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Exercise training is an effective method to promote health and to prevent 
development of disease. Both physical and mental health have been shown to 
benefit from exercise training. It has also been speculated that physical exercise 
might affect responses to acute psychosocial stress. In an acute stress situation, 
several physiological systems respond to ensure survival and it is suggested that 
exercise training may influence these stress systems. 

The main purpose of this thesis was to study physiological responses to 
acute physical and psychosocial stress and possible associations with aerobic 
capacity and exercise training. The thesis is based on four papers analysing data 
from a randomized controlled trial (RCT). The participants were healthy 
individuals who reported themselves as untrained at screening. The RCT 
included testing of acute physical and psychosocial stress. Before and after the 
tests, hormonal and autonomic responses were assessed. After initial testing, 
the participants were randomized to either an intervention- or a control group. 
The intervention consisted of regular aerobic exercise training conducted for 
six months. At follow-up, the same tests were repeated for both groups. 

The main findings were that most participants showed an increase in the 
studied variables in response to acute stress. Aerobic capacity did not seem to 
have any relation to hormonal or blood pressure responses to acute 
psychosocial stress. Neither did the subjective perception of stress at the 
psychosocial stress test correlate with the actual physiological response. Due to 
methodological issues, it was not possible to evaluate the effects of exercise 
training. 

Thus, in healthy individuals, the stress systems seem to respond adequately 
to acute stress, irrespective of level of aerobic capacity or type of stressor. 





 

 

 
             

          
        

             
   

              
             

          
    

         
            

      
         

        
               

       
       

         
     

      
          

       
       

        
          

  
          

         
             

           
         

        
           

        

Svensk sammanfattning 
Fysisk träning är ett av våra viktigaste redskap för att bibehålla hälsa, och 
bevisen för dess välgörande effekter är många. Flera av våra 
vällevnadssjukdomar är möjliga att förebygga, såsom hjärt-kärlsjukdom och 
diabetes typ II. Det har även spekulerats i huruvida fysisk träning kan påverka 
kroppens svar på akut psykosocial stress. 

Stress är ett växande samhällsproblem och allt fler individer upplever ökade 
nivåer av stress. Våra kroppar är emellertid väl rustade för att hantera akuta 
stressreaktioner. Flera olika system borgar för att upprätthålla kroppens inre 
balans och att livsviktiga funktioner vidmakthålls. 

Syftet med denna avhandling var att studera fysiologiska reaktioner på akut 
fysisk och psykosocial stress, och om/hur dessa relaterar till och påverkas av 
aerob kapacitet och fysisk träning. Genom fyra delstudier har olika aspekter av 
ämnet belysts. Samtliga delstudier bygger på data från en randomiserad 
kontrollerad studie (RCT) genomförd på Institutet för Stressmedicin i 
Göteborg. Vi sökte otränade och friska kvinnor och män i åldern 20 till 50 år. 
Studien innefattade baslinjemätningar bestående av ett maximalt 
uthållighetstest på ergometercykel samt ett standardiserat psykosocialt 
stresstest. Före och efter de båda testerna mättes hormonerna 
adrenokortikotropt hormon (ACTH), kortisol, dehydroepiandrosteron 
(DHEA) och dehydroepiandrosteronsulfat (DHEA-S). Autonoma reaktioner 
mättes som systoliskt och diastoliskt blodtryck samt hjärtfrekvens. Efter de 
inledande mätningarna randomiserades deltagarna till antingen en 
interventionsgrupp eller en kontrollgrupp. Interventionsgruppen skulle under 
ett halvår komma ingång med regelbunden konditionsträning, samtidigt som 
kontrollgruppen skulle fortsätta på samma aktivitetsnivå som tidigare. Efter sex 
månader genomfördes samma tester som vid baslinjemätningarna. 

Delstudie I är en beskrivning av själva studieprotokollet, men innehåller 
också en metodologisk diskussion om två avgörande aspekter i genomförandet 
av en RCT. Den första aspekten är kopplad till ett av inklusionskriterierna, att 
deltagarna skulle vara otränade vid tidpunkten för inklusion. Det visade sig att 
konditionsvärdena (mätt vid ett maximalt konditionstest) var högre än väntat 
utifrån den självskattade aktivitetsnivån som rapporterats vid screeningtillfället. 
Den andra aspekten var den fysiologiska responsen vid akut stress, där en 
minskad respons var förväntad för de deltagare som genomgått 



        
            

   
          

         
            

        
             

           
          

          
           

 
          

        
      

      
         
            

            
    

          
           

          
 

         
          
            

         
          

           
          

            
            

   

träningsinterventionen. Förutsättningarna för att kunna observera en sådan 
nedgång var en synlig respons vid den första mätningen, men för 13 av 
deltagarna kunde ingen positiv respons påvisas. 

Delstudie II jämförde fysiologiska reaktioner vid akut fysisk och psykosocial 
stress. Den hormonella responsen samt pulsreaktionen var högre vid fysisk 
stress än vid psykosocial stress, medan det omvända gällde för systoliskt och 
diastoliskt blodtryck. Det fanns en korrelation mellan kortisolresponsen vid 
fysisk och psykosocial stress, det vill säga att de deltagare som reagerade med 
hög kortisolrespons under det fysiska testet reagerade med hög respons även 
under det psykosociala testet. Däremot sågs inget samband för autonoma 
reaktioner eller vid vilket tidpunkt högsta värdet inträffade. Inget samband 
kunde heller fastställas mellan hur stressande testet upplevts och storleken på 
den fysiologiska reaktionen. 

Delstudie III presenterade resultat från de uppföljande mätningarna, där den 
fysiologiska responsen på akut psykosocial stress jämfördes mellan 
interventions- och kontrollgruppen. I interventionsgruppen ökade 
konditionsvärdet signifikant (+9,5 %) jämfört med baslinjemätningen, 
samtidigt som konditionsvärdet i kontrollgruppen minskade (-3 %). Båda 
grupperna fick en minskad reaktion på stresstestet, vilket tyder på att deltagarna 
fått en tillvänjning till testet och/eller testsituationen. Det går därför inte att 
uttala sig säkert om effekterna av träningsinterventionen. 

Delstudie IV innehöll tvärsnittsanalyser av DHEA och DHEA-S och dess 
samband med aerob kapacitet, och också hur respons i DHEA och DHEA-S 
på akut psykosocial stress påverkas av aerob kapacitet. Inga samband kunde 
dock ses. 

Sammanfattningsvis kan sägas att det inte verkar finnas något samband 
mellan aerob kapacitet och hormonell respons vid akut fysisk och psykosocial 
stress. Det verkar inte heller som att upplevelsen av en stressituation är 
avgörande för den fysiologiska responsen. Hos friska individer ser 
stressystemen ut att fungera väl, oavsett vilken aerob kapacitet individen 
besitter. Resultat från tidigare studier har visat på varierande resultat gällande 
effekterna av aerob kapacitet på akuta stressreaktioner, och denna avhandling 
adderar således till gruppen av studier som inte kunnat påvisa samband. Fler 
longitudinella studier av hög kvalitet är dock önskvärda för att med säkerhet 
kunna fastställa resultaten i denna avhandling. 
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Background 
Exercise training is known as one of the most effective ways to promote overall 
health and well-being (1). Regular exercise training can contribute to the 
prevention and treatment of many common diseases, such as cardiovascular 
disease (2), diabetes type II (3, 4) and stroke (5). Exercise training has also been 
shown to have positive effects on mental health (6) and is used to treat mild to 
moderate depression (7) and long-term stress (8). 

Feeling stressed has become a common part of everyday life in Western 
societies. In both working life and private life, the possibility of being constantly 
online and available is only one of many factors that probably has contributed 
to the increased stress levels. However, the human body is well equipped to 
physiologically respond to stress, which is essential for survival. Several systems 
act to prepare the body and mobilize energy during stressful situations. Two of 
the most commonly studied systems are the hypothalamic-pituitary-adrenal 
(HPA) axis, acting through the release of the catabolic hormone cortisol, and 
the autonomic nervous system (ANS), which, among other things, increases 
heart rate and blood pressure. Two other hormones that also respond to acute 
stress are dehydroepiandrosterone (DHEA) and dehydroepiandrosterone 
sulphate (DHEA-S). In contrast to the catabolic effects of cortisol, DHEA and 
DHEA-S have anabolic effects. 

Definition of stress 

What is stress? 

First of all, “stress” is a difficult concept. The word “stress” is commonly used 
in everyday life, and interpretations vary considerably. But what does “stress” 
mean? Is there a clear definition of the word? There may actually be several 
answers to these questions. Outside research, stress is often understood as 
synonymous with having too much to do or being short of time. In this case, 
the cause of stress, the so-called “stressor”, is in focus. The stressor might be 
having a tight time-schedule, having too many work tasks or being in a traffic 
jam on the way to a meeting. Stress can also be described in terms of a feeling, 
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PHYSIOLOGICAL RESPONSES TO STRESS 

reflecting how an individual perceives a stressful situation. It can include 
feelings of anxiety or fear (9, 10). In research, though, the emphasis can be on 
physiological responses and bodily reactions to stress (11). For example, it is 
common to assess physiological responses to stress as hormonal reactions or 
cardiac reactivity (12). 

But why is it necessary to define stress? Because clear definitions and 
common interpretations of concepts are important to ensuring clear 
communication in research. During the last 100 years, several scientists have 
tried to find a unifying definition of stress, but the word is still used differently 
in different research areas. The well-known stress researcher Hans Selye, who 
in the 1920s contributed to developing the stress concept, defined stress as

 a nonspecific response of the body to any demand made upon it. 

Since then, this definition has been modified several times, often based on the 
orientation of the research. More recent adjustments have included additional 
aspects, as in Dhabhar and McEwen’s 1997 definition: 

An integrated definition states that stress is a constellation of events, 
consisting of a stimulus (stressor), that precipitates a reaction in the brain 
(stress perception), that activates physiological fight or flight systems in the 
body (stress response)(13). 

This definition considers not only the unspecified response that is central in 
Selye’s definition but also the mental process involved. But while Selye 
describes a more general stress response, the later explanation more clearly 
relates to the instant stress response, or as it is more commonly termed, “acute 
stress”. 

In everyday life, situations that can elicit an acute stress response of varying 
degrees might occur on a daily basis. This include public speaking, running to 
catch a bus, getting stuck in an elevator, and discovering that there is not enough 
money in one’s account when trying to pay in a store. The physiological 
responses are often immediate, with increased heart rate and blood pressure as 
the most noticeable effects (14). These reactions aims to preserve “homeostasis”, 
defined as the maintenance of a steady state of body fluids, circulation, blood 
pressure, and a number of other variables (15). Sterling and Eyer (16) called the 
physiological adaptations to a new situation “allostasis” which they described as 

active processes by which the body responds to daily events and maintains 
homeostasis (16). 

18 



 

 

             
           

            
             

           
            

          
             
              

              
       

            
              

  

  
             

             
  

        
              

           
    

 

  

             
     

              
          

          
         

             
            

              
 

BACKGROUND 

For the most part, acute stress reactions are not threatening to our health 
because of the body’s physiological ability to cope with stressful situations. 
However, if the stressful situations are frequent and continue for a longer 
period, the systems might not have a chance to recover and the risk of 
deteriorating health increases (17, 18). This condition is often defined as “long-
term” or “chronic stress” although the terms might differ depending on the 
research field. McEwen used the term “allostatic overload” to describe the 
condition in which the body fails to turn the systems involved on and off 
adequately (19). This thesis will focus on the acute stress reaction only. To learn 
how to prevent and treat the effects of long-term stress in patients, it is 
necessary to increase our understanding of how healthy individuals respond to 
acute stress. Theoretically, if it is possible to affect the physiological response 
to acute stress, it may also be possible to affect the degree of stress developed 
over time by reducing the pressure on the stress systems. 

Stress physiological systems 
Several bodily systems react to stress. The initial stress response starts in the 
brain, which is the central organ for the stress reaction (19). After evaluating 
the situation, necessary interventions are initiated (19). The allostatic processes 
activate many reactions, such as neuroendocrine and autonomic responses (20, 
21). Here, the two main response systems will be studied, namely the HPA axis 
and the ANS. The thesis also includes studies of the anabolic hormones 
dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulphate 
(DHEA-S). 

Hypothalamic Pituitary Adrenal axis 

One of the most important systems involved in the acute stress reaction is the 
HPA-axis. The response is relatively slow compared to the autonomic nervous 
system in that it takes some minutes after exposure to a stressor before a 
response is detected. At the onset of stress, corticotropin-releasing hormone 
(CRH) is released from the hypothalamus, stimulating the release of 
adrenocorticotrophic hormone (ACTH) from the anterior pituitary into the 
blood. ACTH, in turn, triggers the release of cortisol from the adrenal cortex. 
This chain of reactions is regulated by negative feedback: that is, sufficient levels 
of cortisol in the blood will decrease the release of CRH in the brain (20)(see 
figure 1). 
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PHYSIOLOGICAL RESPONSES TO STRESS 

Cortisol is considered an important stress hormone due to its different 
features to adjust bodily functions during acute stress, in order to preserve 
homeostasis. The increased metabolic demands are regulated through the 
stimulation of gluconeogenesis (breakdown of lipids to glucose) that increases 
blood glucose concentrations. Cortisol also promotes mobilization of fatty 
acids from adipose tissues as well as the breakdown of protein to mobilize 
energy for the acute muscular stress reaction (22), and it is therefore defined as 
a catabolic hormone. 

The levels of cortisol vary throughout the day in a circadian rhythm, with the 
lowest level seen during the night, the highest level before awakening and 
declining levels throughout the day. During stressful events or acute exercise, 
the levels rise and the time to recover is dependent on the duration and intensity 
of the stressor, which also determines the magnitude of the cortisol response 
(22). Seasonal variations have been observed indicating higher levels of salivary 
cortisol on awakening during winter and lower levels in the late summer (23, 
24). However, the populations in these studies were small, and the studies 
included no information whether acute cortisol responses during the day were 
also affected. Thus, more studies are needed to confirm the results. 

Prolonged activation of the HPA-axis, without enough recovery time, has 
been shown to lead to heightened basal levels of hair cortisol (25, 26). Elevated 
cortisol levels are thought to have neurotoxic effects, especially in a part of the 
brain called the hippocampus, which is important for learning and cognition 
(19, 27). 

20 



 

 

  

 

   

BACKGROUND 

Figure 1. 

Schematic picture of the hypothalamic-pituitary-adrenal axis 

CRF: Corticotrophin releasing hormone, ACTH: Adrenocorticotrophic hormone 
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PHYSIOLOGICAL RESPONSES TO STRESS 

Autonomic nervous system 

The ANS is largely controlled by areas in the spinal cord, brain stem and 
hypothalamus, and it controls subconscious functions in visceral organs (21). 
In contrast to the HPA-axis, communicating through the bloodstream, the 
ANS sends signals through afferent and efferent nerves, which results in a much 
more rapid response compared to the HPA-axis. When the ANS responds to a 
stressor, it acts through activation of the adrenal medulla and the sympathetic 
and parasympathetic nervous systems (28). The sympathetic activation in 
response to acute stress, also referred to as the “fight-and-flight” response, has 
the capability to respond within seconds of the emergence of a stressor. It 
increases heart rate, blood pressure and frequency of breathing (20), and also 
redistributes blood from the general circulation and gastrointestinal areas to the 
muscles. Additionally, the coagulation capacity in the blood increases in case of 
potential damage and blood loss. These actions prepare the body to either fight 
against or flee from the potential danger (21). The parasympathetic nervous 
system can act through a “playing dead” or “freeze” reaction to avoid attention 
(14). 

Allostatic overload in the ANS often depends on increased activity in the 
sympathetic nervous system with a simultaneous decrease in parasympathetic 
activity (19). This might lead to insufficient recovery in the affected organs, such 
as the heart and blood vessels. Long-term stress has been associated with an 
increased risk of developing hypertension and stroke (29, 30). 

Dehydroepiandrosterone 

DHEA and DHEA-S are, in contrast to cortisol, endogenous anabolic steroid 
hormones released from the adrenal cortex, also in response to ACTH. They 
act as precursors of testosterone and oestrogen and have been shown to have 
anti-glucocorticoid and neuroprotective effects (31). DHEA and DHEA-S also 
play an important role for nerve growth and are suggested to have both anti-
oxidative and anti-inflammatory properties (32). One anabolic effect of DHEA 
and DHEA-S is an increase in the synthesis of protein. 

Unlike DHEA, no circadian rhythm is seen for DHEA-S, probably because 
of its larger quantities and slower clearance rate (33). DHEA and DHEA-S are 
the most abundant hormones in the body, highly dependent on sex and age, 
with men having higher levels than women (34). The highest levels are seen in 
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BACKGROUND 

early adulthood; thereafter, they decline every year and are only at 20 % of peak 
values by the ages of 65-70 years. 

It has previously been shown that prolonged stress leads to decreased levels 
of DHEA-S, and to attenuated levels of DHEA-S in response to acute 
psychosocial stress (35, 36). 

Different types of stressors 

It is important to distinguish not only between acute and long-term stress, but 
also between different types of stressors. The general perception of “stress” 
often emphasizes the mental aspect. However, stressors can be of several 
origins. In this thesis, two types of stressors will be studied: psychosocial and 
physical stressors. Both types of stressors elicit a reaction of the stress systems 
and the physiological reactions share many similarities, although the physical 
demands often diverge. 

Psychosocial stress 

In 2015, Kogler et al. defined psychosocial stress as follows: 

Psychosocial stress is induced by situations of social threat including social 
evaluation, social exclusion and achievement situations claiming goal-directed 
performance (37). 

This definition includes the mental strain experienced in social interactions, 
especially in socially demanding situations. Psychosocial stress has been 
evaluated with several different methods, including the Montreal Imaging Stress 
Task, developed to study responses in the brain with functional magnetic 
resonance imaging or positron emission tomography (38), and the Trier Social 
Stress Test (TSST)(39), which is used in this study (see description of the test 
in the Methods section, p. 38). In the Results and Discussion sections of this 
thesis, descriptions of reactions to acute “psychosocial stress” are referring to 
responses to the TSST. 

Physical stress 

Physical stress can be triggered by a number of factors, for example a cold 
pressure test (40) or electric foot shock (used on animals) (41). In this thesis, 
acute physical stress is elicited using an exercise test performed to exhaustion. 
The most prominent difference between psychosocial and physical stress is the 
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PHYSIOLOGICAL RESPONSES TO STRESS 

bodily demands, among them metabolic requirements. During exercise, the 
muscles and tissues need to be supplied with oxygen and nutrients to maintain 
homeostasis. This is executed by the release of hormones that, in turn, increase 
the heart rate to provide the working muscles with energy and increase 
breathing to meet the demands of oxygen supply (42). Throughout this thesis, 
“physical stress” refers to responses to an acute exercise bout. 

Aerobic capacity 
Aerobic capacity can be defined as: 

the maximal amount of physiological work that an individual can do as 
measured by oxygen consumption. It is determined by a combination of 
aging and cardiovascular conditioning and is associated with the efficiency of 
oxygen extraction from the tissue (43). 

Aerobic capacity is ideally assessed as peak oxygen uptake (VO2 peak) (44), 
achieved by an exercise test that includes gradual increase in resistance and is 
performed to exhaustion (45). 

Another plausible method to assess aerobic capacity is to use submaximal 
tests and estimate a peak value (46, 47). However, a submaximal test can never 
be as reliable as a peak performance test, and often overestimate the values 
compared to maximal testing (46, 47). 

Exercise training 

It is possible to improve aerobic capacity through regular aerobic exercise 
training. According to the World Health Organization (WHO), “exercise training” 
is a subcategory of the overarching concept “physical activity”. Physical activity is 
defined as 

any bodily movement produced by skeletal muscles that requires energy 
expenditure- including activities undertaken when working, playing, carrying 
out household chores, travelling, and engaging in recreational pursuits (48). 

Exercise training, on the other hand, is described as activity that is 

planned, structured, repetitive, and aims to improve or maintain one or more 
components of physical fitness (48). 

It is common to distinguish between “aerobic” exercise, which aims to increase 
oxygen uptake, and “resistance” exercise, which focuses on improving in 

24 



 

 

          
      

  
          

          
      

         
             

            
         

            
        
          

        
       

             
 

 

  
         

         
            

            
            

          
       

            
      

             
             

         
           

           
         

          

BACKGROUND 

muscular strength. Aerobic and resistance exercise have been shown to affect 
the body differently (15, 49). In this thesis, “exercise training” refers to aerobic 
exercise only. 

Regular exercise training leads to physiological adjustments that occur on 
several levels. One example is cellular adaptations that increase biosynthesis and 
storage of essential neurotransmitters such as epinephrine and norepinephrine. 
Other adaptations include changes in neural communication and functional 
adaptations in “end-organs” such as the heart or the muscles. For example, one 
effect of aerobic exercise is increased oxidative capacity in the muscles due to 
enlarged mitochondrial volume and increased utilization of free fatty acids. This 
adaptation results in increased endurance and more effective use of energy (42). 
Other adaptations are increased wall thickness and heart volume, improved 
cardiac output, increased VO2 peak and increased blood supply to the heart 
itself. Due to increased vagal activity, decreased sympathetic activity and 
increased heart size, a decreased resting heart rate is seen as well as lower heart 
rate at submaximal work as a result of aerobic exercise training of sufficient 
intensity and duration (42). 

The cross-stressor adaptation hypothesis 
It is believed that physiological adaptations to exercise training may also affect 
reactions to psychosocial stress. The so called “cross-stressor adaptation 
hypothesis” is a theory originally described by Sothman et al. (50) in the mid-
1990s. Since then, a number of studies addressing this theory have emerged, 
but no consensus has been reached yet, and the hypothesis has not been fully 
confirmed. Their hypothesis is based on the idea of the stress response as non-
specific, causing similar actions in the stress systems independent of the origin 
of the stressor. They suggest that the physiological adaptations that are seen 
after regular exercise, would also be seen in responses to psychosocial stress. 

An important result of an adaptation is that it may lower the physiological 
“cost” for a response, that is, the total physiological arousal might be weaker. 
According to the hypothesis, exercise training will increase coordination 
between the different systems to diminish the risk of disturbed homeostasis. 
During acute exercise, a decreased HPA-axis and ANS response has been 
observed at a given work load in trained individuals compared to untrained 
individuals (42, 51). If these adaptations are transferable to non-exercise 
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stressors, it would be beneficial in every-day life when commonly recurring 
stressors might put great pressure on the individual. However, the mechanisms 
behind the plausible effects are yet not fully known. 

Summary of previous studies of the cross-
stressor adaptation hypothesis 

Although the paper defining the cross-stressor adaptation hypothesis was 
published in 1996, the plausible connections between physical and psychosocial 
stress were studied many years earlier. The first review of articles studying the 
effects of exercise training and aerobic capacity in response to psychosocial 
stress was a meta-analysis by Crews and Landers, published in 1987 (52). The 
paper comprised 34 studies, including both published and unpublished work. 
Outcome measures were heart rate, blood pressure, temperature, hormonal 
changes and subjective assessment. The stressors used were categorized as 
cognitive performance, physical performance, active physical performance and 
passive response, which imply a great diversity of both stressors and evaluative 
methods. Heart rate was the only variable assessed in all studies and was 
therefore used as a comparable factor of arousal achieved at the stress tests. An 
increase in heart rate above or below 30 beats per minute (bpm) was classified 
as a high and low response, respectively. The authors concluded that exercise 
training resulted in a lower response to psychosocial stress. However, in 24 of 
the 34 studies, the stress test caused a low response in heart rate (lower than 30 
bpm), which raises questions of the adequacy of the stress tests. Also, the 
heterogeneity in the different stressors and outcomes leads to doubts about the 
authors conclusions. 

Another review, also published before Sothman et al. presented their 
hypothesis, reported a conclusion that was opposite to the meta-analysis above 
(53). The authors used the term “fitness” to distinguish between individuals 
with high or low aerobic capacity and questioned the absence of a clear 
definition of fitness in earlier studies. Also, they claimed that, to be valid, fitness 
must be assessed using a VO2 peak test, which precluded several studies from 
comparative analyses. They concluded that it was not possible to predict the 
physiological response to acute psychosocial stress based on the individual’s 
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level of fitness. They also questioned the comparison of response to physical 
and psychosocial stressors, given the different mechanisms involved. 

In 2006, Jackson and Dishman published a review including a meta-
regression analysis of 73 studies of both cross-sectional and longitudinal design 
(54). The aim of the review was to study the influence of cardiorespiratory 
fitness, defined as VO2 peak, on cardiovascular responses to acute psychosocial 
stress. In cross-sectional studies, the VO2 peak was between 40 and 59 
mL/kg/min. In the studies that included an exercise training intervention the 
VO2 peak was between 35 and 42 mL/kg/min, with an average increase of 
approximately 13 % following the intervention. The results revealed a slightly 
higher cardiovascular reactivity in individuals with higher cardiorespiratory 
fitness, but the effects were smaller in studies where fitness was measured using 
a VO2 peak test than in studies using submaximal testing. There were also 
smaller effects in better controlled studies. 

The same year, a meta-analysis by Forcier et al. was published, studying the 
effects of physical fitness on cardiovascular reactivity (55). The 33 included 
studies compared fit (high initial fitness, objectively measured as resting HR, 
VO2 peak or treadmill tests) and unfit (low initial fitness) participants and their 
responses to psychosocial stressors. Stress reactivity was measured as at least 5 
bpm increase in heart rate or at least 5 mmHg increase in blood pressure. 
Nineteen of the studies induced a reactivity of less than 10 mmHg or bpm, 
while 14 resulted in reactivity of more than 10. The authors concluded that 
fitness had a significant effect on heart rate and systolic blood pressure 
reactivity, and on heart rate recovery after psychosocial stress. However, as with 
the study by Crews and Landers, it is reasonable to question a stress test 
inducing an increase in heart rate or blood pressure less than 10 bpm or mmHg. 
Moreover, only a few of the longitudinal studies included a non-training control 
group, which makes it difficult to assume that the results are an effect of 
exercise training alone. 

The most recent review found was published in 2018 (56). The review 
evaluated effects of exercise training and cardiovascular fitness on physiological 
responses to acute laboratory stress, measured with the Trier Social Stress Test 
(TSST; for a description, see the Methods section). The main outcome 
measures were cortisol, heart rate and psychological stress reactivity. Physical 
activity and fitness were measured both objectively and subjectively. Seven out 
of twelve studies reported attenuated responses in cortisol, and 4 out of 9 
showed lower reactivity in heart rate, in groups performing a greater amount of 
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physical activity or with higher levels of fitness. In contrast to the review by 
Jackson and Dishman (54), which found smaller effects if fitness was 
objectively measured, this study reported the opposite finding. In light of 
previous reviews and meta-analyses, the use of the same test to elicit stress 
increases the comparability between studies. However, like many of the earlier 
studies, it is problematic that physical activity and fitness are measured and 
defined differently across studies. 

Only one RCT has been found examining the cross-stressor adaptation 
hypothesis for both HPA-axis and ANS responses. Klaperski et al (57) 
conducted an exercise training intervention study, comparing 12 weeks of 
aerobic exercise to relaxation training or a control situation. The result showed 
a reduced response in cortisol in the exercise training group compared to the 
control group, but no significant differences could be seen compared to the 
relaxation training group. However, although the exercise training group 
increased their level of exercise training, the level of daily activities was reduced. 
At the same time, the relaxation group increased both the level of exercise and 
level of daily activities, potentially influencing the results. 

No reviews, meta-analyses or studies were found that explore the cross-
stressor adaptation hypothesis addressing the influence of DHEA and DHEA-
S, although the anabolic effects might constitute a role in the theory. 

In summary, results from earlier reviews and meta-analyses are not 
unequivocal. The support for the cross-stressor adaptation hypothesis is 
therefore not clear, but taking into account the methodological diversity in 
study designs over the years, this is perhaps not so surprising. The only RCT 
found confirmed the hypothesis, but the unclear results regarding the relaxation 
group makes the interpretations unsure. Thus, further studies are needed, 
especially in the form of well performed RCT: s, elucidating the plausible role 
of exercise training on affecting the acute physiological stress response. 

28 



 

 

 
            

          
  

 
   

 
              

           
           

      
 

            
          
           

         
  

 
      

          
  

 
           

            
          

Aims 
The overall aim of this thesis was to study, from different perspectives, 
physiological reactions to acute physical and psychosocial stress in healthy 
women and men. 

Aims for each paper: 

Paper I: To describe the protocol of an RCT designed to explore the effect of 
exercise training in physiological reactions to acute psychosocial stress. The aim 
was also to discuss relevant methodological issues related to conducting an 
exercise intervention study with acute stress responses as outcome measures. 

Paper II: To study the physiological reactions to acute physical and psychosocial 
stress in terms of HPA-axis response and autonomic reactions in women and 
men. The paper also aimed to study differences and/or associations between 
the responses to physical and psychosocial stress, and whether the responses 
correlated to perceived stress. 

Paper III: To study the effects of a six-month exercise training intervention on 
HPA-axis response and autonomic reactions to acute psychosocial stress in 
healthy but untrained individuals. 

Paper IV: To study physiological responses to acute psychosocial stress in 
women and men, focusing on levels of DHEA and DHEA-S. The aim was also 
to study whether aerobic capacity correlated to levels of DHEA and DHEA-S. 
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Methods 
Table 1. 

Overview of methods and number of participants for each included paper 

Number of Study design Measurements 
participants 

Paper I 119 study protocol/ VO2 peak, ACTH, cortisol 
cross sectional 

Paper II 119 cross sectional ACTH, cortisol, BP, HR, perceived stress 

Paper III 81 RCT, longitudinal VO2 peak, TTE, ACTH, cortisol, BP, HR 

Paper IV 88 cross sectional VO2 peak, DHEA, DHEA-S, cortisol 

VO2 peak: peak oxygen uptake, ACTH: adrenocorticotropic hormone, BP: blood 
pressure, HR: heart rate, DHEA: dehydroepiandrosterone, DHEA-S: 
dehydroepiandrosterone sulphate, RCT: randomized controlled trial, TTE: time-to-
exhaustion 

Study design 
This thesis is based on an RCT, called “Acute Stress and exercise Training 
Intervention” (ASTI). The study was conducted at the Institute of Stress 
Medicine (ISM) in Gothenburg, Sweden, from 2013 to 2016 and registered at 
clinicaltrials.gov, ID NCT02051127. The aim of the RCT was to explore the 
effects of exercise training on physiological responses to acute psychosocial 
stress. Only selected parts of the original study are included in this thesis. The 
participants went through a physical stress test (VO2 peak test) and a 
psychosocial stress test (TSST) and were then randomized to either an 
intervention group, which performed aerobic exercise training during the 
intervention period, or a control group. Six months later, both groups were 
followed up using the same procedures as at baseline (see details below) (Figure 
2). 
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Figure 2. 

Flow through the AST-study 

Physical 
screening 

VO2 

peak 
test 

TSST 6-month exercise training intervention /control 
VO2 

peak 
test 

TSST 

VO2 peak: peak oxygen uptake, TSST: Trier Social Stress Test 

Study procedures 
The study protocol was extensive and required considerable resources. The 
planning of the study began in 2012, and the actual testing started in spring 
2013 as a small pilot study that included eight participants. In the autumn of the 
same year the original study started. The testing periods were divided into 
several “test weeks”. Once a month (excluding January, June, July and 
December) a group of 8-12 participants were tested. The groups were generally 
a mix of participants performing either baseline- or follow-up measurements. 
In total, there were 28 test weeks from April 2013 to April 2016, with the last 
follow-up in October 2016. 

Every participant made at least five visits during the study (see table 2). The 
first visit was a physical screening. Individuals considered eligible for the study 
were then booked for the second visit. 

Table 2. 

Activities at the five visits for each participant during the study. 

Visit 1 Visit 2 Visit 3 Intervention Visit 4 Visit 5 
App. 30 min App. 4 h App. 2.5 h 6 months App. 4 h App. 2.5 h 
Screening Questionnaires TSST Exercise or Questionnaires TSST 
BP, ECG, Cognitive tests control group Cognitive tests 
blood tests Vo2 peak test Vo2 peak test 

BP: blood pressure, ECG: electrocardiography, TSST: Trier Social Stress Test, VO2 

peak: Peak oxygen uptake 
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METHODS 

Visits 2 and 4 

The second and fourth visits took place at the Centre for Health and 
Performance, University of Gothenburg. At the start of the second visit, 
participants were given verbal and written information about the study and they 
were invited to ask questions. A written informed consent form was signed by 
each participant and the researcher. At both visit 2 and visit 4, a standardized 
meal was served containing controlled amounts of protein (15 g), carbohydrates 
(65 g) and fat (20 g). All meals were frozen ready meals (from e.g. Findus and 
Felix), and all participants were served the same amount of food. After lunch, 
each participant was taken to a quiet room to perform a computerized cognitive 
test, which took approximately 30 minutes to complete. Thereafter the 
participant was shown to a room outside the test lab and met the nurses who 
would take the samples. The participant filled out questionnaires and was 
prepared for the physical stress test. A peripheral venous catheter (BD Venflon 
Pro, Becton Dickinson Infusion Therapy, USA) was inserted in an antecubital 
vein by a nurse, and an automatic blood pressure cuff was put on. 

Two hours after the lunch was ingested the first blood sample was drawn (-
10 minutes) and the participant entered the test lab to perform the VO2 peak 
test. The participant was provided with a pulse sensor and was informed of the 
test procedures. After a five-minute warm-up on the bicycle, a tight mask was 
put on to collect expired gases during the test. Some degree of discomfort was 
experienced by most of the participants, but the mask had to sit tight in order 
to avoid air leakage. When the equipment was calibrated and the participant was 
ready to start, the second sample was drawn (-0 minutes), the blood pressure 
cuff was turned off and the test started (for a description of the test protocol, 
see page 37). 

Directly after the test, the participant was released from the mask and sat 
down on a chair when the third (+0 minutes) sample was drawn and the blood 
pressure cuff was turned on again. Several participants had slight vertigo some 
minutes after the test and were therefore supervised by the nurses taking the 
samples. The participant rested for one hour in a sitting position while the 
remaining samples were taken (10-, 20-, 40- and 60-minutes post-test). They 
were allowed to drink water, but no other intake of food or beverages was 
permitted. Following the last sample, the nurse removed the inserted catheter 
and supplied the participant with a frozen ready meal that was to be eaten 
before the stress test scheduled for the following week. 
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Two to three participants were booked for each test day. To manage the 
logistics for personnel and use of the test rooms, the time for arrival was set to 
45 minutes between participants (protocol for the logistics are shown in figure 
3). On most of the testing days, three personnel were in place. 

Samples that were to be cold spun were put on ice and taken care of 
immediately. Samples that were to be centrifuged at room temperature were 
taken care of after the last participant had completed the samplings. 
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Figure 3. 

Overview of logistics for the physical stress test, a testing day including three participants 

S 1-7: time point for samplings 1-7 
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Visits 3 and 5 

On the testing days for the TSST, the participants had ingested their lunch 
before arrival, again two hours before the test was scheduled to start. The vein 
catheter was inserted by the nurse directly on arrival, and the participant had a 
short rest before the first blood sample was drawn (-10 minutes). After the 
second sample (-0 minutes), the participant started the test (for a description of 
the test protocol, see page 38). 

The samplings after the stress test followed the same protocol as after the 
physical stress test (+0-, 10-, 20-, 40- and 60 minutes post-test). Following the 
TSST sampling procedures at the third visit, the participants were randomized. 
Each participant, regardless of whether he or she was randomized to the 
intervention- or the control group, received information on what was to take 
place during the time between baseline measures and follow-up. Participants 
randomized to the intervention group booked time for a group meeting the 
week after the stress test. At that meeting, the research staff gave the 
participants information about the intervention, handed out pulse watches and 
gave instructions on how to use the watch and the training log. The participants 
also received information on the positive effects of exercise training and a 
voucher giving them access to the training centres during the intervention 
period. Participants randomized to the control group were asked to maintain 
their current level of physical activity. 

At the last visit (visit 5), all participants were thanked for their participation. 
Participants in the control group were invited to a motivational group meeting 
the week after the test. They received information on the positive effects of 
exercise training and a 12-month voucher to a training centre and were 
introduced to the same training log as the intervention group. 

Preparations between the test weeks 

In the time between the test weeks, data and results from the tests were entered 
in SPSS, and protocols for the coming tests were prepared. Labels for all the 
tubes for sampling (28 for each participant) and micro tubes for storing of 
samples (72 for each participant) were printed. Medical journals and 
questionnaires were prepared for new participants, and physical screenings were 
done for potential participants. Additionally, participants randomized to the 
intervention group got started on their exercise training. 
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METHODS 

Participants 
The participants were healthy volunteers, 20 to 50 years of age, both women 
and men, with a self-reported sedentary lifestyle, working or studying at least 50 
% of full time and living in the Gothenburg area. Participants were recruited 
through two local newspapers, notice boards around the city of Gothenburg, 
and social media. Individuals interested in participating sent an e-mail to the 
study coordinator, who sent a screening form that included questions regarding 
psychological health and medication, and a screening for heart disease with the 
Physical Activity Readiness Questionnaire (PAR-Q) (58). They reported their 
current level of physical activity with the Saltin-Grimby Physical Activity Level 
Scale (SGPALS)(59), a four-graded single-item request: “Mark the alternative 
that best describes your physical activity level in the last year.” The alternatives 
were as follows: 1) Mostly sedentary, sometimes walking, light gardening or 
comparable activities, 2) Light physical activity at least two hours per week, such 
as walking or bicycling to work, dancing, ordinary gardening or comparable 
activities, 3) More strenuous activity at least two hours per week, like playing 
tennis, swimming, running, gymnastics, bicycling, dancing, playing football or 
indoor hockey, heavy gardening or comparable activities, 4) Regular hard 
exercise several times per week for at least five hours, with a high physical effort. 

Individuals reporting level 1 were defined as untrained and were invited to 
a physical screening at the ISM. The physical screening included assessments of 
weight and height, blood tests (HbA1c, glucose, insulin) and ECG. Individuals 
with diverging levels of glucose, HbA1c or blood pressure, abnormal resting 
ECG, anaemia, under- or overweight, medication with beta blockers, 
psychopharmacological drugs or asthma medicine, or inability to exercise at a 
relatively high intensity were excluded due to the exclusion criteria. Individuals 
with an abnormal ECG were further examined by a cardiologist before 
inclusion or exclusion in the study. 

Oxygen uptake test 
At both baseline and follow-up, the participants went through a bicycle 
ergometer test to assess their peak oxygen uptake, peak heart rate and time-to-
exhaustion (TTE). The protocol was adapted to this specific group of 
untrained, healthy adults in the form of a ramp test (45). The test leader was the 
same person (the author) for almost all tests at both baseline and follow-up. 
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The participants warmed up for five minutes on the bicycle ergometer 
(Monark 828 E, Monark Exercise AB, Vansbro, Sweden). The relatively short 
time was set due to the risk of fatigue even at a low resistance. The cadence was 
set to 70 revolutions per minute, since a higher speed can be difficult to keep 
for a person unaccustomed to ergometer cycling, and a lower speed increases 
the risk of early fatigue in the legs. The initial load was 87.5 watt (W) for women 
and 105 W for men, increasing by 17.5 W (0.25 kilo pounds) every minute until 
exhaustion. The participants were verbally encouraged by the test leader during 
the test, with increasing frequency at the end of the test. Previous studies have 
shown that individuals, especially untrained individuals, can increase their 
performance when verbal encouragement is given (60). The test ended when 
the participant reached a plateau and/ or a decrease in oxygen uptake, had a 
respiratory exchange ratio above 1.1, hyperventilated and could not keep the 
required cadence on the bicycle, or chose to stop for other reasons. Oxygen 
uptake was measured as mL/kg/min with the Jaeger Oxycon Pro metabolic 
chart (Carefusion, Hoechberg, Germany) in a mixing chamber mode. The 
device was calibrated before each measurement according to the manufacturer’s 
manual. HR was monitored with a pulse sensor (Polar 300 RS, Polar, Finland). 

Trier Social Stress Test 
One week after the VO2 peak test, the participants performed a psychosocial 
stress test. The test used was the Trier Social Stress Test (TSST), which has 
been shown to strongly activate both autonomic and neuro hormonal stress 
responses during and after the test (39). It has been widely used in previous 
studies in this research area and is well established as a reliable and valid test 
(12, 61). The TSST is based on two parts: 1) a free speech and 2) an arithmetic 
task, both parts in the presence of a committee consisting of two men and one 
woman. The participant enters the test room and is given information about 
the procedures and is instructed to give a five-minute presentation of him- or 
herself in a fictitious job interview for his or her dream job. The participant is 
told that the test will be recorded both by video- and audiotape, and that the 
members of the committee are specialists in studying behaviour. The participant 
leaves the room for a preparation period of five minutes. Thereafter the 
participant re-enters the test room and starts the first part of the test- the free 
speech. The members of the committee give no form of encouragement during 
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METHODS 

the speech. If there is still time when the speech is over, the chairman of the 
committee encourages the participant to continue. If the participant has no 
more to say, it will be quiet in the room for the rest of the time. In the second 
part of the test, the participant is given a task to count down from 1637 in steps 
of 13. If the participant fails to give the right number, he or she must start from 
the beginning. This part lasts for five minutes. After the test the participant 
leaves the room. 

No debriefing was held after the baseline TSST since almost the same test 
was performed at follow-up. There was a small change in the instructions given 
the second time, in that participants would instead apply for a job they had 
dreamed about as a child. After the follow-up TSST, the participants received a 
short debriefing and were informed that nothing from the test had been 
recorded and that the members of the committee were not experts in behaviour. 

Randomization 
After completing the psychosocial stress test, the participants were randomized 
to the intervention or control group by picking a sealed envelope. The 
randomization rate was 50 % to the intervention group and 50 % to the control 
group. Due to higher numbers of drop-outs than expected in the intervention 
group, the rate was changed to 70 % to the intervention group and 30 % to the 
control group during the last year of inclusion. 

Outcomes 
The main outcomes of the RCT were ACTH and cortisol response to acute 
psychosocial stress. In this thesis, DHEA, DHEA-S, blood pressure and heart 
rate were also assessed. Paper II included responses to physical stress as well. 

Assessments 

ACTH, Cortisol, DHEA, DHEA-S 

Identical protocols for collection of blood samples of ACTH and cortisol were 
used for both the physical and the psychosocial stress tests with samples drawn 
10 minutes before the test (-10), directly before the test (-0), directly after the 
test (+0), and thereafter 10, 20, 40 and 60 minutes after the test was finished. 
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DHEA and DHEA-S samples were drawn at -10, +0, 10, 20 and 60 minutes 
post-test. A total of 220 mL of blood were taken at each test session. 

Plasma samples, collected in EDTA tubes, were used to assess ACTH, 
DHEA and DHEA-S. To separate plasma, the tubes were cold spun at 3500 
revolutions per minute for 15 minutes and stored in micro tubes at -80 º C until 
analysed. Cortisol was assessed in serum and collected in Serum Sep Cloth 
Activator tubes. To separate serum, the tubes were spun at 20 º C for 10 minutes 
at 3500 revolutions per minute and stored at 6 º C until analysis the day after 
the test. Plasma concentrations of ACTH were assessed by immunoradiometric 
assay (limit of detection, 0.4 pmol/L) (CIS bio International, Gif-sur-Yvette 
Cedex, France). Serum concentrations of cortisol were assessed by electro 
chemiluminescence immunoassay (limit of detection, 0.5 nmol/L) (Roche 
Diagnostics GmbH, Mannheim, Germany). Serum concentrations of DHEA 
were determined using a Liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) method (limit of quantitation 175 pmol/L), and serum 
concentrations of DHEA-S were assessed by radioimmunoassay techniques 
(RIA) (limit of detection 0.14 µmol /L, Diagnostic Products Corporation, Los 
Angeles, CA, USA). 

Blood pressure and heart rate 

The participants wore an automatic blood pressure cuff (Welch Allyn, ABPM 
6100, USA) from 10 minutes before the tests started to 60 minutes after the 
tests were finished. The device assessed systolic and diastolic blood pressure 
(SBP and DBP, respectively) and heart rate (HR) every five minutes at the 
TSST. At the VO2 peak test the device assessed every 10 minutes, but it was 
turned off during the test and started again directly after the test was finished. 

Perceived stress 

Immediately after the psychosocial stress test, the participants rated their 
perceived stress according to an adapted version of the Borg CR 10 scale of 
Perceived Stressfulness (62). It is a 13-grade category scale, ranging from 
“nothing at all” to “maximal”, modified to fit the rating of stressfulness during 
the psychosocial stress test. 
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Exercise training intervention 
The week after the psychosocial stress test, participants randomized to the 
intervention group were instructed to start regular aerobic exercise during the 
intervention period. The goal was to reach a frequency of three times per week 
with a duration of 45-60 minutes at each session. The goal of intensity was to 
reach an average heart rate of at least 75 % of peak heart rate, measured at the 
peak oxygen uptake test, and sustain it during at least 80 % of the session. To 
measure the duration and intensity of exercise, the participants wore a pulse 
sensor (Garmin 210) at each session. Data was transferred from the sensor to a 
web-based training log (www.funbeat.se). In the training log, the participant 
manually recorded the type of activity performed. The data was registered to be 
further analysed in terms of frequency, duration, intensity and type of activity. 
For untrained individuals, an increase in exercise level from no exercise training 
at all to three times per week is challenging. Therefore, the participants were 
encouraged to increase their activity level gradually, starting at 30 minutes two 
times per week to reach the final level after 6-8 weeks. 

Participants were free to choose the type of aerobic exercise they would do, 
as long as they reached the intended level of intensity. During the intervention, 
the participants received free access to a commercial fitness establishment 
(Nordic Wellness) with several facilities in the Gothenburg area. The 
participants were instructed to avoid resistance training, since it is thought to 
affect the hormonal systems differently than aerobic exercise (49). 

To support the participants in their lifestyle change, they were offered four 
sessions with a coach, trained in motivational interviewing. The sessions were 
guided by Self-Determination Theory, which provides guidelines for the 
interviewer supporting participants as they increase their level of exercise (63). 
The coach had access to the training log and referred to it during the sessions. 

Control group 
Participants allocated to the control group were instructed to maintain their 
current level of exercise, that is, to not increase or decrease their degree of 
physical activity. After follow-up measures were taken, they were encouraged 
to start to exercise. They were called to a motivational group meeting and 
received one-year access to the same fitness establishment as the intervention 
group. 
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PHYSIOLOGICAL RESPONSES TO STRESS 

Ethics 
The original study was registered at clinicaltrials.gov, ID NCT02051127, and 
designed according to the Consolidated Standards of Reporting Trials 
(CONSORT) Statement (64). All participants gave written informed consent 
before entering the study and were informed that they could withdraw their 
participation at any time. The study was conducted according to the 1964 
Declaration of Helsinki and approved by the Regional Ethical Board, 
Gothenburg, Sweden, Dnr 917-12, and supported by funding from the Swedish 
Research Council for Health, Working and Welfare. 

Data handling 
Pre-test values in papers I-III were calculated as the mean value of the -10- and 
-0-minute values. In paper IV the -10-minute value was defined as the pre-test 
value. For all variables, peak value was the highest value measured during or 
after the stress test. The lowest value after the peak was also identified. 

In papers II, III, and IV, reactivity values are presented, calculated by 
subtracting the pre-test value from the peak value. Percental change was 
calculated by dividing the absolute change from pre-test to peak by the peak 
value. Similarly, recovery values were calculated by subtracting the lowest value 
from the peak value, and percental change was calculated by dividing the 
difference by the peak value. 

In paper IV, ratios for cortisol and DHEA and cortisol and DHEA-S were 
calculated by dividing the cortisol value by the value for DHEA and DHEA-S 
at pre-test and peak (65). 

The area under the response curve with respect to increase (AUCi) was 
calculated in accordance with Fekedulegn et al. (66). AUCi is a suitable method 
to analyse total arousal over a limited time period and may simplify analysis of 
multiple assessments. It provides information on both changes over time and 
overall intensity of the response (66). 

The rating of perceived stress during the TSST was dichotomized into two 
groups representing low stress and high stress, respectively. Ratings from 0 to 
4 (“not at all” to “somewhat strong”) were considered low perceived stress, and 
5-10+ (“strong” to “maximal”) were considered high perceived stress. 
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METHODS 

Statistics 
A power analysis for the RCT was done before the study was started. The 
sample size calculation for the main outcome measure, cortisol, showed that 39 
subjects in each group were needed to enable a detection of an effect size of 
Cohen’s f = 0.25, with power ≥ 0.80 and α = 0.05. It was anticipated that a 
number of subjects could drop out or withdraw their participation, which 
resulted in a goal to include at least 50 participants in each group. 

Several statistical methods were used in the four papers included in this 
thesis (see table 2). First, to check whether the variables were normally 
distributed, Kolmogorov-Smirnov tests were used. In papers I, II and IV, group 
differences at baseline were analysed with an independent samples t-test. For 
categorical data, χ2 tests were used. 

A mixed between-within subjects analysis of variance (ANOVA) method 
was used in papers II and III. It combines a repeated-measure design with a 
between-subjects design in the same analysis and also presents possible 
interaction effects (67). 

In paper II, AUCi for ACTH and cortisol as well as reactivity and recovery 
in SBP, DBP and HR were analysed with mixed between-within subjects 
ANOVA for both physical and psychosocial stress. Correlations were analysed 
with Pearson correlation coefficient analysis for normally distributed data, or 
Spearman’s rank order correlation coefficient for data that was not normally 
distributed. 

Paper III compared pre-test, peak and recovery values from baseline to 
follow-up with mixed between-within subjects ANOVA. Correlations were 
analysed for amount of training and response to the stress test using Pearson 
correlations analyses. Finally, recovery values were analysed with mixed 
between-within subjects ANOVA. 

In paper IV, independent samples t-tests were used for pre-test values. 
Pearson correlation analyses were used to evaluate associations between 
variables, and paired samples t-tests were used to analyse physiological 
responses to acute psychosocial stress. 
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PHYSIOLOGICAL RESPONSES TO STRESS 

Table 3. 

Statistical methods used in each paper. 

Independent Paired Chi- Mixed Pearson Kolmogorov-
samples t- samples square between- correlation Smirnov test 
test t-test test within coefficient 

subjects /Spearman’s 
ANOVA rank order 

correlation 
coefficient 

Paper I x x 

Paper II x x x x x 

Paper III x x x 

Paper IV x x x x x 

Statistical methods used in each paper. 

ANOVA: analyses of variance 
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Results 
Since all included papers are based on the same study, general results are 
presented first. Specific results for each paper are presented below. 

Participants 
A total of 416 individuals responded to the advertisement recruiting participants 
for the study. Of these, 170 fulfilled the inclusion criteria and were invited to 
the physical screening. Twenty-four individuals were excluded due to the 
exclusion criteria, and another 22 declined participation. Five participants did 
not complete the baseline measurements and were therefore excluded. The final 
number of participants at baseline was 119 (see study flow diagram, figure 3). 
Of these, 89 participants (75 %) worked full time, 21 (18 %) worked 50 to 90 
% of full time and 8 participants (7 %) were studying. The number of 
participants included during spring (February to May) was 56 (47 %). In autumn 
(August to November), 63 participants (53 %) were included. Alcohol was used 
by 93 % of the participants; of these, 54 % reported a frequency of 2-4 times 
per month. Tobacco was used by 19 participants (16 %); four were smokers 
and 14 used snuff, and one participant used both cigarettes and snuff. Nearly 
three-quarters (n = 86, 72 %) of the participants reported an educational level 
of at least three years of post-graduate education. A majority (n = 97, 82 %) of 
the included participants were living in a relationship. 

Activity level was self-reported as being “mostly sedentary” (equal to 1 in the 
SGPALS) in 89 % of the included participants. The remaining 11 % reported 
level 2 (light physical activity). The reason for including individuals reporting 
level 2 was an initial difficulty in the recruitment of participants. However, there 
were no significant differences in aerobic capacity between participants 
reporting level 1 or 2 in SGPALS (t = - 1.281, p = 0.203). 

Baseline values of aerobic capacity differed between sex and age groups. For 
both women and men, the aerobic capacity was shown to be higher than 
expected given their reported level of physical activity. Instead of VO peak 
values corresponding to levels for untrained individuals, mean values fo

2 

r each 
age group showed values representing normal, or higher than normal, levels in 
the general population. 
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PHYSIOLOGICAL RESPONSES TO STRESS 

At follow-up, 31 participants had dropped out (20 individuals in the IG and 
11 in the CG ) for different reasons (unwillingness to go through retesting (n = 
17), injuries (n = 4), changed working conditions (n = 3), starting anti-
depressant medication (n = 4), pregnancy (n = 2) and randomization to the CG 
but started to exercise (n = 1)). See flowchart in figure 4. No significant 
difference was seen between the drop-out rate of participants included in spring 
and those included in autumn; 23 % of the spring participants dropped out, and 
28 % of the autumn participants dropped out (p = 0.506). The drop-out analysis 
of demographic data showed no significant differences in the group of 
participants that did not return for the follow-up compared to the group that 
completed the study. 
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RESULTS 

Figure 4. 

Flow diagram over the randomized control trial 

Flow Diagram 

Screened for eligibility (n = 170) 

Excluded (n = 51) 
¨ Did not meet inclusion criteria (n = 24) 
¨ Declined to participate (n = 22) 
¨ Unable to perform baseline tests (n = 5) 

Analysed (n = 48) 

 Excluded from ATP analysis (n = 20) 

Lost to follow-up (n = 20) 
 Declined (n = 10) 
 other reasons (n = 10) 

Allocated to exercise group (n = 68) 

Lost to follow-up (n = 11) 
 Declined (n = 6) 
 Other reasons (n = 5) 

Allocated to control group (n = 51) 

Analysed (n = 40) 

Allocation 

Analysis 

Follow-Up 

Randomized (n = 119) 

Enrollment Responded to advertisement (n= 416) 

Excluded (n= 246) 
¨ Did not meet inclusion criteria (n = 163) 
¨ Declined to participate (n = 83) 
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Paper I 
This paper includes the study protocol used for the RCT ASTI. It also presents 
some baseline results to highlight methodological issues regarding the 
performance of an intervention study. 

At baseline, the HPA-axis response to the TSST showed a mean increase of 
214 % in ACTH and 94 % in cortisol, but large intra-individual differences were 
seen. The main hypothesis for the RCT was that individuals performing regular 
exercise training for six months would show an attenuated physiological 
response compared to participants in the control group. The prerequisite for 
such a change was that a positive response (increase) in the outcome measures 
from pre-test to peak would occur at baseline. However, for 13 participants, 
negative responses (decreases) were observed for ACTH or cortisol, and one 
participant responded negatively in both ACTH and cortisol. Thus, it would 
not be possible to detect attenuated responses to acute stress in these 
individuals. 

The intended target group for the study was untrained individuals with low 
aerobic capacity. Although the majority of the included participants reported 
themselves as untrained at screening, baseline levels of aerobic capacity were 
comparable to average levels in the general population. Thus, several individuals 
included in the RCT were not as sedentary as expected. 

Paper II 

Paper II presents cross-sectional analyses of the correlations between the 
physiological response to acute physical and psychosocial stress in women and 
men. 

The time point for reaching peak values of ACTH and cortisol differed 
between the physical and the psychosocial stress tests. At the physical test, 56 
% reached their peak ACTH immediately after the test. For cortisol, 56 % of 
the participants reached their peak after 20 minutes. At the psychosocial test, 
97 % of the participants reached their peak ACTH level during or immediately 
after the test, and 65 % of participants peaked in cortisol 10 minutes post-test. 
SBP, DBP and HR all peaked during or immediately after the tests. 

Significant main effects for ACTH AUCi were seen for test and sex (see 
response curves in figure 5). That is, for both women and men, AUCi was 
significantly lower at the psychosocial stress test than at the physical stress test, 

48 



 

 

            
           
            

           
    

        
            

            
           

  
         

            
             

RESULTS 

with men showing greater responses than women at both tests. Cortisol AUCi 

did not differ between the tests, but significant main effects were seen for sex, 
showing greater response curves in men compared to women at both tests. 
There were also positive correlations between AUCi at the physical and 
psychosocial stress tests for both ACTH and cortisol. 

In the analyses of percental reactivity, autonomic variables showed 
significant main effects for test, with lower reactivity at the psychosocial stress 
test compared to the physical stress test for HR, and higher reactivity for SBP 
and DBP. Sex differences were seen in SBP, with women showing greater 
reactivity than men at the psychosocial stress test. 

In the analyses of relationships between physiological response and 
perceived stress at the psychosocial stress test, no correlations were seen for 
any of the variables, regardless of whether high or low stress had been reported. 
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Figure 5. 

Response curves for women and men at the physical and the psychosocial stress tests. 
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RESULTS 

Paper III 
The results from paper III present the main results from the RCT, on the effect 
of exercise training on physiological responses to acute psychosocial stress. 

Compliance with the protocol varied considerably among participants in the 
intervention group. The lowest acceptable level was set to 26 exercise training 
sessions during the intervention period, which excluded 22 participants in the 
adherence-to-protocol analyses. Among the remaining participants, the mean 
number of sessions was 45 out of a possible 78. 

The mean level of aerobic capacity increased significantly in the intervention 
group (9.4 %) from baseline to follow-up. The increase did not change after 
exclusion of non-compliers. The mean time-to-exhaustion increased by 11 %, 
and when excluding non-compliers, the mean change was 9.5 %. Participants 
in the control group decreased their mean aerobic capacity and mean time-to-
exhaustion (-3 % and -0.7 % respectively). 

Both the intervention and the control group showed attenuated 
physiological responses to the stress test at follow-up, indicating habituations 
to the test or the test situation (see response curves in figure 6). ACTH and 
cortisol AUCi showed decreased values for both groups, and the mixed 
between-within subjects ANOVA resulted in significant effects for time, but 
no group differences were seen at follow-up. For autonomic responses, no 
differences could be detected between the groups at follow-up. 

There were no correlations between number of training sessions during the 
intervention and physiological response to the psychosocial stress test. 
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Figure 6. 

Response curves for ACTH, cortisol, systolic and diastolic blood pressure and heart rate for the Trier Social Stress 

Test at baseline and the six-month follow-up 
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RESULTS 

Paper IV 
In paper IV, the main focus was on DHEA and DHEA-S response to acute 
psychosocial stress and the potential relationship to aerobic capacity among 
women and men. Also, the catabolic/anabolic balance was analysed between 
cortisol and DHEA and DHEA-S, and the effect of age in the response to acute 
psychosocial stress. 

Both DHEA, DHEA-S and the cortisol/DHEA ratio increased significantly 
following the psychosocial stress test, with DHEA increasing on average 117 
% for women and 120 % for men (see response curves in figure 7). Four 
individuals responded either negatively or not all in DHEA. The mean increase 
in DHEA-S was 10 % for women and 8 % for men. Negative responses were 
seen in DHEA-S for seven individuals, and six participants showed neither a 
positive nor a negative response to the stress test. The only variable that did not 
increase in response to the stress test was the cortisol/DHEA-S ratio. 

Pre-test levels of DHEA and DHEA-S did not show any correlation to level 
of aerobic capacity. Nor did the magnitude in response of DHEA, DHEA-S, 
cortisol/DHEA ratio and cortisol/DHEA-S ratio to acute psychosocial stress 
show any significant correlations to aerobic capacity. 

The response in DHEA was negatively correlated with age, but significant 
correlations were seen for DHEA-S, cortisol/DHEA ratio and 
cortisol/DHEA-S ratio and age. 
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Figure 7. 

Response curves of DHEA and DHEA-S at the psychosocial stress test 

DHEA: dehydroepiandrosterone, DHEA-S: Dehydroepiandrosterone sulphate, 
TSST: Trier Social Stress Test 
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RESULTS 

Additional analyses 
No correlations were seen between aerobic capacity and HPA-axis responses 
to the psychosocial stress test (ACTH: t = 0.04, p = 0.682, cortisol: t = -0.13, p 
= 0.184). For autonomic variables, a negative correlation was found for HR (t 
= -0.21, p = 0.037), but no correlations were seen for blood pressure (SBP: p 
= -0.07, p = 0.502, DBP: t = 0.18, p = 0.067) 
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Discussion 
This thesis presents results from an RCT evaluating effects of aerobic capacity 
and exercise training on responses to acute physical and psychosocial stress. 
The main findings were that the six-month exercise training intervention 
increased time-to-exhaustion and aerobic capacity, but no effect was found on 
the physiological response to acute psychosocial stress. Hormonal variables 
(ACTH, cortisol, DHEA and DHEA-S) as well as autonomic variables (systolic 
and diastolic blood pressure and heart rate) increased following both acute 
physical and psychosocial stress, showing that the physiological systems did 
react to the stressful situations. However, the correlations between the 
physiological responses to physical and psychosocial stress were weak. 
Unfortunately, methodological issues hampered the interpretation of results. 
These and other findings will be discussed below. 

Cross-sectional findings 
Three of the papers included in this thesis presented cross-sectional data 
(papers I, II and IV). Data from baseline assessments was used to study 
physiological responses to acute stress and to analyse relationships and also to 
examine methodological issues that arose in this study. 

Physiological responses to acute stress 

Acute physical and psychosocial stress resulted in significantly increased mean 
values from pre-test to peak in both HPA-axis, DHEA, DHEA-S and ANS 
variables. This was expected, given that the participants were healthy and that 
the physiological systems, which are meant to react to acute stress, operate 
satisfactorily (68). The reactivity in ACTH, cortisol and heart rate was greater 
at the physical stress test, whereas reactivity in systolic and diastolic blood 
pressure was higher at the psychosocial stress test, which was also expected. 
The differences may partly be due to the fact that the acute psychosocial stress 
test entails less muscular activity than the physical stress test and thus requires 
a lower grade of metabolic actions and puts a higher demand on the heart for 
circulation of blood (69). However, the peak values for ACTH at the 
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psychosocial stress test might be incorrect. It was found that the true peak 
probably occurred during the test, when no samples were taken. Cortisol peaks 
with a 10-15 minute delay in relation to ACTH (70), and the post-test cortisol 
values indicated that peak in ACTH was plausibly reached before the first post-
test sample. Because no blood samples were taken during the test, we do not 
know when the peak occurred and consequently not the actual magnitude of 
the peak value. 

An interesting finding was that several individuals showed no or even 
negative responses to the psychosocial stress test in ACTH, cortisol, DHEA 
and/or DHEA-S. One plausible explanation is that these individuals were 
stressed already when they arrived at the lab. Only a short rest was applied 
before the test started. If the stress systems were activated before the test, there 
was no time to recover from that stressor before the TSST. However, the 
negative responses were also seen for ACTH and cortisol at the physical stress 
test, where the participants had at least one hour of rest before the test started. 
Another explanation could be that just the expectation of the tests as something 
unknown or unpleasant was enough to cause a stress reaction and start a 
process in the stress systems. In both cases, pre-test values would be 
heightened, and no or only small changes in the outcome measures would be 
detectable. However, an absence of cortisol response in some individuals has 
also been found in previous studies, showing 20-30 % non-responders in 
salivary cortisol, to the TSST (71). An earlier study found that cortisol non-
responders were more likely to be smokers and/or females (72), but no such 
connections were seen in our study. Concerning DHEA and DHEA-S, not 
many studies can be found presenting data on responses to acute psychosocial 
stress, and only one shows that not all participants responded with an increase; 
in a study of young males, 30 % of the participants showed some variations in 
DHEA level after psychosocial stress, but there was no clear increase (73). 
Individual variations might be one explanation, but these variations may be 
caused by numerous underlying factors. The HPA-axis has been thoroughly 
studied primarily in terms of different aspects of responses to acute stress. 
Results from earlier studies have shown that experiences from childhood may 
impact the response to stress later in life (74). Also, an individual who has had 
a negative experience in a job interview will likely respond differently to a stress 
test that includes an interview-like situation compared to one who has had a 
good experience (19). Another study showed that one night of sleep deprivation 
leads to elevated pre-test cortisol levels and blunted cortisol reactivity in 
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DISCUSSION 

response to a TSST (75). These are factors that are not easy to control for and 
that might affect results markedly. 

A positive correlation was seen between AUCi at the physical and 
psychosocial stress tests for cortisol. That is, individuals showing a strong 
cortisol response to the physical stress test also responded strongly to the 
psychosocial stress test, although the time point for reaching peak differed 
between the tests. This might indicate that in a healthy individual with well-
functioning stress systems, the body reacts similarly independent of the origin 
of the stressor. It also indicates that the large inter-individual differences in 
hormonal response pattern are not necessarily problematic, but just point 
towards individual variances. For autonomic responses, no correlations were 
seen in reactivity between physical and psychosocial stress. It might depend on 
the differences in the system’s response times, with the HPA-axis reacting 
within minutes while the ANS responds in a few seconds. 

Perceived stress 

No correlations were seen between perceived stress and the physiological 
response to acute psychosocial stress. The mental aspect of the experience thus 
does not seem to be related to the actual response, which is in line with a recent 
study by Ali et al. (76). They induced a pharmacological suppression of 
physiological responses in healthy women and men before a psychosocial stress 
test. Despite the inhibited stress systems, the participants in the intervention 
and the control groups experienced the stress test as equally stressful. 

Campbell and Ehlert reported in a review that only one-fourth of the 
included studies found associations between the physiological and emotional 
responses to the TSST (61). Many factors are involved and affect each system, 
influencing the outcomes and the results. As examples they mention aspects of 
assessment, where both timing of assessments and the tools used to assess 
might affect the outcome measure. Another important factor is the 
psychological part, affecting emotional regulation as well as motivational 
engagement with the test situation. Finally, they also mention the physiological 
aspects of the response, taking into account the individual characteristics of the 
stress systems. 
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Associations between aerobic capacity, DHEA and 
DHEA-S 

In paper IV, correlations between aerobic capacity and pre-test levels of DHEA 
and DHEA-S, as well as reactivity of these hormones to acute psychosocial 
stress, were studied. The analysis did not show any correlations with neither 
baseline levels nor reactivity in DHEA or DHEA-S to the psychosocial stress 
test. It can be argued that participants included in the study reported themselves 
as untrained at screening and that the range of aerobic capacity would be too 
small. It turned out, however, that levels of aerobic capacity were higher than 
expected, with mean values corresponding to normal levels in the general 
population. The span ranged from 20.4 to 45.1 mL/kg/min for women and 
from 24.0 to 56.6 mL/kg/min for men, showing an acceptable range for 
analyses of correlation, although a larger range would have been preferable. 
Only two previous studies have been found that examine the relation between 
aerobic capacity and basal levels of DHEA and DHEA-S (77, 78). One of those 
studied premenopausal women (range in VO2 peak: 23.8-50.1, mean 39.5) (78), 
while the other studied postmenopausal women (range in VO2 peak: 33.3-56.4, 
mean 47 mL/kg/min) (77). Neither of the studies found any correlation 
between DHEA and aerobic capacity, although a greater range in VO2 peak was 
observed compared to our study. The hypothesis in paper IV was that 
individuals with a higher aerobic capacity would also show higher pre-test levels 
and higher production capacity of DHEA and DHEA-S in response to acute 
psychosocial stress. Both are considered anabolic hormones and have been 
proposed to have a protective role in the body (79). Since aerobic capacity and 
exercise training are associated with overall health and well-being (1), it would 
seem reasonable to suggest that there could be a connection to the health-
promoting hormones DHEA and DHEA-S. 

Longitudinal findings 
One of the four papers included in this thesis comprised both baseline and 
follow-up data, presenting the results from the exercise training intervention. 
Due to the number of drop-outs in the intervention group, the results must be 
carefully interpreted but may still give some useful information. 
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DISCUSSION 

Effects of exercise training 

Paper III presented the main results from the RCT, that is, the analyses of the 
effects of six months of regular exercise training on physiological responses to 
acute psychosocial stress. Compliance in the intervention group was lower than 
expected, yet the aerobic capacity and time-to-exhaustion increased from 
baseline to follow-up, showing effects of the intervention despite a relatively 
large number of non-compliers (compliance will be discussed in more detail in 
the Methodological considerations-section). 

Participants in the control group showed lower values for aerobic capacity 
at follow-up compared to baseline. This might be a result of reduced motivation 
to perform to exhaustion at the second VO2 peak test. However, time-to-
exhaustion did not change, indicating that oxygen uptake was lower, despite 
similar duration of the test. 

Both the intervention and the control group showed reduced HPA-axis 
responses to the psychosocial stress test at follow-up compared to baseline, and 
no significant differences were seen between the groups. An adaptation seems 
to have occurred for both groups, which makes it difficult to interpret the 
results from the intervention. Previous research has found that when at least 
four months pass between the psychosocial stress tests, the risk of habituation 
to the test is small (80). Obviously, this did not seem to be true in our study. 
The participants were not informed that the same test would be repeated. Pre-
test levels of ACTH and cortisol were higher at follow-up, indicating higher 
stress before the test started, maybe as a result of not knowing what to expect. 
However, when they realized that the follow-up test was almost the same as the 
one they had performed the first time, most participants responded with a lower 
reactivity. A blunted reactivity to the TSST was observed also in the 
aforementioned RCT by Klaperski et al (57), although the decrease was not as 
large as in our study. This points at the difficulties of repeating a stressor, and 
the importance of novelty when eliciting stress in laboratory settings. 

Cross-stressor adaptation hypothesis 
It was not possible to evaluate data from the longitudinal analyses in paper III, 
on the effects of the exercise training intervention, due to the assumed 
adaptations to the psychosocial stress test. Thus, since there are methodological 
limitations, the hypothesis can neither be confirmed, nor be ruled out. In fact, 
in paper II an association was observed between cortisol AUCi at the physical 
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and psychosocial stress tests. It was shown that the response followed the same 
pattern, even though the physiological answer was not as strong at the 
psychosocial stress test as at the physical stress test. However, this association 
is based on cross-sectional data, which cannot be used to prove any reason to 
the association. 

The role of aerobic capacity was also analysed, both in paper IV and in 
additional analyses. No correlations were seen between level of aerobic capacity 
and HPA-axis response. Moreover, the plausible effects of the anabolic 
hormones DHEA and DHEA-S did not contribute to any explanation for the 
hypothesis. 

On the other hand, it could be observed that the adaptation to the acute 
psychosocial stress test resulted in attenuated responses, indicating less pressure 
on the responding systems. Both groups showed reduced responses to the 
TSST at follow-up, maybe depending on a more effective reaction, saving 
redundant expenses for the body. In healthy women and men, this is probably 
an adequate response, showing that the systems operate appropriately. 

Methodological considerations 
Conducting an RCT is complicated and requires extensive efforts. There are 
many pitfalls along the road, which are not always easy to take into account in 
advance. Despite rigorous planning, unexpected events often occur during a 
study. 

One of the inclusion criteria in the ASTI study was based on decisions to 
include a working population of both women and men. Because the study 
entailed assessments of hormones, an age range of 20 to 50 years was set to 
diminish the risk that female participants had entered menopause. We also 
wanted to study a healthy population, and thus individuals with chronic diseases 
such as diabetes or cardiovascular disease were not included. The exclusion 
criteria were set to ensure that the primary the outcome measure would be 
correctly interpreted and due to prerequisites for the performance of a peak 
oxygen uptake test and an exercise training intervention. For example, 
individuals taking beta-blockers, psychopharmacological drugs, glucocorticoids 
or asthma medicine were excluded due to plausible effects on the HPA-axis-
and ANS outcome measures. 

Several critical methodological issues need to be highlighted. First, in this 
study, we used the SGPALS questionnaire to identify individuals with low 
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aerobic capacity. The self-assessed response alternative 1 corresponds to a 
sedentary life-style, and an assumption that the individual is untrained. 
However, the results from the VO2 peak test showed levels of aerobic capacity 
that were higher than expected, corresponding to normal levels in the general 
population (81). Generally, self-reported physical activity levels tend to be 
overestimated compared to true levels (82, 83). Here, the opposite effect was 
probably seen. Since the invitation was directed towards untrained individuals 
who wanted to start to exercise regularly, respondents might have considered it 
more beneficial to report lower levels of physical activity. There were therefore 
fewer “couch potatoes” included than desired. There are reasons to believe that 
the most inactive individuals would not respond to an advertisement for an 
exercise training intervention study, and more precisely targeted information is 
required to reach that group. 

There is evidence that health benefits are greatest when the activity level is 
increased from “sedentary” to “moderately active” (84). Thus, it would have 
been preferable to perform the VO2 peak test on individuals before 
participation to ensure that only those with low aerobic capacity were included. 
However, this would have demanded more resources. In addition, the VO2 

peak test was used as a physical stress test, and a large battery of physiological 
assessments were made in connection to the test. For ethical reasons, it would 
not be possible to conduct the test on individuals who had not already been 
included and had given their written informed consent. 

Second, at both baseline and follow-up, a large number of tests and 
assessments were performed. For every test or assessment there were risks of 
errors that could potentially affect the test results. Each test was associated with 
specific difficulties that had to be handled separately. The VO2 peak test 
included several critical moments, one of which was the performance of the 
test protocol. If unaccustomed to the efforts of a physical test performed to 
exhaustion, the strain and eventual pain might be perceived as frightening, and 
the participant may end the test before a true peak in aerobic capacity has been 
reached. However, in this study values of oxygen uptake, respiratory exchange 
ratio and breathing frequency were controlled during the test, and the test was 
terminated only after reaching certain criteria (a plateau and/ or decrease in 
oxygen uptake, a respiratory exchange ratio above 1.1, hyperventilation and an 
inability to maintain the required cadence on the bicycle). 

Another critical part of the VO2 peak testing was the equipment measuring 
oxygen uptake. The mask used to collect the expired gases during the test had 
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to be very tightly fitted because a leak would have given false values of gas 
exchange. Also, the expired gases had to be assessed correctly, and all technical 
equipment had to work satisfactorily. Results from two of the tests in our study 
could not be used because of technical issues with the equipment. 

At both the physical and the psychosocial stress tests, blood samples were 
collected at seven time points. For some individuals, the blood supply was not 
sufficient at all time points. Despite the inserted venous catheter, which in most 
cases facilitated the sampling, and the well experienced personnel taking the 
samples, it resulted in some missing data. For blood pressure and heart rate 
monitoring, an automatic blood pressure cuff was used, assessing continuously 
before, during and after the tests. However, the device was turned off during 
the physical test, given the technical problems with assessment during the test. 
Also, immediately after the test, the device was not giving accurate outcomes, 
resulting in many missing +0 values for autonomic responses. 

After randomization, the intervention took place. The intended level of 
exercise training was based on frequency, time and the intensity needed to 
plausibly affect the physiological systems (85). Considering the relatively 
untrained population included in this study, the exercise level was set rather 
high. Although theoretically motivated to start regular exercise training, most 
of the participants who were randomized to intervention group found the 
practical implementation challenging. The compliance was lower than expected, 
resulting in a decreased limit for what was counted as compliance. From the 
initial level of three times per week, 45-60 minutes per session, we decided to 
approve participants who exercised for at least two sessions per week, at least 
45 minutes per session, in at least half of the intervention period. This decision 
limited the number of drop-outs but also weakened the results from the 
adherence to protocol analyses. 

The weak compliance illustrates the efforts required to bring about 
behavioural changes. Although participants were well aware of the positive 
effects of exercise training and were instructed on how to proceed, it was 
difficult for them to start and maintain the new life-style. They were encouraged 
to increase the activity level stepwise in order to adapt both physically and 
mentally, starting at two times per week with a 30-minute duration. However, 
three times per week was a tough goal for many participants. Despite having 
contact with a coach to discuss obstacles connected to exercise training, the 
participants struggled with compliance. Unfortunately, the coaching personnel 
changed several times during the implementation of the study, interrupting the 
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continuity of the coaching. Additionally, to objectively measure frequency, 
duration and heart rate during the exercise training sessions, participants wore 
a pulse watch. As it turned out, there were some unexpected problems with 
handling the watches, which resulted in some missing data from the exercise 
interventions. In the control group, no problems with compliance were seen. 
Only one individual reported disrupted participation due to unwillingness to be 
a part of the control group. 

The next critical point was associated with the follow-up assessments. It 
seems that among participants in the control group, the motivation to go 
through somewhat unpleasant testing, without having performed any activity to 
improve the results, was low. The compensation (one-year free access to a gym) 
was perhaps not sufficiently attractive. A second follow-up for the control 
group, to measure physiological improvements after increased exercise training, 
might have been more tempting for participants in this group. 

Ethical considerations 
All participation in the study was voluntary, and the participants were informed 
of their right to withdraw their participation at any time without stating a reason. 
However, some aspects need to be discussed in an ethical perspective. 

It is primarily the two stress tests that need to be highlighted. The physical 
stress test, for example, was demanding and not only physically. For the 
included individuals, who were not accustomed to maximal testing and who, in 
addition, were required to wear an uncomfortable respiratory mask, it was 
common to experience the situation as unpleasant. Also, pushing the body to 
maximal effort is related to pain and discomfort when legs hurt and the 
breathing frequency is high, even for a well-trained athlete. Another ethical 
aspect is the exposure of participants to acute psychosocial stress. As part of 
the test, the participants were met with no form of response from the 
committee, which some of the participants experienced as unpleasant. 
Normally, participants are debriefed and informed about the false set-ups 
directly after the test. Since a similar test was to be used at follow-up, however, 
it was not possible to debrief the participants at baseline. 

One important consideration of ethical aspects when conducting an exercise 
intervention study including a non-exercising control group, is the 
appropriateness of instructing untrained individuals, who were motivated to 
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start exercise, to refrain from increasing their level of physical activity. 
However, taking into account the non-training period preceding inclusion in 
the study, which was several years for many of the participants, six months is 
not a very long time to delay the start of exercise training. After the follow-up, 
all participants in the control group were offered a motivational group meeting 
and received 12 months of access to a fitness establishment. 

Implications for future research 
Based on lessons learned from performing the RCT, several thoughts about 
future research emerge. One of the most important aspects concerns the need 
for greater control of the intervention, starting with the inclusion of supervised 
exercise training sessions. It will require considerable resources, but maybe it is 
worth the cost to potentially be able to secure more complete and reliable data. 
It is also important to include the intended target group, which requires more 
extensive testing before inclusion. However, ethical questions must be taken 
into consideration that could potentially prohibit such procedures. The type of 
psychosocial stress test must be carefully considered to avoid the risk of 
adaptations. 

This research field has no shortage of studies. On the contrary, many 
researchers have tried to explore the various possible perspectives, yet no 
consensus has been reached. The great variability in study designs and methods 
is a problem. The field is in need of clear guidelines to control for differences 
and facilitate comparisons. For example, intervention studies should use equal 
methods to evaluate effects of the intervention, and similar protocols for 
assessments of outcome measures. On the other side, individual variances are 
not easy to adjust for even in well-designed studies. Additionally, in every-day 
life variations are even larger, and clear results from laboratory testing might 
not be generalizable to real life. Maybe it is time to ask whether it is meaningful 
to measure specific hormones in different situations without controlling for all 
aspects. The next question would be: what are the benefits from a strictly 
regulated and standardized study that is not anchored in reality? Other aspects 
may be more interesting, for example, the experience of stress, or finding the 
individuals who are at risk of developing long-term stress in the future. Also, 
more focus should be on health-promoting aspects such as the anabolic 
hormones, and on finding beneficial keys to health rather than continuing to 
focus on factors that are deleterious to us. 
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Conclusions 
Exercise training is important for overall health and wellbeing. High levels of 
aerobic capacity are associated with a lower risk of several diseases, including 
stress-related diseases. This thesis has studied the cross-stressor adaptation 
hypothesis, which presents a theory of one possible mechanism behind the 
positive effects of exercise training in stress-related illness. Unfortunately, 
methodological shortcomings obstructed analyses of the effect of the exercise 
training intervention on physiological responses to acute psychosocial stress. 
However, cross-sectional analyses of the correlations between aerobic capacity 
and hormonal responses to acute stress found no associations and thus could 
not confirm the theory. Neither did the subjective perception of stress at the 
psychosocial stress test correlate with the actual physiological response. 

A more unexpected finding from the included papers was the extent of inter-
individual differences seen in response to acute stress. Many factors seem to 
affect the reaction, making it difficult to control for all of them. The hormonal 
system is highly complex. We know it is essential for survival and that daily life 
without a well-functioning system would be challenging. In healthy individuals, 
HPA-axis and ANS seem to react adequately, independent of level of aerobic 
capacity. However, methodological limitations require careful interpretation of 
the included studies. 
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► When planning a randomised controlled exercise in-
tervention trial, ftness levels should be objectively 
measured. 

► The primary outcome measure should be measur-
able and possibility of detecting changes over time 
should be present. 
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AbsTrACT 
background This paper describes the protocol 
and methodological prerequisites for a randomised 
controlled exercise intervention. Selected baseline data 
from the study are also presented, demonstrating some 
methodological challenges related to exercise intervention 
trials. The aim of the trial was to study the effects of 
exercise training on physiological responses to acute 
psychosocial stress in untrained individuals. 
Methods Individuals with a low level of physical activity 
were invited to participate in an exercise intervention 
lasting for 6 months. A total of 119 participants were 
included and went through a peak oxygen uptake test and 
a psychosocial stress test at baseline. Adrenocorticotropic 
hormone (ACTH) and cortisol were measured in connection 
to the stress test to identify the physiological response. 
results Almost 90% of the participants reported 
themselves as untrained, but results from the objectively 
measured oxygen uptake did not seem to correspond to 
the reported sedentary lifestyle. The primary outcome 
measures at baseline varied between individuals. The 
mean change from pre-test to peak value was 214% for 
ACTH and 94% for cortisol. Of these, 13 individuals did not 
respond in ACTH and/or and cortisol. 
Discussion Supposedly untrained individuals seeking 
participation in an exercise intervention might not be as 
untrained as they report, a methodological consideration of 
importance when evaluating the effects of training. Another 
important consideration is related to the primary outcome 
measure, which should be measurable and possible to 
affect. Absence of reaction at baseline means that changes 
can only be detected as an increased reaction. 

bACkgrounD 
Exercise training has been shown to reduce 
the risk of several lifestyle-related diseases 
and to improve mood, well-being and phys-
ical performance.1–4 The preventive effects of 
exercise training regarding depression and 
other mental health conditions are also well 
documented.5 6 Thus, many symptoms related 
to psychosocial stress can be prevented with 
exercise training, and exercise has been 

What are the new fndings? 

► The target population of an exercise intervention 
might be diffcult to reach particularly regarding the 
inclusion criteria stating that the participants should 
be untrained. 

► The individual variability regarding the physiological 
response to acute stress is large. Some individuals 
actually do not show any response, which will chal-
lenge the interpretations of a randomised controlled 
trial with the aim of studying physiological response 
to acute stress. 

How might it impact on clinical practice? 

suggested as an important general buffer for 
stress.7 8 

Knowledge of the mechanisms behind the 
plausible stress-buffering effects of exercise 
is, however, still limited. The most widely 
studied possible physiological mechanism is 
the so-called cross-stressor adaptation hypoth-
esis described by Sothmann et al in 1996.9 The 
acute physiological response to exercise and 
psychological stress share the similarities of 
a potent increase in hypothalamic–pituitary– 
adrenocortical (HPA) responses.10–12 Exercise 
training leads to adaptations with regard to 
hormonal responses during acute exercise 
in trained individuals.13 The theory of cross-
stressor adaptation proposes that similar 
adaptations are also seen in trained individ-
uals during acute psychosocial stress.9 The 
adaptations are suggested to occur partly on 
brain level, by regulations of neuroendocrine 

1 

http://bmjopen.bmj.com/
http://crossmark.crossref.org
http://bmjopensem.bmj.com/
https://individuals.13
https://vgregion.se


2 Arvidson E, et al. BMJ Open Sport Exerc Med 2018;4:e000393. doi:10.1136/bmjsem-2018-000393 

Open access 

Inclusion criteria 
► Age 20–50years, essentially healthy (does not have diabetes, car-

diovascular disease or mental illness). 
► No exercise training within the last year and a self-rated level of 

physical activity equal to one in the Saltin Grimby Physical Activity 
Level Scale (for details, see Rödjer et al29). 

► Working or studying at least 50%. 

Exclusion criteria 
► Glucose level of≥7mmol/L and HbA1c≥48mmol/L. 
► Diverge resting ECG. 
► Blood pressure>140/90mm Hg. 
► Anaemia (Hb<120g/L for women, <130g/L for men). 
► BMI<18.5or>35kg/m2 . 
► Medication with beta-blockers, psychopharmacological drugs, glu-

cocorticoids or asthma medicine. 
► Unable to exercise at a relatively high intensity. 

 

 

 

 

 

 
 
 
 
 
 

 

 

 

 

 

functions, and partly on end-organ level, by feedback 
modifications and adaptations in the organs. 

Previous research with regard to the cross-stressor 
adaptation hypothesis is, however, not consistent. The 
majority of existing studies in this field are of cross-sec-
tional design. As far as we know, only one randomised 
controlled trial (RCT) has been conducted by Klaperski 
et al,14 which is not surprising given the many method-
ological challenges related to conducting an RCT. For 
example, the response in the primary outcome measure 
must be measurable and changeable in all individuals 
included in the study. Another prerequisite often applied 
for exercise interventions is an inclusion criterion that 
assume the individual to be physically inactive at baseline. 
This might result in challenges connected to the inclusion 
of the intended population. However, the advantages of 
an RCT are several compared with a cross-sectional study, 
and the results from a well-performed RCT is usually 
more solid than from cross-sectional studies. In the RCT 
by Klaperski et al,14 the 12-week exercise training inter-
vention resulted in significantly decreased responses to 
the laboratory stressor, compared with the control group, 
confirming the cross-stressor adaptation hypothesis as 
valid. 

The main aim of this paper is to present an RCT 
protocol and discuss two important methodological 
issues related to the conduction of an RCT, by presenting 
selected baseline results from the trial Acute Stress and 
Exercise Training Intervention (NCT02051127). The study is 
designed to investigate the effects of exercise training on 
the neuroendocrine (HPA -axis) responses to acute labo-
ratory psychosocial stress in untrained individuals. The 
hypothesis is that the intervention will lead to blunted 
HPA-axis responses to the stress test. 

METHoDs/DEsIgn 
A 6-month exercise training intervention study was 
performed at the Institute of Stress Medicine (ISM) in 
Gothenburg, Sweden. The study was a two-armed RCT 
with equal allocation of participants to an intervention 
or a control group. All participants went through oxygen 
uptake tests and psychosocial stress tests at both baseline 
and follow-up. The inclusion of participants was running 
from 2013 to 2016. Information about the study was 
distributed by advertisement in two major newspapers in 
the district around Gothenburg in western Sweden, and 
through noticeboards and social media. 

study population and screening 
Participants were initially screened using an emailed 
computer-based screening questionnaire, which the 
participants filled out and returned to ISM. Individuals 
fulfilling the inclusion criteria (see box 1) were booked 
for a physical screening at the ISM. This included blood 
tests, 12-lead resting ECG and collection of anthropo-
metric data. Individuals who were not excluded due to 
any of the exclusion criteria (see box 1) were booked for 
baseline measurements, including a peak oxygen uptake 

Box 1 Inclusion and exclusion criteria for the randomised 
controlled trial 

(VO  peak) test and a psychosocial stress test (see below
2 

for description of baseline measures). After enrolment 
(see figure 1), 119 participants (58 women and 61 men) 
completed the baseline tests. 

study procedures 
The baseline measurements were conducted in two 
sessions with 1 week in between, and all tests were 
performed between 13:00 and 15:00. The first session 
included a VO  peak test, cognitive testing and filling out

2 
questionnaires covering demographic data. The second 
test session included the Trier Social Stress Test (TSST) 
followed by the randomisation procedures, which was 
done with sealed envelopes and a 50/50% distribution 
between the groups. After 6months, follow-up measures 
were conducted. The procedures were exactly the same 
as those used when taking baseline measurements. 

Peak oxygen uptake test 
The VO  peak test was performed at the Centre for 

2 
Health and Performance at the University of Gothen-
burg. To avoid any effects of food intake on the day of 
testing, all participants were served a standardised meal 
(around 500 kcal) containing controlled amounts of fat, 
protein and carbohydrates (20, 15 and 65 g, respectively) 
at least 2 hours before the test. After participants warmed 
up on the bicycle ergometer (Monark 828 E; Monark 
Exercise AB, Vansbro, Sweden), resistance was gradually 
increased, starting at 87.5 W for women and 105 W for 
men, increasing by 17.5 W every minute until exhaustion. 
Oxygen uptake was measured with the Jaeger Oxycon Pro 
metabolic chart (Carefusion, Hoechberg, Germany) in a 
mixing chamber mode, and heart rate was monitored 
with a pulse sensor (Polar 300 RS; Polar, Finland). 

Trier social stress Test 
The TSST is a validated and reliable test that has been 
shown to affect neurohormonal stress responses.15 The 

http://bmjopensem.bmj.com/
https://responses.15


3 Arvidson E, et al. BMJ Open Sport Exerc Med 2018;4:e000393. doi:10.1136/bmjsem-2018-000393 

Open access 

Figure 1 Flow diagram of study enrolment and intervention allocation. ATSI, Acute Stress and exercise Training Intervention. 

 

 

 
 
 
 
 
 
 
 
 
 

 
 

   
 
 
 
 
 
 
 

test is based on two parts: a 5min free speech and an 
arithmetic task, both parts being performed in the pres-
ence of a three-person committee. The participants are 
falsely informed that the test is recorded to evaluate 
their behaviour and performance. Before participants 
arrived at the institute, they ingested a meal identical to 
that served before the physical stress test, approximately 
2hours before the test. No debriefing was held after the 
baseline TSST since the test was repeated at the follow-up. 
However, after the follow-up TSST, the participants 
received information on the test and a short debriefing. 

Exercise intervention 
Participants randomised to the intervention group (IG) 
will be asked to start out exercise training for 6months. 
They will be instructed to reach an exercise level of three 
times per week, 45–60min during each time, reaching 
an average heart rate of at least 75% of peak heart rate 
(measured at the VO  peak test) 80% of the work out

2 
time. The participants will also be offered 1year of free 
access to a commercial fitness centre with facilities located 
in several places in and around the city of Gothenburg. 
Intensity and duration of the exercise will be monitored 

using a pulse watch (Garmin 210), and the data will be 
transferred and registered in an internet-based training 
log (www.funbeat.se). The log will be checked by the 
coach, and feedback will be offered throughout the 
training period. The participants will be asked to perform 
aerobic training of their choice, and to help them achieve 
the goal of regular exercise, four sessions of Motivational 
Interviewing will be offered to each participant. The 
sessions will be led by a trained coach, and the dialogue 
is guided by Self-determination Theory,16 which provides 
guidelines for the interviewer in the support of partici-
pants to increase their level of exercise. 

Participants randomised to the control group will be 
instructed to continue their current level of physical 
activity between baseline measures and follow-up. After 
that, they will be encouraged to start exercising. They are 
offered a motivational group meeting and will receive 
access to the same fitness centre as the IG after the 
follow-up. 

http://bmjopensem.bmj.com/
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outcome measures and variables 
Primary outcome measures 
Neuroendocrine reactions to acute psychosocial stress 
before and after a 6-month exercise training intervention 
are the main outcome measures. Adrenocorticotropic 
hormone (ACTH) and cortisol responses represent 
HPA-axis reaction. 

Measurement of HPA-axis response 
A total of seven samples of plasma ACTH and serum 
cortisol were collected during each test session. Before 
the tests, the participants were provided with a periph-
eral venous catheter in an antecubital vein (BD Venflon 
Pro, Becton Dickinson Infusion Therapy). To separate 
plasma, the tubes were cold spun at 3500 rpm for 15min 
and stored at −80°C until analysed. To separate serum, 
the tubes were spun at 20°C for 10min at 3500 rpm and 
stored at 6°C until analysis the day after the test. Plasma 
concentrations of ACTH were measured by immunora-
diometric assay (limit of detection, 0.4pmol/L) (CIS 
bio International, Gif-sur-Yvette Cedex, France). Serum 
concentrations of cortisol were measured by electro-
chemiluminescence immunoassay (limit of detection, 
0.5nmol/L) (Roche Diagnostics GmbH, Mannheim, 
Germany). 

Secondary outcome measures 
Blood pressure and heart rate before, during and after 
TSST were measured using an automatic blood pressure 
cuff (Welch Allyn, ABPM 6100), acquiring data every 
5min. Current level of perceived stress during the TSST 
was rated with Borg CR 10 Scale of Perceived Stressful-
ness (13 grades from ‘not at all’ to ‘absolute maximum’). 
The cognitive test performed was the CNS Vital Signs,17 a 
computerised test battery comprising seven different tests 
widely used in previous research studying neurocognitive 
function.18–20 Symptoms of anxiety and depression were 
evaluated with the Hospital Anxiety and Depression Scale.21 

The Shirom Melamed Burnout Questionnaire was used to 
assess levels of burnout,22 and the Patient Health Question-
naire assessed the occurrence of somatic symptoms.23 24 

To evaluate individual strategies for coping with stress, 
the Coping Inventory for Stressful Situations questionnaire 
was used,25 26 and the 14-item questionnaire Perceived Stress 
Scale was used to evaluate the participants’ perceived life 
stress during the last month.27 

Statistics 
All randomised participants will be included in initial 
analyses according to the intention-to-treat proce-
dure. Additional analyses will follow, in accordance 
with adherence-to-protocol (ATP) procedure where 
participants with a low compliance will be excluded. 
The continuous baseline variables age, Body Mass 
Index, VO  peak and time-to-exhaustion analyses are

2 
presented as means and SD. Group differences at base-
line were analysed using independent samples t-tests. 
ACTH was not normally distributed, but logarithmic 
transformation enabled the use of a parametric anal-
ysis. The categorical variable sex was analysed for group 
differences using a χ2 test. 

The magnitude of response in ACTH and cortisol was 
calculated by subtracting the pre-test value from the peak 
value. The per cent change was calculated by dividing the 
response value with the pre-test value. 

A sample size calculation for the main outcome 
measure cortisol showed that 39 subjects in each group 
were needed to be able to detect an effect size Cohen’s 
f=0.25, with power≥0.80and α=0.05 (G*power 3.1). 
Taking into account that a number of drop-outs would 
occur, the goal was to include 50 subjects in each group. 

rEsulTs 
Physiological reactions to acute psychosocial stress 
Basic characteristics of the included participants are 
shown in table 1. Mean ACTH and cortisol levels at all 
seven time points are presented in figure 2. The mean 
response in ACTH from pre-test to peak value was a 
214% increase (range −42% to 1860%). For cortisol, the 
mean response was a 94% increase, ranging from −20% 
to 293%. A decrease was seen in 13 individuals for either 
ACTH or cortisol, and one individual showed decreased 
values in both hormones. 

self-reported physical activity level and oxygen uptake 
Self-reported levels of physical activity among the 
responders to the screening questionnaire and among 
participants finally included in the study are shown in 
table 2. The mean baseline VO  peak values for different

2 
age groups among included participants are shown in 
table 3. 

Table 1 Basic characteristics of the participants at baseline 

Control group Intervention group 

n Mean SD n Mean SD 

Age (years) 52 40 7.8 67 38 7.2 

sex (n ♀/ ♂) 52 33/34 67 25/27 

BMI (kg/m) 52 25.3 4.2 67 24.8 3.3 

VO
22

 peak (mL kg−1 min−1) 48 32.9 6.01 61 34.2 7.1 

TTE (min:sec) 52 7:22 2:23 67 7:39 2:19 

BMI, Body Mass Index; TTE, time to exhaustion;♂, men;♀, women. 
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Figure 2 Response of adrenocorticotropic hormone (ACTH) and cortisol to the psychosocial stress test. 

DIsCussIon 
Protocol 
Here, we present the protocol of an exercise intervention 

Table 2 Reported levels of physical activity at screening 
and among included participants 

S LPA MVPA 

Responders n n (%) n (%) n (%) 

Answered 
the screening 
questionnaire 234 189(76.5 %) 47(20 %) 8(3.5 %) 
Included in 
the study 119 106(89 %) 13(11 %) 

LPA, light physical activity; MVPA, moderate to vigorous physical 
activity; S, mostly sedentary. 

with the aim of investigating the effects of exercise training 
on neuroendocrine and autonomic responses to acute 
laboratory psychosocial stress in untrained individuals. 

Table 3 Peak oxygen uptake values for different age group 

VO22 peak (mL kg−1 min−1) 

Age group n ♀ (SD) n ♂ (SD)
2 

20–29 11 36.0(8.7) 5 37.3(6.1) 

30–39 19 30.5(8.5) 25 38.5(7.5) 

40–50 28 29.4(4.7) 31 34.9(5.5) 

♂, men; ♀, women. 
* 

http://bmjopensem.bmj.com/


6 Arvidson E, et al. BMJ Open Sport Exerc Med 2018;4:e000393. doi:10.1136/bmjsem-2018-000393 

Open access 

 

 

The results of the study will add to the knowledge of the 
mechanisms behind the plausible stress-buffering effects 
of exercise,which is still limited. The ‘cross-stressor adap-
tation hypothesis’ will be tested in an RCT design.9 The 
theory of cross-stressor adaptation suggests that adapta-
tion will be seen regarding the response of the HPA axis 
and the autonomic nervous system during acute psycho-
social stress following exercise training. Since previous 
research is not consistent and most studies in the field 
are of cross-sectional design, this trial will hopefully add 
valuable knowledge to the field. 

baseline results 
Conducting an RCT entails a number of methodological 
challenges. The most prominent is the presence of a valid 
and stable primary outcome measure. In this paper, we 
present baseline results of the HPA-axis response to acute 
laboratory stress, showing that the reaction varies consid-
erably between individuals. An increase in ACTH and 
cortisol was seen for the majority of the individuals, but 
the variation was large. In fact, decreased levels were seen 
in ACTH and/or cortisol in response to acute stress in 
13 individuals. The reasons for this result may be several. 
The most plausible is that the individuals were already 
affected by stress when they arrived at the laboratory. In 
these cases, the peak in stress hormones was probably 
reached before the test started, resulting in a decrease 
in the levels at the stress test. Another explanation is that 
the stress stimulus was too weak to cause a physiological 
response in some subjects, even though the instrument 
is validated and normally shows a clear reaction in most 
individuals.28 These varying physiological responses to 
acute stress among the participants constitute method-
ological challenge. A precondition for all intervention 
studies is that the primary outcome measure is present 
and that plausible changes after the intervention are 
measurable. Since the hypothesis of this study is that a 
decreased reaction of ACTH and/or cortisol would be 
seen following the exercise training intervention, this 
will not be possible to detect in individuals not showing 
a reaction to the stress test at baseline. As far as we know, 
this issue is rarely raised, and the large individual vari-
ation in the reaction pattern between individuals could 
partly explain the large variation seen in different previ-
ously published studies. This so-called floor effect of an 
outcome measure is often considered when analysing 
questionnaires but is less commonly considered in studies 
of biological reactions. An important methodological 
consideration is whether these individuals should be 
removed from ATP analyses. 

Who seek participation to the study? 
Further methodological considerations are related to 
the participants who seek participation in a randomised 
controlled intervention trial. Several inclusion and exclu-
sion criteria were set, some of which were easy to assess 
with objective measures whereas other criteria relied on 
self-reports from the participants.29 In the advertisement 

for the study, we called for individuals who were untrained 
and had not been regularly physically active during the 
last year. Nevertheless, 20% of the respondents to the 
screening questionnaire reported light physical activity 
at least 4hours per week, and another 3.5% reported 
exercise training at least 2 to 3hours per week. In the 
final study population, the individuals reporting regular 
exercise training were excluded, but due to difficulties 
in recruiting participants, 11% of the sample reported 
a light physical activity level in the Saltin Grimby Phys-
ical Activity Level Scale. Still, the majority (89 %) of 
the final sample reported themselves as sedentary at 
screening. This, however, does not seem to be reflected 
by their oxygen uptake. Compared with reference values 
for VO  peak in the general population,30 male partici-

2 
pants in our study showed an average oxygen uptake, and 
women showed an oxygen uptake in the upper regions 
of reference values. Neither men nor women included 
in the study could thus be defined as ‘untrained’. These 
results indicate that we have not reached the intended 
target group for the study. Importantly, there is a hered-
itary component of aerobic fitness (VO  peak) showing

2 
that aerobic fitness and physical activity level do not 
always correspond.31 Apparently, we reached individuals 
reporting a sedentary lifestyle but with an oxygen uptake 
corresponding to a higher activity level. 

limitations 
Some potential limitations are identified. One of them is 
related to the stress test. When repeating the test, there 
is risk for habituation to the test situation. However, 
previous research has shown that when at least 4months 
pass between the tests, the risk of habituation is small.32 

Another potential limitation is related to the exercise 
intervention. The participants are supposed to exercise 
on their own, three times per week. Here, the motivation 
to start out exercise might be an obstacle, but by offering 
individual motivational dialogues, the initial difficul-
ties hopefully will be facilitated. Also, due to practical 
reasons, the possibility to blind is restricted, which might 
be seen as a limitation. 

ConClusIon 
Here, we present an RCT protocol and discuss some 
important methodological issues regarding conducting 
an intervention trial. One challenge is to reach the target 
population, in this study untrained individuals. However, 
supposedly untrained individuals seeking participation in 
an exercise intervention might not be as untrained as they 
report themselves to be. Another important methodolog-
ical consideration is to ensure that the outcome measures 
of the study are valid and stable over time. Individual 
physiological reactions to acute stress vary considerably, 
and some individuals do not react at all to acute stress. 
The variability regarding the physiological measures are 
rarely discussed, and in this case the primary outcome 
measure of the trial can only be affected in one direction 
(increase) in several of the participants. We conclude 
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that outcome measures of RCTs need to be thoroughly 
evaluated before the onset of the intervention to ensure 
a true outcome of the intervention. 
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Background 

To manage stress in daily life, we are provided with several stress physiological systems that respond 

to environmental and social changes. The two most studied are the hypothalamic-pituitary-adrenal 

(HPA) axis and the autonomic nervous system (ANS). Acute stress exposure can be defined as both 

psychosocial and physical. It has been suggested that there might be a connection between these types 

of stress, but previous research has shown diverging results. Therefore, the aim of this study was to 

study patterns of response to physical and psychosocial stress, and whether they were correlated or 

not. We also wanted to study whether the physiological response to acute psychosocial stress was 

associated to the perception of stress. 

Methods 

In this cross-sectional study, healthy women and men (n = 119) went through a peak oxygen uptake 

test (physical stress) and the Trier Social Stress Test (psychosocial stress). In connection to both tests 

HPA-axis and ANS responses were assessed. Area under the curve with respect to increase (AUCi), 

pre-test-, peak- and lowest values after the tests were identified and compared. Perceived stress was 

reported directly after the psychosocial stress test, using a modified version of the Borg CR 10 scale of 

perceived exertion. 

Results 

For cortisol AUCi a correlation was seen between the physical and psychosocial stress tests. No 

correlations between the tests were seen for reactivity or recovery for ANS variables. Other main 

findings were that the physiological peak reaction to stress varied between individuals. Furthermore, 

no associations were found between perceived stress and physiological responses. 

Conclusions 

The physiological reactions to acute stress are heterogenous in several different aspects. A general 

relationship between acute physical and psychosocial stress reactions were not seen and the peak 

responses to stress occurred at different time points for different individuals.  Additionally, no 

correlations were found between perceived stress and physiological responses to acute psychosocial 

stress. The lack of correlation between physical and psychosocial stress and the individual variation of 

the stress responses is an important knowledge for future research studying acute stress reactions. 
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Introduction 

The acute stress reaction is the living organism’s natural response to challenges. Mobilization of 

adequate responses to an acute stressor and timely cessation of the stress response is critical for 

survival. The acute stress response has been suggested to play a role in the development of both 

cardiovascular and metabolic diseases (1).

   In the so-called cross-stressor adaptation hypothesis (2), a preventive perspective of the plausible 

connection between heightened physiological stress reactivity and disease can be found. The theory is 

built upon the view of stress responses as general, and that attenuated physiological adaptations to an 

exercise stressor will be seen also in response to psychosocial stress. An early review concluded that 

aerobically fit individuals exhibited a lower grade of autonomic stress responses, such as heart rate and 

blood pressure, and subjective experience of the task compared to unfit individuals (3). However, the 

discrepancy between different studies within the field is large and agreement has not yet been reached 

whether the cross-stressor adaptation hypothesis applies to autonomic reactions (4-6). The relationship 

between HPA axis response and exercise training in connection to acute psychosocial stress is not as 

thoroughly studied as the autonomic reactions, and no firm conclusion can be drawn regarding 

whether exercise training and/or higher aerobic capacity is related to attenuated HPA axis response to 

acute psychosocial stress (7-10).

   Studying acute physiological stress responses in humans is faced with several methodological 

challenges that could explain the discrepancy between studies within this field. An interesting aspect 

when studying the cross-stressor adaptation hypothesis is whether a correlation exists between the 

physiological reactions to physical and psychosocial stress, i.e. do the same individuals who respond 

with high reactivity during psychosocial stress also respond with high reactivity during physical 

stress? As far as we know, only one previous study has explored this, studying young males 

performing a Wingate test and a psychosocial stress test, and the authors could not confirm such 

correlations (11).

   Further methodological aspects related to the plausible variation of acute stress responses are 

warranted. Thus, even though the acute stress response is universal regarding which hormones are 

affected, the inter-individual variations are large, and several authors have discussed the variation 
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between individuals regarding different aspects of the human stress reaction (12, 13). It is well known 

that stress appraisal and emotional regulation can differ considerably as well as response threshold and 

time to peak when measured during acute psychosocial stress (14, 15). We have recently shown that 

not all individuals do react physiologically to psychosocial stress and thus plausible attenuation in 

stress responses cannot be measured in these individuals (16). Furthermore, when plausible changes in 

reactivity to acute stress, including attenuation, is studied one must ensure that the reactivity has been 

caught within the timeframe of the study. An additional perspective of studying stress reactions is the 

possibility of using the perception of stress as an indirect measure of the stress reaction. Previous 

research regarding associations between physiological responses and psychological appraisal during 

acute psychosocial stress has shown inconsistent results. Some earlier studies have reported findings 

of correlations (17-19), while other studies have found no such relations (20, 21). A review studying 

the correlations between the perceived stress experience and physiological stress responses found 

associations only in 25 % of the included studies (14). 

   Within the frame of an exercise intervention study, a number of individuals underwent both acute 

physical (exercise performed to exhaustion) and acute psychosocial stress tests (the Trier Social Stress 

Test). This created an opportunity to compare the different stress reactions. Thus, the primary aim of 

this study was to compare the acute physiological and psychological stress reaction in healthy women 

and men in terms of HPA-axis response and autonomic reactions. The secondary aim was to study the 

relationships between physiological responses and perceived emotional stress during an acute 

psychosocial stress test. 

Methods 

The cross-sectional data presented in this study originates from baseline measures of a randomized 

controlled trial (RCT) implemented at the Institute of Stress Medicine in Gothenburg, Sweden, during 

the years 2013 to 2016. All participants went through a physical stress test and a psychosocial stress 

test, and similar assessments of physiological responses were performed for both tests. Detailed 

descriptions of the RCT has been published earlier (16). 
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Participants 

An invitation to the study was published in two major newspapers distributed in the Gothenburg area. 

Interested individuals were sent a screening questionnaire containing questions of age, health, work 

and physical activity level. Individuals fulfilling the inclusion criteria were invited to a physical 

screening, checking for exclusion criteria (for inclusion- and exclusion criteria, see table 1). The 

number of responders to the advertisement was 416, of these, 170 individuals were invited to a 

physical screening at the ISM. Twenty-two individuals declined participation, and 24 individuals were 

excluded after the screening. Five individuals were excluded after the initial tests due to incomplete 

measures, resulting in the final population of 119 participants. Before entering the study, the 

participants gave their written informed consent to participation, and were informed of their right to 

withdraw their participation at any time. The study was performed in accordance with the 1964 

Declaration of Helsinki, and was approved by the Regional Ethical Board, Gothenburg, Sweden, 

registration number 917-12. 

Physical stress test 

To evaluate physiological responses to acute physical stress, the participants went through a peak 

oxygen uptake (VO2 peak) test on a bicycle ergometer (Monark 828 E; Monark Exercise AB, Vansbro, 

Sweden). The test was performed at the Center for Health and performance at the University of 

Gothenburg. At arrival to the test lab, the participants ingested a standardized meal containing 

controlled amounts of fat, carbohydrates and protein, approximately two hours before the test was 

scheduled to start. The participants followed a test protocol including a five-minute warm-up on the 

bicycle with a 50-watt (W) resistance and a cadence of 70 rates per minute (rpm). For women, the 

initial resistance of the test was 87.5 W, while men started at 105 W. The resistance increased by 17.5 

W every minute until exhaustion. The criteria for a fulfilled VO2 peak test was a VO2 leveling off, 

hyper ventilation, a Respiratory Exchange Ratio >1.1 and/ or inability to keep the required cadence. 

To measure the oxygen uptake the Jaeger Oxycon Pro metabolic chart (Carefusion, Hoechberg, 

Germany) was used in a mixing chamber mode. Heart rate was measured with a pulse sensor (Polar 

300 RS, Polar, Finland). 
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Psychosocial stress test 

The psychosocial stress test was performed one week after the physical stress test. The test used was 

the Trier Social Stress Test (TSST)(22), which is commonly used when studying physiological 

responses to acute psychosocial stress (23). Approximately two hours before arrival to the lab the 

participants ingested an identical meal as was served before the physical stress test. When arriving at 

the lab the participants had a short rest. The test was performed individually, starting with instructions 

in front of a three-member committee in a test-room. The participants were instructed to present 

themselves as if applying for their dream job. They got five minutes to prepare for the speech in 

another room, and then re-entered the test room. The presentation for the job lasted for five minutes. It 

was followed by an arithmetic part, where the participants were asked to count down from 1687 in 

steps of 13 for five minutes. If the participant failed, he or she had to restart the counting. After the test 

the participants left the room and rested for one hour. 

Assessment of HPA-axis response 

HPA-axis responses to acute physical and psychosocial stress were assessed as plasma ACTH and 

total serum cortisol. The participants were provided with a peripheral venous catheter in an antecubital 

vein (BD Venflon Pro, Becton Dickison Infusion Therapy). Samples were taken at seven occasions; 

approximately ten minutes before start (-10), directly before start (-0), immediately after the test (+0) 

and further 10, 20, 40 and 60 minutes after the test to enable analysis of the hormonal peak and 

recovery. To separate plasma, the tubes were cold spun at 3500 rpm for 15 min and stored at −80°C 

until analyzed. To separate serum, the tubes were spun at 20°C for 10 min at 3500 rpm and stored at 

6°C until analysis the day after the test. Plasma concentrations of ACTH were measured by 

immunoradiometric assay (limit of detection, 0.4pmol/L) (CIS bio International, Gif-sur-Yvette 

Cedex, France). Serum concentrations of cortisol were measured by electro- chemiluminescence 

immunoassay (limit of detection, 0.5nmol/L) (Roche Diagnostics GmbH, Mannheim, Germany). 

6 



 
 

    

   

  

   

      

     

  

 

 

    

   

  

   

 

 

 

  

      

     

  

   

     

  

 

 

   

   

Assessment of autonomic response 

Autonomic responses (systolic and diastolic blood pressure (SBP and DBP, respectively)) and heart 

rate (HR) were recorded by using an automatic blood pressure cuff (Welch Allyn, ABPM 6100, USA). 

The devise was measuring every ten minutes during the physical stress test and every five minutes 

during the psychosocial stress test, from 10 minutes before the test started to 60 minutes after the test 

was completed. At the physical test the device was shut off during the test due to technical difficulties 

with measurements during strenuous physical work. 

Perceived stress 

Perceived stress at the psychosocial stress test was evaluated immediately after the test using an 

adapted version of the Borg CR 10 Scale of Perceived Exertion (24). This version, named Borg CR 10 

scale of Perceived Stressfulness, includes 13 grades from “not at all” to “absolute maximum”. 

Perceived stress data was dichotomized into one group scoring 0-4 (not perceiving the stress to be 

significant) and one group scoring 5-10+ (perceiving the situation to be either strongly stressful, very 

strong or maximum). 

Data handling 

Pre-test values were calculated as the mean value of the -10- and -0-minute value. Peak value was the 

highest value after the test and the lowest value was the lowest identified value after the peak.   

Percental reactivity was calculated by subtracting the pre-test value from the peak value and divide the 

difference by the pre-test value. Percental recovery was calculated by subtracting the lowest value 

from the peak value and divide the difference by the peak value. Area under the response curve with 

respect to increase (AUCi) (25) was calculated for ACTH and cortisol from pre-test to 60 minutes after 

the test. 

Statistics 

Background characteristics and potential group differences were analyzed with independent samples t-

tests. For non-parametric demographical data (educational level and tobacco use), Chi square tests 
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were used. Correlations between time points for peak value at the physical and psychosocial stress 

tests for ACTH and cortisol and time point for lowest value for SBP, DBP and HR were analyzed 

using Spearman’s rank order correlation.

   Cortisol AUCi at the physical and psychosocial stress tests were also analysed with a Pearson 

correlation analysis. ACTH AUCi was not normally distributed; therefore, the non-parametric 

Spearman’s rank order correlation was used. A mixed between-within subjects ANOVA was used to 

analyse reactivity to and recovery from acute physical and psychosocial stress. Further, correlations 

between reactivity as well as recovery were analysed using Pearson’s correlation analysis. The 

reactivity variable for ACTH was not normally distributed and thus Spearman’s rank order correlation 

was used. 

   Students t-test was used to analyse the physiological reactivity between the “high stress” and “low 

stress” group according to perceived emotional stress. 

Results 

Demographic descriptions of the participants are presented in table 2. 

Physiological reactions to acute physical and psychosocial stress 

An increase was seen in HR, SBP and DBP during or directly after the physical and psychosocial 

stress tests in both women and men (figure 1 and table 3). The autonomic responses differed 

somewhat between sexes. Thus, the SBP reactivity showed significant main effects of sex, with 

women showing greater SBP responses than men. Interaction effects were seen where women had a 

smaller difference in reactivity in SBP between the tests compared to men. For HR, men had a greater 

response than women to the physical stress test, but smaller during the psychosocial stress test. Sex 

differences regarding recovery was seen for both SBP and DBP, with women showing a greater 

percental decrease than men.  

   When analyzing AUCi for ACTH and cortisol in response to the different test situations, the mixed 

between-within subjects ANOVA for ACTH AUCi showed significant main effects of test (F = 74.5, p 

< 0.001, partial eta squared = 0.413). For cortisol AUCi, significant main effects were seen for sex (F 
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= 21.7, p < 0.001, partial eta squared = 0.171), with men having higher values at both tests. No effects 

were seen of test (F = 0.0, p = 0.995) or interaction between test and sex (F = 0.701, p = 0.404). 

Response curves for ACTH and cortisol are shown in figure 2. 

Relationships between physiological responses to physical and psychosocial stress 

No correlations were seen for peak time point between the exercise stress test and the TSST for neither 

ACTH nor cortisol (r = -0.08, p = 0.422 and r = 0.10, p = 0.287, respectively). Neither were there any 

correlations between time point for reaching lowest value after the tests between the physical and 

psychosocial stress tests for SBP, DBP and HR (r = 0.037, p = 0.688, r = -0.044, p = 0.632 and r = 

0.067, p = 0.488, respectively). However, when measuring AUCi, significant correlation between the 

physical and psychosocial stress tests were seen for both ACTH and cortisol (r = 0.550, p < 0.000 and 

r = 0.619, p < 0.001, respectively). For reactivity, a positive correlation was seen in women for ACTH 

(r = 0.334, p = 0.012) and in men for cortisol (r = 0.342, p = 0.009). No correlations were seen for 

reactivity between the tests for any of the autonomic variables. For recovery, positive correlations 

were seen in women for ACTH (r = 0.441, p = 0.001) and SBP (r = 0.408, p = 0.010). For men, a 

positive correlation was seen for DBP (0.420, p = 0.006). 

Physiological responses to acute psychosocial stress are not related to perceived emotional stress 

Perceived stress data was dichotomized into “low-stress” (n= 77 (65%) and “high stress (n=41 (35%).  

No differences in percental increase for either hormonal nor autonomic reactivity were seen between 

these two groups (data not shown). 

Time point for peak value following acute stress differs between individuals 

Blood samples were collected before and immediately after the tests. When analyzing post-test values 

at the physical stress test, the highest value for ACTH was observed for 56% of the participants at the 

first post-test time point (+0-minute) and 10 minutes later for 42% of the participants. For cortisol, 56 

% peaked at the 20-minute post-test time point (table 4). Lowest value occurred at the 60-minute time 
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point for ACTH and cortisol for all participants. For autonomic assessments at the physical stress test, 

the highest values were recorded at the +0-minute time point for all participants. 

A majority of the participants (97%) showed the highest value for ACTH at the +0-minute time 

point at the acute psychosocial stress test (see table 4). For cortisol, this number was 24 %, and 65 % 

of the participants showed their highest value at the 10-minute time point. Since the peak in cortisol 

usually occurs 10-30 minutes after the peak in ACTH (26), these results might indicate that the peak in 

ACTH may have occurred before the +0-minute assessment.

   As can be seen in table 5, the peak value for autonomic variables differed somewhat between 

individuals. Thus, most of the participants reached their peak value for blood pressure and heart rate 

10-15 minutes into the psychosocial stress test, but one fourth peaked in heart rate immediately after 

finishing the test (table 5). 

Discussion 

The main results of this study are that a general relationship between acute physical and psychosocial 

stress reactions are not seen. While correlation regarding the magnitude of the HPA axis response to 

acute stress, measured as AUCi, is seen, no correlation between the two test situations are seen for 

autonomic measures. Thus, those individuals reacting with high HPA axis responses during acute 

psychosocial stress are also those showing high responses during exercise stress whereas this is not the 

case for autonomic reactions. Also, the time point for peak values does not seem to correlate, 

indicating that individuals with an early peak reaction during the psychosocial test are not necessary 

those peaking early during the physical exercise stress test. This intra-individual variability could to 

certain extent explain the heterogenous results between studies exploring the cross-stressor adaptation 

hypothesis, particularly when measuring autonomic responses. However, the results including peak 

values for ACTH must be carefully interpreted, due to the risk of not having caught the true peak. The 

acute ACTH and cortisol responses were only measured pre- and post the test sessions since no blood 

samples could be taken during the stress tests. The peak value for cortisol is usually reached 

somewhere between 10-30 minutes after the peak in ACTH (26, 27). Thus, it can be concluded that the 

peak in ACTH at the psychosocial stress test for most of the participant must have been reached 
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during the first half of the 20 minutes long TSST, since the highest cortisol levels were measured 

between 0 to 10 minutes after cessation of the test. At the physical stress test, the ACTH peak most 

probably occurred after the test since the mean time for the exercise test was around 6-7 minutes, and 

the peak value for cortisol was reached 10-20 minutes post-test.

   The delay in reaching peak value in cortisol after the physical stress test is an important finding. To 

ensure that the peak in cortisol following acute exercise stress in healthy individuals is captured, 

cortisol should be measured up to 60 minutes following the exercise stress. This is in accordance with 

the results of Hermann and co-workers, showing a peak in cortisol measured around 20-45 minutes 

post exercise (11). This methodological issue is of importance to discuss as many acute exercise 

interventions studying cortisol reactions take the samples solely immediately after the test (28). Even 

though the exercise sessions studied usually are of longer duration than the VO2 peak test used in this 

study, it is reasonable to believe that all peaks in cortisol have not occurred during the short-term 

sampling times set in these studies. For autonomic responses, most of the participants reached their 

peak value 10-15 minutes into the acute psychosocial stress test. However, around one fourth reached 

their peak heart rate first after cessation of the test. Thus, to ensure that peak for autonomic responses 

are captured following acute psychosocial stress in healthy individuals, measurements should be 

continued some period after the test situation. 

   This current study confirms the view that perception of stress is not related to the physiological 

response. We also confirm that different individuals respond differently to acute stress including 

different time points of peak reaction. Thus, stress reactivity is a complex phenomenon involving 

cognitive, emotional, physiological, cultural and behavioural factors. Expecting that different 

individuals will respond with the same pattern at the same time point is thus not likely (12, 14). 

Kudielka and co-workers discussed the variability in acute cortisol responses including the role of age, 

genetic factors, gender, smoking and other plausible factors affecting the physiological stress 

responses (13).  

   There are several limitations that needs to be discussed. Firstly, and most importantly, the major 

limitation that blood samples were not taken during the stress tests. Thus, peak values occurring 
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during acute psychosocial stress could not be directly captured. However, for the exercise test, we can 

indirectly calculate the peak time point for ACTH since the peak cortisol responses for all participants 

occurred post exercise. At the psychosocial stress test, most of the peaks in ACTH and some of the 

peaks in cortisol might have occurred during the TSST. Since our results are similar to a previous 

study by Hermann et al. (Hermann 2018), showing a delayed peak in cortisol at a physical stress test 

compared to a psychosocial stress test, we feel confident that AUCi data for cortisol is reliable, since 

highest value seemed to occur directly after the test and up to 30 minutes onwards. However, the 

AUCi calculation for ACTH is less reliable since most of the peaks in ACTH probably occurred during 

the acute stress session. Due to technical problems, heart rate and blood pressure could not be 

measured during the exercise test session and this must be acknowledged as a limitation.  

   Measuring emotional perception of an acute stress situation is a methodological challenge and as far 

as we know, no valid measure is available. An adapted version of the Borg Rating of Perceived 

Exertion scale was used in this study (24), but this scale has not been validated for this context. To 

increase the likelihood of valid conclusion regarding perceived stress, data was dichotomized into two 

categories discriminating those reporting that they found the situation to strongly affect them and those 

who did not.   

   The strength of this study is the relatively large study population and comparatively long period of 

post-test samplings which is uncommon, at least when exercise stress is studied. Very few studies 

have been conducted where the same individuals have performed both psychosocial and physical 

stress tests. This offers a possibility of comparing reactions between the two different test situations.  

   One important practical application of these results is that no conclusion can be made from single 

measures. Furthermore, peak measures are difficult to use since peak seem to occur at different time 

points for different individuals, occurring both before, during and after cessation of the stress test, 

depending on the outcome variable. Peak measurers are usable for the autonomic responses occurring 

mostly during the acute stress whereas HPA axis responses should preferably be measured by using 

AUCi. When including cortisol as an outcome measure, sample collection needs to be continued for at 

least 45-60 minutes post stress.  
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   In conclusion, different individuals respond differently to acute stress and the physiological reaction 

is not related to the emotional perception of the situation. The lack of correlation, at least for the 

autonomic responses, between the psychosocial stress situation and the physical stress situation 

plausibly makes it difficult to capture the so-called cross-stressor adaptation effects. Generally, when 

studying acute physiological stress responses in humans it is important to acknowledge the intra-

individual variations and the time-frames required to ensure that stress responses are captured in a 

healthy study population. 
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Table 1. Inclusion- and exclusion criteria for the study 

Inclusion criteria 

 Age 20-50 years, essentially healthy (do not suffer from diabetes, cardiovascular disease or 
mental illness) 

 No regular physical exercise within the last year and a self-rated level of physical activity 
equal to 1 in the Saltin Grimby Physical Activity Level Scale (SGPLALS) (1- mostly sedentary, 
2- light physical activity such as walking, gardening or bicycling to work at least two hours 
a week, 3- more intensive exercise such as doing aerobics, dancing, swimming, playing 
football or heavy gardening at least two hours per week, 4- high intensity exercise several 
times per week, at least five hours) (29, 30) 

 Working or studying at least 50 %. 

Exclusion criteria 

 Glucose level of ≥7 and HbA1c ≥48 mmol/l 
 Diverge resting ECG 
 Blood pressure >140/90 
 Anemia (Hb <120 for women, <130 for men) 
 BMI <18.5 or >35 kg/m2 
 Medication with beta-blockers, psychopharmacological drugs or asthma medicine 
 Unable to exercise at a relatively high intensity 
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Table 2. Characteristics of participants included in the study. 

Women Men 

SD SD 
Age (range) 38 (21-50) 8.0 39 (23-50) 7.2 
BMI 24.3 3.7 25.7 3.7 
Post gradual education 91 % 84 % 
Tobacco user 3.4 % 30 % 

VO2 peak (mL/kg/min) 30.5 5.5 36.4 6.5 
TTE (min:sec) 6:08 1:34 8:52 2:11 

SD: standard deviation, BMI: body mass index, VO2 peak: peak oxygen uptake, TTE: time-to-

exhaustion 

Figure 1. Percental reactivity in autonomic variables to the physical and psychosocial stress test 
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Table 3. The mixed between-within subject’s ANOVA for the relationship between physical and 

psychosocial stress. 

Percental reactivity 

test sex time*sex 
n F p eta squared F p eta squared F p eta squared 

Cort (nmol/L) 116 26.6 < 0.001 0.19 0.1 0.767 0.00 0.0 0.958 0.00 
SBP (mmHg) 77 12.4 < 0.001 0.14 8.7 0.004 0.10 4.1 0.046 0.05 
DBP (mmHg) 77 197.1 < 0.001 0.72 3.9 0.052 0.05 0.0 0.912 0.00 
HR (Bpm) 98 797.6 < 0.001 0.89 0.3 0.615 0.00 5.0 0.028 0.1 

Percental recovery 

test sex time*sex 
n F p eta squared F p eta squared F p eta squared 

Cort (nmol/L) 117 21.4 < 0.001 0.16 1.4 0.244 0.01 1.0 0.323 0.01 
SBP (mmHg) 81 4.8 0.031 0.06 5.7 0.019 0.07 3.1 0.083 0.04 
DBP (mmHg) 81 70.6 < 0.001 0.47 6.1 0.015 0.07 0.6 0.436 0.01 
HR (Bpm) 105 292.7 < 0.001 0.74 1.8 0.181 0.02 1.2 0.278 0.01 

Cort: cortisol, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate 
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Figure 2. Response curves for ACTH and cortisol at the physical and the psychosocial stress tests 
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Table 4. Time point for reaching peak value in ACTH and cortisol following the physical and 

psychosocial stress tests 

Time point for peak value 
n (%) 0 min 10 min 20 min 40 min 60 min 

ACTH VO2 peak test 66 (56) 50 (42) 2 (2) 
TSST 115 (97) 2 (2) 2 (2) 

Cortisol VO2 peak test 3 (3) 30 (25) 67 (56) 15 (13) 4 (3) 
TSST 29 (24) 77 (65) 9 (8) 1 (1) 

ACTH: adrenocorticotropic hormone, VO2 peak: Peak oxygen uptake, TSST: Trier Social Stress Test 

Table 5. Time point for reaching peak value in autonomic variables during the psychosocial stress 

test, lasting for 20 minutes 

5 min 10 min 15 min +0 min 

SBP 5% 26% 53% 16% 
DBP 5% 20% 43% 32% 
HR 9% 28% 38% 25% 

SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate 
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Elin Arvidson 

Abstract 

Exercise training is suggested to have a stress-buffering effect on physiological reactions to acute 

stress. The so-called ”cross-stressor adaptation hypothesis” is one of many theories behind the 

plausible effects, proposing that the attenuated physiological reaction seen in trained individuals in 

response to acute exercise is also seen during acute psychosocial stress. However, few randomized 

controlled trials (RCT) are available in this field. Therefore, the aim of the present trial was to study 

the effects of a six-month aerobic exercise intervention on the physiological response to acute 

laboratory stress. A two-armed RCT including untrained but healthy individuals aged 20-50 years was 

conducted. Assessments included a peak oxygen uptake test and a psychosocial stress test (the Trier 

Social Stress Test). A total of 88 participants went through both baseline and follow-up measures (48 

in the intervention group and 40 in the control group) with an even distribution of women and men 

(20/28 in the intervention group and 18/22 in the control group, respectively). Outcome measures were 

adrenocorticotrophic hormone, cortisol, systolic- and diastolic blood pressure and heart rate responses 

to acute psychosocial stress. Oxygen uptake and time-to-exhaustion increased following the 

intervention, while a decrease was seen in the control group. The analyses showed attenuated 

responses to acute psychosocial stress for all variables in both groups at follow-up, with no differences 

between the groups. No correlation was seen between volume of exercise training and reactivity to the 

stress test. Despite the increased oxygen uptake in the intervention group, no differences were seen 

between the groups for any of the outcome variables at follow-up. Thus, in this study, the cross-

stressor adaptation hypothesis could not be confirmed. Both groups showed decreased reactions 

indicating a habituation to the stress test. 

Keywords: physical activity, longitudinal study, psychosocial stress 
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Introduction 

Regular exercise training has been shown to play a great role for health, not only for somatic 

complaints, cardiovascular- and overall mortality, but also for mental well-being [1-4]. Also, exercise 

training has been proposed as a buffer for the detrimental effects of stress [5]. The mechanisms behind 

the possible stress-buffering effects of exercise and fitness are still not fully known but seem to be 

related to both physiological and psychological aspects. One of many plausible mechanisms is the so-

called “cross-stressor adaptation hypothesis”, described by Sothman et al. in 1996. The theory 

suggests that the attenuated physiological reaction seen in trained individuals in response to acute 

exercise is also valid in response to acute psychosocial stress [6]. However, previous research is not 

consistent regarding the effect of exercise training on physiological stress responses. 

   The central physiological stress response systems are the hypothalamic-pituitary-adrenal (HPA) axis 

and the autonomic nervous system [7, 8]. When exposed to acute stress, the HPA axis is activated 

resulting in increased levels of the stress hormones adrenocorticotropic hormone (ACTH) and cortisol. 

A similar pattern is seen for the autonomic responses, where the onset of stress will increase heart rate 

and blood pressure. These responses are usually adequate and essential for the body to be able to 

overcome increased metabolic demands. In everyday life with recurring onsets of stress, the magnitude 

of the physiological response may play a role in health. Thus, if the stress reaction is frequently 

triggered without sufficient time to recover, it could result in elevated basal levels of stress hormones, 

blood pressure and heart rate with the risk of deteriorating health as a consequence [9-11]. 

   An early review concluded that aerobically fit individuals exhibited a lower grade of autonomic 

stress response (e.g. heart rate, blood pressure or subjective experience of the task) compared to unfit 

individuals [12]. Later, van Doornen et al. [13] suggested that it is not possible to predict an 

individual’s autonomic response to psychosocial stress by the level of fitness, partly because of the 

varying definitions of fitness, and partly because of the different mechanisms involved in physical and 

psychosocial stress. This was later confirmed by Jackson and Dishman [14], finding that when fitness 

was measured as VO2 peak the effect was smaller than when self-reported levels of exercise were 
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used, which might depend on the genetic component in fitness [15]. In the same year Forcier et al. [16] 

published a paper showing that fitness was related to a less pronounced reaction of heart rate and 

systolic blood pressure in response to acute psychosocial stress. However, the definition of fitness was 

not specified and only a few of the longitudinal studies included in the analysis involved a control 

group. Thus, agreement has not yet been reached regarding whether the cross-stressor adaptation 

hypothesis applies to autonomic reactions.

   The relationship between HPA axis response and exercise training in connection to acute 

psychosocial stress is not as thoroughly studied as the autonomic reactions. Moreover, available 

studies show different results, also regarding sex differences. Klaperski [17] found that trained young 

women (18-28 years) showed a less pronounced physiological response, measured as salivary cortisol, 

to an acute psychosocial stress test compared to untrained women. Likewise, Rimmele et al. [18] 

showed that male elite athletes showed a lower reaction for cortisol, blood pressure and heart rate 

compared to untrained men in response to acute psychosocial stress. This was recently confirmed by 

Gerber et al. [19], presenting similar results in young male and female students. Thus, participants 

reporting high self-reported perceived stress and low level of physical activity showed a more 

pronounced increase in cortisol in response to psychosocial stress test than participants reporting a low 

level of stress and high level of physical activity. No sex differences were seen in this study. In 

contrast, Childs and de Wit [20] did not support these results, showing no effect of regular exercise on 

saliva cortisol response to acute psychosocial stress. Furthermore, in this study men responded with a 

greater cortisol response to the stressor than women. In conformity with the results from Childs and de 

Wit, a recent cross-sectional study found no associations between cardiorespiratory fitness, cortisol, 

blood pressure and heart rate in women, in response to an acute psychosocial stress test [21].

   Most of the above-mentioned studies are cross-sectional. Longitudinal studies are few, and only one 

randomized controlled trial (RCT) was found measuring HPA-axis response to acute psychosocial 

stress in relation to exercise. Klaperski et al. [22] examined the effect of exercise training on the HPA-

axis reactivity in untrained individuals, compared to a control group. The group performing aerobic 

exercise showed a reduced reactivity to acute stress regarding levels of cortisol, heart rate and heart 
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rate variability compared to the control group. However, a reference group performing relaxation 

training also showed a reduced cortisol reaction compared to the control group, which does not allow 

firm conclusions whether the effects seen is solely due to exercise training. Thus, there is a need to 

further study the effects of exercise on physiological responses to acute stress.

   Therefore, the primary aim of this RCT was to examine the effects of a six months aerobic exercise 

training intervention on HPA axis reactivity to acute psychosocial stress in untrained individuals. As 

the secondary aim we also studied the effects on autonomic responses. The hypothesis is that aerobic 

exercise training will result in attenuated HPA axis reactivity, assessed by ACTH and cortisol levels, 

and an attenuated autonomic response, assessed as blood pressure and heart rate, in response to acute 

psychosocial laboratory stress. 

Methods 

This study is a two-armed RCT, designed according to the Consolidated Standards of Reporting Trials 

(CONSORT) Statement [23], and registered at clinicaltrials.gov (ID NCT02051127). Selected parts of 

the original study protocol will be used in this paper. Baseline evaluations included a peak oxygen 

uptake test (VO2 peak) and a psychosocial stress test (see descriptions below). After initial tests, the 

participants were randomized to either the control (CG)- or the intervention group (IG). The 

randomization was done by a nurse, using sealed envelopes and a 50/50 % distribution to the 

intervention- and control groups.

 The IG performed aerobic exercise training for six months, while the CG maintained their current 

level of physical activity. Both groups then underwent the same tests as were conducted at baseline. 

The inclusion ran from spring 2013 to spring 2016, with the last follow-up performed in the autumn of 

2016. Baseline measures and intervention periods were running all year to avoid seasonal effects. The 

method has previously been described in detail elsewhere [24]. 
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Participants 

Inclusion criteria were: age 20-50 years; essentially healthy (not suffering from any known somatic or 

psychiatric disease such as diabetes, heart disease or stress-related diseases) and working or studying 

at least 50 % of full time. In addition, the individuals should not have performed any regular exercise 

during the last year and rate themselves as being mostly sedentary, corresponding to level 1 in the 

Saltin Grimby Activity 4-Level Scale [25, 26]. Exclusion criteria were: glucose level ≥ 7 mmol/L; 

HbA1C ≥ 48 mmol/mol; diverging electrocardiography (ECG); blood pressure above 140/90 mmHg; 

anemia (Hb <120 g/L for women, <130 g/L for men); BMI less than 18.5 or above 35 kg/m2; 

medication with beta blockers, psychopharmacological drugs or asthmatic medicine and inability to 

exercise at a relatively high intensity.  

   Information about the study was distributed by advertisement in two major newspapers in the district 

around Gothenburg in western Sweden, and through notice boards and social media. The number of 

responders to the advertisement for the study was 416. Of these, 170 individuals were eligible 

according to the inclusion criteria and were offered a physical screening to test for exclusion criteria, 

resulting in 24 individuals being excluded. A further 22 individuals declined participation or did not 

enter the study for other reasons (Fig 1). A final number of 119 individuals went through the baseline 

tests. All participants gave written informed consent before entering the study and were informed that 

they could withdraw their participation at any time. The study was conducted according to the 1964 

Declaration of Helsinki and approved by the Regional Ethical Board, Gothenburg, Sweden, Dnr 917-

12. 

Peak oxygen uptake test 

To assess the aerobic capacity and heart rate of the participants, a VO2 peak test was conducted at the 

Centre for Health and Performance, University of Gothenburg. The test was performed on a bicycle 

ergometer (Monark, 828 E, Monark Exercise AB, Vansbro, Sweden). The participants started the test 

by warming up for five minutes with a cadence of 70 revolutions per minute at a low resistance (50 

W). The VO2 peak test was a ramp test with increasing resistance and the same cadence as during 
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warm up. The women started at 87.5 W, increasing by 17.5 W every minute until exhaustion. The men 

started at 105 W, also increasing by 17.5 W until exhaustion (VO2 levelling off or Respiratory 

Exchange Ratio >1.1 and inability to keep the cadence). A total work of 5-8 minutes was considered 

as optimal for reaching peak values. Peak oxygen uptake, expressed as mL/kg/min was measured with 

the Jaeger Oxycon Pro metabolic chart (Carefusion, Hoechberg, Germany) in the mixing chamber 

mode. The device was calibrated before each measurement according to the manufacturer’s manual. 

During the test, the heart rate (beats per minute, bpm) was monitored and measured with a pulse 

sensor (Polar 300 RS, Polar, Finland). 

Psychosocial stress test 

One week after the oxygen uptake test, the Trier Social Stress Test (TSST) was performed at the 

Institute of Stress Medicine in Gothenburg between 1 p.m. and 3 p.m. The TSST is the most 

commonly used laboratory stress test developed to elicit a physiological reaction to acute psychosocial 

stress in a standardized setting [27]. The TSST has been shown to have good validity and reliability 

and is widely used in this research area [20, 28, 29]. Before arriving at the lab, the participants had 

ingested a standardized meal containing controlled amounts of fat, protein and carbohydrates, 

approximately two hours before the test. After a short rest, the participant entered the test room and 

was given instructions in front of a committee consisting of three members. A video camera and a 

microphone were installed, and they were falsely told that they were video- and audio taped for later 

analyses of their behavior and voice. After five minutes of preparation in another room, the participant 

re-entered the test room. The first part of the test was a five-minute free speech, where the participants 

were asked to apply for their dream job in front of the committee. The topic was slightly modified in 

the follow-up session, where the participant instead was asked to apply for a job they dreamed about 

as a child. The committee gave no form of response to the participant during the speech. The second 

part was an arithmetic task (serial subtraction), also five minutes long, and after the test the participant 

left the room. To study the recovery after the test, the participants rested for 60 minutes in a calm 

setting. 
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Exercise training intervention 

One week after randomization, participants allocated to the IG were called for a group meeting where 

they received information about the intervention and were instructed to start regular aerobic exercise 

training. Aerobic exercise is the most studied form of exercise in this field and was chosen to enable 

comparisons with other studies. The duration of six months was set to enable a gradual increase of 

their level of activity and to have sufficient time to reach physiological changes. The goal was to reach 

an exercise level of three times per week, 45-60 minutes per session and with an average heart rate of 

at least 75 % of peak heart rate, measured at the VO2 peak test. To monitor the intensity and duration 

of exercise, the participants used a heart rate monitor (Garmin Forerunner ® 210, USA), at every 

training session and transferred the data recorded directly to an internet-based training log 

(www.funbeat.se). The participants were free to choose what type of activity to perform, and if they 

wanted to exercise individually or together with others, as long as the goal for the average heart rate 

was fulfilled. The participants were asked to avoid performing resistance training during the 

intervention period, since resistance training might affect the outcome variables in a different way than 

aerobic exercise [30]. They were also offered four meetings with a trained coach to identify strengths 

and potential obstacles to getting through the intervention. The participants were given one-year free 

access to a commercial fitness establishment (Nordic Wellness) with several facilities in and around 

Gothenburg to further facilitate adherence to training.

   Individuals in the CG were instructed to keep their activity level unchanged during the six-month 

intervention period and refrain from any exercise training. After the follow-up, they were encouraged 

to start exercising and received one-year free access to the same fitness establishment as the 

intervention group. 

Outcome measurements 

The primary outcome of the study was HPA-axis response to acute psychosocial stress, assessed as 

plasma ACTH and total serum cortisol response, before and after the intervention. The participants 

were provided with a peripheral venous catheter in an antecubital vein (BD Venflon Pro, Becton 
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Dickinson Infusion Therapy, USA), and a total of seven blood samples were drawn during each TSST. 

An initial sample was drawn 10 minutes before the test started (-10). The second was drawn 

immediately before the test (-0), and the third immediately after the test was finished (+0). Remaining 

samplings were made 10, 20, 40 and 60 minutes after the test in order to study the response and the 

recovery. Samples for serum were collected in EDTA tubes, and samples for plasma were collected in 

Serum Sep Cloth Activator tubes. To separate the plasma, tubes were cold spun at 3500 revolutions 

per minute for 15 minutes and stored at -80 º C until analyzed. To separate serum, tubes were spun at 

20 º C for 10 minutes at 3500 revolutions per minute and stored at 4 º C until analyzed the day after 

the test. Plasma concentrations of ACTH were assessed by immunoradiometric assay (limit of 

detection, 0.4 pmol/L) (CIS bio International, Gif-sur-Yvette Cedex, France). Serum concentrations of 

cortisol were assessed by electro chemiluminescence immunoassay (limit of detection, 0.5 nmol/L) 

(Roche Diagnostics GmbH, Mannheim, Germany). To assess the secondary outcomes, autonomic 

reactions in terms of heart rate (HR), systolic blood pressure (SBP) and diastolic blood pressure 

(DBP), an automatic blood pressure cuff (Welch Allyn, ABPM 6100, USA) was used. The device was 

assessing every five minutes from 10 minutes before the TSST to 60 minutes after the test. 

Data handling 

Pre-test values were the mean value of the -10 and -0 values taken before the test started, peak value 

was the highest value after the test (10 or 20 minutes for ACTH and cortisol and during or directly 

after for SBP, DBP and HR). For ACTH and cortisol, the lowest value was the last one (60 min) for all 

participants. For SBP, DBP and HR, that are more responsive, the lowest value occurred between 10 

and 60 minutes after the test.

   The reactivity was defined as percental change from baseline to peak value and was calculated by 

dividing the absolute change with the peak value. Recovery was defined as percental change from peak 

to lowest value and was calculated by dividing the absolute change with the peak value. Non-

responders in HPA axis were defined as a zero- or negative response in ACTH and/or cortisol from 

pre-test to peak values. 

9 



  

 
 

 

 

    

   

 

   

  

   

  

   

 

     

  

      

      

   

 

   

 

 

   

  

   

   

  

Elin Arvidson 

Statistics 

A sample size calculation for the main outcome measure cortisol showed that 39 subjects in each 

group were needed to be able to detect an effect size Cohen’s f = .25, with power ≥ .80 and α = .05 

(G*power 3.1). Expecting that several of drop-outs would occur, the goal was to include 50 subjects in 

each group. 

   To analyze group differences in the physiological response to TSST at baseline and follow up, 

mixed between-within subjects’ analysis of variance (ANOVA) were used for ACTH, cortisol, SBP, 

DBP and HR at baseline and follow-up using all seven time points in the analysis. 

   To study the effects of the intervention, group differences and changes from baseline to follow-up 

for the three points pre-test, peak and lowest value after the test were analyzed with mixed between-

within subjects’ ANOVA.

   In the third step, three summarizing measures were performed. To study the total output of ACTH 

and cortisol, area under the curve with respect to increase (AUCi) [31] was calculated from pre-test to 

60 minutes after the stress test . As a measure of reactivity to and recovery from the psychosocial 

stress test percental response from baseline to peak and percental recovery from peak to lowest value 

was used for all outcome measures. Mixed between-within subjects’ ANOVA was performed to study 

differences from baseline to follow-up for these parameters.

   We were also interested in whether the number of training sessions during the intervention 

correlated with the response in ACTH, cortisol, SBP, DBP and HR. For this, Pearson’s Correlation 

analyses was used. 

   Since women and men were analyzed together, adjustments were made for sex in all analyses 

mentioned above. All participants included in the study who performed both baseline and follow-up 

measures were included in the initial analysis according to the Intention-to-treat (ITT) principle. The 

lowest accepted level of exercise was set to at least two times per week during at least half of the 

intervention period (a minimum of 26 sessions). In the first sub-analysis, only participants who had 
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reached the accepted level of training sessions were included, according to the Adherence-to-protocol 

(ATP) principle. In the second sub-analysis, participants defined as non-responders in ACTH and 

cortisol from pre-test to peak value at baseline were excluded.

   All data were analyzed with IBM SPSS statistics version 22. For normally distributed data, values 

are presented as means and standard deviations (SD), with a significance level set to p < 0.05. For not 

normally distributed data, results are presented as geometric mean and anti-logged confidence 

intervals (CI). 

Results 

The number of individuals randomized to either the intervention or the control group was 119, with 68 

participants randomized to the IG and 51 to the CG. Since the adherence to the intervention protocol 

was lower than expected in the IG, the distribution of randomization was changed to 70 % for the IG 

and 30 % for the CG during the last year of inclusion. The dropout rate was 20 individuals in the IG 

and 11 in the CG due to unwillingness to go through retesting (n = 16), injuries (n = 4), changed 

working conditions (n = 4), starting anti-depressant medication (n = 4), pregnancy (n = 2) and 

randomization to the CG but started to exercise (n = 1). In total, 88 participants (72 %) (48 in the IG 

and 40 in the CG) went through both baseline and follow-up measures (see study flow diagram, figure 

1). There was an even distribution of women and men in both groups, with 18 women and 22 men in 

the CG and 20 women and 28 men in the IG. For baseline characteristics of the participants, see Table 

1. 
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Table 1. Baseline characteristics of the participants. 

Control Intervention 

SD SD 
Sex ♀ 18/ ♂ 22 ♀ 20/ ♂ 28 
Age (range) 41 (24-50) 7.8 38 (23-49) 6.7 
BMI 24.7 3.9 25.0 3.1 
Postgraduate education 85 % 92 % 
Tobacco user 20% 13% 

VO2 peak (mL/kg/min) 33.4 6.2 34.8 6.8 
TTE (min:sec) 7:19 02:32 7:58 02:23 

BMI: Body Mass Index, VO2 peak: peak oxygen uptake, TTE: Time-To-Exhaustion, SD: standard 

deviation 

Adherence to protocol 

The mean number of training sessions in the intervention group was 33 sessions per person (range 0 to 

77) out of a possible maximum of 78 sessions during the intervention period. After exclusion of 

participants who performed fewer than 26 sessions, the mean number of sessions for the remaining 

participants was 45 (range 27 to 77). In the ATP analysis, 20 subjects in the IG who did not reach the 

intended level of physical exercise were excluded. 

Oxygen uptake 

In the age group 20-29 years, the mean oxygen uptake at baseline was 37.5 mL/kg/min for both 

women and men (n = 6 and n = 5, respectively). In the age groups 30-39 and 40-50 years, the mean 

values for women were 30.1 and 29.0 mL/kg/min, respectively (n = 11 and n = 21), and for men 37.7 

and 36.3 mL/kg/min, respectively (n = 21 and n = 24). At follow-up, the VO2 peak and TTE had 

increased significantly in the IG (9.4 % and 11.0 %, respectively) between baseline and the six-month 

follow-up (both measures p < 0.001). When including only participants following the intervention 

protocol, the increase in VO2 peak was 9.4 %, and the increase in TTE was 9.5 %. At the same time, 

the CG decreased their VO2 peak (-3.0 %, p = 0.018) and time-to-exhaustion (- 0.7 %, p = 0.713). A 

mixed between-within subjects’ ANOVA for VO2 peak confirmed the significant effects of time (F [1, 

81] = 12.33, p = 0.001, eta squared 0.13). Also, the group differences (F [1, 81] = 6.74, p = 0.011, eta 

squared = 0.08) and interaction effects (F [1, 81] = 41.81, p < 0.001, eta squared = 0.34) were 
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confirmed. Likewise, TTE showed significant effects of time (F [1, 86] = 20.71, p < 0.001, eta squared 

0.19), group (F [1, 86] = 4.11, p = 0.046, eta squared 0.05) and interaction (F [1, 86] = 26.50, p < 

0.001, eta squared 0.24). 

HPA axis response to acute psychosocial stress 

The HPA-axis responses to the TSST are shown in Fig 2. At baseline TSST, four participants showed 

no ACTH response and additional four participants showed no cortisol response to acute stress. 

   Mean values for the seven time-points are presented for cortisol, while ACTH was not normally 

distributed and thus geometric means are displayed. At baseline, the mixed between-within subject’s 

ANOVA for ACTH, including all seven time-points, showed a significant effect of time, and follow-

up measures gave the same result (Table 2), confirming significant physiological reactions to acute 

stress. The exclusion of participants not following the protocol did not change the results. Also, for 

cortisol, baseline results showed a significant effect of time. At follow-up, the interaction effect was 

significant as well, with the intervention group having a greater response between time-point two and 

three compared to the control group. However, when excluding participants not following the protocol 

the interaction effect was no longer significant (F [6, 56] = 1.88, p = 0.100). 
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Table 2. Mixed between-within subjects’ ANOVA for all seven time points at baseline- and 

follow-up TSST 

Baseline 

time group time*group 
n F p eta F p eta F p eta 

squared squared squared 

ACTH (pmol/L)* 82 4.94 < 0.001 0.29 1.77 0.118 0.13 2.07 0.154 0.03 
Cortisol (nmol/L)* 79 7.01 < 0.001 0.37 0.04 0.850 0.00 1.25 0.291 0.10 
SBP (mmHg)* 64 4.81 0.001 0.34 3.33 0.073 0.05 3.66 0.004 0.28 
DBP (mmHg)* 66 4.91 < 0.001 0.34 5.01 0.029 0.07 0.70 0.649 0.07 
HR (Bpm) 66 17.20 < 0.001 0.64 0.00 0.962 0.00 2.28 0.048 0.19 

Follow-up 

time group time*group 
n F p eta F p eta F p eta 

squared squared squared 

ACTH (pmol/L)* 86 6.64 < 0.001 0.34 2.23 0.139 0.03 1.03 0.410 0.07 
Cortisol (nmol/L)* 84 8.10 < 0.001 0.39 0.20 0.655 0.00 2.25 0.048 0.15 
SBP (mmHg)* 70 3.22 0.008 0.24 0.00 0.999 0.00 0.82 0.556 0.07 
DBP (mmHg)* 69 5.27 < 0.001 0.34 1.24 0.270 0.02 1.82 0.110 0.15 
HR (Bpm) 70 19.84 < 0.001 0.65 1.45 0.233 0.02 1.41 0.225 0.12 

ACTH: adrenocorticotropic hormone, SBP: Systolic blood pressure, DBT: Diastolic blood pressure, 

HR: Heart rate, Bpm: Beats per minute *Adjusted for sex

   Values and results from the mixed between-within subjects’ ANOVA for the physiological reactivity 

to TSST are shown in table 3. Significant effects of time were seen for ACTH and cortisol, showing 

decreased responses at the follow-up TSST compared to the baseline TSST. No effects of group and 

no interaction effects were seen for neither ACTH nor cortisol. Mixed between-within subjects’ 

ANOVA on recovery from the psychosocial stress test showed no significant differences between the 

groups for ACTH. For cortisol, there was a significant effect of time showing an increased recovery at 

follow-up compared to baseline. 
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Effects of exercise training on HPA-axis AUCi 

The change in ACTH AUCi from baseline to follow-up was significant, showing decreased values for 

both groups at follow up (F [1, 80] = 10.76, p = 0.002, eta squared = 0.119). No significant group- or 

interaction effects were seen (F [1, 80] = 1.32, p = 0.255 and F [1, 80] = 0.51, p = 0.477, respectively). 

The same result was shown for cortisol AUCi, with a significant effect of time (F [1, 75] = 41.57, p < 

0.001, eta squared = 0.357) but no group- or interaction effects (F [1, 75] = 0.00, p = 0.992 and F [1, 

75] = 0.16, p = 0.688, respectively). 

Autonomic response to acute psychosocial stress 

Response curves with mean values for the seven time-points for SBP, DBP and HR are shown in Fig 2 

and the results from the mixed between-within subjects’ ANOVA are displayed in Table 2. At 

baseline, results for SBP showed significant effects of time and interaction, with both groups showing 

reactions to the stress test, and the intervention group having a greater response than the control group. 

At follow-up, only time was significant, confirming a response to the stress test. For DBP, the baseline 

results showed significant effects of time and group, showing reactions to the stress test in both groups 

and the control group having higher values than the intervention group. At follow-up, only time was 

significant. For baseline HR, significant effects were seen of time and interaction, with both groups 

showing a response to the stress test, and the control group having a smaller recovery. The follow-up 

results did only show significant effects of time. Excluding participants not reaching the goal for 

exercise training did not change these results.

   Values and results from the mixed between-within subjects’ ANOVA for the physiological reactivity 

to TSST are shown in Table 3. Significant effects of time were seen for DBP, showing a decreased 

reactivity at follow-up compared to baseline, but not for SBP or HR. The analyses showed no effects 

of group and no interaction effects for any of the variables. For recovery from psychosocial stress, no 

significant differences were shown between the groups for SBP, and the same were seen for DBP and 

HR.  

16 



  

 
 

  

       

 

    

    

    

       

    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Elin Arvidson 

Effects of exercise training on pre-test-, peak- and lowest value 

Mean values for the time-points pre-test, peak and lowest value are presented in Table 4. Variables 

marked with a * is presented as geometric means and its anti-logged 95 % CI. Results from the mixed 

between-within subjects’ ANOVA for pre-test-, peak- and lowest values from baseline to follow-up 

are presented in Table 5. The pre-test values were significantly higher for cortisol and HR at the 

follow-up TSST compared to the baseline TSST. At the same time, peak values for SBP and DBP 

were lower at follow-up compared to baseline, with low effect sizes. For lowest value, HR showed 

significantly lower levels at follow-up compared to baseline, also with a low effect size. Excluding 

non-compliers did not change the result. 
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Table 4. Values for pre-test-, peak- and lowest value at the psychosocial stress test at baseline 

and follow-up 

Pre-test 
Control group Intervention group 

n baseline follow-up n baseline follow-up 

ACTH*, pmol/L 40 4.6 (3.8; 5.6) 5.8 (4.8; 7.0) 45 6.1 (5.1; 7.2) 7.0 (6.2; 7.9) 
Cortisol*, nmol/L 38 233 (204; 265) 254 (221; 293) 44 242 (224; 262) 277 (255; 305) 
SBP, mmHg 40 129 (123; 134) 130 (124; 135) 46 128 (123; 133) 129 (125; 133) 
DBP, mmHg 40 78 (74; 81) 77 (74; 81) 46 74 (70; 77) 75 (73; 78) 
HR, bpm 38 73 (70; 76) 79 (76; 83) 44 71 (68; 74) 78 (76; 80) 

Peak 
Control group Intervention group 

n baseline follow-up n baseline follow-up 

ACTH*, pmol/L 40 13.0 (10.2; 16.8) 10.6 (8.4; 13.5) 47 15.6 (13.0; 18.7) 12.6 (10.8; 14.7) 
Cortisol, nmol/L 40 450 (406; 493) 439 (398; 480) 45 468 (436; 501) 456 (426; 486) 
SBP, mmHg 39 171 (162; 180) 163 (156; 170) 46 164 (158; 171) 158 (151; 164) 
DBP, mmHg 39 104 (100; 109) 101 (97; 105) 46 99 (95; 102) 97 (94; 100) 
HR*, bpm 38 101 (95; 108) 94 (87; 99) 46 97 (92; 104) 95 (90; 99) 

Lowest value 
Control group Intervention group 

n baseline follow-up n baseline follow-up 

ACTH*, pmol/L 40 3.5 (3.0; 4.0) 3.7 (3.2; 4.3) 47 3.9 (3.5; 4.4) 4.1 (3.6; 4.6) 
Cortisol, nmol/L 40 301 (267; 334) 271 (241; 301) 45 302 (272; 331) 278 (256; 298) 
SBP, mmHg 36 120 (115; 125) 118 (113; 123) 44 118 (115; 122) 118 (114; 122) 
DBP, mmHg 36 72 (68; 75) 67 (65; 72) 44 68 (65; 70) 66 (64; 69) 
HR, bpm 36 64 (61; 67) 63 (60; 65) 44 63 (60; 65) 61 (58; 63) 

*geometric mean and anti-logged 95 % confidence intervals (CI) 

ACTH: adrenocorticotropic hormone, SBP: Systolic blood pressure, DBT: Diastolic blood pressure, 

HR: Heart rate, Bpm: Beats per minute 
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Table 5. Mixed between-within subjects’ ANOVA for pre-test-, peak- and lowest value at 

baseline and follow-up 

Pre-test 

baseline to follow-up group time*group 
n F p eta squared F p eta squared F p eta squared 

ACTH (pmol/L)* 85 1.63 0.205 0.02 4.51 0.037 0.05 0.19 0.668 0.00 
Cort (nmol/L)* 82 4.27 0.042 0.05 0.58 0.447 0.01 0.32 0.575 0.00 
SBP (mmHg)* 86 1.93 0.169 0.02 0.14 0.706 0.00 0.01 0.931 0.00 
DBP (mmHg)* 86 2.49 0.119 0.03 2.66 0.107 0.03 0.89 0.349 0.01 
HR (Bpm) 82 24.24 < 0.001 0.23 1.04 0.311 0.01 0.07 0.935 0.00 

Peak 

baseline to follow-up group time*group 
n F p eta squared F p eta squared F p eta squared 

ACTH (pmol/L)* 87 0.46 0.500 0.01 2.08 0.153 0.02 0.00 0.953 0.00 
Cort (nmol/L)* 85 2.33 0.131 0.03 0.35 0.558 0.00 0.00 0.983 0.00 
SBP (mmHg) 85 15.55 < 0.001 0.16 2.06 0.155 0.02 0.74 0.393 0.01 
DBP (mmHg)* 85 5.14 0.026 0.06 5.21 0.025 0.06 0.59 0.444 0.01 
HR (Bpm)* 84 0.09 0.763 0.00 0.20 0.657 0.00 2.47 0.120 0.03 

Lowest 

baseline to follow-up group time*group 
n F p eta squared F p eta squared F p eta squared 

ACTH (pmol/L)* 87 1.48 0.227 0.02 1.85 0.177 0.02 0.02 0.880 0.00 
Cort (nmol/L)* 85 1.72 0.194 0.02 0.01 0.931 0.00 0.05 0.822 0.00 
SBP (mmHg)* 88 0.44 0.507 0.01 0.15 0.704 0.00 0.44 0.509 0.01 
DBP (mmHg)* 88 1.13 0.235 0.02 3.74 0.057 0.04 2.28 0.135 0.03 
HR (Bpm) 88 5.44 0.022 0.06 0.71 0.403 0.01 0.13 0.720 0.00 

*Adjusted for sex 

Pre-test: mean value of the -10 and -0 minutes samples taken before the test started. Peak: highest 

value after the test (10 or 20 minutes for ACTH and cortisol and during or directly after for SBP, DBP 

and HR). Lowest value: last value (60 min) for ACTH and cortisol, the lowest value between 10 and 

60 minutes for SBP, DBP and HR. ACTH: adrenocorticotrophic hormone, SBP: Systolic blood 

pressure, DBT: Diastolic blood pressure, HR: Heart rate, Bpm: Beats per minute 
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Correlations between number of training sessions and response to 

TSST 

When analyzing correlations between the number of sessions performed during the intervention and 

the response to the stress test no correlation was seen for ACTH (r = -0.12, p = 0.434), cortisol (r = -

0.03, p = 0.861), SBP (r = -0.03, p = 0.869), DBP (r = -0.04, p = 0.818) or HR (r = -0.07, p = 0.659). 

Discussion 

The main result of this study is that physiological reactions to acute psychosocial stress is not 

significantly affected in untrained individuals performing regular exercise training for six months, 

compared to a non-training control group. Thus, neither HPA-axis responses (ACTH and cortisol) nor 

autonomic responses (SBP, DBP and HR) to acute psychosocial stress showed any changes following 

the six-month exercise intervention. Accordingly, in this study we could not confirm the hypothesis 

that aerobic exercise training will result in attenuated HPA-axis reactivity and autonomic responses to 

acute psychosocial laboratory stress. The participants in the IG significantly improved their peak 

oxygen uptake and TTE at the same time as the CG showed a reduced VO2 peak and TTE, confirming 

that aerobic training effects did occur following the intervention.

   The results showed higher pre-test values for cortisol and HR at follow-up irrespective of the 

intervention, indicating higher stress levels at arrival that might be caused by experiences from the 

baseline test. On the other hand, reactivity values of ACTH, cortisol and DBP were lower at follow-

up, maybe as a result of habituation to the situation when the participants discovered that the same test 

was repeated. Additionally, no correlations were found between number of training sessions and 

reactivity to the stress test, and no differences were seen between the groups for reactivity and 

recovery. Thus, the result of our study does not confirm the hypothesis that regular exercise training 

affects HPA-axis or autonomic response to acute laboratory stress. However, the great individual 

variances in physiological response to acute stress and the assumed adaptation to the stress test might 

have affected the interpretation of the results. 
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   There are several possible reasons for different results in the present study compared to earlier 

studies. Previous studies are mainly cross-sectional, comparing highly fit individuals with untrained 

individuals. Some of these studies show a less pronounced physiological response for highly fit 

individuals [13, 18, 19, 32], while others do not [21, 33, 34]. In some cases, when studying opposites 

(trained/ untrained), a difference can be detected. However, in our study the change in oxygen uptake, 

although significant, was possibly not large enough to significantly affect the physiological responses. 

Maybe, the effect on the physiological stress response is only existent in highly trained individuals, 

which we did not study.

   To the best of our knowledge, only two randomized controlled studies have been conducted 

measuring the physiological responses to acute psychosocial stress in relation to changes in fitness 

[22, 35]. Both studies showed an attenuated physiological reaction for participants allocated to 

exercise intervention compared to the non-exercising controls. In the study by Klaperski et al., the 

increase in activity level in the intervention group was comparable to our study. However, a 

comparison whether the increased exercise level affected fitness to the same extent as in our study is 

complicated due to the different methods used to measure fitness. Klaperski et al. related fitness to the 

participant’s relative power at individual anaerobic threshold, whereas our study used a peak oxygen 

uptake test. In contrast to both the study by Klaperski and co-workers and our study, the study by von 

Haaren et al. used an academic examination period as a real life psychosocial stressor. The increase in 

VO2 peak was comparable to our study, but the result differed in that the intervention group in the 

study by von Haaren et al. showed a reduced autonomic response to the stressor. However, the types 

of stressors used in the studies cannot be easily compared. While our study used a ten-minute 

laboratory, unpredictable stressor, von Haaren and co-workers used a two-day examination period, 

well known to the participants. Thus, despite the similar designs in all three studies, the results 

diverge. 

   Another factor to consider when comparing studies is the labelling of exercise levels and fitness. 

There are large discrepancies between studies in terms of what is considered “fit” and “unfit”, both 

with respect to aerobic capacity and the level of exercise training. In some studies, the term “unfit” (or 
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“low fit”) is used for individuals who do not perform any exercise [20, 32], while other studies use the 

same term for individuals who perform up to four hours of exercise per week [33, 34]. At the same 

time, the use of the term “fit” (or “high fit”) has been used for individuals who exercise for at least one 

hour per week [20], which results in an overlap of several hours of exercise per week between the 

terms “unfit” and “fit”. 

   Furthermore, the methods for determination of fitness differ between studies. Some studies use self-

reported activity levels, while other studies use some kind of fitness test to evaluate the participant’s 

aerobic capacity. The substantial differences regarding the measures and definitions of terms related to 

fitness may partly explain the inconsistence of existing studies.

   In our study, the participants reported themselves as untrained at screening, but this was not reflected 

by their level of oxygen uptake, which falls into the normal range of aerobic capacity for both men and 

women according to Koch et al. [36]. This result indicates that we may not have reached our intended 

target group of untrained individuals in the present study. Generally, when studying the effects of 

exercise on different physiological health measures, the greatest difference is seen between individuals 

with low fitness compared to individuals with a little higher fitness [37]. This might not be the case for 

the outcome measures of this study. Thus, the exercise training effects in the intervention group might 

not have been large enough to yield the physiological effects hypothesized. A screening for oxygen 

uptake before inclusion would have been preferable instead of relying on self-reports of physical 

activity level. 

Another important aspect related to detecting changes on a group level is the large individual variation 

in physiological responses to acute stress. Thus, a larger study population is perhaps needed to detect 

possible effects following an exercise intervention on the physiological systems. 

   In this trial, women and men were analyzed together. Since we had an even distribution of women 

and men in both groups and adjusted for sex in the analyses, this was considered appropriate. The 

results showed no differences for women and men, which is in line with previous findings of Gerber et 

al [19]. 
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Strengths and limitations 

The major strength of the present study is the RCT design and the relatively large study population. 

Including participants during the whole year diminished the seasonal effects. In addition, the 

consistency of personnel regarding the testing also contributed to an increased reliability of the results. 

Another strength is the measurement of VO2 peak, which present the absolute value of oxygen uptake, 

instead of a calculated value from submaximal assessments or self-reported levels of physical activity.  

   We are also aware of some limitations that need to be discussed. Firstly, as mentioned above, many 

of the included participants might not have been as untrained as they reported. Secondly, almost half 

of the participants (20 out of 47) in the intervention group had difficulty reaching the lowest 

acceptable level of exercise training and were thus not included in the ATP analyses. Changing from a 

low level of physical activity to engage in exercise three times per week seems to be difficult. 

Sherwood and Jeffery [38] reviewed factors influencing an individual’s capability to implement a 

physically active lifestyle. They enumerate the items identified as important and mention, for example, 

exercise self-efficacy, prior history of physical activity, social support, time and access. Despite the 

four coaching sessions aiming to support the participants in our study, several participants found it 

difficult to complete the intervention. Maybe a more intensive and prolonged protocol would have 

resulted in a larger effect in the outcomes, but that would have required a greater achievement from 

both participants and research staff, which was not considered feasible in this study. Since the majority 

of the participants did not follow the protocol, another approach to the intervention program would 

have been necessary, with some supervised sessions in order to maintain the participants’ exercise 

level.

   A third important factor to discuss is the type of stressor used in this study. Both groups showed 

decreased reactivity and/ or reduced peak levels in all variables except HR in response to the TSST at 

the second time of the test. This indicates a habituation to the test, although previous research has 

suggested that when at least four months have passed between the tests, the risk of habituation is small 

[39]. In fact, a small change was made in the task at the second test, but the modification was 
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obviously not enough for participants to experience the task as novel. The TSST may be relevant in 

cross-sectional studies, but in further longitudinal studies the use of TSST in its original setting needs 

to be taken into consideration when the follow-up time is as short as six months.

   The phase of menstrual cycle was not recorded which must be seen as a limitation and might have 

affected our results. Lastly, it was not possible to blind the participants regarding which group they 

took part in, but the TSST committee was blinded and had no insight in terms of which group the 

participants belonged to. 

Conclusions 

Regular exercise training did not affect the physiological responses to acute stress when compared to 

untrained controls. Thus, we cannot confirm that the cross-stressor adaptation hypothesis is a plausible 

mechanism explaining the stress-buffering effect of exercise training. A large-scale RCT, minimizing 

existing limitations of available studies, would be needed to further explore whether the cross-stressor 

adaptation hypothesis is valid. 

Acknowledgements 

We would like to thank Karin Nygren, Anna Björntorp and Inger Wirnäs for their professional work 

with the participants, the samplings and the completion of the study. We would also like to thank 

Fredrik Edin for valuable help in the testing of oxygen uptake, and the coaches performing the 

motivational dialogues with participants in the intervention group. 

This trial was supported by funding from the Swedish Research Council for Health, Working and 

Welfare. 

24 



  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

   
       

     
       

   

      

     
   

    

      

     
   

    

      

   

   

   

  
       

     

Elin Arvidson 

Fig 1. Study flow diagram 

Flow Diagram 
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Fig 2. HPA-axis- and autonomic responses to the psychosocial stress test 
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Abstract 

Background 

Dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEA-S) are two anabolic 

hormones, secreted from the adrenal cortex in response to adrenocorticotrophic hormone (ACTH). The 

aim of this study was to investigate the production capacity of DHEA and DHEA-S in response to 

acute psychosocial stress and its relation to aerobic capacity. 

Methods 

Eighty-one healthy but untrained individuals aged 20 to 50 years (34 women and 47 men) performed a 

psychosocial laboratory stress test and a peak oxygen uptake test. Levels of DHEA and DHEA-S were 

assessed before (pre-test), directly after and 10, 20 and 60 minutes after the stress test. Correlations 

between pre-test levels and magnitude of response in DHEA and DHEA-S and aerobic capacity was 

performed, as well as analyses of catabolic/anabolic balance. 

Results 

Both women and men responded to the stress test with a significant increase from pre-test to peak 

value in both DHEA, DHEA-S and cortisol/DHEA-S ratio, but not for cortisol/DHEA ratio. No 

correlations were found between pre-test levels or magnitude of response in DHEA and DHEA-S and 

aerobic capacity.  

Conclusions 

No correlations were found between aerobic capacity and pre-test levels of DHEA or DHEA-S, or 

between aerobic capacity and the production capacity of these hormones in response to acute 

psychosocial stress. A similar increase was seen in the catabolic hormone cortisol and the anabolic 

hormone DHEA in response to acute psychosocial stress, pointing at the plausible protective effect of 

DHEA in acute psychosocial stress. 

Keywords 

DHEA, DHEA-S, VO2 peak, HPA-axis, physical activity 



 

     

   

      

       

 

 

    

     

  

  

   

   

 

   

  

   

   

  

    

   

     

  

       

      

  

Background 

Different physiological systems are activated in response to acute stress situations. One of the most 

frequently studied stress systems is the hypothalamic-pituitary-adrenal (HPA) axis (1), typically 

assessed as levels of adrenocorticotrophic hormone (ACTH) and cortisol. Increased levels of cortisol 

are important for the body to be able to meet the metabolic demands during acute stress (2, 3).

   Other hormones not as frequently studied, but also released in the presence of ACTH in response to 

acute stress, are dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEA-S)(4). 

DHEA and DHEA-S (abbreviated as DHEA/-S when mentioned together) are classified as anabolic 

hormones and are secreted in the deepest layer of the adrenal cortex. They are synthesized from 

cholesterol, converted to pregnenolone and thereafter further transformed to DHEA and DHEA-S (5). 

DHEA/-S peak in early adulthood and decrease thereafter with increasing age (6). The levels of 

DHEA fluctuate during the day, showing a diurnal rhythm. Because of a larger pool and slower 

clearance rate, DHEA-S is more stable over time, which result in smaller diurnal variations (5). 

DHEA/-S have been shown to have anti-oxidative, anti-inflammatory and anti-glucocorticoid effects 

(7, 8). Low levels of these hormones have been associated with medical conditions, including 

cardiovascular disease (9), and with increased risk for mortality (10).

   The suggested role of DHEA and DHEA-S in the acute stress response is to counteract the catabolic 

effects of cortisol (11). In fact, cortisol and DHEA/-S has many opposing properties. For example, 

while cortisol has immunosuppressive effects, DHEA/-S has been shown to be an important up-

regulator of the immune system (12). To illustrate the relation and balance between the catabolic effect 

of cortisol and the anabolic processes induced by DHEA/-S, a ratio can be calculated (cortisol/DHEA 

ratio) (13). A high ratio indicates low anabolic balance where cortisol is the more dominant of the two 

hormones (13), which has been shown to be a risk factor for e.g. depression (14). 

Previously, the magnitude of response of DHEA/-S during acute stress has been shown to be 

correlated to the HPA axis response (4). There is also evidence for DHEA-S production capacity being 

lower during acute psychosocial stress in individuals reporting prolonged stress compared to non-



    

  

 

   

    

    

     

  

  

   

 

   

     

     

  

 

    

    

  

 

    

 

  

    

      

stressed individuals (15). Furthermore, it is suggested that the DHEA-S production capacity during 

acute psychosocial stress negatively correlates with age (4). 

   Aerobic capacity is strongly associated with all-cause mortality (16) and could possibly contribute to 

the inter-individual differences seen in DHEA/-S response to acute psychosocial stress. The so-called 

“cross-stressor adaptation hypothesis” refers to a theory suggesting that regular exercise training, 

which acts as a physical stressor, will lead to physiological adaptations of the stress systems to non-

exercise stressors as well (17). The hypothesis is mostly studied for responses in the autonomic 

nervous system (18) and the HPA axis (19). To our knowledge, no previous study has explored 

whether aerobic capacity, assessed as peak oxygen uptake (VO2 peak), relates to production capacity 

of DHEA/-S and the cortisol/ DHEA/-S ratio in response to acute stress. Therefore, we wanted to 

study this new perspective of the cross-stressor adaptation hypothesis.

   Thus, the main aims of this paper were to study 1) the possible correlation between aerobic capacity, 

pre-test levels of DHEA/-S and magnitude of DHEA/-S responses to acute psychosocial stress, 2) the 

catabolic/anabolic balance between cortisol and DHEA/-S and 3) whether age is affecting the response 

in DHEA/-S to acute psychosocial stress. 

Methods 

This is a cross-sectional study based on baseline data from a randomized controlled trial (RCT) 

conducted at the Institute of Stress Medicine (ISM) in Gothenburg, Sweden, from 2013 to 2016. Study 

procedures have previously been described in detail elsewhere (20). 

Participants 

Participants were recruited through advertisements in two major newspapers in the area of Gothenburg 

and through social media. Inclusion criteria were being 20 to 50 years of age, essentially healthy (self-

reported), working or studying at least 50 % of full time and reporting themselves as untrained 

according to the Saltin-Grimby Physical Activity Level Scale (21). This scale is a single-item question 

with four response alternatives (see Rödjer et al (22)). The first level corresponds to a sedentary life-

style, while levels 2-4 represents graded increases in activity level from light to strenuous exercise 



 

    

    

  

   

     

   

 

      

 

      

  

  

   

   

    

 

   

 

    

  

   

  

 

training. Exclusion criteria were having high glucose level (≥ 7 mmol/L) or HbA1C (≥ 48 mmol/mol), 

abnormal electrocardiogram (ECG), high blood pressure ((> 140/90) or anaemia (Hb < 120 g/L for 

women and < 130 g/L for men) or high or low body mass index (< 18.5 or > 35 kg/m2). Also, 

medication with beta -blockers, psychopharmacological drugs or asthma medication and inability to 

exercise at a relatively high intensity led to exclusion. Individuals who had an abnormal ECG were 

further examined by a cardiologist before inclusion/ exclusion.

   The number of responders to the advertisement was 416, of which 170 individuals fulfilled the 

inclusion criteria and were invited to a physical screening at the ISM. Twenty-two individuals 

declined participation in the study, and 24 more individuals were excluded after screening due to 

exclusion criteria. Five individuals were excluded after the initial tests due to incomplete measures, 

resulting in 119 participants. Of these, 81 individuals had complete data on DHEA and DHEA-S and 

were included in the final analyses. A drop-out analysis revealed no differences in baseline 

characteristics in this group compared to the total sample of 119 individuals.

   All participants gave written informed consent before entering the study and were informed that they 

could withdraw their participation at any time. The study was conducted according to the 1964 

Declaration of Helsinki and approved by the Regional Ethical Board, Gothenburg, Sweden, Dnr 917-

12. 

Assessment of aerobic capacity 

The participants went through a VO2 peak test on a bicycle ergometer (Monark 820 E; Monark 

Exercise AB, Vansbro, Sweden) in order to measure their aerobic capacity and time-to-exhaustion 

(TTE). The test was performed at the Center for Health and Performance at Gothenburg University, 

Sweden. The protocol was designed as a ramp test, starting with a five-minute light warm-up and 

thereafter increased resistance every minute until exhaustion. Heart rate was recorded with a pulse 

sensor (Polar 300RS, Polar Finland), and oxygen uptake (mL/kg/min) was measured with the Jaeger 

Oxycon Pro metabolic chart (Carefusion, Hoechberg, Germany) in a mixing chamber mode. 



  

     

   

       

     

     

    

 

   

    

       

     

  

  

    

  

    

    

  

  

   

 

 

 

Psychosocial stress test 

To enable assessment of individual reactions to psychosocial stress, the Trier Social Stress Test was 

used (23). It has been previously shown to elicit significant physiological stress responses in both 

women and men (24). The participants were presented with a task in front of a committee consisting of 

three members. After a preparation period of five minutes in another room, the participants re-entered 

the test room. In the first part of the test, a fictitious job interview, the participants presented 

themselves for five minutes. The second part of the test was an arithmetic task, not presented 

beforehand. After the TSST the participants rested for 60 minutes. All tests were performed between 1 

p.m. and 3 p.m. 

Assessment of DHEA, DHEA-S and cortisol 

DHEA and DHEA-S were assessed in plasma ten minutes prior to the stress test (pre-test), directly 

after the stress test (+0 minutes) and 10, 20 and 60 minutes after the test. Peak value was identified as 

the highest level of the +0, 10 or 20 minutes value, while the last sample (60 minutes) was defined as 

the recovery value. Cortisol was assessed in serum and samples were collected at the same intervals as 

for DHEA/-S. Plasma samples were collected in EDTA -tubes and were cold spun at 3500 revolutions 

per minute for 15 minutes and stored in micro tubes at -80 º C until analysed. Serum samples were 

collected in Serum Sep Cloth Activator tubes, which were spun at 20 º C for 10 minutes at 3500 

revolutions per minute and stored at 4 º C until analysed the day after the test.

   Serum concentrations of DHEA were determined using a Liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) method (limit of quantitation 175 pmol/L), and serum concentrations of 

DHEA-S were assessed by radioimmunoassay techniques (RIA) (limit of detection 0.14 µmol /L, 

Diagnostic Products Corporation, Los Angeles, CA, USA). Serum concentrations of cortisol were 

assessed by electro chemiluminescence immunoassay (limit of detection, 0.5 nmol/L) (Roche 

Diagnostics GmbH, Mannheim, Germany). 



 

    

 

   

  

    

    

   

 

   

   

  

    

    

    

     

 

 

 

  

  

  

 

   

    

Statistics 

Pre-test values are presented as means together with the 95 % confidence interval (CI). The pre-test 

values for cortisol/DHEA ratio and cortisol/DHEA-S ratio were calculated by dividing the value for 

cortisol by the value for DHEA and DHEA-S, respectively. DHEA and cortisol/DHEA ratio were not 

normally distributed according to the Kolmogorov-Smirnov test. Logarithmic transformations were 

therefore used to elicit a normal distribution and enable parametric analyses. Pre-test values for these 

variables are presented as the geometric mean and anti-logged CI (marked with a * in the tables). 

Independent samples t-tests were used to evaluate differences between women and men at pre-test, and 

log values were used for the variables not normally distributed. Sex differences in smoking and 

educational level were evaluated using a Chi square test.

   To evaluate the associations between variables, Pearson correlation analyses were used. For data not 

normally distributed Spearman’s Rank Order Correlation was used.

   The physiological responses to acute stress were assessed with paired samples t-tests separately for 

women and men, using pre-test and peak values. Percental response was calculated by subtracting the 

pre-test value from the peak value and dividing the difference by the pre-test value. Participants not 

showing increased values of DHEA or DHEA-S in response to the stress test (decrease or no change) 

were classified as non-responders. 

Results 

Background characteristics 

In total, 81 participants were included (34 women and 47 men) in the study. There were no differences 

between women and men in the background characteristics regarding age, BMI and educational level. 

The frequency of tobacco users was higher among men than among women (see table 1). 

Pre-test values 

Pre-test hormonal levels are shown in table 2. As expected, pre-test DHEA-S levels were higher in the 

male participants than in the females, while DHEA levels did not differ between sexes. The 



   

 

  

       

  

  

    

      

 

      

   

  

   

     

     

  

    

    

  

 

   

 

cortisol/DHEA-S ratio was higher among women than among men, but the cortisol/DHEA ratio was 

the same for both sexes. Additionally, men showed higher values for cortisol, VO2 peak (mean value 

for women: 30.5, CI 28.5; 32.5, and for men: 36.7, CI 35.0; 38.7, p = < 0.001) and time-to-exhaustion 

(mean value for women: 7:06, CI 5:35; 6:43, and for men: 9:00, CI 8:38; 9:55, p = < 0.001) at pre-test. 

DHEA, DHEA-S, cortisol/DHEA- and cortisol/DHEA-S ratio response to psychosocial stress 

Response curves of DHEA and DHEA-S are presented in figure 1. Mean values of DHEA and DHEA-

S increased significantly from pre-test to peak value in both women and men. For participants showing 

a positive response (75/81 = 93 %) to the TSST, the mean increase in DHEA was 117 % for women 

(range 17 to 291 %) and 120 % for men (range 19 to 350 %). One woman and one man showed 

negative responses from pre-test to peak (-27 and -43 %, respectively), and one woman and one man 

did not show any changed levels of DHEA in response to the test. For DHEA-S, the mean increases 

for participants responding with an increase (69/81 = 85 %) was 10 % for women (range 2 to 25 %) 

and 8 % for men (range 1 to 16 %). Five women and two men showed negative responses from pre-

test to peak values (range -4 to -1 % for the women and -3 % for the men), and four women and two 

men did not respond in DHEA-S at the psychosocial stress test. Results from the paired samples t-tests 

analysing the increase from pre-test to peak value are presented in table 4. The only variable that did 

not increase in response to the stress test was the cortisol/DHEA ratio. 

DHEA, DHEA-S, cortisol/DHEA- and cortisol/DHEA-S ratio and aerobic capacity 

No correlation was seen between aerobic capacity and pre-test levels of DHEA or DHEA-S, or 

between aerobic capacity and cortisol/DHEA ratio or cortisol/DHEA-S ratio at pre-test, for either 

women or men (see table 3). 

DHEA and DHEA-S, cortisol/DHEA- and cortisol/DHEA-S ratio response and aerobic capacity 

No correlations were seen between aerobic capacity and DHEA-, DHEA-S, cortisol/DHEA- and 

cortisol/DHEA-S ratio response to the TSST (see table 3). 

DHEA, DHEA-S, cortisol/DHEA-, cortisol/DHEA-S ratio response to acute stress and age 



   

   

   

   

 

     

 

  

    

   

      

    

    

  

    

  

 

    

    

 

   

    

    

      

  

      

  

Age was negatively correlated with response in DHEA (r = -.23, p = 0.038), while no correlation was 

seen for DHEA-S response and age (r = -0.021, p = 0.85). Neither the cortisol/DHEA response ratio 

nor the cortisol/DHEA-S response ratio was shown to be significantly correlated with age (r = 0.221, p 

= 0.052 and r = 0.104, p = 0.364, respectively). 

Discussion 

The main aim of this study was to evaluate a new perspective to the cross-stressor adaptation 

hypothesis by investigating the possible correlation between aerobic capacity and DHEA/-S 

production capacity during acute psychosocial stress, which has not been studied before. We also 

studied the catabolic/anabolic balance between cortisol and DHEA/-S, both in pre-test levels and in 

response to acute psychosocial stress. In addition, age was analysed in relation to DHEA/-S and 

catabolic/anabolic balance in response to acute stress. The main results were that no correlations were 

seen between aerobic capacity, measured as VO2 peak, and DHEA/-S levels. Possibly, the range for 

the VO2 peak values was too small (19.8 to 44.7 for women and 25.6 to 52.5 for men) but, according 

to previous research, this population showed oxygen uptake levels corresponding to reference values 

for the general population (25). Besides, two earlier studies on basal levels of DHEA/-S and aerobic 

capacity was found, showing a somewhat greater span in aerobic capacity, yet no correlations were 

seen (26, 27).

   Neither pre-test levels, nor the magnitude of response in DHEA/-S to the stress test showed 

correlations to aerobic capacity. Based on the cross-stressor adaptation hypothesis, we assumed that 

individuals with higher aerobic capacity would show higher production capacity in the health-

promoting hormones DHEA/-S in response to acute psychosocial stress. This would have been 

plausible, given that exercise training has been shown to prevent several public health diseases (28-30) 

and has beneficial effects on general health and well-being (31). However, the results of this study 

could not show such correlations. As far as we know, this is the first publication on the possible 

correlation between aerobic capacity and DHEA/-S production capacity during acute psychosocial 

laboratory stress. More studies are required to enable reliable conclusions about the possible 

correlation between aerobic capacity and DHEA/-S responses to acute stress. 



   

    

       

       

 

  

    

  

   

    

   

   

   

      

  

    

    

  

   

  

 

 

    

    

      

DHEA, DHEA-S and cortisol/DHEA-S ratio increased significantly from pre-test to peak for both 

women and men. This increase is seen as an adequate response for the body to overcome a stressor. 

One variable that did not change in response to the stress test was the ratio between cortisol and 

DHEA, indicating that the magnitudes of the response in cortisol and DHEA were comparable. To our 

knowledge, no other study has reported similar data. In this group of healthy adults, it might be a 

relevant result. In a well-balanced response, both anabolic and catabolic processes are active, and the 

fact that the same increase is seen in DHEA as in cortisol may be an indication of the protective effects 

of DHEA. 

   In this study, large inter-individual variations were seen in the magnitude of response in DHEA/-S to 

the stress test. At the same time, some individuals showed no response at all, or even negative 

responses. The explanation for these differences in response is not fully known but might be explained 

by higher stress levels at arrival for some of the participants. If a stressful event was experienced 

before arriving, the stress hormones were probably still at high levels when the first sample was taken. 

In that case, the negative feedback from the previous stress reaction would lead to decreased levels at 

the time of the stress test, despite the introduction of a new stressor. 

Associations between DHEA/-S, cortisol/DHEA- and cortisol/DHEA-S ratio responses and age 

A negative correlation was seen between response in DHEA and age, but no other correlations were 

seen. Both DHEA and DHEA-S are age dependent, and the lack of correlation for age and response in 

DHEA-S, cortisol/DHEA ratio and cortisol/DHEA-S ratio is difficult to explain. One factor that might 

play a role is the pre-test values. As discussed above, some individuals might have experienced stress 

before arriving at the lab, resulting in higher pre-test levels, which could have affected the 

correlations. 

Strengths and limitations 

The major strength of this study is the number of women and men, increasing the validity of the 

results. Another strength is that aerobic capacity was objectively measured with a peak oxygen uptake 

test instead of self-reported activity levels or a submaximal test with estimated peak values. 



    

   

    

   

 

  

    

  

 

     

 

 

   

   

 

 

 

 

 

 

 

 

 

 

   We sought untrained individuals reporting a sedentary lifestyle. This could be seen as a limitation, 

potentially evaluating a smaller span of aerobic capacity. However, when testing the oxygen uptake of 

the participants, the values for VO2 peak were higher than expected and equivalent to oxygen uptake 

values in the general population. Therefore, we considered it possible to use in this study. 

Conclusions 

The results from the present study shows that in this population of healthy women and men, no 

correlations were found between aerobic capacity and pre-test levels of DHEA/-S, or between aerobic 

capacity and the production capacity of these hormones in response to acute psychosocial stress. 

Women and men exhibited a similar increase in DHEA/-S in response to acute stress. Additionally, 

cortisol and DHEA showed an equal percental increase, indicating that hormonal responses are not 

limited to HPA -axis response, which is in line with previous studies. 
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Table 1. Characteristics for participants included in the study 

Women Men p 

Age (mean (SD)) 39 (7.5) 39 (7.3) 0.847 

BMI (kg/m2) (mean (SD)) 24.3 (3.3) 25.3 (3.6) 0.193 
Tobacco user (n (%)) 1 (3) 13 (28) 0.004 

Post-graduate education (n (%)) 32 (94) 39 (83) 0.133 
BMI: Body Mass Index 

Table 2. Mean pre-test hormonal values for women and men measured 10 minutes before the acute 

psychosocial stress test 

Women Men p 
mean (95 % CI) mean (95 % CI) 

DHEA (nmol/L) * 9.2 (7.6; 11.1) 11.1 (9.6; 12.5) 0.103 
DHEA-S (µmol/dL) 4.8 (4.0; 5.3) 7.8 (6.9; 8.8) < 0.001 
Cortisol (nmol/L) 225.6 (195.3; 259.9) 272.9 (247.1; 308.1) 0.029 
Ratio C; DHEA* 23.4 (19.7; 27.7) 23.5 (20.5; 26.8) 0.935 
Ratio C; DHEA-S 48.0 (42.1; 73.2) 35.3 (32.9; 50.1) 0.013 

*geometric mean (anti-logged 95 % CI) 

DHEA: dehydroepiandrosterone, DHEA-S: dehydroepiandrosterone sulfate, ACTH: 

adrenocorticotropic hormone, C: cortisol 



     

 

 

  

Figure 1. Levels of DHEA and DHEA-S in response to acute psychosocial stress in women and men 

DHEA: Dehydroepiandrosterone, DHEA-S: Dehydroepiandrosterone sulfate, TSST: Trier Social 

Stress Test 



      

      

        
 

  

        
         

        
         
         

        
        

         
         

         
         

  

 

    

 

   

 

    

    
      

     
      

     
      
      

     

     
      

     
      

       
 

 

 

Table 3. Physiological response to the Trier Social Stress Test for women and men 

Pre-test Peak Difference Paired samples t-test 

p effects size 
Mean (95 % CI) Mean (95 % CI) Mean (95 % CI) t df value eta squared 

Women 
DHEA (nmol/L) * 9.2 (7.5; 11.1) 17.6 (14.6; 21.2) 8.4 (7.4; 11.6) -10.0 31 <0.001 0.76 
DHEA-S (µmol/L) 4.8 (4.1; 5.4) 5.1 (4.4; 5.8) 0.3 (0.2; 0.4) -5.7 33 <0.001 0.50 
ratio C/ DHEA* 23.4 (19.7; 27.7) 21.7 (18.7; 25.3) -1.7 (-4.6; 0.7) 1.5 31 0.155 0.06 
ratio C/ DHEA-S 56.5 (41.3; 71.7) 92.0 (76.4; 107.5) 35.5 (25.4; 45.6) -7.1 33 <0.001 0.61 

Men 
DHEA (nmol/L) * 11.1 (9.7; 12.7) 22.1 (19.3; 25.2) 11 (9.5; 14.6) -12.2 46 <0.001 0.76 
DHEA-S (µmol/L) 7.8 (7.0; 8.7) 8.4 (7.5; 9.3) 0.6 (0.4; 0.7) -9.0 46 <0.001 0.64 
ratio C/ DHEA 23.5 (20.5; 28.8) 22.6 (19.7; 26.0) -0.9 (-3.4; 2.4) 0.8 45 0.423 0.01 
ratio C/ DHEA-S 41.5 (32.9; 50.1) 69.3 (59.5; 79.1) 27.8 (21.2; 34.4) -8.5 45 <0.001 0.61 

*geometric mean (anti-logged 95 % CI) 

DHEA: dehydroepiandrosterone, DHEA-S: dehydroepiandrosterone sulfate, C: cortisol, CI: 

confidence interval, df: degrees of freedom 

Table 4. Correlations between aerobic capacity and pre-test levels of DHEA, DHEA-S, cortisol/ 

DHEA ratio and cortisol/ DHEA-S ratio, and between aerobic capacity and response of DHEA, 

DHEA-S, cortisol/ DHEA ratio and cortisol/ DHEA-S ratio to acute psychosocial stress 

Women Men 
r p r p 

Pre-test 
DHEA (nmol/L) * 
DHEA-S (µmol/dL) 
ratio C/ DHEA 
ratio C/ DHEA-S 

-0.02 
0.08 
-0.09 
-0.14 

0.918 
0.662 
0.628 
0.426 

0.05 
0.19 
-0.01 
-0.15 

0.744 
0.228 
0.937 
0.338 

Response 
DHEA (nmol/L) * 
DHEA-S (µmol/dL) 
ratio C/ DHEA 
ratio C/ DHEA-S 

0.07 
0.07 
0.02 
0.33 

0.713 
0.694 
0.935 
0.062 

-0.10 
0.08 
0.10 
0.02 

0.541 
0.629 
0.539 
0.881 

*Non-parametric analyses 

DHEA: dehydroepiandrosterone, DHEA-S: dehydroepiandrosterone sulfate, ACTH: 

adrenocorticotropic hormone, C: cortisol 
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skolperspektiv. En longitudinell studie. Göteborg 1991 

81. BIRGITTA KULLBERG Learning to learn to read. 
Göteborg 1991 

82. CLAES ANNERSTEDT Idrottslärarna och 
idrottsämnet. Utveckling, mål, kompetens - ett didaktiskt 
perspektiv. Göteborg 1991 

83. EWA PILHAMMAR ANDERSSON Det är vi 
som är dom. Sjuksköterskestuderandes föreställningar och 
perspektiv under utbildningstiden. Göteborg 1991 

84. ELSA NORDIN Kunskaper och uppfattningar om 
maten och dess funktioner i kroppen. Kombinerad enkät- och 
intervjustudie i grundskolans årskurser 3, 6 och 9. Göteborg 
1992 

85. VALENTIN GONZÁLEZ On human attitudes. 
Root metaphors in theoretical conceptions. Göteborg 1992 

86. JAN-ERIK JOHANSSON Metodikämnet i 
förskollärarutbildningen. Bidrag till en traditionsbestämning. 
Göteborg 1992 

87. ANN AHLBERG Att möta matematiska problem. 
En belysning av barns lärande. Göteborg 1992 

88. ELLA DANIELSON Omvårdnad och dess 
psykosociala inslag. Sjuksköterskestuderandes uppfattningar 
av centrala termer och reaktioner inför en omvårdnadssituation. 
Göteborg 1992 

89. SHIRLEY BOOTH Learning to program. A 
phenomenographic perspective. Göteborg 1992 

90. EVA BJÖRCK-ÅKESON Samspel mellan små barn 
med rörelsehinder och talhandikapp och deras föräldrar - en 
longitudinell studie. Göteborg 1992 

91. KARIN DAHLBERG Helhetssyn i vården. En 
uppgift för sjuksköterskeutbildningen. 1992 

92. RIGMOR ERIKSSON Teaching Language 
Learning. In-service training for communicative teaching and 
self directed learning in English as a foreign language. 1993 

93. KJELL HÄRENSTAM Skolboks-islam. Analys av 
bilden av islam i läroböcker i religionskunskap. Göteborg 
1993. 

94. INGRID PRAMLING Kunnandets grunder. 
Prövning av en fenomenografisk ansats till att utveckla barns 
sätt att uppfatta sin omvärld. Göteborg 1994. 

95. MARIANNE HANSSON SCHERMAN Att 
vägra vara sjuk. En longitudinell studie av förhållningssätt till 
astma/allergi. Göteborg 1994 

96. MIKAEL ALEXANDERSSON Metod och 
medvetande. Göteborg 1994 

97. GUN UNENGE Pappor i föräldrakooperativa 
daghem. En deskriptiv studie av pappors medverkan. 
Göteborg 1994 

98. BJÖRN SJÖSTRÖM Assessing acute postoperative 
pain. Assessment strategies and quality in relation to clinical 
experience and professional role. Göteborg 1995 

99. MAJ ARVIDSSON Lärares orsaks- och 
åtgärdstankar om elever med svårigheter. Göteborg 1995 

100. DENNIS BEACH Making sense of the problems of 
change: An ethnographic study of a teacher education reform. 
Göteborg 1995. 

101. WOLMAR CHRISTENSSON Subjektiv 
bedömning - som besluts och handlingsunderlag. Göteborg 
1995 

102. SONJA KIHLSTRÖM Att vara förskollärare. Om 
yrkets pedagogiska innebörder. Göteborg 1995 

103. MARITA LINDAHL Inlärning och erfarande. 
Ettåringars möte med förskolans värld. Göteborg. 1996 

104. GÖRAN FOLKESTAD Computer Based Creative 
Music Making - Young Peoples´ Music in the Digital Age. 
Göteborg 1996 

105. EVA EKEBLAD Children • Learning • Numbers. 
A phenomenographic excursion into first-grade children’s 
arithmetic. Göteborg 1996 

106. HELGE STRÖMDAHL On mole and amount of 
substance. A study of the dynamics of concept formation and 
concept attainment. Göteborg 1996 

107. MARGARETA HAMMARSTRÖM Varför inte 
högskola? En longitudinell studie av olika faktorers betydelse 
för studiebegåvade ungdomars utbildningskarriär. Göteborg 
1996 

108. BJÖRN MÅRDÉN Rektorers tänkande. En kritisk 
betraktelse av skolledarskap. Göteborg 1996 

109. GLORIA DALL’ALBA & BIÖRN 
HASSELGREN (EDS) Reflections on Phenomenography -
Toward a Methodology? Göteborg 1996 

110. ELISABETH HESSLEFORS ARKTOFT I ord 
och handling. Innebörder av ”att anknyta till elevers 
erfarenheter”, uttryckta av lärare. Göteborg 1996 

111. BARBRO STRÖMBERG Professionellt 
förhållningssätt hos läkare och sjuksköterskor. En studie av 
uppfattningar. Göteborg 1997 

112. HARRIET AXELSSON Våga lära. Om lärare 
som förändrar sin miljöundervisning. Göteborg 1997 



    
  

    
  

  

   
 

  

    
 

  

   
   

   
 

  

   

  

    
 

  

    
   

   
 

   

   
    

     
   

     
  

    
 

    

   
  

   

    
  

 

    
  

 

    
   

   

   
   

     
  

  

      
   

  
 

   

   
  

 
   

     
  

  

   
 

  

     
  

 

    
 

  

    
 

   

    

  

   
  

   

     

  

    
 

  

    
   

    
  

  

   
   

      
   

    
 

   

113. ANN AHLBERG Children’s ways of handling and 
experiencing numbers. Göteborg 1997 

114. HUGO WIKSTRÖM Att förstå förändring. 
Modellbyggande, simulering och gymnasieelevers lärande. 
Göteborg 1997 

115. DORIS AXELSEN Listening to recorded music. 
Habits and motivation among high-school students. Göteborg 
1997. 

116. EWA PILHAMMAR ANDERSSON 
Handledning av sjuksköterskestuderande i klinisk praktik. 
Göteborg 1997 

117. OWE STRÅHLMAN Elitidrott, karriär och 
avslutning. Göteborg 1997 

118. AINA TULLBERG Teaching the ’mole’. A 
phenomenographic inquiry into the didactics of chemistry. 
Göteborg 1997. 

119. DENNIS BEACH Symbolic Control and Power 
Relay Learning in Higher Professional  Education. 
Göteborg 1997 

120. HANS-ÅKE SCHERP Utmanande eller utmanat 
ledarskap. Rektor, organisationen och förändrat 
undervisningsmönster i gymnasieskolan. Göteborg 1998 

121. STAFFAN STUKÁT Lärares planering under och 
efter utbildningen. Göteborg 1998 

122. BIRGIT LENDAHLS ROSENDAHL 
Examensarbetets innebörder. En studie av blivande lärares 
utsagor. Göteborg 1998 

123. ANN AHLBERG Meeting Mathematics. 
Educational studies with young children. Göteborg 1998 

124. MONICA ROSÉN Gender Differences in Patterns 
of Knowledge. Göteborg 1998. 

125. HANS BIRNIK Lärare- elevrelationen. Ett 
relationistiskt perspektiv. Göteborg 1998 

126. MARGRETH HILL Kompetent för ”det nya 
arbetslivet”? Tre gymnasieklasser reflekterar över och 
diskuterar yrkesförberedande studier. Göteborg 1998 

127. LISBETH ÅBERG-BENGTSSON Entering a 
Graphicate Society. Young Children Learning Graphs and 
Charts. Göteborg 1998 

128. MELVIN FEFFER The Conflict of Equals: A 
Constructionist View of Personality Development. Göteborg 
1999 

129. ULLA RUNESSON Variationens pedagogik. 
Skilda sätt att behandla ett matematiskt innehåll. Göteborg 
1999 

130. SILWA CLAESSON ”Hur tänker du då?” 
Empiriska studier om relationen mellan forskning om 
elevuppfattningar och lärares undervisning. Göteborg 1999 

131. MONICA HANSEN Yrkeskulturer i möte. 
Läraren, fritidspedagogen och samverkan. Göteborg 1999 

132. JAN THELIANDER Att studera arbetets 
förändring under kapitalismen. Ure och Taylor i pedagogiskt 
perspektiv. Göteborg 1999 

133. TOMAS SAAR Musikens dimensioner - en studie av 
unga musikers lärande. Göteborg 1999 

134. GLEN HELMSTAD Understandings of 
understanding. An inquiry concerning experiential conditions 
for developmental learning. Göteborg 1999 

135. MARGARETA HOLMEGAARD 
Språkmedvetenhet och ordinlärning. Lärare och inlärare 
reflekterar kring en betydelsefältsövning i svenska som 
andraspråk. Göteborg 1999 

136. ALYSON MCGEE Investigating Language Anxiety 
through Action Inquiry: Developing Good Research Practices. 
Göteborg 1999 

137. EVA GANNERUD Genusperspektiv på 
lärargärning. Om kvinnliga klasslärares liv och arbete. 
Göteborg 1999 

138. TELLERVO KOPARE Att rida stormen ut. 
Förlossningsberättelser i Finnmark och Sápmi. Göteborg 
1999 

139. MAJA SÖDERBÄCK Encountering Parents. 
Professional Action Styles among Nurses in Pediatric Care. 
Göteborg 1999 

140. AIRI ROVIO - JOHANSSON Being Good at 
Teaching. Exploring different ways of handling the same 
subject in Higher Education. Göteborg 1999 

141. EVA JOHANSSON Etik i små barns värld. Om 
värden och normer bland de yngsta barnen i förskolan. 
Göteborg 1999 

142. KENNERT ORLENIUS Förståelsens paradox. 
Yrkeserfarenhetens betydelse när förskollärare blir 
grundskollärare. Göteborg 1999. 

143. BJÖRN MÅRDÉN De nya hälsomissionärerna – 
rörelser i korsvägen mellan pedagogik och hälsopromotion. 
Göteborg 1999 

144. MARGARETA CARLÉN Kunskapslyft eller 
avbytarbänk? Möten med industriarbetare om utbildning för 
arbete. Göteborg 1999 

145. MARIA NYSTRÖM Allvarligt psykiskt störda 
människors vardagliga tillvaro. Göteborg 1999 

146. ANN-KATRIN JAKOBSSON Motivation och 
inlärning ur genusperspektiv. En studie av gymnasieelever på 
teoretiska linjer/program. Göteborg 2000 

147. JOANNA GIOTA Adolescents’ perceptions of school 
and reasons for learning. Göteborg 2000 

148. BERIT CARLSTEDT Cognitive abilities – aspects 
of structure, process and measurement. Göteborg 2000 

149. MONICA REICHENBERG Röst och kausalitet i 
lärobokstexter. En studie av elevers förståelse av olika 
textversioner. Göteborg 2000 



   
   

    

    
 

  

    
    

   
   

    
  

 

    
 

 
  

    

  

    
   

      
   

   
 

   

    
  

    
 

   

     
    

     
   

    
   

   
  

  

    
  

    

    
    

 

    
  

 
   

   
 

   

    
 

   

    
   

  
 

    
   

  

    
  

   

    
 

 
  

      
  

   

   
    

  

     
  

  

    
  

   

    
  

  

    
  

    
     

   

    
 

   

 

  
          

 

    
   

   

150. HELENA ÅBERG Sustainable waste management 
in households – from international policy to everyday practice. 
Experiences from two Swedish field studies. Göteborg 2000 

151. BJÖRN SJÖSTRÖM & BRITT JOHANSSON 
Ambulanssjukvård. Ambulanssjukvårdares och läkares 
perspektiv. Göteborg 2000 

152. AGNETA NILSSON Omvårdnadskompetens inom 
hemsjukvård – en deskriptiv studie. Göteborg 2001 

153. ULLA LÖFSTEDT Förskolan som lärandekontext 
för barns bildskapande. Göteborg 2001 

154. JÖRGEN DIMENÄS Innehåll och interaktion. Om 
elevers lärande i naturvetenskaplig undervisning. Göteborg 
2001 

155. BRITT MARIE APELGREN Foreign Language 
Teachers’ Voices. Personal Theories and Experiences of 
Change in Teaching English as a Foreign Language in 
Sweden. Göteborg 2001 

156. CHRISTINA CLIFFORDSON Assessing 
empathy: Measurement characteristics and interviewer effects. 
Göteborg 2001 

157. INGER BERGGREN Identitet, kön och klass. 
Hur arbetarflickor formar sin identitet. Göteborg 2001 

158. CARINA FURÅKER Styrning och visioner – 
sjuksköterskeutbildning i förändring. Göteborg 2001 

159. INGER BERNDTSSON Förskjutna horisonter. 
Livsförändring och lärande i samband med synnedsättning eller 
blindhet. Göteborg 2001 

160. SONJA SHERIDAN Pedagogical Quality in 
Preschool. An issue of perspectives. Göteborg 2001 

161. JAN BAHLENBERG Den otroliga verkligheten 
sätter spår. Om Carlo Derkerts liv och konstpedagogiska 
gärning. Göteborg 2001 

162. FRANK BACH Om ljuset i tillvaron. Ett 
undervisningsexperiment inom optik. Göteborg 2001 

163. PIA WILLIAMS Barn lär av varandra. Samlärande 
i förskola och skola. Göteborg 2001 

164. VIGDIS GRANUM Studentenes forestillinger om 
sykepleie som fag og funksjon. Göteborg 2001 

165. MARIT ALVESTAD Den komplekse planlegginga. 
Førskolelærarar om pedagogisk planlegging og praksis. 
Göteborg 2001 

166. GIRMA BERHANU Learning-In-Context. An 
Ethnographic Investigation of Mediated Learning Experiences 
among Ethiopian Jews in Israel. Göteborg 2001. 

167. OLLE ESKILSSON En longitudinell studie av 10 
– 12-åringars förståelse av materiens förändringar. Göteborg 
2001 

168. JONAS EMANUELSSON En fråga om frågor. 
Hur lärares frågor i klassrummet gör det möjligt att få reda på 
elevernas sätt att förstå det som undervisningen behandlar i 
matematik och naturvetenskap. Göteborg 2001 

169. BIRGITTA GEDDA Den offentliga hemligheten. 
En studie om sjuksköterskans pedagogiska funktion och 
kompetens i folkhälsoarbetet. Göteborg 2001 

170. FEBE FRIBERG Pedagogiska möten mellan 
patienter och sjuksköterskor på en medicinsk vårdavdelning. 
Mot en vårddidaktik på livsvärldsgrund. Göteborg 2001 

171. MADELEINE BERGH Medvetenhet om 
bemötande. En studie om sjuksköterskans pedagogiska 
funktion och kompetens i närståendeundervisning. Göteborg 
2002 

172. HENRIK ERIKSSON Den diplomatiska punkten 
– maskulinitet som kroppsligt identitetsskapande projekt i 
svensk sjuksköterskeutbildning. Göteborg 2002 

173. SOLVEIG LUNDGREN I spåren av en 
bemanningsförändring. En studie av sjuksköterskors arbete på 
en kirurgisk vårdavdelning. Göteborg 2002 

174. BIRGITTA DAVIDSSON Mellan soffan och 
katedern. En studie av hur förskollärare och grundskollärare 
utvecklar pedagogisk integration mellan förskola och skola. 
Göteborg 2002 

175. KARI SØNDENÅ Tradisjon og Transcendens – ein 
fenomenologisk studie av refleksjon i norsk 
førskulelærarutdanning. Göteborg 2002 

176. CHRISTINE BENTLEY The Roots of Variation 
of English-Teaching. A Phenomenographic Study Founded on 
an Alternative Basic Assumption. Göteborg 2002 

177. ÅSA MÄKITALO Categorizing Work: Knowing, 
Arguing, and Social Dilemmas in Vocational Guidance. 
Göteborg 2002 

178. MARITA LINDAHL VÅRDA – VÄGLEDA 
– LÄRA. Effektstudie av ett interventionsprogram för 
pedagogers lärande i förskolemiljön. Göteborg 2002 

179. CHRISTINA BERG Influences on schoolchildren’s 
dietary selection. Focus on fat and fibre at breakfast. 
Göteborg 2002 

180. MARGARETA ASP Vila och lärande om vila. En 
studie på livsvärldsfenomenologisk grund. Göteborg 2002 

181. FERENCE MARTON & PAUL MORRIS 
(EDS) What matters? Discovering critical contitions of 
classroom learning. Göteborg 2002 

182. ROLAND SEVERIN Dom vet vad dom talar om. 
En intervjustudie om elevers uppfattningar av begreppen makt 
och samhällsförändring. Göteborg 2002 

Editors: Björn Andersson, Jan Holmer and
     Ingrid Pramling Samuelsson 

183. MARLÉNE JOHANSSON Slöjdpraktik i skolan 
– hand, tanke, kommunikation och andra medierande 
redskap. Göteborg 2002 



    
 

 

    
 

  

    
   

  
  

    
   

    
  

 
  

    
   

    
   

    
  

      
 

  

    

   

    
   

    
   

  
   

    
 

  

    
 

   

    
  

 

    

   

    
    

  

    
 

   

    
 

 
 

   

      
 

   

   
    

   

     
 

   

    
   

 
   

     
   

   
 

   
   

     
  

  

    
  

  

   
   

   
  

   

    
 

  

     

  

    
 

 
   

    
  

    
  

    
 

   

184. INGRID SANDEROTH Om lust att lära i 
skolan: En analys av dokument och klass 8y. Göteborg 
2002 

185. INGA-LILL JAKOBSSON Diagnos i skolan. En 
studie av skolsituationer för elever med syndromdiagnos. 
Göteborg 2002 

186. EVA-CARIN LINDGREN Empowering Young 
Female Athletes – A Possible Challenge to the Male 
Hegemony in Sport. A Descriptive and Interventional Study. 
Göteborg 2002 

187. HANS RYSTEDT Bridging practices. Simulations in 
education for the health-care professions. Göteborg 2002 

188. MARGARETA EKBORG Naturvetenskaplig 
utbildning för hållbar utveckling? En longitudinell studie av 
hur studenter på grunskollärarprogrammet utvecklar för 
miljöundervisning relevanta kunskaper i naturkunskap. 
Göteborg 2002 

189. ANETTE SANDBERG Vuxnas lekvärld. En 
studie om vuxnas erfarenheter av lek. Göteborg 2002 

190. GUNLÖG BREDÄNGE Gränslös pedagog. Fyra 
studier om utländska lärare i svensk skola. Göteborg 2003 

191. PER-OLOF BENTLEY Mathematics Teachers and 
Their Teaching. A Survey Study. Göteborg 2003 

192. KERSTIN NILSSON MANDAT – MAKT – 
MANAGEMENT. En studie av hur vårdenhetschefers 
ledarskap konstrueras. Göteborg 2003 

193. YANG YANG Measuring Socioeconomic Status and 
its Effects at Individual and Collective Levels: A Cross-
Country Comparison. Göteborg 2003 

194. KNUT VOLDEN Mediekunnskap som 
mediekritikk. Göteborg 2003. 

195. LOTTA LAGER-NYQVIST Att göra det man 
kan – en longitudinell studie av hur sju lärarstudenter 
utvecklar sin undervisning och formar sin lärarroll i 
naturvetenskap. Göteborg 2003 

196. BRITT LINDAHL Lust att lära naturvetenskap och 
teknik? En longitudinell studie om vägen till gymnasiet. 
Göteborg 2003 

197. ANN ZETTERQVIST Ämnesdidaktisk 
kompetens i evolutionsbiologi. En intervjuundersökning med 
no/biologilärare. Göteborg 2003 

198. ELSIE ANDERBERG Språkanvändningens 
funktion vid utveckling av kunskap om objekt. Göteborg 
2003. 

199. JAN GUSTAFSSON Integration som text, diskursiv 
och social praktik. En policyetnografisk fallstudie av mötet 
mellan skolan och förskoleklassen. Göteborg 2003. 

200. EVELYN HERMANSSON Akademisering och 
professionalisering – barnmorskans utbildning i förändring. 
Göteborg 2003 

201. KERSTIN VON BRÖMSSEN Tolkningar, 
förhandlingar och tystnader. Elevers tal om religion i det 
mångkulturella och postkoloniala rummet. Göteborg 2003 

202. MARIANNE LINDBLAD FRIDH Från 
allmänsjuksköterska till specialistsjuksköterska inom 
intensivvård. En studie av erfarenheter från 
specialistutbildningen och från den första yrkesverksamma 
tiden inom intensivvården. Göteborg 2003 

203. BARBRO CARLI The Making and Breaking of a 
Female Culture: The History of Swedish Physical Education 
‘in a Different Voice’. Göteborg 2003 

204. ELISABETH DAHLBORG-LYCKHAGE 
“Systers” konstruktion och mumifiering – i TV-serier och i 
studenters föreställningar. Göteborg 2003 

205. ULLA HELLSTRÖM MUHLI Att överbrygga 
perspektiv. En studie av behovsbedömningssamtal inom 
äldreinriktat socialt arbete. Göteborg 2003 

206. KRISTINA AHLBERG Synvändor. 
Universitetsstudenters berättelser om kvalitativa förändringar 
av sätt att erfara situationers mening under 
utbildningspraktik. Göteborg 2004 

207. JONAS IVARSSON Renderings & Reasoning: 
Studying artifacts in human knowing. Göteborg 2004 

208. MADELEINE LÖWING 
Matematikundervisningens konkreta gestaltning. En studie av 
kommunikationen lärare – elev och matematiklektionens 
didaktiska ramar. Göteborg 2004 

209. PIJA EKSTRÖM Makten att definiera. En studie 
av hur beslutsfattare formulerar villkor för specialpedagogisk 
verksamhet. Göteborg 2004 

210. CARIN ROOS Skriftspråkande döva barn. En 
studie om skriftspråkligt lärande i förskola och skola. 
Göteborg 2004 

211. JONAS LINDEROTH Datorspelandets mening. 
Bortom idén om den interaktiva illusionen. Göteborg 2004 

212. ANITA WALLIN Evolutionsteorin i klassrummet. 
På väg mot en ämnesdidaktisk teori för undervisning i 
biologisk evolution. Göteborg 2004 

213. EVA HJÖRNE Excluding for inclusion? Negotiating 
school careers and identities in pupil welfare settings in the 
Swedish school. Göteborg 2004 

214. MARIE BLIDING Inneslutandets och uteslutandets 
praktik. En studie av barns relationsarbete i skolan. 
Göteborg 2004 

215. LARS-ERIK.JONSSON Appropriating 
Technologies in Educational Practices. Studies in the Contexts 
of Compulsory Education, Higher Education, and Fighter 
Pilot Training. Göteborg 2004 

216. MIA KARLSSON An ITiS Teacher Team as a 
Community of Practice. Göteborg 2004 

217. SILWA CLAESSON Lärares levda kunskap. 
Göteborg 2004 

218. GUN-BRITT WÄRVIK Ambitioner att förändra 
och artefakters verkan. Gränsskapande och stabiliserande 
praktiker på produktionsgolvet. Göteborg 2004 



     
 

   

    
 

   

    
  

  

    

 
  

     
   

  

   
  

   

    
   

   

    
   

   
     

   

     

   

   
  

  

    
 

   

    
 

   

    
 

   

    
   

    
  

   

     
  

  

  
   

 
  

 

    
 

     

    
  

   
   

    

    
 

   

      
  

    
 

   

   
    

   
   

   

    
 

   

  
  

    
  

    
   

   

     
    

 
   

  

    
  

  

    
   

    
  

  

    
  

   

219. KARIN LUMSDEN WASS Vuxenutbildning i 
omvandling. Kunskapslyftet som ett sätt att organisera 
förnyelse. Göteborg 2004 

220. LENA DAHL Amningspraktikens villkor. En 
intervjustudie av en grupp kvinnors föreställningar på och 
erfarenheter av amning. Göteborg 2004 

221. ULRIC BJÖRCK Distributed Problem-Based 
Learning. Studies of a Pedagogical Model in Practice. 
Göteborg 2004 

222. ANNEKA KNUTSSON “To the best of your 
knowledge and for the good of your neighbour”. A study of 
traditional birth attendants in Addis Ababa, Ethiopia. 
Göteborg 2004 

223. MARIANNE DOVEMARK Ansvar – flexibilitet 
– valfrihet. En etnografisk studie om en skola i förändring. 
Göteborg 2004 

224. BJÖRN HAGLUND Traditioner i möte. En 
kvalitativ studie av fritidspedagogers arbete med samlingar i 
skolan. Göteborg 2004 

225. ANN-CHARLOTTE MÅRDSJÖ Lärandets 
skiftande innebörder – uttryckta av förskollärare i 
vidareutbildning. Göteborg 2005 

226. INGRID GRUNDÉN Att återerövra kroppen. En 
studie av livet efter en ryggmärgsskada. Göteborg 2005 

227. KARIN GUSTAFSSON & ELISABETH 
MELLGREN Barns skriftspråkande – att bli en 
skrivande och läsande person. Göteborg 2005 

228. GUNNAR NILSSON Att äga π. Praxisnära 
studier av lärarstudenters arbete med geometrilaborationer. 
Göteborg 2005. 

229. BENGT LINDGREN Bild, visualitet och vetande. 
Diskussion om bild som ett kunskapsfält inom utbildning. 
Göteborg 2005 

230. PETRA ANGERVALL Jämställdhetsarbetets 
pedagogik. Dilemman och paradoxer i arbetet med 
jämställdhet på ett företag och ett universitet. Göteborg 2005 

231. LENNART MAGNUSSON Designing a 
responsive support service for family carers of frail older people 
using ICT. Göteborg 2005 

232. MONICA REICHENBERG Gymnasieelever 
samtalar kring facktexter. En studie av textsamtal med goda 
och svaga läsare. Göteborg 2005 

233. ULRIKA WOLFF Characteristics and varieties of 
poor readers. Göteborg 2005 

234. CECILIA NIELSEN Mellan fakticitet och projekt. 
Läs- och skrivsvårigheter och strävan att övervinna dem. 
Göteborg 2005. 

235. BERITH HEDBERG Decision Making and 
Communication in Nursing Practice. Aspects of Nursing 
Competence. Göteborg 2005 

236. MONICA ROSÉN, EVA MYRBERG & JAN-
ERIC GUSTAFSSON Läskompetens i skolår 3 och 4. 
Nationell rapport från PIRLS 2001 i Sverige. The IEA 
Progress in International Reading Literacy Study. Göteborg 
2005 

237. INGRID HENNING LOEB Utveckling och 
förändring i kommunal vuxenutbildning. En yrkeshistorisk 
ingång med berättelser om lärarbanor. Göteborg 2006. 

238. NIKLAS PRAMLING Minding metaphors: Using 
figurative language in learning to represent. Göteborg 2006 

239. KONSTANTIN KOUGIOUMTZIS 
Lärarkulturer och professionskoder. En komparativ studie av 
idrottslärare i Sverige och Grekland. Göteborg 2006 

240. STEN BÅTH Kvalifikation och medborgarfostran. 
En analys av reformtexter avseende gymnasieskolans 
samhällsuppdrag. Göteborg 2006. 

241. EVA MYRBERG Fristående skolor i Sverige – 
Effekter på 9-10-åriga elevers läsförmåga. Göteborg 2006 

242. MARY-ANNE HOLFVE-SABEL Attitudes 
towards Swedish comprehensive school. Comparisons over time 
and between classrooms in grade 6. Göteborg 2006 

243. CAROLINE BERGGREN Entering Higher 
Education – Gender and Class Perspectives. Göteborg 2006 

244. CRISTINA THORNELL & CARL 
OLIVESTAM Kulturmöte i centralafrikansk kontext med 
kyrkan som arena. Göteborg 2006 

245. ARVID TREEKREM Att leda som man lär. En 
arbetsmiljöpedagogisk studie av toppledares ideologier om 
ledarskapets taktiska potentialer. Göteborg 2006 

246. EVA GANNERUD & KARIN 
RÖNNERMAN Innehåll och innebörd i lärares arbete i 
förskola och skola – en fallstudie ur ett genusperspektiv. 
Göteborg 2006 

247. JOHANNES LUNNEBLAD Förskolan och 
mångfalden – en etnografisk studie på en förskola i ett 
multietniskt område. Göteborg 2006 

248. LISA ASP-ONSJÖ Åtgärdsprogram – dokument 
eller verktyg? En fallstudie i en kommun. Göteborg 2006 

249. EVA JOHANSSON & INGRID PRAMLING 
SAMUELSSON Lek och läroplan. Möten mellan barn och 
lärare i förskola och skola. Göteborg 2006 

250. INGER BJÖRNELOO Innebörder av hållbar 
utveckling. En studie av lärares utsagor om undervisning. 
Göteborg 2006 

251. EVA JOHANSSON Etiska överenskommelser i 
förskolebarns världar. Göteborg 2006 

252. MONICA PETERSSON Att genuszappa på säker 
eller osäker mark. Hem- och konsumentkunskap ur ett 
könsperspektiv. Göteborg 2007 

253. INGELA OLSSON Handlingskompetens eller 
inlärd hjälplöshet? Lärandeprocesser hos 
verkstadsindustriarbetare. Göteborg 2007 



    
   

   

    
 

  

    
   

  

    
  

 

   
 

 
  

    
  

   

 

  
              

 

    
 

 

    
 

   

     
 

   

   
 

  

    
 

    

    
  

  

    
   

   
 

  
  

    
 

  

    

  

    
 

   

    
   

  

  

    
 

   

    

   

    

  

    
   

   
  

    
   

 
  

    
 

   

    
   

   
 

  

  
 

   

   

  

    
 

  

   
  

 
   

     
 

   

254. HELENA PEDERSEN The School and the 
Animal Other. An Ethnography of human-animal relations 
in education. Göteborg 2007 

255. ELIN ERIKSEN ØDEGAARD Meningsskaping 
i barnehagen. Innhold og bruk av barns og voksnes 
samtalefortellinger. Göteborg 2007 

256. ANNA KLERFELT Barns multimediala 
berättande. En länk mellan mediakultur och pedagogisk 
praktik. Göteborg 2007 

257. PETER ERLANDSON Docile bodies and 
imaginary minds: on Schön's reflection-in-action. Göteborg 
2007 

258. SONJA SHERIDAN OCH PIA WILLIAMS 
Dimensioner av konstruktiv konkurrens. Konstruktiva 
konkurrensformer i förskola, skola och gymnasium. 
Göteborg 2007 

259. INGELA ANDREASSON Elevplanen som text -
om identitet, genus, makt och styrning i skolans 
elevdokumentation. Göteborg 2007 

Editors: Jan-Eric Gustafsson, Annika Härenstam and 
Ingrid Pramling Samuelsson 

260. ANN-SOFIE HOLM Relationer i skolan. En 
studie av femininiteter och maskuliniteter i år 9. Göteborg 
2008 

261. LARS-ERIK NILSSON But can't you see they are 
lying: Student moral positions and ethical practices in the wake 
of technological change. Göteborg 2008 

262. JOHAN HÄGGSTRÖM Teaching systems of linear 
equations in Sweden and China: What is made possible to 
learn? Göteborg 2008 

263. GUNILLA GRANATH Milda makter! 
Utvecklingssamtal och loggböcker som disciplineringstekniker. 
Göteborg 2008  

264. KARIN GRAHN Flickor och pojkar i idrottens 
läromedel. Konstruktioner av genus i 
ungdomstränarutbildningen. Göteborg 2008. 

265. PER-OLOF BENTLEY Mathematics Teachers and 
Their Conceptual Models. A New Field of Research. 
Göteborg 2008 

266. SUSANNE GUSTAVSSON Motstånd och mening. 
Innebörd i blivande lärares seminariesamtal. Göteborg 2008 

267. ANITA MATTSSON Flexibel utbildning i 
praktiken. En fallstudie av pedagogiska processer i en 
distansutbildning med en öppen design för samarbetslärande. 
Göteborg 2008 

268. ANETTE EMILSON Det önskvärda barnet. 
Fostran uttryckt i vardagliga kommunikationshandlingar 
mellan lärare och barn i förskolan. Göteborg 2008 

269. ALLI KLAPP LEKHOLM Grades and grade 
assignment: effects of student and school charachterisitcs. 
Göteborg 2008 

270. ELISABETH BJÖRKLUND Att erövra 
litteracitet. Små barns kommunikativa möten med berättande, 
bilder, text och tecken i förskolan. Göteborg 2008 

271. EVA NYBERG Om livets kontinuitet. Undervisning 
och lärande om växters och djurs livscykler - en fallstudie i 
årskurs 5. Göteborg 2008 

272. CANCELLED 

273. ANITA NORLUND Kritisk sakprosaläsning i 
gymnasieskolan. Didaktiska perspektiv på läroböcker, lärare 
och nationella prov. Göteborg 2009 

274. AGNETA SIMEONSDOTTER SVENSSON 
Den pedagogiska samlingen i förskoleklasen. Barns olika sätt 
att erfara och hantera svårigheter. Göteborg 2009 

275. ANITA ERIKSSON Om teori och praktik i 
lärarutbildningen. En etnografisk och diskursanalytisk studie. 
Göteborg 2009 

276. MARIA HJALMARSSON Lärarprofessionens 
genusordning. En studie av lärares uppfattningar om 
arbetsuppgifter, kompetens och förväntningar. Göteborg 
2009. 

277. ANNE DRAGEMARK OSCARSON Self-
Assessement of Writing in Learning English as a Foreign 
Language. A Study at the Upper Secondary School Level. 
Göteborg 2009 

278. ANNIKA LANTZ-ANDERSSON Framing in 
Educational Practices. Learning Activity, Digital Technology 
and the Logic of Situated Action. Göteborg 2009 

279. RAUNI KARLSSON Demokratiska värden i 
förskolebarns vardag. Göteborg 2009 

280. ELISABETH FRANK Läsförmågan bland 9-10-
åringar. Betydelsen av skolklimat, hem- och skolsamverkan, 
lärarkompetens och elevers hembakgrund. Göteborg 2009 

281. MONICA JOHANSSON Anpassning och 
motstånd. En etnografisk studie av gymnasieelevers 
institutionella identitetsskapande. Göteborg 2009 

282. MONA NILSEN Food for Thought. Communication 
and the transformation of work experience in web-based in-
service training. Göteborg 2009 

283. INGA WERNERSSON (RED) Genus i förskola 
och skola. Förändringar i policy, perspektiv och praktik. 
Göteborg 2009 

284. SONJA SHERIDAN, INGRID PRAMLING 
SAMUELSSON & EVA JOHANSSON (RED) Barns 
tidiga lärande. En tvärsnittsstudie om förskolan som miljö för 
barns lärande. Göteborg 2009 

285. MARIE HJALMARSSON Lojalitet och motstånd -
anställdas agerande i ett föränderligt hemtjänstarbete. 
Göteborg 2009. 



      

  

    
 

 

    
  
  

 

  
          

 

  
  

 
  

 

   
   

 
 

 

  
 

 

   
   

  

  
 

 

  
  

  
 

  

 
 

  
  

 

 
  

  

   
 

 
  

   
  

     
   

    
  

     

  

   
  

  

  
  

 

   
 

  

  
   

   

   
   

  

     

 

   
 

 

     
 

 

     
  

    
    

 

     
  

  
 

    
  

  
   

  

     
 

     

 

   
 

286. ANETTE OLIN Skolans mötespraktik - en studie 
om skolutveckling genom yrkesverksammas förståelse. 
Göteborg 2009 

287. MIRELLA FORSBERG AHLCRONA 
Handdockans kommunikativa potential som medierande 
redskap i förskolan. Göteborg 2009 

288. CLAS OLANDER Towards an interlanguage of 
biological evolution: Exploring students´ talk and writing as 
an arena for sense-making. Göteborg 2010 

Editors: Jan-Eric Gustafsson, Åke Ingerman and
    Ingrid Pramling Samuelsson 

289. PETER HASSELSKOG Slöjdlärares 
förhållningssätt i undervisningen. Göteborg 2010 

290. HILLEVI PRELL Promoting dietary change. 
Intervening in school and recognizing health messages in 
commercials. Göteborg 2010 

291. DAVOUD MASOUMI Quality Within E-learning 
in a Cultural Context. The case of Iran. Göteborg 2010 

292. YLVA ODENBRING Kramar, kategoriseringar och 
hjälpfröknar. Könskonstruktioner i interaktion i förskola, 
förskoleklass och skolår ett. Göteborg 2010 

293. ANGELIKA KULLBERG What is taught and 
what is learned. Professional insights gained and shared by 
teachers of mathematics. Göteborg 2010 

294. TORGEIR ALVESTAD Barnehagens relasjonelle 
verden - små barn som kompetente aktører i produktive 
forhandlinger. Göteborg 2010 

295. SYLVI VIGMO New spaces for Language Learning. 
A study of student interaction in media production in English. 
Göteborg 2010 

296. CAROLINE RUNESDOTTER I otakt med tiden? 
Folkhögskolorna i ett föränderligt fält. Göteborg 2010 

297. BIRGITTA KULLBERG En etnografisk studie i en 
thailändsk grundskola på en ö i södra Thailand. I sökandet 
efter en framtid då nuet har nog av sitt. Göteborg 2010 

298. GUSTAV LYMER The work of critique in 
architectural education. Göteborg 2010 

299. ANETTE HELLMAN Kan Batman vara rosa? 
Förhandlingar om pojkighet och normalitet på en förskola. 
Göteborg 2010 

300. ANNIKA BERGVIKEN-RENSFELDT 
Opening higher education. Discursive transformations of 
distance and higher education government. Göteborg 2010 

301. GETAHUN YACOB ABRAHAM Education for 
Democracy? Life Orientation: Lessons on Leadership 
Qualities and Voting in South African Comprehensive 
Schools. Göteborg 2010 

302. LENA SJÖBERG Bäst i klassen? Lärare och elever i 
svenska och europeiska policytexter. Göteborg 2011 

303. ANNA POST Nordic stakeholders and sustainable 
catering. Göteborg 2011  

304. CECILIA KILHAMN Making Sense of Negative 
Numbers. Göteborg 2011 

305. ALLAN SVENSSON (RED) Utvärdering Genom 
Uppföljning. Longitudinell individforskning under ett 
halvsekel. Göteborg 2011 

306. NADJA CARLSSON I kamp med skriftspråket. 
Vuxenstuderande med läs- och skrivsvårigheter i ett 
livsvärldsperspektiv. Göteborg 2011 

307. AUD TORILL MELAND Ansvar for egen læring. 
Intensjoner og realiteter ved en norsk videregående skole. 
Göteborg 2011 

308. EVA NYBERG Folkbildning för demokrati. 
Colombianska kvinnors perspektiv på kunskap som 
förändringskraft. Göteborg 2011 

309. SUSANNE THULIN Lärares tal och barns 
nyfikenhet. Kommunikation om naturvetenskapliga innehåll i 
förskolan. Göteborg 2011 

310. LENA FRIDLUND Interkulturell undervisning – 
ett pedagogiskt dilemma. Talet om undervisning i svenska som 
andraspråk och i förberedelseklass. Göteborg 2011 

311. TARJA ALATALO Skicklig läs- och 
skrivundervisning i åk 1-3. Om lärares möjligheter och hinder. 
Göteborg 2011 

312. LISE-LOTTE BJERVÅS Samtal om barn och 
pedagogisk dokumentation som bedömningspraktik i 
förskolan. En diskursanalys. Göteborg 2011 

313. ÅSE HANSSON Ansvar för matematiklärande. 
Effekter av undervisningsansvar i det flerspråkiga 
klassrummet. Göteborg 2011 

314. MARIA REIS Att ordna, från ordning till ordning. 
Yngre förskolebarns matematiserande. Göteborg 2011 

315. BENIAMIN KNUTSSON Curriculum in the Era 
of Global Development – Historical Legacies and 
Contemporary Approaches. Göteborg 2011 

316. EVA WEST Undervisning och lärande i 
naturvetenskap. Elevers lärande i relation till en 
forskningsbaserad undervisning om ljud, hörsel och hälsa. 
Göteborg 2011 

317. SIGNILD RISENFORS Gymnasieungdomars 
livstolkande. Göteborg 2011 

318. EVA JOHANSSON & DONNA 
BERTHELSEN (Ed.) Spaces for Solidarity and 
Individualism in Educational Contexts. Göteborg 2012 

319. ALASTAIR HENRY L3 Motivation. Göteborg 
2012 

320. ANN PARINDER Ungdomars matval – 
erfarenheter, visioner och miljöargument i eget hushåll. 
Göteborg 2012 

321. ANNE KULTTI Flerspråkiga barn i förskolan: 
Villkor för deltagande och lärande. Göteborg 2012 



    
    

  
 

   
  

 
   

 

  
  

  
 

 

   
 

  

  
   

 

   
 

  

    
   

 

   
  

 
   

  

   
    

   

   
  

   
 

 

 
 

   

  
 

  
  

 

  
          

 

   
 

 
 

 

    
 

  

 
   

   

 
 

  

  
 

  

   
 

  

  
  

 

   
 

  
  

  
     

 
  

   
  

 

   
  

 
  

 

    
  

 

  
 

 

   
  

 

  

   
   

322. BO-LENNART EKSTRÖM Kontroversen om 
DAMP. En kontroversstudie av vetenskapligt gränsarbete och 
översättning mellan olika kunskapsparadigm. Göteborg 
2012 

323. MUN LING LO Variation Theory and the 
Improvement of Teaching and Learning. Göteborg 2012 

324. ULLA ANDRÉN  Self-awareness and self-knowledge 
in professions. Something we are or a skill we learn. 
Göteborg 2012 

325. KERSTIN SIGNERT Variation och invarians i 
Maria Montessoris sinnestränande materiel. Göteborg 2012 

326. INGEMAR GERRBO Idén om en skola för alla 
och specialpedagogisk organisering i praktiken. Göteborg 
2012 

327. PATRIK LILJA Contextualizing inquiry. 
Negotiations of tasks, tools and actions in an upper secondary 
classroom. Göteborg 2012 

328. STEFAN JOHANSSON On the Validity of 
Reading Assessments: Relationships Between Teacher 
Judgements, External Tests and Pupil Self-assessments. 
Göteborg 2013 

329. STEFAN PETTERSSON Nutrition in Olympic 
Combat Sports. Elite athletes’ dietary intake, hydration status 
and experiences of weight regulation. Göteborg 2013 

330. LINDA BRADLEY Language learning and 
technology – student activities in web-based environments. 
Göteborg 2013 

331. KALLE JONASSON Sport Has Never Been 
Modern. Göteborg 2013 

332. MONICA HARALDSSON STRÄNG  Yngre 
elevers lärande om natur. En studie av kommunikation om 
modeller i institutionella kontexter. Göteborg 2013 

333. ANN VALENTIN KVIST Immigrant Groups and 
Cognitive Tests – Validity Issues in Relation to Vocational 
Training. Göteborg 2013 

334. ULRIKA BENNERSTEDT Knowledge at play. 
Studies of games as members’ matters. Göteborg 2013 

335. EVA ÄRLEMALM-HAGSÉR Engagerade i 
världens bästa? Lärande för hållbarhet i förskolan. 
Göteborg 2013 

336. ANNA-KARIN WYNDHAMN  Tänka fritt, 
tänka rätt. En studie om värdeöverföring och kritiskt 
tänkande i gymnasieskolans undervisning. Göteborg 2013 

337. LENA TYRÈN ”Vi får ju inte riktigt 
förutsättningarna för att genomföra det som vi vill.” En studie 
om lärares möjligheter och hinder till förändring och förbättring 
i praktiken. Göteborg 2013 

Editors: Jan-Eric Gustafsson, Åke Ingerman and
    Pia Williams 

338. ANNIKA LILJA Förtroendefulla relationer mellan 
lärare och elev. Göteborg 2013 

339. MAGNUS LEVINSSON Evidens och existens. 
Evidensbaserad undervisning i ljuset av lärares erfarenheter. 
Göteborg 2013 

340. ANNELI SCHWARTZ Pedagogik, plats och 
prestationer. En etnografisk studie om en skola i förorten. 
Göteborg 2013 

341. ELISABET ÖHRN och LISBETH LUNDAHL 
(red) Kön och karriär i akademin. En studie inom det 
utbildningsvetenskapliga fältet. Göteborg 2013 

342. RICHARD BALDWIN  Changing practice by 
reform. The recontextualisation of the Bologna process in 
teacher education. Göteborg 2013 

343. AGNETA JONSSON  Att skapa läroplan för de 
yngsta barnen i förskolan. Barns perspektiv och nuets 
didaktik. Göteborg 2013 

344. MARIA MAGNUSSON Skylta med kunskap. En 
studie av hur barn urskiljer grafiska symboler i hem och 
förskola. Göteborg 2013 

345. ANNA-LENA LILLIESTAM Aktör och struktur 
i historieundervisning. Om utveckling av elevers historiska 
resonerande. Göteborg 2013 

346. KRISTOFFER LARSSON Kritiskt tänkande i 
grundskolans samhällskunskap. En fenomenografisk studie 
om manifesterat kritiskt tänkande i samhällskunskap hos 
elever i årskurs 9. Göteborg 2013 

347. INGA WERNERSSON och INGEMAR 
GERRBO (red) Differentieringens janusansikte. En 
antologi från Institutionen för pedagogik och specialpedagogik 
vid Göteborgs universitet. Göteborg 2013 

348. LILL LANGELOTZ Vad gör en skicklig lärare? 
En studie om kollegial handledning som utvecklingspraktik. 
Göteborg 2014 

349. STEINGERDUR OLAFSDOTTIR Television 
and food in the lives of young children. Göteborg 2014 

350. ANNA-CARIN RAMSTEN  Kunskaper som 
byggde folkhemmet. En fallstudie av förutsättningar för lärande 
vid teknikskiften inom processindustrin. Göteborg 2014 

351. ANNA-CARIN BREDMAR Lärares arbetsglädje. 
Betydelsen av emotionell närvaro i det pedagogiska arbetet. 
Göteborg 2014 

352. ZAHRA BAYATI ”den Andre” i lärarutbildningen. 
En studie om den rasifierade svenska studentens villkor i 
globaliseringens tid. Göteborg 2014 

353 ANDERS EKLÖF Project work, independence and 
critical thinking. Göteborg 2014 

354 EVA WENNÅS BRANTE Möte med multimodalt 
material. Vilken roll spelar dyslexi för uppfattandet av text 
och bild? Göteborg 2014 

355 MAGNUS FERRY Idrottsprofilerad utbildning – i 
spåren av en avreglerad skola. Göteborg 2014 



   
  

 

   
 

  
 

 
  
  

  
 

  

   
   

 

  
 

 

     
  

   

  
   

   

   
  

 

  
 

 
 

 

    

  

 
 

  
  

  
 

   
  

 

  
  

  

     
  

  
 

   
 

 

    
 

 

  
 

    

   
 

 

     
 

 

   
 

 

   
  
 

   
   

  

  
  

    
  

 

   
 

   
 

 

   
 

 

 
 

 
 

 

   
 

 
 

   
              

356 CECILIA THORSEN Dimensionality and Predictive 
validity of school grades: The relative influence of cognitive and 
socialbehavioral aspects. Göteborg 2014 

357 ANN-MARIE ERIKSSON Formulating 
knowledge. Engaging with issues of sustainable development 
through academic writing in engineering education. 
Göteborg 2014 

358 PÄR RYLANDER  Tränares makt över spelare i 
lagidrotter: Sett ur French och Ravens maktbasteori. 
Göteborg 2014 

359 PERNILLA ANDERSSON VARGA 
Skrivundervisning i gymnasieskolan. Svenskämnets roll i den 
sociala reproduktionen. Göteborg 2014 

360 GUNNAR HYLTEGREN Vaghet och vanmakt 
- 20 år med kunskapskrav i den svenska skolan. 
Göteborg 2014 

361 MARIE HEDBERG Idrotten sätter agendan. 
En studie av Riksidrottsgymnasietränares handlande utifrån 
sitt dubbla uppdrag. Göteborg 2014 

362 KARI-ANNE JøRGENSEN  What is going on out 
there? - What does it mean for children's experiences when the 
kindergarten is moving their everyday activities into the nature -
landscapes and its places? Göteborg 2014 

363 ELISABET ÖHRN och ANN-SOFIE HOLM 
(red) Att lyckas i skolan. Om skolprestationer och kön i 
olika undervisningspraktiker. Göteborg 2014 

364 ILONA RINNE Pedagogisk takt i betygssamtal. 
En fenomenologisk hermeneutisk studie av gymnasielärares och 
elevers förståelse av betyg. Göteborg 2014 

365 MIRANDA ROCKSÉN Reasoning in a Science 
Classroom. Göteborg 2015 

366 ANN-CHARLOTTE BIVALL Helpdesking: 
Knowing and learning in IT support practices. 
Göteborg 2015 

367 BIRGITTA BERNE Naturvetenskap möter etik. En 
klassrumsstudie av elevers diskussioner om samhällsfrågor 
relaterade till bioteknik. Göteborg 2015 

368 AIRI BIGSTEN Fostran i förskolan. 
Göteborg 2015 

369 MARITA CRONQVIST Yrkesetik i lärarutbildning 
- en balanskonst. Göteborg 2015 

370 MARITA LUNDSTRÖM Förskolebarns strävanden 
att kommunicera matematik. Göteborg 2015 

371 KRISTINA LANÅ Makt, kön och diskurser. 
En etnografisk studie om elevers aktörsskap och 
positioneringar i undervisningen. Göteborg 2015 

372 MONICA NYVALLER Pedagogisk utveckling 
genom kollegial granskning: Fallet Lärande Besök utifrån 
aktör-nätverksteori. Göteborg 2015 

373 GLENN ØVREVIK KJERLAND 
Å lære å undervise i kroppsøving. Design for utvikling 
av teoribasert undervisning og kritisk refleksjon i 
kroppsøvingslærerutdanningen. Göteborg 2015 

374 CATARINA ECONOMOU ”I svenska två vågar 
jag prata mer och så”. En didaktisk studie om skolämnet 
svenska som andraspråk. Göteborg 2015 

375 ANDREAS OTTEMO Kön, kropp, begär och 
teknik: Passion och instrumentalitet på två tekniska 
högskoleprogram. Göteborg 2015 

376 SHRUTI TANEJA JOHANSSON Autism-in-
context. An investigation of schooling of children with a 
diagnosis of autism in urban India. Göteborg 2015 

377 JAANA NEHEZ Rektorers praktiker i möte med 
utvecklingsarbete. Möjligheter och hinder för planerad 
förändring. Göteborg 2015 

378 OSA LUNDBERG Mind the Gap – Ethnography 
about cultural reproduction of difference and disadvantage in 
urban education. Göteborg 2015 

379 KARIN LAGER I spänningsfältet mellan kontroll 
och utveckling. En policystudie av systematiskt kvalitetsarbete i 
kommunen, förskolan och fritidshemmet. Göteborg 2015 

380 MIKAELA ÅBERG Doing Project Work. 
The Interactional Organization of Tasks, Resources, and 
Instructions. Göteborg 2015 

381 ANN-LOUISE LJUNGBLAD Takt och hållning 
- en relationell studie om det oberäkneliga i matematik-
undervisningen. Göteborg 2016 

382 LINN HÅMAN  Extrem jakt på hälsa. En 
explorativ studie om ortorexia nervosa. Göteborg 2016 

383 EVA OLSSON On the impact of extramural English 
and CLIL on productive vocabulary. 
Göteborg 2016 

384 JENNIE SIVENBRING I den betraktades ögon. 
Ungdomar om bedömning i skolan. Göteborg 2016 

385 PERNILLA LAGERLÖF Musical play. Children 
interacting with and around music technology. 
Göteborg 2016 

386 SUSANNE MECKBACH Mästarcoacherna. Att 
bli, vara och utvecklas som tränare inom svensk elitfotboll. 
Göteborg 2016 

387 LISBETH GYLLANDER TORKILDSEN 
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