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Abstract

Stress leads to ill-health and disease, and with today’s fast-pace western society, engaging in 

strategies to relieve stress is crucial for good health across the life course. Activities such as focusing 

on positive characteristics, art/music therapies, mindfulness, yoga and engaging with nature and/or 

physical activity have been shown to reduce stress and enhance well-being. It is thought that patterns 

of cortisol secretion, which are regulated by the brain, are a key mediator of stress-disease and well-

being-health links. Measurement of cortisol in saliva is a non-invasive and ecologically valid tool for 

detecting early changes in brain health, as well as evaluating the effectiveness of strategies in 

relieving stress and improving brain health as well as monitoring stress related brain changes. This 

chapter will review the evidence that engaging in stress relieving strategies promotes regulation 

and/or restoration of patterns of cortisol secretion. If such strategies are found to be effective in 

healthy populations, they could potentially inform ways of promoting brain health and the prevention 

or delay of clinical disorders involving disorders in the brain (e.g. Parkinson’s Disease) and symptoms 

experienced with such disorders. To inform this field of research, recommendations are provided for 

the use of salivary cortisol as a marker of early monitoring of brain health and effectiveness of stress-

alleviating interventions. 
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Stress-disease and wellbeing-health links

Ill-being (i.e. stress, negative affect, depression) and well-being (i.e. positive emotions, psychological 

good health, meaning in life) are related dimensions; but importantly they are distinct. The absence of 

ill-being does not necessarily mean the presence of well-being; an individual might not have meaning 

or purpose in their lives, which is important for good health (e.g. Diener & Emmons, 1984). Links 

between stress-disease and well-being-health are independent of each other and pathways mediating 

the associations have been shown to differ (e.g. Chida & Steptoe, 2008; Ryff et al., 2006).

Stress results in ill-health and early death; these links are clear and well documented (for reviews, see 

Cuijpers & Smit, 2002; Hemingway & Marmot, 1999; Kubzansky & Kawachi, 2000). A striking 

example of this comes from the Whitehall studies; British civil servants were studied over 10-year 

periods, and individuals in lower grade occupations reported the least control in their work demands 

and decision-making, the most effort-reward imbalance and injustice at work. These individuals were 

at a higher risk of ill-health for example, higher risk of coronary heart disease and mortality (e.g. 

Kuper & Marmot, 2003; Marmot, Rose, Shipley, & Hamilton, 1978). Moreover, human flourishing 

has been shown to be just as, if not, more important for healthy functioning. A wealth of prospective, 

empirical and population based research reveals benefits of well-being on health, for example, lower 

mortality, reduced morbidity and pain, and better self-reported health lower risk of future coronary 

heart disease and reduced mortality in healthy and clinical samples (Chida & Steptoe, 2008; 

Kubzansky & Thurston, 2007; Pressman & Cohen, 2005). The study of Catholic nuns’ diaries and 

smile intensity in photographs provide illustrative examples of the well-being-health link; positive 

emotional content written in the nuns’ diaries and the smile intensity of baseball players predicted 

longevity (Abel & Kruger, 2010; Danner, Snowdon, & Friesen, 2001). In light of this evidence, both 

ill-being and well-being need consideration in order to promote healthy functioning.

Cortisol: its role in health 

Cortisol is secreted during situations perceived as stressful via the hypothalamic-pituitary-adrenal 

(HPA) axis; higher brain regions activate the hypothalamus to secrete corticotrophin releasing 

hormone (CRH), triggering the release of adrenocorticotrophic hormone (ACTH) by the anterior 

pituitary gland, which in turn stimulates the release of cortisol from the adrenal cortex. Secretion is 

regulated by negative feedback; cortisol receptors in multiple brain regions detect high cortisol levels, 

enabling individuals to adapt and recover from stress. More importantly, cortisol regulates 24-hr 

function of down-stream physiological systems, controlled by the hypothalamic suprachiasmatic 

nucleus. A healthy pattern is characterised by a rapid increase of cortisol immediately after morning 
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awakening, peaking about 30 min (known as the cortisol awakening response: CAR), followed by 

steadily declining levels thereafter (known as the diurnal decline), reaching the lowest levels in the 

evening/early sleep. 

This dynamic cortisol pattern becomes dysregulated with chronic HPA-axis activation, which is turn 

results in dysregulation of multiple down-stream physiological processes, accelerating ill-health (see 

Smyth, Hucklebridge, Thorn, Evans, & Clow, 2013). For example, a recent systematic review of 

stress responding shows that heightened and blunted responding to acute stressors in the laboratory 

are implicated in ill-health (Turner et al., 2020). Furthermore, a meta-analysis showed that flatter 

diurnal cortisol slopes over the day were predictive of a range of physical and mental ill-health 

outcomes, such as, cancer, depression, cardiovascular disease (Adam et al., 2017) and blunted CAR 

has been linked with aberrant brain health (Law & Clow, 2020; Shi et al., 2018). Thus evidence 

shows that heightened and blunted (i.e. lower) stress-responding as well as high or low cortisol 

secretion and flattened cortisol patterns over the day are implicated in psychological and physical ill-

health and cognitive deficits (see Smyth et al., 2013). However, it important to consider sex 

differences in the stress response system (see Smyth et al., 2013).

Cortisol ‘a window on the brain’; a marker of brain health  

Assessment of cortisol provides a ‘window on the brain’; cortisol secretion during stressful situations 

has wide effects on brain structure and function and the underlying 24-hr cortisol circadian rhythm 

has a role in regulating other bodily systems, including brain function (Clow & Smyth, 2020). 

Measurement of cortisol in saliva is non-invasive, and it is relatively easy to collect making repeated 

sampling from individuals in their natural environments, going about their daily lives possible. 

Despite its relative ease in collection, accurate measurement and consideration of variables 

influencing cortisol is crucial to understanding stress-disease and well-being-health links (see Smyth 

et al., 2013).  Effects of acute stress can be measured by the examination of cortisol responses (i.e. 

cortisol reactivity and recovery) to stressors induced under laboratory conditions. Whilst the effects of 

chronic stress can be better examined by measurement of underlying basal cortisol circadian patterns. 

Measuring patterns of cortisol secretion can provide a tool for enhancing and restoring brain health in 

healthy and clinical populations by allowing us to:

i) Detect early changes in brain health; sustained activation of the HPA-axis leads to 

dysregulated cortisol circadian rhythms, and deviations from ‘normal’ cortisol secretory 

patterns can be detected before manifestation of aberrant brain function and disease.

ii) Promote brain health throughout the life-course; identification of aberrant patterns of cortisol 

secretion (either too small or large responding to acute stressors or flattened diurnal cortisol 
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patterns) can encourage strategies to restore patterns of cortisol secretion and in turn promote 

brain health. 

iii) Evaluate effectiveness of stress relieving activities in promoting health: evaluate the 

effectiveness of stress-relieving activities in regulating and/or restoring patterns of cortisol 

secretion, and associated changes in cognition, stress/well-being and health. Cortisol has 

potent neurotoxic effects and restoring cortisol levels/patterns in those with aberrant 

levels/patterns (e.g. in brain disorder patients such as in Parkinson's disease), are likely to 

slow down and/or delay symptoms associated with the disorder (e.g., improvements in 

cognitive function which is influenced by cortisol patterns).

Cortisol circadian rhythms – chronic stress exposure

i) The cortisol awakening response (CAR)

The CAR is typically measured by collecting saliva on awakening and every 15 min up to 45-60 min 

post-awakening. Collecting samples at the desired time, particularly the awakening sample and 

consideration of state variables that influence it, is key to its accurate measurement (Law, 

Hucklebridge, Thorn, Evans, & Clow, 2013; Smyth, Thorn, Hucklebridge, Clow, & Evans, 2016; 

Stalder, Hucklebridge, Evans, & Clow, 2009). The CAR is typically calculated by the mean rise (e.g. 

calculated as the mean increase: MnInc; area under the curve with respect to increase: AUCi; or the 

difference between the awakening and peak value, see Smyth et al., 2013). This measure of rise is 

different to overall levels in the post-awakening period (i.e. calculate mean of the 4 samples). 

However, more sophisticated growth curve modelling enables examination of patterns of cortisol 

secretion without the need to rely on composite measures, and this considered the optimal way to 

analyse cortisol data (see Smyth, Thorn, Hucklebridge, Clow, & Evans, 2016)

Cortisol secretion is pulsatile with bursts approximately every hour. It is considered the first 

‘ultradian episode of the day’; it is the point at which the brain switches from sleeping to waking, 

kick-starting the ultradian rhythm. Thus it is suggested to provide additional insight into brain 

functioning than the profile over the rest of the day (Evans, Smyth, Thorn, Hucklebridge, & Clow, 

2019; Clow & Smyth 2020). The CAR is thought to prepare our body to deal with upcoming demands 

of the day (Adam, Hawkley, Kudielka, & Cacioppo, 2006) and has huge inter- and intra-variability; 

for example, a case study of a healthy male showed a range of 3.6 nmol/l and 39.0 nmol/l over 50 

days (Tobias Stalder et al., 2009). This points to flexibility of the CAR to deal with daily demands 

(i.e. mounting a bigger rise in cortisol in the post-awakening period on more demanding days). 

However, most studies measure the CAR on one or two days limiting our understanding of its role 
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and function. To obtain a “trait” measure of the CAR, it is recommended to measure it up to 6-days 

(Hellhammer et al., 2007), but this can be demanding and costly. Measuring CAR on repeated days 

would enable examination of flexibility of the response, and how this links with health. Recently, we 

showed that the shape of the CAR might be more indicative of health status than simply examining 

the size of the response. A significant burst of cortisol in the immediate awakening period (i.e. within 

20 min) followed by a steep decline in levels (termed CAR Salience) has been shown to be a better 

measure of CAR and health status (Evans et al., 2019). It is important to understand that 

flatter/blunted CAR is different from not exhibiting a CAR (i.e. a negative CAR: no rise in cortisol). It 

is unclear whether, a negative CAR, is an indicator of health status and requires further investigation 

but consideration of this issue is needed in analyses (see Clow & Smyth 2020). 

The cortisol diurnal profile 

Cortisol secretion declines steadily over the day.  It is typically measured by the diurnal cortisol 

decline; the decline from the morning (but outside of the CAR period) through to the evening as well 

as mean cortisol levels over the day (i.e. mean levels over relevant sample points: mean diurnal 

cortisol). Since awakening times vary, sample collection should be anchored to awakening time (i.e. 

3, 6, 9 and 12 hr post-awakening) and not clock time. It is essential to report both mean diurnal 

cortisol and diurnal cortisol decline since a flat cortisol pattern can be associated with either high or 

low cortisol secretion, and both are predictive of ill-health ( et al., 2017). More recently, consistency 

in the decline and mean levels of cortisol over days (i.e. less variation) has been shown to be 

important for good health (Segerstrom et al., 2017), but measurement of the profile over several days 

is required to examine this. 

Most studies examining cortisol circadian patterns do so only by measurement of it on one or two 

days and restricting analyses to computing simple composite measures, thus missing valuable 

opportunity to examine variability of cortisol as well as drilling down on the dynamic aspects of 

cortisol secretion over multiple days. Moreover, the majority of studies lack longitudinal analysis, for 

example as little as 10% of studies (see Adam et al., 2017), thus limiting our understanding of its 

mediating role in stress-health and well-being-health. 

Stress/Cortisol responding  

Stressors can be induced under laboratory conditions; the Trier Social Stress Test (TSST: 

Kirschbaum, Pirke, & Hellhammer, 1993) includes an anticipation element, social-evaluation and 

uncontrollability, and these elements have been shown to most reliably activate the HPA-axis 

(Dickerson & Kemeny, 2004). The TSST requires participants to prepare for a speech which they 
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deliver to an unsympathetic authoritarian audience followed by a mental arithmetic task. Under 

laboratory conditions, this task most resembles psychosocial stress experienced in today’s society. Of 

course, there are other types of protocols (e.g. Stroop colour-word interference task or mirror 

drawing) but they do not reliably activate the HPA-axis (see Wetherell et al., 2018). Cortisol levels 

peak about 20-30 min following onset of the stressor, returning to baseline in the following hour; to 

capture this wave of activity, saliva samples are collected prior to the stressor, and every 10-15 min 

up to 60-min from onset of the stressor (see Smyth et al., 2013). Both heightened and blunted 

responding are associated with a range of adverse behavioural and health outcomes in clinical and 

healthy populations. However, there are no normative values for a ‘healthy’ response, and some 

individuals do not respond to the stressor. It is unclear if non-responding is a trait characteristic and/or 

a marker of health status or simply due to timing of the stressor onset. This issue requires further 

investigation but should be considered in analyses and reported (see Clow & Smyth 2020). 

Despite a wealth of research showing exaggerated and blunted responding is linked with ill-health, 

very few studies have examined the causal effects of stress/wellbeing in the aetiology of good health 

and disease, as very few studies have examined negative effects of stress reactivity longitudinally 

(Turner et al., 2020). Moving away for longitudinal studies another way to examine causal effects is 

via intervention studies however; repeated measures of exposing participants to stressors can be 

problematic due to habituation effects (See Smyth et al., 2013). Our preliminary, unpublished data 

shows that if exposure to a stressor (e.g. TSST) is induced following a significant period (i.e. 6 

months to 1 year) exposure to the stressor the second time still activates the HPA-axis. Thus, 

assigning participants to stress-relieving interventions and measuring stress reactivity at baseline and 

at follow-up could be a way of untangling causal effects.    

Stress-relieving strategies

Today’s fast past society has promoted engagement in stress-relieving strategies as a way of reducing 

stress and enhancing well-being. Engaging in international activities, such as focusing on positive 

characteristics, art/music activities, mindfulness, yoga and engaging with nature and/or physical 

activity, have been shown to be effective in reducing stress and enhancing well-being. The Social 

Prescribing initiative, in the UK, enables individuals suffering from stress-related problems and brain 

disorders to be referred to such activities via community and charity initiatives. For example, 

Neurologists work as part of a multidisciplinary team of health care professionals and some work with 

the Social Prescribing link worker model (see Fixsen & Marie, in press). Evidence-based research on 

stress-relieving strategies in healthy and clinical population, especially those with brain disorders will 

promote wider scale roll out and take up of Social Prescribing in clinical and non-clinical settings. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/health-outcomes
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Examination of patterns of cortisol secretion, measured in saliva, is the ideal was to evaluate the 

effectiveness of stress-relieving interventions as chronic stress results in dysregulation of patterns of 

cortisol secretion, and this is an early marker of brain function dysregulation. Thus, it provides a 

‘window on the brain’ in a non-invasive and ecological valid way. The next section of this chapter 

provides an overview of some of the evidence demonstrating the effectiveness of intentional activities 

in healthy regulation and/or restoration of the patterns of cortisol secretion. 

Positive psychological interventions 

The positive psychology movement alerted our attention to ways of enhancing well-being through 

engaging in intentional activities aimed at focusing on positive emotions, engagement, relationships, 

meaning, and accomplishments. A randomised-controlled trial of positive psychological interventions 

(such as expressing gratitude, identifying and using personal strengths or writing about the good 

things in your life, or you at your best) in adults (N – 577, aged 35-54 years) revealed significant 

increases in happiness immediately and at longer follow up points; with individuals in the gratitude 

condition showing the largest boosts in well-being, sustained for up to one month (Seligman, Steen, 

Park, & Peterson, 2005). A growing body of evidence demonstrates the effectiveness of positive 

psychological interventions in enhancing well-being (Boehm, Lyubomirsky, & Sheldon, 2011), but 

future research will need to determine if these techniques have beneficial effects on brain function, 

potentially via regulation of patterns of cortisol secretion. 

Arts and music therapies 

The last few decades have witnessed the growth and consideration of artistic therapies such as music 

or visual art making/observation for management of stress; with overall beneficial effects of art 

therapies on stress-related outcomes being reported (Martin et al., 2018). Differing effects on the type 

of music has been observed for cortisol secretion; relaxing music reduces cortisol whilst stimulating 

music has been shown to increase it (Fancourt, Ockelford, & Belai, 2014). Studies have revealed 

anxiolytic effects of music both during and post-surgical procedures in a variety of patients. For 

instance, Noriya Uedo et al. (2004) observed smaller increases in salivary cortisol concentrations in 

patients undergoing screening colonoscopy exposed to relaxing music compared to those who 

underwent the surgery without music. Kar, Ganguly, Roy, & Goswami (2015) revealed similar results 

in patients undergoing surgery for cardiopulmonary bypass, with significantly lower secretion of 

cortisol secretion in those receiving the procedure whilst listening to music.  Mottahedian, Sahraei, 

Movahhedi, Hajizadeh, & Lak (2012) also found no increases of cortisol levels in post-operative 

patients exposed to music during surgery in comparison to control groups. 
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Other artistic activities have been explored in association with reduced stress. For instance, Clow & 

Fredhoi (2006) investigated the effect of a short lunchtime visit to an art gallery on outcomes of 

psychological and physiological stress in London City workers. Results showed a marked decrease in 

self-reported levels of stress as well as cortisol levels after the art gallery visit. Importantly, the study 

revealed that cortisol levels reduced significantly only for those participants whose baseline levels 

were already much higher than “normative” values prior to the art gallery visit. This suggests a 

particular role of such activities on the stress system where the latter tends to present overactive, and 

has important implications for enforcing these artistic activities/breaks to lower and maintain normal 

levels of stress, both psychologically and physiologically. Other studies on art making (e.g. drawing, 

painting) also reported decreasing self-reported levels of stress following being exposed to a stressor 

(colour-word inference test and mental arithmetic test) compared with non-artistic tasks, however, no 

physiological measures were obtained (Abbott, Shanahan, & Neufeld, 2013). Although results suggest 

that artistic activities can lead to emotional and physiological changes with beneficial effects for 

health and well-being, more research is needed with attention to physiological markers such as 

cortisol, as well as increasing the length of interventions. This research is required to increase the 

current knowledge on how best to introduce art-making activities in people’s lives, either through 

therapy or simply attending sessions; and tackle with a preventative approach to stress-related 

disorders and promotion of brain health. 

Mindfulness-based interventions 

Mindfulness, an act of consciously focusing one’s attention on the present moment, in a patient and 

non-judgmental manner, has received a great amount of attention in recent decades. Mindfulness-

based Stress Reduction (MBSR) was one of the first clinical applications, originally implemented to 

alleviate suffering (Kabat-Zinn, 1982); and its application was extended to reduce stress and alleviate 

symptoms in those with ill-health (Grossman, Niemann, Schmidt, & Walach, 2004). A wealth of 

research shows the effectiveness of mindfulness in reducing stress and enhancing well-being, 

however, there is less evidence on the effectiveness in restoring cortisol patterns and brain health. 

 

A systematic review of MBSR interventions (29 studies; N = 2668 healthy adults) observed large 

effects for reductions in stress (Khoury, Sharma, Rush, & Fournier, 2015). One study measured 

cortisol status in adults who reported increased stress; cortisol reactivity to a psychosocial stressor 

(the TSST) was compared between those assigned to an 8-week MBSR intervention or waiting list 

control condition. No changes in cortisol concentrations between conditions or pre and post 

intervention were found (Nyklíček, Mommersteeg, Van Beugen, Ramakers, & Van Boxtel, 2013), 

although there was a limited number of saliva samples collected and thus the peak of cortisol might 
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not have been captured. Lower cortisol 30 min following awakening was observed in teachers who 

completed an 8-week MBSR intervention compared to those assigned to the control group (Flook, 

Goldberg, Pinger, Bonus, & Davidson, 2013). Goldberg et al. (2014) found decreased hair cortisol 

levels following a mindfulness-based intervention in those engaged in smoking cessation treatment. 

Measuring cortisol in hair can be problematic since it provides a trait measure of cortisol secretion 

(average over 1-3 months), therefore only providing average levels and not the dynamic pattern over 

the day. This is problematic because both high and low cortisol levels have been associated with ill-

health and it does not say anything about the pattern. High levels of cortisol could indicate high levels 

in the post-awakening period and declining levels over the day, which is a healthy profile, or it could 

mean the opposite: a flatter profile with low levels in the post-awakening period and higher levels 

over the reminder of the day. It is therefore important to consider these “limitations” when 

interpreting the data. 

Mindfulness-based interventions conducted with clinical populations have also been shown to be 

effective in reducing self-reported stress from pre- to post-intervention and in comparison, to control 

groups (Mackenzie, Carlson, & Speca, 2005; Ott, Norris, & Bauer-Wu, 2006; Smith, Richardson, 

Hoffman, & Pilkington, 2005), and some studies show sustained effects for up to 6-months (e.g. 

Carlson, 2018). Much of the research has been conducted on cancer patients, an ideal group to study 

as they experience high levels stress and aberrant cortisol profiles (e.g. Ryan et al., 2017). 

Mindfulness-based interventions were most effective in reducing cortisol levels for breast cancer 

patients who displayed the highest cortisol levels pre intervention (Carlson, Speca, Patel, & Goodey, 

2004). Sustained effects of reducing cortisol levels were observed for up to 1-year, however, effects 

were less pronounced for those who had been living with cancer for a longer period (Carlson, Speca, 

Faris, & Patel, 2007). There is support for lower cortisol concentrations following mindfulness-based 

interventions in other clinical groups; for example, lower plasma cortisol in participants with diabetes 

mellitus (Jung, Lee, & Park, 2015), but in participants with inactive ulcerative colitis there were no 

changes in urinary cortisol concentration (Jedel et al., 2014). Like hair cortisol, urinary provides a 

measure of trait cortisol secretion over a 24-hr period, and not the dynamic pattern over the day. 

Mindfulness-based interventions have also been shown to restore cortisol circadian patterns; for 

example, a steeper cortisol profile over the day was observed in cancer patients randomly allocated to 

a mindfulness-based intervention (Carlson et al., 2013). Evidence on mindfulness-based practice as a 

stress-reliving activity is promising but more rigorous cortisol methodology and focus on examining 

changes in diurnal cortisol patterns and associated changes in stress/well-being and cognition is 

needed to better understand its role in brain health. Moreover, focus on a wider range of clinical brain 

conditions would enable examination of how changes in patterns of cortisol secretion are associated 

with clinical symptoms (e.g. improvements in cognition). 
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Yoga practice

Yoga practice, a combination of physical postures, breathing techniques, relaxation and meditation, 

has increased in popularity in recent years with numerous health benefits reported (Cartwright, 

Mason, Porter, & Pilkington, 2020). For example, yoga practice has been shown to reduce stress; in a 

systematic review of 35 studies, 25 provided support for the efficiency of yoga practice in reducing 

self-reported stress (Li & Goldsmith, 2012). However, fewer studies examined the impact of yoga 

practice on patterns of cortisol secretion (only 8 out of 35 studies), and those that did provide 

conflicting evidence. For instance, the majority of the studies did not report any changes in cortisol 

following yoga practice (Beddoe, Yang, Kennedy, Weiss, & Lee, 2009; Bosch, Traustadóttir, 

Howard, & Matt, 2009; Schell, Allolio, & Schonecke, 1994). In the studies that did observe lower 

cortisol levels following yoga practice this was for acute changes in cortisol secretion; with lower 

salivary cortisol following 90-min yoga practice in emotionally distressed females, college students 

and pregnant depressed (Field, Diego, Delgado, & Medina, 2013; Michalsen et al., 2005; West, Otte, 

Geher, Johnson, & Mohr, 2004). However, changes in cortisol levels were not always associated with 

changes in psychosocial measures (e.g. West et al., 2004).  Few studies have examined the efficiency 

of yoga programmes over several weeks or months; however Rocha et al. (2012) reported that healthy 

Military males (N = 36 aged 20-40 years) had lower levels of cortisol in the morning (collected at 

7:00) following two 60-min weekly classes for 6-months and in comparison to the control group. 

Older adults (N= 118, aged 62 years) randomly assigned to three 60-min weekly classes over 8-weeks 

also had lower cortisol reactivity to a stressor (completion of a cognitive task) following the 

intervention and in comparison to the control group, and lower cortisol levels predicted better 

cognitive performance for the yoga group whilst increases in cortisol was predictive of worse 

performance in the controls (Gothe, Keswani, & McAuley, 2016). In contrast, Granath, Ingvarsson, 

von Thiele, & Lundberg (2006) did not observe reductions in cortisol concentrations following a 4-

month yoga intervention in adults reporting stress-related problems; however, salivary cortisol was 

only measured once two weeks before and after intervention.

Support for regulation of cortisol in clinical populations is mixed; no changes in urinary or salivary 

cortisol concentrations following a 12 week yoga programme (two 70-min weakly sessions for first 6 

weeks followed by once a week for the remaining 6-weeks) were found in hypertension patients 

(Cohen et al., 2011).  However, salivary cortisol was measured between 7:00 and 20:00 and authors 

did not state if time of day was consistent for pre and post salivary measures; this is a limitation as 

cortisol levels change over the day thus timing of its measurement needs to be consistent form pre to 

post measurement. Reduced cortisol concentrations in the morning and evening (collected at 6:00, 

9:00 and 21:00) were observed for breast cancer patients undergoing radiotherapy (N = 44) assigned 

to yoga intervention versus the control condition (Raghavendra et al., 2009) and in breast cancer 

patients practicing yoga twice weekly for 8-weeks (Banasik, Williams, Haberman, Blank, & Bendel, 
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2011). Different yoga practices, such as Iyengar yoga (a type of yoga that gets progressively more 

difficult as strength and flexibility increase), compared for example to the more classic Hatha or 

Ashtanga yoga, could differentially contribute to modulation of the HPA axis. Unfortunately, not all 

studies report the type of yoga practice being implemented, perhaps limiting a full interpretation of 

the findings. Additionally, studies should include an active control group (rather than the typical wait-

list), which is important to exclude general effects of the activity on the outcomes measured.

Much of the evidence on the benefits of Yoga is based on average levels of cortisol, but examining 

cortisol circadian patterns, particularly the CAR, provides a better measure of brain-health. In 

individuals suffering from Fibromyalgia there were no differences in the CAR or cortisol diurnal 

decline, only average cortisol levels, following engagement in an 8-week yoga programme (Curtis, 

Osadchuk, & Katz, 2011). However, sample size was small (N – 19) and cortisol patterns were only 

measured on two days; suggesting that a larger number of participants, and longer measurements are 

key understanding effects of yoga. Likewise, in a non-clinical MBSR intervention, yoga practice did 

not result in changes in CAR, diurnal decline, mean levels or serum cortisol levels despite measure of 

salivary cortisol over 4 days pre and post intervention (Daubenmier et al., 2011). It is suggested that 

yoga practice might be most effective in restoring the CAR in those chronically stressed who are 

exhibited blunted or exaggerated CARs (Anderson & Wideman, 2017). However, it is difficult to 

make firm conclusions given the limited umber of studies examining the CAR and yoga practice.  

A meta-analysis of yoga programmes (all randomised trails) revealed reductions in waking, afternoon 

and evening cortisol levels pre to post intervention as well as in comparison with the control groups; 

but sensitivity analysis suggested these reductions were moderate. Moreover, no differences in 

cortisol levels at 30 min or 60 min post-awakening or mid-morning, or cortisol diurnal decline were 

reported (Pascoe, Thompson, & Ski, 2017). Overall the evidence on yoga practice as a stress-relieving 

activity is mixed mostly because of poor methodology. Future research examining the effects of yoga 

practice prior to exposure to a stressor in the laboratory would inform its ability to manage responses 

and recovery from acute stress whilst measurement of the diurnal cortisol pattern prior to and 

following participation in yoga practice over several months would inform its ability to regulate 

and/or restore cortisol circadian patterns. 

Physical exercise

Being physically active is associated with healthier CAR profiles. For example, engagement in 

exercise restored a ‘blunted CAR’ to a ‘healthy’ and ‘normal’ CAR in depressed individuals 

(Vreeburg et al., 2009) and in police officers who experience high stress (Fekedulegn et al., 2018). 

Puterman et al. (2011) examined the effects of being physically active on stress responding in 46 post-

menopausal women who underwent the TSST. Results clearly outlined the role of physical activity; 
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sedentary participants with high levels of rumination exhibited a rapid increase of cortisol during the 

test, and delayed recovery of cortisol levels after the test. On the contrary, a relationship between 

rumination levels and cortisol patterns was absent in physically active participants. 

Research in ‘healthy groups’ has also highlighted the role of physical exercise in reducing stress 

reactivity. Klaperski, von Dawans, Heinrichs, and Fuchs (2013) reported significantly increased 

cortisol reactivity to the TSST in sedentary individuals, compared to moderately and vigoursly active 

individuals. Furthermore, a 12-week endurance exercise programme resulted in significantly reduced 

cortisol reactivity to the TSST (Klaperski, von Dawans, Heinrichs, & Fuchs, 2014). These changes 

were significantly different to those experienced by the waiting control and relaxation groups; 

however, the relaxation group also experienced a reduction in cortisol reactivity following the 

relaxation intervention. Notably, the exercise group were the only group to experience changes in 

their physical fitness over the course of the intervention; suggesting a potential role of fitness in 

reducing stress reactivity. This is supported by the findings of  Wood, Clow, Hucklebridge, Law, & 

Smyth (in review) who reported reduced overall cortisol responses to the TSST in ‘fit’ compared to 

‘unfit’ individuals. However, much of the evidence on the effects of physical fitness is focused on 

athletic populations and does not use gold-standard methods of fitness assessment such as the 

VO2max test; limiting the interpretation of findings to the wider population. 

Moderate to higher-intensive physical activity is thought to prevent or delay age-related cognitive 

deficits via regulation of brain activity and physiological processes (Paterson & Murias, 2014), such 

as regulation of patterns of cortisol secretion. For example, being physically active was associated 

with better cognitive function; similarly, a steeper cortisol diurnal decline was associated with better 

physical performance and cognitive function in adults with and without mild cognitive impairment 

(Dijckmans et al., 2017). However, the authors could not determine the mediating role of cortisol in 

the relationship between physical activity and cognitive function. In individuals with mild cognitive 

impairment, a 3-month exercise programme resulted in greater decline in cortisol from awakening to 

midday compared to the control group, but there was no difference in the CAR; additionally, 

improvements were seen in some aspects of cognitive and executive functions but not memory 

(Tortosa-Martínez et al., 2015). A strength of this study was that salivary cortisol post intervention 

was collected 5 days after the last exercise session, to obtain accurate stable cortisol values and to 

avoid reporting acute effects of physical activity on cortisol levels. Smyth et al. (2019) examined the 

effects of a 6-month high intensity endurance exercise program on participants with Parkinson’s 

disease with mild cognitive impairment. Overall levels of cortisol were lower across the day, but 

mostly attributed to the morning, and these levels were more in line with levels exhibited by healthy 

adults of a similar age. Although there were a lack of observed differences in the dynamic profile of 
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cortisol (i.e. CAR or diurnal decline); this might be due to measuring cortisol only on two days or it 

might be that aberrant cortisol patterns in Parkinson disease patients are attributed to hyper-secretion 

of cortisol and not changes in the dynamic of the profile. Whilst this was a small study (N=8), it was 

an intensive study and the gold standard salivary cortisol methodology was fully adhered to (i.e. 

electronic monitoring of saliva sampling, full measurement of cortisol circadian patterns with samples 

anchored to waking time); strengthening the validity of the findings. 

Aerobic exercise is a form of low intensity/impact; there is mixed evidence for the relationship 

between aerobic exercise and cortisol patterns. For example, a 12-week aerobic or stretching 

programme resulted in improvements in memory for depressed patients, but results for the CAR were 

mixed with the aerobic group exhibiting a smaller CAR and the stretching group exhibiting a bigger 

CAR following the programme (Foley et al., 2008). However, this was a small sample (N = 23) and 

there was large inter-individual variability in the CAR, which was measured only on one day with no 

control of sampling accuracy, meaning the data may be unreliable. More recently, a 6-month aerobic 

exercise programme resulted in restoration of a blunted CAR to a bigger increase post intervention, in 

healthy older adults, but changes in cortisol did not predict changes in cognition (Drogos et al., 2019).  

In addition, dance or movement training, as a light exercise, have been shown to be effective in 

reducing cortisol levels over the day, but not the dynamic of cortisol in healthy older adults 

(Vrinceanu et al., 2019); whilst a steeper cortisol slope over the day was found for breast cancer 

patients following dance movement training (Ho, Fong, & Yip, 2018). Similarly, in Dementia patients 

(N = 204) who were randomly allocated to 10-weeks of dance movement therapy or a matched 

intensity exercise condition or the control group, a steeper cortisol slope over the day was observed in 

the dance movement group in comparison with participants in the control group, and effects were 

sustained at 1-year follow-up.  Improvements in mood and aspects of cognitive function (i.e. retrieval 

and delayed recall) were also observed for participants in the dance therapy group in comparison to 

the control group, but no significant improvements between the exercise conditions and the control 

group (Ho, Fong, Chan, et al., 2018). 

Of interest, single bouts of exercise are unlikely to change the CAR; two studies did not provide 

support for changes in CAR when exercise was carried out the day prior to the CAR measurement 

(Garde et al., 2009; Uçar, Özgöçer, & Yildiz, 2018). However, single bouts of exercise might be 

effective in reducing overall cortisol levels; low-level physical exercise reduced cortisol levels in 

young adults on the Autistic Spectrum, who are considered to experience severe stress and anxiety 

(Hillier, Murphy, & Ferrara, 2011). 

Evidence on physical activity in promoting brain health is more advanced than other activities 

reviewed, mainly because more rigours research has been conducted. Many studies point to the 
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effectiveness of physical activity in managing responses to stress as well as regulating and restoring 

cortisol circadian patterns. Moreover, this evidence comes from both healthy and clinical populations, 

and what is exciting is that evidence points to changes in patterns of cortisol secretion is related with 

other improvements in brain health, such as cognitive function. To further advance this area 

longitudinal analysis of physical activity in healthy populations and intervention studies involving a 

range of brain disorders is needed using optimal measurement of cortisol alongside measurement of 

improvements in health and/or clinical symptoms. 

Nature and physical activity 

Exposure and access to natural environments reduces stress and is associated with many health 

benefits (Barton, Bragg, Wood, & Pretty, 2016). Earlier studies revealed that salivary cortisol levels 

were lower for participants who were shown scenes of nature or exposed to natural environments (e.g. 

walking in a forest) compared to those exposed to urban scenes or environments (e.g. Beil & Hanes, 

2013; Lee, Park, Tsunetsugu, Kagawa, & Miyazaki, 2009; Park et al., 2007). Exposure to a stressor in 

the laboratory, a stressful version of the Stroop Test, resulted in lower cortisol levels in allotment 

gardeners that were randomly assigned to outdoor gardening compared to those who read a book 

indoors (Van Den Berg & Custers, 2010). Although results are promising, most of these studies are 

conducted on small samples; nonetheless support was provided for reduced cortisol levels from a 

larger study of 280 participants who visited forests or city environments on different days; salivary 

cortisol was lower when they visited the forest environments compared to when they visited the city 

areas (Park, Tsunetsugu, Kasetani, Kagawa, & Miyazaki, 2009). 

Growing evidence supports healthier cortisol circadian rhythms in those who have more access to 

natural environments. For example, more green-space in the neighbourhood was associated with a 

steeper cortisol decline over the day in unemployed adults (N = 25, aged 35-55 years) living in 

deprived areas. Although they exhibited cortisol levels within the expected ‘healthy’ range, they 

exhibited a flattened profile, with low levels of cortisol in the morning and little decline over the day, 

meaning higher levels later in the day. This highlights the importance of examining diurnal patterns 

over the day since average levels of cortisol were within the expected range but by examining day 

patterns, we can see that levels are low when they should be higher, and vice versa (Ward Thompson 

et al., 2012). To extend these findings, Roe et al. (2013) examined the importance of neighbourhood 

green space in a larger sample (N = 106) and observed differences in this relationship for males and 

females; females with little green space in their neighbourhood, showed a low and flat cortisol slope 

(i.e. low levels of cortisol over the day with little decline from morning to the evening) whilst males 

with little green-space in their neighbourhood showed a high and flat cortisol profile (i.e. high levels 

over the day with little decline from morning to evening). These findings highlight the need to 
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examine males and females separately as we cannot assume that stress-relieving activities will have 

the same effects for males and females. 

Access and exposure to natural environments encourages physical activity, and physical activity in 

natural environments (i.e. Green Exercise) provides additional benefits for health and well-being than 

nature exposure or physical activity alone (see Barton et al., 2016). A systematic review of 43 studies 

using a variety of designs (i.e. comparison between participants allocated to different conditions or 

comparing participants who completed all conditions on different days or weeks), across a range of 

countries and settings demonstrated the benefits of exposure to nature and green exercise in reducing 

stress and cortisol concentrations, with natural environments having the most benefits in reducing 

stress (Kondo, Jacoby, & South, 2018). But changes in cortisol were at times independent of changes 

in psychosocial variables and sometimes no changes in cortisol were observed whilst changes in 

psychosocial measures were. Fewer studies have examined green exercise and cortisol circadian 

rhythms but a work-based green-exercise (25 min bike session and 20 min strength session) 

programme was shown to restore the CAR in 14 office-workers; CAR was heightened, outside of the 

expected range prior to the intervention and was lower post-intervention compared to those that 

exercised indoors (Calogiuri et al., 2015). 

Recently, we conducted a study to examine the efficiency of an outdoor walk in regulating our 

response to stress. Healthy young females completed a 30 min walk prior to being exposed to the 

group version of the TSST; and exhibited significantly lower levels of cortisol in comparison to 

healthy females who did not go for a walk (Wood et al., 2018). No differences were observed for 

cortisol reactivity; however, this pilot study did not account for cortisol non-responders. Furthermore, 

the walk consisted of walking through an urban area to access a green environment, thus we could not 

determine if a nature-based walk was more beneficial than a walk in a non-nature environment as the 

exact effects of the green exercise could not be determined.  To untangle the effects of green-exercise 

on stress, we conducted a well-controlled and intensive study where 18 healthy adults completed a 30-

min treadmill exercise at 50% of their V02max whilst viewing a nature, built or blank screen. 

Participants in the urban exercise conditions exhibited a ‘blunted’ cortisol response and reported 

higher stress. Although a small study (N =18), exercise intensity was based on individual’s fitness 

levels ensuring that exercise intensity was carefully controlled. Results need to be confirmed in a 

larger sample, and when exercise is performed in a natural environment rather than whilst viewing a 

natural environment (Wood, Flynn, Law, Naufahu, & Smyth, in press). 

Natural environments might encourage physical activity, but with the increasing urban development 

access to these are decreasing and our connections with nature are changing. Thus, we need to 

consider individual differences in our connections with nature and the barriers to accessing it when 
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considering the health benefits of nature and/or physical activity (Gladwell, Brown, Wood, 

Sandercock, & Barton, 2013). Furthermore, we showed that engaging in green exercise in childhood 

predicted exposure and connectedness to nature in adulthood, and those with reduced stress (measured 

by heart rate variability) were more connected to nature (Wood & Smyth, 2019). This finding unveils 

the importance of our connectedness to nature and promotes a prevention approach to intervene and 

educate early in childhood on the health benefits of nature and/or physical activity, which could 

greatly impact adult health and tackle adverse outcomes of stress. 

The evidence base on engaging with nature and green exercise suggests its effective in managing our 

responses to stress as well as promoting healthier cortisol circadian rhythms but this evidence is 

limited to cross-sectional studies. Longitudinal studies examining the long-term effects of these 

activities is needed as well as larger scale intervention studies where exercise intensity and fitness 

level and our connection to nature are considered as well as the effect of social interaction, since 

much of these activities contain social interaction which if enjoyed is associated with healthier 

patterns of cortisol secretion. Studies to date have failed to examine the contributing effects of the 

components involved (i.e. engagement/exposure to nature, physical activity and social interaction). 

The importance of enjoyment and engagement in stress relieving activities 

Motivation to engage with an activity and enjoyment of that activity might promote engagement in 

stress relieving activities and these factors may impact the effectiveness of the activity in reducing 

stress, enhancing well-being and restoring an/or regulating patterns of cortisol secretion. For instance 

enjoyment in physical activity predicts peoples engagement in physical activity (Lewis, Williams, 

Frayeh, & Marcus, 2016) and enjoyment predicts exercise level (Hagberg, Lindahl, Nyberg, & 

Hellénius, 2009). Unfortunately, the majority of studies examining the effectiveness of stress-

relieving strategies, did not measure these factors nor did they consider them as influencing factors. 

These variables could change over the course of participation in activities, thus it is important to 

measure these factors throughout participation in these activities to understand how they influence 

effectiveness of relieving stress and promoting well-being. It is also important to note that there might 

be individual differences in these variables and thus one activity might not be suitable for all; 

engaging in different activities to explore how these activities work for the individual and settling on 

one that is most enjoyable is likely to have the most health-related benefits. For instance, preliminary 

unpublished results from our group have indicated that participants' enjoyment of a range of 

intentional activities designed to relieve stress was a key predictor of beneficial changes in patterns of 

cortisol secretion in healthy adults. 
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Conclusions 

Evidence for the efficiency of intentional activities in alleviating stress and enhancing well-being, and 

in turn promoting health is promising. However, the evidence for patterns of cortisol secretion 

mediating the relationship between stress-disease and well-being-health is mixed; inconsistencies in 

results might be driven by differences in methodology, insufficient power due to small samples, study 

design, lack of control groups and/or randomization, and type of analysis. The majority of studies are 

limited to examining changes in cortisol concentrations, but both high and low cortisol levels are 

linked with dysregulated cortisol circadian rhythms and ill-health. Fewer studies have examined the 

efficiency of intentional activities in regulating and/or restoring our responses and recovery from 

acute stress or cortisol circadian rhythms, and those that do fail to employ rigorous measurement of 

cortisol that is essential for its accurate measurement.  Thus, this field of research is still in its infancy 

and has a long way ahead before we can determine the efficiency of stress relieving activities in the 

regulation of patterns of cortisol secretion and in turn healthy functioning. Understanding how  

intentional activities can promote the prevention and/or delay of brain disorders as well as the 

management of clinical symptoms requires longitudinal studies across healthy populations and 

patients with brain disorders and examining associated changes in health/well-being and brain health 

(e.g. cognitive function). We have made the following recommendations for future research: 

• Individuals who drop out of the intervention study might be those most in need of engaging in 

stress relieving activities; patterns of cortisol secretion at baseline, where possible, should be 

compared with those who did not drop out to understand who these interventions are most 

effective for. 

• Measure cortisol in saliva samples since this enables measurement of stress responding or 

diurnal cortisol patterns over the day. Whilst other measures (i.e. urine or hair) provide trait 

average levels and the dynamic patterns cannot be determined. 

• The consensus CAR guidelines must be adhered to for accurate measurement of the CAR 

(Stalder et al., 2016). 

• Saliva sampling is a novel activity (can produce larger CAR on the first sampling day) and 

the CAR is influenced by state variables; thus measurement of CAR on 1 or 2 days is not 

sufficient to obtain a baseline measure of CAR. Between 3-6 days would provide a better 

measure of ‘trait’ CAR for measuring changes in CAR pre and post intervention. 

• Measuring patterns of cortisol secretion on repeated days will also enable examination of 

appropriate variability of cortisol secretion (i.e. secretion matched to daily demands). 

• Examine the cortisol rise and decline in the post-awakening period (i.e. CAR salience) and 

not just the size of the rise (i.e. mean rise from awakening to peak). 
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• Examine both mean diurnal cortisol and cortisol decline (outside of the CAR period) as 

flattened profiles can be characterised by high and low cortisol levels, both associated with 

ill-health. 

• Examine if patterns of cortisol secretion differ for males and females. 

• Model the dynamic curve of cortisol (see Smyth et al., 2016) instead of using composite 

measures of cortisol (e.g. MnInc, AUCi), which can be influenced by inaccurate sampling. 

• It is unclear whether stress non-responding and negative CARs are an indicator of health 

status or due to methodological issues; we should therefore report percentages of non-

responders/negative CARs, and account for these in analyses. 

• Several studies do not report associations between cortisol measures and self-report measures 

of stress and other relevant psychosocial variables; we should measure both as either alone 

might fail to capture accurate reflection of individuals state.

• Measure motivation, engagement and enjoyment levels throughout the intervention, including 

prior to participation in the stress-reliving activity. 

• Longitudinal evaluation of stress-relieving activities is required to determine the efficiency of 

activities in preventing stress-related changes in brain health. 

• Examine if changes in patterns of cortisol secretion are related with improvements in stress 

and well-being, and cognitive functioning.  In individuals with brain disorders also examine if 

changes are related with reductions and/or delay of symptoms.

• Combine cortisol measurement and health/well-being assessment alongside other ways of 

brain imaging. 
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