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Introduction

The progressively aging population and
the corresponding rise in chronic illness
in high income nations is widely ac-
cepted as a public health challenge (Tun-
stall-Pedoe, 2006). As people live longer
it is crucial to ensure successful aging,
thus, ensuring that the additional years
are worth living (Heo, Culp, Yamada, &
Won, 2013). This aim is consistent with
the motto of the Gerontological Society
of America, “Adding life to years, not
just more years to life” Maintaining the
best possible well-being is one crucial
part of successful aging in the face of
age-related changes in the body (Baltes
& Baltes, 1990). Although there is no
generally applicable definition of well-
being, it is commonly accepted that it
is a multidimensional construct includ-
ing hedonic (pleasure: e.g., positive af-
fect and satisfaction with life) and eu-
daimonic (control, autonomy, meaning
in life, and self-realization) dimensions
(Urry et al., 2004). Therefore, well-being
includes factors that do not simply reflect
theabsence ofdistress, but rather involves
the cognitive and affective evaluation of
life, and encompasses dimensions such as
psychological, physical, and social well-
being (Ku, Fox, & McKenna, 2008). Well-
being is also defined as one dimension of
general quality of life, which further in-
volves domains such as functional ability,
socioeconomic status, intellectual activ-
ity, cultural and ethical values, religios-
ity, health, living environment, and daily
activities (Vagetti et al., 2014). The psy-
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chological domain of well-being, as the
dimension of well-being we will focus on
in this systematic review, again encom-
passes constructs such as life satisfaction,
positive affect, and happiness (Diener,
2009; McAuley & Morris, 2007; Rejeski
& Mihalko, 2001; Ryffet al., 2006; Vagetti
et al., 2014).

Aging is accompanied by several
physical changes, which can result in
functional limitations, disability, and de-
creasing levels of independence. This in
turn might be associated with decreases
in psychological well-being (PWB) in
older subjects because physical and PWB
are interrelated throughout life (Han &
Shibusawa, 2015; Rejeski & Mihalko,
2001; Verbrugge & Jette, 1994). Further-
more, some studies indicate that a high
PWB may act as a protective factor
against frailty. For instance, an investi-
gation with 1558 initially non-frail older
adults demonstrated that a high PWB
(measured by positive affect) was signif-
icantly associated with a lower risk of
frailty (Ostir, Ottenbacher, & Markides,
2004). Gale, Cooper, Deary, and Sayer
(2014) confirmed these results by reveal-
ing that high PWB at the age of 60+ may
be a protective factor against becoming
frail over a 4-year follow-up period (Gale
et al., 2014). Further, a literature review
by Nordbakke and Schwanen (2013) re-
inforces the possible association between
greater PWB in older age (irrespective
of hedonic or eudaimonic view of well-
being) and a lower risk of developing
problems with mobility and other activ-
ities of daily living. In addition, among
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subjects who were already frail, a higher
PWB was associated with less adverse
health outcomes (like nursing home
placement or death) (Bilotta et al., 2010;
Bilotta et al., 2011).

Even though PWB may decline with
increasing age, due to an enhanced risk of
dependence as consequences of physical
limitations, increased age is not univer-
sally accompanied by declines in PWB. In
this vein, the German Socio-Economic
Panel demonstrated that satisfaction with
life is a quite stable construct across the
adult lifespan; it may even become more
stable in older adulthood (Kunzmann,
Little, & Smith, 2000; Schiiz, Wurm,
Warner, & Tesch-Romer, 2009).

Various behavioral, demographic,
and personal factors have been associ-
ated with maintaining PWB into older
adulthood. In addition to other factors,
physical activity (PA) seems to be one
important lifestyle factor for promoting
PWB (Netz, Wu, Becker, & Tenenbaum,
2005). Most studies proving this positive
association between PA and PWB are
cross-sectional or intervention studies.
Several literature reviews and meta-anal-
yses of these respective studies have been
published (e.g., Mavrovouniotis, Argiri-
adou, & Papaioannou, 2010; McAuley &
Morris, 2007; Netz et al., 2005; Rejeski
& Mihalko, 2001; Spirduso & Cronin,
2001). However, cross-sectional studies
are unable to establish a long-term asso-
ciation between PA and PWB, or to shed
light on causality (Ku, Fox, Liao, Sun, &
Chen, 2016b). Intervention studies often
suffer from quality issues (Pasco et al,,
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2011), such as methods of randomiza-
tion and blinding, possible differences
between groups in important charac-
teristics at baseline, and participants’
compliance and dropout rates. Further,
intervention studies increase a certain
behavior for a short time, whereas the
long-range effects or the maintenance
of gains after stopping the interven-
tion remain unclear (Solberg, Halvari,
Ommundsen, & Hopkins, 2014). Lon-
gitudinal or (prospective/retrospective)
cohort studies examining this research
question across years have the advantage
of providing important insights into the
effect of PA in real-life settings, as they
collect data over long periods of time
using observational methods that do
not manipulate the state of the world.
This ensures a high level of validity
because data acquisition occurs under
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abstracts
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physical domain of well-

being

2 references included

younger age groups

However, this
type of study is also associated with
some limitations. These can be cohort
effects, high dropout rates, test-retest
effects, and the inability to always clearly
identify what is a predictor and what
a dependent variable because both might
change synchronously. There is currently
no systematic review that summarizes
the results of longitudinal studies inves-
tigating the effect of PA on PWB in older
adults. One literature review conducted
by Spirduso and Cronin (2001) included
cross-sectional, interventional, and lon-
gitudinal studies and concluded that
cross-sectional and large-scale prospec-
tive studies demonstrated that older
adults who are more physically active
report higher levels of psychological and
physical well-being, whereas evidence
from intervention studies was mixed.

real-world conditions.
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However, this article focused mainly
on the association between PA levels
and the physical domains of well-being.
Hence, our aim was to update and sum-
marize the results of longitudinal studies
investigating the relationship between
PA and psychological domains of well-
being. Furthermore, we discuss possible
psychological moderators and media-
tors of this relationship. Previous studies
indicated that self-efficacy, self-esteem,
and affect (here affect was regarded as
a separate variable that may influence
the association between PA and PWB)
seem to be crucial variables, which might
affect the relationship between PA and
PWB (McAuley & Morris, 2007). Iden-
tifying these modifiable psychological
moderators and mediators is crucial, as
these factors may also be positively influ-
enced by future interventions (McAuley
& Morris, 2007). Disentangling the
PA-wellbeing relationship might help
to develop appropriate approaches to
further investigate this relationship, and
to develop appropriate well-being inter-
ventions.

Methods

This systematic review was written ac-
cording to the Cochrane Handbook
for Systematic Reviews of Interven-
tions (Higgins & Green, 2011). Using
the databases Scopus and PubMed, we
searched the literature for studies that
examined (1) the effect of PA on the
psychological domains of well-being
in a longitudinal design with no focus
on physical domains of well-being and
(2) the potential moderating/mediating
variables of this relationship in older
adults. The search strategy was dis-
cussed with experts in the field of PA
and well-being. The last search up-
date was on August 15th 2017. Each
database was searched individually, but
all searches were done with a consistent
search strategy and search terms. The
search terms were: “physical activity”
OR “fitness” OR “physical fitness” OR
“physical exercise” OR “exercise” OR
“energy expenditure” AND “old* age”
OR “advanced age” OR “old* adults”
OR “elderly” OR “senior*” OR “aging”
OR “ageing” AND “psychological well-



Abstract - Zusammenfassung

being” OR “well-being” OR “satisfac-
tion with life” OR “emotional well-
being” OR “psychological wellbeing” OR
“wellbeing” OR “emotional wellbeing”
AND “*spective” OR “follow-up” OR
“longitudinal” OR “observational”. The
computerized search was completed with
manual searches of reference lists for ad-
ditional studies. The search was limited
to English-language longitudinal stud-
ies. The literature overview conducted
by Spirduso and Cronin (2001) included
studies published until 2000. To reduce
repetition, we included studies from
January 2000 to August 2017. Titles and
abstracts of potentially relevant articles
were read in view of the inclusion cri-
teria. We included longitudinal studies
involving (at least two) repeated observa-
tions of the association between PA and
psychological components of well-being
over periods of at least one year and
that were not conducted with a special
patient group (e.g., persons with Parkin-
son’s disease, depression, or metabolic
syndrome). We focused on healthy older
adults; thus, the participants had to be
260 years of age.

We identified a great diversity in the
applied measuring methods for well-be-
ing and decided to include only stud-
ies on PWB and synonyms as described
above, but not studies on related con-
structs, such as mental health (absence
of mental illness) or quality of life. In
total, we identified twelve longitudinal
studies referring to the inclusion criteria
(see B@Fig. 1). We also included studies
which investigated not only the effect of
PA, but also of other psychological vari-
ables (e.g., optimism) on PWB. However,
we focused mainly on results addressing
the effect of PA on PWB. We refer to
the other psychological variables as mod-
erator/mediator variables if appropriate.
We did not include cognitive or non-
psychological variables. For other “non-
modifiable” variables (e.g., gender), see
covariates in @ Table 1.

Results

Twelve longitudinal studies were in-
cluded in this literature review. The main
characteristics of the included studies are
summarized in @ Table 1. The number
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Abstract

The aim of this systematic review was to
investigate the longitudinal relationship
between physical activity (PA) and the
psychological domains of well-being in older
adults and to identify possible moderators
and mediators of this relationship. Twelve
longitudinal investigations were included in
this review. The results indicate that there
seems to be a positive association between
PA and psychological well-being over time.
Thus PA may be one possible individual
lifestyle factor for the long-term promotion
of psychological well-being in older adults.
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Especially leisure time PA at light intensities
conducted in group settings was identified

to be beneficial for promoting psychological
well-being. Furthermore, longitudinal results
indicated that self-efficacy, self-esteem, affect,
optimism, and pre-interventional motivation
moderated/mediated the relationship
between PA and psychological well-being in
older adults.

Keywords
Physical activity - Psychological well-being -
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langsschnittlicher Studien

Zusammenfassung

Ziel dieses systematischen Reviews war es,
die langsschnittliche Assoziation zwischen
korperlicher Aktivitat und dem psychischen
Wohlbefinden bei dlteren Erwachsenen zu
untersuchen und mdgliche Moderatoren

und Mediatoren dieser Beziehung zu
identifizieren. Zwolf Langsschnittstudien
konnten in das Review einbezogen werden.
Die Ergebnisse deuten darauf hin, dass ein po-
sitiver Zusammenhang zwischen korperlicher
Aktivitat und dem psychischen Wohlbefinden
Uber die Zeit besteht. Somit kann korperliche
Aktivitat als ein potenzieller individueller
Lebensstilfaktor fur die langfristige Férderung
des psychischen Wohlbefindens bei élteren
Erwachsenen angesehen werden. Es scheint,

Der Effekt korperlicher Aktivitat auf das psychische Wohlbefinden
bei dlteren Erwachsenen - ein systematisches Review

dass sich vor allem Freizeitaktivitaten mit
niedriger Intensitét, die in Gruppen durch-
gefiihrt werden, positiv auf das psychische
Wohlbefinden auswirken. Des Weiteren
zeigen die léngsschnittlichen Ergebnisse,
dass Selbstwirksamkeit, Selbstwertgefiihl,
Affekt, Optimismus und die Motivation vor
Interventionsbeginn einen Einfluss auf die
Beziehung zwischen kérperlicher Aktivitat
und psychologischem Wohlbefinden bei
dlteren Personen haben.

Schliisselworter

Korperliche Aktivitat - Psychologisches Wohl-
befinden - Lebensqualitét - Léngsschnittliche
Assoziation

of participants ranged between 62 and
9986. The total number of subjects was
21,611 and their age was between 60 and
93 years. The observation period was
between one and eleven years. Measures
for PA were the Physical Activity Scale
for the Elderly (PASE), the Short Phys-
ical Activity Questionnaire, the Godin
Leisure-Time Exercise Questionnaire
and (presumably) self-developed ques-
tions about the frequency and intensity
of PA with no literature reference. Mea-
sures for PWB were the Satisfaction with
Life Scale (SWLS), the quality of life
measure CASP-19 (control, autonomy,
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pleasure, self-realization), the Chinese
Aging Profile, the Life Satisfaction In-
dex A (LSIA), the 36-Item Short Form
Survey (SF-36), the Louvain Well-Being
Scale, the positive and negative affect
subscales (PANAS), and a question scale
from the Chinese Longitudinal Health
Longevity Survey.

In the following, we categorized the
included studies based on their research
questions. First, we summarized stud-
ies which focus on the longitudinal as-
sociation between PA level (at baseline
or over time) and PWB (at follow-up)
in general. Then, we presented results
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Review

on the effect of different PA categories,
types, and intensities on distinct well-
being domains. Further, we reported on
possible mediators/moderators of this as-
sociation. Subsequently we discussed the
methodological quality of the included
studies.

Relationship between physical
activity and psychological well-
being

O Table 1 shows the differences in study
protocols and outcomes. Overall, ten
of the twelve studies revealed a posi-
tive association between PA and PWB
over time (Elavsky et al., 2005; Han &
Shibusawa, 2015; Kahana et al.,, 2002;
Ku, Fox, Chang, Sun, & Chen, 2014; Ku,
Fox, & Chen, 2016a; Ku et al., 2016b;
Lee & Russell, 2003; Solberg et al., 2014;
van Hoecke, Delecluse, Bogaerts, &
Boen, 2014a, b). One study found no
relationship (Olson, Fanning, Awick,
Chung, & McAuley, 2014), and another
study discussed a reversed causality in
the relationship between PA and PWB
(Kim, Kubzansky, Soo, & Boehm, 2016a),
meaning that not PA led to enhance-
ments in PWB, but higher levels of well-
being led to enhanced levels of PA. Fur-
ther, the studies analyzed different facets
of the PA-PWB association: Six of the
twelve studies assessed the prospective
association of PA with PWB (Elavsky
et al,, 2005; Lee & Russell, 2003; Olson
et al,, 2014; Solberg et al, 2014; van
Hoecke et al., 2014a, b), five studies the
synchronous change of PA and PWB
(Han & Shibusawa, 2015; Kahana et al.,
2002; Ku et al, 2014, 2016a, b), and
one study the prospective association of
PWB with PA (Kim et al.,, 2016a).

In their prospective studies with con-
siderably large samples (N=123-6472),
Elavsky et al. (2005), Lee and Russell
(2003) and van Hoecke et al. (2014a, b)
demonstrated that participants who
are more physically active during the
observation periods reached higher
PWB scores over time. Similarly, van
Hoecke and coworkers (van Hoecke
et al., 2014a, b) found that increases in
PA were associated with improvements
in well-being at the one-year follow-
up. However, at the two-year follow-

up, levels of well-being were decreased
or were even lower than baseline levels
(van Hoecke et al., 2014a, b).

Furthermore, Lee and Russell (2003)
defined longitudinal transition categories
for PA and discussed their association
with PWB. That is, participants who
changed from some PA at baseline to
none after the 3-year study period gener-
ally showed changes in emotional well-
being that were more negative than
those who had always been sedentary.
In addition, those who increased or
maintained their PA level showed sig-
nificant improvements in PWB. Olson
et al. (2014) identified three different
well-being growth patterns over time:
(1.) PWB was high and declined over
time; (2.) PWB was low and remained
low; (3.) PWB was high and remained
high. Analyses revealed that PA, self-
efficacy, and functional limitations were
not associated with these patterns, but
optimism was. In all examinations re-
ported in this review so far, PA and
PWB may have changed synchronously
during the observation periods, thus,
identifying which was the predicting
variable could not always be clarified.
In contrast, in the studies conducted by
Han and Shibusawa (2015) and Kahana
et al. (2002), baseline PA was used as the
predictor for PWB at follow-up. Similar
to growth pattern (1.; defined by Olson
et al,, 2014), both studies reported that,
in general, participants’ PWB decreased
over time. However, a high PA level at
baseline was associated with higher well-
being scores at follow-up.

Interestingly, E. S. Kim et al. (2016a)
discarded the typically observed associa-
tion between PA and PWB, and demon-
strated that a higher PWB at baseline was
associated with a higher median PA level
over a period of 11 years in a large sample
0f 9986 older subjects. Further, an evalu-
ation of two separate time-to-event anal-
yses indicated that higher baseline well-
being led to a better likelihood of chang-
ing PA behavior, regardless of whether
subjects were physically active or inac-
tive at baseline. The authors assumed
that a high PWB might serve as a health
asset by enhancing the likelihood of in-
dividuals meeting recommended levels
of PA.
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Types of activities and exercise,
and exercise intensities

Ku et al. (2014) investigated the associ-
ation of distinct categories (leisure-time,
domestic, work-related) of PA with sev-
eral dimensions of well-being. Their re-
sultsrevealed thatleisure-time PA atbase-
line was positively associated with sev-
eral dimensions of well-being (psycho-
logical, physical, independence, learn-
ing and growth, social) three years later.
Whereas, household PA was associated
only with the ‘social’ well-being dimen-
sion. No associations were evident for
occupational PA. In a subsequent study
Ku et al. (2016a) examined not only the
influence of self-reported leisure-time PA
(walking, group exercise, solitary exer-
cise, and gardening), but also the effect
of self-reported sedentary leisure-time
activities (watching TV, social chatting,
reading, listening to radio, and playing
chess/cards) on PWB. Longitudinal re-
sults revealed that older subjects who re-
ported spending more time with the fol-
lowing leisure-time activities were signif-
icantly more likely to exhibit higher PWB
scores as they aged: walking, gardening,
group exercise (PA activities); watching
TV, social chatting, and reading (seden-
tary activities; Ku et al., 2016a).

The studies presented above asked for
the total amount of PA or for distinct
categories (leisure-time, domestic, work-
related) of PA, but not for the exercise
intensity. Only Ku et al. (2016b) ex-
amined whether the association between
objectively assessed PA (accelerometer)
and subjective well-being depended on
the exercise intensities (light PA, mod-
erate-to-vigorous PA, sedentary time).
Older subjects conducting higher levels
of moderate-to-vigorous PA at baseline,
regardless of current level of well-being,
were more likely to have enhanced levels
of general, physical, and independence
well-being at the 18-month follow-up. In
contrast, those engaging in higher lev-
els of light PA were also more likely to
experience higher levels of subsequent
psychological, learning and growth, and
social well-being.

In addition, some studies discussed
types of exercise (aerobic exercise,
strength training, and coordinative train-



ing) with ambiguousresults. Solbergetal.
(2014) investigated the effects of three
types of exercise interventions (strength,
functional, or endurance training) on
PWB and PA across one year after exer-
cise cessation. Beneficial exercise effects
on PWB were found for all interven-
tion groups four months after exercise
cessation. However, one year after the
completion of the trial, PA levels de-
creased to baseline levels and most of
the improvements in PWB induced by
the activities disappeared. Only en-
durance training still seemed to have
small beneficial effects on the indices of
PWB one year after the intervention.

Possible psychological
moderating/mediating variables

Identifying potential psychological vari-
ables that can be targeted by tailored
interventions and that influence the
association between PA and psycholog-
ical well-being is crucial. Three studies
provided information about possible
psychological moderators and media-
tors, namely pre-interventional motiva-
tion (Solberg et al., 2014), optimism/
pessimism (Olson et al., 2014), physi-
cal self-esteem, self-efficacy, and affect
(Elavsky et al., 2005). Pre-intervention
motivation for exercise influenced the
intervention effects in well-being. That
is, at follow-up, intrinsically motivated
individuals maintained their improve-
ments in PWB and increased their level
of PA in comparison to those reported
to be extrinsically motivated (Solberg
et al., 2014). Further, optimism and
pessimism seem to be significant con-
tributors to high PWB over time (Olson
et al., 2014). As PA has been shown
to have a positive effect on optimism
(e.g., J. Kim et al., 2016b), optimism can
be assumed to be a mediating variable
between PA and PWB. Divergently from
our definition of PWB, which includes
affect (see introduction), Elavsky and
colleagues (2005) defined affect as a sep-
arate variable, which might mediate the
relationship between PA and PWB. They
found that a higher level of PA over time
led to improvements in self-esteem and
affect. The enhancement of affect was,
in turn, associated with increases in life-

satisfaction over time (Elavsky et al,
2005).

Quality of the included studies

We evaluated the quality of the included
studies by using a modified version of
the Newcastle-Ottawa Scale (Wells et al.,
2014). The representativeness of the ob-
served subjects, the observation period,
the assessment methods for PA and PWB,
the included covariates, and the dropout
rates were examined (for an overview see
O Table 1).

The representativeness of studies
which recruited a non-representative
sample via (local) media (e.g., news-
papers) or from local retirement com-
munities was regarded as poor; whereas
samples recruited within a representative
national longitudinal study and used for
analysis on PA and subjective well-being
were regarded as fair. Subsequently, the
representativeness of the studies in this
review was as follows: six were poor
(Elavsky et al., 2005; Kahana et al., 2002;
Olson et al.,, 2014; Solberg et al., 2014;
van Hoecke et al., 2014a, b), four were
fair (Han & Shibusawa, 2015; Kim et al.,
2016a; Ku et al.,, 2016a; Lee & Russell,
2003), and the representativeness of two
was unclear due to insufficient informa-
tion (Ku et al,, 2014, 2016b). Although
different methods were applied to assess
PA and PWB, all studies used valid,
reliable, and accepted methods. Only
Kahana et al. (2002) used (presumably
self-developed) questions about having
goals and meaning in life (in addition
to the positive and negative affect scale
[PANAS]) with no information about
validity or reliability. Most studies also
applied well-established instruments
with adequate reliability and validity
scores to assess PA. Namely, the Physi-
cal Activity Scale for the Elderly (PASE;
Elavsky et al., 2005; Ku et al., 2014; Olson
et al., 2014), the Short Physical Activ-
ity Questionnaire (Kim et al., 2016a),
Godin Leisure-Time Exercise Question-
naire (van Hoecke et al., 2014a, b) or
summary scores while referring to previ-
ous studies using comparable scores (Lee
& Russell, 2003; Solberg et al., 2014).
Only three studies (Han and Shibusawa,
2015; Kahana et al, 2002; Ku et al,
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2016a) did not provide a reference for
their instruments of measuring PA level.
Using questionnaires without informa-
tion about validity or reliability leads to
a diminished extent of generalization.
Ku et al. (2016b) and van Hoecke et al.
(2014b) used objective measures, such
as triaxial accelerometer monitors or
pedometers, to assess PA.

Furthermore, the included studies
conducted thorough examinations of
possible covariates that might influ-
ence the relationship between PA and
PWB. All studies, except Solberg et al.
(2014), who controlled for PA at base-
line only, controlled for relevant socio-
demographic variables like gender, age,
and education. As typical for longitudi-
nal samples in aging research (Markides,
Dickson, & Pappas, 1982), dropout rates
due to illness and death were quite high
(up to 88%). Only Ku et al. (2016b)
had a very low dropout rate (4%). Such
great differences in the dropout rates
might be explained by different follow-
up periods (1-9 years). Even though
longer observation periods provide more
profound information about the rela-
tionship between PA and PWB, they are
also associated with higher dropout rates
(e.g., Han & Shibusawa, 2015: follow-
up after 7 years, dropout rate: 88%; Ku
et al. (2016): follow-up after 18 months,
dropout rate: 4%).

Despite the different characteristics
and methods used in the included stud-
ies, ten out of twelve studies revealed
a positive association between PA and
PWB. Thus, the differences in methodol-
ogy seems to have only minor influences
on the results.

Discussion

The aim of this review was to inves-
tigate the longitudinal relationship be-
tween physical activity and the psycho-
logical domains of well-being, and to
identify possible moderators and media-
tors of this relationship. We found eleven
longitudinal studies proving a longitudi-
nalassociationbetween PA and PWB, and
one that did not. Four of the included
studies further investigated the effect of
different PA categories, types, and inten-
sities on distinct well-being domains (Ku
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et al., 2014, 2016a, 2016b; Solberg et al.,
2014). Three studies provided informa-
tion about the mediating/moderating ef-
fects of psychological variables (physi-
cal self-esteem, self-efficacy, affect, opti-
mism/pessimism, and pre-intervention
motivation) on the association between
PA and PWB (Elavsky et al., 2005; Ol-
son et al., 2014; Solberg et al., 2014), and
one study found a reverse association be-
tween PA and PWB (Kim et al., 2016a).
In general, the results of the included
studies support the assumption that PA
seems to be a promising lifestyle factor
for the long-term promotion of PWB.
In addition, the results revealed that op-
timism, self-efficacy, self-esteem, affect,
and pre-interventional motivation seem
to be important modifiable psycholog-
ical variables, which moderate/mediate
the relationship between PA and PWB
in older age.

General effect of physical activity
and psychological well-being

As mentioned above, our results confirm
earlier reviews showing that PA appears
to be a promising lifestyle factor for the
long-term promotion of PWB (Rejeski
& Mihalko, 2001; Spirduso & Cronin,
2001). However, due to the synchronous
change of PA and PWB during the obser-
vation periods, and that these two vari-
ables seem to be strongly interrelated, it
is not completely clear which is the pre-
dicting and which the depending vari-
able. Nevertheless, based on previous ev-
idence (e.g., Mavrovouniotis et al., 2010;
Rejeski & Mihalko, 2001), and on the
results that different PA intensities and
categories were associated with changes
in different domains of PWB (Ku et al.,
2014, 2016b), we assume that PA is an
important lifestyle factor which may im-
prove PWB in older adults.

Types of activities and exercise,
and exercise intensities

Our results indicated that leisure time PA
was associated with PWB, but also with
physical and social well-being, indepen-
dence, learning, and growth over time.
Household PA, on the other hand, was
not associated with PWB, but rather only

with social well-being. This result might
be explained by the obligatory character-
istic of domestic and work-related activi-
ties, whereasleisure-time PA isassociated
with enjoyment, diversion from stress,
and social connection. Further, it seems
that activities which include social inter-
action tend to have more positive effects
onPWBinlaterlife than solitary exercises
(Kuetal., 2014; Ku etal., 2016a). Related
to the assumption that social interaction
is a crucial factor for promoting and/or
maintaining PWB, some authors found
that other non-PA leisure activities, such
as watching TV, social chatting, reading,
listening to the radio, and playing chess
or cards had similar effects on PWB as
PA (Ku et al., 2016a). Based on previ-
ous studies (Beard & Ragheb, 1980; Lu,
2011; Ostlund, 2010), Ku et al. (2016) ar-
gued that all activities satisfying aspects
of human needs, such as psychological
(e.g., accessing interesting activities), so-
cial (e.g., getting to know people), educa-
tional (e.g., learning new information),
and recreational (e.g., feeling relaxed or
unwind), are probably associated with
subjective well-being. Similarly, there is
evidence that PWB in older adults is also
modifiable through psychological inter-
ventions (Friedman et al.,, 2017).
Otherwise, there is some evidence for
physiological mechanisms, particularly
related to the PA effect on PWB. PA
has been shown to influence neurotrans-
mitters (e.g., dopamine, norepinephrine,
serotonin, and acetylcholine) in neuronal
circuits, which in turn are responsible
for regulating PWB (Clow & Edmunds,
2014). Thus, it seems that PWB can be
affected by various activities, but that the
underlying mechanisms might differ; PA
seems to be one main instrument. Fol-
lowing this, the exercise intensity seems
to influence whether PA has an effect
on the psychological domain of well-be-
ing in older adults (Ku et al., 2016b).
Interestingly, PWB was only associated
with higher amounts of low intensity PA.
Additionally, low intensity PA was as-
sociated with learning, growth, and so-
cial well-being. Higher extents of mod-
erate-to-vigorous intensity PA, however,
were not associated with the psychologi-
cal domains of well-being, but led to en-
hanced levels of general well-being, phys-
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ical well-being, and independence well-
being. One possible explanation might
be that activities with lower intensities do
not affect the biochemical mechanisms
mentioned above, but might comprise
social and cognitive mechanisms (Buck-
worth & Tomporowski, 2013). Thus, low-
intensity exercise might be particularly
related to psychological and social as-
pects of well-being, whereas activities
with higher intensities influence the neu-
ronal circuits and are therefore especially
associated with the physical domains of
well-being. Whether this is a general-
izable result remains questionable and
needs further research, as exercise in-
tensity was only investigated in one lon-
gitudinal study (Ku et al., 2016b). The
study by Ku et al. (2016b) is also one
of the few which used objective mea-
sures (triaxial accelerometer monitors)
and were able to compare different PA
intensities. Objective measures provide
detailed and reliable information about
PA frequency, duration, and intensity
(Solberg et al., 2014), whereas subjec-
tive measuring methods tend to overes-
timate and/or underestimate actual PA
(Dyrstad, Hansen, Holme, & Anderssen,
2014; Hagstromer, Ainsworth, Oja, &
Sjostrom, 2010). Forabetter understand-
ing of the underlying mechanisms, future
studies should focus more on objective
measuring methods.

Up to now, there are no longitudinal
investigations which examine the effect
of different types of PA (e.g., endurance,
strength, or balance training) on PWB.
Solberg et al. (2014) were able to demon-
strate that strength, functional training,
and endurance training all have positive
effects on PWB directly after an exercise
intervention. However, after cessation of
an intervention activity, solely endurance
training (but not strength or functional
training) seems to have small long-term
effects on PWB. This observation con-
firms the mentioned limitations of inter-
vention studies, in that this type of study
boost a certain behavior for a short time,
whereasthelong-range effects after cessa-
tion of the intervention are limited. Van
Hoecke etal. (2014a) confirmed this lim-
itation by demonstrating that PA coun-
seling strategies were able to maintain
enhanced levels of well-being (psycho-



logical and physical domain) over a one-
year follow-up period, but not over a two-
year period. Based on their observation,
van Hoecke et al. (2014a) suggested im-
plementing reminder “booster-sessions”
on PA to maintain a high motivation and
improved levels of PWB over longer pe-
riods of time.

In summary, it seems that leisure time
PA at light intensities and conducted in
group-settings is most beneficial for pro-
moting PWB in older adults. All types
of exercise seem to be suitable for pro-
moting PWB and could be chosen on the
basis of individual preferences and needs.
Depending on the type and/or intensity
of exercise, different mechanisms might
be involved. However, long-term effects
of PA on PWB after exercise cessation are
questionable (Solberg et al., 2014). Thus,
regularly performed PA seems to be im-
portant for the long-range maintenance
of a high PWB.

Finally, we would like to reiterate that
there also seems to be a reverse associa-
tion of PA and PWB. This means that not
only PA leads to enhancements in PWB,
but higher levels of well-being also lead
to enhanced levels of PA (E. S. Kim et al.,
2016a). Since these two variables are
strongly interrelated, it might be effec-
tive to enhance PWB through psycho-
logical, social, educational, or relaxation
strategies, which in turn might lead to
increases in PA levels.

Moderator/mediator variables

A second aim of our review was to iden-
tify and discuss possible modifiable psy-
chological moderators and mediators of
the effect of PA on PWB. PWB seems
to be affected not only directly by PA,
but also by mediating/moderating mech-
anisms. Previous cross-sectional and in-
terventional results indicated that self-
efficacy, self-esteem, and affect influence
the association between PA and PWB
(e.g., McAuley & Morris, 2007). The re-
sults of this review confirmed the mod-
erating effects (Elavsky et al., 2005).
Further, a person’s motivation for PA
seems to be another important factor for
the association between PA and PWB, as
indicated by Solberg et al. (2014). Future
efforts to enhance PA and PWB, there-

fore, could include strategies to increase
the intrinsic motivation for exercise in
older adults. In this line, van Hoecke
etal. (2014a) demonstrated that individ-
ually tailored PA coaching which targeted
targeting the motivation of the individ-
uals led to greater enhancements in PA
than a general information session.

Furthermore, the study conducted by
Olson et al. (2014) revealed that op-
timism/pessimism had a positive influ-
ence on the PWB class pattern over time.
This supports existing evidence (Carver,
Scheier, & Segerstrom, 2010) that being
more optimistic plays a protective role in
preserving PWB regardless of socio-de-
mographic characteristics (Olson et al,,
2014). Additionally, there is evidence
that PA has a positive effect on optimism
(e.g., J. Kim et al., 2016b). Thus, we pro-
pose that optimism may be a mediating
variable between PA and PWB. Further,
social interaction seems to be a crucial
factor, enhancing the beneficial effects of
PA on PWB (Ku et al,, 2014; Ku et al,,
2016a). However, the existing longitu-
dinal studies did not include mediators
regarding social interaction. Thus, future
studies might address this topic.

Based on the results of our review,
optimism, self-efficacy, self-esteem, af-
fect, intrinsic motivation and probably
social interaction seem to be important
variables, which affect the relationship
between PA and PWB. These variables
should be taken into consideration for
future efforts to increase PWB in older
age.

Observation period and measure

There were no differences in the results
regarding the association between PA and
PWB for observation period (range be-
tween one and 11 years). Thus, we con-
clude that the observation period is not
a determining factor in longitudinal de-
signs. In addition, the applied measur-
ing methods for PWB (here Satisfaction
with Life Scale, CASP-19, Chinese Ag-
ing Profile, LSIA, SF-36, Louvain Well-
Being Scale, PANAS, and self-developed
questions) and PA (here Physical Activ-
ity Scale for the Elderly, Short Physical
Activity Questionnaire, Godin Leisure-
Time Exercise Questionnaire and self-
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developed questions) did not affect the
evidence for an effect of PA on PWB. In
this context, it is important to note that
the included studies used several meth-
ods to asses PA and PWB. In addition,
different covariates and variables to ex-
amine moderation/mediation were used
(see @ Table 1). This reduces the compa-
rability and the extent to which the studies
can be generalized. We regarded studies
using validated questionnaires as higher
quality than those using self-developed
questions or those giving no background
information about the used scales. Thus,
future studies should use well-established
instruments with adequate reliability and
validity scores, like SWLS and PASE. For
measures of PA, triaxial accelerometer
monitors would be preferable.

The only study that did not detect
any exercise effect on PWB (Olson et al.,
2014) included only women. However,
Lee and Russell (2003) also examined
only women and were able to report posi-
tive exercise effects on well-being. Thus,
future research on possible differences
between men and women is necessary.

Limitations

Weregarded reviewinglongitudinal stud-
ies to be an appropriate method for inves-
tigating the effect of PA on PWB because
of their high levels of validity. Regardless
of the study design, studies with statisti-
callysignificantresults are, however more
likely to be published than studies with
no significant results. Nevertheless, in
general, studies indicate that PA seems
to be one promising lifestyle for promot-
ing PWB in older adults.

Conclusion and outlook

The results indicate that there is a positive
association between PA and the psycho-
logical domains of well-being in older
adults. However, because of the syn-
chronous changes in both variables and
their mutual relationship, it is not al-
ways possible to clarify whether PA is
the predicting variable. Nevertheless, re-
sults demonstrated that different intensi-
ties and categories of PA influenced dif-
ferent domains of PWB (Ku et al., 2014,
20164, b), indicating that PWB is indeed
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suggestible by PA. It is also important
to emphasize that other activities satis-
fying aspects of human needs seem to be
associated with PWB (Beard & Ragheb,
1980; Lu, 2011; Ostlund, 2010). Along
thisline, it needs to be critically discussed
whether the activity itself, the setting, or
the activity level is the main influencing
factor. Based on the findings of our sys-
tematic review, low intensity leisure time
PA conducted in group-settings seems
to be most suitable for promoting PWB.
Assuming this to be true, the underlying
(explaining) mechanisms are most likely
socialand cognitive rather than biochem-
ical (Buckworth & Tomporowski, 2013).
Thus, we conclude that PA appears to
be only one of many possible individ-
ual lifestyle factors which have a univer-
sal influence on PWB and was possibly
overestimated in the past. Although fu-
ture programs aiming to improve PWB
in older adults might consider other ac-
tivities, PA seems to be a quite robust
factor for promoting PWB. All included
studies thoroughly controlled for various
possible covariates. After adjustments,
the association between PA and PWB
was weaker, but still significant. Fur-
thermore, a higher intensity of PA was
associated with promoting physical do-
mains of well-being (explained by phys-
iological adaptations, Clow & Edmunds,
2014).

Bringing our conclusions into prac-
tice, community programs and trainers
should focus on the individual needs of
their participants and adapt the activities
regarding the activity itself, the setting,
and the intensity of the activity.

For a deeper understanding and more
personalized implementation in the fu-
ture, the effect of different types and in-
tensities of PA needs to be investigated
in more detail (Kim et al., 2016a). To
ensure a better comparability of future
studies, consistent assessment methods
for PA, PWB, possible moderating and
mediating variables, and covariates are
necessary.
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