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ABSTRACT

REMY EMETO. The Influence of Concurrent Exercise Order on Positive and Negative Affect.
(Under the direction of DR. JOSEPH S. MARINO)

Introduction: Understanding affective responses to exercise is necessary to increase adherence
and reduce barriers to participation. This study will be the first to determine the relationship
between positive and negative affect to blood lactate during and following exercise. We will test
the hypotheses that exercise order influences affect and negative affect scores are associated with
higher intra-session and post session blood lactate levels. Purpose: The purpose of this study is
to determine whether the order in which aerobic and resistance training is performed influences
affective responses. Methods: Each participant was screened for exclusion criteria and
completed the physical activity readiness questionnaire (PARQ+). Participants then completed 3
lab visits. Results: Blood lactate levels increased in response to exercise and remained elevated
30 minutes post. When RT was performed first, participants experienced a greater sense of
positive well-being prior to the start of the session. Psychological distress decreased 30 minutes
post exercise compared to pre-exercise values. Fatigue remains elevated 30 minutes post exercise
for both groups. We see a decrease in Tranquility for the RTAT group when comparing
timepoints. We also see an increase in tranquility for the RTAT group when comparing
timepoints. Conclusions: Exercise regardless of order does influence affective responses and

will lead to an increase in blood lactate levels.
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INTRODUCTION

Exercise requires physical exertion in hopes of sustaining or improving health and
fitness. There are many physical and psychological benefits of exercise especially related to
preventing chronic diseases. For example, benefits of exercise include body weight management,
blood pressure reduction, improved bone health, increased muscular strength, increased function
capacity, reduced dementia risk, improved cognition, and better mental health. Literature
supports that by participating in an exercise routine significantly reduces risk for chronic
diseases and improves treatment outcomes [2]. For these reasons, exercise programming has
become highly recommended and offered in many clinical settings and for various chronic health
conditions. Although the benefits of exercise, especially regarding chronic diseases, are well
known, there is still a high prevalence of physical inactivity. The World Health Organization
suggests adults perform at least 150 minutes (about 2 and a half hours) of moderately intense
exercise every week or a minimum of 75 minutes of vigorously intense activity each week [3].
According to the CDC exercise data from 2020, the percentage of adults aged 18 and over who
met the 2018 guidelines for aerobic exercise was 53.3%. Furthermore, the percentage of adults
aged 18 and over who met the 2018 exercise guidelines for both aerobic and muscle-
strengthening exercise was 23.2% [4]. Understanding common barriers to exercise and
determining ways to overcome them may help increase engagement. Commonly cited reasons
for lack of exercise are lack of time, energy, and motivation [5]. The CDC also identified lack of

social support, fear of injury, lack of skill, excessive costs, and accessibility as barriers [6].

A better understanding of the affective response to exercise is a necessary step toward
finding ways to increase adherence and reduce barriers to participation. Affective response to

exercise refers to the positive and negative emotions an individual may feel during and following



an exercise session [7]. Engagement in aerobic and strength exercise is correlated with an
increase in positive affect [8, 9]. However, intensity and volume of exercise may influence
affective responses [10]. In fact, the complexity of the relationship between affect and exercise is
based on several variables such as exercise scenario, intensity, and individual physical activity
levels [11] [12]. The main influence of affective responses during exercise is the intensity at
which physical activity is executed. According to the dual model theory [11], the lactate
threshold acts as an indicator of exercise intensity [13-16]. This means that at prescribed
intensities below or around lactate threshold, there is a positive affective response. However,
when exercising at or above lactate threshold, the affective response is less pleasant resulting in
negative affect [13, 14, 16, 17]. Negative affect is one of the first few signs that changes are
occurring in energy regulation and body balance [7]. Furthermore, there have been no studies
that have looked at the effects of concurrent aerobic and strength exercises, or the order in which
they are performed, on affective responses. The purpose of this study is to determine whether the
order in which aerobic and strength exercise is performed influences affective responses.
Furthermore, this study will be the first to determine the relationship between positive and
negative affect to blood lactate during and following exercise. Specifically, we will test the
hypotheses that exercise order influences affect and negative affect scores are associated with

higher intra-session and post session blood lactate levels.



LITERATURE REVIEW

1. Affect

Understanding affective responses such as mental health, psychological well-being, and
psychological health has rendered many terms such as humor, emotion, and affect [18].
Understanding what affect means and how it applies to exercise is necessary to know what mood
and emotion mean [7]. Affect is thought to be the underlying foundation of responses such as
positive or negative, pleasant or unpleasant as well as emotions and moods [11, 19]. Emotion is
described as a complex reaction pattern that consists of experiential, behavioral and
physiological components. Emotions are how individuals handle matters or situations they find
significant. Mood is an affective state. As opposed to emotions, moods are less specific, less
intense and are least likely to be provoked [7]. Moods are also described as having positive or
negative valence. Unlike emotions and moods, affect consists of a basic description of
psychological responses and can be considered basic and fundamental. Therefore, affect provides

us with the idea that all emotions are affective responses, but not all affective responses are

emotions [11, 20].

The analysis of affective responses can occur categorically or dimensionally. The categorical
aspect places affective responses in different categories such as anger, fear, sadness, disgust,
happiness, love, and pride [20]. The dimensional aspect states that affective responses are
interrelated, and their relationships can be supported by those dimensions. Both aspects of

affective responses have advantages and limitations, the dimensional aspect has a broader



perspective which confirms the attribution of affect and provides a “blueprint” of the affective
responses that offers a detailed purview for analysis of affect in exercise [11, 20]. The

dimensional aspect allows the exercise-induced affective responses and changes to be recorded

[11, 20, 21].

2. Measuring Affect

Measuring affect can be performed by using dimensional models [22]. Certain scales are
used to measure affective perceived intensity of affect and/or arousal. For example, The Feeling
Scale measures affective responses from +5 (“very good”) to —5 (“very bad”) [23]. Its purpose is
to determine the correlation of pleasure and displeasure to exercise. The Felt Arousal Scale is
used to measure perceived activation [24]; ranging from low activation [18] to high activation
[22]. High activation can be described as excitement, anxiety, or anger while low activation can

be described as relaxation, boredom, or tranquility.

The circumplex model measures affect via a two-dimensional model, which involves
affective responses such as pleasure-displeasure and perceived activation such as arousal [22,
25]. The circumplex model helps avoid associating and/or affect with terms such as anxiety,
depression, and various mood descriptions and to provide a basis for affect responses in exercise

[26].

In the circumplex model, the horizontal dimension represents pleasure-displeasure, and the
vertical dimension represents arousal. Affective responses are split into four quadrants: quadrant
1 is associated with high arousal and displeasure. The terms associated with this quadrant include
tension, nervousness, distress. Quadrant 2 is associated with high arousal and pleasure. The

terms associated with this quadrant include energy, excitement, vigor. Quadrant 3 is associated



with low arousal and displeasure. The terms associated with this quadrant include fatigue,
boredom, tiredness. Quadrant 4 is associated with low arousal and pleasure. The terms associated
with this quadrant include tranquility, relaxation, calmness [21, 22, 26]. Studies have concluded
that measuring affective responses in exercise and the factors that may influence this relationship

are of importance because they may help to minimize barriers to exercise [27-29].
3. Affective Responses to exercise

The correlation between exercise and affective response is not simple to analyze and has
many aspects [11]. Although studies relate exercise to affect as a single and simplistic
occurrence, there is intricacy between these factors. This intricacy is dependent on affective
responses in their correlation with related variables, such as exercise scenario, exercise intensity,
and differing physical activity levels amongst individuals [11, 12]. These factors can alter

affective responses.

Affective responses have provided evidence that negative affect is one of the first signs of
changes in energy regulation and body balance [30, 31]. Studies suggest that afferent signals are
linked to affective responses [32]. This hypothesis proposes that changes between aerobic and

anaerobic metabolism would coincide with unpleasant affective responses [32].

An important influencer of affective responses during exercise is intensity [33]. The dual
model theory states that [11], lactate threshold is an indicator of exercise intensity [13-16], which
means that, at certain intensities, affective responses will be predominantly positive. During
exercise at lactate threshold, the affective response is less pleasant and possibly negative. An
important aspect of intensities is variability of affective responses between individuals with

differing physical activity levels, in whom exercise can cause various outcomes of affective



responses of pleasure. However, above lactate threshold, there is not much variability, and,

typically, a decline in pleasure occurs [16].

It is thought that pleasure and well-being are among the most convincing reasons for
adherence in an exercise program, rather than the knowledge of health benefits of exercise [34].
The idea of exercise providing pleasure can be useful to an individual, whereas individuals may
associate discomfort with damage or danger [14]. The variability in affective responses may be
an indicator that exercise can cause pleasure or displeasure. However, whenever individuals
respond similarly, it is thought that the situation is one that has consistent implications for

change [14].

3a. Exercise intensity and affective responses

Exercise intensity is an important factor [28, 35]. Performing 30 minutes of moderate-
intensity exercise, i.e., 64—76% of maximum heart rate (HRmax) (at least 5 days a week), or 20
minutes of vigorous intensity, i.e., 77-95% of HRmax (3 days a week), is the minimum
recommendations proposed by the American College of Sports Medicine (ACSM) for health-
related physiological benefits. Studies have also shown that exercise intensity is one of the main

influencers of affective exercise response [21, 36-38].

Vandoni [35] demonstrated that vigorous exercise causes lower affective responses in
comparison to moderate exercise. Alves [39] observed weight training in elderly women,
performed at 35% of 1 repetition maximum (1RM) elicited higher affective pleasure responses
compared to higher intensities such as 50% and 70% 1RM. Follador [40] observed that, even in

moderately active adults, high-intensity still elicited less pleasure responses, and maximal or



supramaximal intensities were highly associated with displeasure and negative impact on

exercise program adherence.

When measuring affective responses, the task response should be prioritized over the
post-exercise response [41]. Studies have shown that, when exercise intensity exceeds lactate
threshold, there is a decrease in affective response and this change has a greater impact on future
adherence than the affective responses obtained after exercise [41, 42]. However, medium- to
long-term studies have not investigated exercise adherence. Parfitt [38] studied the 6-month
effect on physical fitness and affective responses of sedentary people after an 8-week
intervention program. Three groups participated: a control group, a group that exercised in lower
intensity, and a group in higher intensity. Their results showed that training at a lower intensity
exhibited more positive affective responses in relation to the control and higher intensity groups.
Perri [43], who aimed to observe the relationship between intensity, frequency, and adherence to
exercise over 6 months, revealed that moderate intensity exercise produced greater exercise

adherence (66 vs. 58%) than exercise prescription of higher intensity.

3b. Affective responses and self-selected intensity

Self-selected intensity is when the participant chooses the preferred intensity [44]. For
beginners, exercise at intensities above lactate threshold may cause displeasure and changes in

exercise intensity toward self-selected intensities. In this sense, beginners seek lower intensities

and greater affective pleasure responses [45].

Motives related to exercise have been investigated. To better understand the factors
leading to the permanence, or dropout, of beginners of exercise programs, the hedonic theory and

the self-determination theory have been utilized to understand self-selected exercise [46-48]. The



hedonic theory of motivation suggests that when one experiences pleasure, joy, or fun, one will
seek to repeat that activity. However, if the situation induces displeasure, pain, or discomfort, the
chance of adherence is lower [47, 49]. The self-determination theory prioritizes autonomy. Its
emphasis is on providing a sense of empowerment and can promote pleasure and greater intrinsic
motivation [46, 49, 50]. The sense of empowerment and pleasure forms the basis of self-selected

exercise.

Behavioral theories are linked to the physiology of effort. Lower-intensity activities and
feelings of displeasure are inversely related [44]. However, the duration of activity may also be
related to displeasure, with shorter duration exercises eliciting greater adherence than very long

activities [49, 51].

Self-selected intensity exercise has been recommended as a way to improve exercise
participation and adherence in sedentary people [19, 44]. Studies have shown that inactive
individuals who self-select an exercise intensity according to ACSM parameters, associated more
with lower intensities and positive affective responses [37, 38, 52]. Although some studies have
revealed that affective responses are more dependent on exercise intensity [53, 54], other studies
revealed that prescribed exercise at the same intensity as self-selected intensity, results in
different affective responses. Hamlyn-Williams [55] revealed that aerobic exercise lowers
perceptual responses and affective responses are higher during self-selected intensities. Da Silva
[56] also revealed similar results with regards to resistance training, in majority of the exercises
used had lower perceptual responses, and all exercises showed higher affective responses when

utilizing self-selected intensity.

Self-selected intensity was shown to be better for providing similar or more pleasurable

affective responses than imposed intensity exercises [57]. Freitas [37], who compared walking



exercise programs at self-selected and imposed intensities (10% above lactate threshold) over 12
weeks (about 3 months) of training, the results showed that self-selected intensities induced more
pleasurable affective responses, where certain physiological responses were lower than in the
imposed intensity protocol. Additionally, walking at a self-selected intensity was enough to
improve maximal oxygen uptake. Yang [58] concluded that both self-selected and prescribed
intensities improved physical activity levels and positive affect responses as well as reduced
waist circumference, systolic and diastolic blood pressure. However, the self-selected intensity

was still more favorable to the increase of positive affect than the prescribed intensity.

3c. Influence of exercise order on affective responses

Bellezza et al revealed a significant effect for condition, time, and condition x time
regarding the Feeling and Felt Arousal Scale [59]. In the large to small exercise order, there was
no change in Feeling Scale with time; however, there was a change in Felt Arousal Scale [59]. In
the small to large exercise order, there was a significant effect for time in both Feeling Scale and
Felt Arousal Scale [59]. Like aerobic exercise [13, 17], immediately after exercise there was an
increase in affective pleasure responses and arousal. This finding occurred regardless of exercise
order. However, in the small to large exercise condition, affective responses were more positive
during exercise, after overhead press, and at 10 minutes postexercise. Studies revealed that

affective responses during exercise may be important to exercise adherence [13, 17, 60, 61]

Few studies have examined affect as a result of resistance exercise. Arent and colleagues
[62] found that affective responses were more positive after moderate-intensities compared with
low- and high-intensities. The study also examined affect during the exercise session. No

previous study has examined affective responses during resistance exercise. Furthermore,
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moderate intensity such as 70% of 10-repetition maximum [LORM], elicited the highest and most

favorable affective pleasure responses compared with 40% and 100% of 10RM [62].

3d. Negative affect and blood lactate

A limitation of these studies [62] was that they did not look at the role of blood lactate
concentration and its influence on affect. Previous studies have shown a strong correlation
between lactic acid and RPE (rating of perceived exertion or how hard one feels like their body
is working) [63], but due to limited research the effects of blood lactate concentration on
affective responses are unknown. The amount of lactate produced can be somewhat dependent
on exercise order and the number of repetitions completed. If lactate responses are similar
between the two exercise sequences, this may provide a partial explanation for the maintenance
of RPE seen by Simao and colleagues [64, 65].The results indicate that there were no significant
correlations (p > 0.05) between blood lactate and affective responses at any time point and in

either exercise order [59].
4. Conclusion

Understanding affect from a multifaceted viewpoint provides a greater outlook of the
relationship between exercise and affect. Although affect is thought to be complex, exercise
intensity seems to be one of the main influencers of affective responses in exercise. Nonetheless,
there have been no studies that have looked at the effects of concurrent aerobic and strength
exercise, or the order in which they are performed, on affective responses. This study's purpose
is to determine if exercise order influences positive and negative affective responses and if there

is a relationship between those affective responses and blood lactate levels. Furthermore, we will
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test the hypothesis that exercise order does influence exercise affect and negative affect scores

are associated with higher intra-session and post-session blood lactate levels.

METHODS

Participants

All procedures were approved by the Institutional Review Board prior to participant
recruitment. Participants were recruited via campuswide email. Prior to participation, each
participant was screened for exclusion criteria, including: Participants must have accumulated
less than 150 minutes (about 2 and a half hours) of moderate physical activity per week. They
must have engaged in resistance training an average of 1 day per week or less. They must have
been physically capable of running on a treadmill. They must have been able to tolerate 15 to 20
minutes of moderate intensity physical activity, such as running or cycling at 60 to 85% of age
predicted heart rate. They must have been free from musculoskeletal injury within the past 6
months. They must have never been told by a medical professional to avoid moderate to vigorous
exercise. They must have been able to understand written and verbal instruction provided using
English language. They cannot have used tobacco, e-cig, or vaping in the past 12 months. They
cannot have been taking any non-steroidal anti-inflammatory drugs. Participants completed the
physical activity readiness questionnaire (PARQ+) prior to coming into the lab, which
determined if there were any cardio-respiratory contraindications to exercise. If the participant
answered “yes” to any of the PARQ+ questions, he or she would not have been able to continue

in the study. Participants who met any of the exclusion criteria were not consented to participate.

Participants read and signed the informed consent prior to the first visit.
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Procedures

Participants completed 3 lab visits. Visit 1: Participants reviewed and signed the informed
consent. Demographic information was collected followed by body composition via BodPod.
Participants then sat in a quiet room for 5 minutes to establish resting heart rate, which was used
to calculate 85% heart rate reserve (HRR). Participants then completed a graded exercise test
until 85% HRR was reached, or the participant requested to stop. Participants were then given 5
minutes to recover prior to determination of the 10-repetition maximum (10RM) for the goblet
squat, barbell bench press, Romanian deadlift, and seated cable row. Lastly, participants were
familiarized with the finger stick blood lactate measurement. Visit 2: Participants were randomly
given an exercise order. Participants then completed pre-exercise Physical Activity Affect Scale
(PAAS) and Subjective Exercise Experience Scale (SEES) surveys which were administered
electronically. Participants then had their blood lactate collected and measured pre-exercise.
Participants then performed a 5-minute general warm up on a treadmill at 3mph. Participants
then performed either aerobic exercise or resistance exercise depending on the random order.
Participants then had their intra session blood lactate collected and measured. Participants then
completed intra session PAAS and SEES surveys electronically. Participants then performed
either aerobic exercise or resistance exercise depending on random order. Participants then had
blood lactate collected and measured immediately post (iPost) exercise. Participants then rested
for 30 minutes (30post) post exercise and had their blood lactate collected and measured.

Participants then completed PAAS and SEES surveys 30post exercise electronically.

Familiarization Session

Participants reported to the exercise physiology lab. Formal screening began by

reviewing the informed consent and verifying musculoskeletal medical history. The
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familiarization session included a treadmill graded exercise test (GXT) to 85% heart rate reserve
(HRR), a finger stick blood lactate measurement and familiarization of the strength training
exercises. The purpose of the GXT was to determine the workloads for the aerobic exercise
portion of the study. Participants warmed up for 3 minutes at 3.0 miles per hour (mph), without
holding the handrail. The test began at 3 mph and increase by 0.2 mph and 2% grade incline
every 2 minutes until the participant requested to stop or reached 85%HRR, whichever came first
[66]. Heart rate was recorded every minute. RPE was recorded during the transition of each
workload, using the modified Borg RPE scale (ONothing to 10Maximal Exertion). Blood lactate
was measured to familiarize the participant with the process. Strength training exercises were
completed in the following order: dumbbell goblet squat, barbell bench press , Romanian deadlift
and seated cable row [67]. For each exercise, the participant was instructed on technique and

then a 10-repetition maximum (10RM) was determined using standard procedures [68].

Experimental Procedures

Aerobic Training

Participants completed two exercise trials, randomly assigned, and separated into 1 week.
The trials differed in their order of aerobic and strength training exercise. During one trial,
participants performed aerobic training followed by strength training and during the second trial,
resistance training followed by aerobic training. Each trial began with a 5-minute treadmill warm
up at 3mph. The AT exercise session included 5 x 5-minute intervals which corresponded with
an intensity of 50% to 70% HRR as determined by the GXT. Participants performed 2 minutes at

50% and 3 minutes at 70% HRR during each interval.

Resistance Training
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During the RT exercise session, participants completed as many repetitions as possible,
for 3 sets of each exercise, using their predetermined 10RM with one minute of rest in between
each set. There will be 3 minutes of recovery during the transition between aerobic training
followed by resistance training, and 90 seconds (about 1 and a half minutes) rest between sets of

resistance training.

Experimental Procedures

Blood Lactate

Blood lactate (BL) was analyzed immediately prior to exercise (Pre), after completion of
the first modality of a session (Intra), immediately after completion of both modalities (iPost),
and after 30 minutes of recovery (30Post). The finger of the nondominant hand was cleaned with
ethanol and wiped dry. A lancet was used to poke the finger and a drop of blood was collected
with the lactate meter. A gauze pad was used to apply pressure in order to stop the bleeding (1

minute), followed by a band aide.
Positive and Negative Affect.

Pre, Intra, iPost, and 30Post, participants completed the Physical Activity Affect Scale
(PAAS) [69], and Subjective Exercise Experiences Scale (SEES) [70]. The PAAS is a 12-item
scale used to measure feeling in response to exercise from 0 (Do Not Feel) to 4 (Feel Very

Strongly). The PAAS defined four constructs: positive affect, negative affect, fatigue and

tranquility. The SEES is a 12-item scale that also assessed feelings in response to

exercise, from 1 (Not at all) to 7 (Very Much so). This SEES defined three

constructs: Positive well-being, Psychological Distress, and Fatigue
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Statistical Analysis

The effect of exercise order on blood lactate, well-being, psychological distress, and
affective feelings, were determined using a repeated measures two-way ANOVA. When
significant differences were found, a post-hoc test was used to identify main effects and

interactions. The alpha level for all statistical analyses was p < 0.05.

Results

16 college aged students (18-24 years) participated in this study. Of those 16 subjects, 9
were male subjects and 7 were female subjects. Affective responses were assessed pre-exercise,
intra-exercise, immediately post exercise and 30 minutes post exercise. Blood lactate was also

assessed during those same timepoints.
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Figure 1. Blood lactate levels were assessed for both groups at pre-exercise, intra-exercise, - -
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response to exercise and remained elevated 30 minutes post exercise. *; p<0.05, **; p,0.005, ***;
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regardless of which modality was first.
Blood lactate levels remained elevated through 30 minutes post exercise, with no difference

between groups at any time point.
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Figure 2. Feelings of Positive well-Being were assessed via SEES for both groups at pre-
exercise, intra-exercise, immediately post exercise and 30 minutes post exercise timepoints. A
higher score is indicative of higher feelings of positive well-being and lower feelings of
psychological distress. Feelings of positive well-being increased in response to exercise during
pre and intra timepoints in the RTAT compared to the ATRT group. *; p<0.05 between groups.
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When RT was performed first,
participants experienced a greater sense of
positive well-being prior to the start of the
session (figure 2). This indicates that
advanced knowledge of the order in
which exercise will be performed may

influence one’s feelings leading into that

session and starting with RT may be preferred. Interestingly, the increase in positive well-being

persisted to the intra-session time point in the RTAT group and was no longer significantly

different following the AT portion of the session. This

may indicate that RT increased positive

well-being to a greater extent than AT. Of note, when RT was performed second, positive well-

being was not significantly different between groups.

AT training session.
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This could be due to the demands of the

The order in which exercise was
performed did not alter psychological
distress (figure 3). However,
regardless of exercise order,

psychological distress decreased 30

Figure 3. Feelings of psychological distress were assessed via SEES for both groups at pre-exercise,
intra-exercise, immediately post exercise and 30 minutes post exercise timepoints. A higher score is
indicative of higher feelings of psychological distress. Psychological distress decreased in response to
moderate to vigorous exercise independently of the order of exercise. *; p<0.05, main ef fect for time.

post exercise compared to pre-exercise

values. This indicates that the combination of RT and AT, independent of order, reduces

psychological distress and could be an effective tool in the management of stress in college aged

individuals.



17

a) b)
b OART 10y .
DR ‘ Oart - When comparing fatigue

8] ORTAT
M | regarding both the SEES and the
103 24| PAAS (figure 4), fatigue
k ’ remains elevated 30 minutes

. 0.
Pre Intra iPost  30Post Pre Intra Post  30Post
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fatigue in response to exercise regardless of order that is seen in both graphs. The only difference
between both graphs is that there was statistical significance for fatigue amongst both groups

Immediately post exercise meaning that exercise order did have an influence during that

timepoint.
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i

order does not influence negative affect. Overall, there was little to no difference for tranquility
when comparing groups. We see a decrease in Tranquility for the RTAT group when comparing

pre and iPost. We also see an increase in tranquility for the RTAT group when comparing iPost



18

and 30post. This means that tranquility is most influenced by the RTAT group and with rest

tranquility will return to baseline.

Discussion

Elevated blood lactate levels are a normal physiological response to moderate to vigorous
exercise and not a symptom of a disease [71-73]. When a subject exhibits an increase in blood
lactate during exercise, it could be due to an increase in lactate production and release from
muscle, a decrease in lactate uptake and removal or a larger increase in production and release
when compared to uptake and removal [74]. During moderate exercise, blood lactate may differ
slightly from resting levels. However, the flux of lactate may be many times greater when
compared to resting levels [74]. It must also be taken into consideration that a person showing
physiological increases in blood lactate may have impaired lactate removal or uptake and/or
increased lactate production or release [74]. Differences in lactate threshold and blood lactate
between trained and untrained individuals have been examined. Results show that untrained
individuals will exhibit lower lactate thresholds and higher blood lactate levels [74]. This relates
to our study, as all participants were untrained individuals, we see that in response to moderate

exercise, blood lactate levels increased significantly for both exercise order groups.

Research reveals that exercise can elicit a significant reduction in psychological distress
from pre-exercise to post-exercise which is also consistent with the results of this study [70].
When looking back at figure 3, we see that there was a decrease in psychological distress in
response to exercise independent of order with a main effect for time. It also reveals that exercise
can significantly influence psychological responses in terms of decreasing psychological distress
and increasing positive well-being which is consistent with the results in this study as well [70].

Brains of deceased depressed individuals were examined; reduced levels of brain-derived
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neurotrophic factor (BDNF) were present in the hippocampus and cortex compared to the brains
of healthy individuals [75]. The reduced BDNF levels in depression can be mediated by taking
antidepressant medications [76]. However, exercise shows a similar influence by causing a
temporary increase in the concentration of BDNF in peripheral blood [77]. Increased
neurogenesis, which can also positively influence depressive symptoms can be induced by
exercise [78]. The inflammatory serotonin hypothesis can also explain the positive effects of
physical activity on feelings of psychological distress and positive well-being. According to that
theory, moderate exercise has an anti-inflammatory effect by controlling the variations in the
immune response associated with feelings of depression [79]. The transient hypo-frontality
theory is another theory used to explain the increased psychological effects of exercise due to
increased neuronal activity in the motor and sensory cortex and brain regions that are responsible
for autonomic regulation [80]. Studies also revealed that when exercise was compared to other

psychological distress reducing activities, reduction in psychological distress was significantly

greater when mediated with exercise [81].

Studies have revealed that brain catecholamines are involved in the onset of fatigue
during exercise [82]. Evidence also reveals that the noradrenergic neurotransmitter system
speeds up central fatigue, this finding coexists with a faster rate of increase in RPE [82]. Brain
neurotransmission during exercise is also suggested to have an influence on mental fatigue [82].
Results from a study revealed that acute aerobic exercise results in increases in physical
exhaustion in sedentary older and younger adults which is similar to the results in this study [83].
The correlation between physical exhaustion reported during exercise and postexercise self-
efficacy revealed that participants reporting greater fatigue during exercise felt less efficacious

after exercise [83]. Another study revealed that exercise effects on feelings of fatigue were not
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significant [84]. Overall, more research is needed to further examine the effects of exercise on

feelings of fatigue [84].

An acute bout of moderate intensity exercise produced more positive and fewer negative
states [85]. In-task and post-task affective responses to exercise were measured. Individuals who
experienced greater improvements in positive affect and tranquility in response to exercise were
more likely to continue adherence [41]. This study further revealed that tranquility decreased
during exercise which is consistent with our results but significantly increased past baseline post-
exercise [41]. This type of relationship is expected as the tranquility subscale of the PAAS is
related to increased perceptions of arousal [86]. Therefore, it is expected that tranquility would
decrease during exercise, but increase once the arousing stimulus (exercise) has stopped [41]. On
average, participants reported increases in positive affect and decreases in negative affect and
tranquility over time. However, these effects tapered off as exercise intensity increased [41].
Feelings of tranquility were also assessed during a combination of low-intensity exercises
(walking) and meditation. The results revealed that tranquility increased significantly during the
meditation portion of the protocol which could be similar to the 30 minutes of rest post exercise

in this study [87].

Conclusions

Much of the research today has never examined the influence of performing both
resistance training and aerobic training in the same session on affective responses nor has any of
the research examined its influence on blood lactate levels. Our study was the first to do so.
Nonetheless, we can conclude that exercise regardless of order does influence affective
responses and will lead to an increase in blood lactate levels. This is consistent with our results

as we see positive well-being increased in response to exercise while psychological distress
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decreased following the session. Blood lactate levels also increased due to exercise and remained
elevated 30 minutes following. Feelings of tranquility decreased during exercise but returned to
baseline with rest. More research is needed: 1. to examine gender differences and their influence
on affective responses; 2. To examine the influence exercise order has on fatigue as well as
differences between SEES and PAAS and their subscales; 3. The influence of blood lactate
levels on affective responses; 4. Most research only examined the effects of aerobic exercise on
affective responses. Therefore, more research is needed to examine the effects of resistance

training alone on affective responses.



10.

11.

12.

13.

14.

15.

16.

17.

22

Prevention, C.f.D.C.a. Benefits of Physical Activity. 2022; Available from:
https://www.cdc.gov/physicalactivity/basics/pa-health/index.htm#brain-health.
Anderson, E.D., J. Larry., Physical activity, exercise, and chronic diseases: A brief
review. Sport Medicine and Health Science, 2019.

Organization, W.H. Promoting Physical Activity. Available from:
http://www.emro.who.int/health-education/physical-activitiy/promoting-physical-
activity/What-is-the-recommended -amount-of-exercise.html.

Prevention, C.f.D.C.a. Exercise/Physical Activity. 2021; Available from:
https://www.cdc.gov/nchs/fastats/exercise.htm.

Herazo-Beltran, Y., et al., Predictors of perceived barriers to physical activity in the
general adult population: a cross-sectional study. Braz J Phys Ther, 2017. 21(1): p. 44-
50.

Prevention, C.f.D.C.a. Overcoming Barriers to Physical Activity. 2022; Available from:
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html.

Ferreira, S.D.S., Affect and Exercise, in Physical Therapy Effectiveness, D.C.d.S.-
C.a.R.T. Mario Bernardo-Filho, Editor. 2019, IntechOpen.

Allison M. Kyral, A.M.S., Christopher M. Hearon, The Effect of Moderate Intensity
Aerobic Exercise on Affect and Exercise Intention in Active and Inactive College
Students. International Journal of Exercise Science, 20109.

Attilio Carraro, A.P., Erica Gobbi, Affective response to acute resistance exercise: a
comparison among machines and free weights. Sport Sciences for Health, 2018. 14(2): p.
283-288.

John B. Bartholomew, J.B.M., Jan Todd, Terry Todd, Christopher C. Elrod,
Psychological States Following Resistance Exercise of Different Workloads. Applied
Sport Psychology, 2001. 13(4): p. 399-410.

Ekkekakis, P., Pleasure and displeasure from the body: Perspectives from exercise. Cogn
Emot, 2003. 17(2): p. 213-239.

Reed, J.O., Deniz, S, The effect of acute aerobic exercise on positive activated affect: A
meta-analysis. Psychology of Sport and Exercise, 2006. 7(5): p. 477-514.

Ekkekakis, P.H.E.P., SJ. , Practical markers of the transition from aerobic to anaerobic
metabolism during exercise: Rationale and a case for affect-based exercise prescription.
Preventive Medicine, 2004. 38(2): p. 149-159.

Ekkekakis, P.H., EE; Petruzzello, SJ, Variation and homogeneity in affective responses to
physical activity of varying intensities: An alternative perspective on dose-response
based on evolutionary considerations. Journal of Sports Sciences, 2005. 23(5): p. 477-
500.

Parfitt, G.R., EA; Burgess, WM., The psychological and physiological responses of
sedentary individuals to prescribed and preferred intensity exercise. British Journal of
Health Psychology, 2006. 11: p. 39-53.

Rose, E.P., G., A quantitative analysis and qualitative explanation of the individual
differences in affective responses to prescribed and self-selected exercise intensities.
Journal of Sport & Exercise Psychology, 2007. 29: p. 281-3009.

Ekkekakis, P.P., SJ., Acute aerobic exercise and affect. Current status, problems and
prospects regarding dose-response. Sports Medicine, 1999. 28(5): p. 337-374.



https://www.cdc.gov/physicalactivity/basics/pa-health/index.htm#brain-health
http://www.emro.who.int/health-education/physical-activitiy/promoting-physical-activity/What-is-the-recommended-amount-of-exercise.html
http://www.emro.who.int/health-education/physical-activitiy/promoting-physical-activity/What-is-the-recommended-amount-of-exercise.html
https://www.cdc.gov/nchs/fastats/exercise.htm
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

23

Ekkekakis, P.P., Steven J., Analysis of the affect measurement conundrum in exercise
psychology: I. Fundamental issues. Psychology of Sport and Exercise, 2000. 1(2): p. 71-
88.

Haile, L.G., Michael; Robertson, Robert, Perceived Exertion Laboratory Manual: From
Standard Practice to Contemporary Application. 2015: Springer.

Ekkekakis, P.P., Steven J., Analysis of the affect measurement conundrum in exercise
psychology: Il. A conceptual and methodological critique of the exercise-induced feeling
inventory. Psychology of Sport and Exercise. Psychology of Sport and Exercise, 2001: p.
1-26.

Ekkekakis, P.P., Gaynor; Petruzzello, Steven J., The pleasure and displeasure people feel
when they exercise at different intensities: decennial update and progress towards a
tripartite rationale for exercise intensity prescription. Sports Medicine, 2011. 41: p. 641-
671.

Ekkekakis, P.P., Steven J., Analysis of the affect measurement conundrum in exercise
psychology: IV. A conceptual case for the affect circumplex. Psychology of Sport and
Exercise. Psychology of Sport and Exercise, 2002. 3: p. 25-63.

Hardy, C.J.R., W. Jack, Not What, but How One Feels: The Measurement of Affect
during Exercise. Human Kinetics, 1989. 11(3): p. 304-317.

Svebak, S.M., Stephen, Metamotivational dominance: A multimethod validation of
reversal theory constructs. Personality and Social Psychology, 1985. 48(1): p. 107-116.
Russell, J.A., A Circumplex Model of Affect. Personality and Social Psychology, 1980.
39(6): p. 1161-1178.

Hall, E.E., P. Ekkekakis, and S.J. Petruzzello, The affective beneficence of vigorous
exercise revisited. Br J Health Psychol, 2002. 7(Pt 1): p. 47-66.

Krinski, K., et al., Let's Walk Outdoors! Self-Paced Walking Outdoors Improves Future
Intention to Exercise in Women With Obesity. J Sport Exerc Psychol, 2017. 39(2): p. 145-
157.

Lind, E.E., Panteleimon; Vazou, Spiridoula, The affective impact of exercise intensity
that slightly exceeds the preferred level: “Pain” for no additional “gain”. Health
Psychology, 2008. 13(4): p. 464-468.

Follador, L., et al., Perceived Exertion and Affect From Tai Chi, Yoga, and Stretching
Classes for Elderly Women. Percept Mot Skills, 2019. 126(2): p. 223-240.

Damasio, A., R., Review toward a neurobiology of emotion and feeling: Operational
concepts and hypotheses. The Neuroscientist, 1995. 1(1): p. 19-25.

Panksepp, J., The periconscious substrates of consciousness: Affective states and the
evolutionary origins of the self. . Journal of Consciousness Studies, 1998. 5(5-6): p. 566-
582.

Craig, A., An ascending general homeostatic afferent pathway originating in lamina I.
Progress in Brain Research, 1996. 107.

Rose, E., A.; Parfitt, Gaynor, Pleasant for some and unpleasant for others: A protocol
analysis of the cognitive factors that influence affective responses to exercise.
International Journal of Behavioral Nutrition and Physical Activity, 2010. 7: p. 1-15.
Dishman RK, S.J., Orenstein DR, The determinants of physical activity and exercise.
Public Health Reports, 1985. 100: p. 158-171.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

24

Vandoni M, C.E., Marin L, Correale L, Bigliassi M, Buzzachera CF,
Psychophysiological responses to group exercise training sessions: Does exercise
intensity matter? . 2016. 11(8).

Alves RC, F.L., SDS F, da Silva SG., Effect of combined training on ratings of perceived
exertion and sensation of pleasure/displeasure in obese women. 2017. 19(6): p. 696-709.
al., F.L.e., The impact of a self-selected and imposed intensity on cardiorespiratory
fitness and body composition in obese women. Journal of Exercise Physiology 2014.
17(2): p. 44-52.

Parfitt G, O.T., Eston R., A hard/heavy intensity is too much: The physiological, affective,
and motivational effects (immediately and 6 months post-training) of unsupervised
perceptually regulated training. Journal of Exercise Science and Fitness, 2015. 13: p.
123-130.

Alves RC, S.F., Benites ML, Krinski K, Follador L, Silva, Da SG. , Exercicios com pesos
sobre as respostas afetivas e perceptuais. Revista Brasileira de Medicina do Esporte,
2015. 21(3): p. 200-205.

Follador L, A.R., Ferreira SDS, Buzzachera CF, Andrade VFDS, EDSDA G, et al. ,
Physiological, perceptual, and affective responses to six high-intensity interval training
protocols. Perceptual and Motor Skills, 2018. 125(2): p. 329-350.

Kwan BM, B.A., In-task and post-task affective response to exercise: Translating
exercise intentions into behaviour. British Journal of Health Psychology, 2010. 15: p.
115-131.

Rhodes RE, K.A., Can the affective response to exercise predict future motives and
physical activity behavior? A systematic review of published evidence. Annals of
Behavioral Medicine, 2015. 49(5): p. 715-731.

Perri MG, A.S., Durning PE, Ketterson TU, Sydeman SJ, Berlant NE, et al, Adherence to
exercise prescriptions: Effects of prescribing moderate versus higher levels of intensity
and frequency. Health Psychology, 2002. 21(5): p. 452-458.

Ekkekakis P, L.E., Joens-Matre RR, Can self-reported preference for exercise intensity
predict physiologically defined self-selected exercise intensity? Research Quarterly for
Exercise and Sport, 2006. 77(1): p. 81-90.

Cox KL, B.V., Gorely TJ, Beilin LJ, Puddey 1B, Controlled comparison of retention and
adherence in home- vs center-initiated exercise interventions in women ages 40-65 years:
The S.W.E.a.T. study (sedentary women exercise adherence trial). Preventive Medicine
2003. 36(1): p. 17-29.

Deci EL, R.R., The “what” and “why” of goal pursuits: Human needs and the self-
determination of behavior. Psychological Inquiry, 2000. 11: p. 227-268.

Feldman F, K.D., Diener E, Schwarz N, editors. , Well-Being: The Foundations of
Hedonic Psychology. New York: The Russell Sage Foundation, 1999: p. 593.

DM, W., Exercise, affect, and adherence: An integrated model and a case for self-paced
exercise. Journal of Sport & Exercise Psychology, 2008. 30(5): p. 471-496.

Ekkekakis P, L.E., Joens-Matre RR, Let them roam free?: Physiological and
psychological evidence for the potential of self-selected exercise intensity in public
health. Sports Medicine, 2009. 39: p. 857-888.

Patrick H, W.G., Self-determination theory: Its application to health behavior and
complementarity with motivational interviewing. International Journal of Behavioral
Nutrition and Physical Activity, 2012. 9(18).



ol.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.
64.

65.

66.

25

Gibala MJ, e.a.M.M.H.J., Physiological adaptations to low-volume, high-intensity
interval training in health and disease. The Journal of Physiology, 2012: p. 1077-1084.
ACSM, Quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and Neuromotor fitness in apparently healthy adults:
Guidance for prescribing exercise. Medicine and Science in Sports and Exercise, 2011.
43(7): p. 1334-1359.

Oliveira BRR, D.A., Santos TM, Differences in exercise intensity seems to influence the
affective responses in self-selected and imposed exercise: A meta-analysis. Frontiers in
Psychology, 2015.

Oliveira BRR, D.A., Nakamura FY, Viana BF, Santos TM, Self-selected or imposed
exercise? A different approach for affective comparisons. Journal of Sports Science,
2015. 33(8): p. 777-785.

Hamlyn-Williams CC, F.P., Parfitt G, Acute affective responses to prescribed and self-
selected exercise sessions in adolescent girls: An observational study. BMC Sports
Science, 2014. 6.

da Silva SG, G.E., Ferreira SS, Andrade VF, Follador L, Alves RC, et al, Resistance
exercise performed with the same load In self-selected and imposed intensities promote
different affective and perceptual responses. Medicine & Science in Sports & Exercise,
2017. 49: p. 843.

Parfitt G, H.S., The exercise intensity-affect relationship: Evidence and implications for
exercise behavior. Journal of Exercise Science and Fitness, 2009. 7(2): p. 34-41.

Yang Z, P.M., Self-selected and prescribed intensity exercise to improve physical activity
among inactive retirees. Western Journal of Nursing Research, 2018. 40(9): p. 1301-
1318.

Bellezza, P.A.H., Eric E; Miller, Paul C; Bixby, Walter R, The influence of Exercise
Order on Blood Lactate, Perceptual, and Affective Responses. Journal of Strength and
Conditioning Research, 2009. 23(1): p. 203-208.

McAuley, E., Morris, KS, Motl, RW, Hu, L, Konopack, JF, and Elavsky, S., Long-term
follow-up of physical activity behavior in older adults. Health Psychology, 2007. 26: p.
375-380.

Williams, D., Dunisger, S, Ciccolo, JT, Lewis, BA, Albrecht, AE, and Marcus, BH, Acute
affective response to a moderate-intensity exercise stimulus predicts physical activity
participation 6 and 12 months later. Psychol Sport Exerc, 2008. 9: p. 231-245.

Arent, S., Landers, DM, Matt, KS, and Etnier, JL, Dose response and mechanistic issues
in the resistance training and affect relationship. Journal of Sport & Exercise
Psychology, 2005. 27: p. 92-110.

Borg, G., Perceived Exertion and Pain Scales. Champaign: Human Kinetics, 1998.
Simao, R., Farinatti, PTV, Polito, MD, Maior, AS, and Fleck, SJ, Influence of exercise
order on the number of repetitions performed and perceived during resistive exercises.
Journal of Strength and Conditioning Research, 2005. 19: p. 152-156.

Simao, R., Farinatti, PTV, Polito, MD, Viveiros, L, and Fleck, SJ, Influence of exercise
order on the number of repetitions performed and perceived exertion during resistance
exercises in women. Journal of Strength and Conditioning Research, 2007. 21: p. 23-28.
Beltz, N.M.,, et al., Graded Exercise Testing Protocols for the Determination of VO2max:
Historical Perspectives, Progress and Future Considerations. Journal of Sports
Medicine, 2016.



26

67.  Cavarretta, D.J., E.E. Hall, and W.R. Bixby, Affective Responses From Different
Modalities of Resistance Exercise: Timing Matters! Front Sports Act Living, 2019. 1.

68. Haff, G.G.T., T.N.,, Essentials of Strength Training and Conditioning. 4th Edition ed.
2016: Human Kinetics.

69. Lox, C.J., S; Tuholski, SW; Wasley, D; adn Treasure, DC, Revisiting the Measurement of

Exercise-Induced Feeling States: The Physical Activity Affect Scale. Measurement in Physical
Education and Exercise Science, 2000. 4(2): p. 79-95.
70. McAuley, E.C., KS, The subjective exercise experience scale (SEES): Development and

Preliminary Validation. Journal of Sport and Exercise Psychology, 1994. 16: p. 163-1777.

71. Brien, D.M.M., Donald C., The effect of induced alkalosis and acidosis on plasma lactate
and work output in elite oarsmen. European Journal of Applied Physiology and
Occupational Physiology, 1989: p. 797-802.

72. Withers RT, S.W., Clark DG, Esselbach PC, Nolan SR, Mackay MH, Brinkman M. ,
Muscle metabolism during 30, 60 and 90 s of maximal cycling on air-braked ergometer.
European Journal of Applied Physiology and Occupational Physiology, 1991. 63(5): p.
354-362.

73. Fujitsuka N, Y.T., Ohkuwa T, Saito M, Miyamura M., Peak Blood Lactate after Short
Periods of Maximal Treadmill Running. European Journal of Applied Physiology and
Occupational Physiology, 1982. 48(3): p. 289-296.

74.  Goodwin ML, H.J., Hernandez A, Gladden LB., Blood lactate measurements and
analysis during exercise: a guide for clincians. J Diabetes Sci Technol, 2007. 1(4): p.
558-5609.

75. Dwivedi Y, R.H., Conley RR, Roberts RC, Tamminga CA, Pandley GN. , Altered Gene
Expression of Brain-Derived Neurotrophic Factor and Receptor Tyrosine Kinase B in
Postmortem brain of Suicide Subjects. Arch Gen Psychiatry, 2003. 60(8): p. 804-815.

76.  Shimizu E, H.K., Okamura N et al, Alterations of Serum Levels of Brain-Derived
Neurotrophic Factor (BDNF) in depressed patients with or without antidepressants. Biol
Psychiatry, 2003. 54: p. 70-75.

77. Knaepen K, G.M., Heyman EM, Meeusen R, Neuroplasticity - exercise-induced response
of peripherial brain-derived neurotrophic factor. Sports Medicine, 2010. 40: p. 765-801.

78.  Schulz, K.M., A; Langguth, N, Physical Activity and Mental Health. Federal Health
Sheet, 2012. 55: p. 55-65.

79.  Walsh NP, G.M., Shephard RJ et al, Position statement. Part one: Immune function and
exercise. Exerc Immunol Rev, 2011. 17: p. 6-63.

80. A, D., Transient hypofrontality as a mechanism for the psychological effects of exercise.
Psychiatry Res, 2006. 145: p. 79-83.

81.  Wipfli BM, R.C., Landers DM, The anxiolytic effects of exercise: a meta-analysis of
randomized trials and dose-response analysis. Journal of Sport & Exercise Psychology,
2008. 30: p. 392-410.

82. Meeusen R, V.C.J., Roelands B. , Endurance exercise-induced and mental fatigue and
the brain. Exp Physiol, 2021. 106(12): p. 2294-2298.

83. Focht, B.C., et al. , Affective and Self-Efficacy Responses to Acute Aerobic Exercise in
Sedentary Older and Younger Adults. Journal of Aging and Physical Activity, 2007.
15(2): p. 123-138.



84.

85.

86.

87.

27

Legrand, F.D., et al. , Acute Effects of Outdoor and Indoor Exercise on Feelings of
Energy and Fatigue in People with Depressive Symptoms. Journal of Environmental
Pscyhology, 2018. 56: p. 91-96.

Barnett, F., The Effect of Exercise on Affective and Self-Efficacy Responses in Older and
Younger Women. Journal of Physical Activity & Health, 2013. 10(1): p. 97-105.

Kwan, B.B., A; Tompkins, SA; Marcus, B; Williams, DM; Ciccolo, J. , The Physical
Activity Affect Scale and the Circumplex Model of Affect: Theoretical and Empirical
Support. Medicine and Science in Sports and Exercise, 2008. 40.

Edwards, M.L., PD, Affective Responses to Acute Bouts of Aerobic Exercise, Mindfulness
Meditation, and Combinations of Exercise and Meditation: A Randomized Controlled
Intervention. Psychological Reports, 2019. 122(2): p. 465-484.



