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ABSTRACT
Exercise at a self-selected intensity has been shown to reliably improve affect, but its effect on state anxiety has not been rigorously

investigated. Further, the postulated role of anxiety sensitivity within the anxiolytic effect of exercise is not yet fully understood. This

study investigated the effect of an acute bout of self-selected intensity exercise on anxiety, anxiety sensitivity, and affect. Inactive

adults (n= 39) with elevated trait anxiety (Spielberger Trait Anxiety Inventory score ≥ 40) were randomised to undertake either

20 min of self-selected intensity aerobic exercise or static stretching (comparison group). State anxiety and anxiety sensitivity were

measured before and after exercise. Affect was measured before, during, and after exercise. Results showed that the aerobic group

selected a vigorous intensity (81–83%HRpeak), while the stretching group exercised at a significantly lower intensity (45–48%HRpeak).

From pre- to post-exercise, state anxiety significantly decreased (p = 0.002, η2= 0.12) and affect was significantly more positive

(p = 0.02, η2= 0.07) across all participants. There were no significant changes to anxiety sensitivity. Results suggest that moderately

anxious individuals self-select a vigorous aerobic exercise intensity that results in improvements in state anxiety and affect to the

same extent as static stretching of low intensity. Changes to anxiety sensitivity do not appear to explain these effects.

1 | Introduction

Elevated anxiety can reduce an individual’s capacity for daily
functioning and increase their risk of developing an anxiety
disorder (Pine et al. 1998; Merikangas et al. 2010). Notably, 16%
of New Zealand’s population regularly experience moderate-to-
high levels of state anxiety (Every-Palmer et al. 2020), although
not all have a clinical diagnosis and would instead be
described as having subclinically elevated anxiety. Systematic
review evidence has demonstrated the potential for an acute bout
of exercise to reduce state anxiety and highlights the variety
of exercise modalities, intensities, and durations that can be
effective (Petruzzello et al. 1991; Ensari et al. 2015; Connor
et al. 2023). For example, 20 to 30 min of moderate-to-vigorous

intensity aerobic exercise (e.g. Cooper and Tomporowski 2017;

Herzog et al. 2022) has been demonstrated to reduce state anxi-

ety, as well as both lower (e.g. Breus and O’Connor 1998) and
higher (e.g. Cox et al. 2004) intensities. As many different exer-
cise stimuli have been effective in reducing anxiety, it may be
appropriate to utilise self-selected exercise intensities. A self-
selected exercise intensity is likely valuable for decreasing state
anxiety because it accounts for individual preferences, and
minimises the risk of experiencing negative affective responses
during and following exercise, supporting overall positive psy-
chological wellbeing (Jung et al. 2014). However, this approach
has yet to be sufficiently investigated with respect to its potential
to result in state anxiety reductions.
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Although underutilised in the exercise-anxiety literature, the
use of self-selected intensities as a means of improving
affect—a key component of psychological well-being—is well
established (e.g. Rose and Parfitt 2007; Ekkekakis et al. 2013;
Jones and Zenko 2023). The Dual Mode Model (Ekkekakis
2003) explains how the balance of the physiological symptoms
of exercise (interoceptive cues) and cognitive appraisal are instru-
mental in forming affective responses to exercise. The contribution
of each varies according to exercise intensity. Physiological signals
from the body increase their dominance as intensity increases
from moderate to higher intensities (classed as at and above ven-
tilatory/anaerobic threshold [VT]), while intensities below and up
to VT rely more heavily on an individual’s cognitive appraisal for
the affective response (see Ekkekakis 2003 and Williams 2008 for
further details). When self-selecting an intensity, individuals tend
to self-select a moderate intensity around VT (e.g. Rose and Parfitt
2012; Hamlyn-Williams et al. 2014; Zenko et al. 2020). It is pro-
posed that this occurs as individuals appraise the exercise, includ-
ing the interoceptive cues, to select an intensity that will result in a
positive affective response (Rose and Parfitt 2007).

The effect of self-selected exercise intensities to improve anxiety is
less well established. Four previous studies have investigated the
effect of self-selected intensity exercise on anxiety, three in univer-
sity aged students (Focht and Hausenblas 2001; Szabo 2003; Meier
and Welch 2016) and one in a group with clinical anxiety (Knapen
et al. 2009). However, none of the studies adequately reported the
intensity of exercise chosen. Two demonstrated the anxiolytic effect
of exercise at a ‘preferred’ intensity, but the authors did not describe
the specific intensity participants selected (Focht and Hausenblas
2001; Szabo 2003). In further analysis, Focht and Hausenblas
(2001) showed that improvements to state anxiety were restricted
to those with higher levels of state anxiety at baseline, likely due
to floor effects in those with lower anxiety levels. Meier and
Welch (2016) utilised walking at a self-selected intensity in students
with elevated anxiety. They did not report the intensity selected and
found no effect of the walking on state anxiety, suggesting that an
intensity higher than what can be achieved by walking may be nec-
essary. Lastly, Knapen et al. (2009) evaluated the effect of self-
selected intensity exercise on state anxiety in a sample of individuals
with a clinical diagnosis of depression or anxiety. While significant
improvements in state anxiety were observed, exercise intensity was
reported as absolute (beats per minute), rather than as a percentage
of their maximum heart rate. However, by considering the average
age of participants, it appears that they exercised at an intensity
approximately 77% of age predicted-HRmax. Consequently, no
study including participants with subclinically elevated anxiety
has appropriately evaluated the intensity participants select to exer-
cise at, nor the influence this may have on state anxiety.

In those with elevated trait anxiety, it is also common to experi-
ence worry about anxiety symptoms, termed anxiety sensitivity
(McLaughlin and Hatzenbuehler 2009; Naragon-Gainey 2010).
Anxiety sensitivity is a modifiable trait-like factor (Robinson
and Freeston 2014) heavily implicated in the advancement of
anxiety, with anxiety sensitivity accounting for over a third of
anxiety disorder symptomology (Abrantes et al. 2012; Robinson
and Freeston 2014). While conceptualised as a trait-like construct
(Robinson and Freeston 2014), anxiety sensitivity has been
shown to respond to acute interventions, reinforcing its modifi-
able nature (e.g. Mason and Asmundson 2018). Anxiety sensitiv-
ity can be measured as a single overarching construct and is often

measured using the Anxiety Sensitivity Index 3 (ASI-3; Taylor et al.
2007). The ASI-3 is broken down into three sub-scales of cognitive,
social, and physical symptoms. Cognitive anxiety sensitivity is asso-
ciated with worry about severe mental illness, while the social
domain concerns fear around social judgement or rejection.
Physical anxiety sensitivity relates to specific concerns about the
consequences of bodily anxiety symptoms, for example fear that
a racing heart will lead to a heart attack. As exercise can elicit
many of these same physical symptoms in a different context to
anxiety (Wallman-Jones et al. 2021), it has been postulated that
exercise participation may reduce anxiety sensitivity and lead to
improved overall anxiety (Sabourin et al. 2015).

Previous research has shown an acute bout of exercise can reduce
overall anxiety sensitivity (LeBouthillier and Asmundson 2015;
Mason and Asmundson 2018), with higher intensities (e.g. sprint
intervals at ≥85% age predicted-HRmax) necessary to specifically
reduce the physical domain (Mason and Asmundson 2018).
Despite the potential benefits of high intensity exercise for anxiety
sensitivity, those with elevated anxiety sensitivity self-report less
engagement in high intensity physical activity—this could be
explained by a desire to avoid the arousal experience of exercise
and the symptoms it generates (McWilliams and Asmundson
2001). However, when allowed to self-select their intensity, indi-
viduals appear more tolerant to vigorous exercise (Ekkekakis et al.
2011). This may mean that they are more likely to approach the
intensity required to reduce anxiety sensitivity with less worry,
likely due to enhanced feelings of control (Vazou-Ekkekakis
and Ekkekakis 2009). Further, as intensity self-selection during
exercise is thought to involve the monitoring of afferent signals
from the cardiorespiratory and muscular systems (Roelands
et al. 2013; Avancini et al. 2025), self-selected intensity exercise
may encourage a focus towards—and reappraisal of—afferent
physiological signals. The focus towards the exercise itself may
be key, as interoceptive interventions utilising 90 s of self-induced
hyperventilation that aimed to reduce anxiety sensitivity were
only found to be effective when coupled with cognitive restructur-
ing tasks (Carter et al. 1999). While our present study does not
contain a specific cognitive restructuring task, this may be implic-
itly encouraged by the process of self-selecting an intensity.
Moreover, as the individual is likely to be experiencing a positive
affective response, they may reflect upon these symptomswith less
associated anxiety. However, no studies have yet investigated the
effect of self-selected intensity exercise on anxiety sensitivity. For
exercise to encourage the reappraisal of physical sensations
required to reduce anxiety sensitivity as a contributing factor
towards improvements in state anxiety, participants may need
to 1) reach an intensity sufficient to produce the anxiety-like phys-
ical sensations, 2) pay particular attention to these symptoms
while exercising, and 3) feel that they are in control of, and have
the capability to manipulate, the symptoms arising in their bodies.

Therefore, the objectives of this study were to investigate 1) how
self-selected intensity aerobic exercise (compared to stretching)
influenced state anxiety, anxiety sensitivity, and affect; 2) the
intensity that inactive individuals with elevated levels of trait
anxiety will self-select in the aerobic condition, and if intensity
changes over the exercise bout; and 3) whether participants are
paying specific attention to the exercise or not, and if they report
feeling in control of their body symptoms. It was hypothesised
that the individuals in the aerobic condition would select a mod-
erate exercise intensity at approximately VT, resulting in a

2 of 11 Journal of the Royal Society of New Zealand, 2026

 11758899, 2026, 1, D
ow

nloaded from
 https://rsnz.onlinelibrary.w

iley.com
/doi/10.1002/snz2.70001 by E

T
H

 Z
ürich, W

iley O
nline L

ibrary on [16/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



decrease in state anxiety and more positive affect from pre- to
post-exercise. Participants in the stretching group were also
expected to experience a decrease in state anxiety and more pos-
itive affect from pre- to post-exercise, although to a lesser extent
than the aerobic group. Changes in affect between groups and
over time during exercise were also explored. If the exercise
intensity chosen in the aerobic condition was high enough to
elicit improvements in anxiety sensitivity, it was expected that
the aerobic group would experience greater reductions in the
physical domain of anxiety sensitivity compared to the stretching
group due to the differing salience of interoceptive signals pres-
ent with aerobic exercise. Further, throughout exercise, it was
expected that participants in the aerobic group would report
more associative thoughts and less control of their body symp-
toms compared to the stretching group.

2 | Methods

2.1 | Participants

Participants were recruited through social media advertising,
email advertisements across university department mailing lists,
posters within student residential halls, and through a research
participation system which offered credit to undergraduate psy-
chology students. All interested participants were directed to a

pre-screening survey. To be eligible for the study, participants were
required to score ≥ 40 on the trait scale of the Spielberger state-
trait anxiety inventory (STAI-T; Spielberger et al. 1983)
indicating above average trait anxiety levels (Skapinakis 2014).
In addition, participants had to be aged 18–46 years old (due to
alterations in anxiety experiences that can occur through
menopause; Alblooshi et al. 2023), have exercised less than once
a week on average over the last 6 months, have no chronic medical
disorders, not be taking regular medications, did not smoke or
vape more than once a week, and had no contraindications to
exercise as determined by the Physical Activity Readiness
Questionnaire (Warburton et al. 2011). As shown in Figure 1,
550 individuals expressed interest in participating and completed
an online pre-screening questionnaire which contained the meas-
ures to assess eligibility (i.e. pre-screening questions as well as
STAI-T and PAR-Q+ questionnaires). Of those 550 who completed
the pre-screening questionnaire, 78 were eligible and 39 competed
the protocol. The sample size recruited allowed for 90% power to
detect a moderate effect size of f= 0.4 (derived from previous
literature; Broman-Fulks et al. 2015) using a 2× 2 repeated meas-
ures ANOVA with a two tailed alpha of 0.05 (calculated using
G*Power; Faul et al. 2007).

Once participants were recruited, they were assigned an identifica-
tion number (ID) that had previously been randomly assigned to
either the aerobic (AER) or stretching (STR) condition through a

FIGURE 1 | Flow diagram of participants throughout study progression.

Note: *Multiple participants met more than one exclusion criterion.
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Microsoft Excel matrix. Blinding could not occur at either the
researcher or participant level due to the demands of the researcher
to deliver the experimental activities. However, participants were
not aware if the protocol they completed was intended to be the
active/exercising group or the comparison group.

2.2 | Measures

2.2.1 | State–Trait Anxiety

Both state and trait anxiety were assessed using the State–Trait
Anxiety Inventory (STAI; Spielberger et al. 1983). The STAI is
made up of two 20-item subscales: state and trait anxiety.
Each item asks how much the individual agrees with each
item either ‘at the present moment’ to indicate state anxiety, or
‘generally’ to indicate trait anxiety. Participants responded on a
4-point Likert scale, ranging from 1 (not at all, state; almost
never, trait) to 4 (very much so, state; almost always, trait).
Ten of the state items and nine of the trait items are inversely
scored. Individual responses for each subscale were summed
with potential scores ranging from 20 to 80, where a score above
40 on either scale was taken as indicative of moderate anxiety
(Skapinakis 2014). The STAI-T has shown high test–retest reli-
ability (0.97; Metzger 1976), while the STAI-S has demonstrated
reliable discrimination between individuals in high- and low-
stress settings (Metzger 1976; Skapinakis 2014).

2.2.2 | Anxiety Sensitivity

Anxiety sensitivity was assessed using the Anxiety Sensitivity
Index-3 (ASI-3; Taylor et al. 2007). The ASI-3 comprises 18 items
that concern an individual’s appraisal of an experience or emo-
tion they may experience, for example ‘it scares me when my
heart beats rapidly’. Each item in the index relates to one of
the three domains of anxiety sensitivity: cognitive, social, physi-
cal. Participants indicated the extent to which they agree or dis-
agree with each item on a five-point Likert scale which ranges
from 0 (don’t agree at all) to 4 (completely agree). Additional
anchors are agree a little (1), partly agree (2), and pretty much
agree (3). The index was scored according to overall anxiety sen-
sitivity and as scores for the three domains/components. Scoring
for both the total score and domains/components was achieved
by summing responses to relevant items. Each subscale has 6
items giving a potential total ranging from 0 to 24; overall anxiety
sensitivity score ranges from 0 to 72. An overall anxiety sensitiv-
ity score of ≥23 is considered to represent high overall anxiety
sensitivity (Olthuis et al. 2014). The ASI-3 has been shown to
demonstrate sound construct validity with appropriate reliability
(reliability coefficient= 0.85; Kemper et al. 2012).

2.2.3 | Affect

The Feeling Scale (FS; Hardy and Rejeski 1989) measured each
participant’s affective valence, capturing their broad sense of
pleasure or displeasure (Hardy and Rejeski 1989). Participants
indicated how they felt on a scale from+ 5 (very good), to −5
(very bad) with additional anchors at+ 3 (good), +1 (fairly good),
0 (neutral), −1 (fairly bad), and 3 (bad). The Feeling Scale
has demonstrated appropriate construct validity, including a
0.41–0.59 correlation with the valence scale of the Affect Grid
(Van Landuyt et al. 2000), and is widely utilised when research-
ing affective responses to exercise (Bok et al. 2022).

2.2.4 | Ratings of Perceived Exertion

The Borg Ratings of Perceived Exertion (RPE) Scale (Borg 1970)
is widely used within exercise settings to indicate how hard the
individual feels they are exercising. The scale ranges from 6 to 20
with anchors placed at 7 (very, very light), 9 (very light), 11 (fairly
light), 13 (somewhat hard), 15 (hard), 17 (very hard), and 19
(very, very hard). The scale is widely used and is recognised to
have good validity across a variety of populations (0.8–0.9;
Chen et al. 2002) and is reliable (Ritchie 2012).

2.2.5 | Measures of Control of Body Symptoms and
Perceived Association/Dissociation

Visual analogue scales similar to those previously used in Baden
et al. (2004) were utilised to assess individuals’ perceived control
of their body symptoms and the perceived proportion of associa-
tive/dissociative thought content of the previous few thoughts.
A score of zero represents entirely associative thoughts, or com-
plete control, and ten represents entirely dissociative thoughts, or
completely out of control. The scales were explained to partici-
pants prior to measurement. Associative thoughts were explained
as those relating to the body and the feelings they had in their
body during exercise, with examples such as feeling their heart
rate or noticing discomfort in an area of their body. Dissociative
thoughts were described as those unrelated to the body or ‘day-
dreaming’. It was explained that if a thought begins as associative
(e.g. this hurts my feet), but the following thoughts become dis-
sociative (e.g. maybe I should get new shoes, I’ll go on Saturday,
etc.), only the original thought is associative, and the overall pro-
portion may be more dissociative. Control of body symptoms was
described as their perceived ability to manipulate or contain their
body symptoms with the example of feeling able to speed up or
slow down their breathing if they desired to, if they were able to
manipulate their breath this would indicate control, whereas an
inability represented a lack of control.

2.3 | Procedures

Participants completed two individual sessions within 3–7 days
of each other. The format of each session is shown in Figure 2.
Session one was the aerobic exercise or stretching session, and in
session two participants undertook a graded exercise test to
enable the exercise intensity of session one to be quantified
according to VT and maximal exercise capacity. When partici-
pants arrived at the laboratory for the first session, their eligibility
was confirmed. They were then briefed on the first session’s
structure and fitted with a Polar H10 heart rate monitor
(Polar H10, Polar Electro inc., Port Washington, NY) to be worn
throughout the exercise session. Prior to beginning the exercise,
participants completed the STAI-S, ASI-3, and FS. Following this,
the RPE, control of body symptoms, and associative/dissociative
thoughts measures were explained to the participant, with time
to ask questions. The participant then engaged in their respective
exercise bout. RPE, FS, control of body symptoms, and propor-
tion of associative thought were collected prior to beginning exer-
cise (0 min), halfway through (10 min), and at the end (20 min) of
the exercise bout. Note that the aerobic group also included a
5-min warm-up prior to the exercise starting and 5-min cool-
down period following cessation of the exercise for safety precau-
tions, where warm-up and cool-down time were not included in
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the ‘exercise bout’ when determining timing of scales (i.e. for
halfway and end measures). Participants were informed when
the warm-up and cool-down periods started and finished. No less
than 5 min following the cessation of the exercise bout partici-
pants repeated the STAI-S, ASI-3, and FS. Both experimental
sessions were completed in a controlled laboratory with no
music provided and only the participant and two researchers
present. Heart rate was recorded continuously to assess changes
to the selected intensity across time. Data related to treadmill
incline/speed or cycle power output were not recorded.

2.3.1 | Self-Selected Intensity Aerobic Group

Participants selected whether they completed the session on a
cycle ergometer or a treadmill. Of the 19 participants in this
group, 11 chose the stationary cycle. Participants were shown
how to manipulate the intensity on their chosen equipment
and were instructed to exercise at a self-selected intensity using
an adaptation of the instructions used by Zenko et al. (2020).
Specifically, participants were told:

“For today’s exercise session, you will be exercising for

30 minutes including a five minute warm-up and cool-

down. I’ll be asking you questions about how you feel

and how hard you perceive the exercise to be. I’ll also

be measuring your heart rate. The exercise intensity that

you choose is up to you the entire time. You can adjust the

treadmill speed or incline at any time you choose. Do you

have any questions?”

No limit was placed around the speed of either apparatus, nor the
incline of the treadmill. No further instructions were provided
regarding an expectation of the intensity for the warm-up or
cool-down periods. Participants were, however, informed when
these periods were beginning and had ended.

2.3.2 | Stretching Condition

Participants were led through 20min of static stretching with 15
stretches held for 30 s each, with 30-s rest between each. Stretches
moved through the whole body and were completed in seated,
standing, and reclined positions as required. The specific stretches
can be found in the supplementary materials. For the 10 unilateral

stretches, the opposite limb was stretched immediately following
the other without the 30s rest between. The experimenter verbally
explained and physically modelled the stretches alongside the par-
ticipant. Participants in the stretching condition were free to
choose the intensity of the stretch. Interactions between research-
ers and participants were limited to those necessary to obtain
measurements and give instructions.

2.3.3 | Graded Exercise Test

Participants returned to the lab between 3 and 7 days later to com-
plete an incremental maximal exercise test to determine their max-
imal oxygen consumption (VO2max), maximumheart rate (HRmax),
and ventilatory threshold (VT). This was used to characterise par-
ticipants’ fitness, as well as the exercise intensity they selected as a
percentage of their maximum heart rate and relative to VT. For
those in the AER condition, this was completed on the same
equipment (stationary cycle or treadmill) they had chosen for their
exercise in the previous session. Those in the STR condition chose
either the treadmill or cycle (14/20 chose the treadmill). Heart rate
was monitored using a Polar H10 (Polar H10, Polar Electro inc.,
Port Washington, NY) with expired and inspired air monitored by
an online gas analysis system (Cardio-Pulmonary Exercise Testing
[CPET], Cosmed, Rome, Italy). For those who selected the cycle,
they first cycled for 3 min at 50W. Each min thereafter the work-
load was increased by 15–25 W. Those who selected the treadmill
followed a modified Balke–Ware treadmill graded exercise test
protocol (Balke and Ware 1959). The first 3 min were completed
at 4 km/h with 0% incline. Each min thereafter the intensity was
increased alternately by either 0.5 km/h or 1%–2% in incline. All
tests aimed to allow the participant to reach maximal intensities
without undue strain or risk of injury. Incremental increases were
adjusted according to the participant’s physiological and percep-
tual responses to the exercise with the aim to complete the proto-
col in under 15 min to avoid undue strain.

2.4 | Data Analysis

Heart rate at the beginning, halfway, and end of each exercise con-
dition was extracted (averaged across 10-s periods) to compare
alongside the perceptual responses recorded at the same time-
points. This was then quantified as a percentage of the peak HR
(HRpeak) obtained in the incremental exercise test. Because the

FIGURE 2 | Visualisation of measures throughout experimental sessions. Post-exercise questionnaires were completed no less than 5min following

completion of the exercise bout.
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aerobic condition contained a 5-min warm-up and 5-min cool-
down period on top of the 20-min active exercise period, halfway
was deemed to be 10min into the 20-min active exercise period and
end of exercise was deemed to be 25 min. Peak heart rate (HRpeak)
was identified as the maximum value, and peak volume of oxygen

consumed (V
:
O2peak) calculated by averaging the 30 s around the

highest value.

VT was identified by two analysts using the v-slope method (Gaskill

et al. 2001) to identify the first inflection point in the V
:
O2/V

:
CO2

relationship. If there was disagreement between the two analysts,
this was discussed and a third opinion requested—although this
situation did not arise. Using R, each heart rate reading throughout
exercise was identified to be either at (95%–105% of VT), above
(≥105%), or below (<95%) VT, with the proportion of session time
then calculated to describe the exercise intensity relative to VT. This
was expressed as descriptive statistics. Two participants were
excluded from VT analysis and HRpeak analysis due to missing
accurate HR data. The other variables that were collected via ques-
tionnaire from these participants were included in the analysis as
the primary objective was to evaluate change in state anxiety, and
all participants were expected to improve in anxiety.

Analysis was completed in R and RStudio (versions 4.4.1
and 2024.04, respectively). State anxiety, anxiety sensitivity,
%HRpeak, RPE, affect, associative/dissociative thought, and control
of body symptoms were compared using group (AER vs STR) by
time (pre-, during, post-exercise) type II repeated measures
ANOVAs in R (car package) with Greenhouse-Geisser corrections
applied. Anxiety sensitivity was analysed as both total score and
the score for each of the subscales. All datasets were assessed for
homogeneity of variance using a Levene test (rstatix package), as
well as for parametric distribution using a Kolmogorov–Smirnov
test. Both assumptions were fulfilled. Tukey post-hoc tests were
used to identify the direction of significant ANOVA results to assess
both the difference between groups and change over time for var-
iables which may have fluctuated over time (applied to %HRpeak,
RPE, and exercising affect). Planned contrasts were utilised for var-
iables where directional hypotheses had been formed (STAI, ASI,
associative/disassociate thought, and control of body symptoms),
with estimated marginal means evaluated in the R emmeans pack-
age. Contrasts included pairwise comparisons between conditions
at each timepoint, within-group changes across timepoints (simple
effects) and interaction contrasts to assess whether changes over
time differed by condition. No corrections were applied. Partial

eta squared effect sizes were derived for anxiety and anxiety sensi-
tivity outcomes using the effectsize package and interpreted accord-
ing to the guidelines described in Lakens (2013): small= 0.01,
medium= 0.06, and large= 0.14.

3 | Results

3.1 | Participant Characteristics

Table 1 shows the demographics of participants who completed
the study. There were no between-group differences in any of the
measured variables. Most participants identified as female, with
one AER and two STR participants identifying as a gender other
than male or female. All participants met the criteria for elevated

trait anxiety. The average V
:
O2peak across all participants would

be considered poor (Buttar et al. 2022), congruent with partici-
pants self-reported inactivity. There were no significant differen-

ces in V
:
O2peak between those who completed the maximal

exercise test on the treadmill (M= 35.8, SD= 0.5) or on the cycle
ergometer (M= 30.4, SD= 7.2; t[37]=−1.82, p = 0.07).

Sensitivity analyses were carried out to examine whether those
who were excluded in the HR analyses due to inadequate data
quality influenced the results of the STAI-S and ASI analyses,
whereby these were re-run with these individuals also excluded.
These results demonstrated no change to significance or effect
sizes (see supplementary material); therefore, we retained all par-
ticipants with available data in the presented analyses.

3.2 | Selected Intensity

3.2.1 | %HRpeak and Ventilatory Threshold

There was a significant group by time interaction (F[2]= 41.98,
p< 0.01) for %HRpeak (see Figure 3A). Post-hoc analysis of the
interaction found that %HRpeak was not significantly different
at baseline between groups (M ± SD: 47.44%± 7.04%;
p= 0.23). However, %HRpeak was significantly higher in
the AER group compared to the STR group at the midpoint
(AER: 81.2%± 10.7%; STR: 45.4%± 5.6%) and end (AER:
83.5%± 11.2%; STR: 48.5% ± 7.0%) of exercise.

When comparing exercise intensity according to VT, the AER
group on average selected to spend 88.35% of their time exercis-
ing at an intensity above VT, with the remainder spent at VT

TABLE 1 | Participant demographic information.

Characteristic
AER

(n= 19)
STR

(n= 20)
Whole group

(n= 39) Between group difference analyses

Age (years) 28.7 (8.78) 26.5 (7.64) 27.6 (8.2) t (37)= 0.83, p = 0.41

Gender (% female) 63% (n= 12) 70% (n= 14) 66% (n= 26) t (37)= 0.33, p= 0.70

Education (years) 16.6 (2.6) 16.2 (3.6) 16.4 (3.1) t (37)=−0.39, p= 0.69

V
:
O2peak (mL/min/kg) 31.9 (8.9) 35.0 (10.0) 33.5 (9.5) t (37)=−1.01, p= 0.31

HRpeak (BPM) 176 (24) 178 (29.9) 177 (26) t (35)=−0.22, p= 0.82

VT (mL/min/kg) 19.6 (4.7) 20.9 (6.8) 20.3 (5.8) t (35)=−0.68, p= 0.49

%HRpeak at VT 73.0 (7.9) 72.6 (6.5) 72.8 (7.2) t (35)=−0.13, p= 0.89

STAI-Trait 52.7 (7.1) 54.6 (9.6) 53.7 (8.4) t (37)=−0.72, p= 0.47
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(4.88%) and below VT (6.76%). The STR group spent 16.63% of
their time at an intensity above VT, with the remainder of time
spent at VT (16.70%) and below VT (66.75%) (see Figure 3B).
There was no difference in %HRpeak (F[1] = 2.08, p= 0.15), or
proportion of VT (F[1]= 1.97, p= 0.16) between those that chose
to exercise on the cycle ergometer or treadmill.

3.2.2 | RPE

There was a significant group by time interaction (F[2]= 30.80,

p< 0.01) (Figure 3B) for RPE. Post-hoc analysis showed that RPE

was significantly higher in the AER compared to the STR group

at the midpoint (M± SD, AER: 13.4± 1.9; STR:8.0± 2.9) and end

(AER: 14.5± 2.3; STR: 8.23± 2.9) of exercise (see Figure 3C). No

differences were observed for RPE or %HRpeak between the AER

participants who selected the cycle ergometer or treadmill.

3.3 | Effect on Psychological Outcomes

3.3.1 | State Anxiety

There was a significant time main effect for state anxiety
(F[1]= 9.97, p < 0.01; Figure 4A) with a large effect size
(η2= 0.12). The results of the planned contrasts indicated that
state anxiety significantly reduced in both the aerobic
(t[74]=−2.15, p= 0.03) and stretch (t[74]=−2.31, p = 0.02) con-
ditions from pre- (M ± SD: 44.7± 9.8) to post-exercise
(37.5± 9.9). There was no group main effect (F[1]= 0.88,
p= 0.3) or group by time interaction (F[1]= 0.004, p = 0.94).

3.3.2 | Anxiety Sensitivity

There was a small to moderate (η2= 0.04) reduction in anxiety
sensitivity from pre- (M± SD: 40± 13.1) to post-intervention
(M± SD: 34.4± 14.7) that approached significance (F[1]= 3.04,

FIGURE 3 | Objective and subjective intensity measures throughout exercise. (A) %HRpeak at the start, midpoint and end of exercise. (B) Percentage

of exercise time spent below, at and above ventilatory threshold. (C) Ratings of percieved exertion at the midpoint and end of exercise.

FIGURE 4 | State anxiety and anxiety sensitivity scores before and after exercise. (A) State anxiety scores. (B) Total anxiety sensitivity. (C) Anxiety

sensitivity subscales: Physical, Social, and Cogntive.
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p = 0.08; Figure 4B). These results were reflected in the planned
contrasts, with no significant changes from pre- to post-exercise
for anxiety sensitivity in either group (AER: t[74]=−1.05,
p= 0.30; STR: t[74]=−1.41, p= 0.16). There was no significant
group main effect (F[1]= 0.85, p= 0.35) or group by time inter-
action (F[1]= 0.08, p= 0.92).

There were no significant main effects or interactions for the
physical, social, and cognitive subscales of anxiety sensitivity.
These results were reflected in the planned contrasts, with
no significant changes from pre- to post-exercise for physical
anxiety sensitivity in either group (AER: t[74]= 0.83, p= 0.41;
STR: t[74]= 0.98 p= 0.33). (Figure 4C).

3.3.3 | Affect

A significant time main effect occurred for affect (F[4]= 3.80,
p < 0.01) (Figure 5). No significant group (F[1]= 0.99,
p= 0.32) or group by time (F[4]= 0.86, p= 0.48) effects were
observed. Planned contrasts found a significant difference
between pre-exercise (M ± SD, 1.74± 1.87) and post-exercise
affect (2.62± 1.44, t[74]= 2.28, p= 0.02).

No significant time (F[2]= 0.32, p= 0.73), group (F[1]= 0.25,
p= 0.62), or group by time (F[2]= 2.43, p= 0.09) effects occurred
for affect during exercise.

3.3.4 | Control of Body Symptoms

There was a significant group main effect (F[1] = 10.94,
p = < 0.01) (Figure 6), a significant group by time interaction
(F[2]= 3.8, p= 0.02), and a time main effect which approached
significance (F[2]= 2.96, p= 0.06) for control of body symptoms.
Planned contrasts found a significant difference between condi-
tions at halfway through (AER: 4.0± 1.5, STR: 2.3± 1.8;

t[96]= 2.24, p = 0.02) and the end of exercise (AER: 4.8± 2.4,
STR: 2.0± 1.4; t[96]= 3.67, p < 0.01), with no significant differ-
ences at baseline (M ± SD, AER: 2.3± 1.7, STR: 2.4± 2.1;
t[96]=−0.18, p= 0.85). Overall, control of bodily symptoms
was higher (indicating less control) in the in AER condition com-
pared to the STR condition, suggesting that while the aerobic
group decreased in control of body symptoms throughout, the
stretching group remained stable.

3.3.5 | Association/Dissociation

There were no significant time (F[2]= 2.0, p < 0.05) or condition
main effects (F[1]= 0.76, p= 0.36) or a group by time interaction
(F[2]= 0.52, p= 0.28) for associative/dissociative thought
content. Throughout both conditions, individuals reported an
even proportion of associative/dissociative thought (M± SD,
AER: 4.4± 2.3, STR: 4.4± 2.3).

4 | Discussion

This study found that an acute bout of aerobic exercise and
stretching both reduced state anxiety and improved positive
affect in those with subclinically elevated anxiety. In contrast,
results showed only a trend towards improvements in anxiety
sensitivity. On average, participants in the aerobic condition
self-selected to exercise at 81–83%HRpeak (indicative of vigorous
intensity), with 88% of their exercise time spent at an intensity
above their VT. There was no difference between groups or across
time in reported associative/dissociative thought content,
although the aerobic group reported less perceived control of
body symptoms across time compared to the stretching group.

Aerobic participants in this study selected a more vigorous
intensity than expected. Previous research in the affect context
(where anxiety has not been measured) has found participants
to select a moderate intensity (ranging from 68 to 72%HRmax,
e.g. Ekkekakis and Lind 2006; Rose and Parfitt 2012; Hamlyn-
Williams et al. 2014, Zenko et al. 2020), which has been
characterised as approximately equating to participants’ VT. In par-
ticular, the study by Zenko et al. (2020) used similar instructions
and had a sample similar in both inactivity and age to the current
cohort, suggesting the higher intensity selected in the current study
may be associated with the elevated anxiety levels of our partici-
pants. In contrast, in previous research with clinically anxious indi-
viduals, although exercise capacity was not directly measured, the
intensity selected was estimated to be near 77% age-predicted
HRmax, (Knapen et al. 2009). Therefore, subclinically anxious indi-
viduals appear on average to select more vigorous intensities than
that previously reported in nonanxious populations.

The aerobic and stretching groups both had similar reductions in
state anxiety following the acute bout of exercise. Previous
research that has demonstrated improvements with exercise
superior to a control condition has typically employed quiet
rest/documentary watching comparison conditions (e.g. Butki
et al. 2001; Herzog et al. 2022). These comparisons may result
in rumination which can worsen anxiety (Herzog et al. 2022)
and do not allow for the sense of achievement or confidence
building that can be attained through exercise or exercise-
adjacent comparison activities (i.e. stretching) which have been
linked to improved anxiety (Besio 2003). Furthermore, positive
affect was also shown to improve to a similar extent across both

FIGURE 5 | Affective responses to exercise.

FIGURE 6 | Reported control of body symptoms throughout exercise.
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groups, which has recently been suggested to mediate changes in
state anxiety (Herzog et al. 2022). Therefore, although the similar
anxiety improvements between groups was unexpected, there are
potential explanations for the finding that should be explored in
future research. For example, whether affect mediates the anxi-
olytic effect should be explored in a sample powered to detect the
direction of this relationship.

There was no change to anxiety sensitivity in either group follow-
ing exercise. This may be because the exercise intensity chosen by
the aerobic group (81–84%HRpeak) approached (but did not
exceed) levels previously shown to be sufficient to reduce anxiety
sensitivity (Mason and Asmundson 2018). However, the RPE
reported (13–15 RPE) was notably lower than recommended
in previous literature (≥18; Mason and Asmundson 2018).
We might expect that perceived exercise intensity may be more
influential than actual exercise intensity to induce changes to
anxiety sensitivity, as the perception of interoceptive cues result-
ing from the physiological state of the body is theorised to be
instrumental in reducing physical anxiety sensitivity (Sabourin
et al. 2015). As the recruited aerobic group had relatively elevated
levels of anxiety sensitivity (mean ± sd: 40.9± 11.38) and had
lower or similar levels of physical (in)activity compared to pre-
vious research (LeBouthillier and Asmundson 2015; Mason and
Asmundson 2018), they may have felt greater worry towards the
body sensations which arose during exercise, subsequently feel-
ing less safe or in control while exercising. Indeed, across the aer-
obic exercise bout, participants’ perceived control of body
symptoms reduced. This may indicate that participants did not
have the capacity to feel safe enough in the exercise experience
to begin to reduce fear towards the exercise symptoms, some-
thing that may require repeated engagement. Finally, partici-
pants reported a balanced proportion of both associative and
dissociative thought content (i.e. neither highly associative,
nor dissociative) throughout both forms of exercise. This may
indicate that participants were not consciously and deliberately
appraising somatic cues throughout either intervention.
Together, these results suggest that participants had limited
opportunities to reappraise the somatic experience of exercise
that is required to reduce their anxiety sensitivity.

There are several strengths and limitations of this study. The
study is strengthened by specifically recruiting participants with
subclinically elevated trait anxiety. The inclusion of the stretch-
ing comparison condition allows us to isolate the aerobic com-
ponent of exercise, as well as control for potential social
interaction, achievement experiences and some of the physical
experiences which may be associated with exercise. However,
we recognise that a non-exercise comparison group would make
the study more comparable to previous literature in the area.
Furthermore, the sample recruited (i.e. a relatively young group
largely populated by university staff and students) limits the gen-
eralisability of the current findings. The physical activity measure
used to determine eligibility for the study only asked how often
someone exercised per week rather than the amount of weekly
exercise performed. The participant was eligible if they exercised
0–1 times per week. However, it could still be possible to meet the
PA guidelines and therefore be classed as ‘active’ with 1 day of
exercise. Although this is a limitation, we also measured aerobic
capacity directly, which indicated that, on average, our sample
was of ‘poor’ fitness, substantiating the self-report data showing
the sample was inactive. Lastly, there is a 10-min difference in

total time spent exercising between the AER and STR groups.
The extra 10-min in the AER group was to provide time to
warm-up and cool-down to ensure participant safety, as the sam-
ple comprised an inactive population (Bushman 2024). We man-
aged this difference by aligning the midpoint data to capture the
middle of the active exercise portion of the aerobic condition, as
well as ensuring participants knew when these periods of time
were starting and ending so they could adjust their self-selected
intensity as they wished.

Future research investigating the effect of chronic self-selected
intensity aerobic exercise would be a valuable addition to this
literature. Repeated bouts of exercise may be required to provide
opportunities to build confidence, safety, and positive appraisal
within the exercise setting, facilitating a reduction in anxiety sen-
sitivity and further improvements to state anxiety. Ultimately,
the results from this study suggest that both aerobic exercise
of a self-selected intensity and static stretching reduce anxiety
acutely, providing cost-effective and accessible strategies to
improve psychological well-being within a moderately anxious,
inactive population.
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