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Abstract

Fitness coaches seem to play an essential role in the field of exercise as they help prevent
sedentary lifestyles and promote overall health, quality of life, and well-being. This study
aimed to explore the effects of fithess coaches’ behavior perceptions, intrinsic motivation,
and enjoyment of exercisers on their long-term fitness and health, as well as their commit-
ment to exercise. A total of 202 individuals participated in the study that was developed over
three data gathering occasions (baseline, three months and six months). To this end, three
psychometric scales were used as part of a multi-section survey: FCBS-Fit (perception of
the fithess coach’s behavior), IMIp (intrinsic motivation of exercisers), and PACES (enjoy-
ment in exercise), along with the assessment of four health/fithess variables: anthropometry
(i.e., waist-hip ratio), strength (i.e., handgrip strength), flexibility (i.e., sit-and-reach), and
cardiorespiratory fitness (i.e., VO.max.). Overall, the results suggested that the perception
of the fitness coach’s behavior, the exerciser’s intrinsic motivation, and enjoyment were pre-
dictors of the health/fitness outcomes, and seemed to be related to the exercise commit-
ment at the end of three and six months. The novelty of this study is the examination of
psychological and physiological factors in an integrated and longitudinal manner within the
scope of exercise in fitness and health clubs. Therefore, these findings shed light on fitness
coaches as an important element in the propagation and maintenance of exercise habits,
accomplishment of tangible outcomes by exercisers, health promotion and the fithess sec-
tor's growth.

Introduction

There is nowadays an agreement that engaging in regular and adequate physical activity and
exercise across the lifetime can have a dramatic positive influence on health and well-being [1].
However, the population in general fails to reach the recommendations [2], which has become
a significant public health issue [3]. Despite the initiatives conducted with the intent of
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enhancing exercise habits, the result ends in moderate and unsustained gains [4]. Hence, a
more detailed understanding of the variables involved is needed to maximize the likelihood of
successful involvement and adherence [5]. Once fitness coaches are at the forefront of health
[6], the fitness sector and its body of professionals can become a game changer [7].

The enrollment and rates of abandonment at a fitness center are connected to improve-
ments in fitness parameters. Failure to observe progress in less than a year leads to dropout
[8]. It is expected that 40%-65% of individuals who start exercising dropout over the first 3-6
months [9-11] and only 30%-60% of members continue attending in the second year [12].
With withdrawing from exercise routines being one of the main challenges in the fitness sector
[13], the quality of fitness coaches’ behavior can be important in fostering better levels of
intrinsic motivation in exercisers [14-16], enjoyment as one of the most essential concerns
regarding exercise [17-20], supporting interpersonal behaviors [21,22], and satisfaction of
basic psychological needs [23].

Self-determination theory

This study uses Self-determination theory (SDT) as a conceptual framework [24-26]. SDT is a
prevalent contemporary social-cognitive motivation theory in the fields of physical activity,
sport, and exercise. According to this approach, social environments can either support or hin-
der human performance based on how well they meet individuals” basic psychological needs.
SDT proposes that humans possess three fundamental psychological needs: autonomy (i.e., the
ability to engage in behavior willingly), competence (i.e., the feeling of mastery and effective-
ness), and relatedness (i.e., the desire for meaningful connections with others) [24,25]. Based
on this notion, these basic needs are seen as crucial elements for people’s adaptation, integrity,
and development [27,28].

Moreover, the theory postulates that need-supportive social environments boost human
beings’ internal motivating sources and well-being. The combination of need-depriving
(neglecting needs) and need-thwarting (actively undermining needs) social environments has
a negative impact on the external sources of motivation in humans, leading to maladaptive
outcomes such as ill-being [24,28]. Therefore, the social conditions mentioned above exist at
contrasting extremes of a spectrum that establish the foundation for human motivation. Moti-
vation to participate in an activity can be autonomous or controlled [25,26]. Autonomously
motivation includes activities driven for inherent interest, enjoyment, and satisfaction (intrin-
sic motivation), or aligned with personal beliefs and valued outcomes (identified and inte-
grated regulation, respectively).

Conversely, controlled motivation involves activities to avoid internal conflict (introjected
regulation) or to react to external pressures (external regulation). Thus, motivation forms a
continuum from lack of motivation to various levels of extrinsic and intrinsic motivation.
Researchers have established that intrinsic motivation is the primary factor influencing long-
term adherence to exercise [29]. Individuals with greater intrinsic motivation tend to exhibit
more successful behaviors, such as increased adherence, and experience higher levels of health
and psychological well-being [26]. Thus, this study examined the relationships between exer-
cisers’ intrinsic motivation, enjoyment, and the behavior of fitness coaches, considering that
one of the key aspects of SDT is the evaluation of contextual factors [26].

In organized social environments (e.g., exercise), a social agent (e.g., fitness coach) can
intentionally influence the social environment. As a result, the agent may support or influence
the participants’ motivation process through their behavior. In exercise settings, the coach’s
instruction style impacts participants’ motivation [30]. The perception that the fitness coach
has a supportive interaction style can favorably influence intrinsic motivation [31] and exercise
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outcomes [32]. The behavior and emotional consequences of exercise can explain an individu-
al’s reasons for regularly engaging in exercise [33]. Individuals ought to perceive fitness
coaches as supportive and exercising as an enjoyable activity to advocate long-term exercise
commitment [34]. Hence, it is crucial to comprehend the factors involved to encourage regular
and enduring engagement [35,36].

Health and fitness

Achieving desired health benefits and improving physical fitness are the main drivers of long-
term exercisers’ use of health/fitness club [37]. Traditionally, health-related physical fitness
involves four components: body composition, muscular fitness, flexibility, and cardiorespira-
tory fitness [38]. The waist-to-hip ratio [39] is a rapid and simple anthropometric assessment
to identify an individual’s body composition and degree of abdominal fat. Along with the
Body Mass Index, it is a metric that quantifies obesity [40]. Nevertheless, the waist-to-hip ratio
has been recommended as a superior predictor of cardiovascular disease [41].

Among the methods for testing muscle strength, handgrip strength has been widely used
because it is a simple, rapid, cheap, and effective test that uses portable equipment [42]. Grip
strength has been reported to be a consistent and valid predictor of health, muscular fitness,
dexterity, and overall strength [43], among healthy and clinical populations [44]. This assess-
ment could be used as a general indicator of overall muscle strength, including those of the
lower limbs [45]. Flexibility pertains to the inherent characteristics of bodily tissues that estab-
lish maximal joint range of motion without resulting in injury [46]. Evaluating the flexibility of
the hamstring muscles is crucial in the field of sports medicine because of its frequent correla-
tion with prevalent non-contact injuries that can have both immediate and prolonged effects
[47]. Hamstring flexibility should be incorporated into health-related testing protocols because
of its significant relevance to both daily living activities and performance [38].

Cardiorespiratory fitness is a key predictor of mortality and morbidity [48]. It is considered
one of the most significant measures of health, even above other traditional indicators such as
body mass, blood pressure, and cholesterol levels [49]. Maximal oxygen consumption
(VO,max.) is defined as the greatest rate at which oxygen can be transported, metabolized,
and used during exercise. It is the best metric to define the overall ability of the cardiorespira-
tory system to supply oxygen during exercise [50]. Testing this physical capacity can help iden-
tify primary preventive needs and health promotion initiatives [51]. Given that the direct
estimation of VO,max. has various restrictions (e.g., expensive and specialized equipment),
this technique is impracticable in many cases. Field tests can be a viable option for estimating
VO,max. with The Rockport Fitness Walking Test [52] being one of the submaximal assess-
ments having the greatest validity [53].

To the best of our knowledge, no investigations have been undertaken utilizing this specific
research design to examine the effects of fitness coaches on individuals’ commitment to regu-
lar exercise. Therefore, the novelty of this study lies in its integrated and longitudinal analysis
of both psychological and physiological aspects within the framework of exercise in health/fit-
ness clubs. Thus, the purpose of this study is to analyze the influence of exercisers’ perceptions
of fitness coaches’ behavior, intrinsic motivation, and enjoyment while exercising on over time
fitness and health outcomes, specifically concerning anthropometry, strength, flexibility, and
cardiorespiratory fitness. Additionally, the study aims to observe the relationship between
these factors and adherence to exercise routines.

Based on the evidence provided [8,17,18,22,33,54], it is hypothesized that fitness coaches’
behavior perceptions, intrinsic motivation, and enjoyment of exercisers might have the poten-
tial to influence health/fitness and, consequently, the sustainability of exercise routines.
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Materials and methods
Participants

The research was conducted with Portuguese gym-goers engaged in fitness group classes (Aer-
obics, Cycling and Pilates), and/or in cardio-resistance training (which involved lifting weights
or cardiovascular activities). Participants were selected on the basis of convenience from a
pool of individuals judged relevant to the study’s inquiry (i.e., their selection was driven by
availability and their desire to participate). The study involved 202 participants recruited from
September 2022 through June 2023, including both genders and varied age groups, all of
whom actively volunteered to participate in the research. The dataset consists of 106 males
(52.5%) and 96 females (47.5%), with ages spanning 18 to 64 years (Mg = 36.17; SD = 12.30).
On average, participants reported 7.45 years of exercise experience (SD = 8.93) and an average
weekly attendance of 3.52 training sessions (SD = 1.35).

Design and procedures

This research has a longitudinal quantitative design, considering three assessment stages (i.e.,
baseline (A1), three months (A2), and six months (A3)) to analyze the characteristics of the
variables under study, identify their effects on the health/fitness results of the exercisers, and
their commitment to exercise routines. The schedule of assessments is based on the significant
known dropout rates that occur during these time periods [9-11].

Initially, potential exercisers in the fitness context were approached and requested to freely
engage in the study (Fig 1). Of the 634 individuals who were first contacted, either directly or
via email, 217 responded to the request. Throughout the recruitment process, 15 individuals
were rejected because they displayed physical constraints that made it impossible for them to
participate in the study or because they could not be scheduled. The remaining individuals
were included after a sports anamnesis was performed. Subsequently, after streamlining the
first proceedings, the assessments were arranged according to each participant’s availability. In
addition, the participants were requested to fill out a multi-section online survey.

A permanent contact channel was created between participants and researchers so that any
questions could be answered swiftly. Participants were informed of the parameters and objec-
tives of the study, their anonymity, and confidentiality. An informed and enlightened written
consent to participate was provided. The participants completed the consent form expressing
their agreement to participate in the study by answering affirmatively to the question: “I have
read the information and give my authorization for my involvement in the study. Upon perus-
ing the text, I comprehended the objectives of the investigation and was afforded the opportu-
nity to clarify any doubts I may have had”.

The study was approved by the Polytechnic Institute of Maia Research Center Scientific
Committee (Ref. No. 003/06/22), and was conducted in accordance with the Declaration of
Helsinki.

Measures

To develop the design and implementation of the study, a multi-section survey was created to
assess the independent variables. The instrument included three psychometric scales: percep-
tion of the fitness coach’s behavior (i.e., FCBS-Fit), intrinsic motivation of the exerciser (i.e.,
IMlIp), and enjoyment (i.e., PACES). Standardized and validated tests were employed to mea-
sure the dependent variables, which included: anthropometry (i.e., waist-hip ratio), strength
(i.e., handgrip strength), flexibility (i.e., sit-and-reach), and cardiorespiratory fitness (i.e.,
VO,max.).
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Number of
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(n=217) = Physical restrictions at the
time of thefirst assessment
> (n=10)
= Impossibility of scheduling
Included (n=202) (®=5)

-

AV'1 (Baseline)
Multi-section survey and physical assessments (n=202)

!

AV?2 (three months)
Lost to assessment (n=4):

Emigration (n=2)
Academic issues (n=2)

I

AV 3 (six months)
Lost to assessment (n=12):
Economic issues (n=2)
Labor issues (n=2)
Personal reasons (n=3)
Change of exercising facility (n=3)
Impossibility of contact (n=2)

I

Assessed
Baseline (n=202)
Three months (n=198)
Six months (n=186)

Fig 1. Flowchart of the study participants.
https://doi.org/10.1371/journal.pone.0310931.9001
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Fitness coach behavior. The Fitness Coaching Behavior Scale (FCBS-Fit) [55] aims to
evaluate the quality of fitness coaches’ behaviors by theoretically adopting the Coaching Model
[56], which is commonly used in sports training. This measure comprises 22 items and is spe-
cifically designed for fitness coaches. The frequency of these events was measured using a
6-point Likert scale, including 1 (never does it), 2 (rarely), 3 (occasionally), 4 (many times), 5
(nearly usually), and 6 (always does it).

It is divided into four distinct dimensions: 1) Technical and positive rapport (providing
demonstrations and instructions for exercises, offering corrective feedback, using positive
reinforcement, encouraging continuous development, and fostering trust in the given instruc-
tions; 2) Goal setting (assist in establishing and defining both short- and long-term objectives
and provide assistance in achieving them); 3) Exercise planning and prescription (involves cre-
ating customized, demanding, well-structured, and specific fitness programs for training ses-
sions); and 4) Negative rapport (refers to behaviors such as yelling showing favoritism toward
others, making ironic comments about one’s inability, and making negative comments during
exercise).

In general, the results from the different phases of psychometric analysis of FCBS-Fit con-
firm the validity and reliability of the data. In this study, the scale revealed the following inter-
nal consistency values: Cronbach’s o was 0.82 for Technical and positive rapport; 0.88 for Goal
setting; 0.77 for Exercise planning and prescription; and 0.73 for Negative rapport.

Exerciser’s intrinsic motivation. Considering that intrinsic motivation is the primary fac-
tor influencing long-term exercise adherence [29], the Portuguese version of the Intrinsic
Motivation Inventory (IMIp) [57] was used to evaluate the intensity of exercisers’ intrinsic
motivation in the context of physical sport and physical activity. The scale consists of 18 items
grouped into four subscales: Pleasure (e.g., “I absolutely enjoy doing activities in the gym”;
Competence (e.g., “I'm pleased with my performance in gym activities”); Effort (e.g., “I work
hard in the gym”); and Pressure (e.g., “I feel under pressure while doing activities at the gym”).
Participants expressed their motivation to practice one or more activities in the gym by agree-
ing or disagreeing with each of the statements and responded on a 5-point Likert scale
(1 = Strongly disagree to 5 = Strongly agree).

This instrument has been frequently adopted in the realm of sports and exercise primarily
because of its reliability and construct validity. In this study, the scale revealed the following
internal consistency values: Cronbach’s o was 0.79 for Enjoyment; 0.81 for Competence; 0.72
for Effort, and 0.88 for Pressure.

Enjoyment. For this purpose, the Portuguese version of the Physical Activity Enjoyment
Scale (PACES) [58] was used. This measure consists of eight statements and assesses the
amount of agreement with exercising enjoyment, based on a 7-point Likert scale ranging from
“1-Strongly disagree” to “7-Strongly agree”. This scale was originally developed to assess the
enjoyment of physical activity using an 18-item scale [59]. More recently, Mullen and col-
leagues [60] validated an 8-item version with good psychometric properties from which the
Portuguese validation was developed. In this study, the internal consistency determined by o
was 0.87.

Waist-hip ratio. The ratio between waist and hip circumference is a superior clinical mea-
sure for predicting all-cause mortality from cardiovascular disease [61], and a reliable predic-
tor of type II diabetes mellitus [62]. Previous research indicates that a waist-to-hip ratio greater
than 0.90 cm for men and 0.85 cm for women is associated with an increased risk of diabetes
mellitus and hypertension [63]. The buildup of excessive fat in the abdominal areas is related
with a larger risk of diseases related to habits and body weight, while measuring the waist-to-
hip ratio is an appropriate metric for this stratification [64].
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Waist and hip circumferences were measured using a fabric tape measure, which normal-
izes the tension of the tape on the skin and increases the consistency of the measurement. The
average of two measures was utilized as long as they did not vary by more than five millimeters;
otherwise, the assessment would be repeated. As recommended, duplicate measurements at
each site were obtained in rotation, rather than consecutively (i.e., taking a measurement at all
the locations to be analyzed and then repeating the sequence) [38].

Waist circumference was determined by the participant standing, arms at their sides and
along their body, feet together, and abdomen relaxed. A horizontal measurement was taken in
the narrowest section of the torso (above the navel and below the xiphoid process). Concern-
ing the hip circumference, with the individual standing and feet together, a horizontal mea-
surement was obtained at the place of the greatest circumference of the glutes [38]. The ratio
value of these two perimeters is the product of dividing the waist perimeter by the hip
perimeter.

Handgrip strength. Handgrip strength is a measure of the functional condition of the
upper extremity and is widely reported for a range of disorders [44]. In the clinical arena, it
has been proven to be a significant instrument for detecting upper extremity impairments and
a suitable guideline for treatment orientation [65,66]. It is favorably connected to bone mineral
density [67] and has been suggested as a screening tool for osteoporosis concerns [68].

Longitudinal studies [69,70] reveal that low handgrip strength is a predictor of increased
mortality from cardiovascular disease and cancer in males, even when characteristics related
to muscle mass and body mass index are corrected. Handgrip strength is inversely associated
with physical frailty, even when the effects of Body Mass Index and arm circumference are
removed [71]. Researchers have hypothesized that factors connected to frailty and disability
throughout life are related to muscular issues, which can be measured by handgrip dynamom-
etry [71].

Measurements were conducted using a Jamar Hydraulic Hand Dynamometer (Sammons
Preston Rolyan, Bolingbrook, IL, USA). Participants were asked to remain seated with their
shoulders in a neutral position, one hand resting on the thigh and the elbow of the limb to be
assessed flexed, forming a right angle, with the forearm in a neutral position [72] with the
wrist between 0° and 30° of flexion and between 0° and 15° of ulnar deviation [73]. For all par-
ticipants, the dynamometer handle was individually adjusted according to the size of their
hands. The individuals were instructed to grasp the dynamometer with maximum effort in
response to a standardized voice order and to press the handle for three seconds [74].

Measures for the dominant and nondominant limb were obtained in a randomized order.
The rest period between each set was at least one minute and the highest value of the three
attempts was selected for statistical analysis [75]. For the purposes of multiple linear regres-
sion, as the aim was to formalize a representative strength metric, the results of both limbs
were averaged to calculate a total score.

Flexibility. The flexibility test was selected on the basis of its reliability and reproducibility
[76,77]. The use of angle tests appears to be restricted in several situations because of the
requirement for advanced apparatus, skilled specialists, and time limitations [78]. The assess-
ment of fingertip distance in linear tests offers various benefits, such as it involves a straightfor-
ward technique, requires easily accessible materials, is simple to administer, and requires
minimum application skills [79]. The sit-and-reach test is widely employed in physical fitness
test batteries for measuring flexibility [80].

The examination was carried out using a box for the sit and reach test (40 cmx40 cmx34.5
cm). A scale was fastened to the top, perpendicular to the width of the box, for measurement.
Participants sat on the floor with their legs extended at shoulder width and the balls of their
feet against the box. With an overlapping hand, they flexed their hip joint and trunk to reach
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as forward as possible, maintaining their knees, arms, and fingers completely extended. Partic-
ipants completed three sets, resting for one minute between attempts, the best of which was
utilized for statistical analysis. The recordings were made following a preliminary warm-up
that comprised two initial practice attempts [38].

Cardiorespiratory fitness. The Rockport Fitness Walking Test [52] is one of the submaxi-
mal assessments with the greatest validity [53]. This test requires people to walk one mile
(1600 m) as quickly as possible. After completing the test, the subject’s age, height, body mass,
terminal heart rate, and total trial length were entered into a regression equation developed to
predict VO,max. [VO,mdx. = 132.853 - (0.0769 x body mass)—(0.3877 x age) + (6.315 x gen-
der)—(3.2649 x trial time)—(0.1565 x final heart rate)]. The test has been validated for several
populations, including healthy adults [81], women aged 65 and over [82], and high school stu-
dents [83].

The test employed was the modified version suggested by Widrick and colleagues [84].
Employing this test on a treadmill enables a more practical and controlled evaluation, employ-
ing an ecological approach that is equally accurate as the field version. The strong correlation
(r = 0.91) with a small total error of 5.26 ml/kg/min of oxygen indicates that the predictive
equation previously developed for the field can be equally successful when applied to the modi-
fied version conducted on the treadmill. The ergometer utilized in this investigation was a
FFITTECH RUN-T100 (Taipei, TW, China).

The protocol entailed a short duration of initial adjustment and speed determination, last-
ing approximately five minutes. The participants were directed to choose a rapid tempo that
they could sustain for 15-20 minutes. Thus, the test could be conducted while maintaining a
constant pace. Continuous monitoring of heart rate was conducted using a Polar H7 Wireless
Heart Rate Sensor Band (Bethpage, NY, USA). The final trial time and heart rate were
recorded once the specified distance was reached. One attempt is deemed adequate because
the walking test results demonstrate high test-retest reliability, yielding findings almost similar
to those obtained from a single test [52].

Statistical analysis

Previous to data collection, an a priori statistical power analysis was performed to determine
the required sample size. The primary objective of this analysis was to ensure that the research
had sufficient statistical power to identify significant effects, if they occurred within the vari-
ables being investigated, while considering the specific features of this research. The software
employed for this purpose was G*Power version 3.1.9.7 [85].

The analysis incorporated a medium effect size (d = 0.5) to depict the difference between
two dependent means and multiple linear regression (f° = 0.15). The employed values were
determined considering previous findings, which indicated effect magnitudes ranging from
small to medium magnitudes [33,86]. The significance level (o) was established at 0.05, acting
as the cutoff point for rejecting the null hypothesis. The statistical power (1-f) was calculated
at 0.80, suggesting an 80% likelihood of uncovering a real effect. Two-tailed tests were utilized
for the analysis. The paired sample t-test suggested a sample size of 34 participants; however,
multiple linear regression analysis with four predictors showed that 85 individuals were
needed.

Once the data had been collected, it was processed and analyzed using the IBM SPSS Statis-
tics software. For analyzing the descriptive statistics, data were acquired on sociodemographic
factors (mean, minimum, maximum and standard deviation). A paired sample -test was
employed to analyze the research variables’ dynamics over time. For the predictive analysis,
multiple linear regression was performed to evaluate whether independent variables could
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predict the dependent variables (health/fitness) investigation and what the impact would be in
terms of exercise routines maintenance.

Results

Table 1 provides general data on the descriptive statistics of the variables under study at the
three evaluation moments.

To examine the characteristics of the variables over time (after three months and after six
months), an analysis was carried out using the paired sample ¢-test, which showed that the per-
ception of the fitness coach’ behavior (e.g., goal setting; [#(198) = -5.45; p < 0.01; d = 0.39]-A2;
[£(186) = -5.76; p < 0.01; d = 0.44]-A3), the exerciser’s intrinsic motivation (e.g., competence;
(1(198) = -6.34; p < 0.01; d = 0.44]-A2; [1(186) = -3.30; p < 0.01; d = 0.37]), and enjoyment [t
(198) =-5.14; p < 0.01; d = 0.37]-A2; [#(198) = -3.78; p < 0.01; d = 0.28]) seem to be related to
exercise commitment in both time frames (Tables 2 and 3).

Subsequently, a multiple linear regression analysis was conducted to examine whether the
perception of the fitness coach’s behavior and the exerciser’s intrinsic motivation and enjoy-
ment were able to predict the health/fitness outcomes (i.e. anthropometry, strength, flexibility,
and cardiorespiratory fitness). As demonstrated in Tables 4-7, the analysis resulted in statisti-
cally significant models for the variables at three and six months.

Considering the period of three months (A2), the categories “pressure” of the exerciser’s
intrinsic motivation (8 = 0.18; t = 2.52; p < 0.01) and “enjoyment” related to the exerciser’s
enjoyment of the exercise (8 = 0.29; t = 4.30; p < 0.01) are the best predictors of the results
obtained in the independent variable related to anthropometry (i.e., waist-to-hip ratio). The
“competence” dimension of the exerciser’s intrinsic motivation (8 = 0.24; t = 2.88; p < 0.01)
was the strongest predictor of the results obtained in the handgrip strength test.

The categories “goal setting” regarding the perception of the fitness coach’s behavior (8 =
0.34; t = 3.05; p < 0.01), “competence” regarding the exerciser’s intrinsic motivation (8 = 0.17;

Table 1. Statistics of the different variables (M + SD).

Variables Al A2 A3
n M+ SD n M+ SD n M+ SD

FCBS-FIT TPR 202 4.35%£1.70 198 4.59+1.48 186 4.82+1.18

GS 3.79+1.81 4.12+1.60 4.54+1.27

EPP 4.31+1.79 4.52+1.54 4.74x1.27

NR 1.32+0.83 1.25+0.64 1.22+0.58

IMIp P 202 4.15+0.91 198 4.25+0.83 186 4.25+0.83

3.13+0.68 3.45+0.84 3.46+0.86

3.05+0.59 3.27+0.69 3.27+0.71

P 2.44+0.70 2.21+0.83 2.20+0.84

PACES EJ 202 4.70£0.82 198 4.91+0.86 186 4.94+0.87

ANTH WHR 202 0.82+0.08 198 0.81£0.08 186 0.81+0.08
STR HS 202 37.21+11.86 198 38.41+11.58 186 39.71£10.72
FLX SR 202 18.62+4.62 198 20.19+4.40 186 20.37+4.16
CFIT VM 202 37.77£9.89 198 39.9549.26 186 41.27+8.66

Note: n = sample size; M = mean; SD = standard deviation; TPR = technical and positive rapport; GS = goal setting; EPP = exercise planning and prescription;
NR = negative rapport; P = pleasure; C = competence; E = effort; P = pressure; EJ] = enjoyment; WHR = waist-hip ratio; HS = handgrip strength; SR = sit-and-reach;
VM = VO,max.; ANTH = anthropometry; STR = strength; FLX = flexibility; CFIT = cardiorespiratory fitness; Al = assessment 1 (baseline); A2 = assessment 2 (three

months); A3 = assessment 3 (six months).

https://doi.org/10.1371/journal.pone.0310931.t001
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Table 2. Paired sample #-test data (three months).

Variables CI (95%)
M +SD Inf. Sup. t A% d
FCBS-FIT TPR -0.25+£0.79 -0.36 -0.14 -4.37 5.52 0.00** 0.32
GS -0.34+0.88 -0.47 -0.22 -5.45 8.71 0.00** 0.39
EPP -0.22+0.80 -0.33 -0.11 -3.83 4.87 0.00** 0.28
NR 0.08+0.45 0.01 0.14 2.37 5.30 0.02* 0.18
IMIp P -0.11+£0.57 -0.19 -0.03 -2.60 2.41 0.01** 0.19
-0.32+0.72 -0.42 -0.22 -6.34 10.22 0.00** 0.44
-0.21+£0.60 -0.29 -0.13 -5.04 7.21 0.00** 0.35
P 0.23£0.61 0.14 0.31 5.26 9.43 0.00** 0.38
PACES EJ -0.22+0.59 -0.30 -0.13 -5.14 4.47 0.00** 0.37
ANTH WHR 0.01+0.04 0.01 0.02 3.56 1.22 0.00** 0.25
STR HSR -1.60+3.35 -2.07 -1.13 -6.73 3.23 0.00** 0.48
HSL -0.79+2.46 -1.14 -0.45 -4.55 8.43 0.00** 0.32
FLX SR -1.55+2.99 -1.97 -1.13 -7.29 5.77 0.00** 0.52
CFIT VM -2.15+£4.60 -2.79 -1.51 -6.60 5.52 0.00** 0.47
Note
* p<0.05

**.p < 0.01; M = mean; SD = standard deviation; CI = confidence interval; Inf = inferior; Sup = superior; ¢ = t-value; A% = percent variance; p = p-value; d = effect size;
TPR = technical and positive rapport; GS = goal setting; EPP = exercise planning and prescription; NR = negative rapport; P = pleasure; C = competence; E = effort;

P = pressure; EJ = enjoyment; WHR = waist-hip ratio; HS R = handgrip strength (right limb); HS L = handgrip strength (left limb); SR = sit-and-reach; VM = VO, max.;
ANTH = anthropometry; STR = strength; FLX = flexibility; CFIT = cardiorespiratory fitness.

https://doi.org/10.1371/journal.pone.0310931.t1002

Table 3. Paired sample t-test data (six months).

Variables CI (95%)
M+ SD Inf. Sup. t A% d
FCBS-FIT TPR -0.21+£0.90 -0.34 -0.08 -3.19 5.01 0.00** 0.23
GS -0.43£1.02 -0.57 -0.28 -5.76 10.19 0.00** 0.44
EPP -0.18+0.75 -0.29 -0.07 -3.33 4.87 0.00** 0.24
NR 0.03£0.37 -0.03 0.08 1.00 2.40 0.32
IMIp P -0.10+£0.42 -0.16 -0.04 -3.30 0.25 0.00** 0.24
-0.19+0.51 -0.16 -0.04 -3.30 0.29 0.00** 0.37
-0.08+0.33 -0.13 -0.03 -3.36 0.20 0.00** 0.24
P 0.20£0.54 0.12 0.28 5.04 0.45 0.00** 0.37
PACES EJ -0.11+£0.39 -0.16 -0.05 -3.78 0.61 0.00** 0.28
ANTH WHR 0.00+0.05 0.01 -0.01 0.01 0 0.60
STR HSR -1.01£3.16 -1.46 -0.55 -4.35 3.39 0.00** 0.32
HSL -1.01+£3.08 -1.45 -0.56 -4.46 0.89 0.00** 0.33
FLX SR -0.10+1.14 -0.26 0.07 -1.15 3.30 0.25
CFIT VM -1.31+£3.59 -1.82 -0.79 -4.97 5.01 0.00** 0.36
Note
*.p <0.05

**.p < 0.01; M = mean; SD = standard deviation; CI = confidence interval; Inf = inferior; Sup = superior; t = t-value; A% = percent variance; p = p-value; d = effect size;
TPR = technical and positive rapport; GS = goal setting; EPP = exercise planning and prescription; NR = negative rapport; P = pleasure; C = competence; E = effort;

P = pressure; EJ = enjoyment; WHR = waist-hip ratio; HS R = handgrip strength (right limb); HS L = handgrip strength (left limb); SR = sit-and-reach; VM = VO, max.;
ANTH = anthropometry; STR = strength; FLX = flexibility; CFIT = cardiorespiratory fitness.

https://doi.org/10.1371/journal.pone.0310931.t003
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Table 4. Multiple linear regression data (anthropometry).

Variables Three months Six months
R F P B t P R F P B t P

FCBS-FIT TPR 0,05 2,48 0,05* -0,09 -0,78 0,44 0.04 1.83 0.13 -0,18 -1,72 0,09

GS -0,14 -1,20 0,23 0,05 0,50 0,62

EPP 0,01 0,07 0,94 -0,05 -0,45 0,65

NR 0,07 0,91 0,36 0,04 0,51 0,61

IMIp P 0,08 4,22 0,00** 0,04 0,50 0,62 0.02 0.93 0.45 -0,03 -0,36 0,72

-0,14 -1,76 0,08 -0,07 -0,91 0,37

E -0,14 -1,73 0,09 -0,08 -0,98 0,33

P 0,18 2,52 0,01** 0,05 0,60 0,55

PACES EJ 0,09 18,49 0,00** -0,29 -4,30 0,00** 0.02 5.06 0.03* -0,16 -2,25 0,03*

Note

*.p < 0.05

**_p < 0.01; R? = explained variance; F = F-value; B = standardized beta coefficient; t = t-value; p = p-value; TPR = technical and positive rapport; GS = goal setting;
EPP = exercise planning and prescription; NR = negative rapport; P = pleasure; C = competence; E = effort; P = pressure; EJ = enjoyment.

Three months: [F(4,194) = 2.48; p < 0.05; R? = 0.05]-Fitness coach behavior; [F(4,194) = 4.22;p < 0.01; R? = 0.08]-Exerciser intrinsic motivation; [F(1,197) = 18.49;
p < 0.01; R* = 0.09]-Enjoyment.

Six months: [F(1,185) = 5.06; p < 0.05; R*= 0.02]-Enjoyment.

https://doi.org/10.1371/journal.pone.0310931.t1004

t=2.11; p < 0.05), and “enjoyment” (8 = 0.26; t = 3.72; p < 0.01) were the best predictors of
the results obtained in the flexibility test (sit-and-reach). The categories “goal setting” (5 =
0.31; t=2.71; p < 0.01) and “exercise planning and prescription” (8 = 0.21; t = 1.96; p < 0.05),
both linked to the perception of the fitness coach’s behavior, are the best predictors of the
results obtained in cardiorespiratory fitness (VO,max.).

With regard to the six-month period (A3), the “enjoyment” dimension connected to the
exerciser’s enjoyment in exercising (8 = 0.16; t = 2.25; p < 0.05) is the one that best predicts

Table 5. Multiple linear regression data (strength).

Variables Three months Six months
R’ F P B t P R F P B t P
FCBS-FIT TPR 0,00 0,13 0,97 0,03 0,23 0,82 0,04 4,37 0,00** -0,09 -0,82 0,02*
GS 0,03 0,26 0,79 0,00 0,02 0,98
EPP -0,00 -0,02 0,99 0,14 1,33 0,03*
NR 0,01 0,13 0,90 0,03 0,36 0,72
IMIp P 0,06 3,10 0,02* -0,01 -0,08 0,93 0,03 1,18 0,32 0,02 0,32 0,75
0,24 2,88 0,00** 0,11 1,43 0,16
E 0,03 0,34 0,73 0,08 1,01 0,31
P 0,01 0,09 0,93 0,01 0,09 0,93
PACES EJ 0,00 0,45 0,50 0,05 0,67 0,50 0,00 0,00 0,99 0,00 0,01 0,99
Note
*.p <0.05

** p < 0.01; R? = explained variance; F = F-value; 8 = standardized beta coefficient; ¢ = t-value; p = p-value; TPR = technical and positive rapport; GS = goal setting;
EPP = exercise planning and prescription; NR = negative rapport; P = pleasure; C = competence; E = effort; P = pressure; EJ = enjoyment.

Three months: [F(4,194) = 3.10; p < 0.05; R? = 0.06]-Exerciser intrinsic motivation.

Six months: [F(4,182) = 4.37; p < 0.01; R? = 0.04]-Fitness coach behavior.

https://doi.org/10.1371/journal.pone.0310931.t005
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Table 6. Multiple linear regression data (flexibility).

Variables Three months Six months
R F P B t P R F P B t P
FCBS-FIT TPR 0,06 3,14 0,02* -0,13 -1,16 0,25 0,02 1,12 0,35 -0,03 -0,32 0,75
GS 0,34 3,05 0,00** 0,17 1,67 0,10
EPP -0,03 -0,33 | 0,74 -0,11 -1,01 0,32
NR 0,04 0,53 0,60 0,08 1,07 0,29
IMIp P 0,05 2,67 0,03* 0,00 0,01 0,99 0,02 0,93 | 045 0,05 0,63 0,53
C 0,17 2,11 0,04* 0,03 0,43 0,67
0,06 0,73 0,47 0,03 0,37 0,71
P -0,09 -1,25 0,21 -0,10 -1,40 | 0,16
PACES EJ 0,07 13,80 | 0,00** 0,26 3,72 0,00** 0,02 3,95 | 0,05* 0,15 1,99 0,05*
Note
*.p < 0.05

**_p < 0.01; R? = explained variance; F = F-value; B = standardized beta coefficient; t = t-value; p = p-value; TPR = technical and positive rapport; GS = goal setting;
EPP = exercise planning and prescription; NR = negative rapport; P = pleasure; C = competence; E = effort; P = pressure; EJ = enjoyment.

Three months: [F(4,194) = 3,14; p < 0,05; R? = 0,06]-Fitness coach behavior; [F(4,194) = 2,67; p < 0,055 R? = 0,05]-Exerciser intrinsic motivation; [F(1,197) = 13,80;
p < 0,01; R* = 0,07]-Enjoyment.

Six months: [F(1,185) = 3,95; p < 0,05; R*= 0,02]-Enjoyment.

https://doi.org/10.1371/journal.pone.0310931.t006

the results obtained in the waist-hip ratio. With relation to handgrip strength, the dimensions
“technical and positive rapport” (8 = 0.09; t = 0.82; p < 0.05) and “exercise planning and pre-
scription” (8 = 0.14; t = 1.33; p < 0.05), on the perception of the fitness coach’s behaviors, were
the greatest predictors of the results observed.

The “enjoyment” (8 = 0.15; t = 1.99; p < 0.05) is the strongest predictor of the results
achieved in the sit-and-reach test. Finally, the categories “technical and positive rapport” (8 =
0.06; t = 0.59; p < 0.05) and “exercise planning and prescription” (8 = 0.04; t = 0.38; p < 0.01),
both relating to the perception of the fitness coach’s behavior, and the “competence”

Table 7. Multiple linear regression data (cardiorespiratory fitness).

Variables Three months Six months
R? F P B t P R? F P B t P
FCBS-FIT TPR 0,06 2,81 0,03* -0,01 -0,12 0,91 0,05 3,27 0,00** -0,06 -0,59 0,05*
GS 0,31 2,71 0,01** 0,17 1,60 0,11
EPP -0,21 -1,96 0,05* -0,04 -0,38 0,01**
NR -0,11 -1,53 0,13 -0,12 -1,64 0,10
IMIp P 0,02 1,20 0,31 -0,05 -0,65 0,52 0,06 4,53 0,03* -0,01 -0,18 0,86
0,09 1,10 0,27 0,04 0,56 0,03*
E 0,10 1,24 0,22 0,06 0,77 0,44
P -0,06 -0,82 0,41 0,01 0,13 0,90
PACES EJ 0,01 1,45 0,23 0,31 2,71 0,23 0,01 1,61 0,21 0,09 1,27 0,21
Note
*.p <0.05

. p <001 R’= explained variance; F = F-value; § = standardized beta coefficient; ¢ = t-value; p = p-value; TPR = technical and positive rapport; GS = goal setting;
EPP = exercise planning and prescription; NR = negative rapport; P = pleasure; C = competence; E = effort; P = pressure; EJ = enjoyment.

Three months: [F(4,194) = 2,81; p < 0,05; R? = 0,06]-Fitness coach behavior.

Six months: [F(4,182) = 3,27; p < 0,01; R? = 0,05]-Fitness coach behavior; [F(4,182) = 4,53; p < 0,05; R? = 0,06]-Exerciser intrinsic motivation.

https://doi.org/10.1371/journal.pone.0310931.t007
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dimension of the exerciser’s intrinsic motivation (= 0.04; t = 0.56; p < 0.05), are the best pre-
dictors of the results obtained in cardiorespiratory fitness (VO,max.).

Discussion

This manuscript aimed to investigate the impact of exercisers’ perceptions on fitness coaches’
behavior, intrinsic motivation, and enjoyment during exercise on over time health and fitness
outcomes (i.e., anthropometry; strength; flexibility; cardiorespiratory fitness). Furthermore,
this study seeks to examine the relationship between these factors and the long-lasting nature
of exercise routines. The primary hypothesis was confirmed by the main outcomes, which
revealed that exercisers’ perceptions of the fitness coach’s behavior, intrinsic motivation, and
enjoyment during exercise seem to have an important influence on health/fitness, and conse-
quently the continual upkeep of exercise routines.

After the first three-month period (AV2), both independent variables (perception of the fit-
ness coach’s behavior, the exerciser’s intrinsic motivation and enjoyment) showed similar pre-
diction ability for the dependent variables (i.e. waist-hip ratio, handgrip strength, flexibility
and cardiorespiratory fitness). Three of the dimensions were related to the fitness coach’s
behavior (“goal setting” twice, and “exercise planning and prescription”), three were related to
the exerciser’s intrinsic motivation (“competence” twice, and “pressure”), and two were related
to the exerciser’s enjoyment.

However, after six months (AV3), the perception of the fitness coach’s behavior emerged
more prominently. Overall, four categories emerged (“technical and positive rapport” and
“exercise planning and prescription” twice). The exerciser’s intrinsic motivation was repre-
sented once by the dimension “competence”. The exerciser’s enjoyment was represented
twice. It should be highlighted that over time, the perception of the fitness coach’s behaviors
were the varjable with the highest power to predict the outcomes for exercisers. “Technical
and positive rapport” emerges more prominently in the analysis over time, whereas “goal set-
ting” were of greater importance in the initial period (three months).

Overall, competence, enjoyment, and exercise planning and prescription are the categories
with the greatest predictive capacity for exercisers’ outcomes. Competence (i.e. a person’s abil-
ity to be efficient in interacting with the environment) is one of the essential nutrients of basic
psychological needs that is important in the development of intrinsic motivation [25,26] and
consequently determines how a person regulates their behavior when engaging in structured
physical activities [15,87].

Satisfying this need, which is crucial for psychological health, by engaging in physical activi-
ties has a direct influence on the enjoyment of those who exercise [26]. Being innate in all
human beings, an individual will attempt to engage in activities that produce experiences and
sensations of competence. This underlying desire is called intrinsic motivation. An individual
whose basic psychological needs are addressed will be naturally motivated toward that activity
[29].

Enjoyment is positively associated with several psychological and behavioral factors among
exercisers, including intrinsic motivation [58,88]. It has been claimed that enjoyment is a vital
factor for understanding and clarifying motivation and individuals’ experiences in the realm
of exercise [5,89,90]. It is distinguished by a positive attitude towards exercise being one of the
most essential factors [20], a predictor and outcome [20,91].

Also, is substantially connected with fitness coach skills [92]. Exercisers’ perceptions of the
coaches’ interaction style alter their intrinsic motivation, depending on their perceived compe-
tence and motivation [93]. The feeling that the fitness coach has a supportive interaction style
can favorably improve intrinsic motivation to exercise [22]. Individuals who are more
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intrinsically motivated tend to enjoy things more, have greater well-being, and exhibit better
adaptive behavior. In this approach, intrinsic motivation can impact exercise consistency
[14,15], and the ensuing outcomes [94].

Of the total number of participants who started the study, only 16 were lost throughout the
process. These results seem to contrast with the high rates reported in the literature within
three and six months [9-11]. Thus, the findings of this study may strengthen the academic dis-
cussion regarding the potential impact of the fitness coach’s behavior on individuals’ commit-
ment to exercise regimens, encompassing their intrinsic motivation, enjoyment, and
enhancement of their health and fitness parameters.

Study limitations and recommendations for future research

The findings arising from this research can contribute valuable insights to the field by delving
into how specific dimensions of fitness coach behavior, exerciser intrinsic motivation, and
enjoyment are associated with health/fitness outcomes, thus enriching the understanding of
this critical aspect of exercise commitment within the realm of fitness and health club day-by-
day dynamics. Nevertheless, this study has limitations. First, this study did not control for how
long the exercisers had been active in health/fitness clubs exercise routines at the outset of the
study (i.e. whether they were novices or already got involved in exercising). This may have
interfered with the exercisers’ perceptions, given the length of time they have been in contact
with the fitness coaches and the fact that individuals who have been dealing with them for lon-
ger may be more acquainted with them.

In addition, concerns connected to the exerciser’s own intrinsic motivation and enjoyment,
whether they are more or less experienced, or just beginning out. With relation to the concept
of dropout, it would also be crucial to enroll only individuals who were starting to exercise at
the exact moment that the study began. However, the insertion of inclusion and/or exclusion
criteria on what is characterized as the limiting features would impact the number of partici-
pants available. In the future, it may be interesting to recruit participants from different loca-
tions, milieus, and circumstances (e.g., studios, boxes, at-home exercise, and outdoor exercise).
This will make it possible to broaden geographic coverage and enable a more comprehensive
knowledge of the effects of fitness coach behavior, intrinsic motivation, and enjoyment in
many different settings.

Regarding the scope of the study, raising it to one year may be meaningful, as coupled with
the time frame of three and six months, it is regarded as a critical period in the literature
[11,12]. Likewise, with a longer length, new data may emerge, which would allow a more exact
identification of changes in health/fitness outcomes over time, helping to determine the causal
relationship between the variables evaluated and enrollment in exercising programs. Addition-
ally, future research should explore experimental study designs aiming to examine the effects
of coaching strategies and motivation- and/or enjoyment-building programs in health/fitness
outcomes, and consequently in exercise maintenance. With reference to health/fitness vari-
ables, other indicators such as the rate-pressure product (i.e., product of heart rate and systolic
blood pressure), which is a commonly used trustworthy clinical mark of myocardial oxygen
demand, could be explored.

Practical applications

This study highlights the importance of fitness coaches adopting supportive interpersonal
behaviors and a motivational climate because its role as a predictor of adherence to exercise is
well known [5,18,95], so that exercisers can acquire more self-determined (intrinsic) forms of
motivation to provide them with a better experience that fosters long-term commitment
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[29,33,93]. By the other hand, a dynamic link between exercise and health-related parameters
is known [96]. One of these elements is physical fitness, which refers to the ability to perform
exercises. Physical fitness is a multidimensional notion and incorporates health-related com-
ponents such as cardiorespiratory fitness, strength, and flexibility [97]. Current research
[98,99] has indicated positive relationships between physical fitness and several health-related
outcomes.

Some factors connected to health and fitness are related to the risk of withdrawing from
exercise [11,100]. In this sense, this study presents some information that could be beneficial
for the daily endeavors of fitness coaches, with repercussions for the exercisers’ experiences
and their outcomes from exercise.

Conclusions

To the best of, no research has explored psychological and physiological variables in an inte-
grated and longitudinal way in the scope of exercise in health/fitness clubs. Hence, the data
gathered through this investigation have the potential to bring a novel perspective to current
research in the field. According to the findings of this research, the fitness coach seems to be a
central character in the individual’s involvement with exercise, their outcomes, and adherence.
These data arises from the evidence of their potential to have a direct impact on the exerciser’s
intrinsic motivation and enjoyment. In general, the categories with the highest predictive
capacity for exercisers’ outcomes are competence, enjoyment, and exercise planning and pre-
scription. The results reaffirm the possibility of the fitness coaches being considered as impor-
tant elements in ensuring the spread and sustainability of exercising habits, public health
promotion, and the expansion of the sector.

Acknowledgments
The authors would like to thank all participants involved.

Author Contributions

Conceptualization: Ricardo Braga-Pereira, Antonio Rodrigues Sampaio, Pedro Teques.
Data curation: Ricardo Braga-Pereira, Guilherme Eustaquio Furtado, Francisco Campos.
Formal analysis: Ricardo Braga-Pereira, Pedro Teques.

Investigation: Ricardo Braga-Pereira, Guilherme Eustadquio Furtado, Francisco Campos,
Antoénio Rodrigues Sampaio.

Methodology: Ricardo Braga-Pereira, Antonio Rodrigues Sampaio, Pedro Teques.
Supervision: Antonio Rodrigues Sampaio, Pedro Teques.

Validation: Anténio Rodrigues Sampaio, Pedro Teques.

Writing - original draft: Ricardo Braga-Pereira, Guilherme Eustaquio Furtado.

Writing - review & editing: Ricardo Braga-Pereira, Pedro Teques.

References

1. Trost SG, Blair SN, Khan KM. Physical inactivity remains the greatest public health problem of the
21st century: evidence, improved methods and solutions using the 7 investments that work’ as a
framework. Br J Sports Med. 2014; 48(3):169—-170. https://doi.org/10.1136/bjsports-2013-093372
PMID: 24415409

PLOS ONE | https://doi.org/10.1371/journal.pone.0310931 December 30, 2024 15/20


https://doi.org/10.1136/bjsports-2013-093372
http://www.ncbi.nlm.nih.gov/pubmed/24415409
https://doi.org/10.1371/journal.pone.0310931

PLOS ONE

Fitness coach behaviour and exercise commitment

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global physical activity levels: sur-
veillance progress, pitfalls, and prospects. Lancet. 2012; 380(9838):247-257. https://doi.org/10.1016/
S0140-6736(12)60646-1 PMID: 22818937

Kohl HW 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al. The pandemic of phys-
ical inactivity: global action for public health. Lancet. 2012; 380(9838):294—-305. https://doi.org/10.
1016/S0140-6736(12)60898-8 PMID: 22818941

Fjeldsoe B, Neuhaus M, Winkler E, Eakin E. Systematic review of maintenance of behavior change fol-
lowing physical activity and dietary interventions. Health Psychol. 2011; 30(1):99-109. https://doi.org/
10.1037/a0021974 PMID: 21299298

Ayotte BJ, Margrett JA, Hicks-Patrick J. Physical activity in middle-aged and young-old adults: the
roles of self-efficacy, barriers, outcome expectancies, self-regulatory behaviors and social support. J
Health Psychol. 2010; 15(2):173—-185. https://doi.org/10.1177/1359105309342283 PMID: 20207661

Howley ET, Thompson DL. Fitness Professional’s Handbook. 7th ed. Champaign: Human Kinetics;
2016.

Sallis RE. Exercise is medicine and physicians need to prescribe it! Br J Sports Med. 2009; 43(1):3—4.
https://doi.org/10.1136/bjsm.2008.054825 PMID: 18971243

Gjestvang C, Stensrud T, Haakstad LAH. Are changes in physical fitness, body composition and
weight associated with exercise attendance and dropout among fitness club members? Longitudinal
prospective study. BMJ Open. 2019; 9(4): e027987. https://doi.org/10.1136/bmjopen-2018-027987
PMID: 30987992

Annesi J. Effects of a cognitive behavioral treatment package on exercise attendance and drop out in
fitness centers. Eur J Sport Sci. 2003; 3(2):1-16. https://doi.org/10.1080/17461390300073206

Middelkamp J, van Rooijen M, Wolfhagen P, Steenbergen B. The Effects of a Self-Efficacy Interven-
tion on Exercise Behavior of Fitness Club Members in 52 Weeks and Long-Term Relationships of
Transtheoretical Model Constructs. J Sports Sci Med. 2017; 16(2):163—-171. PMID: 28630568

Sperandei S, Vieira MC, Reis AC. Adherence to physical activity in an unsupervised setting: Explana-
tory variables for high attrition rates among fitness center members. J Sci Med Sport. 2016; 19
(11):916-920. https://doi.org/10.1016/j.jsams.2015.12.522 PMID: 26874647

Clavel San Emeterio |, Garcia-Unanue J, Iglesias-Soler E, Luis Felipe J, Gallardo L. Prediction of
abandonment in Spanish fithess centres. Eur J Sport Sci. 2019; 19(2):217-224. https://doi.org/10.
1080/17461391.2018.1510036 PMID: 30132378

Adebiyi S, Oyatoye E, Amole BB. Improved customer churn and retention decision management
using operations research approach. EMAJ. 2016; 6(2):12—21. https://doi.org/10.5195/emaj.2016.101

Kathrins BP, Turbow DJ. Motivation of fitness center participants toward resistance training. J Strength
Cond Res. 2010; 24(9):2483-2490. https://doi.org/10.1519/JSC.0b013e3181e27488 PMID:
20802286

Kopp P, Senner V, Kehr HM, Grépel P. Achievement motive, autonomous motivation, and attendance
at fitness center: A longitudinal prospective study. Psychol Sport Exerc. 2020; 51(2);101758. https:/
doi.org/10.1016/j.psychsport.2020.101758

Thegersen-Ntoumani C, Ntoumanis N. The role of self-determined motivation in the understanding of
exercise-related behaviours, cognitions and physical self-evaluations. J Sports Sci. 2006; 24(4):393—
404. https://doi.org/10.1080/02640410500131670 PMID: 16492603

Gjestvang C, Abrahamsen F, Stensrud T, Haakstad LAH. Motives and barriers to initiation and sus-
tained exercise adherence in a fitness club setting-A one-year follow-up study. Scand J Med Sci
Sports. 2020; 30(9):1796—-1805. https://doi.org/10.1111/sms.13736 PMID: 32488898

Gjestvang C, Abrahamsen F, Stensrud T, Haakstad LAH. What Makes Individuals Stick to Their Exer-
cise Regime? A One-Year Follow-Up Study Among Novice Exercisers in a Fitness Club Setting. Front
Psychol. 2021; 12:638928. https://doi.org/10.3389/fpsyg.2021.638928 PMID: 34122230

Molanorouzi K, Khoo S, Morris T. Motives for adult participation in physical activity: type of activity,
age, and gender. BMC Public Health. 2015; 15:66. https://doi.org/10.1186/s12889-015-1429-7 PMID:
25637384

Williams DM, Papandonatos GD, Napolitano MA, Lewis BA, Whiteley JA, Marcus BH. Perceived
enjoyment moderates the efficacy of an individually tailored physical activity intervention. J. Sport
Exerc. Psychol. 2006; 28(3):300-309. https://doi.org/10.1123/jsep.28.3.300

Ntoumanis N, Quested E, Reeve J, Cheon SH. Need—supportive communication: Implications for
motivation in sport, exercise, and physical activity. In: Jackson B, Dimmock J, Compton J, editors. Per-
suasion and Communication in Sport, Exercise, and Physical Activity. London: Routledge; 2017. pp.
155—-169. https://doi.org/10.4324/9781315624365

PLOS ONE | https://doi.org/10.1371/journal.pone.0310931 December 30, 2024 16/20


https://doi.org/10.1016/S0140-6736%2812%2960646-1
https://doi.org/10.1016/S0140-6736%2812%2960646-1
http://www.ncbi.nlm.nih.gov/pubmed/22818937
https://doi.org/10.1016/S0140-6736%2812%2960898-8
https://doi.org/10.1016/S0140-6736%2812%2960898-8
http://www.ncbi.nlm.nih.gov/pubmed/22818941
https://doi.org/10.1037/a0021974
https://doi.org/10.1037/a0021974
http://www.ncbi.nlm.nih.gov/pubmed/21299298
https://doi.org/10.1177/1359105309342283
http://www.ncbi.nlm.nih.gov/pubmed/20207661
https://doi.org/10.1136/bjsm.2008.054825
http://www.ncbi.nlm.nih.gov/pubmed/18971243
https://doi.org/10.1136/bmjopen-2018-027987
http://www.ncbi.nlm.nih.gov/pubmed/30987992
https://doi.org/10.1080/17461390300073206
http://www.ncbi.nlm.nih.gov/pubmed/28630568
https://doi.org/10.1016/j.jsams.2015.12.522
http://www.ncbi.nlm.nih.gov/pubmed/26874647
https://doi.org/10.1080/17461391.2018.1510036
https://doi.org/10.1080/17461391.2018.1510036
http://www.ncbi.nlm.nih.gov/pubmed/30132378
https://doi.org/10.5195/emaj.2016.101
https://doi.org/10.1519/JSC.0b013e3181e27488
http://www.ncbi.nlm.nih.gov/pubmed/20802286
https://doi.org/10.1016/j.psychsport.2020.101758
https://doi.org/10.1016/j.psychsport.2020.101758
https://doi.org/10.1080/02640410500131670
http://www.ncbi.nlm.nih.gov/pubmed/16492603
https://doi.org/10.1111/sms.13736
http://www.ncbi.nlm.nih.gov/pubmed/32488898
https://doi.org/10.3389/fpsyg.2021.638928
http://www.ncbi.nlm.nih.gov/pubmed/34122230
https://doi.org/10.1186/s12889-015-1429-7
http://www.ncbi.nlm.nih.gov/pubmed/25637384
https://doi.org/10.1123/jsep.28.3.300
https://doi.org/10.4324/9781315624365
https://doi.org/10.1371/journal.pone.0310931

PLOS ONE

Fitness coach behaviour and exercise commitment

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Rodrigues F, Bento T, Cid L, Pereira Neiva H, Teixeira D, Mout&o J, et al. Can Interpersonal Behavior
Influence the Persistence and Adherence to Physical Exercise Practice in Adults? A Systematic
Review. Front Psychol. 2018; 9:2141. https://doi.org/10.3389/fpsyg.2018.02141 PMID: 30459690

Rodrigues F, Macedo R. Exercise promotion: reviewing the importance of health professionals’ inter-
personal behaviors on exercisers’ basic psychological needs. Percept. Mot. Skills. 2021; 128(2):800-
812. https://doi.org/10.1177/0031512520983078 PMID: 33357091

Deci EL, Ryan RM. Intrinsic Motivation and Self-determination in Human Behavior. New York: Ple-
num Press; 1985. https://doi.org/10.1007/978-1-4899-2271-7

Deci EL, Ryan RM. The” what” and” why” of goal pursuits: Human needs and the self-determination of
behavior. Psychol Ing. 2000; 11(4):227-268.

Ryan RM, Deci EL. Self-determination Theory: Basic Psychological Needs in Motivation, Develop-
ment, and Wellness. New York: Guilford Press; 2017. https://doi.org/10.1521/978.14625/28806

Ryan RM. Psychological needs and the facilitation of integrative processes. J Pers. 1995; 63:397—
427. https://doi.org/10.1111/j.1467-6494.1995.tb00501.x PMID: 7562360

Vansteenkiste M, Ryan RM, Soenens B. Basic psychological need theory: Advancements, critical
themes, and future directions. Motiv Emot. 2020; 44:1-31. https://doi.org/10.1007/s11031-019-
09818-1

Teixeira PJ, Carraga EV, Markland D, Silva MN, Ryan RM. Exercise, physical activity, and self-deter-
mination theory: a systematic review. Int J Behav Nutr Phys Act. 2012; 9:78. https://doi.org/10.1186/
1479-5868-9-78 PMID: 22726453

Ntoumanis N, Th@gersen-Ntoumani C, Quested E, Hancox J. The effects of training group exercise
class instructors to adopt a motivationally adaptive communication style. Scand J Med Sci Sports.
2017; 27(9):1026—1034. https://doi.org/10.1111/sms.12713 PMID: 27283879

Edmunds J, Ntoumanis N, Duda JL. A test of self-determination theory in the exercise domain. J. Appl.
Soc. Psychol. 2006; 36(9):2240-2265. https://doi.org/10.1111/].0021-9029.2006.00102.x

Wilson P, Rodgers W. Self-determination theory, exercise, and well-being. In: Hagger M, Chatzisar-
antis N, editors. Intrinsic Motivation and Self-determination in Exercise and Sport. Champaign:
Human Kinetics; 2007:101-112. https://doi.org/10.5040/9781718206632.ch—006

Ntoumanis N, Ng JYY, Prestwich A, Quested E, Hancox JE, Thggersen-Ntoumani C, et al. A meta—
analysis of self-determination theory—informed intervention studies in the health domain: effects on
motivation, health behavior, physical, and psychological health. Health Psychol. Rev. 2021; 15
(2):214-244. https://doi.org/10.1080/17437199.2020.1718529 PMID: 31983293

Rodrigues F, Teixeira DS, Neiva HP, Cid L, Monteiro D. The bright and dark sides of motivation as pre-
dictors of enjoyment, intention, and exercise persistence. Scand J Med Sci Sports. 2020; 30(4):787—
800. https://doi.org/10.1111/sms.13617 PMID: 31858648

Choi J, Lee M, Lee JK, Kang D, Choi JY. Correlates associated with participation in physical activity
among adults: A systematic review of reviews and update. BMC Public Health. 2017; 17:1-13. https://
doi.org/10.1186/s12889-017-4255-2 PMID: 28438146

Hagger MS, Cheung MW-L, Ajzen |, Hamilton K. Perceived behavioral control moderating effects in
the theory of planned behavior: A meta-analysis. Health Psychol. 2022; 41(2):155—-167. https://doi.
0rg/10.1037/hea0001153 PMID: 35143225

Riseth L, Ngst TH, Nilsen TIL, Steinsbekk A. Long-term members’ use of fithess centers: a qualitative
study. BMC Sports Sci Med Rehabil. 2019; 11:1-9. https://doi.org/10.1186/s13102-019-0114-z
PMID: 30828457

American College of Sports Medicine, Riebe DEhrman JK, Liguori G Magal M, eds. ACSM’s Guide-
lines for Exercise Testing and Prescription. 10th ed. Wolters Kluwer; 2018.

Baioumi AYAA. Comparing measures of obesity: waist circumference, waist-hip, and waist-height
ratios. In: Watson RR, editors. Nutrition in the Prevention and Treatment of Abdominal Obesity. 2nd
ed. Academic Press; 2019. pp. 29-40. https://doi.org/10.1016/B978-0-12-816093-0.00003-3

Adab P, Pallan M, Whincup PH. Is BMI the best measure of obesity? BMJ. 2018; 360: k1274. https:/
doi.org/10.1136/bmj.k1274 PMID: 29599212

Janssen |, Katzmarzyk PT, Ross R. Waist circumference and not body mass index explains obesity-
related health risk. Am J Clin Nutr. 2004; 79(3):379-384. https://doi.org/10.1093/ajcn/79.3.379 PMID:
14985210

Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr, Orlandini A, et al. Prognostic
value of grip strength: findings from the Prospective Urban Rural Epidemiology (PURE) study. Lancet.
2015; 386(9990):266—273. https://doi.org/10.1016/S0140-6736(14)62000-6 PMID: 25982160

PLOS ONE | https://doi.org/10.1371/journal.pone.0310931 December 30, 2024 17/20


https://doi.org/10.3389/fpsyg.2018.02141
http://www.ncbi.nlm.nih.gov/pubmed/30459690
https://doi.org/10.1177/0031512520983078
http://www.ncbi.nlm.nih.gov/pubmed/33357091
https://doi.org/10.1007/978-1-4899-2271-7
https://doi.org/10.1521/978.14625/28806
https://doi.org/10.1111/j.1467-6494.1995.tb00501.x
http://www.ncbi.nlm.nih.gov/pubmed/7562360
https://doi.org/10.1007/s11031-019-09818-1
https://doi.org/10.1007/s11031-019-09818-1
https://doi.org/10.1186/1479-5868-9-78
https://doi.org/10.1186/1479-5868-9-78
http://www.ncbi.nlm.nih.gov/pubmed/22726453
https://doi.org/10.1111/sms.12713
http://www.ncbi.nlm.nih.gov/pubmed/27283879
https://doi.org/10.1111/j.0021%26%23x2013%3B9029.2006.00102.x
https://doi.org/10.5040/9781718206632.ch%26%23x2013%3B006
https://doi.org/10.1080/17437199.2020.1718529
http://www.ncbi.nlm.nih.gov/pubmed/31983293
https://doi.org/10.1111/sms.13617
http://www.ncbi.nlm.nih.gov/pubmed/31858648
https://doi.org/10.1186/s12889-017-4255-2
https://doi.org/10.1186/s12889-017-4255-2
http://www.ncbi.nlm.nih.gov/pubmed/28438146
https://doi.org/10.1037/hea0001153
https://doi.org/10.1037/hea0001153
http://www.ncbi.nlm.nih.gov/pubmed/35143225
https://doi.org/10.1186/s13102-019-0114-z
http://www.ncbi.nlm.nih.gov/pubmed/30828457
https://doi.org/10.1016/B978-0-12-816093-0.00003%26%23x2013%3B3
https://doi.org/10.1136/bmj.k1274
https://doi.org/10.1136/bmj.k1274
http://www.ncbi.nlm.nih.gov/pubmed/29599212
https://doi.org/10.1093/ajcn/79.3.379
http://www.ncbi.nlm.nih.gov/pubmed/14985210
https://doi.org/10.1016/S0140-6736%2814%2962000-6
http://www.ncbi.nlm.nih.gov/pubmed/25982160
https://doi.org/10.1371/journal.pone.0310931

PLOS ONE

Fitness coach behaviour and exercise commitment

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Trosclair D, Bellar D, Judge LW, Smith J, Mazerat N, Brignac A. Hand-grip strength as a predictor of
muscular strength and endurance. J. Strength Cond. 2011; 25: S99. https://doi.org/10.1097/01.JSC.
0000395736.42557.bc

Bobos P, Nazari G, Lu Z, MacDermid JC. Measurement Properties of the Hand Grip Strength Assess-
ment: A Systematic Review With Meta-analysis. Arch Phys Med Rehabil. 2020; 101(3):553-565.
https://doi.org/10.1016/j.apmr.2019.10.183 PMID: 31730754

Wind AE, Takken T, Helders PJ, Engelbert RHH. Is grip strength a predictor for total muscle strength
in healthy children, adolescents, and young adults?. Eur J Pediatr. 2010; 169(3):281-287. https://doi.
org/10.1007/s00431-009-1010-4 PMID: 19526369

Knudson DV, Magnusson P, McHugh M. Current issues in fexibility ftness. Pres Counc Phys Fit Sports
Res Dig. 2000; 3(10):1-8.

Jones A, Jones G, Greig N, Bower P, Brown J, Hind K, et al. Epidemiology of injury in English profes-
sional football players: a cohort study. Phys Ther Sport. 2019; 35:18-22. https://doi.org/10.1016/].
ptsp.2018.10.011 PMID: 30408703

Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al. Cardiorespiratory fitness as a quanti-
tative predictor of all-cause mortality and cardiovascular events in healthy men and women: a meta-
analysis. JAMA. 2009; 301(19):2024—2035. https://doi.org/10.1001/jama.2009.681 PMID: 19454641

Blair SN. Physical inactivity: the biggest public health problem of the 21st century. Br J Sports Med.
2009; 43(1):1-2. PMID: 19136507

Lin X, Zhang X, Guo J, Roberts CK, McKenzie S, Wu WC, et al. Effects of Exercise Training on Cardio-
respiratory Fitness and Biomarkers of Cardiometabolic Health: A Systematic Review and Meta-Analy-
sis of Randomized Controlled Trials. J Am Heart Assoc. 2015; 4(7): e002014. https://doi.org/10.1161/

JAHA.115.002014 PMID: 26116691

Blair SN, Kohl HW 3rd, Paffenbarger RS Jr, Clark DG, Cooper KH, Gibbons LW. Physical fitness and
all-cause mortality. A prospective study of healthy men and women. JAMA. 1989; 262(17):2395—
2401. https://doi.org/10.1001/jama.262.17.2395 PMID: 2795824

Kline GM, Porcari JP, Hintermeister R, Freedson PS, Ward A, McCarron RF, Ross J, Rippe JM. Esti-
mation of VO2max from a one-mile track walk, gender, age, and body weight. Med Sci Sports Exerc.
1987; 19(3):253-9 PMID: 3600239

Mayorga-Vega D, Bocanegra-Parrilla R, Ornelas M, Viciana J. Criterion-Related Validity of the Dis-
tance- and Time-Based Walk/Run Field Tests for Estimating Cardiorespiratory Fitness: A Systematic
Review and Meta-Analysis. PLoS One. 2016; 11(3):e0151671. https://doi.org/10.1371/journal.pone.
0151671 PMID: 26987118

Howard JL, Bureau J, Guay F, Chong JXY, Ryan RM. Student motivation and associated outcomes: A
meta-analysis from self-determination theory. Perspect Psychol Sci. 2021; 6(6):1300-1323. https:/
doi.org/10.1177/1745691620966789 PMID: 33593153

Sampaio AR, Pimenta N, Machado M, Teques P. Development and validation of the Fitness Coaching
Behavior Scale: Factor structure, validity and reliability. Retos. 2020; 37(37): 687—-693. https://doi.org/
10.47197/retos.v37i37.74344

Coté J, Saimela J, Trudel P, Baria A. The coaching model: A grounded assessment of expert gymnas-
tic coaches’ knowledge. J. Sport Exerc. Psychol. 1995; 17(1):1-17.

Fonseca AM, de Paula Brito A. Propriedades psicométricas da vers&o portuguesa do Intrinsic Motiva-
tion Inventory (IMIp) em contextos de actividade fisica e desportiva. Anal. Psicol. 2001; 19(1):59-76.
https://doi.org/10.14417/ap.344

Teques P, Calmeiro L, Silva C, Borrego C. Validation and adaptation of the Physical Activity Enjoy-
ment Scale (PACES) in fitness group exercisers. J Sport Health Sci. 2020; 9(4):352-357. https://doi.
0rg/10.1016/j.jshs.2017.09.010 PMID: 32768128

Kendzierski D, DeCarlo KJ. Physical activity enjoyment scale: Two validation studies. J. Sport Exerc.
Psychol. 1991; 13(1):50-64. https://doi.org/10.1123/jsep.13.1.50

Mullen SP, Olson EA, Phillips SM, Szabo AN, Wdjcicki TR, Mailey EL, Gothe NP, Fanning JT, Kramer
AF, McAuley E. 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.
https://doi.org/10.1186/1479-5868-8-103 PMID: 21951520

Srikanthan P, Seeman TE, Karlamangla AS. Waist-hip-ratio as a predictor of all-cause mortality in
high-functioning older adults. Ann Epidemiol. 2009; 19(10):724—731. https://doi.org/10.1016/j.
annepidem.2009.05.003 PMID: 19596204

Vazquez G, Duval S, Jacobs DR Jr, Silventoinen K. Comparison of body mass index, waist circumfer-
ence, and waist/hip ratio in predicting incident diabetes: a meta-analysis. Epidemiol Rev. 2007;
29:115-128. https://doi.org/10.1093/epirev/mxm008 PMID: 17494056

PLOS ONE | https://doi.org/10.1371/journal.pone.0310931 December 30, 2024 18/20


https://doi.org/10.1097/01.JSC.0000395736.42557.bc
https://doi.org/10.1097/01.JSC.0000395736.42557.bc
https://doi.org/10.1016/j.apmr.2019.10.183
http://www.ncbi.nlm.nih.gov/pubmed/31730754
https://doi.org/10.1007/s00431-009-1010-4
https://doi.org/10.1007/s00431-009-1010-4
http://www.ncbi.nlm.nih.gov/pubmed/19526369
https://doi.org/10.1016/j.ptsp.2018.10.011
https://doi.org/10.1016/j.ptsp.2018.10.011
http://www.ncbi.nlm.nih.gov/pubmed/30408703
https://doi.org/10.1001/jama.2009.681
http://www.ncbi.nlm.nih.gov/pubmed/19454641
http://www.ncbi.nlm.nih.gov/pubmed/19136507
https://doi.org/10.1161/JAHA.115.002014
https://doi.org/10.1161/JAHA.115.002014
http://www.ncbi.nlm.nih.gov/pubmed/26116691
https://doi.org/10.1001/jama.262.17.2395
http://www.ncbi.nlm.nih.gov/pubmed/2795824
http://www.ncbi.nlm.nih.gov/pubmed/3600239
https://doi.org/10.1371/journal.pone.0151671
https://doi.org/10.1371/journal.pone.0151671
http://www.ncbi.nlm.nih.gov/pubmed/26987118
https://doi.org/10.1177/1745691620966789
https://doi.org/10.1177/1745691620966789
http://www.ncbi.nlm.nih.gov/pubmed/33593153
https://doi.org/10.47197/retos.v37i37.74344
https://doi.org/10.47197/retos.v37i37.74344
https://doi.org/10.14417/ap.344
https://doi.org/10.1016/j.jshs.2017.09.010
https://doi.org/10.1016/j.jshs.2017.09.010
http://www.ncbi.nlm.nih.gov/pubmed/32768128
https://doi.org/10.1123/jsep.13.1.50
https://doi.org/10.1186/1479-5868-8-103
http://www.ncbi.nlm.nih.gov/pubmed/21951520
https://doi.org/10.1016/j.annepidem.2009.05.003
https://doi.org/10.1016/j.annepidem.2009.05.003
http://www.ncbi.nlm.nih.gov/pubmed/19596204
https://doi.org/10.1093/epirev/mxm008
http://www.ncbi.nlm.nih.gov/pubmed/17494056
https://doi.org/10.1371/journal.pone.0310931

PLOS ONE

Fitness coach behaviour and exercise commitment

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

World Health Organization. Waist Circumference and Waist-hip Ratio: Report of a WHO Expert Con-
sultation [Internet]. Geneva: WHO Document Production Services; 2011 [cited 2024 May 22]. 39 p.
Available from: https://iris.who.int/bitstream/handle/10665/44583/9789241501491_eng.pdf?
sequence=1

Gadekar T, Dudeja P, Basu |, Vashisht S, Mukheriji S. Correlation of visceral body fat with waist-hip
ratio, waist circumference and body mass index in healthy adults: A cross sectional study. Med J
Armed Forces India. 2020; 76(1):41-46. https://doi.org/10.1016/j.mjafi.2017.12.001 PMID: 32020967

Draak TH, Pruppers MH, van Nes SI, Vanhoutte EK, Bakkers M, Gorson KC, et al. Grip strength com-
parison in immune-mediated neuropathies: Vigorimeter vs. Jamar. J Peripher Nerv Syst. 2015; 20
(3):269-276. https://doi.org/10.1111/jns.12126 PMID: 26115516

Lang CE, Edwards DF, Birkenmeier RL, Dromerick AW. Estimating minimal clinically important differ-
ences of upper-extremity measures early after stroke. Arch Phys Med Rehabil. 2008; 89(9):1693—
1700. https://doi.org/10.1016/j.apmr.2008.02.022 PMID: 18760153

Karkkainen M, Rikkonen T, Kréger H, Sirola J, Tuppurainen M, Salovaara K, et al. Physical tests for
patient selection for bone mineral density measurements in postmenopausal women. Bone. 2009; 44
(4):660-665. https://doi.org/10.1016/j.bone.2008.12.010 PMID: 19138768

Di Monaco M, Di Monaco R, Manca M, Cavanna A. Handgrip strength is an independent predictor of
distal radius bone mineral density in postmenopausal women. Clin Rheumatol. 2000; 19(6):473—-476.
https://doi.org/10.1007/s100670070009 PMID: 11147759

Gale CR, Martyn CN, Cooper C, Sayer AA. Grip strength, body composition, and mortality. Int J Epide-
miol. 2007; 36(1):228-235. https://doi.org/10.1093/ije/dyl224 PMID: 17056604

Rantanen T. Muscle strength, disability and mortality. Scand J Med Sci Sports. 2003; 13(1):3-8.
https://doi.org/10.1034/j.1600-0838.2003.00298.x PMID: 12535311

Syddall H, Cooper C, Martin F, Briggs R, Sayer AA. Is grip strength a useful single marker of frailty?
Age Ageing. 2003; 32(6):650-656. https://doi.org/10.1093/ageing/afg111 PMID: 14600007

Hillman TE, Nunes QM, Hornby ST, Stanga Z, Neal KR, Rowlands BJ, et al. A practical posture for
hand grip dynamometry in the clinical setting. Clin Nutr. 2005; 24(2):224—228. https://doi.org/10.1016/
j-clnu.2004.09.013 PMID: 15784482

Mathiowetz V, Kashman N, Volland G, Weber K, Dowe M, Rogers S. Grip and pinch strength: norma-
tive data for adults. Arch Phys Med Rehabil. 1985; 66(2):69-74. 93 PMID: 3970660

Johansson CA, Kent BE, Shepard KF. Relationship between verbal command volume and magnitude
of muscle contraction. Phys Ther. 1983; 63(8):1260—1265. https://doi.org/10.1093/ptj/63.8.1260
PMID: 6878436

Schliissel MM, dos Anjos LA, de Vasconcellos MT, Kac G. Reference values of handgrip dynamome-
try of healthy adults: a population-based study. Clin Nutr. 2008; 27(4):601-607. https://doi.org/10.
1016/j.clnu.2008.04.004 PMID: 18547686

Bozic PR, Pazin NR, Berjan BB, Planic NM, Cuk ID. Evaluation of the field tests of flexibility of the
lower extremity: reliability and the concurrent and factorial validity. J Strength Cond Res. 2010; 24
(9):2523-2531. https://doi.org/10.1519/JSC.0b013e3181def5e4 PMID: 20802292

Ayala F, Sainz de Baranda P, De Ste Croix M, Santonja F. Reproducibility and criterion-related validity
of the sit and reach test and toe touch test for estimating hamstring flexibility in recreationally active
young adults. Phys Ther Sport. 2012; 13(4):219-226. https://doi.org/10.1016/j.ptsp.2011.11.001
PMID: 23068896

Castro-Pifiero J, Chillén P, Ortega FB, Sjostrdom M, Ruiz JR. Criterion-related validity of sit-and-reach
and modified sit-and-reach test for estimating hamstring flexibility in children and adolescents aged
6-17 years. Int J Sports Med. 2009; 30(9):658—662. https://doi.org/10.1055/s-0029-1224175 PMID:
19585399

Castro-Pifiero J, Artero EG, Espafia-Romero V, Ortega FB, Sjostrom M, Suni J, et al. Criterion-related
validity of field-based fitness tests in youth: a systematic review. Br J Sports Med. 2010; 44(13):934—
943. https://doi.org/10.1136/bjsm.2009.058321 PMID: 19364756

Mayorga-Vega D, Merino-Marban R, Viciana J. Criterion-Related Validity of Sit-and-Reach Tests for
Estimating Hamstring and Lumbar Extensibility: a Meta-Analysis. J Sports Sci Med. 2014; 13(1):1-14.
PMID: 24570599

Pober DM, Freedson PS, Kline GM, Mclnnis KJ, Rippe JM. Development and validation of a one-mile
treadmill walk test to predict peak oxygen uptake in healthy adults ages 40 to 79 years. Can J Appl
Physiol. 2002; 27(6):575-589. https://doi.org/10.1139/h02-033 PMID: 12500996

Fenstermaker KL, Plowman SA, Looney MA. Validation of the Rockport Fitness Walking Test in
females 65 years and older. Res Q Exerc Sport. 1992; 63(3):322—-327. https://doi.org/10.1080/
02701367.1992.10608749 PMID: 1513964

PLOS ONE | https://doi.org/10.1371/journal.pone.0310931 December 30, 2024 19/20


https://iris.who.int/bitstream/handle/10665/44583/9789241501491_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/44583/9789241501491_eng.pdf?sequence=1
https://doi.org/10.1016/j.mjafi.2017.12.001
http://www.ncbi.nlm.nih.gov/pubmed/32020967
https://doi.org/10.1111/jns.12126
http://www.ncbi.nlm.nih.gov/pubmed/26115516
https://doi.org/10.1016/j.apmr.2008.02.022
http://www.ncbi.nlm.nih.gov/pubmed/18760153
https://doi.org/10.1016/j.bone.2008.12.010
http://www.ncbi.nlm.nih.gov/pubmed/19138768
https://doi.org/10.1007/s100670070009
http://www.ncbi.nlm.nih.gov/pubmed/11147759
https://doi.org/10.1093/ije/dyl224
http://www.ncbi.nlm.nih.gov/pubmed/17056604
https://doi.org/10.1034/j.1600-0838.2003.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/12535311
https://doi.org/10.1093/ageing/afg111
http://www.ncbi.nlm.nih.gov/pubmed/14600007
https://doi.org/10.1016/j.clnu.2004.09.013
https://doi.org/10.1016/j.clnu.2004.09.013
http://www.ncbi.nlm.nih.gov/pubmed/15784482
http://www.ncbi.nlm.nih.gov/pubmed/3970660
https://doi.org/10.1093/ptj/63.8.1260
http://www.ncbi.nlm.nih.gov/pubmed/6878436
https://doi.org/10.1016/j.clnu.2008.04.004
https://doi.org/10.1016/j.clnu.2008.04.004
http://www.ncbi.nlm.nih.gov/pubmed/18547686
https://doi.org/10.1519/JSC.0b013e3181def5e4
http://www.ncbi.nlm.nih.gov/pubmed/20802292
https://doi.org/10.1016/j.ptsp.2011.11.001
http://www.ncbi.nlm.nih.gov/pubmed/23068896
https://doi.org/10.1055/s-0029-1224175
http://www.ncbi.nlm.nih.gov/pubmed/19585399
https://doi.org/10.1136/bjsm.2009.058321
http://www.ncbi.nlm.nih.gov/pubmed/19364756
http://www.ncbi.nlm.nih.gov/pubmed/24570599
https://doi.org/10.1139/h02-033
http://www.ncbi.nlm.nih.gov/pubmed/12500996
https://doi.org/10.1080/02701367.1992.10608749
https://doi.org/10.1080/02701367.1992.10608749
http://www.ncbi.nlm.nih.gov/pubmed/1513964
https://doi.org/10.1371/journal.pone.0310931

PLOS ONE

Fitness coach behaviour and exercise commitment

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

McSwegin PJ, Plowman S, Wolff GM, Guttenberg GL. The validity of a one-mile walk test for high
school age individuals. Meas Phys Educ Exerc Sci. 1998; 2(1):47-63. https://doi.org/10.1207/
s15327841mpee0201_4

Widrick J, Ward A, Ebbeling C, Rippe JM. Treadmill validation of an over-ground walking test to predict
peak oxygen consumption. Eur J Appl Physiol Occup Physiol. 1992; 64(4):304-308. https://doi.org/10.
1007/BF00636216 PMID: 1592054

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav Res Methods. 2007; 39(2):175-191. https:/
doi.org/10.3758/bf03193146 PMID: 17695343

Manninen M, Dishman R, Hwang Y, Magrum E, Deng Y, Yli-Piipari S. Self-determination theory based
instructional interventions and motivational regulations in organized physical activity: A systematic
review and multivariate meta-analysis. Psychol. Sport Exerc. 2022; 62:102248. https://doi.org/10.
1016/j.psychsport.2022.102248

Ingledew DK, Markland D, Ferguson E. Three levels of exercise motivation. Appl. Psychol. Health
Well-Being. 2009; 1(8):336—-355. https://doi.org/10.1111/j.1758-0854.2009.01015.x

Wankel LM. The importance of enjoyment to adherence and psychological benefits from physical
activity. Int. J. Sport Psychol.1993; 24:151-169.

Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW. Correlates of physical activity: why
are some people physically active and others not?. Lancet. 2012; 380(9838):258—271. https://doi.org/
10.1016/S0140-6736(12)60735-1 PMID: 22818938

Choi J, Lee M, Lee JK, Kang D, Choy J-Y. Correlates associated with participation in physical activity
among adults: A systematic review of reviews and update. BMC Public Health. 2017; 17(1):356.
https://doi.org/10.1186/s12889-017-4255-2 PMID: 28438146

Dacey M, Baltzell A, Zaichkowsky L. Older adults’ intrinsic and extrinsic motivation toward physical
activity. Am J Health Behav. 2008; 32(6):570-582. https://doi.org/10.5555/ajhb.2008.32.6.570 PMID:
18442337

Wininger SR. Instructors’ and classroom characteristics associated with exercise enjoyment by
females. Percept Mot Skills. 2002; 94(2):395-398. https://doi.org/10.2466/pms.2002.94.2.395 PMID:
12027329

Puente R, Anshel MH. Exercisers’ perceptions of their fitness instructor’s interacting style, perceived
competence, and autonomy as a function of self-determined regulation to exercise, enjoyment, affect,
and exercise frequency. Scand J Psychol. 2010; 51(1):38—45. https://doi.org/10.1111/].1467-9450.
2009.00723.x PMID: 19392944

Wilson P, Rodgers W. Self-determination theory, exercise, and well-being. In: Hagger M, Chatzisar-
antis N, editors. Intrinsic Motivation and Self—determination in Exercise and Sport. Champaign:
Human Kinetics; 2007. pp. 101-112. https://doi.org/10.5040/9781718206632.ch—006

Scarapicchia TMF, Amireault S, Faulkner G, Sabiston CM. Social support and physical activity partici-
pation among healthy adults: a systematic review of prospective studies. Int Rev Sport Exerc Psychol.
2017; 10(1):50-88. https://doi.org/10.1080/1750984X.2016.1183222

Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, Garcia C, et al. A develop-
mental perspective on the role of motor skill competence in physical activity: An emergent relationship.
Quest. 2008; 60(2):290-306. https://doi.org/10.1080/00336297.2008.10483582

Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: defini-
tions and distinctions for health-related research. Public Health Rep. 1985; 100(2):126—131. PMID:
3920711

Smith JJ, Eather N, Weaver RG, Riley N, Beets MW, Lubans DR. Behavioral Correlates of Muscular
Fitness in Children and Adolescents: A Systematic Review. Sports Med. 2019; 49(6):887—904. https://
doi.org/10.1007/s40279-019-01089-7 PMID: 30864143

Utesch T, Bardid F, Blisch D, Strauss B. The Relationship Between Motor Competence and Physical
Fitness from Early Childhood to Early Adulthood: A Meta-Analysis. Sports Med. 2019; 49(4):541-551.
https://doi.org/10.1007/s40279-019-01068-y PMID: 30747376

Aasa U, Lundell S, Barnekow-Bergkvist M, Jansson E, Westerstahl M. The Swedish physical activity
and fitness cohort born in 1958—dropout analysis and overview at 36-year follow-up. Scand J Med Sci
Sports. 2017; 27(4):418-429. https://doi.org/10.1111/sms.12665 PMID: 26926496

PLOS ONE | https://doi.org/10.1371/journal.pone.0310931 December 30, 2024 20/20


https://doi.org/10.1207/s15327841mpee0201%5F4
https://doi.org/10.1207/s15327841mpee0201%5F4
https://doi.org/10.1007/BF00636216
https://doi.org/10.1007/BF00636216
http://www.ncbi.nlm.nih.gov/pubmed/1592054
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1016/j.psychsport.2022.102248
https://doi.org/10.1016/j.psychsport.2022.102248
https://doi.org/10.1111/j.1758-0854.2009.01015.x
https://doi.org/10.1016/S0140-6736%2812%2960735-1
https://doi.org/10.1016/S0140-6736%2812%2960735-1
http://www.ncbi.nlm.nih.gov/pubmed/22818938
https://doi.org/10.1186/s12889-017-4255-2
http://www.ncbi.nlm.nih.gov/pubmed/28438146
https://doi.org/10.5555/ajhb.2008.32.6.570
http://www.ncbi.nlm.nih.gov/pubmed/18442337
https://doi.org/10.2466/pms.2002.94.2.395
http://www.ncbi.nlm.nih.gov/pubmed/12027329
https://doi.org/10.1111/j.1467-9450.2009.00723.x
https://doi.org/10.1111/j.1467-9450.2009.00723.x
http://www.ncbi.nlm.nih.gov/pubmed/19392944
https://doi.org/10.5040/9781718206632.ch%26%23x2013%3B006
https://doi.org/10.1080/1750984X.2016.1183222
https://doi.org/10.1080/00336297.2008.10483582
http://www.ncbi.nlm.nih.gov/pubmed/3920711
https://doi.org/10.1007/s40279-019-01089-7
https://doi.org/10.1007/s40279-019-01089-7
http://www.ncbi.nlm.nih.gov/pubmed/30864143
https://doi.org/10.1007/s40279-019-01068-y
http://www.ncbi.nlm.nih.gov/pubmed/30747376
https://doi.org/10.1111/sms.12665
http://www.ncbi.nlm.nih.gov/pubmed/26926496
https://doi.org/10.1371/journal.pone.0310931

