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Abstract

Background: Resistance exercise has numerous, well-documented benefits on the health and functional performance of older adults. However,
little information exists on the affective responses to resistance exercise in this population. As affective responses can predict continued exercise
behavior, examining if and how they differ between resistance exercise intensities and frequencies in older adults may provide important data to
improve resistance exercise prescription.

Methods: We monitored the affective responses of older adults when performing high-velocity, low-load (HVLL) or low-velocity, high-load (LVHL)
resistance exercise once or twice weekly. A total of 40 moderately to highly active, but resistance-exercise naive, older adults (60—79 years)
completed 1 of 4 randomly assigned progressive resistance exercise conditions: HVLL once weekly (HVLL1: n=10), HVLL twice weekly
(HVLL2: n=10), LVHL once weekly (LVHL1: n=10), or LVHL twice weekly (LVHL2: n=10). The Physical Activity Affect Scale, Felt Arousal
Scale, Feeling Scale, rating of perceived exertion, Visual Analog Scale, and the Physical Activity Enjoyment Scale were used to assess enjoyment
and affective responses.

Results: The results from Physical Activity Enjoyment Scale (out of 35) suggest that all exercise conditions were largely and similarly enjoyable
to older adults (HVLL1: 30.9 4+ 2.4; LVHL1: 31.9 £ 3.6; HVLL2: 30.9 4 3.5; LVHL2: 30.2 £ 3.7) despite greater fatigue (p = 0.033; 17%: 0.22)
and perceived workload (p = 0.042; nf) =0.20) in LVHL (results from Visual Analog Scale).

Conclusion: Moderately to highly physically active older adults may tolerate higher intensities of resistance exercise performed once or twice
weekly without experiencing a negative impact on enjoyment. However, the role that supervision and social interaction played in shaping the
participants’ responses is unclear.

Keywords: Aging; Enjoyment; Exercise affect; Health education; Older adults

1. Introduction physiologically driven considerations instead of addressing
the significant participation issues.® Therefore, it is important
to determine whether, and to what extent, individuals enjoy
exercise,’ since enjoyment is a motivator for exercise’ and
is important for adherence to exercise interventions.’ Previ-
ously, there has been investigation into the affective responses
to aerobic exercise, but much less into resistance exercise,’
especially in older adults, despite the well-documented bene-
fits that resistance exercise offers this population.®

Commonly, 2 types of resistance exercise—high-velocity,
low-load (HVLL) and low-velocity, high-load (LVHL) (types
of power and strength training, respectively)—have garnered
] o S research interest. Despite a systematic review by Byrne et al.,’
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The age-related decrease in physical activity (PA) predis-
poses older adults to losses in muscle size and strength, which
negatively impacts functional capacity, independence and
quality of life." PA Guidelines in the UK recommend that
older adults complete >150 min of moderate aerobic activity
per week (or 75 min of vigorous aerobic activity), accompa-
nied by strengthening exercises on >2 days per week.” How-
ever, few older adults in the UK (15% of men and 10% of
women) are achieving these recommended amounts of PA.’
Notably, the current PA guidelines primarily reflect
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Affective responses to resistance exercise

functional performance in older adults, Fisher et al.'’ sug-
gested that slower velocity movements performed at greater
effort, or to momentary failure, should be favored and that
explosive movements should be avoided during resistance exer-
cise in older adults. This claim was strongly refuted by Cadore
et al.,'' citing literature that supports the use of explosive mus-
cle contractions in older adults for optimizing functional ability,
reducing falls, stimulating muscle hypertrophy, and improving
muscle strength and power. This finding suggests that the
optimal exercise prescription from a physiological standpoint
is still being debated and the psychological considerations
for resistance exercise programming in older adults go largely
uninvestigated.

The basic premise of hedonic theory is that human behavior
is motivated by the pursuit of pleasure and the avoidance of
displeasure.'” The theory focuses on the affective responses to
behaviors and how they influence decisions on whether or not
a behavior is repeated.'” The theory behind why affective
responses to PA may alter future behaviors is principally based
on operant conditioning, where behavior outcomes influence
the continuation of that behavior through learned associa-
tions.'* Exercise affect is a key component of the exercise
experience and may be influenced through bodily sensations
(e.g., pain or pleasure) or may follow from cognitive appraisal
(e.g., feelings of failure or achievement).'” Indeed, the mea-
surement of the acute affective responses to exercise have
been shown to predict future exercise behavior.® Therefore,
understanding the affective responses to resistance exercise is
important and could be used to influence resistance exercise
program design in older adults.

As many older adults require supervision to realize
the full benefits of resistance exercise, ' © costs to the individual
can be substantial. Therefore, investigation into the minimal
effective dose of resistance exercise for older adults is war-
ranted.” Various studies have demonstrated that performing
resistance exercise once weekly can elicit improvements in
strength and physical function in older adults.'”'® Recently
Fisher et al.'’ proposed that as little as 10—30 min of resis-
tance exercise twice weekly may be sufficient to obtain not
only considerable physiological, but also psychological bene-
fits, including a decrease in depressive symptoms, improved
cognitive function, decreased fear of falling, improved
self-esteem, and decreased anxiety. Furthermore, a lower fre-
quency of resistance exercise may be preferable, given that
Foley et al.'” observed that 66% of 94 older adults preferred
training once weekly compared with twice weekly (26%) or
thrice weekly (1%). Given the potential importance of low-
dose resistance exercise, investigation into the affective
responses to lower doses (once weekly) and higher doses
(twice weekly) of resistance exercise in older adults would be
an important contribution to the extant literature.

Previous investigations into the acute affective responses to
supervised HVLL and LVHL in older adults indicated that,
despite LVHL being perceived as more exerting and fatiguing,
both HVLL and LVHL were enjoyed similarly.'” Although
Richardson et al.!” matched volume loads between conditions,
intensity likely differed owing to the loading used, meaning
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that affective responses fluctuated in-task; however, postexer-
cise affect for both HVLL and LVHL improved similarly.
These patterns have been observed in other studies that have
examined affective responses to resistance exercise.””*' The
findings of Richardson et al.'” formulated the basis for this
study; the investigators suggested the need to investigate the
differences between the 2 methods of resistance exercise from
a more longitudinal perspective. Therefore, the present study
aims to compare the affective responses of a group of older
adults when carrying out a supervised 10-week training interven-
tion of either HVLL or LVHL (exercise velocity and load) per-
formed either once weekly or twice weekly (exercise frequency).
We hypothesize the following: (1) there will likely be greater
perceived exertion in the LVHL conditions, although based on
the observations of Richardson et al.,'” this factor may not neces-
sarily negatively impact affective responses compared with
HVLL and (2) given the active nature of the participants in the
present study, both once weekly and twice weekly conditions
will deliver similarly positive affective responses.

2. Materials and methods
2.1. Design

The present study used a randomized, multiarmed, parallel
design. Blinding was not applied as it was apparent to the par-
ticipants which exercise condition they had been allocated to.
A control group was not deemed necessary as between-condi-
tion effects were the primary focus of the study.

2.2. Participants

An a priori power calculation using G*Power software
(Version 3.1.9.2; Franz Faul, Universitat Kiel, Dusseldorf,
Germany) for repeated measures analysis of variance
(ANOVA), between—within interaction design (4 conditions
by 3 time points (Weeks 1, 5, and 10)) revealed that detection
of a medium effect size (f=0.20), with «=0.05 and 1 —
B=0.80, correlated dependent variables (r=0.70), and a viola-
tion of the assumption of sphericity (¢=1) required a mini-
mum sample size of 40 participants. After receiving approval
by the Coventry University Ethics Committee, community-
dwelling men and women (aged 60—79 years; Table 1) were
recruited by self-selection through advertisements for partici-
pation. Before randomization, each participant was required to
meet the following inclusion/exclusion criteria: (1) absence of
cognitive impairment, (2) absence of acute or terminal illness,
myocardial infarction, symptomatic coronary artery disease,
congestive heart failure, neuromuscular disease, or uncon-
trolled hypertension (>150/90 mmHg),”> (3) no upper or
lower extremity fracture in the previous 6 months, (4) no par-
ticipation in strength or power training in the previous 6
months, and (5) aged >60 years with no upper age limit set for
participation. After meeting these criteria, each older adult
was assigned to 1 of 4 progressive resistance exercise condi-
tions using minimization: (1) HVLL resistance exercise once
weekly (HVLL1), (2) LVHL resistance exercise once weekly
(LVHL1), (3) HVLL resistance exercise twice weekly
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Table 1
Participant characteristics (total n=40; n= 10, 5 males and 5 females in each group).

HVLLI1 LVHLI1 HVLL2 LVHL2
Age (year) 66£5 67+4 676 66 £+ 6
Age range (year) 60—74 60—72 60—78 60—79
Height (cm) 168.7+ 7.4 167.2 £ 11.1 1733 +£9.7 166.8 + 8.9
Body mass (kg) 80.0 £16.9 763+ 11.8 83.2+13.5 73.0 £ 13.4
Body mass index (kg/m?) 28+ 5 28+ 5 28+ 5 26+ 4

Physical activity (MET min/week)
Daily sitting (min)
Medications taken

2919 (1771-4345)
330 (255—368)
245

3264 (2064—4067)
195 (165—285)
141

3095 (2381—4487)
240 (180—263)
1+1

2355 (1074—4026)
360 (255—465)
242

Notes: Values are presented as mean £ SD except for age range, physical activity, and sitting, which are the range, median, and interquartile ranges, respectively.
Abbreviations: HVLL1 = high-velocity, low-load once weekly; HVLL2 = high-velocity, low-load twice weekly; LVHL1 =low velocity, high-load once weekly;

LVHL2 = low-velocity, high-load twice weekly; MET = metabolic equivalent.

(HVLL2), or (4) LVHL resistance exercise twice weekly
(LVHL2). All participants were made aware of
the exercise conditions and associated risks before providing
written informed consent. The Consolidated Standards of
Reporting Trials (CONSORT) diagram (Supplementary Fig.
1) displays that 40 participants completed all assessments and
were included in the analysis.

2.3. Procedures

Before familiarization and estimation of 1 repetition maxi-
mum (1-RM), participants were asked to refrain from any
other fatiguing exercise or PA for 24 h. First, anthropometric
data was recorded (Seca Instruments, Hamburg, Germany),
and participants completed the International Physical Activity
Questionnaire short form (IPAQ)* to assess habitual PA lev-
els (Table 1). The IPAQ is a useful tool for assessing the PA
of older adults®* and was scored (and data were reported) in
accordance with instructions on the IPAQ website (www.ipaq.
ki.se). Furthermore, as participants who exercise more fre-
quently report a more positive exercise experience,”” these
self-reported PA levels (metabolic equivalent min/week, esti-
mated from the IPAQ), were used as a covariate for all meas-
ures of exercise affect.

Before each exercise session, participants performed a
warm-up comprising 5 min of cycling at a self-selected pace,

Table 2

Predicted 1-RM data (Brzycki*®) at baseline and after the intervention (mean %+ SD).

followed by 5 dynamic stretches that targeted the main muscle
groups. Then, each individual participant’s ideal anthropomet-
ric setup for each piece of Cybex equipment (Cybex, Medway,
MA, USA) was recorded for each of the 8 exercises: (1) leg
press, (2) seated row, (3) chest press, (4) leg extension, (5) leg
curl, (6) calf raise, (7) triceps extension, and (8) bicep curl.
The correct techniques for all exercises as described by Cybex
were demonstrated to participants, who practiced them until
movements were being performed correctly and safely.
Finally, participants completed a protocol described in
Richardson et al.'” to predict 1-RM for all 8 exercises using a
prediction equation,”® which has been shown to produce valid
estimations of 1-RM for multiple machine-based exercises in
older adults.”” Table 2 displays the predicted 1-RMs achieved
by all participants both at baseline and after the 10-week inter-
vention period.

2.4. Measures of exercise affect

As is consistent with hedonic theory,”® the measures
selected assessed the pleasantness and enjoyment of the resis-
tance exercise conditions using both the dimensional model
and distinct state approaches. It has been suggested that in-
task affect is an important consideration in the intensity-
affect-enjoyment relationship during resistance exercise.’
However, previous research has shown that in-task responses

Leg press (kg) Seated row (kg) Chest press (kg) Leg extension (kg) Leg curl (kg) Calfraise (kg) Triceps extension (kg) Bicep curl (kg)

HVLLI baseline 103 £ 23 53+ 14 35+ 14 41 +8
HVLLI1 post 117 £29 57 & 13* 39 £ 16 45+9
LVHLI1 baseline 104 £ 29 SI£15 33 £21 42+ 14
LVHLI post 125 + 32* 58 &£ 17* 38 £20* 52+ 15%
HVLL2 baseline 135 + 39 59 £21 44 £21 55£21
HVLL2 post 150 =44 65 + 24* 50 & 20* 60 £ 19*
LVHL2 baseline 114 + 28 S1+15 38+ 19 42+10
LVHL2 post 143 £ 41%* 65 &+ 18%* 48 £ 23*% 60 + 15*

40 £ 12 116 £ 21 25+10 20+ 10
456 136 + 29* 29 + 8% 23+9

3712 97 £31 23 £12 20£10
45 £ 17* 126 + 32* 28 £+ 12%* 24 £+ 10*
48 +£17 139 £ 31 30£16 26+ 12
53 +20* 148 £ 32 35 £ 15% 29 £ 11%*
41+ 11 117 £ 26 25+ 10 20+ 10
53 + 14* 158 + 26* 33+ 12% 29 £ 13*

* p < 0.05, compared with baseline.

Abbreviations: 1-RM =1 repetition maximum; HVLL1 = high-velocity, low-load once weekly; HVLL2 =high-velocity, low-load twice weekly; LVHL1 = low-

velocity, high-load once weekly; LVHL2 = low-velocity, high-load twice weekly.
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are typically stronger and in the same direction as post-task
affect.”” Additionally, Richardson et al.'” observed similarly
positive affective responses to the same HVLL and LVHL
conditions when affect was measured immediately after each
set of each exercise in older adults. Therefore, in-task affect
was not measured in the present study. Finally, when complet-
ing all applicable measures, participants were advised to base
their responses on the exercise they performed and not the
overall experience (e.g., socializing or interaction with others
etc.).

2.5. Physical Activity Affect Scale (PAAS)

Participants completed a PAAS questionnaire®” before and
immediately after sessions in Weeks 1, 5, and 10. The PAAS
questionnaire measures acute exercise-induced affect, incorpo-
rating a multidimensional perspective assessing valence and
arousal.”’ The questionnaire displays a total of 12 statements
that might describe one’s feelings at a given moment. Partici-
pants indicated their feelings according to the following levels:
do not feel (0), feel slightly (1), feel moderately (2), feel
strongly (3), or feel very strongly (4). The 12 statements are
grouped into 4 subscales: positive affect, negative affect,
fatigue, and tranquility.

2.6. Felt Arousal Scale (FAS) and Feeling Scale (FS)

The FAS™ and single-item FS*® were used to measure
arousal and affective valence, respectively, before exercise
and immediately after sessions in Weeks 1, 5, and 10. Partici-
pants rated their arousal level from 1 (very low) to 6 (very
high), using the 6-point FAS. It was explained to participants
that high arousal might be characterized by feelings of excite-
ment, anxiety, or anger and that low arousal might be
explained by feelings of relaxation, boredom, or calmness.
The FS uses an 11-point bipolar scale, which ranges from very
bad (—5) to very good (+5). The PAAS, FS, and FAS were all
used to assess affective valence and arousal because of the
accepted strengths and weaknesses of single-item and multi-
item scales.™

2.7. Rating of perceived exertion (RPE)

RPE* was recorded using a scale ranging from 6 to 20
(6=no exertion at all, 20 =maximal exertion) immediately
after sessions in Weeks 1, 5 and 10. As well as monitoring per-
ceived exertion, RPE was used to progress exercise intensity.
Similar to the method used by Levinger et al.,”® when a partici-
pant rated the session 10 of 20 on the Borg scale (too light/
easy), any exercises that the participant rated as too easy in
that session were increased in resistance by 5%—10%. To
avoid the possibility of deliberate manipulation of RPE rat-
ings, participants were not informed that rating a session as 10
out of 20 would result in increasing resistance. Only 1 partici-
pant in the LVHL2 condition rated the final session as an RPE
of 10. In the HVLL1 condition, 4 participants rated the ses-
sions as an RPE of 10 by Week 8. For the HVLL2 condition, 2
participants rated sessions as an RPE of 10 by Week 6. No
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participants in the LVHL1 condition rated sessions as an RPE
of <10.

2.8. Visual Analog Scales (VAS)

After sessions in Weeks 1, 5, and 10, participants com-
pleted 4 VAS.>” All VAS spanned a single 100-mm horizontal
line with a headline statement at the top. To the extreme left of
the line was a statement that indicated no agreement with the
headline statement, for example, no enjoyment, and to the
extreme right was a statement that indicated strong agreement,
for example, very enjoyable. Participants indicated their feel-
ings immediately at the end of each session with a single verti-
cal line. The 4 VAS headline statements used were: (1) How
enjoyable was the exercise you just did? (2) How fatiguing
was the exercise you just did? (3) What was your perception
of the workload? and (4) What was your perceived effective-
ness of the workload?

2.9. Physical Activity Enjoyment Scale (PACES)

Finally, participants completed a modified PACES™® after
sessions in Weeks 1, 5, and 10. The PACES displays 2 con-
trasting statements about exercise, such as, “I like it” and “I
dislike it”. Between the 2 statements, participants rated their
agreement with each statement on a 7-point Likert scale. The
2 inversely scored PACES questions were corrected before
being analyzed as a total score (out of 35, with a possible range
of 5 to 35). The PACES has been shown to be a reliable instru-
ment for assessing the enjoyment of PA in older adults.”” In
the present sample, using pooled data for all conditions, the
PACES exhibited acceptable internal consistency (Cronbach’s
a=0.75).

2.10. Exercise interventions

During each supervised session, all exercise conditions per-
formed the 8 exercises detailed in Table 2. Both the HVLLI1
and HVLL2 conditions performed 3 x 14 repetitions at 40%
1-RM on each exercise. The concentric phase was performed
as fast as possible without causing unloading of the weight
stack, followed by a 3-s eccentric phase. Both the LVHLI1 and
LVHL2 conditions performed 3 x 7 repetitions at 80% pre-
dicted 1-RM. The concentric phase was performed over 2 s
with a 3-s eccentric phase. All exercise conditions had 90 s
recovery between sets, and a 3-min recovery between exer-
cises. Sessions were completed at the same time of day on the
same days of the week where possible to control for possible
diurnal variation. The HVLL1 and LVHLI1 conditions per-
formed 1 session weekly for 10 weeks (10 sessions), and the
HVLL2 and LVHL2 conditions performed 2 sessions weekly
for 10 weeks (20 sessions). This study design meant that par-
ticipants in the twice weekly conditions performed double the
weekly training volume compared with participants in the
once weekly conditions. It is the opinion of the authors that
matching volumes between once weekly and twice weekly is
not time efficient, that is, one-half of the volume on 2 days
weekly or may overload participants, or double the training
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volume on just 1 day weekly. Where any sessions were
missed, the intervention period was extended so that all ses-
sions could be completed. Therefore, the mean number of
weeks to complete all sessions were: HVLL1: 10.4 £ 0.7,
LVHL1:10.8 £ 0.9, HVLL2: 10.6 £ 0.7, and LVHL2: 10.8 &+
1.2. Supplementary Fig. 2 displays the timeline of sessions
and displays when all measurements were taken during each
session.

2.11. Supervision

A single male researcher supervised all baseline, postinter-
vention, and weekly exercise sessions to (1) ensure participant
attendance, (2) provide feedback, technical instructions, and
motivation, (3) provide social and mental support, and (4) pro-
vide a supportive attitude.”” To try to standardize these ele-
ments among participants and sessions, the researcher (1)
provided encouragement and motivation at times when a par-
ticipant was visibly struggling with an exercise, (2) provided
praise on completion of each set, and (3) delivered any neces-
sary constructive criticism to improve technique at the end of
each exercise. The baseline and post-testing sessions were
closely supervised 1:1 (researchers:participants). Each subse-
quent session was supervised 1:2 throughout the duration of
the intervention period. Before and after each session, partici-
pants completed all scales separately before being allowed to
socialize with each other and the researcher. During each ses-
sion, participants were permitted to socialize with each other
and the researcher during the warm-up, but once the session
began they had no interaction with each other as they per-
formed different exercises.

2.12. Statistical analysis

All data were analyzed using IBM SPSS Statistics (Version
24.0; IBM Corp., Armonk, NY, USA). Descriptive statistics
are presented as mean £ SD, with 95% confidence intervals
(CIs). Recognizing that they are highly correlated measures,
after meeting the relevant assumptions, the FS, FAS, and the 4
PAAS subscales were analyzed using multivariate ANOVA
with repeated measures before and after sessions in Weeks 1,
5, and 10. Factorial ANOVA with repeated measures exam-
ined the effect of the independent variable: exercise condition
on the dependent variables—namely, PAAS, PACES, RPE,
VAS, FS, and FAS. When Mauchly’s test of sphericity was
significant and the Greenhouse—Geisser level of violation was
>0.75, degrees of freedom were corrected using Huynh—Feldt
adjustment; and when violation was <0.75, the Greenhou-
se—Geisser correction was used. Significant interactions and
main effects were investigated with Bonferroni-corrected pair-
wise comparisons. Significance was determined by a p value
of <0.05 and reported as exact values unless below p =0.001.
The effect size was used to quantify the meaningfulness of any
differences and was calculated using r)f) and defined as trivial
(<0.10), small (0.10—0.29), moderate (0.30—0.49), or large
(>0.50)."" One-way ANOVA was used to confirm that no sig-
nificant differences existed in activity levels between condi-
tions, and paired sample ¢ tests were used to show where
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differences in strength changes lay (Table 2). Analysis of
covariance was used to examine the effects of the covariate;
habitual PA (metabolic equivalent min/week) on the depen-
dent variables. However, there were no significant effects of
metabolic equivalent min/week on any of the dependent varia-
bles. Ancillary ANOVA analyses were performed to analyze
the effects of movement velocity only (HVLL (rn=20) vs.
LVHL (n=20)) or frequency of exercise only (once weekly
(n=20) vs. twice weekly (n=20)) and are only reported where
significant differences were observed.

3. Results
3.1. Multivariate ANOVA

The multivariate ANOVA performed on the FS, FAS, and
the 4 PAAS subscales between exercise conditions indicated a
nonsignificant effect (Pillai’s V=0.33, F(15, 180)=0.710,
p = 0.773, nﬁ =0.06). This suggests that all 4 exercise condi-
tions produced similar affective responses. However, there
was a significant interaction between FS, FAS, and the
4 PAAS x Weeks x Pre/post (Pillai’s V=0.61, F(6, 202) =
3.445, p = 0.004, n,=0.09), which was further investigated
with factorial ANOVA.

3.2. PAAS subscale

3.2.1. PAAS positive affect

There were increases in positive exercise affect from before
to after the sessions (F(1, 9)=36.179, p < 0.001, n§:0.80)
but no significant differences between exercise conditions
(F(3,27)=0.746, p = 0.534, n;,; = 0.08).

3.2.2. PAAS negative affect

There were no significant differences in negative exercise
affect between exercise conditions (F(3, 27)=1.974,
p =0.142, nf) = (.18) and no significant differences in negative
affect from before to after the sessions (F(1, 9)=4.853,
p =0.055, ng =0.35). However, when only velocity of exercise
was analyzed, there was a significant exercise Veloc-
ity x Before and after session interaction (F(1, 19)=9.314,
p =0.007, n;=0.33; Fig. 1A). Pairwise comparisons revealed
that negative exercise affect decreased significantly from
before to after the session in Week 1 (95%CI: —0.4 to 0.0,
p=0.042) and Week 5 (95%CI: —0.3 to 0.0, p=0.029) in
HVLL. When only frequency was analyzed, there was a signif-
icant Frequency x Week interaction (F(2, 38)=4.523,
p = 0.017, nf, =0.19). Pairwise comparisons revealed that in
Week 1, before exercise negative affect for twice-weekly par-
ticipants was significantly greater (95%CI: 0.1-0.4,
p=0.006) than for once-weekly participants (Fig. 1B).

3.2.3. PAAS fatigue

There were significant increases in rating of fatigue before
versus and after the session (F(1, 9)=26.320, p = 0.001,
ng =0.75), with no differences between exercise conditions
(F(3,27)=0.396, p = 0.757, 77,23 =0.04).
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A
0.8 1

0.7 1

0.6 1 IR HvLL

05 LVHL
04 4

0.3 1

Negative affect (0-4)

0.2 1

0.1 4

0 4

Pre Post

Week 10

Week 1

0.9 7
*%

0.8 1

B Once weekly
0.7 1

0.6 1

2] Twice weekly

0.5 1

Negative affect (0-4)

Fig. 1. The PAAS negative exercise affect (mean = SD) when only velocity
(A) and frequency (B) of exercise was analyzed. * p < 0.05, compared with
before HVLL, ** p < 0.01, compared with the before Week 1, once weekly
session. HVLL = high-velocity, low-load; LVHL =low-velocity, high-load;
PAAS =Physical Activity Affect Scale.

3.2.4. PAAS tranquility

There were no significant differences in tranquility between
exercise conditions (F(3, 27)=1.496, p = 0.238, n,=0.14)
and no significant changes in tranquility before vs. after the
session (F(1, 9)=4.300, p = 0.068, r]f) =0.32).

3.3. FAS

There were significant increases in the FAS rating from before
to after the session (F(1, 9)=36.506, p < 0.001, n}% =0.80), but
no differences between exercise conditions (F(3, 27)=0.396,
p =0.757, nf, =0.04). When only frequency of exercise was ana-
lyzed, there was a significant interaction between Fre-
quency x Week x Before to after the session (F(2, 38)=4.669,
p = 0.015, n,=0.20). Pairwise comparisons revealed that there
were significant increases in FAS from before to after the session
for once weekly after Week 1 (95%CI: 0.1—1.4, p=0.028) and
Week 5 (95%CI: 0.3—1.1, p=0.002) and twice weekly saw sig-
nificant increases in FAS after Week 1 (95%CI: 0.6—2.0,
p=0.001), Week 5 (95%CI: 0.1-0.7, p=0.008), and Week 10
(95%CI: 0.1-0.7, p=0.017) (Fig. 2).
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Fig. 2. FAS (mean = SD) for all participants when only frequency of exercise
was analyzed. * p < 0.05, ** p < 0.01, compared with before exercise in once
weekly sessions; ¥ p < 0.05, ™ p < 0.01, compared with before exercise in
twice weekly sessions. FAS = Felt Arousal Scale.

3.4. FS

There were significant increases in the FS rating from before
to after the session (#(1, 9)=35.485, p < 0.001, n; = 0.80) but
no significant differences between exercise conditions
(F(3,27)=0.467,p = 0.708, n}% =0.05).

3.5. RPE

There were significant decreases in RPE over the inter-
vention period (F(2, 18)=17.189, p < 0.001, ;= 0.66) that
were not significantly different between exercise conditions
(F(3, 27)=1.188, p = 0.333, ng =0.12). Pairwise compari-
sons revealed a significant decrease in RPE from Week 1 to
Week 5 (95%CI: —2.0 to —0.2, p=0.022) but a nonsignifi-
cant decrease between Week 5 and Week 10 (95%CI: —0.9
to 0.0, p=0.056).

3.6. VAS

3.6.1. VAS Item 1: how enjoyable was the exercise you just did?
There were no significant differences in enjoyment between
exercise conditions (F(3,27)=1.347, p = 0.280, nﬁ =0.13).

3.6.2. VAS Item 2: how fatiguing was the exercise you just did?

There were no significant differences in fatigue between all
exercise conditions (F(3, 27)=2.733, p = 0.063, nﬁ =0.23).
When only velocity of exercise was analyzed, LVHL was sig-
nificantly more fatiguing than HVLL (F(1, 19)=5.258,
p = 0.033, r]lz) =0.22). Pairwise comparisons revealed that
LVHL was significantly more fatiguing after Week 1 (95%CI:
5.0-30.0, p=0.009) and Week 5 (95%CI: 2.2-35.0,
p=0.028) (Fig. 3).

3.6.3. VAS Item 3: what was your perception of the workload?
There was a significant Exercise condition x Week interac-
tion (F(6, 54)=2.978, p = 0.014, ng =0.25), although pairwise
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Fig. 3. VAS Item 2 (mean + SD) when only velocity of exercise was ana-
lyzed. * p < 0.05, ** p < 0.01, compared with HVLL. HVLL = high-velocity,
low-load; LVHL = low-velocity, high-load; VAS = Visual Analog Scale.

comparisons revealed that only LVHL2 Week 5 had a signifi-
cantly greater perception of workload than LVHL2 Week 10
(95%CI: 4.4-26.4, p=0.008) (Fig. 4A). When only velocity
of exercise as analyzed, LVHL exercise was perceived as hav-
ing a significantly greater workload than HVLL (F(1, 19) =
4.766, p = 0.042, n§=0.20). Pairwise comparisons revealed
that LVHL had a greater perceived workload in Week 1 only
(95%CI: 4.7-27.4, p=0.008) (Fig. 4B).

3.6.4. VAS Item 4: what was your perceived effectiveness of
the workload?

There were no significant differences in VAS perceived
effectiveness between all exercise conditions (F(3, 27)=0.959,
p =0.426, 71123 =0.10).

3.7. PACES total score

There were no significant differences in PACES scores
between all exercise conditions (F(3, 27)=0.571, p = 0.639,
nﬁ =0.06). Table 3 displays PACES total score (out of 35).

4. Discussion

The present study sought to investigate the affective
responses to performing HVLL and LVHL once weekly or
twice weekly in older adults. This study is the first that has
monitored the affective responses to 10-week interventions of
resistance exercise differing in frequency, volume, and load in
older adults. The observations from the present study are in
agreement with a number of other studies that have demon-
strated positive affective responses to resistance exer-
cise.””"***3 Our findings seem to replicate the observations of
Richardson et al.'? in that, during both studies, LVHL elicited
greater perceived workload and fatigue than HVLL, without
having a detrimental impact on enjoyment. We also observed
that affective responses were not different between those who
performed resistance exercises once weekly or twice weekly.
Although older adults have previously indicated a preference
for a lower frequency of resistance exercise,'’ performing
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Fig. 4. VAS Item 3. Perception of workload between all 4 exercise conditions
(A) and when only velocity of exercise was analyzed (B). ** p < 0.01, com-
pared with LVHL2 Week 10, ™ p < 0.01, compared with Week 1 HVLL.
HVLL = high-velocity, low-load; LVHL = low-velocity, high-load;
VAS = Visual Analog Scale.

double the weekly volume in the twice weekly conditions did
not negatively impact enjoyment. Given that participants in
the present study had moderate to high levels of habitual PA,
we propose that they were more likely to report a positive
exercise experience,” regardless of the exercise condition
they were randomized to. Therefore, based on these observa-
tions, our findings support our hypotheses.

The PAAS for positive affect increased from before to after
the exercise sessions across all exercise conditions, whereas
negative exercise affect significantly decreased from before to
after the session in the HVLL conditions for Week 1 and

Table 3

Physical Activity Enjoyment Scale (PACES) total score (out of 35) (mean + SD).
Week 1 Week 5 Week 10

HVLLI 30.7+2.5 304+25 316 +£23

LVHLI1 31.3+3.7 32.0+3.8 324436

HVLL2 302 +2.6 31.1 £4.1 314+38

LVHL2 29.7+3.6 30.1 £3.5 30.8 £4.2

Abbreviations: HVLLI1 = high-velocity, low-load once weekly; HVLL2 = high-
velocity, low-load twice weekly; LVHLI =low-velocity, high-load once
weekly; LVHL2 =low-velocity, high-load twice weekly; PACES = Physical
Activity Enjoyment Scale.



Affective responses to resistance exercise

Week 5. However, by Week 10, ratings were similar for both
HVLL and LVHL. All exercise conditions saw large increases
in FAS and FS from before to after exercise, which is similar
to previous findings.'” Results from the PACES and VAS
revealed that all exercise conditions were found to be highly
enjoyable despite the VAS for fatigue revealing that when
data were analyzed by exercise velocity, the LVHL conditions
were perceived as being significantly more fatiguing for Week
1 and Week 5, but not Week 10. Similarly, when VAS percep-
tion of workload was analyzed between exercise velocities,
LVHL conditions were perceived as having significantly
greater workload after Week 1, but not after Week 5 or Week
10. This finding suggests that, although older adults may have
initially perceived LVHL as more difficult and more fatiguing,
as they progressed through the program perceptions of HVLL
and LVHL became more similar. This finding may be
explained by the fact that 30% of participants in the HVLL
conditions rated sessions as <10 on the RPE scale, meaning
volume load was increased, whereas none of the participants
in the LVHL conditions progressed through RPE ratings.
Therefore, the volume load increases in HVLL conditions may
be a reason why perception of fatigue became more similar by
Week 10. Over a longer period of time, the ability for partici-
pants in the HVLL conditions to progress workloads (increase
the total load lifted) at a quicker rate than participants in the
LVHL conditions may provide them with a greater stimulus
for physiological adaptations and gains in muscular strength
and power. However, it is important to note that, even though
volume loads were matched between HVLL and LVHL, the
LVHL conditions, possibly owing to greater intensity, pro-
duced greater magnitudes of improvements in more estima-
tions of 1-RM than HVLL at both frequencies of training
despite not progressing load.

Richardson et al.'” observed greater perception of fatigue
with no negative impact on enjoyment or affective valence
during LVHL compared with HVLL exercise in older adults,
which are consistent with the findings of the present study.
As the intensity of exercise in the LVHL conditions was
greater than in HVLL, it may be reasonable to assume, based
on hedonic theory, that this would have a negative impact on
affective responses. The theory of optimal stimulation™* sug-
gests that, when individuals consider an activity threatening or
beyond their capabilities (e.g., undertaking high-intensity
resistance exercise, as in the LVHL conditions), it will result
in negative affect, anxiety, or both. However, it is possible
that, given the active nature of the participants in the present
study, the greater intensity of LVHL was not enough to nega-
tively impact affective responses or enjoyment. Therefore,
we speculate that similarly high ratings of enjoyment have
been observed regardless of exercise intensity or frequency
because of the high habitual PA levels of the participating
older adults.

The effect that supervision had on the reported affective
responses during the present study is unclear. There is evi-
dence that supervision has a positive influence on various
physiological and performance outcomes during exercise pro-

grammes, ' ®*° but there is very little investigation into how the
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role of the supervisor impacts exercise enjoyment and subse-
quent program adherence. Previously, it has been suggested
that supervised exercise programs provide greater motivation
for exercise’” while improving psychosocial factors and qual-
ity of life through improvements in strength and functional
performance.”’ However, the role that supervisors play in
influencing affective responses to resistance exercise in older
adults remains uninvestigated.

This study is not without limitations. As the same researcher
conducted both baseline and postintervention assessment
sessions, as well as all the sessions in the 10-week program, the
researcher was not blinded to condition assignment. To counter-
act this potential bias, identical assessment procedures and
motivation were provided to all participants.”® It is possible that
the high PACES scores were not a true indication that the
exercise was enjoyed to a great extent in all conditions. Despite
clear instructions to respond to all measures based on the
exercise performed, it is unclear if socialization between
participants and/or the researcher was really the driving
force behind the high enjoyment found across all conditions.
Future research examining if or how supervision can influence
the enjoyment of resistance exercise in older adults would there-
fore be welcome. In addition, although the older adults who vol-
unteered for the present study were resistance exercise naive,
they were moderately to highly active, meaning that caution
should be applied when generalizing these findings to more sed-
entary older adults. Despite basing our decision to not assess in-
task effective responses on previous research,'” we accept that
it is possible that a relief effect was present and that the affec-
tive rebound after exercise may have distorted any differences
between exercise conditions. Finally, it may have been useful to
assess psychological states after a period of recovery as psycho-
logical responses to exercise may have been obscured by the
physiological responses to exercise.

5. Conclusion

In the present study, both supervised HVLL and LVHL,
whether performed once weekly or twice weekly, produced
similar affective responses in a group of physically active
older adults. The LVHL conditions were perceived to have a
greater workload and to be more fatiguing, but this did not
negatively impact enjoyment. This finding suggests that mod-
erately to highly active older adults may report similarly posi-
tive affective responses when performing higher or lower
intensity resistance exercise. As higher intensity resistance
exercise has been suggested to be important for optimizing
strength and functional performance gains in older adults,'’
exercise professionals may maximize the physiological bene-
fits by using greater exercise intensities without compromising
enjoyment and adherence. However, as participants in the
present study were moderately to highly active, caution should
be applied when generalizing these findings to more sedentary
older adults. Future research should aim to better understand
the role that supervision, social interaction, and habitual PA
have on affective responses to resistance exercise programs
for older adults.



612
Acknowledgments

The authors thank all the participants who gave their time to
complete this study. This study was funded by Cybex Interna-
tional as part of a funded PhD.

Authors’ contributions

DLR was involved in the inception of the study design, data
collection, interpreting the data, and drafting the manuscript;
MIJD and NDC were involved in the inception of the study
design, interpreting the data, and proof reading the manuscript;
AJ and PMJ were involved in interpreting the data and proof-
reading the manuscript. All authors have read and approved
the final version of the manuscript, and have agreed with the
order of presentation of the authors.

Competing interests

The authors declare that they have no competing interests.

Supplementary materials

Supplementary materials associated with this article can be
found in the online version at doi:10.1016/j.jshs.2019.01.006.

References

1. Burton LA, Sumukadas D. Optimal management of sarcopenia. Clin
Interv Aging 2010;5:217-28.

2. Bull F, Biddle S, Buchner D, Ferguson R, Foster C, Fox K, et al. Physical
activity guidelines in the UK: review and recommendations. Available at:
www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPo-
licyAndGuidance/DH_127931. [accessed 01.11.2017].

3. Jefferis BJ, Sartini C, Lee IM, Choi M, Amuzu A, Gutierrez C, et al.
Adherence to physical activity guidelines in older adults, using objectively
measured physical activity in a population-based study. BMC Public
Health 2014;14:382. doi:10.1186/1471-2458-14-382.

4. Lind E, Joens-Matre RR, Ekkekakis P. What intensity of physical activity
do previously sedentary middle-aged women select? Evidence of a coher-
ent pattern from physiological, perceptual, and affective markers. Prev
Med 2005;40:407-19.

S. Allender S, Cowburn G, Foster C. Understanding participation in sport
and physical activity among children and adults: a review of qualitative
studies. Health Educ Res 2006;21:826-35.

6. Williams DM, Dunsiger S, Ciccolo JT, Lewis BA, Albrecht AE, Marcus
BH. Acute affective response to a moderate-intensity exercise stimulus
predicts physical activity participation 6 and 12 months later. Psychol
Sport Exerc 2008;9:231-45.

7. Greene DR, Petruzzello SJ. More isn’t necessarily better: examining the
intensity—affect—enjoyment relationship in the context of resistance exer-
cise. Sport Exerc Perform Psychol 2015;4:75. doi:10.1037/spy0000030.

8. Hunter GR, McCarthy JP, Bamman MM. Effects of resistance training on
older adults. Sports Med 2004;34:329-48.

9. Byme C, Faure C, Keene DJ, Lamb SE. Ageing, muscle power and physi-
cal function: a systematic review and implications for pragmatic training
interventions. Sports Med 2016;46:1311-32.

10. Fisher JP, Steele J, Gentil P, Giessing J, Westcott WL. A minimal dose
approach to resistance training for the older adult; the prophylactic for
aging. Exp Gerontol 2017;99:80—-6.

11. Cadore EL, Pinto RS, Reischak-Oliveira A, Izquierdo M. Explosive type
of contractions should not be avoided during resistance training in elderly.
Exp Gerontol 2018;102:81-3.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

D.L. Richardson et al.

Mees U, Schmitt A. Goals of action and emotional reasons for action. A
modern version of the theory of ultimate psychological hedonism. J The-
ory Soc Behav 2008;38:157-78.

Fredrickson BL, Kahneman D. Duration neglect in retrospective evalua-
tions of affective episodes. J Pers Soc Psychol 1993;65:45-55.

Rhodes RE, Kates A. Can the affective response to exercise predict future
motives and physical activity behavior? A systematic review of published
evidence. Ann Behav Med 2015;49:715-31.

Ekkekakis P, Lind E, Vazou S. Affective responses to increasing levels of
exercise intensity in normal-weight, overweight, and obese middle-aged
women. Obesity (Silver Spring) 2010;18:79-85.

Steele J, Raubold K, Kemmler W, Fisher J, Gentil P, Giessing J. The
effects of 6 months of progressive high effort resistance training methods
upon strength, body composition, function, and wellbeing of elderly
adults. Biomed Res Int 2017;2017:2541090. doi:10.1155/2017/2541090.
Foley A, Hillier S, Barnard R. Effectiveness of once-weekly gym-based
exercise programmes for older adults post discharge from day rehabilita-
tion: a randomised controlled trial. Br J Sports Med 2011;45:978—-86.
Sousa N, Mendes R, Abrantes C, Sampaio J, Oliveira J. Is once-weekly
resistance training enough to prevent sarcopenia? J Am Geriatr Soc
2013;61:1423-4.

Richardson DL, Duncan MJ, Jimenez A, Jones VM, Juris PM, Clarke ND.
The perceptual responses to high-velocity, low-load and low-velocity, high-
load resistance exercise in older adults. J Sports Sci 2018;36:1594-601.
Focht BC. Pre-exercise anxiety and the anxiolytic responses to acute bouts
of self-selected and prescribed intensity resistance exercise. J Sports Med
Phys Fitness 2002;42:217-23.

Arent SM, Landers DM, Matt KS, Etnier JL. Dose-response and mecha-
nistic issues in the resistance training and affect relationship. J Sport Exerc
Psychol 2005;27:92—-110.

Reid KF, Martin KI, Doros G, Clark DJ, Hau C, Patten C, et al. Compara-
tive effects of light or heavy resistance power training for improving lower
extremity power and physical performance in mobility-limited older
adults. J Gerontol A Biol Sci Med Sci 2015;70:374-80.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth
BE, et al. International Physical Activity Questionnaire: 12-country reli-
ability and validity. Med Sci Sports Exerc 2003;35:1381-95.

Tomioka K, Iwamoto J, Saeki K, Okamoto N. Reliability and validity of
the International Physical Activity Questionnaire (IPAQ) in elderly adults:
the Fujiwara-kyo Study. J Epidemiol 2011;21:459-65.

McAuley E, Jerome GJ, Marquez DX, Elavsky S, Blissmer B. Exercise
self-efficacy in older adults: social, affective, and behavioral influences.
Ann Behav Med 2003;25:1-7.

Brzycki M. Strength testing—predicting a one-rep max from reps-to-
fatigue. J Phys Educ Recreat Dance 1993;64:88-90.

Knutzen KM, Brilla LR, Caine D. Validity of IRM prediction equations
for older adults. J Strength Condition Res 1999;13:242—6.

Greene DR, Greenlee TA, Petruzzello SJ. That feeling I get: examination
of the exercise intensity-affect-enjoyment relationship. Psychol Sport
Exerc 2018;35:39-46.

Kwan BM, Bryan AD. Affective response to exercise as a component of
exercise motivation: attitudes, norms, self-efficacy, and temporal stability
of intentions. Psychol Sport Exerc 2010;11:71-9.

Lox CL, Jackson S, Tuholski SW, Wasley D, Treasure DC. Revisiting the
measurement of exercise-induced feeling states: the Physical Activity
Affect Scale (PAAS). Meas Phys Educ Exerc Sci 2000;4:79-95.

Magnan RE, Kwan BM, Bryan AD. Effects of current physical activity on
affective response to exercise: physical and social-cognitive mechanisms.
Psychol Health 2013;28:418-33.

Svebak S, Murgatroyd S. Metamotivational dominance: a multimethod
validation of reversal theory constructs. J Pers Soc Psychol 1985;48:107.
doi:10.1037/0022-3514.48.1.107.

Hardy CJ, Rejeski WJ. Not what, but how one feels: the measurement of
affect during exercise. J Sport Exerc Psychol 1989;11:304—17.

Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and displeasure peo-
ple feel when they exercise at different intensities: decennial update and
progress towards a tripartite rationale for exercise intensity prescription.
Sports Med 2011;41:641-71.


https://doi.org/10.1016/j.jshs.2019.01.006
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0001
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0001
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_127931
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_127931
https://doi.org/10.1186/1471-2458-14-382
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0004
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0004
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0004
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0004
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0005
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0005
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0005
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0006
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0006
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0006
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0006
https://doi.org/10.1037/spy0000030
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0008
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0008
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0009
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0009
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0009
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0010
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0010
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0010
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0011
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0011
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0011
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0012
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0012
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0012
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0013
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0013
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0014
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0014
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0014
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0015
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0015
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0015
https://doi.org/10.1155/2017/2541090
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0017
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0017
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0017
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0018
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0018
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0018
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0019
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0019
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0019
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0020
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0020
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0020
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0021
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0021
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0021
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0022
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0022
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0022
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0022
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0023
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0023
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0023
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0024
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0024
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0024
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0025
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0025
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0025
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0026
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0026
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0027
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0027
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0028
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0028
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0028
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0029
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0029
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0029
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0030
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0030
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0030
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0031
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0031
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0031
https://doi.org/10.1037/0022-3514.48.1.107
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0033
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0033
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0034
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0034
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0034
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0034

Affective responses to resistance exercise

35.

36.

37.

38.

39.

40.

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports
Exerc 1982;14:377-81.

Levinger P, Dunn J, Bifera N, Butson M, Elias G, Hill KD. High-speed
resistance training and balance training for people with knee osteoarthritis
to reduce falls risk: study protocol for a pilot randomized controlled trial.
Trials 2017;18:384. doi:10.1186/s13063-017-2129-7.

Kuys SS, Hall K, Peasey M, Wood M, Cobb R, Bell SC. Gaming console
exercise and cycle or treadmill exercise provide similar cardiovascular
demand in adults with cystic fibrosis: a randomised cross-over trial.
J Physiother 2011;57:35-40.

Graves LE, Ridgers ND, Williams K, Stratton G, Atkinson G, Cable NT.
The physiological cost and enjoyment of Wii Fit in adolescents, young
adults, and older adults. J Phys Act Health 2010;7:393-401.

Mullen SP, Olson EA, Phillips SM, Szabo AN, Wdjcicki TR, Mailey EL,
et al. Measuring enjoyment of physical activity in older adults: invariance of
the Physical Activity Enjoyment Scale (PACES) across groups and time.
Int J Behav Nutr Phys Act 2011;8:103. doi:10.1186/1479-5868-8-103.
Ramirez-Campillo R, Martinez C, de La Fuente CI, Cadore EL, Marques
MC, Nakamura FY, et al. High-speed resistance training in older women:
the role of supervision. J Aging Phys Act 2017;25:1-9.

41.

42.

43.

44,

45.

46.

613

Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statis-
tics for studies in sports medicine and exercise science. Med Sci Sports
Exerc 2009;41:3—13.

Focht BC, Garver MJ, Cotter JA, Devor ST, Lucas AR, Fairman CM.
Affective responses to acute resistance exercise performed at self-
selected and imposed loads in trained women. J Strength Cond Res
2015;29:3067-74.

Miller PC, Hall EE, Chmelo EA, Morrison JM, DeWitt RE, Kostura
CM. The influence of muscle action on heart rate, RPE, and affective
responses after upper-body resistance exercise. J Strength Cond Res
2009;23:366-72.

Csikszentmihalyi M. Toward a psychology of optimal experience. Dor-
drecht: Springer; 2014.

Gentil P, Bottaro M. Influence of supervision ratio on muscle adaptations
to resistance training in nontrained subjects. J Strength Cond Res
2010;24:639-43.

Miszko TA, Cress ME, Slade JM, Covey CJ, Agrawal SK, Doerr CE.
Effect of strength and power training on physical function in commu-
nity-dwelling older adults. J Gerontol A Biol Sci Med Sci 2003;
58:171-5.


http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0035
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0035
https://doi.org/10.1186/s13063-017-2129-7
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0037
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0037
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0037
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0037
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0038
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0038
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0038
https://doi.org/10.1186/1479-5868-8-103
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0040
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0040
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0040
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0041
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0041
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0041
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0042
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0042
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0042
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0042
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0043
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0043
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0043
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0043
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0044
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0044
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0045
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0045
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0045
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0046
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0046
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0046
http://refhub.elsevier.com/S2095-2546(19)30006-7/sbref0046

	Richardson cs
	Richardson_et_al_Affective_responses
	Affectiveolder adults
	1. Introduction
	2. Materials and methods
	2.1. Design
	2.2. Participants
	2.3. Procedures
	2.4. Measures of exercise affect
	2.5. Physical Activity Affect Scale (PAAS)
	2.6. Felt Arousal Scale (FAS) and Feeling Scale (FS)
	2.7. Rating of perceived exertion (RPE)
	2.8. Visual Analog Scales (VAS)
	2.9. Physical Activity Enjoyment Scale (PACES)
	2.10. Exercise interventions
	2.11. Supervision
	2.12. Statistical analysis

	3. Results
	3.1. Multivariate ANOVA
	3.2. PAAS subscale
	3.2.1. PAAS positive affect
	3.2.2. PAAS negative affect
	3.2.3. PAAS fatigue
	3.2.4. PAAS tranquility

	3.3. FAS
	3.4. FS
	3.5. RPE
	3.6. VAS
	3.6.1. VAS Item 1: how enjoyable was the exercise you just did?
	3.6.2. VAS Item 2: how fatiguing was the exercise you just did?
	3.6.3. VAS Item 3: what was your perception of the workload?
	3.6.4. VAS Item 4: what was your perceived effectiveness of the workload?

	3.7. PACES total score

	4. Discussion
	5. Conclusion
	Acknowledgments
	Authors' contributions
	Competing interests

	Supplementary materials
	References




