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ABSTRACT
Music is made up of several features (e.g., melody and rhythm) and it accompanies
our life in different daily activities. During the last years, there was a growing interest
in research about the music-related effects in the exercise domain. Music stimuli
could act as an ergogenic effect leading to improvements in health-related and
physical fitness components like cardiorespiratory endurance and muscular fitness.
Moreover, listening to music may positively affect individuals’ psychological state
which could lead to increased exercise adherence. Conflicting data exist regarding the
effects of music on cardiorespiratory and muscle-strengthening exercises indicating
that music’s characteristics (i.e., rhythm and musicality), studied samples (i.e.,
athletes and amateur) and methodology (i.e., self-selected music and research-
selected music) might influence the results. Listening to music while exercising is
becoming more frequent also in recreationally active individuals. While literature
mainly focused on the effects of music in elite and amateur athletes, little data are
available regarding recreationally active participants. Therefore, this review aims to
summarize evidence regarding the effects of music on health-related physical
fitness components in recreationally active individuals, specifically referring to
cardiorespiratory endurance and muscular fitness. These outcomes will be helpful to
all recreationally active participants to optimize the exercise protocol with the use of
music.

Subjects Kinesiology, Metabolic Sciences, Sports Medicine
Keywords Aerobic exercise, Music, Strength training, Physical fitness

INTRODUCTION
Music has been a part of human culture throughout history, and it has been linked to
health and emotional well-being for thousands of years (Karageorghis, 2020). Music has
different fundamental features (i.e., rhythm, melody, harmony, and dynamics) and since it
is widely varied, it could be classified in multiple ways (e.g., by music genre, date of release,
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musical tempo). According to the inaugural conceptual framework to predict the effects of
music in sport and exercise developed by Karageorghis and colleagues, properties of the
music itself (i.e., rhythm, musicality) and external factors (i.e., association and cultural
influence) affect the motivational qualities of music, which should act as ergogenic aid able
to enhance the physiological and psychological status of participants during sport-related
activities and physical exercise (PE) (Karageorghis, Terry & Lane, 1999; Karageorghis &
Priest, 2012a). Through the manuscript, the term “physical exercise” (PE) will be used to
indicate a planned and structured subcategory of physical activity (PA), which aims to
maintain or enhance physical fitness (PF). Health-related components, such as
cardiorespiratory endurance, body composition, muscular fitness, and flexibility, are part
of PF (Caspersen, Powell & Christenson, 1985). More recently, Karageorghis (2016) updated
his original conceptual framework, including personal factors (e.g., musical preference,
training status) and situational variables (i.e., context, task). These factors could influence
enjoyment, which is a predictor of adherence to PE, maximizing health-related benefits,
and playing a motivational role in exercising (Rhodes & Kates, 2015; Terry et al., 2020).
Moreover, several studies have been conducted on the music tempo (e.g., 120 bpm) as a
dominant characteristic to consider while exercising, with specific attention given to the
use of music in the sport context or as a therapeutical approach (i.e., music therapy) (Terry
et al., 2020; Bonavolontà et al., 2021; Thaut, 2015). The application of music before, during,
and after cardiorespiratory exercise has been the aim of extensive research literature in
athletes (Terry et al., 2020; Karageorghis, 2017; Carlier et al., 2017; Dyrlund & Wininger,
2008), despite its capacity to influence affective responses positively, pleasure and
enjoyment during continuous exercise are not well documented in active people.

Therefore, studies on the effects of listening to music on health-related parameters are
needed in recreationally active individuals. Due to its ergogenic and pleasant effect, music
stimuli could represent a motivational support and then a protective factor to prevent
physical inactivity and sedentarily.

The positive effects of the regular practice of PA on health-related outcomes are
widely recognized in all age groups (World Health Organization, 2020). Physical activity
plays a crucial role in primary and secondary prevention of more than 25 chronic diseases,
such as cardiovascular, metabolic, and cancer disease, as well as on premature mortality
(Grazioli et al., 2017; Warburton, Nicol & Bredin, 2006; Pedersen & Saltin, 2015).
Indeed, cardiorespiratory and muscle-strengthening exercises positively influence
several aspects of health status (e.g., cardiovascular and respiratory functioning, body
composition). Myers et al. (2015) and colleagues have reported a risk reduction for
premature mortality (10–25%) for every 1-metabolic equivalent (MET) increase in aerobic
fitness both in men and women, even in those with lower aerobic capacities (i.e., <5METs).
Moreover, muscle-strengthening training can prevent several disabling symptoms related
to ageing, such as risks of fall, sarcopenia, dynapenia, loss of independence, risk of
disability, and mortality (Garber et al., 2011; Bennie, Shakespear-Druery & De Cocker,
2020). Current international guidelines suggest minimizing the time spent in sedentary
behaviour exercising at least 150– 300 min of moderate-intensity aerobic PA or at least
75–150 min of vigorous-intensity aerobic PA. Moreover, strength training should be done
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two or more days per week at a moderate or greater intensity that involves all major muscle
groups (World Health Organization, 2020). Despite the well-recognized benefits of PA and
the side effect of sedentary behaviour, millions of people are physically inactive and more
alarming, the recent reports evidenced that the prevalence of physical inactivity is growing
(Mclaughlin et al., 2020). It seems that several barriers influenced the low adherence in
regular PA, such as lack of time and a low motivation (Reichert et al., 2007) and issues
related to volition. According to this evidence, it seems urgent to find new strategies able to
increase PA compliance. In this context, music, an inexpensive, accessible, and artistic
stimulus, might be an effective way to motivate exercise participation.

Previous reviews considered the role of music independent of the type of exercise
proposed or mainly focused on the effects of pre-task music among sports competitors
(Karageorghis & Priest, 2012a; Terry et al., 2020; Karageorghis & Priest, 2012b; Smirmaul,
2017). Other reviews evidenced the effects of music in a cardiac rehabilitation setting
(Chair, Zou & Cao, 2021), targeting a clinical and older adult population (Clark, Taylor &
Baker, 2012; Ziv & Lidor, 2011) or considering the influence of the preferred music
(Ballmann, 2021). Moreover, in the existing reviews, there is no uniformity regarding the
descriptive characteristics of the population of interest and are not focused only on
recreationally active participants (meet World Health Organization minimum activity
guidelines and may participate in multiple sports/forms of activity) as classified byMcKay
et al. (2022) as Tier 1.

Due to the availability of technological devices at low prices, recreationally active
individuals have been also started to listen to music while exercising. As the effects of
music in elite and amateur athletes are better known (Smirmaul, 2017; Terry et al., 2020),
few data are available regarding recreationally active participants. Therefore, the
current review aimed to provide evidence on the effects of music on health-related physical
fitness components, specifically referring to cardiorespiratory endurance and muscular
fitness in recreationally active individuals.

SURVEY METHODOLOGY
A literature search was conducted using three databases (PubMed, Scopus and Web of
Science) for the present narrative review. The search was limited to peer-reviewed journals
written in the English language. Keywords used in searches included “music”, “physical
activity”, “high-intensity training”, “aerobic performance”, “endurance performance”,
“exercise”, “endurance”, “strength”, and “resistance” with no time limits. Inclusion
criteria consisted of studies regarding the effects of different types of music on exercise
performance in recreationally active participants. The term “recreationally active” refers to
healthy and physically active individuals not involved in some forms of organized sports
(i.e., amateur athletes), belonging to Tier 1 according to Participant Classification
Framework (McKay et al., 2022). Articles were excluded if they focused on clinical practice
(i.e., music therapy) and élite athletes (i.e., competing at the national level or with a
purpose to compete). A manual search of the reference lists in the studies found in the
computerized search was also conducted. Once the duplicates were removed, the
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comprehensive search yielded 22 studies that matched the criteria mentioned above. A
summary of the reviewed studies is presented in Table 1.

The role of music on cardiorespiratory endurance in recreationally
active individuals
The use of music as a work-enhancing effect is mainly derived by studies in literature using
aerobic exercises models (e.g., running, cycling, walking). Several studies have focused on
the efficacy of music on aerobic performance (Karageorghis & Terry, 1997; Urakawa &
Yokoyama, 2005) and the rating of perceived exertion (RPE) (Boutcher & Trenske, 1990;
Potteiger, Schroeder & Goff, 2000). Therefore, this section highlights the main findings on
the application of music in cardiorespiratory tasks, also considering pleasure and
enjoyment in recreationally active exercisers.

Regarding high-intensity exercise (HIIT), few studies investigated the influence of
music on adherence, performance and motivation (Thum et al., 2017; Jones, Tiller &
Karageorghis, 2017). HIIT is one of the most used protocols nowadays which requiring less
time than conventional training. However, the shortness of breath, leg pain, and fatigue
usually experienced during HIIT may make this modality less tolerable in certain
populations (Thum et al., 2017). The latest research focused on the effects of music during
HIIT demonstrating that music could mitigate the decline in pleasure typically
experienced during this protocol and seemed to increase enjoyment in postexercise (Thum
et al., 2017). Listening to music on psychophysiological variables was also investigated
during the recovery period after HIIT exercise (Jones, Tiller & Karageorghis, 2017).
Specifically, participants performed three bouts of HIIT with 3 min of passive recovery
between each bout. Three different recovery phase conditions were proposed to the
individuals: positively-valenced music of a slow-tempo (55–65 bpm), fast-tempo
(125–135 bpm), and no-music. Results showed that fast-tempo music applied during
recovery periods produced a more pleasant experience, evaluated with Feeling Scale score,
but no differences between groups were found in RPE and cardiorespiratory indices (Jones,
Tiller & Karageorghis, 2017). Although these results seem promising, other studies are
needed to investigate better the effects of music on cardiorespiratory endurance, RPE and
adherence in different populations. The latter mentioned studies (Thum et al., 2017;
Jones, Tiller & Karageorghis, 2017) implemented the evidence reported by Dyrlund &
Wininger (2008) that investigated the effects of intensity and music on psychological
variables. Participants walked or ran on a treadmill for 20 min under different conditions:
three music conditions (most preferred music, least preferred music, or no music) and
three exercise intensity (low, moderate, or high). Data showed a strong influence of
exercise intensity on RPE and attention, while the most preferred music produced a small
effect on exercise enjoyment, probably due to a bit of increased participants’ attention.
No differences were found on the RPE during the three music conditions (Dyrlund &
Wininger, 2008).

In contrast to the few studies focused on the effects of music on HIIT, an extensive
number of studies focused on maximal and submaximal exercise tests (Urakawa &
Yokoyama, 2005; Potteiger, Schroeder & Goff, 2000; Cole & Maeda, 2015; Köse & Atli,
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Table 1 Music in cardiorespiratory endurance and muscle-strengthening exercises: study’s characteristics.

Study Participants Music conditions Activity Primary findings

Archana &
Mukilan
(2016)

18 males (22.45 ± 1.86
years)
12 females (22.81 ±
1.72 years)

NM; M 15 min of moderate aerobic exercise
on bicycle ergometer

Lower HR during exercise in Music
than NM

Cole & Maeda
(2015)

20 women and 15 men
undergraduate active
students (20.7 ± 2.3
years)

NM, NON-PREF; PREF 12 min Cooper Test Higher running performance in
female listening to PREF

Dyrlund &
Wininger
(2008)

200 healthy people (126
females, 74 males - 20.7
± 4.4 years)

NM; NON-PREF (130
bpm); PREF (130 bpm)

20 min activity at low
(30% VO2 max), or moderate (50%
VO2 max), or high (70% VO2 max)

PREF small effect on exercise
enjoyment

Ghaderi,
Rahimi &
Azarbayjani
(2009)

30 male physical
education college
students (25.66 ± 3.89
years)

MOT; REL; NM Treadmill running to exhaustion
(80-85% of maximal HR)

Greatest aerobic performance with
MOT; Lowest RPE and salivary
cortisol levels with REL

Jones, Tiller &
Karageorghis
(2017)

13 males
runners (20.2 ± 1.9
years)

ST (55–65 bpm); FT
(125–135 bpm); NM

Three exercise sessions of
high-intensity intervals interspersed
with a 3–10 min passive recovery
period

Higher feeling Scale scores
throughout recovery periods with
FT

Köse & Atli
(2019)

35 Sport Science male
students (22.63 ± 2.9
years)

ST (100 bpm); FT (140
bpm); NM

Bruce treadmill test with 72-h
intervals

Greatest performance with FT; Lowest
lactate concentration after recovery
with ST

Patania et al.
(2020)

19 physically active
people (26.4 ± 2 years)

NM; LOW (90–110 bpm),
MED (130–150 bpm),
HIGH (170–190 bpm)

walking for 10 min at 6.5 km/h on a
treadmill or Leg Press at 80% on 1-
RM

Lower RPE during walking in LOW,
MED and HIG groups vs NM; in
MED and HIGH vs LOW. Lower
RPE after Leg Press in MED and
HIG vs NM groups

Arazi, Asadi &
Purabed
(2015)

12 well-trained
resistance exercise
males (24 ± 2 years)

WU+RE with music (130
bpm); WU+RE without
music; WU with music
+RE; WU without
music+RE

Resistance exercises circuit Higher RPE, HR, blood pressure in
WU+RE without music condition

Ballmann et al.
(2020)

10 resistance-trained
males (21.6 ± 1.7 years)

PREF (>120 bpm); NON-
PREF

Bench press resistance exercise (at
75% of 1-RM)

Greatest motivation and repetitions to
failure with PREF

Ballmann et al.
(2021)

12 resistance-trained
college-aged males
(20.5 ± 1.24 years)

PREF (127 ± 28 bpm);
NON-PREF (126 ± 25
bpm)

Resistance exercise (bench press at
75% 1-RM)

Greatest repetitions, mean velocity,
relative mean power, peak velocity,
peak power and motivation with
PREF

Bartolomei, Di
Michele &
Merni (2015)

31 resistance-trained
men (26.6 ± 6.8 years)

SSM (>120 bpm); NM Maximal bench strength (1-RM) and
endurance (repetitions to failure at
60% 1-RM)

Greatest endurance performance with
SSM

Biagini et al.
(2012)

20 resistance-trained
men (22.95 ±1.90
years)

SSM; NM Bench press strength-endurance (3
sets at 75% 1-RM) and squat jump
(3 reps at 30% back squat 1-RM)

Greatest take-off velocity, rate of
velocity development, and rate of
force development with SSM in
squat jump exercise; lower RPE with
SSM in squat jump exercise; greatest
fatigue, vigour and tension with
SSM

(Continued)
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2019). Ghaderi, Rahimi & Azarbayjani (2009) investigated during submaximal endurance
tests the effect of relaxational and motivational music on aerobic performance, RPE,
and the salivary cortisol. Thirty physical education college students had to run to
exhaustion during submaximal running at the intensity of 80–85% of their maximal heart
rate (HR) on a treadmill under three different conditions (motivational music, relaxation
music, and no-music). The main results showed the highest aerobic performance in the
motivational music group; the relaxation group had significantly lower RPE values than
the other two groups (Ghaderi, Rahimi & Azarbayjani, 2009). Moreover, salivary cortisol
concentrations were significantly lower at 5 min after exercise in relaxation music than

Table 1 (continued)

Study Participants Music conditions Activity Primary findings

Bigliassi et al.
(2018)

19 healthy adults (24.2 ±
4.9 years)

Music track (119 bpm);
NM

Hand grip test Greatest dissociative attention and
upregulated affective arousal with
music

Crust (2004) 27 undergraduates sport
science males (20.2 ±
1.7 years)

SSM (>120 bpm); white
noise

Isometric weight-holding Greatest endurance performance with
SSM

Cutrufello,
Benson &
Landram
(2020)

8 men and 7 women
healthy college-aged
students (20.1 ± 1.79
years)

SSM; NM Bench press endurance (5 sets at 70%
1-RM)

Greatest endurance performance with
SSM

Feiss et al.
(2021)

63 strength-trained
young adults (25.0 ±
4.4 years)

FT (120 bpm); ST (90
bpm); NM

Wall-sit and plank-hold exercises Longer dissociative state during
wall-sit exercise with both FT and
ST

Karageorghis,
Drew &
Terry (1996)

25 men (22.9 ± 2.8 years)
and 25 women (24.0 ±
3.8 years) volunteer
sport science
undergraduates

STIM (134 bpm); SED (90
bpm); white noise

Hand grip test Higher grip strength with STIM

Köse (2018) 26 male students (23.92
± 2.05 years)

SSM (>120 bpm); NM Maximal bench press (1RM) and
endurance (60% of 1RM)

Greatest endurance performance with
SSM

Moss, Enright
& Cushman
(2018)

16 resistance-trained
males (22.0 ± 3.4 years)

SSM (129 ± 9 bpm);
electronic dance music
(128 ± 1 bpm); metal
(159 ± 24 bpm); NM

Power based (30% 1-RM) and
strength-based (60%, 70% and 80%
1-RM) repetition to failure exercise
protocol in the bench press and back
squat exercises

Repetitions to failure increased by a
small to moderate amount for all
music conditions at low but not high
intensities; increased vigour in all
music conditions

Pearce (1981) Undergraduate students
(33 males and 16
females)

STIM; SED; NM Hand grip test Reduced grip strength with SED

Silva et al.
(2021)

20 young undergraduate
students (20.0 ± 1.4
years)

PMG; NPM; NM Hand grip test; lat-pulldown strength-
endurance (75% of 1-RM)

Greatest grip strength and endurance
performance with PMG; Greatest
RPE with NM

van den Elzen
et al. (2019)

153 healthy community
dwelling people (73.0 ±
6 years)

PREF; most disliked
music; NM

Hand grip test Greatest grip strength with PREF

Note:
FT, fast-tempo; HR, heart rate; M, music according to the International Organization For Standardization MOT, motivational music; NM, no music; NON-PREF,
non-preferred music; NPMG, non-preferred music genre; PMG, preferred music genre; PREF, preferred music; RE, resistance exercise; REL, relaxation music; RPE, rate of
perceived exertion; STIM, stimulative music; SED, sedative music; SSM, self-selected music; ST, slow-tempo; WU, warm-up.
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motivational- and no- music conditions (Ghaderi, Rahimi & Azarbayjani, 2009). Cole and
Maeda tried to understand if music could have a different impact on aerobic performance
depending on gender (Cole & Maeda, 2015). They evaluated the effect of preferred,
nonpreferred and no music on aerobic performance, through the 12-min Cooper Test in
20 women and 15 men who reported running at least once per week. Results showed
that preferred music could improve running performance in women but not in men,
suggesting a higher sensitivity to music by female subjects and a possible sex difference
(Cole & Maeda, 2015). Other studies are needed to verify this hypothesis.

A study conducted on college students evidenced that also music tempos could
influence aerobic performance and perceived fatigue (Köse & Atli, 2019). After a Bruce
treadmill test, results reported that fast tempo music (140 bpm) improved running time
compared to no music and slow tempo music (100 bpm) conditions. However, fast tempo
did not affect on HR and RPE during and after exercise. Lastly, lactate concentration
evaluated during 15 min of recovery phase was found to be lower with slow tempo music
compared to fast tempo and no-music condition (Köse & Atli, 2019). This study highlights
the potential impact of different tempo music on aerobic performance, suggesting the
usage of a fast tempo music to motivate active individuals and to provide an ergogenic aid.
In contrast, slow tempo music could be used to enhance the positive effects of recovery
after exercise (Köse & Atli, 2019). These results are supported by Patania and colleagues
who evidenced that music has a higher effect on RPE during endurance (walking for 100 at
6.5 km/h on a treadmill) than during high intensity (80% on 1-RM) exercise in active
women (Patania et al., 2020). Participants were randomly assigned into four different
conditions: no music, music at 90–110 bpm (LOW), music at 130–150 bpm (MED), and
music at 170–190 bpm (HIGH). Results showed decrease RPE in the endurance group that
listened to LOW, MED and HIG music compared to no music. Moreover, participants
who listened to MED and HIGH music had a greater RPE reduction than the LOW group
(Patania et al., 2020). Most of the studies, conducted on healthy college students,
highlighted not only the effect of music on performance and fatigue, but also on the
emotional state during training and performance (Karageorghis, Jones & Stuart, 2008;
Bigliassi et al., 2013; Nakamura et al., 2010; Stork et al., 2015). Karageorghis and colleagues
evidenced that interest-enjoyment was higher for medium tempi (115–120 bpm) than
mixed tempi (Karageorghis, Jones & Stuart, 2008). The results from Bigliassi et al. (2013)
showed that music acts efficiently as an ergogenic aid, particularly at submaximal exercise
intensity, suggesting that, in the case of tasks around 70% of maximum aerobic capacity,
beats around 115 to 125 could be more appropriated to elicit positive emotions. Lastly,
Archana and colleagues suggested that listening to preferential music, during cycling
activity could be an effective relaxation method (Archana & Mukilan, 2016). They
analysed the base line ECG of 30 healthy male and female volunteers during a moderate
exercise on a bicycle ergometer for 15 min, with and without music. Data showed an
improvement in cardiac efficiency. In fact, the participants who listened to the music could
exercise at lower HR than no music. Therefore, listening to preferred music along with
exercise could have a calming effect on the mind (Archana & Mukilan, 2016).
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The role of music on muscular fitness in recreationally active
individuals
Scientific evidence has shown different results regarding the effects of listening to music on
muscle-strengthening exercises (i.e., resistance exercises). Most scientific literature has
been focused on the effects of music on muscle-strengthening physical performance,
psychological (e.g., mood, feeling status, enjoyment), psychophysical (e.g., RPE), and
physiological (e.g., HR) responses in recreationally active participants (Biagini et al., 2012;
Bartolomei, Di Michele & Merni, 2015; Ballmann et al., 2021; Silva et al., 2021; Moss,
Enright & Cushman, 2018; Feiss et al., 2021). Therefore, this section highlights the main
findings on the application of music in muscular fitness tasks in recreationally active
exercisers.

One of the earliest studies involved undergraduates students (33 males and 16 females)
showed that the types of music influenced the handgrip strength test differently (Pearce,
1981). Indeed, sedative music reduced grip strength relative to stimulative music and
silence, otherwise stimulative music did not increase strength relative to no-music
condition (Pearce, 1981). Shortly after, another study showed a higher grip strength after
listening to upbeat music (134 bpm) than relaxing music (90 bpm) and white noise
condition in 25 males and 25 females young adults (Karageorghis, Drew & Terry, 1996).
Moreover, men had higher grip strength than women across all music conditions and both
genders produced the highest force following stimulative music (Karageorghis, Drew &
Terry, 1996). The effects of music during an isometric muscular endurance task revealed
that undergraduate males students held a suspended weight for a significantly longer time
while listening to self-selected music (SSM), characterized by a fast tempo >120 bpm,
compared to a white noise condition (Crust, 2004). Moreover, preferred music increased
handgrip performance compared to most disliked and no-music conditions in healthy
older adults (van den Elzen et al., 2019).

The results from Biagini et al. (2012) showed that SSM had a worked-up effect on
explosive strength and velocity (squat jump exercise performed at 30% back squat 1RM)
but not in bench press strength-endurance (at 75% 1RM) in 20 young resistance-trained
men. Moreover, participants indicated lower RPE and greater fatigue, vigor, and tension
in the SSM condition than no music condition while performing squat jump exercise
(Biagini et al., 2012). In contrast, Bartolomei, Di Michele & Merni (2015) showed positive
effects of SSM (characterized by a fast rhythm >120 bpm) on bench press
strength-endurance exercise (60% of 1RM) while no effects were found in maximal bench
press strength (1RM) in 31 resistance-trained men. The results from Bartolomei, Di
Michele & Merni (2015) were confirmed by another study which also found no
improvements in 1RM bench press but an increase in strength-endurance (60% of 1RM)
while listening to motivational music (>120 bpm) compared to a no-music condition
(Köse, 2018). Cutrufello, Benson & Landram (2020) showed that SSM improved bench
press performance (70% of 1RM) in healthy students compared to a no-music condition.
The findings of Ballmann et al. (2021) suggested that listening to the preferred music
rather than the nonpreferred one increases motivation and resistance performance
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(bench press exercise with loads at 75% 1RM) in 12 resistance-trained males. Moreover,
Ballmann et al. (2020) examined the effects of listening to preferred music during warm-up
revealing positive effects on bench press exercise (75% at 1RM) and motivation compared
to nonpreferred music in young resistance-trained males. However, music did not
affect barbell velocity and RPE (Ballmann et al., 2020).

Regarding the music genre choice, Moss and colleagues showed no additional benefits of
electronic dance music, SSM, and metal on mean power output and mean velocity
production during both squat jump and bench press exercise in 16 trained males
(Moss, Enright & Cushman, 2018). Moreover, RPE was not significantly lower across
conditions (Moss, Enright & Cushman, 2018). More recently, Silva and colleagues found
that listening to the preferred music genre could increase maximal handgrip strength
and upper body strength endurance (lat-pulldown exercise at 75% of 1RM) (Silva et al.,
2021). Lower RPE was reported when listening to the preferred music compared to
nonpreferred and no-music conditions during strength-endurance exercise in young
adults (Silva et al., 2021). Instead, results from Feiss et al. (2021) revealed that, while
performing wall-sit and plank exercises, the presence of music (fast and slow tempo:
120 and 90 bpm respectively) did not affect HR, RPE, or affective responses in 63
physically active young adults. However, both fast and slow-tempo music promoted a
dissociative effect in the wall-sit exercise and overall, both music conditions were well-
liked, as reported by the music enjoyment scale (Feiss et al., 2021). The use of music during
warm-up and while performing a resistance circuit revealed lower levels of RPE, HR,
and higher systolic blood pressure compared to a warm-up and resistance circuit done in
the no-music condition in 12 strength-trained males (Arazi, Asadi & Purabed, 2015).
The results from Bigliassi et al. (2018) found no significant differences in RPE while
performing an isometric grip task in 19 healthy young adults although music increased
dissociative attention.

CONCLUSIONS
Music might act as an ergogenic aid in recreationally active participants during
cardiorespiratory and muscle-strengthening exercises, especially in strength-endurance
tasks. However, the heterogeneity of the findings does not lead to a conclusive result.
Indeed, the different exercise intensities, research design and methods might have
influenced the outcomes differently. Listening to music could also modulate the affective
responses (e.g., feeling status, enjoyment) during exercise. Therefore, it should be taken
into consideration when realizing training protocols. Among the music characteristics, the
type of music (e.g., self-selected, motivational), plays a crucial role in modulating the effects
on exercise performance. Indeed, motivational and self-selected music positively affects
cardiorespiratory and muscular fitness components. Therefore, we suggest listening to
self-select music tracks while exercising. Studies regarding the optimal aerobic and
muscle-strengthening exercises strategies with music are strongly needed, especially in
recreational exercisers. Moreover, it would be interesting to investigate the effects of music
at different points of the training session (e.g., warm-up and cool-down), in different
populations (e.g., inactive vs active individuals), and in longitudinal interventional studies.

Greco et al. (2022), PeerJ, DOI 10.7717/peerj.13332 9/14

http://dx.doi.org/10.7717/peerj.13332
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
Maurizio Bertollo and Gian Pietro Emerenziani are Academic Editors for PeerJ.

Author Contributions
� Francesca Greco performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the paper, and approved the final draft.

� Elisa Grazioli performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the paper, and approved the final draft.

� Loretta Francesca Cosco performed the experiments, authored or reviewed drafts of the
paper, and approved the final draft.

� Attilio Parisi conceived and designed the experiments, authored or reviewed drafts of the
paper, and approved the final draft.

� Maurizio Bertollo conceived and designed the experiments, authored or reviewed drafts
of the paper, and approved the final draft.

� Gian Pietro Emerenziani conceived and designed the experiments, analyzed the data,
prepared figures and/or tables, authored or reviewed drafts of the paper, and approved
the final draft.

Data Availability
The following information was supplied regarding data availability:

The article is a literature review.

REFERENCES
Arazi H, Asadi A, Purabed M. 2015. Physiological and psychophysical responses to listening to

music during warm-up and circuit-type resistance exercise in strength trained men. Journal of
Sports Medicine 2015(3):389831–389836 DOI 10.1155/2015/389831.

Archana R, Mukilan R. 2016. Beneficial effect of preferential music on exercise induced changes in
heart rate variability. Journal of Clinical and Diagnostic Research 10(5):CC09–CC11
DOI 10.7860/JCDR/2016/18320.7740.

Ballmann CG, Cook GD, Hester ZT, Kopec TJ, Williams TD, Rogers RR. 2020. Effects of
preferred and non-preferred warm-up music on resistance exercise performance. Journal of
Functional Morphology and Kinesiology 6(1):3 DOI 10.3390/jfmk6010003.

Ballmann CG, McCullumMJ, Rogers RR, Marshall MR, Williams TD. 2021. Effects of preferred
vs. nonpreferred music on resistance exercise performance. Journal of Strength and Conditioning
Research 35(6):1650–1655 DOI 10.1519/JSC.0000000000002981.

Ballmann CG. 2021. The influence of music preference on exercise responses and performance: a
review. Journal of Functional Morphology and Kinesiology 6(2):33 DOI 10.3390/jfmk6020033.

Greco et al. (2022), PeerJ, DOI 10.7717/peerj.13332 10/14

http://dx.doi.org/10.1155/2015/389831
http://dx.doi.org/10.7860/JCDR/2016/18320.7740
http://dx.doi.org/10.3390/jfmk6010003
http://dx.doi.org/10.1519/JSC.0000000000002981
http://dx.doi.org/10.3390/jfmk6020033
http://dx.doi.org/10.7717/peerj.13332
https://peerj.com/


Bartolomei S, Di Michele R, Merni F. 2015. Effects of self-selected music on maximal bench press
strength and strength endurance. Perceptual and Motor Skills 120(3):714–721
DOI 10.2466/06.30.PMS.120v19x9.

Bennie JA, Shakespear-Druery J, De Cocker K. 2020. Muscle-strengthening exercise
epidemiology: a new frontier in chronic disease prevention. Sports Medicine-Open 6(1):40
DOI 10.1186/s40798-020-00271-w.

Biagini MS, Brown LE, Coburn JW, Judelson DA, Statler TA, Bottaro M, Tran TT, Longo NA.
2012. Effects of self-selected music on strength, explosiveness, and mood. Journal of Strength
and Conditioning Research 26(7):1934–1938 DOI 10.1519/JSC.0b013e318237e7b3.

Bigliassi M, Estanislau C, Carneiro JG, Kanthack T, Altimari LR. 2013. Music: a
psychophysiological aid to physical exercise and sport. Archivos de Medicina del Deporte
30(5):311–320.

Bigliassi M, Karageorghis CI, Bishop DT, Nowicky AV, Wright MJ. 2018. Cerebral effects of
music during isometric exercise: an fMRI study. International Journal of Psychophysiology
133:131–139 DOI 10.1016/j.ijpsycho.2018.07.475.

Bonavolontà V, Greco F, Sabatini U, Saavedra FJ, Fischetti F, Baldari C, Guidetti L,
Vaccaro MG, Emerenziani GP. 2021. Effects of ballroom dance on physical fitness and reaction
time in experienced middle-aged adults of both genders. International Journal of Environmental
Research and Public Health 18(4):2036 DOI 10.3390/ijerph18042036.

Boutcher SH, Trenske M. 1990. The effects of sensory deprivation and music on perceived
exertion and affect during exercise. Journal of Sport and Exercise Psychology 12(2):167–176
DOI 10.1123/jsep.12.2.167.

Carlier M, Delevoye-Turrell Y, on behalf of the Fun2move consortium. 2017. Tolerance to
exercise intensity modulates pleasure when exercising in music: the upsides of acoustic energy
for high tolerant individuals. PLOS ONE 12(3):e0170383 DOI 10.1371/journal.pone.0170383.

Caspersen CJ, Powell KE, Christenson GM. 1985. Physical activity, exercise, and physical fitness:
definitions and distinctions for health-related research. Public Health Reports 100(2):126–131.

Chair SY, Zou H, Cao X. 2021. A systematic review of effects of recorded music listening during
exercise on physical activity adherence and health outcomes in patients with coronary heart
disease. Annals of Physical and Rehabilitation Medicine 64(2):101447
DOI 10.1016/j.rehab.2020.09.011.

Clark IN, Taylor NF, Baker F. 2012. Music interventions and physical activity in older adults: a
systematic literature review and meta-analysis. Journal of Rehabilitation Medicine
44(9):710–719 DOI 10.2340/16501977-1025.

Cole Z, Maeda H. 2015. Effects of listening to preferential music on sex differences in endurance
running performance. Perceptual and Motor Skills 121(2):390–398
DOI 10.2466/06.PMS.121c20x9.

Crust L. 2004. Carry-over effects of music in an isometric muscular endurance task. Perceptual and
Motor Skills 98(3 Pt. 1):985–991 DOI 10.2466/pms.98.3.985-991.

Cutrufello PT, Benson BA, Landram MJ. 2020. The effect of music on anaerobic exercise
performance and muscular endurance. The Journal of Sports Medicine and Physical Fitness
60(3):486–492 DOI 10.23736/S0022-4707.19.10228-9.

Dyrlund AK, Wininger SR. 2008. The effects of music preference and exercise intensity on
psychological variables. Journal of Music Therapy 45(2):114–134 DOI 10.1093/jmt/45.2.114.

Feiss R, Kostrna J, Scruggs JW, Pangelinan M, Tenenbaum G. 2021. Effects of music tempo on
perceived exertion, attention, affect, heart rate, and performance during isometric strength
exercise. Journal of Sports Sciences 39(2):161–169 DOI 10.1080/02640414.2020.1809974.

Greco et al. (2022), PeerJ, DOI 10.7717/peerj.13332 11/14

http://dx.doi.org/10.2466/06.30.PMS.120v19x9
http://dx.doi.org/10.1186/s40798-020-00271-w
http://dx.doi.org/10.1519/JSC.0b013e318237e7b3
http://dx.doi.org/10.1016/j.ijpsycho.2018.07.475
http://dx.doi.org/10.3390/ijerph18042036
http://dx.doi.org/10.1123/jsep.12.2.167
http://dx.doi.org/10.1371/journal.pone.0170383
http://dx.doi.org/10.1016/j.rehab.2020.09.011
http://dx.doi.org/10.2340/16501977-1025
http://dx.doi.org/10.2466/06.PMS.121c20x9
http://dx.doi.org/10.2466/pms.98.3.985-991
http://dx.doi.org/10.23736/S0022-4707.19.10228-9
http://dx.doi.org/10.1093/jmt/45.2.114
http://dx.doi.org/10.1080/02640414.2020.1809974
http://dx.doi.org/10.7717/peerj.13332
https://peerj.com/


Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, Nieman DC,
Swain DP. 2011. American College of Sports Medicine position stand. Quantity and quality of
exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: guidance for prescribing exercise. Medicine & Science in
Sports & Exercise 43(7):1334–1359 DOI 10.1249/MSS.0b013e318213fefb.

Ghaderi M, Rahimi R, Azarbayjani MA. 2009. The effect of motivational and relaxation music on
aerobic performance, rating perceived exertion and salivary cortisol in athlete males. South
African Journal for Research in Sport, Physical Education and Recreation 31(2):29–38
DOI 10.4314/sajrs.v31i2.47589.

Grazioli E, Dimauro I, Mercatelli N, Wang G, Pitsiladis Y, Di Luigi L, Caporossi D. 2017.
Physical activity in the prevention of human diseases: role of epigenetic modifications. BMC
Genomics 18(Suppl. 8):802 DOI 10.1186/s12864-017-4193-5.

Jones L, Tiller NB, Karageorghis CI. 2017. Psychophysiological effects of music on acute recovery
from high-intensity interval training. Physiology & Behavior 170:106–114
DOI 10.1016/j.physbeh.2016.12.017.

Karageorghis C, Jones L, Stuart DP. 2008. Psychological effects of music tempi during exercise.
International Journal of Sports Medicine 29(7):613–619 DOI 10.1055/s-2007-989266.

Karageorghis CI, Priest D. 2012a. Music in the exercise domain: a review and synthesis (Part I).
International Review of Sport and Exercise Psychology 5(1):67–84
DOI 10.1080/1750984X.2011.631027.

Karageorghis CI, Priest D-L. 2012b. Music in the exercise domain: a review and synthesis (Part
II). International Review of Sport and Exercise Psychology 5(1):67–84
DOI 10.1080/1750984X.2011.631027.

Karageorghis CI, Drew KM, Terry PC. 1996. Effects of pretest stimulative and sedative music on
grip strength. Perceptual and Motor Skills 2(3 Pt. 2):1347–1352
DOI 10.2466/pms.1996.83.3f.1347.

Karageorghis CI, Terry PC. 1997. The psychophysical effects of music in sport and exercise: a
review. Journal of Sport Behavior 20:54–68.

Karageorghis CI, Terry PC, Lane AM. 1999. Development and initial validation of an instrument
to assess the motivational qualities of music in exercise and sport: the Brunel Music Rating
Inventory. Journal of Sports Sciences 17(9):713–724 DOI 10.1080/026404199365579.

Karageorghis CI. 2017. Applying music in exercise and sport. Champaign: Human Kinetics.

Karageorghis CI. 2016. The scientific application of music in exercise and sport: towards a new
theoretical model. In: Lane AM, ed. Topics in Applied Psychology: Sport and Exercise Psychology.
276–322.

Karageorghis CI. 2020. Music-related interventions in sport and exercise. In: Tenenbaum G,
Eklund RC, eds. Handbook of Sport Psychology. Fourth Edition. Hoboken: Wiley, 929–949.

Köse B, Atli A. 2019. Effect of different music tempos on aerobic performance and recovery.
Progress in Nutrition 21(4):922–927 DOI 10.23751/pn.v21i4.8880.

Köse B. 2018. Does motivational music influence maximal bench press strength and strength
endurance? Asian Journal of Education and Training 4(3):197–200
DOI 10.20448/journal.522.2018.43.197.200.

McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey VL, Sheppard J,
Burke LM. 2022. Defining training and performance caliber: a participant classification
framework. International Journal of Sports Physiology and Performance 17(2):317–331
DOI 10.1123/ijspp.2021-0451.

Greco et al. (2022), PeerJ, DOI 10.7717/peerj.13332 12/14

http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://dx.doi.org/10.4314/sajrs.v31i2.47589
http://dx.doi.org/10.1186/s12864-017-4193-5
http://dx.doi.org/10.1016/j.physbeh.2016.12.017
http://dx.doi.org/10.1055/s-2007-989266
http://dx.doi.org/10.1080/1750984X.2011.631027
http://dx.doi.org/10.1080/1750984X.2011.631027
http://dx.doi.org/10.2466/pms.1996.83.3f.1347
http://dx.doi.org/10.1080/026404199365579
http://dx.doi.org/10.23751/pn.v21i4.8880
http://dx.doi.org/10.20448/journal.522.2018.43.197.200
http://dx.doi.org/10.1123/ijspp.2021-0451
http://dx.doi.org/10.7717/peerj.13332
https://peerj.com/


Mclaughlin M, Atkin AJ, Starr L, Hall A, Wolfenden L, Sutherland R, Wiggers J, Ramirez A,
Hallal P, Pratt M, Lynch BM, Wijndaele K. 2020. Worldwide surveillance of self-reported
sitting time: a scoping review. International Journal of Behavioral Nutrition and Physical Activity
17(1):111 DOI 10.1186/s12966-020-01008-4.

Moss SL, Enright KJ, Cushman S. 2018. The influence of music genre on explosive power,
repetitions to failure and mood responses during resistance exercise. Psychology of Sport and
Exercise 37(4):128–138 DOI 10.1016/j.psychsport.2018.05.002.

Myers J, McAuley P, Lavie CJ, Despres JP, Arena R, Kokkinos P. 2015. Physical activity and
cardiorespiratory fitness as major markers of cardiovascular risk: their independent and
interwoven importance to health status. Progress in Cardiovascular Diseases 57(4):306–314
DOI 10.1016/j.pcad.2014.09.011.

Nakamura PM, Pereira G, Papini CB, Nakamura FY, Kokubun E. 2010. Effects of preferred and
nonpreferred music on continuous cycling exercise performance. Perceptual and Motor Skills
110(1):257–264 DOI 10.2466/pms.110.1.257-264.

Patania VM, Padulo J, Iuliano E, Ardigò LP, Čular D, Miletić A, De Giorgio A. 2020. The
psychophysiological effects of different tempo music on endurance versus high-intensity
performances. Frontiers in Psychology 11:74 DOI 10.3389/fpsyg.2020.00074.

Pearce KA. 1981. Effects of different types of music on physical strength. Perceptual and Motor
Skills 53(2):351–352 DOI 10.2466/pms.1981.53.2.351.

Pedersen BK, Saltin B. 2015. Exercise as medicine - evidence for prescribing exercise as therapy in
26 different chronic diseases. Scandinavian Journal of Medicine & Science in Sports 3(39):1–72
DOI 10.1111/sms.12581.

Potteiger JA, Schroeder JM, Goff KL. 2000. Influence of music on ratings of perceived exertion
during 20 minutes of moderate intensity exercise. Perceptual and Motor Skills 91(3):848–854
DOI 10.2466/pms.2000.91.3.848.

Reichert FF, Barros AJ, Domingues MR, Hallal PC. 2007. The role of perceived personal barriers
to engagement in leisure-time physical activity. American Journal of Public Health
97(3):515–519 DOI 10.2105/AJPH.2005.070144.

Rhodes RE, Kates A. 2015. Can the affective response to exercise predict future motives and
physical activity behavior? A systematic review of published evidence. Annals of Behavioral
Medicine 49(5):715–731 DOI 10.1007/s12160-015-9704-5.

Silva NRDS, Rizardi FG, Fujita RA, Villalba MM, Gomes MM. 2021. Preferred music genre
benefits during strength tests: increased maximal strength and strength-endurance and reduced
perceived exertion. Perceptual and Motor Skills 128(1):324–337
DOI 10.1177/0031512520945084.

Smirmaul BP. 2017. Effect of pre-task music on sports or exercise performance. The Journal of
Sports Medicine and Physical Fitness 57(7–8):976–984 DOI 10.23736/S0022-4707.16.06411-2.

Stork MJ, Kwan MY, Gibala MJ, Martin Ginis KA. 2015. Music enhances performance and
perceived enjoyment of sprint interval exercise. Medicine & Science in Sports & Exercise
47(5):1052–1060 DOI 10.1249/MSS.0000000000000494.

Terry PC, Karageorghis CI, Curran ML, Martin OV, Parsons-Smith RL. 2020. Effects of music
in exercise and sport: a meta-analytic review. Psychological Bulletin 146(2):91–117
DOI 10.1037/bul0000216.

Thaut MH. 2015. Music as therapy in early history. Progress in Brain Research 217(3):143–158
DOI 10.1016/bs.pbr.2014.11.025.

Greco et al. (2022), PeerJ, DOI 10.7717/peerj.13332 13/14

http://dx.doi.org/10.1186/s12966-020-01008-4
http://dx.doi.org/10.1016/j.psychsport.2018.05.002
http://dx.doi.org/10.1016/j.pcad.2014.09.011
http://dx.doi.org/10.2466/pms.110.1.257-264
http://dx.doi.org/10.3389/fpsyg.2020.00074
http://dx.doi.org/10.2466/pms.1981.53.2.351
http://dx.doi.org/10.1111/sms.12581
http://dx.doi.org/10.2466/pms.2000.91.3.848
http://dx.doi.org/10.2105/AJPH.2005.070144
http://dx.doi.org/10.1007/s12160-015-9704-5
http://dx.doi.org/10.1177/0031512520945084
http://dx.doi.org/10.23736/S0022-4707.16.06411-2
http://dx.doi.org/10.1249/MSS.0000000000000494
http://dx.doi.org/10.1037/bul0000216
http://dx.doi.org/10.1016/bs.pbr.2014.11.025
http://dx.doi.org/10.7717/peerj.13332
https://peerj.com/


Thum JS, Parsons G, Whittle T, Astorino TA. 2017.High-intensity interval training elicits higher
enjoyment than moderate intensity continuous exercise. PLOS ONE 12(1):e0166299
DOI 10.1371/journal.pone.0166299.

Urakawa K, Yokoyama K. 2005. Music can enhance exercise-induced sympathetic dominancy
assessed by heart rate variability. The Tohoku Journal of Experimental Medicine 206(3):213–218
DOI 10.1620/tjem.206.213.

van den Elzen N, Daman V, Duijkers M, Otte K, Wijnhoven E, Timmerman H, Olde Rikkert M.
2019. The power of music: enhancing muscle strength in older people. Healthcare 7(3):82
DOI 10.3390/healthcare7030082.

Warburton DE, Nicol CW, Bredin SS. 2006. Health benefits of physical activity: the evidence.
Canadian Medical Association Journal 174(6):801–809 DOI 10.1503/cmaj.051351.

World Health Organization. 2020. WHO guidelines on physical activity and sedentary behaviour.
Geneva: World Health Organization.

Ziv G, Lidor R. 2011. Music, exercise performance, and adherence in clinical populations and in
the elderly: a review. Journal of Clinical Sport Psychology 5(1):1–23 DOI 10.1123/jcsp.5.1.1.

Greco et al. (2022), PeerJ, DOI 10.7717/peerj.13332 14/14

http://dx.doi.org/10.1371/journal.pone.0166299
http://dx.doi.org/10.1620/tjem.206.213
http://dx.doi.org/10.3390/healthcare7030082
http://dx.doi.org/10.1503/cmaj.051351
http://dx.doi.org/10.1123/jcsp.5.1.1
https://peerj.com/
http://dx.doi.org/10.7717/peerj.13332

	The effects of music on cardiorespiratory endurance and muscular fitness in recreationally active individuals: a narrative review ...
	Introduction
	Survey methodology
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


