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Bidirectional association between leisure time physical
activity and well-being: Longitudinal evidence

Changwook Kima , Jinwon Kimb , and Brijesh Thapab�
aDepartment of Sport Management, University of Florida; bDepartment of Tourism, Hospitality and
Event Management, University of Florida

ABSTRACT
Leisure-time physical activity (LTPA) is an important means of
enhancing well-being. Although previous research has typically docu-
mented the cross-sectional associations between LTPA and well-
being, the longitudinal bidirectional association remains relatively
unexplored. Using a latent growth curve model, this study examined
the longitudinal association between the intensity of LTPA, psycho-
logical well-being, and social well-being. The results revealed that
the longitudinal associations differed, depending on the intensity of
the LTPA and the type of well-being. Specifically, the longitudinal
associations of moderate LTPA with psychological and social well-
being were bidirectional. However, psychological and social well-
being at baseline directly influenced the growth of vigorous LTPA,
but not conversely (i.e. vigorous LTPA at baseline ! change in psy-
chological and social well-being), indicating no bidirectional associ-
ation. These findings could contribute to a better understanding of
ways in which different intensities of LTPA are associated with dis-
tinct types of well-being over a long time.

KEYWORDS
Leisure-time physical
activity; psychological well-
being; social well-being;
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Leisure has been acknowledged as a key path to enhancing well-being (Hood &
Carruthers, 2007), given its perceived benefits such as stress reduction (Iwasaki, 2007),
relation to positive emotion (Iwasaki, 2008), contribution to social connections (Glover,
2018), and development of a meaningful life (Stebbins, 2008). Within this context, leis-
ure is regarded as an important life domain for a day-to-day sense of well-being
(Lee et al., 2020).
Among various activities, leisure-time physical activity (LTPA) is a useful means to

meet psychological needs and fulfill demands for intrinsic motivation, perceived freedom,
and social interaction, resulting in increased psychological and social well-being
(Kuykendall et al., 2015). Accordingly, the association of LTPA with psychology and
social well-being has been explored in a range of disciplines, including leisure (Havitz
et al., 2013), psychology (Ryan & Deci, 2001), and public health (Sylvester et al., 2012).
The primary focus of previous research has centered on general LTPA, with the underly-
ing assumption that it can directly influence and enhance well-being (Mack et al., 2012;
Wiese et al., 2018). However, the association of LTPA with types of well-being can
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depend on the intensity of the LTPA (Mack et al., 2012). For example, moderate LTPA
could be more associated with psychological well-being (Holstila et al., 2017) because it is
likely to enhance psychological function and development (Ryan & Deci, 2001).
In this context, the directionality in a longitudinal trajectory has been emphasized
(Wiese et al., 2018). The longitudinal association of LTPA with well-being is likely bidirec-

tional because LTPA may provide the opportunity to fulfill an individual’s psychosocial
needs for well-being (Tinsley & Eldredge, 1995) and, reciprocally, individuals with high
well-being achieved through positive LTPA experience tend to become more engaged in
physical activity (Hartman et al., 2020). In this respect, such a bidirectional association may
take time to develop, and it may change over time (Ku et al., 2016). Thus, longitudinal stud-
ies could provide a better understanding of ways in which LTPA could be associated with
well-being over time by testing for covariance in indicators of change (Steinmo et al., 2014).
While longitudinal studies have been conducted in various disciplines such as epidemiology,
psychiatry, and social sciences (e.g. Ku et al., 2016; Mikkelsen et al., 2010), these have over-
looked the potential bidirectional relationship between LTPA and well-being. Furthermore,
intensities of LTPA (e.g. moderate, vigorous) and types of well-being (e.g. psychological,
social) have also tended not to be included in the longitudinal model. This makes it difficult
to assess whether LTPA at baseline is associated with growth in well-being over time and,
conversely, if the initial level of well-being is related to changes in LTPA. Furthermore,
potential confounders such as predispositional factors (e.g. personality traits) have rarely
been considered (Kono et al., 2018; Wilson & Dishman, 2015).
To fill these gaps, we aim to elucidate the longitudinal association between LTPA and

well-being. Specifically, this study examines the potential influence of LTPA intensity
(moderate and vigorous) at baseline on changes in a specific dimension of well-being
(psychological and social) trajectories over time, and, conversely (well-being at baseline
! changes in LTPA). We also seek to identify the effect of key personality traits in the
longitudinal association. Based on nationally representative data on adults from the
Midlife Development in the U.S. (MIDUS) study, this research expands the current
understanding of the longitudinal directionality of the relationship between intensities
of LTPA and types of well-being in a time sequence. Accordingly, the following research
questions (RQs) were formulated and assessed:

� RQ1: How are LTPA at baseline associated with changes in well-being over time,
and, conversely (i.e. well-being at baseline ! changes in LTPA), considering the
intensity of LTPA (e.g. moderate, vigorous) and a specific dimension of well-
being (e.g. psychological, social)?

� RQ2: What personality traits influence the initial level of and changes in differ-
ent intensities of LTPA (e.g. moderate, vigorous), psychological well-being, and
social well-being over time?

Literature review

Eudaimonic well-being theory

Well-being is regarded as a multifaceted concept and has been examined primarily in
two research streams: a hedonic view of subjective well-being (Diener & Ryan, 2009)
and a eudaimonic view of psychological and social well-being (Keyes, 1998). In the
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hedonic approach, well-being is conceptualized as maximizing pleasure and avoiding
pain, which is reflected in research on subjective well-being (Diener & Ryan, 2009).
A pleasurable experience is likely to be more associated with life satisfaction in the
short term (Oishi et al., 2001). In contrast, the eudaimonic approach defines well-
being as fulfilling the psychological needs that support human flourishing (Ryff &
Singer, 2000), which is linked with research on psychological and social well-being
(Keyes et al., 2002). Thus, eudaimonic well-being is characterized by meaning in life,
social connectedness, and personal growth with self-realization through the opportun-
ity to fulfill one’s inner potential and self-concordant goals (Ryan et al., 2008). From
the eudaimonic well-being perspective, human flourishing is related to living in truth
with oneself as a worthwhile human being, contributing to enhanced vitality and self-
determination (Ryff & Singer, 2000). Eudaimonic motivation can steer engagement
with eudaimonic activities as individuals seek meaning in life and self-realization
(Ryan & Deci, 2001). This process leads to personal growth, which is a core dimen-
sion of eudaimonic well-being (Kimiecik, 2016). According to the self-determination
theory (SDT), eudaimonic well-being could be achieved by engaging in activities that
fulfill psychological needs (e.g. autonomy, competence, and relatedness; Ryan et al.,
2008). For example, building a positive relationship with others in eudaimonic activ-
ity could be a resource for increasing well-being. As people build the resources to
fulfill psychological needs through eudaimonic activity, they are likely to feel mean-
ingful and purposeful in life and would try to sustain it (Steger et al., 2008). Thus,
the greater involvement with eudaimonic activity likely has more enduring well-being
(Ryan et al., 2008). In addition, some activities may require a higher level of skills or
may be more challenging than others. Due to such differences in activity characteris-
tics, engaging in a certain activity could be related to personal value or personality
traits (Huta & Waterman, 2014).
Given the eudaimonic approach to well-being, scholars in positive psychology have

suggested that the functional benefits of eudaimonic well-being could be greater than
those of hedonic well-being (Zuo et al., 2017). For example, the function of hedonic
well-being is considered life satisfaction (Diener & Ryan, 2009), whereas the function of
eudaimonic well-being encompasses multilateral aspects such as a meaningful life,
personal growth, and social integration, which are constructions of psychological and
social well-being (Ryff & Singer, 2008). Thus, eudaimonic well-being is associated with
positive sociopsychological functioning that leads to a meaningful life with personal
growth. Unlike hedonic well-being, which involves present-oriented needs (e.g. pleasure
and positive affects) regarding satisfaction in the short term, eudaimonic well-being
integrates intrinsic goals and social values in the past, present, and future (Steger
et al., 2008).

LTPA and eudaimonic well-being

LTPA refers to a collection of behaviors that require the expenditure of energy during
discretionary times (Berg et al., 2015). Unlike other types of physical activity (PA; e.g.,
domestic, transport, and occupational), LTPA is connected to self-realization, growth,
and development in the satisfaction of innate psychological needs (Lloyd & Little,
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2010). LTPA also provides individuals with opportunities for social connection with
others, which contributes to the flourishing of their social life (Lotan et al., 2005). Thus,
LTPA can be hypothesized as a variable to enhance psychological and social well-being
by optimizing eudaimonic functioning. Accumulating evidence suggests an association
between LTPA and psychological and social well-being (Berlin & Klenosky, 2014;
Hartman et al., 2020; Wankel & Berger, 1990). Lloyd and Little (2010) found that psy-
chological well-being could be enhanced by developing a sense of competence, auton-
omy, and social interaction through LTPA experience. Wankel and Berger (1990) noted
that LTPA provided individuals with opportunities for personal growth, social change,
and social interaction in relation to social well-being. Furthermore, socialization is a key
value of engagement in LTPA, rousing future intentions to participate in LTPA (Berlin
& Klenosky, 2014). Thus, increased engagement in LTPA is associated with greater psy-
chological and social well-being (Mack et al., 2012). Psychological and social well-being
could also be predictors of engagement in LTPA. People with optimized psychological
and social well-being are more likely to engage in LTPA to fuel and refuel well-being
continuously (Kimiecik, 2016). As Ryan et al. (2009) noted, eudaimonic motivations to
satisfy basic psychological needs predict engagement in LTPA. If psychological and
social well-being are enhanced by fulfilling psychological needs, individuals can continu-
ally engage in LTPA for their well-being. Kimiecik (2016) also noted that engagement
in health behaviors such as LTPA may occur when individuals focus on eudaimonic
well-being through the satisfaction of psychosocial needs. Thus, LTPA and well-being
could be predictors of each other, which indicates a bidirectional relationship.

Intensity of LTPA and eudaimonic well-being

In the LTPA�well-being relationship, the intensity of LTPA could be an important
variable because the effect of LTPA on psychological and social well-being may vary
and depends on intensity (e.g. moderate, vigorous; Kek€al€ainen et al., 2020). Intensity in
this context is the rate of oxygen consumption during PA, usually measured by the
metabolic equivalent (MET), which represents the rate of oxygen consumption by the
body at rest (e.g. moderate: 3.0–6.0 METs; vigorous: >6.0 METs; U.S. Department of
Health and Human Services [DHHS], 2008). Given the criteria of PA intensities, moder-
ate LTPA requires a moderate amount of effort, but an individual can still talk while
engaging in moderate activity, such as brisk walking, yoga, or aqua aerobics.
Conversely, vigorous LTPA requires a large amount of physical effort, and an individual
may find it difficult to say more than a few words during such activity. Examples of vig-
orous LTPA include competitive basketball, soccer, and mountain climbing (U.S.
Department of Health and Human Services [DHHS], 2008). LTPA choice could depend
on the motivation and intensity of LTPA. For example, older people tend to choose
LTPA they can easily participate in, which provides an opportunity to fulfill their phys-
ical and psychological needs (Tinsley & Eldredge, 1995). Thus, moderate LTPA, such as
brisk walking, may be more attractive for older people than vigorous LTPA that
requires high-performance skills and physical ability. In contrast, when seeking to
acquire special skills, achieve goals, and gain physical strength, young people may par-
ticipate in vigorous LTPA requiring competition, high-performance skills, and self-
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regulation goals (e.g. competitive sports; Berlin & Klenosky, 2014). From the eudai-
monic well-being standpoint, eudaimonic motivations to participate in a certain LTPA
can be associated with its level of intensity, which may connect with the dimensions of
psychological and social well-being. Accumulated evidence in neuroscience and physi-
ology indicates that different intensities of LTPA can be related to distinct dimensions
of well-being differently (Katona & Freund, 2008; Raichlen et al., 2013).
Neurobiologically, the level of LTPA intensity is linked with a sense of well-being,
improved affect, and reduced anxiety (Raichlen et al., 2013). For example, moderate
LTPA is related to neurobiological effects that improve mental well-being by releasing
endocannabinoids from neurons in an activity-dependent manner (Katona & Freund,
2008). Endocannabinoids contribute to PA outcomes in a psychological state that
includes induced motivation to engage in PA (Dietrich & McDaniel, 2004). Given the
neurobiological effect of PA, the greatest effect on mental well-being occurs at a
medium level of PA intensity (Berger & Motl, 2000), whereas the lowest and highest
intensity levels are less effective because they release fewer endorphins (Costigan et al.,
2019). Physiologically, the most vigorous PA could be related to negative effects and
poor mental well-being, caused by overtraining, stress, and injury (Armstrong &
Vanheest, 2002). By contrast, vigorous PA may influence the improvement of fitness
and body shape that results in an improved physical self-concept and improved self-effi-
cacy over time (Costigan et al., 2019).

Personality, LTPA, and eudaimonic well-being

Personality refers to differences between individuals or long-standing traits of thoughts,
feelings, and behaviors (Rhodes & Smith, 2006). Given the common connection between
traits and particular behaviors in life domains (Barnett, 2013), personality is related to
leisure activities such as LTPA that require movement and energy expenditure (Rhodes
& Boudreau, 2017). Because various personality traits can influence individuals’ percep-
tions of and reactions to various stimuli, certain dimensions of personality are associ-
ated with engagement in PA (Rhodes & Smith, 2006). In applying the five-factor model
(FFM) for personality traits, scholars have noted that the effect of personality on PA is
more pronounced in vigorous than in light or moderate PA (Rhodes & Boudreau,
2017). The FFM consists of five main traits: neuroticism, extraversion, openness, agree-
ableness, and conscientiousness. Specifically, extraversion, conscientiousness, and neur-
oticism have been found to be strongly related to the particular intensity of PA (Rhodes
& Pfaeffli, 2012). For instance, extraversion and conscientiousness are positively linked
with engagement in vigorous PA, whereas neuroticism is negatively related to vigorous
PA (Box et al., 2019). Furthermore, a 40-year longitudinal study showed that high extra-
version and low neuroticism are also predictors of changes in participation in PA over
time (Kern et al., 2010). The five personality traits are also related to dimensions of psy-
chological well-being. Specifically, as noted by Schmutte and Ryff (1997), personality
traits are related to dimensions of psychological well-being that include self-acceptance,
environmental mastery, and life purpose. Openness is related to personal growth, low
neuroticism is associated with autonomy, and agreeableness and extraversion are linked
to positive relations with others, a dimension of social well-being. Collectively, the
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findings of previous studies suggest that stable individual differences such as personality
traits are important factors for well-being, given the correlation of personality and well-
being (Fogle et al., 2002; Sato et al., 2018).

Methods

Data collection

The dataset is from a nationally representative sample of middle-aged Americans sur-
veyed as part of the MIDUS. The data focus on a three-wave longitudinal study (Wave
1: 1995–1996; Wave 2: 2004–2006; Wave 3: 2013–2014) with behavioral, social, and psy-
chological factors that influence health and well-being (Radler & Ryff, 2010). The first
wave of MIDUS collected data via a 30-minute phone interview followed by mail-
returned and self-administered questionnaires. A total of 7,108 individuals participated
during this phase (ages: 24–75 years; M¼ 46.40; SD¼ 13.00; education level: 13.21 years;
males: 48.3%; females: 51.7%; Brim et al., 2004). Similarly, about 10 years later, data col-
lection was conducted for Wave 2 of MIDUS. After adjustment for mortality, it retested
70% of the participants from Wave 1 (N¼ 4,963) between 2004 and 2006 (ages:
35–86 years; M¼ 55.40, SD¼ 12.45; education level: 14.24 years; male: 46.2%; female:
53.8%). Accordingly, about 9 years later MIDUS Wave 3 was conducted with 67% of
MIDUS Wave 2 respondents (N¼ 3,294), adjusted for mortality in 2013–2014 (age:
42–92 years; M¼ 64.30, SD¼ 11.20; education level: 14.68 years; male: 44.8%; female:
55.2%). Data for Wave 3 were also collected through personal interviews with subse-
quent mail-returned questionnaires.

Measures

LTPA

Participation at different intensities of LTPA was measured using the following ques-
tions from all three waves: for moderate LTPA participation: “How often do you engage
in moderate PA that is not physically exhausting but causes your heart rate to increase
slightly and works up a sweat (e.g. light tennis, slow or light swimming, low-impact aer-
obics, golfing without a power cart)?” and for vigorous LTPA participation: “How often
do you engage in vigorous PA that causes your heart to beat so rapidly that you can
feel it in your chest, for long enough that you work up a good sweat and are breathing
heavily (e.g. competitive sports like running, vigorous swimming, high-intensity aero-
bics)?” Separate responses were requested for the summer and winter to account for
seasonal variations in LTPA participation (i.e. two moderate LTPA questions and two
vigorous LTPA questions). A 6-point scale was used for all items (1¼ several times a
week or more; 6¼ never), and the items were reverse-coded. Subsequently, average
scores for moderate and vigorous LTPA based on the summer and winter for each
wave were computed.
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Well-being

The variables included psychological and social well-being for Waves 1–3. Psychological
well-being consisted of six dimensions: autonomy, environmental mastery, personal
growth, positive relations with others, purpose in life, and self-acceptance (Ryff & Keyes,
1995). Participants were asked to report their level of agreement with statements regarding
psychological well-being on a 7-point scale (1¼ strongly agree; 7¼ strongly disagree). The
items were reverse-coded. Two versions measured psychological well-being: for Wave 1, an
18-item version indexed in six dimensions was employed, and an additional 24-item ver-
sion was used for Waves 2 and 3. In this study, we used the 18-item version to ensure the
consistency of measured items during each wave.
Social well-being comprised 14 items indexed in five dimensions: meaningfulness of

society, social integration, acceptance of others, social contribution, and social actualiza-
tion (Ryff & Keyes, 1995). Participants were asked to report their level of agreement
with statements concerning social well-being on a 7-point scale (1¼ strongly agree;
7¼ strongly disagree). The items were reverse-coded to reflect higher standing in
the scale.

Personality traits

Personality traits were operationalized with 25 items within five dimensions: neuroti-
cism, conscientiousness, extraversion, openness, and agreeableness (Schmutte & Ryff,
1997). Neuroticism comprised subdomains such as moody, nervous, worrying, and
calm. Conscientiousness was composed of the subdomains organized, hardworking,
careless, and responsible. Extraversion consisted of outgoing, friendly, lively, talkative,
and active. Openness encompassed creative, adventurous, broad-minded, intelligent,
imaginative, curious, and sophisticated. Agreeableness comprised warm, helpful, sympa-
thetic, and caring. For each trait, participants were asked to report their level of agree-
ment with statements on a 4-point scale (1¼not at all; 4¼ a lot). In this study, we
created trait scores based on the average noted in each dimension.

Control variables

Several variables were included to account for potential effects on the relationship
between LTPA and well-being: age, gender, educational level, income, marital status,
physical health, mental health, chronic condition, and neighborhood environment
(Floyd et al., 2008; Lee et al., 2018). All covariates at baseline were included in the mod-
els. We converted gender (male ¼ 0, female ¼ 1) and race (White ¼ 1, other ¼ 0) into
dummy variables. We coded health-related variables on a scale ranging from 1 (poor)
to 5 (excellent). Figure 1 illustrates the analysis plan for this study.

Statistical analysis

Preliminary analyses

Of the 7,124 panel members compiled as the baseline during Wave 1, 4,955 individuals
responded during Wave 2. A total of 3,294 participants from Wave 2 were included in
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Wave 3. Of the 3,294 respondents, only 1,627 had complete data. Thus, multiple impu-
tations were conducted to address missing values. Multiple imputations under a missing
value with random assumptions employed plausible values instead of missing values,
which reduced the bias of the estimate (Dong & Peng, 2013). Multivariate imputations
by chained equations can be a useful tool to deal with data sets that include large num-
bers of incomplete variables, which are difficult to use to determine adequate joint dis-
tribution. In addition, the imputation process can handle categorical and ordinal
variables (Royston & White, 2011). All variables were included in the imputation pro-
cess to create 25 imputed datasets with 10 iterations. These imputed estimates were
merged into a composite one. A large number of imputations (e.g. at least 20) can
reduce sampling variability more efficiently, especially for a large amount of missing
data (Sterne et al., 2009). The descriptive statistics, internal consistency, and correlations
for the baseline appear in Table 1.

Latent growth curve modeling (LGCM)

A LGCM statistical technique based on structural equation modeling was employed to
examine longitudinal change over time and to assess the association between the inten-
sity of LTPA and the type of well-being. Generally, LGCM allows researchers to exam-
ine the association between an initial status at baseline (intercept) and the rate of
change (slope; e.g. an individual who begins with good physical health and shows better
physical health over time; Brailean et al., 2017).
Following Duncan and Duncan (2009), a parallel LGCM was conducted in a step-

sequential approach. First, we specified four univariate LGCMs (without covariates) to
measure change over time in the focal constructs (e.g. LTPA and well-being). It happens
that LGCM has two latent variables, one for the intercept (status at baseline) and one
for the slope (rate of change across a wave) with random effects to capture between-
individual difference and within-individual change. Unlike in usual structural equation
modeling, the factor loadings were all constrained to a value of 1 for the intercept
because the intercept yields information about the mean and variance of the individual

Moderate LTPA
Vigorous LTPA

Psychological well-being
Social well-being

Age
Gender

Educa�on
Income

Marital status
Physical health
Mental health

Chronic condi�on
Neighborhood environment

Personality five traits

Mul�ple Imputa�on Univariate Latent Growth 
Curve Modeling 

(1) Moderate LTPA

(2) Vigorous LTPA

(3) Psychological well-being

(4) Social well-being

Parallel Latent Growth Curve Modeling

The validity of longitudinal 
trajectory predic�on models

Moderate LTPA
Vigorous LTPA 

Psychological well-being

Social well-being

Figure 1. Study design.

566 C. KIM ET AL.



Ta
bl
e
1.

D
es
cr
ip
tiv
e
st
at
is
tic
s,
re
lia
bi
lit
y,
an
d
co
rr
el
at
io
ns

am
on

g
pr
im
ar
y
va
ria
bl
es

(N
¼
3,
29
4)
.

Ti
m
e

Va
ria
bl
es

M
SD

Cr
on

ba
ch
’s

a
Im
pu

te
d
ra
tio

1
2

3
4

5
6

7
8

9
10

11
12

W
av
e
1

1.
M
od

er
at
e

LT
PA

5.
38

0.
91

0.
88

0.
11

1

2.
Vi
go

ro
us

LT
PA

4.
13

1.
62

0.
86

0.
15

0.
46
��

1

3.
PW

B
5.
64

0.
75

0.
75

0.
10

0.
16
��

0.
14
��

1
4.

SW
B

4.
69

0.
92

0.
72

0.
17

0.
11
��

0.
11
��

0.
53
��

1
W
av
e
2

5.
M
od

er
at
e

LT
PA

4.
15

1.
73

0.
95

0.
12

0.
30
��

0.
33
��

0.
13
��

0.
12
��

1

6.
Vi
go

ro
us

LT
PA

3.
43

1.
85

0.
94

0.
15

0.
25
��

0.
36
��

0.
11
��

0.
12
��

0.
66
��

1

7.
PW

B
5.
60

0.
78

0.
79

0.
11

0.
13
��

0.
10
��

0.
47
��

0.
63
��

0.
13
��

0.
11
��

1
8.

SW
B

4.
57

0.
89

0.
74

0.
11

0.
13
��

0.
14
��

0.
65
��

0.
48
��

0.
16
��

0.
15
��

0.
56
��

1
W
av
e
3

9.
M
od

er
at
e

LT
PA

4.
10

1.
78

0.
95

0.
17

0.
28
��

0.
37
��

0.
12
��

0.
13
��

0.
40
��

0.
41
��

0.
16
��

0.
13
��

1

10
.V

ig
or
ou

s
LT
PA

3.
40

1.
91

0.
96

0.
15

0.
22
��

0.
36
��

0.
10
��

0.
12
��

0.
35
��

0.
46
��

0.
14
��

0.
10
��

0.
65
��

1

11
.P

W
B

5.
51

0.
76

0.
77

0.
11

0.
18
��

0.
15
��

0.
45
��

0.
60
��

0.
20
��

0.
19
��

0.
55
��

0.
65
��

0.
25
��

0.
23
��

1
12
.S
W
B

4.
50

0.
90

0.
74

0.
11

0.
14
��

0.
11
��

0.
56
��

0.
41
��

0.
18
��

0.
17
��

0.
65
��

0.
45
��

0.
18
��

0.
17
��

0.
63
��

1

N
ot
e.

W
av
e

1:
M
ID
U
S

1(
19
95
–1
99
6)
;
W
av
e

2:
M
ID
U
S

2(
20
04
–2
00
6)
;
W
av
e

3:
M
ID
U
S

3(
20
13
–2
01
4)
;
LT
PA

:
le
is
ur
e-
tim

e
ph

ys
ic
al

ac
tiv
ity
;
PW

B:
ps
yc
ho

lo
gi
ca
l
w
el
l-b

ei
ng

;
SW

B:
so
ci
al

w
el
l-

be
in
g
��
p
<
.0
1.

JOURNAL OF LEISURE RESEARCH 567



intercepts at the point of origination. The first and last slope factor loadings (Wave 1
and Wave 3) for the nonlinear model were constrained to 0 and 1, and the second slope
factor loading was freely estimated to reflect growth over time (Duncan & Duncan,
2009). Furthermore, the intercept and slope were allowed to covary to evaluate the
degree to which the slope of changes was related to the initial point of origination for
each individual. To better understand the general LGCM model, Equation (1) is noted:

yit ¼ ai þ ktbi þ eit (1)

where yit denotes the value of trajectory variable y for the ith case at time t, ai is the
random intercept for case i, kt represents the numeric value of time at time t, bi is the
random slope for case i, and eit represents the disturbance for the case i at time t.
Because the intercept and slope were allowed to vary randomly within the group of
individuals, the equations for the intercept and slope were as follows:

ai ¼ la þ fai (2)

bi ¼ lb þ fbi (3)

where la and lb represented the mean intercept and mean slope across all cases (fixed),
and fai and fbi were disturbances in the deviations of intercepts and slopes from the
means across cases (random).
Second, parallel latent growth models were used to determine whether an initial

statue in one domain predicted change in a different domain. Variables at baseline
(e.g. demographics and personality traits) were further included as predictors of the
intercept and slope. Based on the intensity of LTPA and the type of well-being, two
models were developed: Model 1: moderate–vigorous LTPA and psychological well-
being; Model 2: moderate–vigorous LTPA and social well-being. Figure 2 presents
the model of parallel LGCM in this study. For the model fit indices, we used the
comparative fit index (CFI), Tucker–Lewis index (TLI), root mean square error of
approximation (RMSEA), and the chi-square goodness of fit test to assess the suit-
ability of the model. These measures are typically used to assess model fit because
the sample size influences the v2 value. Recent longitudinal studies have also gener-
ally included CFI, TLI, and RMSEA (Li et al., 2014). The following cutoff values for
acceptable model fit were used: CFI and TLI values greater than 0.95 and RMSEA
values smaller than 0.05 (Kline, 2016).

Results

Univariate LGCM

This study consisted of two phases, using Amos 25.0 with maximum likelihood estima-
tion. The first phase of the analysis comprised univariate LGCM. Based on the mean
score for LTPA (moderate and vigorous) and well-being (psychological and social well-
being) as well as growth trajectory estimates, an unconditional nonlinear LGCM was
conducted to assess the slope of changes. All unconditional models had an acceptable
fit: moderate LTPA (v2 (2)¼1.82, p<.001, CFI ¼ 0.99, TLI ¼ 0.99, RMSEA ¼ 0.01, 90%
CI [0.00, 0.49]), vigorous LTPA (v2 (2)¼1.56, p<.001, CFI ¼ 0.98, TLI ¼ 0.98, RMSEA
¼ 0.01, 90% CI [0.00, 0.47]), psychological well-being (v2 (2) ¼ 9.77, p<.001, CFI ¼
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0.99, TLI ¼ 0.99, RMSEA ¼ 0.06, 90% CI [0.03, 0.08]), and social well-being (v2

(2)¼1.11, p<.001, CFI ¼ 0.97, TLI ¼ 0.96, RMSEA ¼ 0.01, and 90% CI [0.00, 0.42]).
The unconditional LGCM analysis indicated that the means of the intercepts for

moderate LTPA (M¼ 5.38), vigorous LTPA (M¼ 4.13), psychological well-being
(M¼ 5.64), and social well-being (M¼ 4.69) were significant and high at p<.001. The
means of the slopes for moderate LTPA (M¼�0.63), vigorous LTPA (M¼�0.84), and
psychological well-being (M¼�0.12) were also significant at p<.001, whereas the slope
in social well-being was not significant. The findings indicated that people were highly
engaged in moderate and vigorous LTPA at baseline, followed by a negative and signifi-
cant decline over time. Similarly, psychological well-being was high at baseline but
slightly declined over time. However, the growth in social well-being stayed at the same
level as it was at baseline. The variance of growth for moderate and vigorous LTPA was
significant and indicated individuals exhibited variability in their growth change
(VarModerate ¼ .736, SE ¼ .10, p < .001; VarVigorous ¼ .300, SE ¼ .12, p < .01), whereas
the variance of growth rates for psychological and social well-being was not significant.
Additionally, the covariance between the intercept and slope for moderate and vigorous
LTPA was significant. Essentially, an increase in initial moderate and vigorous LTPA
participation resulted in greater change over time (CovModerate¼1.491, SE¼ 0.60,
p<.001; CovVigorous¼0.271, SE¼ 0.047, p<.05). However, the covariance between the
intercept and slope for psychological and social well-being was not significant.
The freely estimated factor loading for the slope of moderate LTPA in Wave 2 was 0.39,

indicating that 39% of the total decline in moderate LTPA occurred between Wave 1 and
Wave 3. Likewise, the freely estimated factor loading for the slope of vigorous LTPA in
Wave 2 was 0.29, which indicated that 29% of the total decline in vigorous LTPA occurred
between Wave 1 and Wave 3. The freely estimated factor for the slope of psychological
well-being was 0.76, indicating that 76% of the total decline occurred between Wave 1 and

Intercept
(Moderate LTPA) 

Slope
(Moderate LTPA) 

Intercept
(Vigorous LTPA) 

Slope
(Vigorous LTPA) 

Wave1 Wave2 Wave3

Wave1 Wave2 Wave3

Personality traits

1 1 1 0 1

1 1
1 0 1

Slope
(Well-being)

Intercept
(Well-being)

Wave1

Wave2

Wave3
1

1

1

0

1
Covariates

Figure 2. The models of Parallel LGCM. Note. Based on the modification indices, residual error varian-
ces were correlated as follows: (a) intercepts of moderate and vigorous LTPA; (b) slopes of moderate
and vigorous LTPA; (c) intercept and slope of moderate LTPA (d) intercept and slope of vigorous
LTPA; and (e) intercept and slope of psychological and social well-being.
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Wave 3. Finally, the freely estimated factor loading for the slope of social well-being was
0.10, showing that 10% of the total decline occurred between Wave 1 and Wave 3. Table 2
presents standardized parameter estimates for the univariate LGCM.

Conditional parallel LGCM

The second phase of the analysis involved conditional parallel LGCM (RQ1 and RQ2).
Based on the above unconditional LGCM, we created two parallel LGCMs to assess
whether one variable at baseline was related to growth in the others, which included
predictors for examining their effect on the change in growth.

Model 1. moderate–vigorous LTPA and psychological well-being
The model fit of the parallel LGCM for moderate to vigorous LTPA and psychological
well-being was acceptable: v2 (68)¼6.94, p<.001, CFI ¼ 0.97, TLI ¼ 0.96, and RMSEA
¼ 0.05 with 90% CI¼ [0.04, 0.05]. As shown in Table 3, the findings revealed that the
baseline level of moderate LTPA was positively associated with growth in psychological
well-being (b¼ 0.248, p<.001). Likewise, the baseline level of psychological well-being
was positively related to growth in moderate LTPA (b¼ 0.073, p<.01), indicating that
the longitudinal relationship between moderate LTPA and psychological well-being
could be bidirectional. However, the baseline level of vigorous LTPA was not signifi-
cantly associated with growth in psychological well-being, whereas the baseline level of
psychological well-being was positively related to growth in vigorous LTPA (b¼ 0.172,
p<.001). The results indicated that the initial level of psychological well-being led to an
increase in vigorous LTPA over time, though we found no effect of vigorous LTPA on
psychological well-being.
With respect to personality traits, openness was significantly related to the baseline

level of moderate LTPA (b¼ 0.094, p<.001), vigorous LTPA (b¼ 0.101, p<.001), and
psychological well-being (b¼ 0.127, p<.001) as well as growth in vigorous LTPA
(b¼ 0.061, p<.05) and psychological well-being (b¼ 0.098, p<.001). Extraversion was
significantly associated with the baseline level of vigorous LTPA (b¼ 0.096, p<.001)
and psychological well-being (b¼ 0.236, p<.001), along with growth in vigorous LTPA
(b¼ 0.111, p<.001) and psychological well-being (b¼ 0.202, p<.001). The results indi-
cated that openness and extraversion could be predictors for growth in vigorous LTPA
and psychological well-being. All personality traits were significantly associated with the
initial level of and growth in psychological well-being (Table 3).

Table 2. Standardized parameter estimates of univariate LGCM.

Variable

Intercept Slope

M (SE) r2 (SE) M (SE) r2 (SE)

Moderate LTPA 5.38��� (0.27) 0.67��� (0.07) �0.63��� (0.02) 0.73���(0.10)
Vigorous LTPA 4.13��� (0.45) 0.85��� (0.11) �0.84���(0.02) 0.30�� (0.12)
Psychological WB 5.64��� (0.01) 0.40��� (0.02) �0.12���(0.01) 0.03 (0.01)
Social WB 4.69��� (0.02) 0.57��� (0.03) �0.01 (0.01) 0.05 (0.01)

Note. Intercept represents baseline, Slope represents growth rate; all of the intercept parts were fixed at 1; slope factors
were fixed at 0, 1, and freely; ��p<.01; ���p<.001.
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Model 2: moderate–vigorous LTPA and social well-being
The model fit of the parallel LGCM for moderate to vigorous LTPA and social well-
being indicated an adequate fit: v2(68) ¼ 6.58, p<.001, CFI ¼ 0.97, TLI ¼ 0.96, and
RMSEA ¼ 0.04 with 90% CI¼ [0.04, 0.05]. The results revealed that the baseline level
of moderate LTPA was positively related to growth in social well-being (b¼ 0.170,
p<.001). Also, social well-being at baseline influenced growth in moderate LTPA
(b¼ 0.117, p<.001). The results indicated that a bidirectional association between mod-
erate LTPA and social well-being may occur over time. Similar to Model 1, in Model 2,
the baseline level of vigorous LTPA was not significantly associated with growth in
social well-being, whereas the baseline level of social well-being was positively associated
with growth in vigorous LTPA (b¼ 0.165, p<.001). The results demonstrated that a
higher level of social well-being at baseline led to positive change in vigorous LTPA
over time, but not conversely (i.e. vigorous LTPA at baseline ! change in social
well-being).
Among the personality traits, agreeableness was negatively associated with moderate

LTPA (b¼-0.059, p<.05), but other associations were not significant. However, the
growth in vigorous LTPA was significantly related to extraversion (b¼ 0.135, p<.001)
and openness (b¼ 0.062, p<.05). Growth in social well-being was significantly related
to extraversion (b¼ 0.173, p<.001) and conscientiousness (b¼ 0.063, p<.05). The
results showed that change in vigorous LTPA and social well-being over time could be
associated with specific personality traits. Table 3 presents standardized parameter esti-
mates and R-squared values for the univariate LGCM.

Discussion

Based on nationally representative data, this research contributes to the understanding
of the longitudinal association between intensities of LTPA and types of well-being.
Although scholars generally agree on the directional effect of LTPA on well-being
(Holstila et al., 2017), the association is more complex than is often implied in the lit-
erature and deserves greater interpretation (Sylvester et al., 2012). Hence, this study
revealed (a) how LTPA intensities at baseline were associated with change in psycho-
logical and social well-being and vice versa (i.e. well-being at baseline ! changes in
LTPA); and (b) how personality traits were linked to the baseline level and change in
different levels of LTPA, psychological well-being, and social well-being.
The results from the parallel LGCM indicated that moderate LTPA at baseline was

related to growth in psychological well-being over time, and vice versa. Individuals with
higher moderate LTPA at baseline were more likely to show a fast increase in psycho-
logical well-being. Also, those with greater psychological well-being at baseline were
more likely to engage in moderate PA over time. These results are in line with those of
previous studies indicating that LTPA and well-being could be predictors of each other
(Kimiecik, 2016; Saunders et al., 2018). Psychological well-being could be strengthened
even by moderate LTPA, providing an opportunity for self-development, personal
growth, and satisfaction of psychological needs (Lloyd & Little, 2010). Although it is
not the primary interest of this study, positive psychological functioning gained by
moderate LTPA might become a critical factor in the longitudinal association. As people
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get older, their physical ability tends to decrease, which could become a barrier to
engagement in vigorous LTPA (Tinsley & Eldredge, 1995). Thus, from a longitudinal
perspective, moderate LTPA could be more useful for satisfying individuals’ psycho-
logical needs over time than vigorous LTPA.
The longitudinal association between moderate LTPA and social well-being is bidirec-

tional. Consistent with the results of prior studies (McAuley et al., 2000; Stathi et al.,
2002), the findings of the current study indicate that moderate LTPA at baseline is
related to growth in social well-being and vice versa (i.e. social well-being at baseline !
changes in moderate LTPA). Thus, perceived flourishing in one’s social life could be
enhanced by moderate LTPA over time, providing opportunities for positive social ben-
efits such as social interaction and interpersonal relationships (Dionigi & Lyons, 2010).
According to the eudaimonic approach to well-being, the social nature of moderate
LTPA (e.g., a walking group) may play a role in enhanced social well-being (Sylvester
et al., 2012). It is noteworthy that engagement in moderate LTPA is more related to
social well-being in the long term, which may provide a better opportunity for social
connectedness than different domains of PA (e.g. occupational PA; Cerin et al., 2009).
In addition, the degeneration of physical ability over time may cause individuals to con-
tinuously engage in moderate LTPA rather than vigorous LTPA in the long term. Thus,
moderate LTPA may be a useful resource for fulfilling the dimensions of social well-
being, from a longitudinal perspective. By contrast, the association of vigorous LTPA
with psychological and social well-being was not bidirectional. Vigorous LTPA at base-
line was not related to growth in psychological and social well-being, whereas psycho-
logical and social well-being at baseline were associated with the change in vigorous
LTPA over time. The findings are inconsistent with previous studies indicating that
individuals with vigorous LTPA were more likely to report greater mental health (Bray
& Born, 2004; Harbour et al., 2008) and social benefit (VanKim & Nelson, 2013). This
might be because this study focused on the longitudinal association. The characteristics
of vigorous LTPA require high oxygen consumption and a large amount of physical
effort (DHHS, 2008). Thus, vigorous LTPA may be more associated with physical health
in the long term (Costigan et al., 2019) rather than psychological and social well-being.
From characteristics of activity standpoint, vigorous LTPA may also require a high level
of skill and challenge (e.g. tennis and climbing). Given that such activity characteristics
can deliver the greater satisfaction of psychological needs and then develop sustainable
well-being (Steger et al., 2008), people with a high psychological and social well-being,
seeking to sustain their well-being in the long term, are likely to engage in vigorous
LTPA more frequently over time.
Another finding of this study is the association of personality traits with the intensity of

LTPA and type of well-being. Although the personality traits examined were mostly not
associated with moderate LTPA, except for agreeableness, growth in vigorous LTPA was
commonly related to extraversion and openness in both models (psychological and social
well-being). The finding is in line with those of previous studies showing that the associ-
ation of personality traits with PA is more pronounced for vigorous than for moderate
activity (Rhodes & Pfaeffli, 2012; Rhodes et al., 2007). Furthermore, certain traits promote
the development of specific virtues (Ozer & Benet-Martinez, 2006). For example, extraver-
sion and openness are more associated with inspiration, which can enhance engagement

JOURNAL OF LEISURE RESEARCH 573



in vigorous LTPA (Rhodes & Pfaeffli, 2012). Interestingly, growth in psychological well-
being was significantly associated with all personality traits, whereas growth in social well-
being was related to extraversion and conscientiousness. These findings may be explained
by the relationship between personality and eudaimonic well-being (psychological and
social well-being) in the behavioral mechanism. As Ozer and Benet-Martinez (2006)
noted, personality traits are associated with behavioral functioning that includes positive
relationships and personal virtues with regard to psychological well-being. For example,
an individual with openness tends to accept new ideas and environments to change a
habit or to engage in a new behavior, which may improve their daily quality of life
(Lamers et al., 2012). Thus, the disposition of traits is related to behavioral functions and
the influence of social well-being (Ozer & Benet-Martinez, 2006). Given the longitudinal
estimates, our results showed that certain traits predict growth in social well-being, which
indicates that some traits can shape social behavior and attitudes across time (Hill
et al., 2012).
Our findings have several theoretical, methodological, and practical implications.
Theoretically, this study provides an understanding of the longitudinal association of

the intensity of LTPA with psychological and social well-being. The different intensities
of LTPA possess different features (e.g., levels of skill and challenge). In the context of
eudaimonic well-being, the characteristics of activities are linked to an individual’s pur-
suit of well-being (Zuo et al., 2017). In general, moderate LTPA requires simpler skills
and challenges than vigorous LTPA. Given the decrease of physical ability over time,
moderate LTPA could be associated with psychological and social well-being in the long
term. Meanwhile, vigorous LTPA, requiring a high level of skill and challenge, may be
related to more sustained well-being. That is, people with high psychological and social
well-being would likely be attracted to vigorous LTPA over time, due to the characteris-
tics of the activities that influence personal growth, purpose in life, and competence
(Huta & Waterman, 2014). Thus, the intensity of LTPA is an important factor in any
longitudinal association. Methodologically, the parallel LGCM provides some advantages
for examination of the longitudinal association of LTPA and well-being. By comparison
with cross-sectional studies using ANOVA or multiple regression, parallel LGCM ena-
bles the integration of between-individual and within-individuals changes, providing
potential directional paths and suggesting an interrelationship between LTPA levels and
types of well-being over several years (Curran et al., 2010). The parallel LGCM also
allows us to explore both interindividual variability and intravariability in the growth
trajectory of human behaviors (Duncan & Duncan, 2009). Therefore, the findings of
this study using the parallel LGCM give us a better understanding of the longitudinal
association between LTPA and well-being.
Practically, the findings indicate that policymakers should recognize the longitudinal

relationship between LTPA and well-being. If policymakers seek to improve psycho-
logical and social well-being in the population, moderate LTPA would be an efficient
resource for enhancing psychological and social well-being in the long term. The greater
the psychological and social well-being achieved by moderate LTPA among the popula-
tion, the higher the increase of vigorous LTPA over time. Accordingly, the findings can
help practitioners better understand the longitudinal association in LTPA intensity and
well-being to develop initiatives for community health and well-being.
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Limitations and future directions

The limitations of this study should be acknowledged. First, the authors used a self-
reported LTPA measure, which could be affected by bias in that respondents might
overreport their LTPA levels. More detailed assessments could explicitly explain the
impact of LTPA on well-being. Future studies could include time, frequency, duration,
and types of participation at each LTPA level. Such detailed data would provide more
specific information about individuals’ engagement in different LTPA levels. Second,
this study did not include a moderator or mediator between LTPA levels and types
of well-being. Psychosocial need satisfaction might differ depending on the intensity of
the LTPA. Thus, future research could examine the moderating or mediating effect of
psychosocial need satisfaction in longitudinal association. Third, the authors did not
include objective health status in this study. A change in health status could be closely
associated with the association between LTPA and well-being. Future studies should
also consider how objective health status changes across time moderate or mediate the
longitudinal association of LTPA with well-being. Fourth, future studies could create a
single model including LTPA intensities, psychological well-being, and social well-
being, because psychological well-being and social well-being could be correlated.
Finally, if future studies examine the association between changes in LTPA and well-
being over a long time, the findings could provide a better understanding of the longi-
tudinal relationship between LTPA intensities, psychological well-being, and social
well-being.

Funding

This work was supported by the Ministry of Education of the Republic of Korea and the
National Research Foundation of Korea [NRF-2019S1A3A2098438].

ORCID

Changwook Kim http://orcid.org/0000-0002-6222-7863
Jinwon Kim http://orcid.org/0000-0002-1473-8677
Brijesh Thapa http://orcid.org/0000-0002-0163-5580

References

Armstrong, L. E., & Vanheest, J. L. (2002). The unknown mechanism of the overtraining syn-
drome. Sports Medicine, 32(3), 185–209. https://doi.org/10.2165/00007256-200232030-00003

Barnett, L. A. (2013). What people want from their leisure: The contributions of personality fac-
ets in differentially predicting desired leisure outcomes. Journal of Leisure Research, 45(2),
150–191. https://doi.org/10.18666/jlr-2013-v45-i2-3010

Berg, B. K., Warner, S., & Das, B. M. (2015). What about sport? A public health perspective on
leisure-time physical activity. Sport Management Review, 18(1), 20–31. https://doi.org/10.1016/j.
smr.2014.09.005

Berger, B. G., & Motl, R. W. (2000). Exercise and mood: A selective review and synthesis of
research employing the profile of mood states. Journal of Applied Sport Psychology, 12(1),
69–92. https://doi.org/10.1080/10413200008404214

JOURNAL OF LEISURE RESEARCH 575

https://doi.org/10.2165/00007256-200232030-00003
https://doi.org/10.18666/jlr-2013-v45-i2-3010
https://doi.org/10.1016/j.smr.2014.09.005
https://doi.org/10.1016/j.smr.2014.09.005
https://doi.org/10.1080/10413200008404214


Berlin, K. L., & Klenosky, D. B. (2014). Let Me Play, Not Exercise! A laddering study of older
women’s motivations for continued engagement in sports-based versus exercise-based leisure
time physical activities. Journal of Leisure Research, 46(2), 127–152. https://doi.org/10.1080/
00222216.2014.11950316

Box, A. G., Feito, Y., Brown, C., & Petruzzello, S. J. (2019). Individual differences influence exer-
cise behavior: How personality, motivation, and behavioral regulation vary among exercise
mode preferences. Heliyon, 5(4), e01459. https://doi.org/10.1016/j.heliyon.2019.e01459

Brailean, A., Aartsen, M. J., Muniz-Terrera, G., Prince, M., Prina, A. M., Comijs, H. C.,
Huisman, M., & Beekman, A. (2017). Longitudinal associations between late-life depression
dimensions and cognitive functioning: A cross-domain latent growth curve analysis.
Psychological Medicine, 47(4), 690–702. https://doi.org/10.1017/S003329171600297X

Bray, S. R., & Born, H. A. (2004). Transition to university and vigorous physical activity:
Implications for health and psychological well-being. Journal of American College Health,
52(4), 181–188. https://doi.org/10.3200/JACH.52.4.181-188

Brim, O. G., Ryff, C. D., & Kessler, R. C. (2004). The MIDUS National Survey: An overview. In
O. G. Brim, C. D. Ryff, & R. C. Kessler (Eds.), The John D. and Catherine T. MacArthur
Foundation series on mental health and development. Studies on successful midlife development.
How healthy are we?: A national study of well-being at midlife (pp. 1–34). University of
Chicago Press.

Cerin, E., Leslie, E., Sugiyama, T., & Owen, N. (2009). Associations of multiple physical activity
domains with mental well-being. Mental Health and Physical Activity, 2(2), 55–64. https://doi.
org/10.1016/j.mhpa.2009.09.004

Costigan, S. A., Lubans, D. R., Lonsdale, C., Sanders, T., & del Pozo Cruz, B. (2019).
Associations between physical activity intensity and well-being in adolescents. Preventive
Medicine, 125, 55–61. https://doi.org/10.1016/j.ypmed.2019.05.009

Curran, P. J., Obeidat, K., & Losardo, D. (2010). Twelve frequently asked questions about growth
curve modeling. Journal of Cognition and Development: Official Journal of the Cognitive
Development Society, 11(2), 121–136. https://doi.org/10.1080/15248371003699969

Diener, E., & Ryan, K. (2009). Subjective well-being: A general overview. South African Journal of
Psychology, 39(4), 391–406. https://doi.org/10.1177/008124630903900402

Dietrich, A., & McDaniel, W. F. (2004). Endocannabinoids and exercise. British Journal of Sports
Medicine, 38(5), 536–541. https://doi.org/10.1136/bjsm.2004.011718

Dionigi, R. A., & Lyons, K. (2010). Examining layers of community in leisure contexts: A case
analysis of older adults in an exercise intervention. Journal of Leisure Research, 42(2), 317–340.
https://doi.org/10.1080/00222216.2010.11950207

Dong, Y., & Peng, C. Y. J. (2013). Principled missing data methods for researchers. SpringerPlus,
2(1), 222https://doi.org/10.1186/2193-1801-2-222

Duncan, T. E., & Duncan, S. C. (2009). The ABC’s of LGM: An introductory guide to latent vari-
able growth curve modeling. Social and Personality Psychology Compass, 3(6), 979–991. https://
doi.org/10.1111/j.1751-9004.2009.00224.x

Floyd, M. F., Spengler, J. O., Maddock, J. E., Gobster, P. H., & Suau, L. (2008). Environmental
and social correlates of physical activity in neighborhood parks: An observational study in
Tampa and Chicago. Leisure Sciences, 30(4), 360–375. https://doi.org/10.1080/
01490400802165156

Fogle, L. M., Huebner, E. S., & Laughlin, J. E. (2002). The relationship between temperament and
life satisfaction in early adolescence: Cognitive and behavioral mediation models. Journal of
Happiness Studies, 3(4), 373–392. https://doi.org/10.1023/A:1021883830847

Glover, T. D. (2018). All the lonely people: Social isolation and the promise and pitfalls of leisure.
Leisure Sciences, 40(1–2), 25–35. https://doi.org/10.1080/01490400.2017.1376017

Harbour, V. J., Behrens, T. K., Kim, H. S., & Kitchens, C. L. (2008). Vigorous physical activity
and depressive symptoms in college students. Journal of Physical Activity and Health, 5(4),
516–526. https://doi.org/10.1123/jpah.5.4.516

576 C. KIM ET AL.

https://doi.org/10.1080/00222216.2014.11950316
https://doi.org/10.1080/00222216.2014.11950316
https://doi.org/10.1016/j.heliyon.2019.e01459
https://doi.org/10.1017/S003329171600297X
https://doi.org/10.3200/JACH.52.4.181-188
https://doi.org/10.1016/j.mhpa.2009.09.004
https://doi.org/10.1016/j.mhpa.2009.09.004
https://doi.org/10.1016/j.ypmed.2019.05.009
https://doi.org/10.1080/15248371003699969
https://doi.org/10.1177/008124630903900402
https://doi.org/10.1136/bjsm.2004.011718
https://doi.org/10.1080/00222216.2010.11950207
https://doi.org/10.1186/2193-1801-2-222
https://doi.org/10.1111/j.1751-9004.2009.00224.x
https://doi.org/10.1111/j.1751-9004.2009.00224.x
https://doi.org/10.1080/01490400802165156
https://doi.org/10.1080/01490400802165156
https://doi.org/10.1023/A:1021883830847
https://doi.org/10.1080/01490400.2017.1376017
https://doi.org/10.1123/jpah.5.4.516


Hartman, C. L., Barcelona, R. J., Trauntvein, N. E., & Hall, S. L. (2020). Well-being and leisure-
time physical activity psychosocial factors predict physical activity among university students.
Leisure Studies, 39(1), 156–164. https://doi.org/10.1080/02614367.2019.1670722

Havitz, M. E., Kaczynski, A. T., & Mannell, R. C. (2013). Exploring relationships between phys-
ical activity, leisure involvement, self-efficacy, and motivation via participant segmentation.
Leisure Sciences, 35(1), 45–62. https://doi.org/10.1080/01490400.2013.739890

Hill, P. L., Turiano, N. A., Mroczek, D. K., & Roberts, B. W. (2012). Examining concurrent and
longitudinal relations between personality traits and social well-being in adulthood. Social
Psychological and Personality Science, 3(6), 698–705. https://doi.org/10.1177/1948550611433888

Holstila, A., M€anty, M., Rahkonen, O., Lahelma, E., & Lahti, J. (2017). Statutory retirement and
changes in self-reported leisure-time physical activity: A follow-up study with three time-
points. BMC Public Health, 17(1), 528. https://doi.org/10.1186/s12889-017-4455-9

Hood, C. D., & Carruthers, C. P. (2007). Enhancing Leisure Experience and Developing
Resources: The Leisure and Well-Being Model Part II. Therapeutic Recreation Journal, 41(4),
298.

Huta, V., & Waterman, A. S. (2014). Eudaimonia and its distinction from hedonia: Developing a
classification and terminology for understanding conceptual and operational definitions.
Journal of Happiness Studies, 15(6), 1425–1456. https://doi.org/10.1007/s10902-013-9485-0

Iwasaki, Y. (2007). Leisure and quality of life in an international and multicultural context: What
are major pathways linking leisure to quality of life? Social Indicators Research, 82(2), 233–264.
https://doi.org/10.1007/s11205-006-9032-z

Iwasaki, Y. (2008). Pathways to meaning-making through leisure-like pursuits in global contexts.
Journal of Leisure Research, 40(2), 231–249. https://doi.org/10.1080/00222216.2008.11950139

Katona, I., & Freund, T. F. (2008). Endocannabinoid signaling as a synaptic circuit breaker in
neurological disease. Nature Medicine, 14(9), 923–930. https://doi.org/10.1038/nm.f.1869

Kek€al€ainen, T., Freund, A. M., Sipil€a, S., & Kokko, K. (2020). Cross-sectional and longitudinal
associations between leisure time physical activity, mental well-being and subjective health in
middle adulthood. Applied Research in Quality of Life, 15, 1099–1116.

Kern, M. L., Reynolds, C. A., & Friedman, H. S. (2010). Predictors of physical activity patterns
across adulthood: A growth curve analysis. Personality and Social Psychology Bulletin, 36(8),
1058–1072. https://doi.org/10.1177/0146167210374834

Keyes, C. L. M. (1998). Social well-being. Social Psychology Quarterly, 61(2), 121–140. https://doi.
org/10.2307/2787065

Keyes, C. L. M., Shmotkin, D., & Ryff, C. D. (2002). Optimizing well-being: The empirical
encounter of two traditions. Journal of Personality and Social Psychology, 82(6), 1007–1022.
https://doi.org/10.1037/0022-3514.82.6.1007

Kimiecik, J. (2016). The Eudaimonics of health: Exploring the promise of positive well-being and
healthier living. In J. Vittersø (Ed.), Handbook of eudaimonic well-being (pp. 349–370).
Springer.

Kline, R. B. (2016). Methodology in the social sciences. Principles and practice of structural equa-
tion modeling (4th ed.). Guilford Press.

Kono, S., Kim, J., Gui, J., & McDaniel, J. T. (2018). Social-demographic correlates of leisure-time
physical activities: A secondary data analysis of a large-scale survey in the US. International
Journal of the Sociology of Leisure, 1(3), 261–282. https://doi.org/10.1007/s41978-018-0018-6

Ku, P. W., Fox, K. R., & Chen, L. J. (2016). Leisure-time physical activity, sedentary behaviors
and subjective well-being in older adults: An eight-year longitudinal research. Social Indicators
Research, 127(3), 1349–1361. https://doi.org/10.1007/s11205-015-1005-7

Kuykendall, L., Tay, L., & Ng, V. (2015). Leisure engagement and subjective well-being: A meta-
analysis. Psychological Bulletin, 141(2), 364–403. https://doi.org/10.1037/a0038508

Lamers, S. M., Westerhof, G. J., Kov�acs, V., & Bohlmeijer, E. T. (2012). Differential relationships
in the association of the Big Five personality traits with positive mental health and psychopath-
ology. Journal of Research in Personality, 46(5), 517–524. https://doi.org/10.1016/j.jrp.2012.05.
012

JOURNAL OF LEISURE RESEARCH 577

https://doi.org/10.1080/02614367.2019.1670722
https://doi.org/10.1080/01490400.2013.739890
https://doi.org/10.1177/1948550611433888
https://doi.org/10.1186/s12889-017-4455-9
https://doi.org/10.1007/s10902-013-9485-0
https://doi.org/10.1007/s11205-006-9032-z
https://doi.org/10.1080/00222216.2008.11950139
https://doi.org/10.1038/nm.f.1869
https://doi.org/10.1177/0146167210374834
https://doi.org/10.2307/2787065
https://doi.org/10.2307/2787065
https://doi.org/10.1037/0022-3514.82.6.1007
https://doi.org/10.1007/s41978-018-0018-6
https://doi.org/10.1007/s11205-015-1005-7
https://doi.org/10.1037/a0038508
https://doi.org/10.1016/j.jrp.2012.05.012
https://doi.org/10.1016/j.jrp.2012.05.012


Lee, C., Payne, L. L., & Berdychevsky, L. (2020). The roles of leisure attitudes and self-efficacy on
attitudes toward retirement among retirees: A sense of Coherence Theory approach. Leisure
Sciences, 42(2), 152–169.

Li, W. D., Fay, D., Frese, M., Harms, P. D., & Gao, X. Y. (2014). Reciprocal relationship between
proactive personality and work characteristics: A latent change score approach. The Journal of
Applied Psychology, 99(5), 948–965. https://doi.org/10.1037/a0036169

Lloyd, K., & Little, D. E. (2010). Self-determination theory as a framework for understanding
women’s psychological well-being outcomes from leisure-time physical activity. Leisure
Sciences, 32(4), 369–385. https://doi.org/10.1080/01490400.2010.488603

Lotan, M., Merrick, J., & Carmeli, E. (2005). Managing scoliosis in a young child with Rett syn-
drome: A case study. The Scientific World Journal, 5, 264–273. https://doi.org/10.1100/tsw.
2005.33

Mack, D. E., Wilson, P. M., Gunnell, K. E., Gilchrist, J. D., Kowalski, K. C., & Crocker, P. R.
(2012). Health-enhancing physical activity: Associations with markers of well-being. Applied
Psychology: Health and Well-Being, 4(2), 127–150. https://doi.org/10.1111/j.1758-0854.2012.
01065.x

McAuley, E., Blissmer, B., Marquez, D. X., Jerome, G. J., Kramer, A. F., & Katula, J. (2000).
Social relations, physical activity, and well-being in older adults. Preventive Medicine, 31(5),
608–617. https://doi.org/10.1006/pmed.2000.0740

Mikkelsen, S. S., Tolstrup, J. S., Flachs, E. M., Mortensen, E. L., Schnohr, P., & Flensborg-
Madsen, T. (2010). A cohort study of leisure time physical activity and depression. Preventive
Medicine, 51(6), 471–475. https://doi.org/10.1016/j.ypmed.2010.09.008

Oishi, S., Schimmack, U., & Diener, E. (2001). Pleasures and subjective well-being. European
Journal of Personality, 15(2), 153–167. https://doi.org/10.1002/per.406

Ozer, D. J., & Benet-Martinez, V. (2006). Personality and the prediction of consequential out-
comes. Annual Review of Psychology, 57, 401–421. https://doi.org/10.1146/annurev.psych.57.
102904.190127

Radler, B. T., & Ryff, C. D. (2010). Who participates? Accounting for longitudinal retention in
the MIDUS national study of health and well-being. Journal of Aging and Health, 22(3),
307–331. https://doi.org/10.1177/0898264309358617

Raichlen, D. A., Foster, A. D., Seillier, A., Giuffrida, A., & Gerdeman, G. L. (2013). Exercise-
induced endocannabinoid signaling is modulated by intensity. European Journal of Applied
Physiology, 113(4), 869–875. https://doi.org/10.1007/s00421-012-2495-5

Rhodes, R. E., & Boudreau, P. (2017). Physical activity and personality traits. In Oxford
Research Encyclopedia of Psychology. https://oxfordre.com/psychology/view/10.1093/acrefore/
9780190236557.001.0001/acrefore-9780190236557-e-210

Rhodes, R. E., & Pfaeffli, L. A. (2012). Personality and physical activity. In E. O. Acevedo (Ed.),
The Oxford Handbook of Exercise Psychology (pp. 195–223). Oxford University Press.

Rhodes, R. E., & Smith, N. E. I. (2006). Personality correlates of physical activity: a review and
meta-analysis. British Journal of Sports Medicine, 40(12), 958–965. https://doi.org/10.1136/bjsm.
2006.028860

Rhodes, R. E., Courneya, K. S., Blanchard, C. M., & Plotnikoff, R. C. (2007). Prediction of leis-
ure-time walking: an integration of social cognitive, perceived environmental, and personality
factors. The International Journal of Behavioral Nutrition and Physical Activity, 4(1), 51.
https://doi.org/10.1186/1479-5868-4-51

Royston, P., & White, I. R. (2011). Multiple imputation by chained equations (MICE): implemen-
tation in Stata. Journal of Statistical Software, 45(4), 1–20. https://doi.org/10.18637/jss.v045.i04

Ryan, R. M., & Deci, E. L. (2001). On happiness and human potentials: A review of research on
hedonic and eudaimonic well-being. Annual Review of Psychology, 52(1), 141–166. https://doi.
org/10.1146/annurev.psych.52.1.141

Ryan, R. M., Huta, V., & Deci, E. L. (2008). Living well: A self-determination theory perspective
on eudaimonia. Journal of Happiness Studies, 9(1), 139–170. https://doi.org/10.1007/s10902-
006-9023-4

578 C. KIM ET AL.

https://doi.org/10.1037/a0036169
https://doi.org/10.1080/01490400.2010.488603
https://doi.org/10.1100/tsw.2005.33
https://doi.org/10.1100/tsw.2005.33
https://doi.org/10.1111/j.1758-0854.2012.01065.x
https://doi.org/10.1111/j.1758-0854.2012.01065.x
https://doi.org/10.1006/pmed.2000.0740
https://doi.org/10.1016/j.ypmed.2010.09.008
https://doi.org/10.1002/per.406
https://doi.org/10.1146/annurev.psych.57.102904.190127
https://doi.org/10.1146/annurev.psych.57.102904.190127
https://doi.org/10.1177/0898264309358617
https://doi.org/10.1007/s00421-012-2495-5
https://oxfordre.com/psychology/view/10.1093/acrefore/9780190236557.001.0001/acrefore-9780190236557-e-210
https://oxfordre.com/psychology/view/10.1093/acrefore/9780190236557.001.0001/acrefore-9780190236557-e-210
https://doi.org/10.1136/bjsm.2006.028860
https://doi.org/10.1136/bjsm.2006.028860
https://doi.org/10.1186/1479-5868-4-51
https://doi.org/10.18637/jss.v045.i04
https://doi.org/10.1146/annurev.psych.52.1.141
https://doi.org/10.1146/annurev.psych.52.1.141
https://doi.org/10.1007/s10902-006-9023-4
https://doi.org/10.1007/s10902-006-9023-4


Ryan, R. M., Williams, G. C., Patrick, H., & Deci, E. L. (2009). Self-determination theory and
physical activity: The dynamics of motivation in development and wellness. Hellenic Journal of
Psychology, 6(2), 107–124.

Ryff, C. D., & Keyes, C. L. M. (1995). The structure of psychological well-being revisited. Journal
of Personality and Social Psychology, 69(4), 719–727. https://doi.org/10.1037//0022-3514.69.4.
719

Ryff, C. D., & Singer, B. H. (2000). Interpersonal flourishing: A positive health agenda for the
new millennium. Personality and Social Psychology Review, 4(1), 30–44. https://doi.org/10.1207/
S15327957PSPR0401_4

Ryff, C. D., & Singer, B. H. (2008). Know thyself and become what you are: A eudaimonic
approach to psychological well-being. Journal of Happiness Studies, 9(1), 13–39. https://doi.org/
10.1007/s10902-006-9019-0

Sato, M., Jordan, J. S., Funk, D. C., & Sachs, M. L. (2018). Running involvement and life satisfac-
tion: The role of personality. Journal of Leisure Research, 49(1), 28–45. https://doi.org/10.1080/
00222216.2018.1425051

Saunders, C., Huta, V., & Sweet, S. N. (2018). Physical Activity, well-being, and the basic psycho-
logical needs: Adopting the SDT model of eudaimonia in a post-cardiac rehabilitation sample.
Applied Psychology: Health and Well-Being, 10(3), 347–367.

Schmutte, P. S., & Ryff, C. D. (1997). Personality and well-being: Reexamining methods and
meanings. Journal of Personality and Social Psychology, 73(3), 549–559. https://doi.org/10.
1037//0022-3514.73.3.549

Stathi, A., Fox, K. R., & McKenna, J. (2002). Physical activity and dimensions of subjective well-
being in older adults. Journal of Aging and Physical Activity, 10(1), 76–92. https://doi.org/10.
1123/japa.10.1.76

Stebbins, R. A. (2008). Right leisure: Serious, casual, or project-based?. NeuroRehabilitation,
23(4), 335–341.

Steger, M. F., Kashdan, T. B., & Oishi, S. (2008). Being good by doing good: Daily eudaimonic
activity and well-being. Journal of Research in Personality, 42(1), 22–42. https://doi.org/10.
1016/j.jrp.2007.03.004

Steinmo, S., Hagger-Johnson, G., & Shahab, L. (2014). Bidirectional association between mental
health and physical activity in older adults: Whitehall II prospective cohort study. Preventive
Medicine, 66, 74–79. https://doi.org/10.1016/j.ypmed.2014.06.005

Sterne, J. A. C., White, I. R., Carlin, J. B., Spratt, M., Royston, P., Kenward, M. G., Wood, A. M.,
& Carpenter, J. R. (2009). Multiple imputation for missing data in epidemiological and clinical
research: Potential and pitfalls. BMJ (Clinical Research ed.), 338, b2393. https://doi.org/10.1136/
bmj.b2393

Sylvester, B. D., Mack, D. E., Busseri, M. A., Wilson, P. M., & Beauchamp, M. R. (2012). Health-
enhancing physical activity, psychological needs satisfaction, and well-being: Is it how often,
how long, or how much effort that matters? Mental Health and Physical Activity, 5(2),
141–147. https://doi.org/10.1016/j.mhpa.2012.10.004

Tinsley, H. E., & Eldredge, B. D. (1995). Psychological benefits of leisure participation: A tax-
onomy of leisure activities based on their need-gratifying properties. Journal of Counseling
Psychology, 42(2), 123–132. https://doi.org/10.1037/0022-0167.42.2.123

U.S. Department of Health and Human Services. (2008). 2008 Physical activity guidelines for
Americans. http://www.health.gov/paguidelines.

VanKim, N. A., & Nelson, T. F. (2013). Vigorous physical activity, mental health, perceived
stress, and socializing among college students. American Journal of Health Promotion, 28(1),
7–15. https://doi.org/10.4278/ajhp.111101-QUAN-395

Wankel, L. M., & Berger, B. G. (1990). The psychological and social benefits of sport and physical
activity. Journal of Leisure Research, 22(2), 167–182. https://doi.org/10.1080/00222216.1990.
11969823

Wiese, C. W., Kuykendall, L., & Tay, L. (2018). Get active? A meta-analysis of leisure-time phys-
ical activity and subjective well-being. The Journal of Positive Psychology, 13(1), 57–66. https://
doi.org/10.1080/17439760.2017.1374436

JOURNAL OF LEISURE RESEARCH 579

https://doi.org/10.1037//0022-3514.69.4.719
https://doi.org/10.1037//0022-3514.69.4.719
https://doi.org/10.1207/S15327957PSPR0401_4
https://doi.org/10.1207/S15327957PSPR0401_4
https://doi.org/10.1007/s10902-006-9019-0
https://doi.org/10.1007/s10902-006-9019-0
https://doi.org/10.1080/00222216.2018.1425051
https://doi.org/10.1080/00222216.2018.1425051
https://doi.org/10.1037//0022-3514.73.3.549
https://doi.org/10.1037//0022-3514.73.3.549
https://doi.org/10.1123/japa.10.1.76
https://doi.org/10.1123/japa.10.1.76
https://doi.org/10.1016/j.jrp.2007.03.004
https://doi.org/10.1016/j.jrp.2007.03.004
https://doi.org/10.1016/j.ypmed.2014.06.005
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1016/j.mhpa.2012.10.004
https://doi.org/10.1037/0022-0167.42.2.123
http://www.health.gov/paguidelines
https://doi.org/10.4278/ajhp.111101-QUAN-395
https://doi.org/10.1080/00222216.1990.11969823
https://doi.org/10.1080/00222216.1990.11969823
https://doi.org/10.1080/17439760.2017.1374436
https://doi.org/10.1080/17439760.2017.1374436


Wilson, K. E., & Dishman, R. K. (2015). Personality and physical activity: A systematic review
and meta-analysis. Personality and Individual Differences, 72, 230–242. https://doi.org/10.1016/
j.paid.2014.08.023

Zuo, S., Wang, S., Wang, F., & Shi, X. (2017). The behavioural paths to wellbeing: An exploratory
study to distinguish between hedonic and eudaimonic wellbeing from an activity perspective.
Journal of Pacific Rim Psychology, 11(e2), 1–13. https://doi.org/10.1017/prp.2017.1

580 C. KIM ET AL.

https://doi.org/10.1016/j.paid.2014.08.023
https://doi.org/10.1016/j.paid.2014.08.023
https://doi.org/10.1017/prp.2017.1

	Abstract
	Literature review
	Eudaimonic well-being theory
	LTPA and eudaimonic well-being
	Intensity of LTPA and eudaimonic well-being
	Personality, LTPA, and eudaimonic well-being

	Methods
	Data collection

	Measures
	LTPA
	Well-being
	Personality traits
	Control variables

	Statistical analysis
	Preliminary analyses
	Latent growth curve modeling (LGCM)

	Results
	Univariate LGCM
	Conditional parallel LGCM
	Model 1. moderate–vigorous LTPA and psychological well-being
	Model 2: moderate–vigorous LTPA and social well-being


	Discussion
	Limitations and future directions
	References


