is
implicated in the development of diseases such as late-onset and vascular depression. Moderate-intensity
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aerobic exercise has been shown to reduce oxidative stress, reduce inflammation, and repair endothelial damage
(Luca and Luca 2019). Furthermore, exercise decreases the concentration of inflammatory markers while
increasing the activity of antioxidant enzymes. Animal and clinical studies show that exercise can reduce
symptoms of depression and oxidative stress (Brocardo et al. 2012). For example, a study in depressed older
adults showed that exercise reduced both depression and oxidative stress (Meziat et al. 2019, Silva et al. 2019).

Stress

Stress, or a maladaptive internal response to stressors (Renna et al. 2020), is recognized as a psychological factor
with major impacts on physical and mental health (Howland et al. 2017). Stress occurs when an individual
perceives a situation as a threat to or excessive drain of their resources (Wiklund et al. 2010). As stress is an
unavoidable part of life, knowing how to effectively cope with stress and the individual differences that arise
with exposure to stressful events is important (Renna et al. 2020). Authors have suggested that the link between
social stress and health-related outcomes may be mediated by several factors, primarily coping skills and social
support (Matud et al. 2020). Coping refers to the thoughts and behaviors an individual uses to manage the
demands of a stressful situation, and studies indicate that an individual’s method of stress coping is a
determinant of psychological, social, and physical well-being (Folkman 2010).

Exercise appears to be effective in reducing stress levels (Civan et al. 2018, Churchill et al. 2022). This effect
manifests as a decrease in stress-related blood pressure responses in response to various laboratory stress tests
(Hamer et al. 2006). Brownley et al. (2003) determined that acute exercise likely suppresses the sympathetic
nervous system response to stress. The hypothalamus is a part of the brain known to secrete corticotropin-
releasing hormone (CRH) in response to stress. CRH stimulates the anterior pituitary to secrete
adrenocorticotropic hormone, which in turn stimulates the adrenal cortex, crossing the blood-brain barrier and
releasing a glucocorticoid steroid hormone called cortisol (Budde et al. 2015). These effects were observed in
studies of mice (Girard and Garland 2002) and humans (Rojas Vega et al. 2006). Acute exercise in humans
stimulates the hypothalamic-pituitary-adrenal axis in proportion to intensity, causing elevated cortisol levels
after exercise equivalent to approximately 60% of VO2 max for 10 minutes or longer. Peripheral cortisol levels
reach a peak about 30 minutes after exercise ends and remain high for about 2 hours (Hill et al. 2008). Both
behavioral observations and physiological measurements have shown that acute exercise is effective in
mitigating the harmful effects of stress (Zschucke et al. 2015). Individuals who exercise acutely show a decrease
in stress-induced cortisol levels compared to those who do not exercise. Chronic exercise has been shown to
produce antidepressant and anxiolytic effects in mouse models (Fulk et al. 2004, Duman et al. 2008). Greenwood
and Fleshner (2008) investigated the mechanisms of exercise on stress resistance (Greenwood et al., 2008). They
stated that exercise can increase stress resistance by enhancing the plasticity of serotonin neurons (Greenwood
and Fleshner 2011). In a study by Siette et al. (2014) examining the effects of a single exercise session on
contextual fear conditioning, it was suggested that acute exercise could reduce the fear response and might serve
as a new therapeutic method. Mika et al. (2015) suggested that this effect may occur through dopaminergic
mechanisms. Acute exercise helps regulate the humoral stress response, suggesting that it may serve as a useful
intervention for stress management, especially in individuals who exercise regularly, and could be an effective
strategy to mitigate psychological symptoms caused by acute stressors. Furthermore, acute exercise causes
increased activity in certain brain regions associated with stress response, including the hippocampus and
prefrontal cortex, and is also associated with improved mood (Herman et al. 2005). Acute exercise has been
shown to help alleviate the symptoms of anxiety, depression, schizophrenia, and post-traumatic stress disorder
(Bartholomew et al. 2005, Heggelund et al. 2014).

Depression

Mood disorders are defined by Rihmer and Angst (2007) as syndromes consisting of groups of signs and
symptoms lasting from weeks to months that significantly impact a person’s functioning and recur periodically
or cyclically. Depression is characterized by low mood, anhedonia, and loss of interest. It is a very common
condition that impacts a person both mentally and physically and creates a serious burden on individuals,
families, and society (Chand and Arif 2023). Depression tends to become chronic, affects a substantial
proportion of the population, and when not treated properly causes high treatment costs and high mortality and
morbidity rates, leading to serious social problems (Helvac Celik and Hocaoglu 2016). The disease places a heavy
burden on society in terms of treatment cost, but the true burden includes costs associated with the treatment
process as well as factors such as disability and suicide (Olchanski et al. 2013). The economic burden of
depression is enormous. Annual losses attributed to depression and anxiety have been estimated at $1.15 trillion
worldwide and were expected to triple by 2030 (Chisholm et al., 2016). Depression treatment and prevention is
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a broad topic that is still being investigated. Although research has generally focused on adults, the age at onset
of exercise also has a significant effect on depression (Budde et al., 2018). Wegner et al. (2020) stated that small
to moderate but consistently positive effects make exercise a promising and beneficial alternative for children
and adolescents with clinical and subclinical depression.

Treatments for depression include pharmacotherapy, psychotherapy, biological interventions, and naturopathic
interventions (Xie and Wang 2021). Antidepressants are central to the treatment of depression, but their use is
associated with certain disadvantages, including high rates of long-lasting adverse effects, poor drug adherence,
increased cardiovascular disease risk, low rates of remission, and high rates of recurrence (Cipriani et al. 2018,
Hanssen et al. 2018). Only half of patients using antidepressants demonstrate a clinical response, which means
a 50% or more reduction in depressive symptoms (Pigott 2015). Drug discontinuation rates are 15% to 132%
higher than with placebos (Cipriani et al. 2018). Concerns about the efficacy and tolerability of antidepressants
have increased the interest in nonpharmacological treatments for depression (Farah et al. 2016). In a study
including people with depression, half of the participants indicated psychotherapy as their first choice among
treatment options such as relaxation, psychotherapy, meditation/yoga, acupuncture, natural remedies,
psychotropic drugs, and electroconvulsive therapy (Riedel-Heller et al. 2005). Nonpharmaceutical interventions
may reduce post-treatment relapse rates and cause fewer adverse effects (Farah et al. 2016). There are studies
in the literature showing that exercise can alleviate depressive symptoms and can be used both as a
complementary and stand-alone treatment method (Clarke et al. 2015, Schuch et al. 2016, Song et al. 2018).

Pharmacological and psychological interventions form the basis of depression treatment. The current literature
provides evidence that exercise prevents depression and reduces symptoms in people with depression (Schuch
and Stubbs 2019). In a study by Toups et al. (2017), exercise was found to improve positive valence symptoms
in the treatment of depression, and this improvement was positively correlated with the overall treatment
outcome. In their meta-regression study, Heissel et al. (2023) stated that exercise was highly effective in
reducing depressive symptoms and should be considered a valid treatment option for depression. Although it is
known that exercise has a positive effect on depression, it has been emphasized that larger studies are needed
to confirm the effectiveness of exercise in patients with major depressive disorder (Gerber et al., 2016). Sarris
et al. (2014) suggested that pharmacological or psychological interventions alone are not effective in the
treatment of depression and pointed out that a holistic approach involving lifestyle modification with exercise
and diet programs should be regarded as a routine part of treatment and prevention. In a study of 141 patients
with depression and/or anxiety disorders, running regularly 2 or 3 times a week was found to be at least as
effective as antidepressants in relieving depression and anxiety symptoms (Verhoeven et al. 2023). Similarly,
Gordon et al. (2018) reported that weight-lifting was as effective as antidepressants in coping with depression.

Anxiety

Anxiety disorders are common and widely studied psychiatric diseases (WHO 2022a). Anxiety disorders are
characterized by perceptions of situations or objects encountered in daily life being more dangerous or
threatening than they actually are and feelings of excessive worry when faced with these situations (Sahin 2019).
High levels of anxiety symptoms, which include emotional (fear, worry) and physiological (e.g., rapid heartbeat,
tremor) indicators, are a common feature in various anxiety disorders. However, the diagnostic criteria for these
disorders vary considerably in terms of factors such as the frequency and severity of symptoms and the
specificity of triggers (Penninx et al. 2021). Anxiety is a risk factor for various physical health problems,
particularly cardiovascular disease, and is associated with decreased health-related quality of life and increased
all-cause mortality rates (Stein et al. 2005, Tolmunen et al. 2014). There is a complex and multifaceted
relationship between anxiety and depression (Cage 2021). This relationship can be attributed to the interaction
of various factors. In addition to biological, psychosocial, and environmental factors, genetic predisposition also
plays a role in this relationship. Dysregulation of neurotransmitters such as serotonin, dopamine, and
norepinephrine and chemical imbalances in the brain play an important role in these disorders. In addition, a
significant overlap between anxiety and depression symptoms has been observed (Basso and Suziki 2017).

Exercise is seen as a promising, economical, and easily accessible treatment option for individuals with anxiety.
In a study by De Moor et al. (2006) including 19288 participants, individuals who exercised at a moderate level
for 240 minutes a week reported less anxiety and neuroticism compared to those who did not exercise. Studies
show that exercise can be considered as a potential treatment option in reducing anxiety symptoms (Esquivel et
al. 2008, Strickland and Smith 2014). Intervention studies in healthy individuals have demonstrated a reduction
in anxiety levels immediately following a single exercise session (Stréhle et al. 2006). Studies conducted among
people with subclinical anxiety levels suggest that regular exercise may reduce anxiety levels (Tsai et al. 2003).
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Effect of Exercise on Chemical Changes and Hormones in the Brain

Studies have shown that exercise may protect against age-related brain deterioration and reduce the risk of
certain neurological disorders (Kramer et al. 2006, Voss et al. 2013, Vivar 2015). The neurogenic effects of
exercise suggest that it contributes to memory consolidation and learning, especially by promoting the growth
of new neurons in the hippocampus (Unal 2021). Ozocak et al. (2019) stated that exercise may play a therapeutic
role in neuroplastic changes and has positive effects on neuroplasticity, treatment potential, and cognitive
functions. Unal (2021) noted the importance of avoiding over-exercise and not creating stress, because excessive
stress can negatively impact neurogenesis. Meta-analysis studies examining the effect of a single acute exercise
session on human behavior point to an overall small but positive effect on cognitive functions, particularly those
related to the prefrontal cortex (Sibley and Etnier 2003, Lambourne and Tomporowski 2010, Chang et al. 2012).

Exercise positively impacts memory and cognition (Ravari et al. 2021). Improved cognitive function is likely
attributable to enhanced cerebral blood circulation, which increases volume and cell regeneration in areas of the
brain critical to efficient cognitive function such as the hippocampus (Guiney et al. 2015). Thomas et al. (2016)
reported that sedentary young people and middle-aged adults showed an increase in the volume of the anterior
hippocampus after 6 weeks of participation in a regular exercise program (30 minutes of cycling 5
sessions/week). Therefore, aerobic exercise in particular might enhance cognitive function through vascular
changes in the brain (Leyland et al. 2019). Pontifex et al. (2021) determined that 20 minutes of moderate-
intensity aerobic exercise improved cognitive function and performance in individuals with high or low anxiety.

In a study conducted by Moon et al. (2016), cognitive/behavioral, neurophysiological, and neurochemical
changes were comprehensively examined after a single session of physical exercise. Although it is difficult to
compare the effects of acute exercise in humans, marked results such as improved executive function, improved
mood, and decreased stress levels have been noted. The relationship between the central neurochemical changes
studied extensively in mice and the behavioral outcomes observed in humans is a subject that needs to be
clarified (Malisch et al. 2007). Understanding the effects of exercise in this context is vital to optimize brain
function both in the clinic and in healthy populations, but its potential to increase attention, mood, and stress
resistance suggests a wide range of applications beyond nonclinical contexts (Goekint et al. 2012).

It has been emphasized that acute exercise improves emotional affect and positively impacts mood (Liao et al.
2015). It also alters dopamine, serotonin, and norepinephrine levels. These changes may be a factor in the
behavioral effects associated with acute exercise (Basso and Suziki 2017). An increase in peripheral monoamine
and hormone levels was observed in people during exercise. However, the study of these changes in the human
brain is limited by technical challenges (Meeusen et al. 2001, McMorris 2016). Acute exercise leads to an increase
in mood and decrease in stress levels (Reed and Ones 2016). The results of a few studies show that acute exercise
improves emotional memory, which is related to the amygdala (Segal et al. 2012, Weinberg et al. 2014). Exercise
triggers the release of happiness hormones such as dopamine and serotonin. Serotonin is a hormone
neurotransmitter that helps defend against both anxiety and depression, and is considered the key to positive
mood and happiness (Herr et al., 2017). Raising serotonin levels is believed to be important for happiness and
well-being, which are protective against mental and physical disorders.

In mice, a single exercise session results in marked increases in dopamine and its metabolites in numerous brain
regions such as the prefrontal cortex, hippocampus, striatum, midbrain, pons, and medulla (Meeusen et al.
2001). Dopamine levels remain above basal levels for about two hours after the exercise ends (Greenwood et al.
2011, Park et al. 2016). High-running mouse lines have an irregular dopamine system compared to control lines,
with high dopamine and low dopamine receptor gene expression levels (Rhodes et al. 2005, Mathes et al. 2010).
Interestingly, it was also shown that dopaminergic and noradrenergic reuptake inhibitors before exercise
improve performance or stamina in endurance exercise in humans (Roelands et al. 2012, Cordery et al. 2017).
In a mouse treadmill study conducted by Ercan et al. (2023), exercise significantly reduced stress-related
behavioral disorders and molecular changes in the brain, supporting the positive effects of exercise on mental

health.

Mouse studies show that acute exercise results in elevated serotonin and metabolite levels in the hippocampus,
frontal cortex, striatum, and midbrain (Gomez-Merino et al. 2001). However, in a study of rats running on a
treadmill at a speed of 20 m/min for 60 minutes, no increase in hippocampal serotonin levels was observed
(Goekint et al. 2012). This finding indicates the need for a certain intensity of exercise to enhance central
serotonin levels. In humans, serotonin is believed to be involved in the antidepressant and anxiolytic effects of
exercise, and chronic exercise was reported to be as effective as antidepressant therapy (Babyak et al. 2000). In
a mouse study by Otsuka et al. (2016), low-running mice exhibited significantly greater reductions in both
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depressive and anxiety-like behaviors compared to high-running mice. Based on those findings, the researchers
concluded that low-intensity acute exercise is superior for stimulating serotonergic activity and improving
mood.

Acute exercise has different effects on norepinephrine depending on the brain region. Levels increase in some
regions (cortex, striatum, preoptic area) but decrease in others (hippocampus, brainstem, pons-medulla,
hypothalamus). This may be related to differences in environmental conditions or the exercise protocols used
(Basso and Suzuki 2017). For example, high-intensity and prolonged exercise may increase norepinephrine levels
and sustain its effect longer (Pagliari and Peyrin 1995). Furthermore, peripheral epinephrine levels are
associated with norepinephrine levels in the brain, suggesting that epinephrine levels may be an indicator of
exercise-induced noradrenergic changes (Meeusen and De Meirleir 1995). A study in humans found a positive
association between exercise-related improvements and peripheral epinephrine levels (McMorris et al. 2008).

Conclusion

Exercise has positive effects both on cognitive function and mental health. Pandemics, natural disasters, social
crises, personal traumas, and uncertainties about life and the future can lead to stress and negative impact on
mental health. These kinds of situations make the role of exercise even more important. Although research into
the effects of exercise on mental health are ongoing, the results of studies conducted to date have been
promising. It can be said that regular exercise may be an important support for mental health.

Common mental health problems such as depression and anxiety seriously affect individuals’ quality of life and
impose a significant burden on societies. Traditional pharmacotherapy methods have several disadvantages,
thus increasing the importance of nonpharmaceutical interventions. Exercise may offer an effective strategy for
alleviating depression and anxiety symptoms. This is supported by findings that regular exercise has positive
effects on biological, psychosocial, and environmental factors and can play an important role in reducing
neuroinflammation. In this context, it can be concluded that exercise-based interventions have important
potential in mental health promotion and the treatment of mental disorders.

The positive effects of exercise on cognitive functions have been associated with neurological changes, especially
an increase in brain anterior hippocampal volume. Aerobic exercise increases cerebral vascular blood flow, which
can improve cognitive function and has the potential to protect mental health at the same time. From a mental
health perspective, exercise appears to contribute to reducing stress, increasing energy levels, alleviating
symptoms of anxiety and depression, and lowering the incidence of depression. In terms of neurocognitive
function, exercise has many benefits, such as increasing brain volume, supporting neuroprotective function,
enhancing attention and processing speed, improving executive function, and strengthening memory.

Acute exercise exhibits a small but positive effect on cognitive function, especially those associated with the
prefrontal cortex. It also has the potential to improve mood and reduce stress levels. In terms of neurochemical
mechanisms of acute exercise, it is seen to support these effects by increasing the release of happiness hormones
such as dopamine, serotonin, and norepinephrine. Studies in mice show that acute exercise increases dopamine,
serotonin, and norepinephrine levels in the brain, leading to corresponding behavioral changes. These findings
suggest that acute exercise has the potential to optimize brain function, improve mood, and increase stress
resistance. However, there is a need for further research in this area and a better understanding of the effects of
acute exercise on humans.

The exercise programs described in the literature show considerable heterogeneity. Although there is no
standard program, some authors have examined certain characteristics of the programs (exercise type, intensity,
duration, and frequency), but there is no mention of clinical prescriptions for exercise. Moderate-intensity
exercise is reported to be the most popular option, but there is also no standard definition of moderate-intensity
exercise. Moreover, high-intensity and low-intensity exercise can also yield positive results. Yoga, stretching,
and mechanical and combined exercises are among the low-intensity exercises generally used in control groups.
High- and moderate-intensity exercise programs are generally thought to have a stronger antidepressant effect.
However, higher intensity programs usually have lower adherence and higher discontinuation rates. For this
reason, exercise prescriptions should be made taking various factors into account, such as the intensity,
duration, and sustainability of the exercise. This points to the importance of individualized exercise programs
in mental health promotion and treatment.

Antidepressants are an important component of depression treatment but have several major drawbacks.
Concerns about the efficacy and tolerability of antidepressants have led to increased interest in
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nonpharmacological treatments for depression, especially for drug-averse patients. Psychotherapy seems to be
the preferred treatment option among patients. Of the other nonpharmacological interventions, exercise
reduces post-treatment relapse rates and has fewer adverse effects than drug therapy. Exercise is gaining
recognition as a viable and cost-effective option for the treatment of depression. It is readily accessible, has
minimal adverse effects, can prevent relapses, and has positive effects on overall body function. Considering
that there is no social stigma associated with the therapeutic use of exercise, this effective strategy can be used
either as a complementary or stand-alone intervention method in the treatment of depression. It is observed
that exercise improves mental health and mood, reduces the risk of depression, and increases overall well-being.
For this reason, regular promotion and support of exercise should be considered an important public health
priority for both individuals and society. The use of proposed criteria for the standardization of exercise studies
could ensure that the results of future research are more consistent and comparable..
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