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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.
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Background
Exercise training has been shown to reduce
the risk of several lifestyle-related diseases
and to improve mood, well-being and physical 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 findings?
►► The target population of an exercise intervention

might be difficult 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 challenge the interpretations of a randomised controlled
trial with the aim of studying physiological response
to acute stress.

How might it impact on clinical practice?
►► When planning a randomised controlled exercise in-

tervention trial, fitness levels should be objectively
measured.
►► The primary outcome measure should be measurable and possibility of detecting changes over time
should be present.

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 hypothesis 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 crossstressor adaptation proposes that similar
adaptations are also seen in trained individuals during acute psychosocial stress.9 The
adaptations are suggested to occur partly on
brain level, by regulations of neuroendocrine

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

1

BMJ Open Sport Exerc Med: first published as 10.1136/bmjsem-2018-000393 on 21 August 2018. Downloaded from http://bmjopensem.bmj.com/ on November 14, 2019 by guest. Protected
by copyright.

Open access

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-sectional 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 methodological 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 intervention 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 laboratory 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 anthropometric 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
2

Box 1 Inclusion and exclusion criteria for the randomised
controlled trial
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).
2
►► BMI<18.5or>35kg/m .
►► Medication with beta-blockers, psychopharmacological drugs, glu-

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

(VO2 peak) test and a psychosocial stress test (see below
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 VO2 peak test, cognitive testing and filling out
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 VO2 peak test was performed at the Centre for
Health and Performance at the University of Gothenburg. 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
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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 presence 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 VO2 peak test) 80% of the work out
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 participants 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.
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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.

Statistics
All randomised participants will be included in initial
analyses according to the intention-to-treat procedure. 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, VO2 peak and time-to-exhaustion analyses are
presented as means and SD. Group differences at baseline were analysed using independent samples t-tests.
ACTH was not normally distributed, but logarithmic
transformation enabled the use of a parametric analysis. 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.

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 peripheral 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 immunoradiometric assay (limit of detection, 0.4pmol/L) (CIS
bio International, Gif-sur-Yvette Cedex, France). Serum
concentrations of cortisol were measured by electrochemiluminescence 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 Stressfulness (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 Questionnaire 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

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 VO2 peak values for different
age groups among included participants are shown in
table 3.

Table 1 Basic characteristics of the participants at baseline
Control group
n

Mean

SD

n

Mean

SD

52
52

40
33/34

7.8

67
67

38
25/27

7.2

52

25.3

4.2

67

24.8

3.3

min ) 48
52

32.9
7:22

6.01
2:23

61
67

34.2
7:39

7.1
2:19

Age (years)
sex (n ♀/ ♂)
BMI (kg/m)
−1

VO22 peak (mL kg
TTE (min:sec)

Intervention group

−1

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
Responders

n

Answered
the screening
questionnaire 234
Included in
the study
119

S

LPA

MVPA

n (%)

n (%)

n (%)

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)
2

n

♀ (SD)

n

♂ (SD)

20–29
30–39
40–50

11
19
28

36.0(8.7)
30.5(8.5)
29.4(4.7)

5
25
31

37.3(6.1)
38.5(7.5)
34.9(5.5)

Age group

189(76.5 %)

47(20 %)

106(89 %)

13(11 %)

8(3.5 %)

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

♂, men; ♀, women.
*
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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 adaptation hypothesis’ will be tested in an RCT design.9 The
theory of cross-stressor adaptation suggests that adaptation will be seen regarding the response of the HPA axis
and the autonomic nervous system during acute psychosocial 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 considerably 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 methodological 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 variation in the reaction pattern between individuals could
partly explain the large variation seen in different previously 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 exclusion 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
6

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 Physical 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 VO2 peak in the general population,30 male participants 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 hereditary component of aerobic fitness (VO2 peak) showing
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 difficulties 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 methodological 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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