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Abstract 
 

The assumption that exercise can be used as a physical stress challenge with the 

ability to alter the stress system response in psychological stress states sets the 

objective of the present study. The question raised is if physical exercise can affect or 

even control the response to the potentially harmful socio-psychological daily stress. 

The approach of the issue is carried out through a systematic review of the existing 

randomized controlled trials (RCTs) of the literature. Hypothetically, the physical 

stress of exercise affects the stress system response to psychological stress, through 

cross-adaptation mechanisms that calibrate the stress system towards a healthier 

response. The focus of this systematic review is the effect of the various exercise 

regimens on the hypothalamic-pituitary-adrenal axis and other components of the 

stress system, as represented by outcome measures reflecting the stress system 

response to psychological stressors. Overall, the present review intended to address 

all available data concerning healthy individuals randomly assigned to either any 

form of exercise or a control condition and evaluated in comparison for any possible 

outcome reflecting the physiological response to psychological stress. 

 

 

Key words: Stress system, Physical exercise, Nervous system, Cardiovascular system, 

Hypothalamic-pituitary-adrenal axis, Cortisol, Salivary a-amylase 
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Περίληψη (Abstract in Greek) 
 

Η υπόκεςθ ότι θ άςκθςθ μπορεί να χρθςιμοποιθκεί ωσ μία δοκιμαςία φυςικοφ 

ςτρεσ με τθ δυνατότθτα να αλλάξει τθν απόκριςθ του ςυςτιματοσ του ςτρεσ ςε 

καταςτάςεισ ψυχολογικοφ ςτρεσ κζτει τον ςτόχο τθσ παροφςασ μελζτθσ. Σο 

ερϊτθμα που τίκεται είναι εάν θ ςωματικι άςκθςθ μπορεί να επθρεάςει ι ακόμα 

και να ελζγξει τθν απόκριςθ ςτο δυνθτικά επιβλαβζσ κοινωνικο-ψυχολογικό 

κακθμερινό ςτρεσ. Η προςζγγιςθ του κζματοσ επιτελείται μζςω μιασ ςυςτθματικισ 

αναςκόπθςθσ των υφιςτάμενων τυχαιοποιθμζνων ελεγχόμενων δοκιμϊν (RCTs) τθσ 

βιβλιογραφίασ. Τποκετικά, το φυςικό ςτρεσ τθσ άςκθςθσ επθρεάηει τθν απόκριςθ 

του ςυςτιματοσ του ςτρεσ ςτο ψυχολογικό ςτρεσ μζςω μθχανιςμϊν 

διαςταυροφμενθσ προςαρμογισ που ρυκμίηουν το ςφςτθμα του ςτρεσ προσ μια πιο 

υγιι απόκριςθ. το επίκεντρο αυτισ τθσ ςυςτθματικισ αναςκόπθςθσ είναι θ 

επίδραςθ των διαφόρων προγραμμάτων άςκθςθσ ςτον άξονα υποκάλαμοσ-

υπόφυςθ-επινεφρίδια και άλλεσ ςυνιςτϊςεσ του ςυςτιματοσ του ςτρεσ, όπωσ 

αναπαριςτάται από μετριςεισ εκβάςεων που αντικατοπτρίηουν τθν απόκριςθ του 

ςυςτιματοσ του ςτρεσ ςε ψυχολογικοφσ ςτρεςογόνουσ παράγοντεσ. Εν γζνει, θ 

παροφςα αναςκόπθςθ ζγινε με ςκοπό να εξεταςτοφν όλα τα διακζςιμα δεδομζνα 

αναφορικά με υγιι άτομα που κατανεμικθκαν τυχαία είτε ςε οποιαδιποτε μορφι 

άςκθςθσ είτε ςε κατάςταςθ ελζγχου και αξιολογικθκαν ςυγκριτικά για 

οποιοδιποτε ζκβαςθ δφναται να αντικατοπτρίηει τθ φυςιολογικι απόκριςθ ςτο 

ψυχολογικό ςτρεσ. 

 

 

Λζξεις-κλειδιά: φςτθμα του ςτρεσ, ωματικι άςκθςθ, Νευρικό ςφςτθμα, 

Καρδιαγγειακό ςφςτθμα, Άξονασ υποκάλαμοσ-υπόφυςθ-επινεφρίδια, Κορτιηόλθ,  

α-Αμυλάςθ ςιζλου 
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Introduction  
 

Stress is defined as the pressure, strain, weight, load, or force applied to an object, 

body, or the human body. Mechanically, the stress applied to a body or an object per 

unit area can be measured and provide its limits. Beyond these limits there is an 

absolute catastrophic reaction. The stress applied to the human body, however, 

cannot be measured and quantified with accuracy. We do not completely know our 

limits (difficult to test) and hopefully there is no absolute collapse beyond these 

limits, but rather a reserve space of reaction as evidenced by the stress system 

mechanisms of acute and chronic adaptation. However, when acute or chronic stress 

surpass controllable limits and lead to obvious stress-related sequelae (e.g., affective 

illnesses, psychological disorders and immunity distortion), special treatment may be 

required. Fortunately, the adaptive alterations elicited by certain stressful stimuli, 

such as the physical stress of exercise, can possibly prevent maladaptive stress 

responses leading to pathology. 

Several studies have examined the effects of exercise on psychological stress as well 

as the adaptive mechanisms recruited by exercise-induced physical stress; a wide 

topic addressed from different perspectives through some comprehensive review 

articles. In 2001, Salmon introduced a theory to unify the effects of physical exercise 

on anxiety, depression and sensitivity to stress (1). In 2014, Russell et al. briefly 

explored the interaction between stress and exercise focusing on its impact on brain 

function (2). In 2017, Mikkelsen et al. underlined the positive effects of exercise on 

anxiety, stress and depression through mechanisms including endorphins, 

mitochondria, neurotransmitters and the hypothalamic-pituitary-adrenal axis (3). 

Recently, salivary biomarkers reflecting psychosocial stress (4), blood-brain barrier 

permeability (5), neuroinflammation in depressive disorders (6), and the epigenetic 

action of adrenal stress hormones in skeletal muscle (7), have also been studied in 

association with the physical stress of exercise. In addition to the stress-related 

benefits of physical exercise, the negative health-related effects of the lack of 

exercise as well as the positive health-related effects of exercise prescription in 

chronic diseases have also been reviewed (8, 9). 
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Indeed, exercise within a wide range of acceptable limits can provide beneficial 

stress to the human body. In other words, the physical stress of exercise has been 

proven to be beneficial for health. It is well known that exercise does not only 

improve physical fitness, but also prevents and treats many chronic and 

degenerative diseases. The American College of Sports Medicine in collaboration 

with the American Medical Society created the “Exercise is Medicine” movement, 

which is widespread all over the world, including Greece. Thus, the physical stress of 

exercise used to control the arterial blood pressure in hypertension (10), the 

glycemic status in type 2 diabetes (11) and the blood lipid levels in patients with 

coronary artery disease (12), can also be applied as an intervention that may control 

the response to the socio-psychological daily stress. In this regard, the duration, type 

and intensity of exercise should be controlled and tested for efficacy against 

psychological stress in order to establish efficient stress-oriented exercise 

interventions. 

 

Purpose of the study  
 

The question of how the physical stress of exercise can affect or even control the 

response to the socio-psychological daily stress requires a systematic approach 

through the existing randomized controlled trials (RCTs) of the literature. Exercise 

challenges the stress system and the exercise-induced alterations may calibrate the 

stress system towards a healthier response when encountering psychological stress. 

The purpose of the present systematic review is to examine the effects of exercise 

on the stress system response in psychological stress states, in an effort to elucidate 

the role of exercise as an intervention that might help healthy humans in 

ameliorating maladaptive stress responses. 
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Main entities section 

 

Stress and the stress system 
 

One of the most impressive aspects of human physiology is the ability of the body to 

keep everything in balance, constantly pursuing a state of harmony to function 

normally and maintain homeostasis. Anything that threatens or is even perceived as 

threatening this optimal body equilibrium causes a state of disharmony, which must 

be counteracted in order to survive. In this context, stress can be defined as a state 

of threatened homeostasis caused by intrinsic or extrinsic adverse forces, called 

stressors, and counteracted through physiological and behavioral responses elicited 

by an intricate neuroendocrine infrastructure, the stress system (13, 14). 

 

However, stress is not necessarily a harmful state. On the contrary, controlled or 

self-driven challenges to homeostasis constitute a fundamental threat crucial for 

normal development and preservation of self and species, as long as a normally 

functioning stress system responds properly to the challenge (15). Physical exercise, 

for instance, may be a beneficial stressor that challenges the stress system and yield 

favorable adaptations. Therefore, the activation of the stress system in response to 

stressors of any kind increases the chances for survival by producing the appropriate 

behavioral and peripheral changes that improve the ability to adjust homeostasis 

(16, 17). 

 

The notion of a stress system that coordinates the adaptive response to stressors 

was suggested in 1992 by Chrousos and Gold in “The concepts of stress and stress 

system disorders. Overview of physical and behavioral homeostasis.” (16), where 

they describe the main components of the stress system. According to them, the 

stress system is principally composed of two tightly interconnected central 

regulators in the brain, namely the corticotropin-releasing hormone (CRH) system in 

the hypothalamus and the locus coeruleus/norepinephrine-autonomic (LC/NE) 

system in the brainstem, as well as their peripheral neuroendocrine effectors, the 
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hypothalamic–pituitary–adrenal axis (HPA axis) and the limbs of the autonomic 

nervous system (ANS) respectively. 

 

While describing the complex central effects of the CRH and LC/NE systems is 

beyond the scope of this review, it is important to underline some of the main 

effects and interactions, necessary to understand the close integration of the stress 

system with other central nervous system (CNS) components involved in the 

regulation of emotion, cognitive function and behavior (16). As such, the main 

central effects of the CRH and LC/NE systems are the stimulation of arousal and 

attention, the stimulation of the mesocorticolimbic dopaminegic system 

(anticipatory and reward phenomena) and the stimulation of the hypothalamic beta-

endorphin system (suppression of pain sensation and analgesia). Other hypothalamic 

effects exerted through the catecholaminergic system are the inhibition of appetite 

and the activation of thermogenesis (17). Finally, of utmost importance is the 

reciprocal yet little direct anatomical interaction between the stress system and 

limbic forebrain structures, including the amygdala, hippocampus and medial 

prefrontal cortex (mPFC), which comprise the principal stress-regulatory limbic sites 

that process both psychogenic and systemic stimuli (18). 

 

Apart from the anatomically limited and complex neural interconnections of the 

stress system, principally mediating the behavioral effects of stress, there is a more 

tangible component of the stress system consisting of its multiple neuroendocrine 

effectors that principally mediate the physiological effects of stress (Figure 1). Thus, 

from an endocrine point of view, the central main effectors of the stress system are 

CRH, arginine vasopressin (AVP) and the proopiomelanocortin (POMC) derived 

peptides alpha-melanocyte-stimulating hormone (α-MSH) and beta-endorphin, while 

the peripheral main effectors of the stress system are the glucocorticoids and the 

catecholamines norepinephrine and epinephrine (19). The release of these 

neuroendocrine messengers from the stress system and ultimately their action 

through their respective receptors in target-tissues produces a stress response 

phenotype affecting many aspects of human physiology, explaining why levels of 

stress and means of coping with stress can influence health and disease (20). 
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Figure 1. Presentation of the central and peripheral components of the stress 
system, demonstrating the functional interrelations and the relationships to other 
central nervous system (CNS) pathways involved in the stress response.   
Figure Note: Activation is represented by solid green lines; Inhibition by dashed red 
lines. 
 
CRH:  corticotropin-releasing hormone  
LC/NE:  locus coeruleus/norepinephrine-sympathetic system  
POMC:  proopiomelanocortin  
AVP:  arginine vasopressin 
GABA: γ-aminobutyric acid 
BZD:  benzodiazepine 
ACTH:  adrenocorticotropic hormone (corticotrophin) 
NPY:  neuropeptide Y 
SP:  substance P 
 
Source from: Tsigos C, Kyrou I, Kassi E, Chrousos GP. Stress, Endocrine Physiology and Pathophysiology. In: Feingold KR, 
Anawalt B, Boyce A, Chrousos G, Dungan K, Grossman A, et al., editors. Endotext. South Dartmouth (MA): MDText.com, Inc.(14) 
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Finally, apart from the various behavioral and physiological adaptive responses of 

the stress system, there are additional interactions with the axes responsible for 

reproduction, growth and immunity (16), as well as major inputs from the cerebral 

cortex and subcortical systems, the sensory organs and nerves and the endocrine 

and immune systems (21). To sum up, according to Chrousos (13), the targets of the 

stress system effectors include the executive and/or cognitive, reward and fear 

systems, the wake-sleep centers of the brain, the growth, reproductive and thyroid 

hormone axes, and the gastrointestinal, cardiorespiratory, metabolic and immune 

systems. In this context, the controllable nature of the physical stress of exercise 

may provide a valuable stressor for manipulating the stress system towards 

physiological and behavioral adaptations that favor physical and mental health. 

 

Physical exercise and health 
 

Exercise can be defined as a set of body movements following certain rules of 

intensity, duration, frequency and volume. It is important to note that the exercise 

output produced by muscular contractions is a physical stress challenge for the 

human body. Exercise affects the metabolic energy system, the neuromuscular 

system, the cardiovascular, respiratory and endocrine systems, the hypothalamic-

pituitary-adrenal axis, microvascular circulation, cell metabolism, gene expression 

etc. Exercise affects either directly or indirectly all human functions, improves 

physical fitness and health, prevents and treats obesity, cancer, diabetes, 

hypertension, dementia, osteoporosis, cardiovascular and metabolic chronic 

diseases. Exercise has been proposed as the cornerstone of primary prevention for 

35 chronic diseases (8) and can be used as a prescribed therapy for 26 of them (9).  

Exercise as a stress stimulus can be controlled with the intensity and duration of 

exercise, whereas frequency and volume are also required for the prescription of 

exercise and the exercise training regimens. The intensity of exercise, however, is 

the most significant variable and if properly managed, can give desirable results. 

Overall, the intensity, duration, frequency and volume of exercise influence the 

internal metabolic environment and affect the body system (22) positively if properly 



8 
 

 

used. These variables inseparably associated with exercise and exercise programs 

will be briefly described below. 

 

Basic characteristics of exercise 
 

Intensity of exercise  

 

The intensity of exercise is the most important parameter of exercise training, 

indicates the magnitude of stress induced to the human body. Εxercise-induced 

effects cannot be appropriately presented unless the intensity of exercise is properly 

described. It is generally recommended to start an exercise program with low 

intensity, gradually go on to moderate and finally to high intensity (9). The stress of 

exercise is directly dependent on the intensity of exercise. Low, moderate and high 

exercise intensity generate different physiological responses. Thus, based on the 

intensity the effects on the stress system may range from positive to negative ones. 

Low intensity may be used by unfit individuals or patients to begin an exercise 

program. Moderate intensity is safe and induces positive health-related-adaptations 

to the population in general. The high intensity of exercise mostly applied to 

professional athletes force them to work hard and often beyond safety limits. Such 

exercise stress may lead to muscular injuries, suppress the immune system, and 

induce negative health-related effects, such as suppression of the hypothalamic-

pituitary-gonadal axis.  

 

Duration of exercise  

 

The physical condition of an individual should be taken into consideration when 

prescribing the duration of exercise. Unfit individuals, therefore, should avoid long 

duration of exercise. At the beginning of a safe exercise program, low to moderate 

intensity may be applied for a long time (~60 min) according to the individual’s 

needs. Vigorous to high intensity cannot be performed for a long time. The duration 
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of exercise depends on intensity. For the average non-athletic population, walking 

exercise to exhaustion at a low to moderate intensity can last for more than an hour, 

running can last for about an hour, and high intensity exercise can last a few minutes 

or even less than a minute (utmost sprint effort for example). Such a stressful 

exercise is not recommended for rehabilitation programs. The longer the distance of 

an event, the lower the intensity (running speed, for example, at a 100 m distance 

cannot be compared to a 1000 m or to a 10000 m distance). When properly used 

during training, the high intensity of exercise, is timesaving and may produce similar 

or even better results. High intensity may be performed interspaced with passive 

recovery rest intervals or with active recovery intervals of low intensity. This 

constitutes the high intensity interval training (HIIT) used mostly for elite athletes 

and trained individuals. This training method, however, has been recently applied to 

patients with cardiovascular and metabolic diseases and seems to be safe and useful 

to clinical populations. 

 

Frequency of exercise  

 

The frequency of exercise is required for any training program which also includes 

intensity, time-duration, and type of exercise (FITT). The FITT acronym standing for 

Frequency, Intensity, Time-duration, and Type of exercise holds the characteristics of 

a training program. The frequency applied to various exercise training regimens may 

vary from 2 times a day for elite athletes to 2 times a week for pregnant women (23). 

The upper limits of exercise frequency in a weekly training program range from 4 

times for pregnant women (23) to 12 times for elite athletes. The recommended 

frequency for the general population and patients with chronic diseases is 3 to 4 

times a week. And it is advocated by different recognized scientific associations 

(ACSM, AHA, ADA, ESC, ECSS etc). In fact, an exercise training frequency less that 3 

times a week is inadequate to induce any desirable health related physiological 

adaptations. The manipulation of the frequency, intensity and duration of exercise is 

used to attain the required training volume. Thus, the manipulation of frequency, 

alone or in combination with other training parameters affects the volume of 
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exercise, induces different responses to the stress system and can be used to acquire 

better results.  

 

Volume of exercise  

 

The volume represents and combines all the characteristics of exercise. The volume 

of an acute exercise session combines intensity and duration of workload. The 

volume of a training program combines frequency, intensity, and duration of 

exercise. A large volume of moderate intensity and thus longer duration (at least 60 

min daily) is recommended to obese and overweight individuals to control body 

weight and reduce body fat. In addition, evidence indicates that independent of 

weight loss, the large volume of physical exercise has beneficial effects on circulating 

lipid levels (9). Besides, an adequate exercise training volume could prevent 10 to 

30% of strokes (8), and/or the magnitude of the endocrine response is relative to the 

volume and intensity of exercise (24). Attention is required, however, since excessive 

intensity or volume, or even both, may lead to undesirable physiological results 

including inappropriate endocrine responses (24). 

 

Acute exercise versus chronic adaptation  
 

Acute exercise affects the main physiological functions of the body during effort 

including ventilation, heart rate, blood pressure, cardiac output, and energy 

metabolism. In addition, the acute physiological responses are depending on the 

intensity of exercise. The beneficial effects on stress system reactivity and self-

regulatory mechanisms against acute stress situations have recently been more 

reliably evaluated during acute exercise responses using salivary biomarkers (4). The 

acute exercise bout provides an appropriate stressor to study the regulation, 

integration and adaptation of the immune system (25) as well as the regulation and 

adaptation of the endocrine system (24). Acute exercise can be a proper model to 

reveal the expected specific adaptations after systematic long-term exercise. 



11 
 

 

Systematic exercise or regular chronic exercise training induces the desirable 

physiological health-related adaptations. To study and observe the effects of chronic 

exercise on the body, one can compare baseline values at the beginning of a training 

program with those obtained after an adequate period of training or at the end of 

the training exercise program. To obtain the desirable health-related adaptations the 

training program and mainly the intensity of exercise, applying to healthy and 

patient individuals, must be properly updated every 3 to 4 weeks. Nevertheless, 

when the applied exercise program stresses the body system beyond limits, 

undesirable and harmful responses may occur (24). Thus, knowledge and caution are 

required to obtain the desirable health related adaptations. 

 

Aerobic versus anaerobic exercise  
 

Aerobic exercise refers to the muscular work performed with the use of oxygen. The 

inspired oxygen from breathing air reaches the mitochondria within the cells and the 

oxygen used (cellular respiration) provide the required energy (ATP) for the 

physiological functions of the body. During exercise, the muscle tissue produces 

muscular work, and at maximal stage, oxygen requirements and metabolic energy 

demands surpass a 20-fold increase. Such an aerobic metabolism has been 

associated with maximal aerobic capacity (VO2max) and represents cardiorespiratory 

fitness. Aerobic exercise has also been associated with low to moderate muscular 

work whereas anaerobic exercise has been associated with vigorous to maximal or 

supra-maximal muscular work. 

Anaerobic exercise refers to the muscular work performed without oxygen. 

Physiologically, however, this is impossible. There is no life without oxygen. The 

mitochondria always provide energy (ATP) using oxygen. Thus, anaerobic exercise 

does not literally exist. Nevertheless, muscle cells can produce additional energy 

anaerobically using stored ATP, phosphocreatine (PCr) and the anaerobic part of 

glycolysis that produces lactate when the metabolic demands are very high. The 

anaerobic system contributes more to the quality, yields high power output and in a 

faster rate of energy produced by the aerobic metabolism. Such a metabolic process 
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providing bursting reactions and additional muscular power has been associated 

with anaerobic exercise, anaerobic sprint training, and resistance training. Resistance 

exercise, however, constitutes a diverse strength-induced type of exercise.  

 

Stress response and the stress syndrome 
 

Optimal basal activity and responsiveness of the stress system are essential, not only 

for survival but also for some of the most fundamental aspects of everyday life, such 

as a sense of well-being, the successful performance of tasks and appropriate social 

interactions (13). Upcoming physical or psychogenic stimuli detected and interpreted 

by the brain as extreme or threatening, trigger the mobilization of an immediate, 

stereotypic, adaptive response elaborated and coordinated by the stress system 

when a stressor of any kind exceeds a threshold (16, 26, 27). This response, formally 

known as the stress response, starts with the perception of the stressful stimuli by 

the brain and ends up with the various behavioral and physiological adaptive 

changes, collectively referred to as the stress syndrome.  

 

To maintain and re-establish homeostasis, the brain-controlled stress system must 

function normally both under basal conditions and under the toll of stress. Under 

basal conditions, an area of the mPFC clinically important in mood disorders, the 

subgenual prefrontal cortex (sgPFC), is pointed out as having a role in withholding 

the stress system response, evidently by restraining the amygdala and the two major 

components of the stress system, i.e. the CRH-dependent HPA axis and the LC/NE-

dependent sympathetic-adrenal-medullary axis (SAM axis) of the ANS. Accordingly, 

during normal stress, the observed moderate diminishment in sgPFC function results 

in disinhibition of the restrained loci, thereby permitting activation of the stress 

response, phenotypically expressed as adaptive alterations appropriate for survival 

during a life-threatening situation (28).  
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The aforementioned adaptive alterations produce a stress response phenotype, 

described as the stress syndrome phenomenology, including the following cognitive, 

behavioral and physiological phenomena (14, 27-29): 

 Enhanced arousal, alertness, vigilance, cognition and focused attention. 

 Emerging anxiety, analgesia and loss of cognitive and affective flexibility. 

 Suppression of vegetative functions redundant for immediate survival 

(pleasure-seeking, appetite, sleep, sexual activity, growth, reproduction). 

 Adaptive redirection of energy and body resources (oxygen, nutrients) to the 

CNS and the stressed body sites where they are needed the most: 

o Increase in the cardiovascular tone (heart rate, blood pressure). 

o Increase in the respiratory rate. 

o Increase in intermediate metabolism (gluconeogenesis, lipolysis). 

o Insulin resistance (to provide increased glucose for the brain). 

 

Despite the simplified approach used to describe the stress response, it should be 

noted that the complexity of the stress response cannot be restricted to some 

cortical/subcortical structures, the HPA and the SAM axes. On the contrary, different 

types of stressors engage different brain networks according to timing and duration 

of stressor exposure leading to deviations of the stress response with a variety of 

short- and long-term consequences (26). Of clinical importance, the dysregulation of 

the stress response in terms of magnitude and/or duration can disrupt homeostasis 

and eventually lead to many adverse effects in various physiological functions, such 

as growth, development, metabolism, circulation, reproduction, immunity, cognition 

and behavior, thereby affecting both physical and mental health (30). 
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Systematic review section 

 

Study rationale 
 

The effects of exercise on the hypothalamic-pituitary-adrenal (HPA) axis and the 

stress system can be viewed from two perspectives. The first perspective involves 

the effects of exercise as a physical stressor that elicits the stress system response. In 

contrast, the second involves the effects of exercise as an alleviating intervention to 

the stress system response elicited by a distinct stressor, antecedent or even 

precedent. This systematic review focused on the latter perspective, as it aimed to 

examine the effects of exercise on the stress system response elicited by 

psychological stress.  

 

From the various stressors, psychological stress has a high impact on health and 

well-being, both because of its high prevalence in modern societies and the lack of 

effective strategies to evaluate and address its consequences on human physiology 

and behavior. Therefore, from a clinical point of view, interventions that would 

ameliorate the stress system response to psychological stressors can provide a 

possible means of preventing mortality, morbidity and reduction in health-related 

quality-of-life associated with maladaptive stress system responses elicited by 

psychological stress.  

 

Exercise constitutes a generally safe, easily accessible and often costless intervention 

that could turn out to be an efficient and pragmatic approach to prevent or at least 

attenuate a health problem as common as psychological stress sequelae. The 

proposed physiological mechanism, underlying the action of the different exercise 

regimens, is based on the physiological and even behavioral stress system 

adaptations that exercise elicits as a stressor itself. According to the cross-stressor 

adaptation hypothesis, the main idea behind the potential effectiveness of exercise 

is the hypothesis that the stress system response to the exercise stressor leads to 

the appropriate adaptive alterations of the stress system that will prove beneficial 
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for encounters with stressors other than exercise, the most widely prevalent and 

socially relevant of which is considered to be psychological stress. 

 

Literature review 

 

With the expansion of the field of Medical Psychology in exercise and sports after 

1980, psycho-neuroendocrine responsivity to mental stress was considered an 

outcome of prominent value, employing physiological and psychological measures to 

objectively quantify the subjective behavioral effects of regular exercise on 

psychological stress. However, as most exercise studies did not utilize strict control 

conditions or active placebo groups, the observed psychological outcomes arguably 

did not reflect credibly enough the effects of the exercise intervention per se. 

Indeed, alternative factors, such as expectancy of benefits, generalized treatment or 

attention effects, social reinforcement and history or selection bias, should always 

be considered as possible confounders when appraising the results of exercise trials, 

not accounting for these factors (31). Of additional interest, a concept of affective 

beneficence attributed to exercise had concurrently started to emerge based at first 

on associations but not causality, as evidenced by correlational studies reporting 

reductions in state anxiety following acute physical activity and reductions in anxiety 

and depression following chronic physical activity (32).  

 

Aerobic fitness and psychosocial stress 

 

In 1987, Crews and Landers, at their meta-analytic review of aerobic fitness and 

reactivity to psychosocial stressors (33), indicated that aerobically fit subjects had a 

reduced psychosocial stress response compared with either control group or 

baseline values, by combining the results of 34 studies including a total of 1449 

subjects. The arousal measures (stress reactivity to psychosocial stress tasks) they 

used to determine possible differences between fit and unfit groups included heart 

rate (30 studies), systolic blood pressure (13 studies), diastolic blood pressure (17 

studies), skin temperature and conductance (8 studies), changes in norepinephrine 
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and epinephrine as well as their metabolites (4 studies), muscle tension (3 studies) 

and subjective self-report (9 studies). However, the meta-analysis conclusion that 

aerobically fit subjects show a reduced psychosocial stress response may imply but 

does not prove that exercise interventions will similarly result in a reduced response 

to psychosocial stressors. 

 

Plasma catecholamine response  

 

On the other hand, in 1991, Sothmann et al. (34) focused on the plasma 

catecholamine response to acute psychological stress and found no strong support 

for an aerobic fitness association. Hence, as evidenced by six cross-sectional studies 

on plasma catecholamine reactivity, they challenged the concept that a high level of 

aerobic fitness modifies the sympathoadrenal response to an acute psychological 

stressor. In addition, by expanding their research to longitudinal studies examining 

short-term exercise, they concluded that exercise training could modestly lower the 

absolute concentrations of basal circulating plasma norepinephrine, without, 

however, producing an adaptation in the relative plasma catecholamine change 

during exposure to acute psychological stress. Nevertheless, exercise training studies 

of short duration, despite having the advantage of promptly assessing the effects of 

exercise, fall short of achieving the high fitness levels examined by cross-sectional 

studies. 

 

Physical activity and psychosocial well-being  

 

In 1996, Gauvin and Spence (35), critically reviewed the evidence on the association 

between physical activity and psychological well-being. They raised the question 

whether acute and/or chronic exercise can reduce psychophysiological reactivity to 

psychosocial stressors. They acknowledged that acute exercise might be related to 

more effective responses to psychosocial stress. At the same time, they questioned 

the causal role of chronic exercise to the more healthful reactivity profiles observed 

in aerobic fitness studies. In general, they concluded that moderate quantity and 
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quality point out to a small-to-moderate decrease in reactivity to psychosocial 

stressors with exercise dose suggested as the main moderator variable. Overall, the 

idea that physical activity is positively related to psychosocial stress reactivity was 

supported, although there were not enough data from high validity studies to state 

that exercise is the causal factor in this association. 

 

In 2001, with the results of cross-sectional and longitudinal studies converging to 

support more consistently the antidepressant, anxiolytic and “anti-stress” effects of 

aerobic exercise training, Salmon attempted to provide an integrated theoretical 

framework for the effects of physical exercise on anxiety, depression and sensitivity 

to stress (1). While recognizing the unclear causality linking exercise habits to health 

protection from stress vulnerability, he combined interrelated evidence to develop 

the unifying theory that exercise training is a controllable and predictable stressor 

recruiting a process of stress adaptation, which confers enduring resilience to stress. 

Importantly, to uncover the neurochemical correlates of behavioral adaptation, he 

enriched his thesis with data consistent with exercise-induced adaptive changes in 

opioid systems as providing the link between regular exercise and reduced stress 

responses, mainly through opioid-mediated inhibition of noradrenergic stress 

responses in the CNS. In addition, contrary to the predominance of cardiovascular 

responses in the literature, he noticed that the HPA axis had received little attention, 

with the few studies in which cortisol or ACTH had been measured, showing no 

difference between fit and unfit subjects in response to stressor tasks. Practically, 

albeit tempting to consider this unifying theory an answer to the psychological 

benefits of exercise, it should be rather viewed as a psychobiological interpretation 

enabling questions about the valuable effects of exercise as a stressor if acting 

indeed through the process of stress adaptation. 

 

Physiological effects of exercise as a stress model 

 

In the context of examining the physiological effects of exercise as a stress model, in 

2005, Mastorakos et al. described the exercise as physical stress that challenges 
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homeostasis, leading in response to the adaptive reaction of the stress system, 

mediated principally by the sympathetic ANS (plus adrenal medulla) and the HPA axis 

(adrenal cortex) through the respective elevation of catecholamines and cortisol 

(36). Accordingly, adopting the assumption that the stress response is a 

neuroendocrine mechanism that occurs in anticipation of physical action, in 2006, 

Tsatsoulis and Fountoulakis (37) proposed that physical activity should be the natural 

means to prevent the consequences of stress. They supported their opinion with 

accumulating evidence documenting the beneficial effects of regular exercise in 

preventing or ameliorating the metabolic and psychological comorbidities induced 

by chronic stress. They also delved into the mechanisms of these effects, attributing 

the benefits of exercise both to central effects reducing sensitivity to stress and 

peripheral actions influencing metabolic functions, in particular, insulin sensitivity 

and the partitioning of fuels toward oxidation rather than storage. To sum up, these 

two reviews are based on the stress system's concept, the former highlights the 

effects of exercise on the stress system as a physical stressor, while the latter 

underlines the protective role of exercise on stress system dysregulation and 

comorbidities. 

 

Despite the triggering theories, comprehensive interpretations and justified 

opinions, there was a need for a systematic review that would reliably answer the 

question of whether not fitness, but exercise can attenuate the stress system 

response to psychosocial stressors. With this reasoning, in 2006, Hamer et al. 

performed a meta-analytic systematic review of randomized controlled trials (RCTs) 

that examined the effect of acute exercise on blood pressure (BP) responses to 

psychosocial laboratory stressors (38). From the 15 RCTs that met the inclusion 

criteria, 10 demonstrated significant reductions in post-exercise stress-related BP 

responses compared with control. Interestingly, they also noticed that studies 

involving higher exercise doses tended to show larger effects, with the minimum 

dose to show a significant effect being 30 minutes at 50% VO₂max. Consequently, 

they provided evidence for the stress-buffering effects of exercise, but they also 

proposed the necessary duration and intensity of the intervention. However, they 

examined only acute exercise and only one parameter of the psychosocial stress 
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response (i.e., BP); the effect of chronic exercise and/or the responses of other 

stress-related outcomes remained questionable. 

 

The stress-buffering effects of exercise from a clinical perspective 

 

Although appreciating the emerging confidence for the stress-buffering effects of 

exercise based on positive laboratory outcomes, from a clinical perspective, what 

matters are the health complaints and how to address them. To examine this aspect, 

in 2009, Gerber and Pühse reviewed if exercise and fitness can protect against stress-

induced health complaints (39). They found that about 50% of the studies reported 

at least partly supportive results in that people with high exercise levels exhibited 

fewer health problems when they encountered stress. Inclining to support a cause-

and-effect association, the causality analyses showed that stress-moderation effects 

had been consistently found in different samples and with different methodological 

approaches. Despite acknowledging that more support had resulted from cross-

sectional studies, they reported that the exercise-based stress-buffer effects were 

also found in prospective, longitudinal and quasi-experimental investigations. 

Therefore, exercise and fitness could also be considered a means of protecting 

against health complaints induced by stress. 

 

Recognizing the beneficial effects of exercise on psychological stress and well-being, 

the supporters of mind-body exercises were concurrently trying to contribute to this 

broad field by examining through clinical trials the effects of tai-chi, qigong and yoga.  

There was also the argument that these modes of exercise could be equally 

beneficial despite the moderate physical activity, due to their coincident mindfulness 

effects. Therefore, the accumulation of evidence led consecutively to the conduction 

of meta-analytic reviews, the most representative presented briefly below. 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=P%C3%BChse+U&cauthor_id=19828772
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The effects of tai-chi on psychological well-being 

 

To begin with, regarding tai-chi, in 2010, Wang (Chenchen) et al. performed a 

systematic review and meta-analysis on the effects of tai-chi on psychological well-

being, including stress reduction, anxiety, depression and enhanced mood (40). 

Targeting the broad population of community-dwelling healthy participants and 

patients with chronic conditions, 21 out of 33 randomized and non-randomized trials 

supported that 1 hour to 1 year of regular tai-chi significantly increased psychological 

well-being. The extrapolated beneficial association between tai-chi practice and 

psychological health was also reinforced by seven observational studies with 

relatively large sample sizes. Based on their findings, they concluded that tai-chi 

appears to be associated with improvements in psychological well-being including 

reduced stress, recommending, however, the need for high-quality, well-controlled, 

longer randomized trials. A limitation of this review was the support of the results 

based not only on randomized but also non-randomized trials, not controlling for 

selection bias and confounding variables. 

 

Managing stress and anxiety through qigong and yoga 

 

Further, regarding the closely-related qigong, in 2014, Wang (Chong-Wen) et al. 

performed a systematic review and meta-analysis of RCTs on managing stress and 

anxiety through qigong exercise in the more narrow population of healthy adults 

(41). From the 7 RCTs that met the inclusion criteria, 3 RCTs suggested that qigong 

exercise reduced stress among healthy subjects following 1 to 3 months of qigong 

practice, compared to wait-list controls. Therefore, despite some encouragement 

from good quality evidence, the limited number of RCTs and their methodological 

flaws, led to the recommendation for further rigorously designed RCTs, before safe 

conclusions can be made. 

 

Concluding with what is known about mind-body exercise, regarding the more 

popular yoga, in 2015 Pascoe and Bauer performed a systematic review of RCTs on 

the effects of yoga on stress measures and mood, adopting a physiology-based 
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approach and investigating the effects of yoga on sympathetic nervous system and 

HPA axis regulation measures (42). They focused on studies collecting physiological 

parameters such as blood pressure, heart rate, cortisol, peripheral cytokine 

expression and/or structural and functional brain measures in regions involved in 

stress and mood regulation. This review's result through the synthesis of 25 RCTs 

was to provide preliminary evidence suggesting that yoga practice can lead to better 

regulation of the sympathetic nervous system and HPA axis, as well as a decrease in 

depressive and anxious symptoms in a range of populations. To conclude concerning 

mind-body exercise as a whole, further research based primarily on high-quality 

RCTs is needed to confirm the positive findings and facilitate the clinical 

implementation of these forms of exercise. 

 

The exercise-induced glucocorticoid paradox 

 

Before moving forward, here comes the literature to explain a paradox of physiology 

that may come to mind regarding the exercise-induced elevation of glucocorticoids. 

To address this exercise-glucocorticoid paradox, in 2017, Chen et al. investigated 

how exercise is beneficial to cognition, mood and the brain while increasing 

glucocorticoid levels (43). To answer this question correctly, they reviewed the 

evidence showing that while both chronic stress and exercise elevate basal cortisol 

levels through increased secretion of cortisol, the former is detrimental to 

cognition/memory, mood/stress coping, and brain plasticity, while the latter is 

beneficial. From the three preliminary answers they propose, it is essential to 

highlight that under regular exercise (however, not chronic stress), the elevated 

cortisol functions through the glucocorticoid receptors to elevate dopamine in the 

medial prefrontal cortex (mPFC), and the mPFC dopamine is the one essential for 

active coping. This may provide an answer to the paradox of the beneficial effects of 

exercise-induced glucocorticoid enhancement, suggesting a differentiating action of 

stress-induced glucocorticoids according to the triggering stressor's nature. 
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The influence of regular physical activity on stress reactivity 

 

Taking into consideration the value of cortisol as a stress response outcome and the 

difficulty to compare responses elicited by similar but different psychosocial 

stressors, in 2018 Mücke et al. performed a systematic review on the influence of 

regular physical activity and fitness on stress reactivity as measured with the Trier 

Social Stress Test (TSST) protocol (44). With this focused approach, they found that 

cortisol and heart rate reactivity was attenuated by higher physical activity or better 

fitness in 7 of 12 studies and 4 of 9 studies, respectively. In addition, 2 of 4 studies 

reported smaller increases in anxiety and smaller decreases in calmness in physically 

active or fitter participants. Finally, 3 of 4 studies associated higher physical activity 

or fitness with a more favorable mood in response to the TSST. However, despite the 

advantage of incorporating cortisol outcomes and focusing on a single psychosocial 

stressor, the inclusion of cross-sectional analyses as the majority of the reviewed 

evidence weakens the causality of the argument that physical activity attenuates 

psychosocial stress response. 

 

The effects of exercise on stress outcomes of specific age groups 

 

Finally, despite the incessant need for robust evidence in the field, the common 

perception that exercise favors stress adaptation seems to stand still, permitting the 

focus of research on more special groups of people from the general population. 

Recently, Nigdelis et al. (45) focused on middle-aged and older women and 

performed a meta-analysis of 5 RCTs on the effect of programmed exercise on 

perceived stress, concluding that physical activity of low to moderate intensity and 

of at least six weeks duration, does not significantly improve perceived stress in 

midlife and older women. Meanwhile, Rodriguez-Ayllon et al. (46) focused on 

preschoolers, children and adolescents. They performed a meta-analytic systematic 

review on the role of physical activity and sedentary behavior in mental health 

regarding stress as part of psychological ill-being (along with depression, negative 

affect and psychological distress). The 12 intervention studies (3 RCTs and 9 non-

RCTs) included in the meta-analysis showed a small but significant overall effect of 

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=M%C3%BCcke+M&cauthor_id=30159718
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physical activity on mental health. In contrast, longitudinal and cross-sectional 

studies demonstrated significant associations between physical activity and lower 

levels of psychological ill-being (and greater psychological well-being). In summary, 

with the first reviews on the effects of exercise on stress outcomes of special 

populations starting to emerge, the need for a systematic review examining the 

effects of exercise on healthy populations' stress outcomes stands as a necessity to 

direct further research. 

 

 

Knowledge gap 
 

Having discussed the literature's highlights to date, it is evident that plenty of 

research was conducted to prove the effectiveness of exercise against psychological 

stress. A systematic review could illustrate the gaps of existent knowledge, 

addressing a wide range of factors from the focused perspective of a single research 

question. 

 

First, to draw firm conclusions that would address the real benefit of selecting 

exercise as an intervention to ameliorate the effects of psychological stress, data 

should come from the best study designs available, i.e., RCTs, a strategy not widely 

adopted by previous reviews. This approach is essential because all other study 

designs can complement but cannot prove a cause-and-effect association. 

 

Second, to direct research to be clinical and involve other special populations, 

researchers should know what stands true for the normal healthy human. 

Understanding the physiological effects of exercise on healthy human individuals 

without considering concurrent physical or mental health variables is the core to 

elucidate the mechanisms of exercise before moving forward to clinical implications. 

 

Third, exercise is not synonymous with fitness. Every intervention recruiting the 

mechanisms of physical activity regardless of its fitness effects should be considered 

along with its unique characteristics to highlight the possible differential effects of 
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the various exercise interventions. This may help to point out some characteristics of 

exercise that should be taken into account when considering its “prescription”, 

acknowledging how diverse this intervention can be. 

 

Fourth, the comparator should ideally be a placebo group or an attention control 

condition. However, any other control group cannot be excluded as long as the usual 

clinical comparison regarding exercise is not “exercise versus some other 

intervention”, but “exercise versus no exercise”. Blinding is not possible for the 

participant when comparing the intervention of exercise to any control condition.  

 

Last but not least, stress cannot be represented by a single outcome, but rather 

every possible outcome used to assess psychological stress should be examined to 

form a clear picture of the effects of exercise on every aspect of the stress system, 

an approach partially adopted by previous literature. 

 

 

Aim 
 

The present systematic review aimed to address all the available data coming from 

RCTs conducted on healthy individuals randomly allocated either to any form of 

exercise or to a control condition and evaluated for every possible outcome that 

could be used to assess the stress system response to psychological stressors. 

 Study design: RCTs 

 Population: healthy 

 Intervention: exercise 

 Comparator: no exercise 

 Outcome: psychological stress response phenotype 
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Materials and Methods 

 

Σhe present systematic review has the following characteristics: 

1. Sensitive eligibility criteria, without date or language restrictions. 

2. Online database searches followed by references search. 

3. Specific search strategies limited by database filters. 

4. Study selection by two independent reviewers, cross-checked by a 

supervisor. 

5. Data extraction by the author, only for predefined variables in a prespecified 

form. 

6. Qualitative synthesis (description) of the principal summary measures. 

 

The conduction of this systematic review started in March 2020. The protocol was 

discussed among the researchers, setting the aim to investigate if intervening to 

humans with exercise compared to no exercise will result in psychological stress 

response outcomes of interest. The study was planned to start from PubMed by 

finding the search string that will answer timely to the research question. In the 

process, the search string was expanded to involve other databases, too. A specific 

search string was finally adopted, complemented by a scrutinizing references search. 

To follow a methodologically refined approach, a second reviewer was involved in 

the process of study selection. A “trial and error” process was adopted, without a 

predefined well-written protocol from the beginning of the study, allowing for 

adjustments and refinements. 

 

The initial eligibility criteria set to define the literature were: 

 Study design: randomized controlled trials 

 Population: human individuals with an intact stress system 

 Intervention: exercise 

 Comparator: no exercise 

 Outcome: any stress system measure assessing psychological stress  

 Report characteristics: published reports without date restrictions 
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The initial search string formed to sensitively identify the relevant literature was: 

 

[exercise OR train* OR athlete OR exertion OR gym OR sports OR workout OR 

"physical activity" OR conditioning] AND [stress OR HPA OR "HPA axis" OR 

hypothalam* OR pituitary OR hypophys* OR adrenal OR CRH OR corticotropin OR 

CRF OR AVP OR ADH OR vasopressin OR antidiuretic OR ACTH OR adrenocorticotrop* 

OR PRL OR prolactin OR cortisol OR glucocorticoid OR epinephrine OR adrenaline OR 

norepinephrine OR noradrenaline OR catecholamines OR sympathetic OR autonom* 

OR "locus ceruleus" OR IL-6 OR interleukin OR TNF OR cytokine OR IL-1] AND [RCT OR 

trial OR randomi* OR controlled] 

 No filters: 1,935,625 results 

 Filter “Humans”: 1,512,738 results 

 Filter “Title/Abstract”: 1,344,174 results 

 Filters “Humans” & “Title/Abstract”: 945,260 results 

 

Finally, a specific search string was adopted: 

 

"Exercise"[Mesh] AND "Stress, Psychological"[Mesh] 

 Filter “Randomized Controlled Trial”: 242 results 

 

Both reviewers proceeded by screening the titles of the 242 reports in collaboration 

so as to familiarize with the subject and ensure that we adopt a similar approach 

when assessing the records for eligibility. This screening process led to 137 eligible 

reports. Continuing according to the methodological rules, 137 reports were 

reviewed independently through abstracts screening and we ended up with 65 

eligible reports. Trying to be more attentive with the initial eligibility criteria, an 

eligibility form was utilized for the selected abstracts and we concluded that from 

the 65 reports, 31 could be included for further full-text screening, while 19 were 

unclear and 16 were excluded.  
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With the generality of the initial eligibility criteria proving problematic, it was 

decided to further specify them, before selecting which reports qualify for full-text 

screening: 

 Study design: RCTs, including crossover RCTs (until the point of crossover). 

 Population: healthy human individuals of any age or sex, including individuals 

without a stated health problem, i.e., not clearly reported as healthy but 

without any sign of impaired physical or mental health (unhealthy 

populations should be excluded, because the diseases are very different, and 

the populations cannot be directly compared). 

 Intervention: physical exercise of any type, duration or intensity (either a 

training program or an acute session), including walking and physically 

demanding forms of mind-body exercise (mind-body exercise should be 

included because it is still exercise, which can be analyzed as a subgroup 

different from “classic” exercise). 

 Comparator: no-exercise control group or placebo exercise control group (not 

physically demanding light exercise designed to serve as a placebo 

comparator to the exercise intervention), excluding comparison with other 

interventions (comparators other than control conditions should be 

excluded, because the differences between “exercise versus control” and 

“exercise versus other intervention” are expected to be quite wide; these 

two types of comparisons cannot be mixed). 

 Outcome: any measure used to assess the adaptation of the stress system 

response after exercise as long as it reflects the response to psychological 

stressors and not to the physical stressor of exercise; psychological stress 

response phenotype assessed at three levels: 

1. Brain 

a. perceived stress (questionnaires or scales) 

b. fMRI changes and other measures reflecting brain response 

2. ANS/sympathoadrenal response 

a. cardiovascular measures (BP, heart rate, heart rate variability) 

and other measures reflecting the sympathetic ANS response 
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b. catecholamines and other measures reflecting their response 

(serum, urinary, salivary) 

3. HPA axis response 

a. cortisol and other measures reflecting the HPA axis response 

(serum, urinary, salivary). 

 Report characteristics: published reports and trial registries without applying 

any date or language filters (although considering that if reviewed studies 

would require full-text screening in a different language than the ones 

spoken by the reviewers, we may later apply some language restrictions). 

 

By applying these specific eligibility criteria, 28 reports were finally selected based on 

their abstract for further full-text screening. Both reviewers, independently assessed 

the full texts for eligibility ending up with 9 included reports, 8 unclear reports and 

11 excluded reports. The study characteristics of these reports (population, 

intervention, comparator, outcome, comments concerning other eligibility details) 

were clearly stated in a formulated document along with the reasons for considering 

them as unclear or excluded. The supervisor cross-checked the aforementioned 

documents agreeing with the included and excluded reports and proposing as a 

solution for the 8 unclear reports to include 6 and exclude 2, with reasons. 

Therefore, for all 13 excluded reports the reasons for exclusion were stated with 

clear justifications and there were no other than non-eligibility. The remaining 15 

reports were selected as eligible for inclusion in qualitative synthesis. 

 

Having stated the eligibility criteria, the search was expanded beyond PubMed, by 

incorporating additional reports included in the databases of Scopus and Central. 

Part of the scope was to delve into the “grey literature” as well (materials and 

research produced by organizations outside of the traditional commercial or 

academic publishing and distribution channels). 

 

Moving forward to the next step, the PubMed search string was transcribed to 

corresponding ones to search for the same terms in Central and Scopus. Reminding 

that the PubMed search string had been based on MeSH terms (Medical 
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SubHeadings), an attempt was made to form similar search strings for searching 

Central and Scopus. A filter for RCTs was not available and was not used in Central, 

proving that additional reports were in fact retrieved from PubMed, but were not 

indexed in PubMed as RCTs, explaining the failure to detect them in the first place. 

Accordingly, in Scopus an attempt was made to form a search string that would 

represent as closely as possible the one used in PubMed (i.e., limiting the search to 

RCTs). 

 

The final search strings across the three electronic databases were as follows: 

 

1. PubMed: ("Exercise"[Mesh] OR exercis*) AND ("Stress, Psychological"[Mesh] 

OR "psychologic* stress*") applying the filter “Randomized Controlled Trial” 

2. Central: ([mh exercise] or exercis*) and ([mh "stress, psychological"] or 

"psychologic* stress*") and random* 

3. Scopus: exercis* AND "psychologic* stress*" AND SUBJAREA(MEDI)AND 

(LIMIT-TO (DOCTYPE,"ar")) AND (LIMIT-TO (EXACTKEYWORD,"Randomized 

Controlled Trial")) 

 

The above search strings as applied on the 30th of March of 2020, led respectively to: 

 

1. PubMed: 532 results 

2. Central: 569 trials 

3. Scopus: 551 results 

 

Overall, 1652 records were identified through the database searching (532 + 569 + 

551). These records included also the 242 records that had been previously 

identified in PubMed during the first search with MeSH terms only. 

 

At this point, it had to be ensured that there was no other ongoing systematic review 

with the same objective. Therefore, the online database PROSPERO (international 

prospective register of systematic reviews) was searched. One similar ongoing 

systematic review (ID: CRD42020138173) was detected, entitled “Physical exercise 
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as a means of reducing mental stress: a systematic review and meta-analysis”, by 

Haag et al. (47), registered in February 2020. In accordance with the present 

systematic review, this one includes RCTs examining the “exercise versus no 

exercise” comparison, but focuses on mentally stressed adults, a population that we 

excluded. Concisely, the aim of Haag et al. (47) was to examine exercise as an 

intervention that may reduce the mental stress of a mentally stressed population, 

while the aim of the present review was to examine exercise as an intervention that 

may prevent maladaptive responses to psychological stress in a healthy population.  

 

Having identified 1410 records across the different databases, duplicates had to be 

removed. For this purpose, the records were separated in those with PubMed 

Identifier (PMID) and those without it: 

1. PubMed: 532 – 242 = 290 records (all with PMID) 

2. Central: 569records (533 with PMID, 36 without PMID) 

a. retrieved from PubMed: 533 records (all 533 with PMID) 

b. retrieved only from Embase: 4 records (all 4 without PMID) 

c. retrieved from “clinicaltrials.gov”: 32 records (all 32 without PMID) 

3. Scopus: 551 records (489 with PMID, 62 without PMID) 

 

Overall, the numbers of records with PMID and without PMID were: 

 With PMID: 290 + 533 + 489 = 1312 

 Without PMID: 36 + 62 = 98 

 

At first, the 1312 records with PMID were checked for duplicates either in between 

or with the initial 242 records by using the “Stata” (software for statistics and data 

science). The “Stata” software retrieved 731 records with PMID (additional to the 

initial 242); thus, the number of duplicates with exported PMID was 581 (1312 – 

731). 

 

Afterwards, the 98 records without PMID (4 from Embase, 32 from 

“clinicaltrials.gov” and 62 from Scopus) had to be checked. The 32 records from 

“clinicaltrials.gov” were registered clinical trials (part of “grey literature”), and as 
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such, are not expected to have PMID. On the other hand, the 4 records from Embase 

and the 62 records from Scopus may have PMID, possibly not exported due to 

database attribution limitations. The titles of these records were checked through 

PubMed search, leading to the following results: 

 Embase: 3 out of 4 records had PMID and all 3 were manually confirmed as 

duplicates, while the remaining 1 record was a conference paper without 

PMID published later in a journal with PMID (not duplicate). 

 Scopus: 40 out of 62 records had PMID and 3 were manually confirmed as 

duplicates (40 – 3 = 37 non-duplicates with PMID), while the remaining 22 

records without PMID were not duplicates. 

 Overall number of duplicates: 6 (3 from Embase, 3 from Scopus). 

 

Therefore, the total number of duplicates was 587 (581 + 6). Consequently, after 

removing the duplicates, the total number of records was 1065 (1652 – 587). Having 

already screened 242 records, the number of records needed to screen was 823 

(1065 – 242). 

 

The 823 records had the following distribution: 

 Retrieved through “Stata”: 731 (all with PMID) 

 Retrieved from Embase: 1 (with PMID) 

 Retrieved from Scopus: 59 (37 with PMID, 22 without PMID) 

 Retrieved from “clinicaltrial.gov”: 32 (all without PMID) 

 

Both reviewers screened the 823 records independently, first at the level of titles 

and then at the level of abstracts. 

 

The screening of the titles resulted in: 

 Records with PMID: 142 eligible titles 

o “Stata”: 131 

o Embase: 1 

o Scopus: 10 
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 Records without PMID: 22 eligible titles 

o Scopus: 9 

o “clinicaltrials.gov”: 13 

 

The screening of the abstracts resulted in: 

 Records with PMID: 39 eligible abstracts 

o “Stata”: 35 

o Embase: 1 

o Scopus: 3 

 Records without PMID: 2 eligible abstracts 

o Scopus: 2 

o “clinicaltrials.gov”: 0 

 

Therefore, 41 full-texts were assessed for eligibility (39 + 2), in addition to the 28 full-

texts previously assessed during our first search in PubMed. Overall, from the 1065 

records identified through database searching after removing duplicates, titles and 

abstracts screening resulted in a total of 69 full-text articles (28 + 41) qualifying to 

eligibility assessment. This means that the screening process resulted in the 

exclusion of 996 records (1065 – 69). The reasons for exclusion during the screening 

process were no other than non-eligibility, as determined independently and 

through agreement by both reviewers. However, the reasons for exclusion were not 

reported for these 996 excluded records, as there is no such requirement for records 

excluded by screening according to the “PRISMA statement” rules we followed (48). 

 

Correspondingly, the reasons for excluding a full-text article out of the 69 totally 

assessed were clearly stated. 

 

In order to proceed cautiously with the eligibility assessment of the 41 full-texts, an 

eligibility form with the characteristics of each study (population, intervention, 

comparator, outcome, comments concerning other eligibility details) was 

constructed, similar to the one used for the eligibility assessment of the initially 
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retrieved 28 full-texts. Both reviewers independently assessed the 41 full texts; after 

cross-checking and discussing the disagreements, the following studies were 

considered eligible: 

 8 studies included (all with PMID) 

 5 studies unclear (4 with PMID, 1 without PMID), with the reasons stated 

 28 studies excluded (27 with PMID, 1 without PMID), with the reasons stated 

 

The supervisor of the review cross-checked these results, accompanied by the 

eligibility form, and recommended additionally excluding 4 out of the 5 unclear 

studies based on the stated reasons. Two of these studies were considered unclear 

due to employing tai-chi as the exercise intervention. Tai-chi, despite regarded as a 

form of mind-body exercise, did not seem to involve physical activity of significant 

intensity. On the other hand, two other studies intervening with qigong (closely-

related form of mind-body exercise) were included because the particular sets of 

qigong employed in these studies involved physical activity of significant intensity 

(49-54). 

 

Therefore, the eligibility assessment of the 41 full-text articles resulted in: 

 9 studies included (all with PMID) 

 32 studies excluded (30 with PMID, 2 without PMID), with the reasons stated 

 

Therefore, 9 studies additional to the initial 15 were included in the qualitative 

synthesis. Overall, the eligibility assessment of a total of 69 full-text articles resulted 

in: 

 24 studies included (15 + 9) 

 45 studies excluded (13 + 32), with reasons 

 

A screening of the references of the 24 included studies was performed. This 

process, which was independently performed by the two reviewers, led to 137 

suitable reference titles, requiring further screening: 

 Duplicates of previously assessed articles: 6 
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 Not found: 2 

 Not humans: 2 

 Not RCTs: 80 

 Not eligible population: 3 

 Not eligible comparison: 15 

 Not eligible outcome: 9 

 Not excluded: 20 

 

Having excluded 109 references through screening (2 + 80 + 3 + 15 + 9) out of 129 

after removing the duplicates (137 – 6 = 131) and those not found (131– 2 = 129), a 

full-text eligibility assessment was performed for 20 references that could not be 

excluded by screening, using an eligibility form containing the study characteristics. 

An independent assessment resulted in: 

 11 included studies 

 4 unclear studies, with the reasons stated 

 5 excluded studies, with the reasons stated 

 

Discussing these results with the supervisor of the review resulted in: 

 15 studies included, leading to a total of 39 for qualitative synthesis (24 + 15) 

 5 studies excluded, leading to a total of 50 excluded with reasons (45 + 5) 

 

In conclusion, the study selection process (databases and references) resulted in (see 

Figure 2) the following: 

 Records identified through database searching: 1652 (587 duplicates) 

 Records identified through references searching: 137 (6 duplicates) 

 Records after duplicates removed: 1196 (1065 + 131) 

 Records screened: 1194 (1065 + 129) 

 Records excluded through screening: 1105 (996 + 109) 

 Full-text articles assessed for eligibility: 89 (69 + 20) 

 Full-text articles excluded, with reasons: 50 (45 + 5) 

 Studies included in qualitative synthesis: 39 (24 + 15 
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Figure 2. Study selection flow-diagram (according to the “PRISMA statement”) (48) 

 

 

Having selected 39 studies answering to the research question, no additional records 

were searched for in the “grey literature”, limiting the search for unpublished studies 

only to the already excluded 32 registered trials from “clinicaltrials.gov”.  

 

During the process of eligibility assessment, predefined variables regarding study 

characteristics were collected in a prespecified eligibility form. Therefore, for the 
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process of data collection the same form was used enriched with parameters 

defining the duration and type of exercise. The variables of this prespecified form, 

constituting the substrate for data collection, were the following: 

 Identifier 

o PMID 

o DOI (if PMID unavailable) 

 Population 

o Male/female/both (possible postpartum status if female) 

o Age 

o BMI (Body mass index) 

o Medical history 

 physical health 

 mental health 

 medications intake 

 psychotherapy 

 smoking 

 substance abuse 

 injury pain 

 recent operation 

 Exercise duration 

o Acute 

o Short-term 

o Chronic 

 Exercise type 

o Aerobic 

o Resistance 

o Interval 

o Leisure 

o Mind-body 

o Combined 
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 Comparator 

o Versus acute exercise 

 placebo control (light exercise) 

 attention control (watching, reading, meditation, body 

measurements, ergometer sitting, other sedentary activity) 

 assessment-only control 

o Versus short-term exercise 

 assessment-only control 

o Versus chronic exercise 

 attention control (meditation, music program, group meeting, 

relaxation training, watching TV) 

 waiting-list control 

 assessment-only control 

 Outcome 

o Endocrine 

 salivary cortisol 

 blood cortisol 

 urinary catecholamines 

o Cardiovascular 

 blood pressure 

 heart rate 

 heart rate variability 

o CNS  

 fMRI changes 

o ANS 

 salivary α-amylase 

o Subjective 

 perceived stress scale 

 subjective/perceived stress rating 

 stress mood state 

 subjective arousal level 
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 Psychological stressor 

o Mental/cognitive 

 mental arithmetic 

 difficult tests 

 ECG quiz 

 Stroop task 

 Raven’s progressive matrices 

 mirror star-tracing task 

 block design 

 digit span 

 bolt head maze 

 PASAT mental arithmetic 

 digits backward test 

 fine motor task 

 passive responding 

 reaction time task 

o Emotional 

 stressful film 

o Psychosocial 

 (public) speech task 

 losing against a female competitor (for a male participant) 

 handling a lit cigarette (for a temporarily abstinent smoker) 

 Trier Social Stress Test for Groups (TSST-G) 

 Trier Social Stress Test for Children (TSST-C) 

 Montreal Imaging Stress Task (MIST) 

o Physical-mental 

 Socially Evaluated Cold-Pressor Test (SECPT) 

o Real-life 

 academic examination period (for a student) 

o Job-related 

 simulated fire scene response (for a firefighter)  
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Results 
 

Σhe extracted data were heterogeneous, suggesting that many RCTs provided data 

not directly comparable to other RCTs. The two main factors contributing to this 

heterogeneity were the wide variety of stress outcomes and exercise interventions.  

 

Exercise, based on duration, was acute (minutes), chronic (weeks to months) or 

short-term (days to weeks). In addition, different types of exercise act through 

different physiological mechanisms; thus, their effects on the stress system response 

should differ. To enable comparisons, exercise was classified as follows: 

 Duration 

o Acute (exercise session) 

o Chronic (exercise program of considerable duration) 

o Short-term (exercise program lasting 2 weeks) 

 Type 

o Aerobic 

o Resistance/anaerobic 

o Interval 

o Leisure  

o Mind-body 

o Combined 

 

The studies examining the stress response to a defined psychological stressor were 

synthesized separately from the studies not employing a psychological stressor. 

These distinct syntheses of results were not compared. The terms used to classify 

these distinct results are the following: 

 Reactivity: assessment of the change in reaction to a psychological stressor 

 Recovery: assessment of the change after reaction to a psychological stressor 

 Alleviation: assessment of the change in basal status, not related to a stressor 

 

The results are presented separately for the different outcomes of interest, following 

an exercise-based order for the qualitative synthesis of every outcome: 
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 Endocrine outcomes: salivary cortisol, blood cortisol, urinary catecholamines 

 Cardiovascular outcomes: blood pressure, heart rate, heart rate variability 

 Other ANS outcomes: salivary α-amylase 

 CNS outcomes: fMRI changes 

 Subjective outcomes: perceived stress scale, subjective/perceived stress 

rating, stress mood state, subjective arousal level 

 

Endocrine outcomes 

 

From the 39 RCTs, 11 reported endocrine outcomes: 

 Salivary cortisol: 10 RCTs 

o reactivity: 8 

o recovery:  2 

o alleviation: 3 

 Plasma cortisol: 1 RCT 

o alleviation: 1 

 Urinary catecholamines: 1 RCT 

o recovery: 1 

 

The duration and type of exercise in 11 RCTs assessing endocrine outcomes were: 

 Acute (20-60 min): 7 RCTs 

o Aerobic: 4 interventions 

 walking 

- 20 min 

 No difference in salivary cortisol reactivity 

(but a small decrease trending significance)  

 real-life stressor: driving 

 20 healthy adult drivers: crossover 

 moderate-to-vigorous walking 

 attention control: watching TV (55) 
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- 60 min 

 No difference in salivary cortisol recovery 

 mental/emotional stressors 

 96 healthy tai-chi practitioners 

 brisk walking (after stressors) 

 attention control conditions 

 tai-chi practice 

 tai-chi meditation 

 neutral reading (54) 

 cycling 

- 30 min 

 No significant effects on salivary cortisol 

reactivity peak levels, but decreased 

activation slope of salivary cortisol 

 psychosocial stressor: TSST-G 

 84 male adults (high or low active) 

 moderate-to-high intensity cycling 

 placebo exercise control: stretching 

(4) 

 walking/running 

- 30 min 

 Reduced salivary cortisol responsivity 

 psychosocial stressor: MIST 

 36 young men (20-30 yr) 

 moderate intensity exercise 

 placebo exercise control: stretching 

(56) 

 playful/running/stairs 

- 30 min 

 No difference in the salivary cortisol 

responsivity mean levels, but significantly 
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different salivary cortisol responsivity time 

course with an average decrease over time 

 psychosocial stressor: TSST-C 

 26 normal weight children (7-11 yr) 

 moderate intensity exercise 

 attention control: sedentary activity 

(57) 

o Leisure: 1 intervention 

 walking: 

- 40 ± 5 min 

 Lower salivary cortisol levels (alleviation) 

after walking in nature (but not walking in 

gym), during the exam period (no 

differences during the no-exam period) 

 no stressor, but stressful exam time 

 90 healthy university students 

 nature walking 

 attention control: watching nature 

(58) 

o Mind-body: 1 intervention 

 yoga 

- 30 min 

 Lower salivary cortisol responsivity 

 mental stressor: PASAT arithmetic 

 24 healthy young adults: crossover 

 hatha yoga 

 attention control: watching TV (59) 

 Chronic (10 w – 4 mo): 4 RCTs 

o Mind-body: 1 intervention 

 qigong 

- 10 w: 2 sessions per week lasting 45 min 

 Reduction in salivary cortisol (alleviation) 
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 no stressor, but 1st year students 

 34 nursing and midwifery students 

 self-healing qigong 

 assessment-only control (49) 

o Aerobic: 2 interventions 

 walking/running 

- 12 w: 2 sessions per week lasting 60 min 

 Reduced salivary cortisol AUCG responsivity 

(but, no significant difference from the 

relaxation training attention control) 

 psychosocial stressor: TSST-G 

 96 healthy male office workers 

 HR-controlled running outdoors 

 waiting-list control (60) 

 running/jumping/climbing/aerobics/soccer/basketball 

- 4 mo: self-chosen frequency; 90-150 min per week 

 No effect on urinary catecholamine 

excretion responsivity 

 mental stressors: reaction time tasks 

 38 untrained men: crossover 

 intensity at 70% of maximal capacity 

 waiting-list control (61) 

o Combined (aerobic/strength/mind-body): 1 intervention 

 aerobics/strengthening/yoga 

- 12 w: 3 sessions per week lasting 50-60 min 

 No difference (alleviation) in plasma cortisol 

 no stressor, but postpartum period 

 healthy postpartum women 

 low-impact exercise 

 assessment-only control (62) 
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Cardiovascular outcomes 

 

From the 39 included RCTs, 29 reported cardiovascular outcomes: 

 blood pressure (BP): 20 RCTs 

o responsivity: 20 

o recovery: 1 

o alleviation: not eligible (basal BP change does not safely reflect stress) 

 heart rate (HR): 26 RCTs 

o responsivity: 26 

o recovery: 1 

o alleviation: not eligible (basal HR change does not safely reflect stress) 

 heart rate variability (HRV): 8 RCTs 

o responsivity: 5 

o recovery: 1 

o alleviation: 4 (basal HRV change can safely reflect stress) 

 

The duration and type of exercise in 29 RCTs assessing cardiovascular outcomes are: 

 Acute (10-45 min): 15 RCTs 

o Aerobic: 4 interventions 

 walking 

- 15 min 

 Reduced BP (SBP, DBP) responsivity 

 mental and psychosocial stressors 

 Stroop task (SBP, DBP) 

 speech task (SBP, DBP) 

 lit cigarette handling (SBP) 

 60 temporarily abstinent smokers 

 brisk walking 

 assessment-only control: sitting quietly 

(63) 
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- 20 min 

 No difference in BP responsivity (but elevated 

HR responsivity and reduced HRV) 

 real-life stressor: driving 

 20 healthy adult drivers: crossover 

 moderate-to-vigorous walking 

 attention control: watching TV (55) 

 running 

- graded exercise test 

 Lower mean BP responsivity for accurate 

feedback participants (but low-performance 

feedback removed buffering effect of exercise) 

 mental and psychosocial stressors 

 mental arithmetic 

 Stroop task 

 speech task 

 40 competitive endurance athletes 

 maximal intensity exercise 

 attention control: body measurements 

(64) 

 cycling 

- 10 min  

 No effects on HR responsivity 

 mental stressor: digits backward test 

 57 healthy female psychology students 

 light-to-moderate intensity exercise 

 assessment-only control: sitting quietly 

(65) 

- 20 min (4 RCTs) 

 No effect on cardiovascular responsivity; BP, HR 

 mental stressor 

 pre-exercise: digits backward 
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 post-exercise: mental arithmetic 

 80 male/female college students (<35 yr) 

 moderate intensity exercise 

 assessment-only control (66) 

 Blunted cardiovascular responsivity; BP, HR 

 mental stressor: mental arithmetic 

 20 male medical/research students 

 high intensity exercise (not low) 

 assessment-only control (67) 

 Lower BP (SBP, DBP) responsivity (not HR) 

 psychosocial and mental stressor 

 speech task (SBP) 

 mental arithmetic (DBP) 

 48 young men (20-35 yr) 

 high intensity exercise (not moderate) 

 placebo exercise control: light pedaling 

(68) 

 Attenuated cardiovascular responsivity; BP, HR 

 psychosocial stressor: public speaking 

 40 male/female university students 

 high intensity postprandial exercise 

 assessment-only control (69) 

- 30 min 

 Attenuated cardiovascular responsivity; SBP, HR 

 mental stressor: Stroop task 

 12 moderately active males: crossover 

 submaximal intensity exercise 

 attention control: reading, conversation 

(70) 

- 40 min 

 Lower BP (DBP, MAP, but not SBP) responsivity 

 mental stressor: Stroop task 
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 40 low to moderately fit women 

 exercise intensity at 70% of HR reserve 

 attention control: sitting on ergometer 

(71) 

 playful/running/stairs 

- 30 min 

 No difference in mean BP responsivity, but 

higher HR responsivity 

 psychosocial stressor: TSST-C 

 50 children 7-11 yr; 24 overweight/obese 

 moderate intensity exercise 

 attention control: sedentary activity (57) 

o Interval: 1 intervention 

 cycling 

- 20 min 

 Dampened cardiovascular responsivity; BP, HR 

 psychosocial stressor: speech task 

 28 children 8-12 yr (BMI < 85th %) 

 30 s exercise at 60% of HR reserve 

 attention control: watching TV (72) 

o Leisure: 1 intervention 

 walking 

- 21-22 min 

 Lower cardiovascular responsivity; SBP, HR 

 mental stressor: Stroop task 

 40 school children 10-14 yr 

 simulated self-paced walking to school 

 attention control: sedentary commute 

(73) 

- 40 ± 5 min 

 No differences in HR (and HRV) responsivity 

 physical-mental stressor: SECPT 
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 90 healthy university students 

 walking in nature or walking in gym 

 attention control: watching nature (58) 

o Mind-body: 1 intervention 

 yoga 

- 30 min 

 No difference in BP or HR responsivity (but 

accelerated BP recovery) 

 mental stressor: PASAT arithmetic 

 24 healthy young adults: crossover 

 hatha yoga 

 attention control: watching TV (59) 

 Chronic (6 w – 6 mo): 12 RCTs 

o Aerobic: 8 interventions 

 running 

- 20 w: 2 sessions per week lasting 30 min + 3 min/w 

 Higher HRV and reduced HR “responsivity” 

(assessment during a lasting real-life stressor) 

 stressor: academic examination period 

 61 inactive male students 

 progressively increased intensity 

 waiting-list control (74) 

 cycling 

- 8 w: 3 sessions per week for 40 min 

 No difference in BP or HR responsivity 

 mental stressors 

 Stroop task 

 mental arithmetic 

 24 healthy unfit college students 

 moderate intensity exercise 

 assessment-only control (75) 

- 10 w: 3 sessions per week lasting 30 min 
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 Reduced cardiovascular responsivity; SBP, HR 

 mental-psychosocial stressor 

 criterion motor task (superiority) 

 losing from a woman competitor 

 unpleasant feedback information 

 60 unfit male university students 

 exercise intensity at a HR of 170 bpm 

 attention control 

 progressive relaxation training 

 group meetings (76) 

 rowing 

- 16 w: 4 sessions per week lasting 40 min 

 Lower cardiovascular responsivity: BP, HR 

 job-related stressor: simulated fire scene 

 53 healthy active fire fighters 

 low-to-moderate ± higher intensity 

 assessment only control: normal lifestyle 

(77) 

 walking/running 

- 12 w: 2 sessions per week lasting 60 min 

 Reduced HR and HRV responsivity 

 psychosocial stressor: TSST-G 

 96 healthy male office workers 

 HR-controlled running outdoors 

 waiting-list control (60) 

- 6 mo: 5 sessions per week lasting 40-62 min 

 No reduced cardiovascular responsivity; BP, HR 

 mental stressor: mental arithmetic 

 83 sedentary middle-aged employees 

 moderate intensity exercise 

 assessment-only control (78) 
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 running/calisthenics 

- 10 w: ≥3 sessions per week lasting 60 min 

 No difference in HR responsivity 

 mental stressors 

 mental arithmetic 

 ECG quiz 

 Stroop task 

 23 untrained males (20-30 yr) 

 progressively more vigorous activity 

 waiting-list control: habitual PA patterns 

(79) 

 walking/running/cycling 

- 8 w: 3 sessions per week lasting 20-30 min 

 Reduced HR responsivity (but BP unaffected) 

 mental stressors 

 passive responding 

 push-button Stroop task 

 verbal Stroop task 

 40 sedentary middle-aged males 

 moderate intensity exercise 

 assessment-only control (80) 

 running/cycling/swimming/rowing/stairs 

- 6 w: 3-5 sessions per week lasting 20-45 min 

 Lower cardiovascular responsivity; SBP, HR 

 mental stressor: mental arithmetic 

 30 healthy sedentary young employees 

 exercise intensity at 70-85 % of HRmax 

 assessment-only control (81) 

 running/jumping/climbing/aerobics/soccer/basketball 

- 4 mo: self-chosen frequency of 90-150 min per week 

 No effect on cardiovascular responsivity; BP, HR 

 mental stressors: reaction time tasks 
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 38 untrained men: crossover 

 intensity at 70% of maximal capacity 

 waiting-list control (61) 

o Resistance/anaerobic: 1 intervention 

 weight-training/cycling  

- 10 w: ≥3 sessions per week lasting 60 min 

 No difference in HR responsivity 

 mental stressors 

 mental arithmetic 

 ECG quiz 

 Stroop task 

 23 untrained males (20-30 yr) 

 progressively more vigorous activity 

 waiting-list control: habitual PA patterns 

(79) 

o Mind-body: 1 intervention 

 yoga 

- 12 w: 1 session per week lasting 60 min 

 Increase in HRV at 6 and 12 w; alleviation effect 

 no stressor, but work-related stress 

 60 mental health professionals 

 breathing, meditation, stretching 

 attention control: tea-time watching TV 

(82) 

o Combined (aerobic/strength): 1 intervention 

 running/stairs/strengthening/flexibility 

- 12 w: 3 sessions per week lasting 60 min 

 No difference in HR responsivity (but faster HR 

recovery) 

 mental and psychosocial stressors 

 mental arithmetic 

 fine motor task 
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 speech task 

 89 healthy psychology students 

 exercise intensity progressive increase 

 waiting-list control: attended seminars 

(83) 

 Short-term (2 w): 2 RCTs 

o Interval: 3 interventions 

 sprint 

- 2 w: 3 sessions per week lasting 12-24 min 

 Improvement in HR complexity; HRV alleviation 

 neither stressor nor stressed 

 109 healthy young university students 

 high intensity interval training (HIIT) 

 assessment only control (84) 

 [sprint] or [resistance] or [resistance and sprint] 

- 2 w: 3 sessions per week lasting 13 min 

 No effect on HRV (no alleviation effect) 

 neither stressor nor stressed 

 30 young physically active healthy adults 

 high intensity interval training (HIIT) 

 assessment only control: normal lifestyle 

(85) 

 

Central Nervous System outcomes 

 

From the 39 included RCTs, 1 reported CNS outcomes: 

 fMRI changes: 1 RCT 

o responsivity: 1 

 

The duration and type of exercise in 1 RCT assessing fMRI changes are: 

 Acute (30 min): 1 RCT 
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o Aerobic: 1 intervention 

 walking/running 

- 30 min 

 Higher bilateral hippocampus/parahippocampal 

gyrus activity (sustained fMRI signal) and lower 

(right dorsolateral and dorsomedial) prefrontal 

cortex (PFC) activity (sustained fMRI signal) 

 psychosocial stressor: MIST 

 36 right-handed young men (20-30 yr) 

 moderate intensity exercise 

 placebo exercise control: stretching (56) 

 

Autonomic Nervous System outcomes 

 

From the 39 included RCTs, 2 reported other ANS outcomes: 

 salivary α-amylase: 2 RCTs 

o responsivity: 2 

 

The duration and type of exercise in 2 RCTs assessing salivary α-amylase are: 

 Acute (30 min): 2 RCTs 

o Aerobic: 2 interventions 

 Cycling 

- 30 min 

 No significant effect on salivary α-amylase 

responsivity peak level, but decreased activation 

slope of salivary α-amylase 

 psychosocial stressor: TSST-G 

 84 male adults (18-30 yr) 

 moderate-to-high intensity cycling 

 placebo exercise control: stretching (4) 

 walking/running 



54 
 

 

- 30 min 

 No difference in salivary α-amylase responsivity 

 psychosocial stressor: MIST 

 36 young men (20-30 yr) 

 moderate intensity exercise 

 placebo exercise control: stretching (56) 

 

Subjective outcomes 

 

From the 39 included RCTs, 9 reported subjective outcomes: 

 Perceived Stress Scale (PSS): 4 RCTs 

o responsivity/recovery: not applicable 

o alleviation: 3 

 subjective/perceived stress rating: 4 RCTs 

o responsivity: 3 

o alleviation: 2 

 stress mood state: 1 RCT 

o responsivity/recovery: not applicable 

o alleviation: 1 

 subjective arousal level: 1 RCT 

o responsivity: 1 

 

The duration and type of exercise in 9 RCTs assessing subjective outcomes are: 

 Acute (20-30 min): 3 RCTs 

o Leisure: 1 intervention 

 walking 

- 21-22 min 

 Lower perceived stress rating responsivity 

(perceived stress 10-point Likert scale) 

 mental stressor: Stroop task 

 40 school children 10-14 yr 
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 simulated self-paced walking to school 

 attention control: sedentary commute 

(73) 

o Aerobic: 2 interventions 

 Cycling 

- 20 min 

 Unaffected subjective stress rating responsivity 

(subjective stress rating scales) 

 mental stressor: mental arithmetic 

 30 male medical/research students 

 high intensity exercise (not low) 

 assessment-only control (67) 

 walking/running 

- 30 min 

 No differences with regard to subjective stress 

rating responsivity (subjective stress numerical 

analogous scale) 

 psychosocial stressor: MIST 

 36 young men (20-30 yr) 

 moderate intensity exercise 

 placebo exercise control: stretching (56) 

 Chronic (6 w – 12 mo): 6 RCTs 

o Aerobic: 2 interventions 

 walking/running 

- 6 mo: 5 sessions per week lasting 40-62 min 

 No significant change over time on perceived 

stress rating (perceived stress 11-point Likert 

scale); no alleviation effect 

 neither stressor nor stressed 

 120 sedentary middle-aged employees 

 moderate intensity home-based exercise 

 assessment-only control (86) 
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- 12 mo: 3 sessions per week lasting 60 min 

 Lower PSS scores and improvements in 

perceived stress rating (perceived stress 10-

point Likert scale); alleviation effect 

 neither stressor nor stressed 

 357 sedentary older adults (50-65 yr) 

 higher or lower intensity exercise 

 higher-intensity group-based 

 higher-intensity home-based 

 lower-intensity home-based 

 assessment-only control (87) 

 running/calisthenics 

- 10 w: ≥3 sessions per week lasting 60 min 

 Unchanged subjective arousal level responsivity 

 mental stressors 

 mental arithmetic 

 ECG quiz 

 Stroop task 

 23 untrained males (20-30 yr) 

 progressively more vigorous activity 

 waiting-list control: habitual PA patterns 

(79) 

o Resistance/anaerobic: 1 intervention 

 weight-training/cycling 

- 10 w: ≥3 sessions per week lasting 60 min 

 Unchanged subjective arousal level responsivity 

 mental stressors 

 mental arithmetic 

 ECG quiz 

 Stroop task 

 23 untrained males (20-30 yr) 

 progressively more vigorous activity 
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 waiting-list control: habitual PA patterns 

(79) 

o Mind-body: 1 intervention 

 qigong 

- 6 w: 2 sessions per week lasting 60 min 

 Reduction of PSS score; alleviation effect 

 no stressor, but work-related stress 

 50 hospital staff employees 

 “The Basic Eight” qigong set 

 waiting-list control (50) 

- 10 w: 2 sessions per week lasting 45 min 

 Improvement in stress mood state (Depression, 

Anxiety, and Stress Questionnaire: DASS-21 

stress score); alleviation effect 

 no stressor, but 1st year students 

 34 nursing and midwifery students 

 self-healing qigong 

 assessment-only control (49) 

o Aerobic/mind-body: 1 intervention 

 gymnastics/yoga 

- 12 w: ≥3 sessions per week lasting 15 min 

 Improvement in PSS score; alleviation effect 

 no stressor, but postpartum period 

 140 postnatal women 

 yoga movements and music into a DVD 

 assessment-only control: routine care 

(88) 
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Discussion 

 

The main hypothesis of the present systematic review assumed that a manageable 

exercise stress can affect the socio-psychological stress in our everyday life. This 

hypothesis is supported by adequate studies although the evidence from 

physiological biomarkers, such as cortisol, require more research. To begin with, 

exercise is not a single stimulus or intervention and can only be compared between 

studies by using some broad classifications. The exercise interventions were all 

unique in terms of exercise characteristics (FITT: frequency, intensity, time-duration, 

type). One basic classification that was followed was the separation of exercise to 

acute (exercise session), chronic (exercise program of considerable duration) and 

short-term (exercise program lasting only 2 weeks).  

Moreover, some types of exercise such as leisure walking and mind-body exercise 

may recruit additional mechanisms to buffer stress in comparison to the classic 

exercise interventions. For example, the potential benefit of mind-body exercise 

cannot be solely attributed to physical activity, but meditation and other 

mindfulness techniques may contribute importantly to the effect of the intervention. 

Accordingly, a leisure walk may affect stress through attention effects related to the 

surrounding environment (e.g., walking in nature). In an effort to enable 

comparisons between RCTs employing similar types of exercise, the type of exercise 

was classified in six categories (i.e., aerobic, resistance/anaerobic, interval, leisure, 

mind-body, combined). However, the exercise interventions were widely 

heterogeneous with the exception of cycling for 20 minutes. it was the only 

intervention studied by as many as 4 RCTs which showed a similarity but presented 

differences in exercise intensity and study characteristics. In addition, it is important 

to note that the intensity of exercise is the most powerful parameter and affects 

every single physiological response (metabolic, respiratory, cardiovascular, 

neuromuscular, hormonal etc.) of the body. Even identical exercise programs with 

different intensities produce completely different stress responses.  
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On the same wavelength, stress cannot be assessed by a single outcome since each 

and every outcome which reflects psychological stress may adapt differently to the 

physical stress of exercise. Stress-related outcomes were various, but some were the 

same across the different RCTs. Thus, it is possible to draw conclusions for every 

single outcome used to assess stress, acknowledging, however, that the stress-

related outcomes may be assessed with different methodological approaches across 

the various RCTs. The most widely represented outcomes were cardiovascular by a 

total of 29 RCTs (20 RCTs reporting BP, 26 RCTs reporting HR, 8 RCTs reporting HRV). 

Only 1 RCT reported CNS outcomes (i.e., fMRI changes), while other than 

cardiovascular ANS outcomes (i.e., salivary α-amylase) were studied by only 2 RCTs. 

Regarding endocrine outcomes, salivary cortisol was adequately represented (7 

RCTs), while plasma cortisol and urinary catecholamines were only studied by 1 RCT 

each. Subjective outcomes were sufficiently represented by a total of 9 RCTs (4 

reported PSS, 4 subjective/perceived stress rating, 1 stress mood state, 1 subjective 

arousal level). However, it should be noted that the present review was designed to 

obtain results from RCTs using the term “psychological stress” in their text, other 

possibly eligible RCTs measuring the above outcomes without referring to 

psychological stress may have been omitted during database search.  

All in all, the variety of exercise interventions and stress-related outcomes did not 

permit the quantitative synthesis of the obtained data. Therefore, a qualitative 

synthesis based on the study characteristics of the included RCTs (stress-related 

outcomes, stressor or no stressor, type of stressor, population, possible crossover 

study design, exercise intervention characteristics, comparator) was followed. The 

focus of synthesis was placed separately on every stress-related outcome, allowing 

some safe conclusions to emerge before expanding the findings to psychological 

stress as a whole. Therefore, the main findings of every outcome are summarized 

first, followed by the discussion of some limitations, in order to conclude with a 

general interpretation of the various stress-related results. 
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Main findings 

 

Brain and nervous system activity reaction 

 

The question of how the body reacts to exercise stress challenges researchers to 

study the brain functional reaction in association with psychosocial stress. The stress 

response starts from the perception of the stressful stimuli by the brain. To examine 

the stress-buffering effects of exercise on CNS responses, Zschucke et al., (56), 

applied the fMRI system to detect brain metabolic activity through blood flow and 

oxygen consumption before and after 30 min of moderate intensity of exercise 

running/walking) in trained and untrained men (56). The results of this well-designed 

RCT study revealed higher bilateral hippocampus/parahippocampal gyrus activity 

and lower (right dorsolateral and dorsomedial) prefrontal cortex activity. These 

observations, combined with salivary cortisol (HPA axis), suggest that the stress-

buffering effect of exercise generates negative bio-feedback mechanisms dampening 

the everyday psychosocial stress. Lower cortisol levels were observed in individuals 

with higher fitness. In addition, exercise-related-changes in cortisol and α-amylase 

levels were comparable between fit and sedentary individuals (56). 

Salivary α-amylase, a useful stress-related biomarker of ANS activity, has been used 

to examine the effects of exercise on psychosocial stress. Two RCTs (4, 56) used 

similar duration (30 min) but different intensity and mode of exercise (moderate-to-

high intensity cycling and moderate running/walking). Compared to the control 

group, no significant effects on salivary α-amylase responsivity were observed 

neither for cycling nor for running/walking. Nevertheless, the higher intensity of 

cycling displayed a decreased activation slope of salivary α-amylase (4). It is known 

that even the intensity of exercise alone, irrespective of the mode, can change many 

of the physiological and ANS responses which affect psychosocial stress. In addition, 

no significant effect on urinary catecholamine exertion responsivity was reported in 

untrained men after four months of training (61). The intervention program, 

however, allowed a self-selected weekly frequency ranging from 90 to 150 min at an 
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intensity of about 70% of the “maximal capacity” and included aerobic activities, 

running, jumping, climbing, soccer, basketball (61). Probably a more consistent 

training intervention program would have provided different outcomes on the 

psychophysiological reactivity. 

 

Plasma and salivary cortisol 

 

Alterations in plasma or salivary cortisol are often used as biochemical markers of 

stress and salivary cortisol is considered a legitimate index. When exercise is used as 

a controllable stressor against the sustained everyday stress, the increased levels of 

circulating cortisol may be attenuated, and this may affect the physiological 

regulatory network of the body. Responses on plasma or salivary cortisol, however, 

are not always in agreement. Exercise as an anti-stress factor varies. The mode, 

duration, intensity, or combination of different kinds of exercise affect the 

physiological response in cortisol levels. When combining the mind-body approach 

with yoga, aerobic and strength exercise for 12 weeks in healthy postpartum 

women, no differences were observed in plasma cortisol (62).  

Salivary cortisol which was applied as a more feasible and reliable biochemical 

marker of stress, revealed no difference in responsivity after 20 min of walking (55) 

and no differences in recovery after 60 min of walking (54). When increasing the 

intensity, however, by using cycling exercise for 30 min, a decreased activation in the 

slope of cortisol response was observed (4). In addition, a relief of stress associated 

with the reduced responsivity in salivary cortisol was obtained with the higher 

intensity of 30 min running/walking (56). Following a similar running/walking 

intervention program for 12 weeks, the relief of stress was physiologically denoted 

with the reduced area under the curve responsivity of salivary cortisol (60). Although 

no effects were observed on responsivity after 30 min of playful/running/stairs 

activity, it decreased with the passage of time (57). Even moderate exercise of 

leisure walking during stressful situations (exam period) offers alleviation after 

walking in nature (58). Furthermore, when mind and body are involved in activities 
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such as yoga or qigong it is difficult to evaluate if the influence on HPA axis and 

alleviation of cortisol responsivity (59, 49) are driven by exercising the body or by 

meditating with the mind.  

 

Cardiovascular responses 

 

Cardiovascular responses such as blood pressure and heart rate are applicable, easily 

obtained, and more sensitive to various stressors. From the selected 39 RCT studies, 

74% (29 studies) reported cardiovascular measurements. In these studies, 90% 

reported heart rate measurements, 69% blood pressure, and 28% heart rate 

variability. The sensitivity response to the experimental protocols was very high. The 

acute aerobic exercise of 15 min brisk walking reduced BP responsivity (63), whereas 

in another study, 20 min of moderate to vigorous walking revealed no significant 

differences in BP responsivity but elevated HR responsivity and reduced HRV (55). 10 

min of high to moderate cycling intensity is not sufficient to induce proper effects on 

HR responsivity. Even 20 min of moderate cycling intensity failed to affect the 

cardiovascular responsivity of BP and HR (66). 20 min of high cycling intensity, 

however, reduced BP and HR responsivity (67, 68, 69). When the duration of cycling 

exercise was increased to 30 or 40 min, moderate intensity attenuated BP and HR 

(70, 71).  

Reports on chronic aerobic training exercise ranged from 6 weeks to 6 months. 20 

weeks of running (2 sessions per week, each session lasting 30 min), with 

progressively increased intensity revealed higher HRV and reduced HR responsivity 

of real-life stressors (74). Furthermore, no differences in BP and HR were observed 

following cycling training for 8 weeks (3 sessions per week for 40 min) at moderate 

intensity (75). When intensity was set at a HR of 170 bpm, however, BP and HR 

responsivity was obtained (76). Moreover, rowing training for 16 weeks, (4 sessions 

per week, each session lasting 40 min), with intensity ranging from light to high, 

reduced BP and HR responsivity (77).  
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The results of popular and practical modes of exercise such as walking/running are 

not always in agreement. Six months of walking/running, 5 sessions per week lasting 

40 to 60 min, in sedentary middle-aged employees at moderate intensity failed to 

show changes in BP and HR responsivity (78). Healthy male office workers, however, 

following the same mode of exercise of 12 weeks, 2 sessions per week lasting 6 min, 

with controlled HR running intensity, reduced HR and HRV responsivity (60). It seems 

that the exercise intensity based on the controlled HR provides more desirable 

results. The running/calisthenics training intervention of 10 weeks, using 3 or more 

than 3 sessions per week, lasting 60 min, increased intensity progressively to more 

vigorous activity but failed to display HR responsivity in young untrained men (79). 

When combining running and calisthenics, the question is whether priority was given 

to hemodynamic adaptations or to body appearance. Even activities focusing on 

hemodynamics such as walking/running/cycling at moderate intensity induce HR but 

not BP responsivity (80). When intensity was increased at 70-85% of HRmax, young 

employees who took up running/cycling/swimming/rowing/stair-climbing for 6 

weeks (3-5 sessions per week lasting 20-45 min), reduced BP and HR responsivity 

(81). 

Mind and body yoga intervention for 12 weeks, (1 session per week lasting 60 min), 

increased HRV and yielded alleviation effects (82). The combined strength and 

aerobic training for 12 weeks, 3 sessions per week and lasting 60 min revealed no 

differences in HR responsivity but faster HR recovery (83). Short-term of 2-week high 

intensity interval training, (3 sessions per week lasting 12-24 min) was applied in 

healthy young university students (84) and healthy young physically active 

individuals (85). The university students showed alleviation in HRV and improvement 

in HR complexity whereas active individuals failed to present HRV or alleviation 

effect. Obviously the physically active individuals cannot be compared with the 

university students. Many details may explain the variation of the results. The mind 

and body intervention can be hardly compared with the combined strength and 

aerobic intervention. The classification of the studies and the extraction of data need 

special attention to reach a valid conclusion.  
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Subjective stress evaluation   

 

People can talk and provide information. This could be valuable sometimes during 

different experimental conditions. Among the selected studies, 4 used perceived 

stress scale, another 4 used subjective perceived stress rating, 1 study used stress 

mood state and another 1 subjective arousal level. Acute exercise, 20 to 30 min, 

prompted different results. Self-paced walking of 22 min decreased perceived stress 

rating responsivity obtained with the 10-point Likert scale (73). In contrast, 20 min of 

high intensity cycling (67) and 30 min moderate intensity walking/running (56) failed 

to affect the subjective stress rating responsivity.  

 

Chronic intervention of 6 months walking/running, (5 session per week, 40-60 min), 

at moderate intensity revealed non-significant change on perceived stress rating 

(86). Using a similar mode of exercise with higher intensity for 12 months, (3 sessions 

per week, lasting 60 min), presented improvement in perceived stress rating and 

alleviation effects (87). Mind and body intervention such as qigong and yoga yielded 

alleviation effects (49, 50, 88). Furthermore, 6 weeks of qigong, (2 sessions per week, 

lasting 60 min) induced reduction of perceived stress scale scores (50) and 10 weeks 

(2 sessions per week, 45 min) improved the stress mood state (49). In addition, 

gymnastics /yoga (12 weeks with 3 or more than 3 sessions per week lasting 15 min) 

improved the perceived stress scale score. The question whether mind or body 

influence experimental results awaits to be answered. 

 

Limitations of the study 

 

Although the present systematic review observed the exercise effects on the stress 

system collecting information from physiological markers such as cortisol, a-amylase, 

cardiovascular responses and subjective evaluation, a steady conclusion cannot be 

reached, mainly because of the nature of exercise stimulus which cannot be simply 

accepted as a comparable factor among the various RCT reports. Indeed, aerobic 

exercise is the opposite of anaerobic exercise, strength exercise is completely 

different from leisure exercise activities and the mind and body combination cannot 
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be compared with the different modes of combined exercise. Swimming, cycling, 

running, walking may be better compared when the intensity is presented with 

physiologically accepted values (e.g. %VO2max or %HRmax). The general terms of 

light, moderate, vigorous, or high do correspond accurately to the intensity of the 

exercise program (can be differently appraised by different authors). These 

limitations should not be overlooked when exercise is taken as a physiological stress 

stimulus among various studies. 

 

Besides, the methodological limitations of collecting the proper studies and treating 

them appropriately should be acknowledged and reported for the reader. Thus, the 

limitations of the study are listed below: 

 The eligibility criteria, not clear from the start, were sealed in the process. 

 We slightly searched for “grey literature” and we did not contact any authors. 

 We did not have a written review protocol, neither did we register our study. 

 Our search strings were based on database filters, limiting their sensitivity. 

 During the first PubMed search, we did not screen the titles independently. 

 Data collection was performed only by the author and not by two reviewers. 

 Data were not extracted with a distinct process, but while assessing eligibility. 

 Any processes for confirming data from investigators were not followed. 

 Risk of bias in individual studies was not assessed and not used in synthesis. 

 Data extraction have not been performed yet for the present report. 
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Conclusion 
 

One can take the time to enjoy exercise in order to cope with daily stress.  The 

present systematic review presented adequate data that support the hypothesis of 

the study. Even though there is no full agreement, there is evidence which supports 

that exercise can be a beneficial stressor against the psychosocial everyday stress. 

Cortisol and α-amylase responded better when intensity was higher. Intensity also 

influenced the cardiovascular responses and subjective evaluation.  

Exercise can be used as a buffering stressor against psychosocial stress. Even though 

the type of exercise may play a significant role, the intensity of exercise seems to be 

most important parameter. More research is required, however, to acquire the 

proper exercise intensity along with the appropriate duration and frequency. There 

is no study that has examined the stress response to different exercise intensities. 

Based on the selected studies, exercise intensity above moderate and close to 

vigorous yielded better results.  

Further research on the dose-response approach using different modes of exercise 

may provide more information about the proper exercise program. Attention should 

also be paid to other specific aspects of an exercise intervention program such as 

frequency and mode of exercise. A standardized exercise program testing different 

intensities may reveal the appropriate stress system response that a healthy 

individual needs in order to cope better with the encountered psychosocial daily 

stressors. 
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