
1 
 

Sedentary Behaviour, Physical Activity and Psychobiological Stress Reactivity: A Systematic 1 

Review 2 

 3 

 4 

 5 

Aiden J. Chauntry1,2, Nicolette C. Bishop1,2, Mark Hamer3, Nicola J. Paine1,2 6 

 7 

1School of Sport, Exercise and Health Sciences, National Centre for Sport and Exercise Medicine, 8 
Loughborough University, Loughborough, Leicestershire, United Kingdom. 9 

2National Institute for Health Research (NIHR) Leicester Biomedical Research Centre, University 10 
Hospitals of Leicester NHS Trust and the University of Leicester, Leicestershire, United Kingdom. 11 

3The Institute of Sport, Exercise and Health, Division of Surgery & Interventional Science, University 12 
College London, London, United Kingdom.  13 

 14 

 15 

Correspondence concerning this article should be addressed to Dr Nicola Paine, School of Sport, 16 
Exercise and Health Sciences, National Centre for Sport and Exercise Medicine, Loughborough 17 
University, Loughborough, Leicestershire, LE11 3TU, United Kingdom. Email: 18 
N.J.Paine@lboro.ac.uk. 19 

 20 

 21 

Funding: This research was supported by the School of Sport, Exercise and Health Sciences, 22 
Loughborough University, and the National Institute for Health Research NIHR Leicester Biomedical 23 
Research Centre. The views expressed are those of the authors and not necessarily those of 24 
Loughborough University, the NHS, the NIHR or the Department of Health and Social Care. The 25 
funders did not have a role in the design; in the collection, analysis and interpretation of data; in the 26 
writing of the report; and in the decision to submit the article for publication. 27 

 28 

 29 

Conflict of Interest: The authors declare that they have no conflict of interest. 30 

 31 

 32 

Acknowledgments: The authors acknowledge Ashley Newton, Thomas Watson, and Kieran Vann for 33 
their valuable help during the article screening process.  34 

mailto:N.J.Paine@lboro.ac.uk


2 
 

ABSTRACT 35 

Background: Sedentary behaviour, physical activity, and psychobiological reactivity to acute 36 

psychological stress are independent risk factors for cardiovascular disease. Sedentary behaviour and 37 

physical activity influence autonomic, haemodynamic, and inflammatory pathways under resting 38 

conditions, and these pathways become activated under acute psychological stress. However, it is 39 

unclear whether sedentary behaviour and physical activity relate to psychobiological responses to 40 

stress. Thus, the aim of this study is to systematically review sedentary behaviour and physical 41 

activity in the context of psychobiological reactivity to acute psychological stress.  42 

Methods: Sedentary behaviour, physical activity and psychobiological stress reactivity search terms 43 

were combined, and several databases were searched in duplicate. Eligibility criteria included: (1) a 44 

validated measure of sedentary behaviour/physical activity; (2) cardiovascular, inflammatory, 45 

neuroendocrine, or respiratory markers measured at rest and in response to laboratory-induced acute 46 

psychological stress. 47 

Results: 6084 articles were screened, with 11 included in a narrative synthesis. No studies measured 48 

postural components of sedentary behaviour, but 2/4 studies found that markers of sedentary 49 

behaviour (e.g., physical inactivity) were associated with elevated heart rate, dysregulated heart rate 50 

variability, or lowered cortisol responses to stress. Higher volumes of physical activity were linked to 51 

lower HR, cortisol, or immune responses to stress in 4/7 studies.  52 

Conclusions: Extensive methodological variability precludes conclusions from being drawn. This 53 

review should be used to guide a more homogeneous and gold-standard literature, which accounts for 54 

postural components of sedentary behaviour using inclinometery, and the whole physical activity 55 

intensity spectrum using universal and reproducible approaches.  56 

 57 

Key words: Sedentary behaviour, physical activity, stress reactivity, acute psychological stress, 58 
cardiovascular disease, systematic review   59 
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INTRODUCTION 60 

Cardiovascular disease, sedentary behaviour, and physical activity  61 

Cardiovascular disease (CVD) is the leading cause of global mortality and morbidity, which is 62 

reflected by a disability-adjusted life-year count of 393 million in 2019 (Vos et al., 2020). Sedentary 63 

behaviour is an emerging risk factor for CVD, and is defined as “any waking behaviour characterized 64 

by an energy expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or lying 65 

posture” (Tremblay et al., 2017, p. 9). Conversely, physical activity is defined uniquely as “any bodily 66 

movement produced by skeletal muscles that results in energy expenditure” (Caspersen, Powell and 67 

Christenson, 1985, p. 126). Importantly, the physical activity intensity spectrum includes light 68 

intensity physical activity (< 3 METs), moderate intensity physical activity (3-6 METs) and vigorous 69 

intensity physical activity (> 6 METs) (Pate et al., 1995). Given their respective definitions, and that 70 

individuals can be both highly physically active (i.e., by performing daily physical activity at a level 71 

that exceeds daily physical activity guidelines) and highly sedentary (e.g., by spending the rest of the 72 

day sitting; Hamer et al., 2020), physical activity and sedentary behaviour should be considered 73 

separate, independent behaviours. However, in recent years many studies have relied on lower 74 

physical activity volumes, physical inactivity (i.e., not meeting physical activity guidelines), or a lack 75 

of movement detected via accelerometery, to index sedentary behaviour (Prince et al., 2020). 76 

Although these markers can sometimes provide a robust estimation of sedentary behaviour (Tremblay 77 

et al., 2017; Prince et al., 2020), they fail to account for postural sedentary behaviour components, 78 

which might be important in the context of CVD risk (Dempsey et al., 2018; Edwardson et al., 2020). 79 

Cardiovascular disease risk factors associated with sedentary behaviour and physical activity 80 

British adults spend approximately 9.3 hours/day engaging in sedentary behaviour (Hamer et al., 81 

2020), and physical inactivity is rife at 36% (Guthold et al., 2018). This is concerning, as sedentary 82 

behaviour (Patterson et al., 2018; Ekelund et al., 2019) and physical (in)activity (Ramakrishnan et al., 83 

2021) are independently implicated in CVD aetiology. Sedentary behaviour is also related to 84 

elevations in CVD risk markers, including blood pressure (BP) (Lee and Wong, 2015), inflammation 85 

(Parsons et al., 2017), autonomic dysfunction (dos Santos et al., 2019), cortisol (Gubelmann et al., 86 



4 
 

2018) and metabolic dysregulation (Hadgraft et al., 2021). Conversely, physical activity is inversely 87 

(i.e., beneficially) associated with the abovementioned risk factors (Mora et al., 2007; Batty et al., 88 

2020).   89 

Psychobiological reactivity to acute psychological stress and links to sedentary behaviour and 90 

physical activity 91 

Acute psychological stress perturbs the cardiovascular (Chida and Steptoe, 2010), 92 

inflammatory/immune (Marsland et al., 2017), cortisol (Dickerson and Kemeny, 2004) and 93 

respiratory (Plourde et al., 2017) systems. Interestingly, the risk factors above that are characteristic 94 

of sedentary behaviour and physical (in)activity play a role in determining psychobiological changes 95 

(i.e., reactivity and recovery) to acute psychological stress (e.g., Veldhuijzen Van Zanten et al., 2005; 96 

Balanos et al., 2010; Kidd, Carvalho and Steptoe, 2014; Steptoe et al., 2014). For example, sedentary 97 

behaviour increases resting levels of BP, with one pathway being heightened sympathetic tone 98 

(Dempsey et al., 2018, 2020), and higher resting BP is associated with exaggerated cardiovascular 99 

(e.g., blood pressure, heart rate, cardiac output) (Sheffield et al., 1997; Balanos et al., 2010), 100 

inflammatory (Steptoe et al., 2016) and respiratory (Sims et al., 1988) responses to acute 101 

psychological stress. Importantly, exaggerated psychobiological responses to stress, and impaired 102 

recovery post-stress, are prospectively associated with CVD risk factors (Chida and Steptoe, 2010; 103 

Turner et al., 2020), and can trigger major adverse cardiovascular events acutely (Paine, Bosch and 104 

Veldhuijzen van Zanten, 2012). Therefore, if sedentary behaviour and low physical activity are 105 

associated with exaggerated stress reactivity and poor stress recovery, then this could be an important 106 

mechanism linking these behaviours with CVD outcomes.  107 

The current literature summarising sedentary behaviour and physical activity in the context of 108 

psychobiological stress reactivity  109 

The cross-stressor adaptation hypothesis postulates that exercise and physical activity triggers stress 110 

responses that over time contribute to the attenuation of responses to psychological stress (Sothmann 111 

et al., 1996). However, findings from randomised controlled trials that have examined the effect of 112 

exercise training on stress reactivity measures are inconsistent, with both lower psychobiological 113 
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responses to stress (e.g., Klaperski et al., 2014) and null findings (e.g., Sloan et al., 2021) reported in 114 

the literature. Systematic reviews have shown that higher cardiorespiratory fitness (which can be used 115 

as a marker of habitual physical activity) is related to smaller systolic BP (SBP) stress reactivity and 116 

faster heart rate (HR) recovery post-stress (Forcier et al., 2006), as well as larger HR stress reactivity 117 

and improved SBP/HR recovery (Jackson and Dishman, 2006). However, although fitness and 118 

physical activity are linked there are also major differences, including that physical activity is a 119 

behaviour, and there is a large genetic component to fitness that is not found for physical activity 120 

(Schutte et al., 2016). A more recent systematic review reported that higher volumes of physical 121 

activity were related to attenuated HR (3/5 studies) and cortisol (5/8 studies) responses to stress 122 

(Mücke et al., 2018). However, many of the studies included in this review used exercise behaviours 123 

as a proxy for total physical activity volume and the whole physical activity intensity spectrum. 124 

Importantly, exercise has a unique definition, usually reflects only a small proportion of total (e.g., 125 

incidental/lifestyle) physical activity volume, and often represents the higher end of the physical 126 

activity intensity spectrum (Caspersen, Powell and Christenson, 1985). This previous review also 127 

exclusively examined HR and cortisol changes to the Trier Social Stress Test in healthy populations 128 

(Mücke et al., 2018), thereby excluding other psychobiological markers, populations and stress tasks. 129 

Our review will take a broader approach and investigate a wider range of psychobiological responses 130 

(including other key cardiovascular parameters such as blood pressure, inflammatory markers, and 131 

respiratory indices) to all commonly used psychological stress tasks (e.g., mirror tracing, cold pressor, 132 

the Stroop Colour and Word Test) in a variety of populations. This is because these responses are 133 

important for stress-related CVD risk (Zhao et al., 2012; Sullivan et al., 2020; Turner et al., 2020) and 134 

might also be impacted by physical activity (Hamer and Steptoe, 2007). No prior work has reviewed 135 

the sedentary behaviour and psychobiological stress reactivity literature. 136 

Aim and hypotheses of the current systematic review 137 

The aim of this systematic review is to summarise research exploring sedentary behaviour and 138 

physical activity in the context of cardiovascular, inflammatory, neuroendocrine, and respiratory 139 

responses to acute psychological stress. We hypothesised that higher volumes of sedentary behaviour 140 
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would be associated with exaggerated psychobiological responses to stress, whereas higher volumes 141 

of physical activity would be associated with smaller stress responses. 142 

 143 

METHODS 144 

Protocol  145 

This systematic review followed Preferred Reporting Items for Systematic reviews and Meta-analyses 146 

(Moher et al., 2009) (Supplementary File 1) and Meta-Analyses and Systematic Reviews of 147 

Observational Studies (Stroup et al., 2000) guidelines.  148 

Information sources and search strategy  149 

Key words (formulated by the research team and academic librarian) representing sedentary 150 

behaviour and physical activity were combined with terms relating to psychobiological stress 151 

reactivity (Supplementary File 2). Several electronic bibliographic databases (PubMed, Web of 152 

Science, PsycINFO and MEDLINE) were searched in duplicate on the 31st of October 2019, with a 153 

final updated search completed on the 10th of November 2021. This retrieved articles published from 154 

the date inception to the 10th of November 2021 (inclusive). No limits were used and the “all 155 

fields/text” option was applied. Manual searches were undertaken through the reference lists of our 156 

included studies, as well as previous reviews on complementary topics (Forcier et al., 2006; Jackson 157 

and Dishman, 2006; Mücke et al., 2018). All articles were imported into reference management 158 

software (Mendeley desktop version 1.19.4, Elsevier, London, UK) and duplicates were removed.  159 

 160 

Eligibility criteria  161 

Inclusion criteria were: (1) studies with an aim or hypothesis relating to sedentary behaviour or 162 

physical activity in the context of psychobiological stress reactivity; (2) peer-reviewed journal articles 163 

written in English language; (3) primary or secondary analysis of quantitative data. We only included 164 

human adult studies (mean sample age between 18 years and 60 years) using a previously cited time-165 

limited active (i.e., where individuals can alter their performance/outcomes of a task) or passive (i.e., 166 

where participants endure an aversive stimulus) psychological (i.e., metabolically undemanding) 167 
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laboratory stress task. Psychobiological outcomes needed to be collected before and during or after 168 

psychological stress, and could include any cardiovascular, inflammatory/immune, neuroendocrine, or 169 

respiratory markers. Studies were required to measure sedentary behaviour or physical activity using a 170 

validated wearable device or questionnaire, covering at least a three-day period. Given that the current 171 

definition of sedentary behaviour has only recently been formulated (Tremblay et al., 2017), any 172 

studies that claimed to measure sedentary behaviour were included, regardless of how sedentary 173 

behaviour was defined or assessed. In the physical activity domain, studies had to measure total 174 

volume of physical activity (e.g., lifestyle and/or incidental physical activity), rather than rely on 175 

exercise/sport behaviours which often represent only a small proportion of total physical activity 176 

volume. No study design restrictions were imposed, and therefore all observational and intervention 177 

studies were included.  178 

Study selection and data collection process  179 

Two reviewers independently screened all articles based on title and abstract. Reasons for exclusion 180 

were detailed and any discrepancies were resolved by the senior author. The full text screening 181 

process was then completed using the same approach. If any full texts could not be found, then 182 

corresponding authors were contacted.  183 

Study quality and risk of bias 184 

Risk of bias at the study level was assessed independently by two reviewers. First, an adapted Downs 185 

and Black checklist (Downs and Black, 1998) was used, but only items relevant to this systematic 186 

review were retained, as per others (e.g., Plourde et al., 2017). Total scores could range from 0-15, 187 

and tertiles were formed to indicate high (0-5), moderate (6-10) and low (>10) risk of bias (e.g., Silva, 188 

Jayawardana and Meyer, 2018). Second, the Risk Of Bias In Non-randomized Studies of 189 

Interventions (ROBINS-I; Sterne et al., 2016) tool was employed, which comprised items devised 190 

specifically for this review (e.g., Slavish and Szabo, 2019). Again, tertiles were used to categorise 191 

high (0-7), moderate (8-14) and low (>14) risk of bias. The two risk of bias tools that were used in 192 

this study can be found in Supplementary File 3.  193 

 194 

  195 
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RESULTS 196 

Study selection 197 

A total of 6271 articles with cardiovascular endpoints, 3835 with neuroendocrine endpoints, 2609 198 

with inflammatory/immune endpoints, and 4936 with respiratory endpoints, were retrieved by four 199 

separate searches, one for each physiological system (see Figure 1). After combining, and with 200 

duplicates removed, this yielded 6084 articles for screening. A total of 11 unique studies were 201 

included in this narrative synthesis, four assessing markers of sedentary behaviour in the context of 202 

psychobiological stress reactivity, and seven assessing physical activity in the context of 203 

psychobiological stress reactivity.  204 

Methodological characteristics 205 

As shown in Table 1 and Table 2, 8/11 studies were observational and cross-sectional. In the 206 

sedentary behaviour domain there was one randomised cross-over trial (Endrighi, Steptoe and Hamer, 207 

2016). In the physical activity domain there was one randomised control trial (Hanson et al., 2013) 208 

and one experimental study (Taylor and Katomeri, 2006), but the physical activity and stress 209 

reactivity data that were derived from these two studies were observational, focusing on person-level 210 

physical activity.  211 

Participant characteristics   212 

Sample size ranged from N=31 (Buckworth, Dishman and Cureton, 1994) to N=96 (Zaffalon Júnior et 213 

al., 2018) with mean sample age extending from 20.8 years (Buckworth, Dishman and Cureton, 1994) 214 

to 50.0 years (Ferreira-Silva et al., 2018). Seven studies exclusively tested healthy participants (See 215 

Tables 1 and 2), whereas others assessed healthy individuals with parental history of hypertension 216 

(Buckworth, Dishman and Cureton, 1994), temporarily abstinent smokers (Taylor and Katomeri, 217 

2006), individuals with moderately elevated psychological distress (Poole et al., 2011) and patients 218 

with obstructive sleep apnoea (Ferreira-Silva et al., 2018). Body mass index (BMI) ranged from 22.1 219 

kg/m2 (Gerber et al., 2017) to 29.0 kg/m2 (Ferreira-Silva et al., 2018) and two studies tested 220 

participants with an overweight BMI (Hong et al., 2004; Ferreira-Silva et al., 2018). The remaining 221 

participant characteristics are summarised in Tables 1 and 2. 222 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.  
  223 

Duplicates Removed 
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Excluded at Title & Abstract Screening Stage 
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Excluded at Full Text Stage (n=163). Reasons Included: 
 

• Did not measure sedentary behaviour or physical activity (n=122); 
• Did not examine sedentary behaviour or physical activity in the 

context of psychobiological stress reactivity (n=33); 
• Not a peer reviewed journal article (n=9); 
• Non-validated/cited sedentary behaviour or physical activity tool 

(n=4); 
• Full text not in English language (n=3); 
• Inappropriate stress task (e.g., metabolically demanding) (n=2); 
• Not primary research (e.g., previous review) (n=2); 
• Physiology not measured pre and during or post stress (n=1). 
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Title & Abstract 
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(n=3835) 
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(n=4396) 

Inflammatory/imm
une endpoints 

(n=2609) 
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Measurement of sedentary behaviour    224 

No research in this review quantified postural and metabolic components of sedentary behaviour in 225 

line with the widely accepted definition (Tremblay et al., 2017). Instead, studies used physical 226 

inactivity or a lack of movement as indirect markers of sedentary behaviour. These markers of 227 

sedentary behaviour are frequently used within the sedentary behaviour literature (Tremblay et al., 228 

2017; Prince et al., 2020) and associations with certain (e.g., body fat), but not all (e.g., diastolic 229 

blood pressure), CVD risk factors are comparable when comparing posturally-determined sedentary 230 

behaviour and markers of sedentary behaviour (Edwardson et al., 2020). In line with other systematic 231 

reviews in the field of sedentary behaviour (e.g., Prince et al., 2020), this present review will hereafter 232 

refer to sedentary behaviour estimated from physical inactivity or a lack of movement as a marker of 233 

“sedentary behaviour”. However, this a literature-wide limitation that is considered in the discussion.  234 

Specifically, one study indexed sedentary behaviour as a lack of movement (calculated as the 235 

difference between daily total wear time and daily total active time) using a hip-mounted ActiGraph 236 

GT1M (ActiGraph, Pensacola, Florida, USA) across seven days (Endrighi, Steptoe and Hamer, 2016). 237 

The remaining studies used the International Physical Activity Questionnaire (IPAQ). Ferreira-Silva 238 

et al. (2018) defined their “sedentary” group as doing < 30 min of physical activity per week, and 239 

their active group as doing >150 min of physical activity per week. Zaffalon Júnior et al. (2018) 240 

classified their “sedentary” group as sedentary or irregularly active, and their active group as active or 241 

very active (but provided no quantification). Dziembowska et al. (2019) operationalised their 242 

“sedentary” group as individuals who are sedentary and do not regularly train, and their active group 243 

as elite volleyball players who are active and train >four times per week.  244 

Measurement of physical activity  245 

Two studies measured physical activity via wearable devices (hip worn ActiGraph GT1M (ActiGraph, 246 

Pensacola, Florida, USA) during waking hours for 7 days; Poole et al., 2011; Gerber et al., 2017), but 247 

Poole et al. (2011) also administered the short-form version of the IPAQ. The remaining five studies 248 

exclusively used self-report: the full IPAQ (Hanson et al., 2013), Seven-Day Physical Activity Recall 249 

Interview (Buckworth, Dishman and Cureton, 1994; Taylor and Katomeri, 2006), Godin-Shephard 250 
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Leisure-Time Physical Activity Questionnaire (Hong et al., 2004), and the short version of the 251 

Freiburg Questionnaire of Physical Activity (Hermann et al., 2019). 252 

Inducement of acute psychological stress  253 

The studies in this review adopted psychological stress tasks that have been well used in the literature 254 

and reported in previous systematic reviews (e.g., Turner et al., 2020). Two studies employed the 255 

Stroop Colour and Word Test, using a 3-min version (Ferreira-Silva et al., 2018), or one of 256 

unspecified duration (Zaffalon Júnior et al., 2018). In addition, the Trier Social Stress Test (TSST) of 257 

10 minutes (Gerber et al., 2017; Hermann et al., 2019), and 5 minutes (the mental arithmetic 258 

component only; Hanson et al., 2013) was used. A 10-min dual task paradigm (5-min mirror tracing 259 

followed immediately by 5-min public speaking; Poole et al., 2011; Endrighi, Steptoe and Hamer, 260 

2016), 5-min mental arithmetic task (Dziembowska et al., 2019) and 6-min speech task (Hong et al., 261 

2004) were also used. One study used a paradigm involving one active (5-min mental arithmetic) and 262 

one passive (2-min forehead cold pressor; Buckworth, Dishman and Cureton, 1994) task, and another 263 

study used a combination of two active tasks (Stroop [3-min] and speech [2-min preparation, 2-min 264 

speech]) and one passive task (temporarily handling a lit cigarette without smoking [duration not 265 

reported]) (Taylor and Katomeri, 2006). All studies excluding three (Ferreira-Silva et al., 2018; 266 

Zaffalon Júnior et al., 2018; Dziembowska et al., 2019) induced elements of social evaluation. 267 

Psychobiological measures taken under stress  268 

As detailed in Tables 1 and 2, ten studies measured cardiovascular responses to stress: nine examined 269 

BP and/or HR responses, two measured heart rate variability (HRV) responses and one measured 270 

forearm blood flow and forearm vascular conductance responses. Six studies assessed neuroendocrine 271 

markers: five measured salivary cortisol and one measured plasma adrenaline and noradrenaline. One 272 

study measured inflammatory cytokines (interleukin-6), and one study explored immune cell 273 

responses (lymphocyte subset and L-selectin [CD62L+] cells). No studies (sedentary behaviour or 274 

physical activity) have assessed respiratory changes to acute psychological stress.  275 

 276 

 277 
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Markers of sedentary behaviour and psychobiological responses to acute psychological stress  278 

Cross-over intervention study  279 

As shown in Table 1, one study found that a free-living intervention significantly increased an index 280 

of sedentary behaviour (mean [SE] increase of 31.49 [12.13] min/day for sedentary behaviour, defined 281 

as non-movement), but this did not impact SBP, DBP, IL-6 or cortisol responses to stress, relative to a 282 

“normal lifestyle” condition (Endrighi, Steptoe and Hamer, 2016). There was a significant interaction 283 

for HR, but post-hoc analyses revealed no significant differences in stress reactivity or stress recovery 284 

across conditions.  285 

Observational studies  286 

Zaffalon Júnior et al. (2018) demonstrated that relative to their active group, their sedentary group 287 

(indexed by lower PA) had higher HR and low frequency (LF)/high frequency (HF) ratio, lower time 288 

domain HRV, and lower absolute HF HRV, during recovery from stress (indicative of an “unhealthy” 289 

sympathetic-dominant response). However, two other studies found no differences across sedentary 290 

and active groups (indexed by high and low PA, respectively) in BP and HR (Ferreira-Silva et al., 291 

2018) or HR (Dziembowska et al., 2019) during stress. Nevertheless, the latter study demonstrated a 292 

time-by-group interaction effect for cortisol, which was lower 45-min post-stress in their sedentary 293 

group versus their active group (Dziembowska et al., 2019). Ferreira-Silva et al. (2018) found that 294 

forearm blood flow and forearm vascular conductance under stress were lower in their sedentary (low 295 

PA) group, compared to their active group (Table 1).  296 

Physical activity and psychobiological responses to acute psychological stress  297 

Although two studies were acute interventions, the physical activity and stress reactivity data were 298 

derived from cross-sectional, observational analyses. As shown in Table 2, one of these studies 299 

demonstrated lower HR under stress in those with high vs low vigorous physical activity, but no effect 300 

on HRV (HF-HRV and RMSSD) was found. This suggests no association with stress-related 301 

autonomic pathways (Hanson et al., 2013). The other study found no correlation between moderate-302 

to-vigorous physical activity and HR and/or BP responses to stress (Taylor and Katomeri, 2006).   303 
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In a highly active group compared to a moderately active group, Buckworth et al. (1994) 304 

demonstrated lower HR during their mental arithmetic task and recovery period, as well as lower HR 305 

during the final minute of recovery from the cold-pressor task. Another study found similar HRV 306 

(RMSSD, HF HRV, LF HRV, LF/HF ratio) and cortisol concentrations during stress across their PA 307 

groups (Hermann et al., 2019), whereas Poole et al. (2011) reported no correlation between light or 308 

moderate-to-vigorous physical activity (either when ActiGraph or IPAQ measured) and cortisol, BP, 309 

or HR responses to stress. One study did not demonstrate any significant findings for HR, but a time-310 

by-group interaction emerged for cortisol, with larger cortisol concentrations during stress in those 311 

who did not meet the American College of Sports Medicine guidelines (vigorous physical activity >20 312 

min, ≥3 times per week) versus those who did meet the guidelines (Gerber et al., 2017). Finally, Hong 313 

et al. (2004) did not find any differences in catecholamine concentrations during stress across their 314 

PA groups, but during stress the high PA group (compared to low PA group) demonstrated smaller 315 

perturbations in the number of naı̈ve TS/C cells, memory TS/C cells, CD62L+ TS/C cells, memory TH 316 

cells, CD62L− natural killer cells and lymphocyte CD8+CD62L+ cells. Importantly, this suggests a 317 

more resilient response to non-pathogenic stimuli whilst preserving function for antigenic challenge.  318 

 319 

Risk of bias and quality assessment  320 

As shown in Table 3, Downs and Black scores indicated that one study had a low risk of bias 321 

(Endrighi, Steptoe and Hamer, 2016), with the remaining articles showing moderate risk of bias. In 322 

general, reporting, and internal validity were rated highly (i.e., lower bias), whereas scores for 323 

external validity and statistical power were low. Based on our ROBINS-I assessment tool, five studies 324 

had low risk of bias and six had moderate risk of bias (see Table 3) 325 
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Table 1. Markers of sedentary behaviour and psychobiological responses to acute psychological stress.  

Reference Study design Sample 
characteristics 

Index of sedentary 
behaviour 

Stress 
paradigm 

Psychobiological 
measures Main findings 

Intervention study 

Endrighi et al. 
(2016). 
 

Randomised cross-
over trial with two 
conditions: 
1) 2-week 

sedentary 
condition 
(physical 
activity 
replaced with 
sedentariness).  

2) 2-week 
“normal 
lifestyle” 
control 
condition  
 

HR, BP, IL-6, and 
cortisol were 
measured at rest, 
during stress and 
during post-stress 
recovery after both 
conditions.  
 
 
 
 
 

N=43 healthy 
participants (44% 
female).  
 
Mean (SD) 
age=24.8 (4.5) 
years. 
 
Mean (SD) 
BMI=23.3 (2.4) 
kg/m2. 
 

During control 
condition, mean 
(SD) “sedentary” 
time=575 (7) 
min/day, LPA=82 
(39) min/day, 
MVPA=140 
min/day. 

During sedentary 
condition, mean 
(SD) “sedentary 
time” =607 (86) 
min/day, LPA=71 
(24) min/day, 
MVPA=103 (35) 
min/day. 

Hip-mounted 
ActiGraph GT1M 
worn for 7 days, with 
the following cut-
points: sedentary = 
<190, LPA = 191–
573, MPA = 574–
2099, VPA = >2099 
(cpm).  
Average daily wear 
time across the week = 
12h. 
 
Sedentary time was 
calculated as the daily 
total wear time minus 
total daily active time.  
 
Mean (SE) increase of 
31.49 (12.13) min/day 
of “sedentary 
behaviour” in the 
sedentary condition 
versus the normal 
lifestyle condition.  
 
  

Baseline: 
duration not 
reported. 
 
Stress: 
mirror 
tracing (5 
min) and 
public 
speaking (5 
min) with 
social 
evaluation. 
 
Recovery: 
45 min. 

Cardiovascular: 
Continuous HR 
(Actiheart) and BP 
(Finometer). 

Measurements 
taken for last 5 min 
of baseline and 
recovery, and 
during whole of 
stress paradigm 
(mean of speech 
and mirror tracing) 
 
Inflammatory: 
Plasma IL-6 
assayed in 
duplicate. 
 
Samples collected: 
end of baseline and 
45-min post-stress. 
 
Neuroendocrine: 
Salivary cortisol 
assayed in 
duplicate. 
Samples collected: 
end of baseline, 
immediately post-

Cardiovascular: 
Effect of time: Increases in SBP, F(2,82)=64.04, 
p<.001, DBP, F(2,82)=77.96, p<.001 and HR, 
F(1.58, 64.80)=48.72, p<.001.  
 
Interaction effect: mixed-model ANOVA 
revealed no time by condition interaction for 
SBP, F(2,82)=2.45, p=.09 or DBP, 
F(2,82)=1.53, p=.22. The time-by-condition 
interaction for HR was significant, 
F(2,82)=4.53, p=.01, but post-hoc t-tests 
revealed no significant differences across 
conditions in reactivity (stress minus baseline) 
or recovery (recovery minus baseline). 

Inflammatory: 
Effect of time: non-significant for IL-6, 
F(1,41)=0.29, p=0.59.  
 
Interaction effect: mixed-model ANOVA 
revealed no time-by-condition interaction for 
IL-6, F(1,41)=1.44, p=.23.  
 
Neuroendocrine: 
Effect of time: Increase in cortisol 
concentration, F(3,123) = 8.80, p<.001.  
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Time of testing: 
either 10:00 or 
14:00, but same for 
each participant 
across both 
conditions. 
 

stress, 20- and 45-
min post-stress. 

Interaction effect: mixed-model ANOVA 
revealed no time-by-condition interaction for 
cortisol, F(3,123)=1.60, p=.19.  
 
Area under the curve (AUC) for cortisol was not 
significantly different across conditions, 
t(42)=1.50, p=.14. 

Observational studies  

Dziembowska 
et al., (2019). 

Cross-sectional 
observational study 
comparing HR and 
cortisol during 
stress in sedentary 
vs active 
participants.  
 
Sessions began 
between 9-11am.  

N=55 healthy 
participants 
(100% female).  
 
Mean age 
(SD)=22.5 (1.1) 
years. 
 
Mean BMI 
(SD)=23.8 (1.3) 
kg/m2. 
 
 
 

IPAQ  

Created 2 groups: 

Sedentary group 
(n=30): Individuals 
who were sedentary 
and did not participate 
in sport or regularly 
train. Mean PA = 420 
MET/min/week.  
 

Active group (n=25): 
Elite volleyball 
players who are 
active, with >five 
years of training 
experience, and who 
train >four 
times/week. Mean PA 
= 2700 
MET/min/week. 

 

Baseline: 5 
min.  

Stress: 
mental 
arithmetic 
without 
social 
evaluation (5 
min. 

Recovery: 
35 min. 

Cardiovascular: 
Continuous HR 
(emWavePro®). 
 
Measurements 
taken throughout 
whole of baseline 
and stress, and 
during first 4 min 
of recovery. 
 
Neuroendocrine: 
Salivary cortisol 
assayed in 
duplicate. 
 
Samples collected: 
start of baseline 
and every 15 min 
thereafter. 
 

Cardiovascular: 
Effect of time: HR increased F(2,120)=21.34, 
p<.001, η2=0.26. 
 
Effect of group: repeated measure ANCOVA 
revealed no group differences in HR during the 
stress protocol, F(1,60)=2.69, p=.106, η2=0.04. 
 
Neuroendocrine: 
Effect of time: cortisol increased, 
F(3,180)=11.73, p<0.001, η2=0.16. 
 
Effect of group: repeated measure ANCOVA 
revealed lower cortisol in sedentary group, vs 
active group, during stress protocol, 
F(1,60)=4.69, p=0.034, η2=0.07. 
 
Interaction effect: Cortisol only significantly 
increased in the active group. At 45-min post 
stress, the sedentary group had lower cortisol 
concentration, relative to the active group. 
F(3,180)=3.07, p=.029, η2=0.05. 
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Ferreira-Silva 
et al., (2018). 

 

Cross sectional 
observational study 
comparing HR and 
HRV during stress 
in sedentary vs 
physically active 
individuals. 

Session ran in the 
morning (no 
specific time 
reported). 

N=40 obstructive 
sleep apnoea 
patients who 
were otherwise 
healthy (40% 
female).  

Mean (SE) 
age=50.0 (1.0) 
years.  

Mean (SE) 
BMI=29.0 (0.8) 
kg/m2. 

IPAQ  

Created 2 groups:  

Sedentary group 
(n=21), PA <30 
min/week.  

PA group (n=19), PA 
≥150 min/week, 
including MVPA ≥ 3 
days/week and ≥ 30 
min/bout.  

Baseline: 4 
min. 

Stress: 
Stroop (3 
min) with no 
social 
evaluation. 

No recovery 
period 
reported. 

Cardiovascular: 
Intermittent BP 
(cuff on the ankle) 
and continuous HR 
(ECG). 

BP measurements 
taken minutely. HR 
measurements 
taken continuously 
throughout 
baseline and stress. 

Cardiovascular: 
Effect of time: significant increase in BP and 
HR (all p <.05)  
 
Effect of group: unpaired Student t-tests 
revealed no group differences in BP or HR 
during stress (all p >.05) 
 
 

 

 

 

Zaffalon Júnior 
et al., (2018). 

Cross sectional, 
observational study 
comparing HR and 
HRV during stress 
recovery in 
sedentary vs 
physically active 
women. 

Session time not 
reported. 

 

N=96 healthy 
participants 
(100% female).  

Mean (SD) 
age=23.2 (3.8) 
years.  

Mean (SD) 
BMI=22.2 (3.3) 
kg/m2.  

 

IPAQ  

Created 2 groups:  

Sedentary group 
(n=48): sedentary or 
irregularly active. 

Active group (n=48): 
active or very active.  

The quantification 
strategy that was used 
to split the groups was 
not reported.  
 

Baseline: 15 
min. 

Stress: 
Stroop 
(duration not 
reported) 
with no 
social 
evaluation. 

Recovery: 
15 min. 

Cardiovascular: 
Continuous HR 
and HRV (Polar 
watch). 

Time domain HRV 
measures: RR, RR 
SD, RR variance 
and RMSSD. 

Frequency domain 
HRV measures: LF 
HRV (0.03–0.15 
Hz), HF HRV 
(0.15–0.4 Hz), 
LF/HF ratio. 

HR and HRV 
measured during 
baseline and 

Cardiovascular: 
HR 
Effect of time: HR increased (p<.01). 
 
Effect of group: unpaired student t-test revealed 
that the sedentary group had higher HR during 
baseline and recovery, relative to the active 
group (p=.035) 
 
Time domain HRV 
Effect of time: not reported. 
 
Effect of group: unpaired student t-test revealed 
that the sedentary group had lower RR, RR SD, 
RR variance and RMSSD, relative to the active 
group (all p<.05). No further data provided.  

Frequency domain HRV 
Effect of time: not reported. 
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recovery and 
analysed in three 
segments during 
baseline (times not 
specified) and min 
2–5 and 6–9 of 
recovery.  

Effect of group: unpaired student t-test revealed 
no group differences in LF HRV (p>.05). The 
sedentary group had lower absolute HF HRV, 
and a higher HF/LF ratio, compared to the 
active group (all p <.05). This was shown during 
both time periods (2-5min and 6-9min post 
stress). 

Note. SD=standard deviation, SE=standard error,  BMI=body mass index, IPAQ=International Physical Activity Questionnaire, PA=physical activity, 
LPA=light intensity physical activity, MPA=moderate intensity physical activity, VPA=vigorous intensity physical activity, MVPA= moderate to vigorous 
physical activity, J/kg/week=joules per kilogram per week, BP=blood pressure, SBP=systolic blood pressure, DBP=diastolic blood pressure, 
ECG=electrocardiogram, HR=heart rate, HRV=heart rate variability, HF=high frequency, LF=low frequency, RMSSD= Root Mean Square of the Successive 
Differences, RR=time between two heartbeats, RR (SD)=standard deviation of R-R interval, i.e., time between two heart beats), IL-6=interleukin 6,  
AUC=area under the curve,  ANOVA = analysis of variance, CPM=counts per minute, p/w = per week.  
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Table 2. Physical activity and psychobiological responses to acute psychological stress. 
Reference  Study design Sample 

characteristics  
Assessment of physical 

activity 
Stress 

paradigm  
Psychobiological 

measures 
Main findings 

   
Intervention studies 

 

Hanson et 
al., (2013). 

 

Randomized 
trial 
investigating the 
effect of 20g of 
serotonin 
reuptake 
inhibitor (or 
placebo) and 
VPA, on 
HR/HRV during 
stress (only 
placebo data 
presented) 

AM sessions. 

N=44 healthy 
participants 
(100% female).  

Mean (SD) 
age=23.7 (5.9) 
years.  

Mean (SD) 
BMI=22.6 (3.0) 
kg/m2.  

 

IPAQ  

Created 2 groups based 
on national VPA 
guidelines: 

High active = >30 min 
of VPA ≥ 3 days/week 
(n=22). 

Low active = < 30 min 
of VPA < 3 days/week 
(n=18). 

Baseline: 5 
min.  

Stress: Mental 
arithmetic 
component of 
the TSST (5 
min) with 
social 
evaluation. 

Recovery: not 
reported  

Cardiovascular: 
Continuous HR and 
HRV (Polar watch 
RS800CX). 
 
HRV: HF HRV (0.15–
0.40 Hz) and RMSSD.  
 
Data collected and 
averaged during 
baseline and stress. 

Cardiovascular (only placebo data is presented). 
HR effect of time: HR increased F(1, 38)=210.43, 
p<.001, η2 p=0.85. 
 
HR effect of group: HR during stress was lower in 
highly active (84.62bpm, SD=17.93) vs low active 
(94.80bpm, SD=10.45) group; t(38) = 2.13, 
p=.040, d=0.48.  
 
HRV effect of time: HF HRV, F(1, 38)=84.60, 
p<.001, d=1.47, and RMSSD decreased, F(1, 
38)=35.99, p<.001, d=0.96. 
 
HRV effect of group: non-significant.  

Taylor et 
al., (2006). 

 

Experimental 
study comparing 
HR and BP 
reactivity after 
15 min walk 
with 15 min 
resting control.  

Session time not 
reported. 

N=60 healthy 
temporary 
abstinent 
smokers (57% 
female). Mean 
(SD) age = 28.6 
(7.6) years.  

Mean (SD) BMI 
= 23.0 (3.2) 
kg/m2. 

7-day PA recall 
interview 

Did not split sample into 
groups – treated PA data 
continuously. 

Baseline: 10 
min. Stress: 
Stroop (3min), 
speech (2 min) 
& holding 
cigarette 
(duration not 
reported). 

Recovery: not 
reported.  

Cardiovascular: 
Intermittent BP and 
HR (arm cuff). 
 
Δ in BP & HR was 
calculated separately 
for each task by 
subtracting BP and 
HR measured 
immediately post-
stress from baseline. 

Cardiovascular: 
Effect of time: SBP (by 4.3 mmHg), DBP (by 2.9 
mmHg) and HR (by 2.3 bpm) increased (all p 
<.05). 
 
Correlational analysis: No association between 
hours of MVPA in the previous 7 days and the Δ 
in SBP, DBP or HR in response to any of the 
three stress tasks (all p>0.05). 
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Observational studies  

 

Buckworth 
et al., 
(1994). 

 

Cross-sectional 
observational 
study comparing 
HR and BP 
during stress in 
individuals with 
high vs moderate 
levels of PA. 

Time of testing 
not reported. 

N=31 healthy 
participants 
with parental 
history of 
hypertension 
(100% female).  

Mean (SD) 
age=20.8 (2.0) 
years.  

Mean (SD) 
BMI=22.6 (2.9) 
kg/m2.  

 

7-day PA recall 
interview. 

Created 2 groups based 
on age and sex norms: 

Highly active (n=16, 
1217.7 ± 98.4 J/kg/wk. 

Moderately active 
(n=15, 1015.5 ± 49.4 
J/kg/wk.  

Baseline: 5 
min. 

Stress: mental 
arithmetic 
with social 
evaluation (5 
min) - and 
forehead cold 
pressor (3°C 
to 4°C; 2 min.  

Recovery: 6 
min. 

Cardiovascular:  
Continuous BP and 
HR (Finometer). 

Measurements taken 
throughout baseline, 
min 2 to 3 and 4 to 5 
of mental arithmetic 
and min 2 to 3 and 5 
to 6 of recovery. No 
measurements during 
cold pressor task but 
taken during min 2 to 
3 and 5 to 6 cold 
pressor recovery. 

Cardiovascular:  
Effect of time: not reported. 

Effect of group: non-significant.  

Interaction effect: mixed-model ANOVA revealed 
no time-by group interaction for HR, SBP or 
DBP, when comparing high vs moderately active 
groups (all p >.05). 

HR in the highly active group was lower during 
mental arithmetic task and recovery (d=0.30), and 
during last minute of cold pressor recovery 
(d=0.48) vs moderately active group (all p <.05) 

 

Gerber et 
al., (2017). 
 
 

Cross sectional, 
observational 
study comparing 
cardiovascular 
and cortisol 
stress responses 
across four 
groups: 
1) high VPA + 
high perceived 
stress (measured 
by the PSS).  

2) low VPA + 
high perceived 
stress. 

N=42 healthy 
participants 
(52% female). 
 
Mean (SD) 
age=21.2 (2.2) 
years.  
 
Mean (SD) BMI 
= 22.1 (1.8) 
kg/m2.  
 
 
 
 

Hip-mounted ActiGraph 
GT1M worn for 7 days, 
with the following 
Freedson cut-points:  
MPA (1952–5724 cpm), 
VPA (≥5724 cpm).  
 
Mean (SD) wear=5.95 
(0.84) days, wear 
time=861.42 (72.54) 
min. 
 

1) PSS >22, VPA>20 
min ≥ 3x p/w (n=9). 
 

Baseline: 20 
min. 
 
Stress: TSST 
(10 min; 5 min 
public 
speaking and 5 
min mental 
arithmetic) 
with social 
evaluation  
 
Recovery: 90 
min. 

Cardiovascular: 
Continuous HR (chest 
HR monitor with wrist 
device) 
 
HR was measured 
from 1 min pre- to 2 
min post-stress. 
 
Neuroendocrine: 
Salivary cortisol 
assayed in duplicate. 
Samples collected: 20- 
and 1-min pre-stress, 
and 10, 20, 30, 45, 60, 
90 min post-stress. 
   

Cardiovascular: 
Effect of time: HR increased, F(1,38)=62.01, 
p<.001, η2=.620.  
 
Effect of group: ANCOVA revealed no between-
group differences in HR, in terms of: AUCG, 
F(3,38)=2.21, p=.102, η2=.149, AUCI, 
F(3,38)=0.91, p=.445, η2=.067, and peak minus 
baseline F(3,38)=1.31, p=.286, η2=.094.                         

Interaction effects: ANCOVA revealed no 
significant time-by-group interaction for HR 
F(3,38)=2.48, p=.076, η2=.164.  
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3) high VPA + 
low perceived 
stress. 

4) low VPA + 
low perceived 
stress.  

Sessions started 
at either 11:00 or 
15:00. 
 

2) PSS >22, VPA<20 
min < 3x p/w (n=12) 

 
 

3) PSS <22, VPA>20 
min ≥ 3x p/w (n=10) 
 
 

4) PSS <22, VPA<20 
min < 3x p/w (n=11). 

 
 

 
 
 

Neuroendocrine: 
Effect of time: significant increase in cortisol, 
F(3,36)=18.69, p<.001, η2=.601. 
 
Effect of group: ANCOVA revealed smaller 
concentrations of cortisol in the low VPA groups, 
versus the high VPA groups (all p<.05) 

Interaction effects: ANCOVA was significant for 
cortisol, F(9,88)=2.57, p<.05, η2=.174.  

The baseline to peak (20 min pre- to 20 min post-
stress) response was highest in the low VPA 
groups, relative to the high VPA groups, 
F(3,38)=5.31, p<.01, η2=.295. Similar findings for 
AUCG, F(3,38)=5.40, p<.01, η2=.310, AUCI, 
F(3,38)=5.28, p<.01, η2=.294. 

Cortisol responses to stress were always greatest 
in groups with low VPA, and smallest in groups 
with high VPA. 

Hermann 
et al., 
(2018).  

Cross sectional, 
observational 
study comparing 
HRV and 
cortisol during 
stress across PA 
groups.  
 
Sessions ran 
between 1-5pm.  

N=32 healthy 
participants 
(100% male).  
 
Mean (SD) 
age=24.31 
(3.35).  
 
Mean 
BMI=23.56 
(2.30). 

Freiburg Questionnaire 
of Physical Activity– 
short version. 

Created 3 groups. 
 
Inactive: PA <2 hours 
per week (n=8). 
 
Moderately active: PA 
between 2 and 6 hours 
per week (n=10). 

Baseline: 60 
min.  

Stress: TSST 
(10 min; 5 min 
public 
speaking, and 
5 min mental 
arithmetic) 
with social 
evaluation. 
 

Cardiovascular:  
HRV (HRV watch 
system): RMSSD, HF 
HRV (0.15-0.40 Hz), 
LF HRV (0.04-0.15 
Hz), and the LF/HF 
ratio. 
 
Neuroendocrine: 
Serum cortisol assayed 
in duplicate. Blood 
samples collected: 15- 
and 1-min pre-stress 

Cardiovascular:  
Effect of time: RMSDD, F(1.75, 54.29)=15.59, 
p<.001, η2=0.34, and LF HRV, F(2.16, 
67.06)=4.05, p=.019, η2=0.12, decreased, and 
LF/HF ratio increased, F(2.04, 63.18)=3.17, 
p=.048, η2=0.09. 
 
Effect of group: ANOVA revealed no difference 
in HR during the stress protocol across PA 
groups, F(3.38, 49,06)=0.398, p=.778. HRV data 
was non-significant, but no further details 
presented. 
 



21 
 

Vigorously active: PA 
>6 hours per week 
(n=14). 

Recovery: 75 
min. 

and 1-, 5-, 10-, 20-, 
30-, 45-, 60- and 75-
min post-stress.  

Neuroendocrine:  
Effect of time: cortisol increased (p<.001). 
Effect of group: ANOVA revealed no difference 
in cortisol during the stress protocol across PA 
groups, F(3.25, 47.09)=0.98, p=.417. 

Hong et 
al., (2004). 
  

Cross sectional, 
observational 
study comparing 
immune and 
catecholamine 
responses to 
stress across 
high v low PA 
groups.  
 
Sessions ran 
between 8:15 am 
and 12:00 noon. 

N=48 healthy 
participants 
(52% female).  
 
Mean (SD) 
age=37.3 (8.3) 
years.  
 
Mean (SD) BMI 
=26.4 (4.4) 
kg/m2.  
 
 
 
 
 
 
 

Godin-Shephard 
Leisure-Time PA 
Questionnaire. 

Created 2 groups based 
on median split:  

Low active, mean (SD) 
raw questionnaire score 
of 18.56 (1.77) (n=24).  
 
High active, mean (SD) 
raw questionnaire score 
of 55.90 (3.50) (n=24).  
 
Raw questionnaire score 
was generated by 
multiplying frequencies 
of weekly PA by 3 
(light intensity PA), 5 
(moderate intensity PA) 
and 9 (vigorous PA).  

Baseline: 30 
min 
 
Stress: speech 
(2 x 3 min 
speeches) with 
social 
evaluation  
 
Recovery: 15 
min 

Neuroendocrine 
Plasma adrenaline and 
noradrenaline assayed 
in duplicate. 
 
Immune: 
Immune cells 
measured (baseline, 
immediately-post, and 
15 min-post stress) 
using flow 
cytometry/cell counter 
lymphocytes (CD3+), 
TH cells (CD3+CD4+), 
Naïve TH cells 
(CD45RA+CD62L+), 
Memory TH cells 
(CD45RO+), TC cells 
(CD3+CD8+), Naïve 
TC cells 
(CD45RA+CD62L+), 
Memory TC cells 
(CD45RO+), NK cells 
(CD3-CD16+56+), 
CD4+CD62L+, 
CD4+CD62-  and  
CD8+CD62L+. 

Neuroendocrine 
Effects of time: adrenaline, F(1,40)=8.02, p<.01, 
and noradrenaline, F(1,43) = 18.97, p<.001, 
increased.  
 
Interaction effects: time (pre, immediately post 
stress, and 15-min post-stress) x group (low and 
high PA) repeated measure ANOVAs revealed no 
significant interaction for adrenaline or 
noradrenaline (all p>.05). 
 
Immune 
Effects of time: lymphocyte subsets and CD62L 
cells increased (all p<.05).  
 
Interaction effects: There were time (pre, 
immediately post stress, and 15-min post-stress) 
by group (low and high PA) interactions for: 
naı̈ve TS/C cells, F(1,45)=5.97, p<.05;  
memory TS/C cells, F(1,45)=7.86, p<.01; 
CD62L+ TS/C cells, F(1,46)=4.02, p<.05; 
memory TH cells F(1,43)=4.72, p<.05; 
CD62L− NK cells, F(1,44)=4.82, p<.05; 
lymphocyte CD8+CD62L+ F(1,45)=9.56, p<.05; 
NK CD62L− cells, F(1,44)=20.27, p<.05. 
 
The low PA group had a higher number of the 
immune cells above across the stress protocol, 
relative to the high PA group.  
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Poole et 
al., (2011). 

 

Cross sectional, 
observational 
study correlating 
PA with BP, 
HR, and cortisol 
responses to 
stress 

Sessions ran 
between 12.00 
noon and 17.00. 

N=40 healthy 
participants 
with elevated 
psychological 
distress (100% 
female).  

Mean (SD) age 
= 28.7 (6.1) 
years.  

Mean (SD) BMI 
= 23.0 (4.4) 
kg/m2.  

PA (min/day): 
LPA = 99.9 
(22.6), MPA = 
81.2 (28.3), 
VPA = 57.1 
(24.3). 

ActiGraph GT1M for 7 
days on the hip and 
IPAQ.  
 
The following cut-
points were used (cpm): 
LPA = 191–573, MPA 
= 574–2099, VPA 
>2099 (Matthews, 
2005).  
 
Mean (SD) daily wear 
time across the week = 
857 (58) min/day. 
 
 IPAQ scores computed 
by multiplying PA 
(minutes) by frequency 
(days) of the subscales. 

Baseline: 50 
min. 

Stress: mirror 
tracing (5 min) 
and public 
speaking (5 
min) with 
social 
evaluation.  

Recovery: 25 
min. 

 

Cardiovascular: 
Continuous BP and 
HR (Finometer) 
measured during final 
5 min of baseline, 
throughout stress, and 
final 5 min of 
recovery. Reactivity 
(task minus baseline) 
and recovery 
(recovery minus 
baseline) were 
computed. 
 
Neuroendocrine: 
Salivary cortisol 
assayed in duplicate. 

Samples taken at the 
end of baseline, 
immediately post-
stress, and 20-min 
post-stress.  

Cardiovascular: 
Effect of time: BP and HR increased (all p <.05). 
 
Correlational analyses: no association between 
self-reported or ActiGraph-determined total PA, 
LPA, MPA and VPA, and the Δ in BP or HR in 
response to, or recovery from, stress (all p>.05).  
 
 
Neuroendocrine: 
Effect of time: cortisol concentration increased 
 
Correlational analyses: no association between 
self-reported or ActiGraph-determined total PA, 
LPA, MPA and VPA, and the Δ in cortisol during 
recovery from stress (all p>.05).  
 
 

Note. SD=standard deviation, SE=standard error, BMI=body mass index, PSS=Perceived Stress Scale, IPAQ=International PA Questionnaire, PA=physical 
activity, LPA=light intensity physical activity, MPA=moderate intensity physical activity, VPA=vigorous intensity physical activity, MVPA= moderate to 
vigorous physical activity, J/kg/week=joules per kilogram per week, BP=blood pressure, SBP=systolic blood pressure, DBP=diastolic blood pressure, 
HR=heart rate, HRV=heart rate variability, HF=high frequency, LF=low frequency, RMSSD= Root Mean Square of the Successive Differences,  AUC=area 
under the curve, ANOVA = analysis of variance, CPM=counts per minute, p/w = per week, TH cells=T helper cells, Tc = T cytotoxic cell, NK cell=natural 
killer cell   
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 Note: Downs and Blacks score of 0-5 = high risk of bias, 6-10 = moderate risk of bias and >10 = low risk of bias. ROBINS-I score of 0-7 = high risk of bias, 
8-14 = moderate risk of bias and >14 = low risk of bias

Table 3.  Risk of bias assessment 
 

Study   
Downs and 

Black 
(reporting) 

Downs and 
Black 

(external 
validity) 

Downs and 
Black 

(internal 
validity) 

Downs and 
Black 

(power) 

Downs and 
Black (total 

score) 

Downs 
and Black 

risk of 
bias  

ROBINS-I 
(total 
score) 

ROBINS-I 
risk of bias 

Sedentary Behaviour 

Dziembowska et al. (2019)  6 0 3 0 9 Moderate  15 Low  

Endrighi et al. (2016)  7 0 3 1 11 Low 15 Low 

Ferreira-Silva et al. (2018)  7 0 3 0 10 Moderate 10 Moderate 

Zaffalon Júnior et al. (2018)  6 0 3 0 9 Moderate 11 Moderate 

Physical Activity  

Buckworth et al. (1994)  6 0 2 1 9 Moderate 14 Moderate 

Gerber et al. (2017)  7 0 3 0 10 Moderate 13 Moderate 

Hanson et al. (2013)  7 0 3 0 10 Moderate 15 Low 

Hermann et al. (2019)  5 0 3 1 9 Moderate  11 Moderate 

Hong et al. (2004)   6 0 3 0 9 Moderate 15 Low 

Poole et al. (2011)  7 0 3 0 10 Moderate 15 Low 

Taylor & Katomeri (2006)  6 0 3 0 9 Moderate 13 Moderate 
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DISCUSSION 326 

This is the first systematic review of the sedentary behaviour and psychobiological stress reactivity 327 

literature. This is also the first review to summarise the physical activity-stress reactivity literature 328 

whilst solely accounting for total (i.e., lifestyle/incidental) physical activity, as previous reviews have 329 

quantified physical activity using both physical activity and/or exercise behaviours. Our review 330 

furthers the existing literature as exercise behaviours can be unrepresentative of total physical activity 331 

volume and the whole physical activity intensity spectrum. Across this review findings were 332 

inconsistent, likely due to large methodological heterogeneity, and therefore drawing conclusions 333 

remains difficult at this time. This review should be used to guide future studies in the area.  334 

Measurement of sedentary behaviour  335 

Although four studies claimed to assess sedentary behaviour, none assessed postural and metabolic 336 

components of sedentary behaviour in line with the widely accepted definition (Tremblay et al., 337 

2017). Instead, these studies used physical inactivity or a lack of movement as indirect indices of 338 

sedentary behaviour. Although associations with certain CVD risk factors (e.g., body fat) are similar 339 

when comparing posturally-determined sedentary behaviour and markers of sedentary behaviour 340 

(Edwardson et al., 2020), and that markers of sedentary behaviour are frequently used in the literature 341 

(Prince et al., 2020), they fail to account for postural components of sedentary behaviour. This is 342 

important because a regularly adopted sedentary posture might be an important determining factor for 343 

psychobiological stress reactivity, possibly via heightened pathways blood pressure (Dempsey et al., 344 

2018), inflammation (Dogra et al., 2019) and sympathetic activity (Dempsey et al., 2018, 2020) under 345 

conditions of rest. For example, a seated posture induces the bending of arteries in the leg, which 346 

promotes turbulent blood flow and negatively impacts resting blood pressure control (Thosar et al., 347 

2014). This might also be further exacerbated through a pathway of heightened resting sympathetic 348 

nervous system activity that is observed in a seated posture (Dempsey et al., 2016, 2018, 2020). 349 

Importantly, higher resting blood pressure is predictive of exaggerated cardiovascular (Sheffield et al., 350 

1997; Balanos et al., 2010), inflammatory (Steptoe et al., 2016) and respiratory (Sims et al., 1988) 351 

responses to acute psychological stress. In summary, this review has shown that no pre-existing 352 
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research has measured sedentary behaviour (per the current definition; Tremblay et al., 2017) in the 353 

context of psychobiological stress reactivity, which highlights an urgent methodological consideration 354 

for future research, which would benefit greatly by using gold-standard inclinometry.  355 

Markers of sedentary behaviour and psychobiological responses to stress  356 

One study used a cross-over design to increase sedentary time over 14 days, but found no differences 357 

across condition (“sedentary” vs normal lifestyle) in BP, HR, IL-6, or cortisol responses to stress 358 

(Endrighi, Steptoe and Hamer, 2016). This might be explained by their highly active sample, with 359 

emerging research suggesting that sedentary behaviour is most deleterious for resting blood pressure 360 

(Spehar et al., 2020), markers of inflammation (Henson et al., 2013) and CVD mortality (Ekelund et 361 

al., 2019) in physically inactive populations. Consequently, future research in this area should aim to 362 

recruit inactive populations. The lack of differences across condition might also be partially explained 363 

by the limited intervention duration, small increases in sedentary time, and because it cannot be 364 

ascertained whether individuals were more “sedentary” or just performed less movement. Acute (i.e., 365 

< 1 day) and tightly controlled laboratory-based interventions to manipulate sitting time may be 366 

beneficial before further real-world interventions are implemented.  367 

In the context of habitual markers of sedentary behaviour, Zaffalon Júnior et al. (2018) found that 368 

“sedentary” females had higher HR, lower time domain HRV, and lower HF-HRV, during recovery 369 

from stress, compared to active females. This suggests that sympathetic hyperactivity during stress 370 

might be observed in sedentary individuals, which is supported by research under resting conditions 371 

(dos Santos et al., 2019). Larger HR responses to stress are prospectively associated with CVD risk 372 

factors (Chida and Steptoe, 2010; Turner et al., 2020) and therefore this might represent a novel 373 

mechanism linking markers of sedentary behaviour with CVD. However, other studies in this current 374 

review using comparable designs and grouping approaches found no association between sedentary 375 

behaviour indices and HR and/or BP responses to stress (Ferreira-Silva et al., 2018; Dziembowska et 376 

al., 2019). One explanation for these discrepancies might relate to sample variability, including that 377 

Zaffalon Júnior et al.’s (2018) “sedentary” group had poorer self-reported physical health, higher 378 

resting HR, and maladaptive HRV metrics at rest. Consequently, future research might benefit from 379 
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recruiting populations at risk for CVD, rather than purely healthy samples. Finally, Ferreira-Silva et 380 

al. (2018) found that blood flow and vascular conductance of the forearm was attenuated under stress 381 

in their sedentary (low PA) group, compared to their active group. This suggests that larger 382 

vasoconstrictory responses to stress were observed in those with an elevated index of sedentary 383 

behaviour (Ferreira-Silva et al., 2018). This is a potential mechanism linking sedentary behaviour and 384 

CVD that warrants further investigation, particularly given that exaggerated peripheral 385 

vasoconstriction during stress (as indexed by a lower stress/baseline peripheral arterial tonometry 386 

ratio) is associated with increased risk of major adverse cardiovascular events (Kim et al., 2019). 387 

Dziembowska et al. (2019) found statistically lower concentrations of cortisol 45-min post-stress in 388 

their sedentary group, relative to an active group. Research has shown that attenuated cortisol 389 

responses to stress can be maladaptive, with prospective links to CVD risk factors, including obesity 390 

and depression (Carroll et al., 2017). This may be explained by the potent anti-inflammatory effects 391 

of cortisol under stress (Kunz-Ebrecht et al., 2003), especially given that obesity and depression are 392 

characterised by elevated basal levels of inflammation (Ouakinin, Barreira and Gois, 2018). 393 

Consequently, the findings of Dziembowska et al. (2019) highlight the potential for a link between 394 

higher volumes of sedentary behaviour and larger pro-inflammatory responses to stress, but this must 395 

remain speculative until future research has tested this.  396 

Physical activity and psychobiological responses to stress  397 

Two studies found lower HR during stress in groups with higher volumes of habitual physical activity 398 

(Buckworth, Dishman and Cureton, 1994; Hanson et al., 2013), although the latter found this 399 

exclusively for vigorous intensity physical activity. Given that large HR responses to stress are 400 

associated with hypertension and sudden coronary death (Turner et al., 2020), this lowered HR 401 

response to stress might be a cardioprotective mechanism induced by regular physical activity. HR 402 

under stress is also a marker of autonomic functioning (Brindle et al., 2014), and therefore these 403 

findings might also suggest that physical activity improves stress-induced autonomic tone, which is 404 

aligned with the resting literature (Tebar et al., 2020). However, others in this review found no link 405 

between physical activity and HR (Taylor and Katomeri, 2006; Poole et al., 2011; Gerber et al., 406 
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2017), HRV (Hanson et al., 2013; Hermann et al., 2019) or catecholamine (Hong et al., 2004) 407 

responses to stress. Further research using accelerometery and a range of autonomic measures is 408 

needed to confirm whether physical activity impacts autonomic tone under stress.  409 

Gerber et al. (2017) found that groups with higher volumes of device-assessed vigorous physical 410 

activity (relative to groups with low volumes of vigorous physical activity) showed attenuated cortisol 411 

output during stress. This possibly highlights the importance of higher intensity physical activity for 412 

reducing cortisol stress reactivity, which is important because large cortisol responses to stress are 413 

associated with higher risk of hypertension, and the progression of coronary artery calcification 414 

(Turner et al., 2020). However, others found no link between physical activity (including moderate-415 

vigorous physical activity) and cortisol responses to stress (Poole et al., 2011; Hermann et al., 2019). 416 

The non-significant findings of Poole et al. (2011) might be partially explained by the weak socially 417 

evaluative nature of their stress paradigm (Dickerson and Kemeny, 2004), which should be noted for 418 

future research. The non-significant findings of Hermann et al. (2019) could be explained by limited 419 

group differences in physical activity; although self-reported physical activity differed across groups, 420 

objectively measured VO2 max was homogenous. This may reflect well-known biases regarding self-421 

report physical activity methodologies, and highlight the importance for forthcoming studies to select 422 

device-based approaches (Van Poppel et al., 2010). 423 

One study revealed that active (relative to inactive) individuals had smaller concentrations of 424 

lymphocyte populations during stress, including CD62L- expressing lymphocytes (Hong et al., 2004). 425 

This might possibly be explained by healthier autonomic tone under stress as a result of regular 426 

physical activity (Hong et al., 2004; Tebar et al., 2020). As L-selectin is a key adhesion molecule 427 

implicated in lymphocyte migration from circulation to tissue (Ivetic, Green and Hart, 2019), this 428 

attenuated L-selectin immune response to stress could potentially reflect a reduced likelihood of 429 

experiencing inflammatory events in those who are physically active (Ivetic, Green and Hart, 2019). 430 

However, this would need to be directly examined.  431 

 432 

Cross-stressor adaptation hypothesis and links to previous reviews  433 
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The physical activity-reactivity literature is governed by the cross-stressor adaptation hypothesis 434 

(Sothmann et al., 1996), and this hypothesis was generally supported by a recent systematic review 435 

(Mücke et al., 2018). However, our work provides only minimal support to this hypothesis. One 436 

explanation relates to the fact that this previous review included many studies which used exercise 437 

behaviours to index total physical activity volume (as well as including studies that actually measured 438 

habitual physical activity), rather than solely focusing on physical activity (Mücke et al., 2018). 439 

Although often used interchangeably, exercise and physical activity are separate behaviours with 440 

unique definitions (Caspersen, Powell and Christenson, 1985), such that exercise often represents a 441 

singular session of movement (which can often be higher intensity), and is usually unreflective of 442 

total physical activity volume (Caspersen, Powell and Christenson, 1985). Consequently, our review 443 

is arguably more reflective of daily/lifestyle physical activity, the wider physical activity intensity 444 

spectrum, and current physical activity guidelines.  445 

This work also extends this earlier review (Mücke et al., 2018) by examining a wider range of 446 

psychobiological responses to any stress task. However, no sedentary behaviour studies and only two 447 

physical activity papers utilised passive stressors, even though dysregulated reactivity to passive stress 448 

also relates to CVD risk (Zhao et al., 2012). Examining responses to both types of stress is important 449 

due to the different response patterns they induce. Passive stressors induce primarily α-adrenergic 450 

reactions with more vascular perturbation, whereas active stressors evoke primarily β-adrenergic 451 

pathways with increased myocardial responses (Sherwood, Dolan and Light, 1990). As sedentary 452 

behaviour and physical activity influence autonomic pathways under rest, future work should compare 453 

reactivity to both types of stress, as this might help untangle any underlying mechanisms driving 454 

associations between sedentary behaviour/physical activity and stress reactivity. Future research may 455 

also choose to explore possible psychological mechanisms. For example, it is plausible that higher 456 

levels of physical activity and lower levels of sedentary behaviour might relate to increased self-457 

efficacy, which leads to stressful events being perceived as a controllable challenge rather than an 458 

uncontrollable threat, with the inducement of a healthier psychobiological response to stress (Meijen 459 

et al., 2020). Finally, our review supports a previous systematic review which found inconsistent 460 
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evidence linking sedentary behaviour to objective markers of stress (e.g., cortisol, blood pressure, 461 

heart rate) under resting conditions (Teychenne et al., 2019).  462 

Recommendations for future research  463 

Our review has highlighted key areas for future research to investigate. For the sedentary behaviour 464 

literature, it is critical that future studies accurately quantify postural and metabolic components of 465 

sedentary behaviour using inclinometery, as this was lacking in all reviewed studies. It would also be 466 

interesting for future studies to explore how prolonged bouts of sedentary behaviour influence 467 

psychobiological stress reactivity. Finally, the interaction between sedentary behaviour and physical 468 

activity (Ekelund et al., 2019) could be explored in the context of stress reactivity. In the physical 469 

activity domain, 24hr accelerometery methodologies, in combination with universal cross-brand data 470 

analysis techniques (e.g., using raw gravitational acceleration) should be adopted. Research should 471 

also explore whether physical activity influences inflammatory responses to stress and examine 472 

whether a higher intensity of physical activity (such as with exercise intensity; Mücke et al., 2018) is 473 

most important for attenuating measures of stress reactivity. There is also a critical need for 474 

longitudinal studies and further randomised controlled/crossover trials in this area, so that potential 475 

causal links between sedentary behaviour/physical activity and stress reactivity can be investigated.  476 

This review has revealed that no studies have investigated respiratory responses to acute 477 

psychological stress in the context of sedentary behaviour or physical activity. Like with other stress 478 

reactivity markers, respiratory stress responses are driven by autonomic pathways (Dampney, 2015), 479 

and can be used to non-invasively index key metabolic changes under stress. For example, stress-480 

induced changes in oxygen consumption reflects changes in metabolic output, and a reduction in end-481 

tidal partial pressure of carbon dioxide in response to stress is indicative of hyperventilation (Meuret 482 

and Ritz, 2010). Interestingly, the “metabolically appropriateness” of cardiovascular responses to 483 

stress is theorized to be a potential mechanism linking exaggerated cardiovascular reactivity to CVD 484 

(Balanos et al., 2010). In addition, dysregulated respiratory responses to stress are associated with 485 

CVD risk markers, including vasoconstriction and restricted cardiac blood flow (Grossman, 1983; 486 

Rutherford, Clutton-Brock and Parkes, 2005). Therefore, measuring respiratory responses to stress in 487 
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the context of sedentary behaviour and physical activity might provide a unique insight into novel 488 

metabolic pathways that might link sedentary behaviour and physical activity to cardiometabolic 489 

disease. Moreover, given that there are known interactions and similar underpinning mechanisms 490 

(e.g., sympathetic pathways) between the psychobiological systems that this review examined (e.g., 491 

cardiovascular, inflammatory/immune, cortisol and respiratory systems) future work may benefit from 492 

adopting a “multisystem” approach and examining these systems concurrently. It might also be 493 

valuable for research to look at multiple markers of reactivity (e.g., peak latency, peak response, 494 

recovery, curvature) because this approach is likely to provide a more comprehensive insight into the 495 

stress response patterns associated with sedentary behaviour/physical activity.  496 

Methodological considerations of this present review  497 

Strengths include the broad nature of this systematic review (e.g., accounting for a wide range of 498 

psychobiological responses to any active or passive stress task), duplication of every stage of the 499 

review, and using multiple risk of bias tools. Limitations were the large methodological variability 500 

that precluded meta-analyses and drawing conclusions from the literature. We included a wide range 501 

of psychological stress tasks in our review, including the Stroop Colour and Word Test. However, 502 

while this paradigm is widely used in the stress reactivity literature, there remains some controversy 503 

surrounding its capability to sufficiently stimulate the psychobiological stress axes. Next, only peer-504 

reviewed articles were included, but this choice was made to ensure high rigour. There were 505 

occasional missing study data, and unfortunately some authors did not respond to requests for further 506 

information. Finally, the focus of this review was person-level sedentary behaviour/physical activity, 507 

and it should be noted that acute sedentary behaviour/physical activity interventions (e.g., lasting < 1 508 

day) might yield different results. 509 

Conclusion  510 

This systematic review is the first to summarise the sedentary behaviour and psychobiological stress 511 

reactivity literature, although no studies measured postural and metabolic components of sedentary 512 

behaviour as per the widely accepted definition (Tremblay et al., 2017). In the physical activity–513 

reactivity domain, we only included studies that measured total (i.e., incidental/lifestyle physical 514 
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activity) volume, and excluded those studies focusing on exercise behaviours, which are often 515 

unrepresentative of total physical activity volume. The methodological variability of this literature is 516 

substantial and therefore conclusions cannot be drawn at this present time. We hope this review can 517 

encourage future research to adopt more homogenous and gold-standard methodologies, including the 518 

assessment of postural components of sedentary behaviour with inclinometry, and the measurement of 519 

different physical activity intensities using 24hr accelerometery with universal analytical techniques.  520 

521 



32 
 

REFERENCES 522 

Balanos, G. M. et al. (2010) ‘Metabolically exaggerated cardiac reactions to acute psychological 523 
stress: The effects of resting blood pressure status and possible underlying mechanisms’, Biological 524 
Psychology, 85(1), pp. 104–111. doi: 10.1016/j.biopsycho.2010.06.001. 525 

Batty, G. D. et al. (2020) ‘Comparison of risk factor associations in UK Biobank against 526 
representative, general population based studies with conventional response rates: prospective cohort 527 
study and individual participant meta-analysis’, The BMJ, 368, p. m131. doi: 10.1136/bmj.m131. 528 

Brindle, R. C. et al. (2014) ‘A tale of two mechanisms: A meta-analytic approach toward 529 
understanding the autonomic basis of cardiovascular reactivity to acute psychological stress’, 530 
Psychophysiology. 2014/06/14, 51(10), pp. 964–976. doi: 10.1111/psyp.12248. 531 

Buckworth, J., Dishman, R. K. and Cureton, K. J. (1994) ‘Autonomic responses of women with 532 
parental hypertension: Effects of physical activity and fitness’, Hypertension, 24(5), pp. 576–584. doi: 533 
10.1161/01.HYP.24.5.576. 534 

Carroll, D. et al. (2017) ‘The behavioural, cognitive, and neural corollaries of blunted cardiovascular 535 
and cortisol reactions to acute psychological stress’, Neuroscience and Biobehavioral Reviews, 77. 536 
doi: 10.1016/j.neubiorev.2017.02.025. 537 

Caspersen, C. J., Powell, K. E. and Christenson, G. M. (1985) ‘Physical activity, exercise and 538 
physical fitness definitions for health-related research’, Public health reports, 100(2), pp. 126–131. 539 

Chida, Y. and Steptoe, A. (2010) ‘Greater cardiovascular responses to laboratory mental stress are 540 
associated with poor subsequent cardiovascular risk status: A meta-analysis of prospective evidence’, 541 
Hypertension. 2010/03/03, 55(4), pp. 1026–1032. doi: 10.1161/HYPERTENSIONAHA.109.146621. 542 

Dampney, R. A. L. (2015) ‘Central mechanisms regulating coordinated cardiovascular and respiratory 543 
function during stress and arousal’, American Journal of Physiology - Regulatory Integrative and 544 
Comparative Physiology, 309(5), pp. 429–443. doi: 10.1152/ajpregu.00051.2015. 545 

Dempsey, P. C. et al. (2016) ‘Interrupting prolonged sitting with brief bouts of light walking or 546 
simple resistance activities reduces resting blood pressure and plasma noradrenaline in type 2 547 
diabetes’, Journal of Hypertension, 34(12), pp. 2376–2382. doi: 10.1097/HJH.0000000000001101. 548 

Dempsey, P. C. et al. (2018) ‘Sitting less and moving more: Implications for hypertension’, 549 
Hypertension, 72(5), pp. 1037–1046. doi: 10.1161/HYPERTENSIONAHA.118.11190. 550 

Dempsey, P. C. et al. (2020) ‘Sedentary behavior and chronic disease: Mechanisms and future 551 
directions’, Journal of Physical Activity and Health, 17(1), pp. 52–61. doi: 10.1123/jpah.2019-0377. 552 

Dickerson, S. S. and Kemeny, M. E. (2004) ‘Acute stressors and cortisol responses: A theoretical 553 
integration and synthesis of laboratory research’, Psychological Bulletin, 130(3), pp. 355–391. doi: 554 
10.1037/0033-2909.130.3.355. 555 

Dogra, S. et al. (2019) ‘Disrupting prolonged sitting reduces IL-8 and lower leg swell in active young 556 
adults’, BMC Sports Science, Medicine and Rehabilitation, 11(1), pp. 1–7. doi: 10.1186/s13102-019-557 
0138-4. 558 

Downs, S. H. and Black, N. (1998) ‘The feasibility of creating a checklist for the assessment of the 559 
methodological quality both of randomised and non-randomised studies of health care interventions’, 560 
Journal of Epidemiology and Community Health, 52(6), pp. 377–384. doi: 10.1136/jech.52.6.377. 561 

Dziembowska, I. et al. (2019) ‘Female volleyball players are more prone to cortisol anticipatory stress 562 
response than sedentary women’, Medicina, 55(6), pp. 258–264. doi: 10.3390/medicina55060258. 563 

Edwardson, C. L. et al. (2020) ‘activPAL and ActiGraph assessed sedentary behavior and 564 
cardiometabolic health markers’, Medicine and Science in Sports and Exercise, 52(2), pp. 391–397. 565 



33 
 

doi: 10.1249/MSS.0000000000002138. 566 

Ekelund, U. et al. (2019) ‘Do the associations of sedentary behaviour with cardiovascular disease 567 
mortality and cancer mortality differ by physical activity level? A systematic review and harmonised 568 
meta-analysis of data from 850 060 participants’, British Journal of Sports Medicine, 53(14), pp. 886–569 
894. doi: 10.1136/bjsports-2017-098963. 570 

Endrighi, R., Steptoe, A. and Hamer, M. (2016) ‘The effect of experimentally induced sedentariness 571 
on mood and psychobiological responses to mental stress’, British Journal of Psychiatry, 208(3), pp. 572 
245–251. doi: 10.1192/bjp.bp.114.150755. 573 

Ferreira-Silva, R. et al. (2018) ‘Vascular response during mental stress in sedentary and physically 574 
active patients with obstructive sleep apnea’, Journal of Clinical Sleep Medicine, 14(9), pp. 1463–575 
1470. doi: 10.5664/jcsm.7314. 576 

Forcier, K. et al. (2006) ‘Links between physical fitness and cardiovascular reactivity and recovery to 577 
psychological stressors: A meta-analysis’, Health Psychology, 25(6), pp. 723–739. doi: 10.1037/0278-578 
6133.25.6.723. 579 

Gerber, M. et al. (2017) ‘Low vigorous physical activity is associated with increased adrenocortical 580 
reactivity to psychosocial stress in students with high stress perceptions.’, Psychoneuroendocrinology, 581 
80(2), pp. 104–113. doi: 10.1016/j.psyneuen.2017.03.004. 582 

Grossman, P. (1983) ‘Respiration, stress, and cardiovacular function’, Psychophysiology, 20(3), pp. 583 
284–300. doi: 10.1111/j.1469-8986.1983.tb02156.x. 584 

Gubelmann, C. et al. (2018) ‘Association of activity status and patterns with salivary cortisol: the 585 
population-based CoLaus study’, European Journal of Applied Physiology, 118(7), pp. 1507–1514. 586 
doi: 10.1007/s00421-018-3881-4. 587 

Guthold, R. et al. (2018) ‘Worldwide trends in insufficient physical activity from 2001 to 2016: a 588 
pooled analysis of 358 population-based surveys with 1·9 million participants’, The Lancet Global 589 
Health, 6(10), pp. e1077–e1086. doi: 10.1016/S2214-109X(18)30357-7. 590 

Hadgraft, N. T. et al. (2021) ‘Effects of sedentary behaviour interventions on biomarkers of 591 
cardiometabolic risk in adults: Systematic review with meta-analyses’, British Journal of Sports 592 
Medicine, 55(3), pp. 144–154. doi: 10.1136/bjsports-2019-101154. 593 

Hamer, M. et al. (2020) ‘Feasibility of measuring sedentary time using data from a thigh-worn 594 
accelerometer’, American Journal of Epidemiology, 189(9), pp. 963–971. doi: 10.1093/aje/kwaa047. 595 

Hamer, M. and Steptoe, A. (2007) ‘Association between physical fitness, parasympathetic control, 596 
and proinflammatory responses to mental stress’, Psychosomatic Medicine, 69(7), pp. 660–666. doi: 597 
10.1097/PSY.0b013e318148c4c0. 598 

Hanson, C. S. et al. (2013) ‘The impact of escitalopram on vagally mediated cardiovascular function 599 
to stress and the moderating effects of vigorous physical activity: a randomized controlled treatment 600 
study in healthy participants’, Frontiers In Physiology, 24(4), pp. 259–264. doi: 601 
10.3389/fphys.2013.00259. 602 

Henson, J. et al. (2013) ‘Sedentary time and markers of chronic low-grade inflammation in a high risk 603 
population’, PLoS ONE, 8(10), p. e78350. doi: 10.1371/journal.pone.0078350. 604 

Hermann, R. et al. (2019) ‘Physical versus psychosocial stress: effects on hormonal, autonomic, and 605 
psychological parameters in healthy young men’, Stress, 22(1), pp. 103–112. doi: 606 
10.1080/10253890.2018.1514384. 607 

Hong, S. et al. (2004) ‘Effects of regular exercise on lymphocyte subsets and CD62L after 608 
psychological vs. physical stress’, Journal of Psychosomatic Research, 56(3), pp. 363–370. doi: 609 
10.1016/S0022-3999(03)00134-X. 610 



34 
 

Ivetic, A., Green, H. L. H. and Hart, S. J. (2019) ‘L-selectin: A major regulator of leukocyte adhesion, 611 
migration and signaling’, Frontiers in Immunology, 10, pp. 1068–1078. doi: 612 
10.3389/fimmu.2019.01068. 613 

Jackson, E. M. and Dishman, R. K. (2006) ‘Cardiorespiratory fitness and laboratory stress: A meta-614 
regression analysis’, Psychophysiology, 43(1), pp. 57–72. doi: 10.1111/j.1469-8986.2006.00373.x. 615 

Kidd, T., Carvalho, L. A. and Steptoe, A. (2014) ‘The relationship between cortisol responses to 616 
laboratory stress and cortisol profiles in daily life’, Biological Psychology, 99(1), pp. 34–40. doi: 617 
10.1016/j.biopsycho.2014.02.010. 618 

Kim, J. H. et al. (2019) ‘Peripheral vasoconstriction during mental stress and adverse cardiovascular 619 
outcomes in patients with coronary artery disease’, Circulation Research, 125(10), pp. 874–883. doi: 620 
10.1161/CIRCRESAHA.119.315005. 621 

Klaperski, S. et al. (2014) ‘Effects of a 12-week endurance training program on the physiological 622 
response to psychosocial stress in men: a randomized controlled trial.’, Journal of Behavioral 623 
Medicine, 37(6), pp. 1118–1133. doi: 10.1007/s10865-014-9562-9. 624 

Kunz-Ebrecht, S. R. et al. (2003) ‘Cortisol responses to mild psychological stress are inversely 625 
associated with proinflammatory cytokines’, Brain, Behavior, and Immunity, 17, pp. 373–383. doi: 626 
10.1016/S0889-1591(03)00029-1. 627 

Lee, P. H. and Wong, F. K. Y. (2015) ‘The association between time spent in sedentary behaviors and 628 
blood pressure: A systematic review and meta-analysis’, Sports Medicine, 45(6), pp. 867–880. doi: 629 
10.1007/s40279-015-0322-y. 630 

Marsland, A. L. et al. (2017) ‘The effects of acute psychological stress on circulating and stimulated 631 
inflammatory markers: A systematic review and meta-analysis’, Brain, Behavior and Immunity, 64, 632 
pp. 208–219. doi: 10.1016/j.bbi.2017.01.011. 633 

Matthews, C. E. (2005) ‘Calibration of accelerometer output for adults’, in Medicine and Science in 634 
Sports and Exercise, pp. S512–22. doi: 10.1249/01.mss.0000185659.11982.3d. 635 

Meijen, C. et al. (2020) ‘A theory of challenge and threat states in athletes: A revised 636 
conceptualization’, Frontiers in Psychology, 11, pp. 126–138. doi: 10.3389/fpsyg.2020.00126. 637 

Meuret, A. E. and Ritz, T. (2010) ‘Hyperventilation in panic disorder and asthma: Empirical evidence 638 
and clinical strategies’, International Journal of Psychophysiology, 78(1), pp. 68–79. doi: 639 
10.1016/j.ijpsycho.2010.05.006. 640 

Moher, D. et al. (2009) ‘Preferred reporting items for systematic reviews and meta-analyses: The 641 
PRISMA statement’, Journal of Clinical Epidemiology, 62(10), pp. 1006–1012. doi: 642 
10.1371/journal.pmed.1000097. 643 

Mora, S. et al. (2007) ‘Physical activity and reduced risk of cardiovascular events: Potential mediating 644 
mechanisms’, Circulation, 116(19), pp. 2110–2118. doi: 10.1161/CIRCULATIONAHA.107.729939. 645 

Mücke, M. et al. (2018) ‘Influence of regular physical activity and fitness on stress reactivity as 646 
measured with the trier social stress test protocol: A systematic review’, Sports Medicine, 48(11), pp. 647 
2607–2622. doi: 10.1007/s40279-018-0979-0. 648 

Ouakinin, S. R. S., Barreira, D. P. and Gois, C. J. (2018) ‘Depression and obesity: Integrating the role 649 
of stress, neuroendocrine dysfunction and inflammatory pathways’, Frontiers in Endocrinology, 9, pp. 650 
431–440. doi: 10.3389/fendo.2018.00431. 651 

Paine, N. J., Bosch, J. A. and Veldhuijzen van Zanten, J. J. C. S. (2012) ‘Inflammation and vascular 652 
responses to acute mental stress: Implications for the triggering of myocardial infarction’, Current 653 
Pharmaceutical Design, 18(11), pp. 1494–1501. doi: https://doi.org/10.2174/138161212799504713. 654 

Parsons, T. J. et al. (2017) ‘Physical activity, sedentary behavior, and inflammatory and hemostatic 655 



35 
 

markers in men’, Medicine and Science in Sports and Exercise, 49(3), pp. 459–465. doi: 656 
10.1249/MSS.0000000000001113. 657 

Pate, R. R. et al. (1995) ‘Physical activity and public health: A recommendation from the Centers for 658 
Disease Control and Prevention and the American College of Sports Medicine’, JAMA, 273(5), pp. 659 
402–407. doi: 10.1001/jama.1995.03520290054029. 660 

Patterson, R. et al. (2018) ‘Sedentary behaviour and risk of all-cause, cardiovascular and cancer 661 
mortality, and incident type 2 diabetes: a systematic review and dose response meta-analysis’, 662 
European Journal of Epidemiology, 33(9), pp. 811–829. doi: 10.1007/s10654-018-0380-1. 663 

Plourde, A. et al. (2017) ‘Effects of acute psychological stress induced in laboratory on physiological 664 
responses in asthma populations: A systematic review’, Respiratory Medicine, 127, pp. 21–32. doi: 665 
10.1016/j.rmed.2017.03.024. 666 

Poole, L. et al. (2011) ‘Associations of objectively measured physical activity with daily mood ratings 667 
and psychophysiological stress responses in women’, Psychophysiology, 48(8), pp. 1165–1172. doi: 668 
10.1111/j.1469-8986.2011.01184.x. 669 

Van Poppel, M. N. M. et al. (2010) ‘Physical activity questionnaires for adults: A systematic review 670 
of measurement properties’, Sports Medicine, 40(5), pp. 565–600. doi: 10.2165/11531930-671 
000000000-00000. 672 

Prince, S. A. et al. (2008) ‘A comparison of direct versus self-report measures for assessing physical 673 
activity in adults: A systematic review’, International Journal of Behavioral Nutrition and Physical 674 
Activity, 6(5), pp. 56–80. doi: 10.1186/1479-5868-5-56. 675 

Prince, S. A. et al. (2020) ‘A comparison of self-reported and device measured sedentary behaviour in 676 
adults: A systematic review and meta-analysis’, International Journal of Behavioral Nutrition and 677 
Physical Activity, 17(1), pp. 1–17. doi: 10.1186/s12966-020-00938-3. 678 

Ramakrishnan, R. et al. (2021) ‘Accelerometer measured physical activity and the incidence of 679 
cardiovascular disease: Evidence from the UK Biobank cohort study’, PLoS Medicine, 18(9), p. 680 
e1003809. doi: 10.1371/journal.pmed.1003487. 681 

Rutherford, J. J., Clutton-Brock, T. H. and Parkes, M. J. (2005) ‘Hypocapnia reduces the T wave of 682 
the electrocardiogram in normal human subjects’, American Journal of Physiology - Regulatory 683 
Integrative and Comparative Physiology, 289(58), pp. 148–155. doi: 10.1152/ajpregu.00085.2005. 684 

dos Santos, R. R. et al. (2019) ‘Sedentary behavior: A key component in the interaction between an 685 
integrated lifestyle approach and cardiac autonomic function in active young men’, International 686 
Journal of Environmental Research and Public Health, 16(12), pp. 2156–2168. doi: 687 
10.3390/ijerph16122156. 688 

Schutte, N. M. et al. (2016) ‘Twin-sibling study and meta-analysis on the heritability of maximal 689 
oxygen consumption’, Physiological Genomics, 48(3), pp. 210–219. doi: 690 
10.1152/physiolgenomics.00117.2015. 691 

Sheffield, D. et al. (1997) ‘The effects of blood pressure resting level and lability on cardiovascular 692 
reactions to laboratory stress’, International Journal of Psychophysiology, 27(2), pp. 79–86. doi: 693 
10.1016/S0167-8760(97)00044-5. 694 

Sherwood, A., Dolan, C. A. and Light, K. C. (1990) ‘Hemodynamics of blood pressure responses 695 
during active and passive coping’, Psychophysiology, 27(6), pp. 656–668. doi: 10.1111/j.1469-696 
8986.1990.tb03189.x. 697 

Silva, S. S. M., Jayawardana, M. W. and Meyer, D. (2018) ‘Statistical methods to model and evaluate 698 
physical activity programs, using step counts: A systematic review’, PLoS ONE, 13(11), pp. 1–19. 699 
doi: 10.1371/journal.pone.0206763. 700 



36 
 

Sims, J. et al. (1988) ‘Cardiac and metabolic activity in mild hypertensive and normotensive 701 
subjects’, Psychophysiology, 25(2), pp. 172–178. doi: 10.1111/j.1469-8986.1988.tb00982.x. 702 

Slavish, D. C. and Szabo, Y. Z. (2019) ‘The effect of acute stress on salivary markers of 703 
inflammation: A systematic review protocol’, Systematic Reviews, 8(1), pp. 108–113. doi: 704 
10.1186/s13643-019-1026-4. 705 

Sloan, R. P. et al. (2021) ‘The impact of aerobic training on cardiovascular reactivity to and recovery 706 
from psychological and orthostatic challenge’, Psychosomatic medicine, 83(2), pp. 125–137. doi: 707 
10.1097/PSY.0000000000000896. 708 

Sothmann, M. S. et al. (1996) ‘Exercise training and the cross-stressor adaptation hypothesis.’, 709 
Exercise and sport sciences reviews, 24(1), pp. 267–288. doi: 10.1249/00003677-199600240-00011. 710 

Spehar, S. M. et al. (2020) ‘Association of sedentary time with blood pressure in women of 711 
reproductive age’, Preventive Medicine Reports, 20, p. Article e101219. doi: 712 
10.1016/j.pmedr.2020.101219. 713 

Steptoe, A. et al. (2014) ‘Disruption of multisystem responses to stress in type 2 diabetes: 714 
Investigating the dynamics of allostatic load’, Proceedings of the National Academy of Sciences, 715 
111(44), pp. 15693–15698. doi: 10.1073/pnas.1410401111. 716 

Steptoe, A. et al. (2016) ‘Blood pressure and fibrinogen responses to mental stress as predictors of 717 
incident hypertension over an 8-year period’, Annals of Behavioral Medicine, 50(6), pp. 898–906. doi: 718 
10.1007/s12160-016-9817-5. 719 

Sterne, J. A. et al. (2016) ‘ROBINS-I: A tool for assessing risk of bias in non-randomised studies of 720 
interventions’, BMJ (Online), 355, p. i4919. doi: 10.1136/bmj.i4919. 721 

Stroup, D. F. et al. (2000) ‘Meta-analysis of observational studies in epidemiology: A proposal for 722 
reporting’, Journal of the American Medical Association, 283(15), pp. 2008–2012. doi: 723 
10.1001/jama.283.15.2008. 724 

Sullivan, S. et al. (2020) ‘Sex differences in the inflammatory response to stress and risk of adverse 725 
cardiovascular outcomes among patients with coronary heart disease’, Brain, Behavior, and Immunity, 726 
90(5), pp. 294–302. doi: 10.1016/j.bbi.2020.09.001. 727 

Taylor, A. and Katomeri, M. (2006) ‘Effects of a brisk walk on blood pressure responses to the 728 
Stroop, a speech task and a smoking cue among temporarily abstinent smokers’, 729 
Psychopharmacology, 184(2), pp. 247–253. doi: 10.1007/s00213-005-0275-1. 730 

Tebar, W. R. et al. (2020) ‘Relationship between domains of physical activity and cardiac autonomic 731 
modulation in adults: a cross-sectional study’, Scientific Reports, 10(1), pp. 1–7. doi: 10.1038/s41598-732 
020-72663-7. 733 

Teychenne, M. et al. (2019) ‘The association between sedentary behaviour and indicators of stress: A 734 
systematic review’, BMC Public Health, 19(1), pp. 1357–1369. doi: 10.1186/s12889-019-7717-x. 735 

Thosar, S. S. et al. (2014) ‘Differences in brachial and femoral artery responses to prolonged sitting’, 736 
Cardiovascular Ultrasound, 12(4), pp. 59–62. doi: 10.1186/1476-7120-12-50. 737 

Tremblay, M. S. et al. (2017) ‘Sedentary Behavior Research Network (SBRN) - terminology 738 
consensus project process and outcome’, International Journal of Behavioral Nutrition and Physical 739 
Activity, 14(1), pp. 1–17. doi: 10.1186/s12966-017-0525-8. 740 

Turner, A. I. et al. (2020) ‘Psychological stress reactivity and future health and disease outcomes: A 741 
systematic review of prospective evidence’, Psychoneuroendocrinology, 114, p. 104599. doi: 742 
10.1016/j.psyneuen.2020.104599. 743 

Veldhuijzen Van Zanten, J. J. C. S. et al. (2005) ‘Increased C reactive protein in response to acute 744 
stress in patients with rheumatoid arthritis’, Annals of the Rheumatic Diseases, 64(9), pp. 1299–1304. 745 



37 
 

doi: 10.1136/ard.2004.032151. 746 

Vos, T. et al. (2020) ‘Global burden of 369 diseases and injuries in 204 countries and territories, 747 
1990–2019: a systematic analysis for the Global Burden of Disease Study 2019’, The Lancet, 748 
396(10258), pp. 1204–1222. doi: 10.1016/S0140-6736(20)30925-9. 749 

Zaffalon Júnior, J. R. et al. (2018) ‘The impact of sedentarism on heart rate variability (HRV) at rest 750 
and in response to mental stress in young women’, Physiological Reports, 6(18), pp. 1–8. doi: 751 
10.14814/phy2.13873. 752 

Zhao, Q. et al. (2012) ‘Reproducibility of blood pressure response to the cold pressor test’, American 753 
Journal of Epidemiology, 176(7), pp. 91–98. doi: 10.1093/aje/kws294. 754 

 755 

 756 

 757 

 758 

 759 


