www.oncotarget.com

Oncotarget, 2018, Vol. 9, (No. 39), pp: 25402-25413
Research Paper: Gerotarget (Focus on Aging)

Active lifestyles in older adults: an integrated predictive model
of physical activity and exercise

Federica Galli1, Andrea Chirico1,5, Luca Mallia2, Laura Girelli3, Michelino De
Laurentiis4, Fabio Lucidi1, Antonio Giordano5,6 and Gerardo Botti7
1

Department of Psychology of Development and Socialization Processes, Sapienza, University of Rome, Rome, Italy

2

Department of Movement, Human and Health Sciences, University of Rome, “Foro Italico”, Rome, Italy

3

Department of Human, Philosophical, Educational Sciences, University of Salerno, Salerno, Italy

4

Breast Department, National Cancer Institute of Naples IRCCS “G. Pascale”, Naples, Italy

5

Sbarro Institute for Cancer Research and Molecular Medicine, Center for Biotechnology College of Science and Technology,
Temple University, Philadelphia, PA, U.S.A

6

Department of Medicine, Surgery and Neuroscience, University of Siena, Siena, Italy

7

Division of Pathology, Department of Experimental Oncology, G. Pascale Foundation, National Cancer Institute, IRCCS,
Naples, Italy

Correspondence to: Antonio Giordano, email: president@shro.org
Keywords: older adults; physical activity; exercise; well-being; health; Gerotarget
Received: February 16, 2018    Accepted: April 25, 2018    Published: May 22, 2018
Copyright: Galli et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

ABSTRACT
Physical activity and exercise have been identified as behaviors to preserve
physical and mental health in older adults. The aim of the present study was to test
the Integrated Behavior Change model in exercise and physical activity behaviors. The
study evaluated two different samples of older adults: the first engaged in exercise
class, the second doing spontaneous physical activity. The key analyses relied on
Variance-Based Structural Modeling, which were performed by means of WARP PLS
6.0 statistical software. The analyses estimated the Integrated Behavior Change
model in predicting exercise and physical activity, in a longitudinal design across
two months of assessment. The tested models exhibited a good fit with the observed
data derived from the model focusing on exercise, as well as with those derived
from the model focusing on physical activity. Results showed, also, some effects and
relations specific to each behavioral context. Results may form a starting point for
future experimental and intervention research.

INTRODUCTION

gaining attention, with a relevant interest of social and
psychological research [4]. Old age is associated with
increased risk of several debilitating diseases, such as
dementia and cancer, but the most frequent issues faced by
individuals aged 65 and over are non - pathological agerelated changes, including normal declines in cognition,
physical limitations, and loss of partners and friends
[5]. So, it is important to facilitate the maintenance of a
good quality of life and factors that improve well-being,
despite the age-related changes. A recent review showed
that active lifestyles reduce the risk of all-cause mortality,
prevent various chronic diseases and, in older adults
especially, active lifestyles reduce the risk of falls and

In the developed and the developing world, people
are living longer. In fact, by the year 2050 the world’s
older adult population over age 60 will triple [1]. The
major causes of population ageing are the increase of
life expectancy and the decline in birth rates in the
more developed countries [2]. Italy is one of the oldest
countries in the World and the percentage of older
adults increased from 20,8% in 2012 to 22,3% in the
2017 and the population’s age mean changed from 43,8
in 2012 to 44,9 in 2017 [3]. The issue of how societies
across the globe will view and treat the older adults is
www.oncotarget.com
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help to maintain physical function and psychological wellbeing [6, 7]. In particular, physical activity and exercise
have been identified as two important behaviors to target
in order to promote physical and mental health [8–10].
First of all, the terms physical activity (PA) and exercise
(EX) have been clarified in different studies [11, 12]. PA
is defined “as any bodily movement produced by skeletal
muscles that results in energy expenditure”[11]. It includes
the activity at work, at leisure time or during the household
tasks (for example cleaning). Instead, EX is a subcategory
of PA that is planned, structured, repetitive, and purposive
in the sense that the improvement or maintenance of one
or more components of physical fitness [11].
Despite the positive effects of EX and PA are well
established, the data of older people who practice these
behaviors showed that not many older adults are involved
in those. Data collected by WHO [13] showed that globally
1 in 4 adults is not active enough. According to national
data in the years 2010-2013, only 24% of older adults
(aged 60+ years) met the recommended EX and PA levels.
Different theories have been used in order to
evaluate older adults’ active behaviors and to guide
interventions that promote EX or PA [14, 15].
Considerable among many of these theories are
the Self-Determination Theory (SDT) [16], the Theory
of Planned Behavior (TPB) [17] and the Health Action
Process Approach (HAPA) [18].
The SDT aims to identify the contextual and
environmental factors that can increase or decrease
individual motivation. Central to the theory is the
distinction between two main types of motivation:
intrinsic and extrinsic [19]. Intrinsic motivation pertains
to engagement in a specific activity for the pleasure and
satisfaction. In contrast, extrinsic motivation refers to
activities that are performed to obtain separable outcomes
[20]. These motives vary along a continuum: at the
lowest end there is the amotivation (when an individual
didn’t motivate at all), and the intrinsic motivation is
at the highest end [21]. SDT includes different types of
regulations determining extrinsic motivation, each with
unique characteristics: external (i.e. motivated by rewards
or punishments), introjected (i.e. motivated by feeling of
guilty) identified (i.e. there are important goals related
to the activity) and integrated (i.e. the activity is part of
who you are). SDT states that intrinsic motivation can
be promoted through autonomy supportive behavior
offered by significant figures in the socio-contextual
environments in which the individual is engaged, as
shown in different literature studies [22, 23]. SDT has
been applied especially to health behaviors both in the EX
or PA contexts [20, 21, 24]. In particular, some studies
demonstrated the relationship between the constructs of
self-determination theory and the intention to engage EX
and PA, in older adults [25, 26]. In his review, Teixeira
et al. (2012) demonstrated that motivation differentiates
activity levels, specifically, an increase of intrinsic and
www.oncotarget.com

self-determined motives is positively associated with
more PA intention with perceived autonomous fostering
the intrinsic motivation.
The TPB [17] is a specific version of the more
generalized integrated behavioral model of reasoned action
approach [27]. Central to this theory is the idea that the
performance of one behavior is determined by behavioral
intention. In turn, behavioral intention is determined by
three belief-based social cognition behaviors: attitudes
(favorable – unfavorable evaluations of the behavior),
subjective norms (social pressure to perform the behavior)
and perceived behavioral control (the beliefs people hold
about resources they have to enact the behavior, and
their capacity to overcome behavior related barriers). A
large number of reviews and meta-analysis studied the
relationships between TPB constructs and PA [28–30].
Results of these studies showed people are more likely to
intend to engage PA behavior if they are positively disposed
toward it (attitudes), if they perceive social pressure to do
so (subjective norms), and if they believe they will be
successful (perceived behavioral control). In this sense,
Lucidi et al., 2006 [31] examined the TPB in relation to
PA behaviors in older adults and showed that the three
TPB constructs are significantly correlated with behavioral
intention, and these results were confirmed by a recent
literature review [32]. A prominent critique of TPB is the
imperfect link between intention and behavior engagement.
This shortfall in the relationship between intention and
behavior has been labeled as “intention-behavior gap”.
A model that explicitly includes post- intentional
mediators to overcome the intention-behavior gap is the
HAPA. It was originally developed in the late 1980s [33]
by the social-cognitive theory [34], the theory of reasoned
action [27], and the volition theories of Heckhausen,
Gollwitzer, and Kuhl [35] applying this synthesis to the
field of health behavior change. The HAPA considers
a dual-phase approach: a motivational phase (how
individuals form intentions whatever to adopt a behavior)
and a volitional phase (how intentions are translated into
actual behavior and behavioral maintenance through
planning). The HAPA has been applied to numerous
healthy behaviors, for example weight loss through diet
[22], EX [36] and PA [37]. On this theoretical stream of
literature, Maher and Conroy (2016) demonstrated that
older adults’ sedentary behavior is negatively associated
with planning, and planning has a moderate and positive
relationship with intention [38].
Different studies tested whether the integration
of these theories would predict health-related behaviors
[22, 23, 39, 40]. Recently, Hagger and Chatzisarantis
[41] synthesized their theoretical and empirical works
on the development of integrated theories of health
behaviors. The authors drew these social psychological
theories to derive an Integrated Behavior Change (IBC)
model, that incorporates the very latest thinking on the
psychological influences on behavior change applied to
25403
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RESULTS

PA behaviors, providing a complementary explanation of
the unexplained processes within each theory. The TPB
forms the starting point of the proposed IBC model, such
that intention represents the most proximal predictor of
behavior and mediates the effects of attitudes, subjective
norms, and perceived behavioral control on behavior.
A noted limitation of TPB, underlined by the
authors, is that the theory is relatively silent on the origins
and drivers of the belief-based antecedents of intention
[16, 30, 39]. The IBC model proposes the integration
of the SDT and TPB, specifically, the model poses the
TPB constructs as mediators of the relationship between
autonomous motivation and intention. Therefore, in order
to overcome the intention-behavior gap, the IBC model
introduces the planning construct of HAPA as moderator
of the intention-behavior relationship.
The main aim of the present study was to test the
IBC model both in EX and PA behaviors on two different
samples of older adults, adding perceived autonomy
support as predictor of the autonomous motivation.
We expect that the hypothesized model (Figure 1)
would fit adequately with both behaviors. According
to SDT [16], we hypothesized that higher perceived
autonomy support would predict autonomous motivation.
Secondarily, according to the IBC model, we hypothesized
that motivation in turns will affect both attitudes,
subjective norms and perceived behavioral control; the
TPB constructs would be related to the intention in enact
the behaviors, and higher intention would be related with
a higher probability to enact it. Finally, it is also expected
that relationship between intention and behavior will be
moderated by planning construct of HAPA.

Socio demographic differences on PA and EX
behavior
The EX sample comprised 192 older adults who
completed Time 1 and Time 2 questionnaires (69.8%
female; mean age= 71.13, years SD = 6.58, range 60 – 88),
the PA sample comprised 100 older adults who completed
Time 1 and Time 2 questionnaires (62.0 % female; mean
= 75.78 years, SD = 7.53, range 62 – 94). Univariate
age
analyses of variance on age, gender distribution, and all the
key variables measured showed no significant differences
between participants filled out both Time 1 and Time 2
assessments and those that dropped out after Time 1 in
both samples. Zero-order correlations between age and
behavior were not statistically significant in both contexts.
Univariate variance analysis evaluating the effect of gender
on behavior showed a statistically significant difference
only in PA samples, with males slightly more likely to do
EX (PA sample F (1,99) = 5.64; p = .02 partial eta2 = .05).
The descriptive statistics of the study variables for
both the samples are reported in Table 1 along with the
zero-order correlations and the Cronbach’s alpha of the
measures used.

Preliminary analyses for validity criteria
Measurement-level statistics of the VB-SEM of the
model data were examined to ensure whether the latent
variables met construct and discriminant validity criteria.
Reliability coefficients exceeded the .700 criterion for

Figure 1: The Integrated Behavior Change model linking perceived autonomy support, autonomous motivation,
attitudes, subjective norms, perceived behavioral control, intention and planning on behavior.
www.oncotarget.com
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Table 1: Descriptive statistics, reliability and inter-correlation among the key variables of the study
Mean (SD)

Cronbach’s
Altpha

Correlations
1

2

3

4

5

6

7

8

9

1) Perceived Autonomy support
EX

6.54 (.58)

.92

-

PA

5.86 (1.31)

.93

-

EX

16.06 (5.57)

.78

.13

−

PA

11.63 (7.07)

.79

.46***

−

EX

6.70 (.75)

.88

.18*

.26***

−

PA

6.29 (.91)

.93

.43

.51***

−

EX

5.95 (1.38)

.91

.07

.28***

−

PA

5.89 (1.49)

.91

−

EX

6.44 (.97)

PA

5.66 (1.31)

EX
PA

2) Autonomous motivation (RAI)

3) Attitudes

***

4) Subjective Norms
.04
.47

.42

.55

.80

.20**

.39***

.56***

.22**

−

.67

.38***

.56***

.43***

.47**

−

6.51 (1.06)

.99

.18*

.33***

.45***

.25**

.67***

−

5.64 (1.72)

.96

.45

.58

.67

.61

**

.61***

−

EX

5.58 (1.50)

.95

.14*

.29***

.40***

.34***

.61***

.64***

−

PA

4.09 (1.73)

.94

.11

.22

.37

.27

.30

.50

−

EX

2.56 (.87)

-

-.09

.21**

−.04

−.22**

.13

.17*

.16*

−

PA

22.08 (19.43)

-

.22*

.40*

.38***

.30**

.43***

.45***

.20

−

EX

2.26 (1.05)

-

-.04

.22**

.14

−.05

.30***

.30***

.26**

.56***

−

PA

25.35 (20.29)

-

.31

.40

.37

.22

.38

.38

.21

.70**

−

***

***

***

5) Perceived Behavioral Control

6) Intention
***

***

***

7) Planning
*

***

**

**

***

8) Behavior (Time 1)

9) Behavior (Time 2)
**

the factors included in both the models. In all cases, the
square root of the AVE for each latent variable exceeded
the correlation between all the variables. Composite
reliability coefficients, AVE for the factors, and factor
intercorrelations are available upon request.

**

*

**

***

*

support predicted directly and significantly only subjective
norms and perceived behavioral control variables. There
was a significant positive effect of autonomous motivation
on all the TPB constructs (i.e., attitudes, subjective norms
and perceived behavioral control), of those measures
only subjective norms and perceived behavioral control
were significantly related to the intention. Autonomous
motivation showed also a direct effect on behavior.
Finally, intention significantly predicted the behavior, but
this relationship was not significantly moderated by the
planning.
Results of indirect effects of the model (Table 3)
showed an indirect effect of the perceived autonomy
support through the autonomous motivation upon attitudes
and perceived behavioral control. The autonomous
motivation, in turn, showed a significant indirect effect on
intention only through the perceived behavioral control.
As resulted in Figure 2 (i.e. the values in brackets),
controlling for past behavior, the model on the EX resulted
almost in an identical path estimation as the previous
one. The paths linking perceived autonomy support to
subjective norms, and autonomous motivation to behavior,

Fit of the models on EX and PA samples
Overall, as reported in Table 2, the hypothesized
models exhibited a good fit with the observed data derived
from the model focusing on EX, as well as with those
derived from the model focusing on PA. The good fit of
the hypothesized models was confirmed also controlling
for the past behavior, both in the EX and in the PA model.

The application of the IBC model in PA and EX
behavior
Focusing on the test of the hypothesized effects
in the model on the EX (Figure 2), perceived autonomy
support was statistically significant predictor of the
autonomous motivation. Furthermore, perceived autonomy
www.oncotarget.com
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Table 2: Goodness of fit indexes of structural equation modelling of the hypothesized model for each sample
GoF
APC
ARS
AFVIF

Exercise Sample
.412 [.436]
.218; p < .001 [.207; p < .001]
.195; p = .001 [.215; p < .001]
1.242 [1.981]

Physical Activity Sample
.554 [.564]
.291; p < .001 [.252; p <. 001]
.361; p < .001 [.367; p < .001]
1.468 [1.961]

Note. VB-SEM goodness-of-fit indexes controlling for past behavior measured at Time 1 are in square parentheses.
turn to be non-significant. The inclusion of past behavior
on the model further resulted in an improvement of the
behavior’s variance explained by the model (from R2 = .10
to R2 = .40).
Testing the model dealing with PA behavior,
(Figure 3) results showed very similar results to the
EX model. In fact, perceived autonomy support was
statistically significant related to autonomous motivation
as well as to attitudes and subjective norms. There was a
significant positive effect of autonomous motivation on
TPB constructs (attitudes, subjective norms and perceived
behavioral control), that in turn were significantly related
with the intention. Also in this sample, autonomous
motivation showed a direct effect on behavior. Finally,
intention significantly predicted the behavior and this path
was not moderated by the planning.

Furthermore, considering the indirect effects, as
reported in Table 3, the perceived autonomy support
revealed significant indirect effects through the
autonomous motivation upon all the three constructs
of TPB. In turn, the autonomous motivation indirectly
affects the intention only through attitudes and perceived
behavioral control.
As showed in Figure 3 (i.e. the values in brackets),
even for PA model, controlling for past behavior the model
resulted almost in an identical path estimation with respect
to the previous one. However, to note that the effect of the
intention on behavior became substantially not statistically
significant. Overall, even in this case, the inclusion in the
model of past behavior resulted in an improvement of the
behavior’s variance explained by the model (from R2 = .17
to R2 = .53).

Figure 2: The Integrated Behavior Change model linking perceived autonomy support, autonomous motivation,
attitudes, subjective norms, perceived behavioral control, intention and planning on Exercise behavior. Note Standardized

path coefficients for the structural equation model estimated controlling for behavior measured at Time 1 are reported in parentheses. The
effects of past behavior measured at Time 1 on each variable in the model figure were omitted for clarity. These paths were freely estimated
in the VB-SEM analysis but not depicted in diagram: past behavior → perceived autonomy support (β = –.15, p = .017); past behavior
→ autonomous motivation (β = .21, p = .001); past behavior → attitude (β = –.09, p = .11); past behavior → subjective norm (β = –.32, p
< .001); past behavior → perceived behavioral control (β = .06, p = .207); past behavior → intention (β = .13, p =.03); past behavior →
planning (β = .22, p < .001); past behavior → behavior at Time 2 (β = .49, p < .001). Dashed lines indicate paths that were not statistically
significant (p > .05) in the SEM analysis without controlling for past behavior. ***p < .001; **p < .01; *p < .05.
www.oncotarget.com
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Table 3: Standardized path coefficients for mediated effects for the structural equation models for each behaviour
Paths
Perceived Autonomy Support → Attitudes

Behaviour

Mediator

Direct Effect

Indirect effect

Total effect

Mediation

EX

Relative Autonomy Index

.11

.10*

.21**

Yes

.32***

.20**

.52***

Yes

.12*

.05

.17*

No

.33***

.15*

.48***

Yes

.23**

.11*

.34***

Yes

.14

.29***

.43***

Yes

.03

-.01

.02

No

.07

.19**

.26**

Yes

.03

.03

.06

No

.07

.05

.12

No

.03

.29***

.31***

Yes

.07

.12*

.19*

Yes

PA
Perceived Autonomy Support → Subjective Norms

EX

Relative Autonomy Index

PA
Perceived Autonomy Support → Perceived Behavioural control

EX

Relative Autonomy Index

PA
Relative Autonomy Index → Intention

EX

Attitude

PA
Relative Autonomy Index → Intention

EX

Subjective Norms

PA
Relative Autonomy Index → Intention

EX

Perceived Behavioral Control

PA

p < .001; **p < .01; *p < .05.

***

DISCUSSION

as hypothesized, results showed perceived autonomy
support significantly increases autonomous motivation,
that in turn resulted a significant predictor of attitudes,
subjective norms and perceived behavioral control,
then subjective norms and perceived behavioral control
were significant predictors of intention. Moreover,
intention was a significant predictor of behavior in both
behavioral contexts. There were, also, some important
mediation effects in the two contexts. In fact, the effect
of perceived autonomy support on attitudes and on
perceived behavioral control was mediated by autonomous

The purpose of the present study was to test the
IBC model [41], evaluating also the perceived autonomy
support as predictor of motivation, in two healthy
behaviors: EX and PA, on two samples of older adults.
Findings from the fit indexes confirmed a good
fit of data with the hypothesized IBC model in both
the behavioral domains. In both the samples there were
several consistent patterns of effects in accordance with
the expected patterns of the IBC model. Specifically,

Figure 3: The Integrated Behavior Change model linking perceived autonomy support, autonomous motivation,
attitudes, subjective norms, perceived behavioral control, intention and planning on Physical Activity behavior. Note:

Standardized path coefficients for the structural equation model estimated controlling for behavior measured at Time 1 are reported in
parentheses. The effects of past behavior measured at Time 1 on each variable in the model figure were omitted for clarity. These paths
were freely estimated in the VB-SEM analysis but not depicted in diagram: past behavior → perceived autonomy support (β = .31,
p < .001); past behavior → autonomous motivation (β = .31, p < .001); past behavior → attitude (β = .28, p < .001); past behavior →
subjective norm (β = .18, p = .032); past behavior → perceived behavioral control (β = .31, p < .001); past behavior → intention (β = .14,
p =.07); past behavior → planning (β = .25, p =.005); past behavior → behavior at Time 2 (β = .65, p < .001). Dashed lines indicate paths
that were not statistically significant (p > .05) in the SEM analysis without controlling for past behavior. ***p < .001; **p <.001; *p <.05.
www.oncotarget.com
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motivation. Furthermore, the relationship between
motivation and intention was mediated by the perceived
behavioral control.
Overall, from our data it seems that, in line with
the SDT, when individuals were provided with forms of
support of their need to feel autonomous, they are more
likely to be intrinsically motivated to enact that behavior
than individual with poor support. Our results, then,
suggest that individuals’ perception of significant others
creating a supporting environment for their autonomy
not only fosters their autonomous motivation, but it is
also positively associated with their beliefs (attitudes,
subjective norms and perceived behavioral control) toward
that behavior. This is in line with the IBC model [41] and
very similar to other researches’ results that have shown
significant relations between the immediate antecedents of
intention for the TPB theory and the autonomous form of
motivation from SDT [22, 41].
According with the IBC model, the moderation
role of the planning in the intention-behavior relationship
has been evaluated. Literature on this topic showed
controversial results providing evidence for a moderation
role of the planning construct [42], as well as for a
mediation [22], or a moderated mediation [43] of the
intention-behavior relationship. Our results showed
that this moderation effect was not present at a model
level, even if zero-order correlations showed bivariate
relationship between planning with both intention and
behavior. In any case, these results are consistent with
previous studies showing that planning is not a significant
moderator when trying to maintain a behavior that is
already performed, as it reflects EX and PA in our sample
of older adults [22, 44].
It is important to note that there were some effects
and relations specific to each behavioral context. The
direct effect of perceived autonomy support on perceived
behavioral control was significant in the EX domain but not
in the PA one, conversely its effect on attitudes was present
only considering PA context and not considering the EX
behavior. Moreover, the effect of attitudes on intention was
significant only in the PA context. Also, some mediation
effects were specific for only one of the two contexts, in
example, the relation between perceived autonomy support
and subjective norms was mediated by autonomous
motivation only in the PA context, then the relation between
motivation and intention was mediated by attitudes only for
the PA behavior as well. The contexts’ specificity of some
of these patterns seem to reply patterns found also in other
studies that used similar models [22, 39, 40, 45].
Finally, we controlled for past behavior measured at
Time 1 by including it as predictor of all variables in the
model. We found that the patterns of relationships were
consistent with those estimated without controlling for past
behavior, although we found some differences related to
the specific behavioral context. In fact, for the EX context
controlling for past behavior showed a substantial similar
www.oncotarget.com

model in terms of effects, with very slight differences,
with past behavior related to future behavior with a
moderate effect and a general improvement of the variance
explained by the model. In the PA context, instead, we
found a substantial attenuation of the effects for most of
the model paths, in particular, a complete attenuation,
resulting in a non-significant effect, for the intentionbehavior relationship, with the past behavior strongly and
significantly related to the future behavior as well as with
a substantial improvement of the variance explained by the
model. These results are in line with previous researches
[46–49].
The variability in the effects of past behavior in the
two-behavioral domain is in line with previous research
[22]. From a theoretical point of view, it demonstrates
the efficacy of the IBC model in accounting for variance
in future behavior once the effects of past behavior
have been controlled. PA resulted in a stable personal
disposition that has strongly consistency over the time,
and led the past behavior acting as an automated process.
Conversely, participating in an exercise course needs to
be fostered through a more intrinsic, complex, cognitive
process relating several variables explained by the IBC
model.
From a practical perspective, there is an opportunity
for many professionals who deal with older people in
order to promote any PA behaviors. The study, in fact,
provides insightful results suggesting general or specific
applicable approaches for the two behavioral contexts.
In this sense, supporting the autonomous perceptions of
older adults would increase their intrinsic motivation in
both the contexts, and this would be a boost for realizing
their intention in enact PA or EX behavior through their
beliefs system. This information should be considered
in designing program aimed to activate or maintain the
intentions toward PA or EX through the key variables of
the IBC model specifically related to each behavior.
There are two possible limitations that should be
addressed in future research: the data are limited to a
targeted sample and could be not generalizable to the
population of older adults. The design of the study did not
permit us to identify causal relationship between the key
variables of the study. Despite these limitations, present
results support the important relations within the key
variables of IBC model integrating the TPB the SDT and
the HAPA. Future researches are needed in order to test the
model in different target populations accounting also for
reciprocal relations among constructs, also clarifying the
role of planning in the intention-behavior gap.
This research is the first attempt in applying the IBC
model in its original theorization to the PA in two samples
of older adults. Results may form a starting point for future
experimental and intervention research. Secondarily, this
is one of few studies including specific behaviors related
to physical activity (EX and PA) in a similar target group
(older adults).
25408
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METHODS

Perceived Autonomy Support was measured by
Perceived Autonomy Support Scale for Exercise Setting [52].
PASSES measures autonomy support from an important
significant source that is likely to perform one’s exercise
behavior. The scale has been validated with three different
salient sources (e.g. physical education instructor, peers,
parents) showing in both consistent and discriminant validity.
The measure comprises 12 items with 7-point Likert-type
response scales with the “strongly disagree” (1) and “strongly
agree” (7) endpoints. Higher scores per PASSES scales
reflect greater perceptions of autonomy support. In particular,
in the EX sample of this study, we considered participants’
trainer as the source of autonomy support (e.g. “My trainer
listens to me about my exercise habits”).
In the PA sample, according to other studies [53], the
scale was adapted requesting the participants to nominate
one important other who had the greatest impact on their
PA behaviors, who was considered as source of autonomy
support for the scale. (e.g. “My important other listens to
me about doing PA”).
Autonomous Motivation was measured in the EX
sample of the study using the Behavioral Regulation in
Exercise Questionnaire, (BREQ-3) version 3 [54]. The
scale was presented with the following stem: “Why do I
exercise?”. Participants were asked to answer on a 5-point
Likert scale from “not true for me” (0) to “very true for
me” (4) endpoints. The BREQ-3 comprises 24 items and
six factors (each of 4 items): amotivation (e.g.: “I don’t
see the point in exercising”); external regulation (e.g.: “I
exercise because other people say I should”); introjected
regulation (e.g.: “I feel guilty when I don’t exercise”);
identified regulation (e.g.: “I value the benefits of
exercise”); integrated regulation (e.g.: “I consider exercise
a fundamental part of who I am”); intrinsic motivation
(e.g.: “I exercise because it’s fun”). In order to maximize
the parsimony of the model of our study, the relative
autonomy index (RAI) [50] was calculated. RAI is a single
score derived from the subscales that gives an index of the
degree to which respondents feel self-determined. Items
from the intrinsic motivation subscale were assigned
a weight of +3, integrated regulation items a weight of
+2, identified regulation items a weight of +1, introjected
regulation items a weight of −1, external regulation items
a weight of −2, and amotivation items a weight of −3.
Each subscale score is multiplied by its weighting and then
these weighted scores are summed. Higher, positive scores
indicate greater relative autonomy; lower, negative scores
indicate more controlled regulation.
Participants of the PA sample completed a modified
version of the BREQ-3 [55, 56]. The modification
consisted of the replacement of the word “exercise” with
the word “physical activity”.
Attitudes were measured in the EX sample
using a scale developed by the authors, following
the recommendations of Ajzen (1991) for TPB

Study population
The study relied on two samples of older adults.
Participants were selected in order to consider the two
different behaviors (EX and PA).
The EX sample comprised 222 older adults (69.8%
females; mean age: 71.14 years; SD = 6.47; range: 60–88)
recruited in three fitness centers in Rome, Italy. Inclusion
criteria for this sample (EX sample) were: being older than
60 and declaring attending regularly in an exercise class
group, being in a good clinical condition. Attrition rate
across the two times of data collection due to absences or
inability to match the data was 13.5% (N = 30) leaving a
total of 192 subjects.
The PA sample comprised 133 older adults (62.2%
females; mean age: 75.29 years; SD = 7.41; range 62–94)
recruited in two senior centers in Rome, Italy. Inclusion
criteria for this sample (PA sample) were: being older than
60, declaring a regular PA as unique form of activity and
being in a good clinical condition. Thirty-one older adults
(23.3%) were excluded because declared EX as additional
form of activity over the PA, leaving a total of 102 older
adults meeting all the inclusion criteria. Attrition rate
across the two times of data collection due to absences
or inability to match the data was 1.5% (N = 2) leaving
a total of 100 subjects. Each target behavior was defined
for the participants in a standardized set of instructions.
The present study is configured as a prospective study
with two data collection time. In the first assessment time,
participants of both samples filled a booklet of self-reported
questionnaires measuring the key factors of the IBC model,
as well as self-reported past behavior.
During the second assessment, conducted two
months later, we asked the participants of both sample to
self-report their behavior in the last two months.
All recruited persons gave their consent to
participate in the study. The study was approved by the
Ethics Review Board of [UNIVERSITY OMITTED FOR
MASKED REVIEW]. Participants were duly informed
about the aims and purposes of the study and about their
participation rights (e.g., confidentiality of responses, right
to withdraw any time without any consequences).

Measures
Behavior specific version of each measure was
adapted for the target behavior according to the case or
specifically developed from the component theories of the
adopted integrated model based on previous researches
[17, 22, 50]. All scales were translated from English to
Italian. The translation was conducted by two EnglishItalian bilinguals using standardized back translation
procedures [51].
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constructs development, and based on measures used
in previous studies [22, 44]. The scale, introduced by
“I think exercising for the next two months, would
be…”, comprised six items with responses provided
on seven-points semantic differential scales with the
bipolar adjectives: ‘bad–good’, ‘harmful–beneficial’,
‘unenjoyable–enjoyable’, ‘useful–useless’, ‘foolish–wise’
and ‘unpleasant–pleasant’.
Participants of PA sample completed a similar
version of the scale introduced by “I think doing physical
activity for the next two months, would be…”.
Subjective Norms were measured in the EX sample
using a scale developed by the authors, following the
recommendations of Ajzen (1991) for TPB constructs
development and based on measures used in previous
studies [22, 44]. Three items measured participants’
subjective norms by asking respondents to indicate on
a 7-point Likert scale from “strongly disagree” (1) and
“strongly agree” (7) endpoints to what extent meaningful
others: “would like me to do exercise for the next two
months”; “would consider good for me to do exercise for
the next two months”; “would appreciate me to do exercise
for the next two months”. Item scores were aggregated
into a single score, for which higher values indicated
greater normative social pressure toward the behavior.
Participants of PA sample completed a similar
version of the scale consisting in the replacement of the
word “exercise” with the word “physical activity” in all
instances.
Perceived Behavioral Control was measured in
the EX sample using a scale developed by the authors,
following the recommendations of Ajzen (1991) for
TPB constructs development and based on measures
used in previous studies [22, 44]. Three items measured
participants’ perceived behavioral control by asking
respondents to indicate on a 7-point Likert scale (e.g. “I’m
confident I can exercise over the next two months”). Item
scores were aggregated into a single score, for which higher
values indicated greater perceived confidence toward the
behavior.
Participants of PA sample completed a similar version
of the scale consisting in the replacement of the word
“exercise” with the word “physical activity” in all instances.
Intention was measured in the EX sample
using a scale developed by the authors, following the
recommendations of Ajzen (1991) for TPB constructs
development and based on measures used in previous
studies [22, 44]. Four items measured participants’
intention by asking respondents to indicate on a 7-point
Likert scale from “strongly disagree” (1) and “strongly
agree” (7) endpoints, (e.g. “I intend to exercise over the
next two months”). Item scores were aggregated into a
single score, for which higher values indicated greater
intention toward the behavior.
Participants of PA sample completed a similar
version of the scale consisting in the replacement of the
www.oncotarget.com

word “exercise” with the word “physical activity” in all
instances.
Planning was assessed in the exercise sample using
the action and coping planning independent measure
validated by Sniehotta et al., (2005) [57]. Four items
measured action planning (e.g., “I’ve already planned how
I will exercise”) and four measured coping planning (e.g.,
“I’m going to make a detailed plan about how to cope
with possible setbacks that can impede me to exercise”).
Participants were asked to response on 7-point Likert
scale ranging from “not true at all” (1) to “very true” (7)
endpoints.
Participants of PA sample completed a similar
version of the scale consisting in the replacement of the
word “exercise” with the word “physical activity” in all
instances.
Self-reported behavior was measured at the first
wave and at the second wave of data collection, two
months later.
In the EX sample, it was requested the weekly
attendance to the center.
In the PA sample, self-reported behavior was
measured by Godin-Leisure Questionnaire [58]. The
Godin-Leisure Questionnaire assesses the frequency of
physical activity completed during free time for at least
15 minutes over a typical week. This measure includes
three open-ended items that measure the frequency of
strenuous (e.g., jogging), moderate (e.g., fast walking),
and light (e.g., easy walking) activity. The weekly
activity was weighted for the type of the activity: 3 per
light activity, 5 per moderate activity and 9 per strenuous
one. The sum of weighted light, moderate and strenuous
physical activity gave the total self-reported behavior in
minutes per week.

Data analysis
The key analyses of the present study relied on
Variance-Based Structural Modeling (VB-SEM – also
known as Partial Least Squares analysis), which were
performed by means of the WARP PLS v.6.0 statistical
software [59]. These analyses overall tested and
estimated the hypothesized IBC model (Figure 1) linking
perceived autonomy support, autonomous motivation,
attitudes, subjective norms, perceived behavioral control,
intention and planning in predicting two different types
of behaviors (i.e., EX and PA) across two months.
VB-SEM is similar to a covariance-based SEM
analyses, it explicitly models measurement error through
the construction of latent factors. However, unlike
methods used in covariance-based SEM, the partial
least-squares algorithm is based on ranked data and is,
therefore, distribution-free (i.e., the estimation is less
affected by the complexity of the model, small sample
size, or non-normality of the data). VB-SEM analysis
permits the evaluation of the model at the measurement
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level and at the structural level according to published
criteria for VB-SEM models [60]. At the measurement
level, VB-SEM establishes construct validity of the latent
factors using the average variance extracted (AVE) and
the composite reliability coefficients (ρ), which should
exceed .50 and .70, respectively. Discriminant validity
is supported when the square-root of the AVE for each
latent variable exceeds its correlation coefficient with
other latent variables [60]. At the structural level, VBSEM establishes adequacy of the hypothesized pattern
of relations among the model constructs using an overall
goodness-of-fit (GoF) index given by the square root of
the product of the AVE and average R2 for the model (.100,
.250, and .360 correspond to small, medium, and large
effect sizes) [61]. This method, therefore, provides further
information on the adequacy of the model by the average
path coefficient (APC) and average R2 (ARS) coefficient
across the model, both of which should be statistically
significant different from zero. Furthermore, it checks the
potential for multicollinearity using the full collinearity
variance inflation factor (AFVIF) with values lower than
3.300 indicative of no issues with multicollinearity [59].
Finally, in order to control for past behavior effect
on all the variables, a further analysis of the data that
included behavior measured at Time 1 as a control variable
has been conducted [45].

study.

FUNDING
Andrea Chirico and Antonio Giordano were funded
by Sbarro Health Research Organization (www.shro.
org) Department of Biology and the Commonwealth of
Pennsylvania, Department of Health, Biotechnology
Research Program.

REFERENCES
1. He W, Goodkind D, Kowal P. An Aging World: 2015.
International Population Reports. U.S. Government Printing
Office, Washington DC. 2016. https://www.census.gov/
library/publications/2016/demo/P95-16-1.html.
2. United Nations, Department of Economic and Social
Affairs. World Population Prospects: the 2015 Revision.
New York, 2015. http://esa.un.org/unpd/wpp/Download/
Standard/Population/.
3. ISTAT. Statistiche Istat. 2017. http://dati.istat.it/.
4. North MS, Fiske ST. Modern attitudes toward older
adults in the aging world: a cross-cultural meta-analysis.
Psychol Bull. 2015; 141:993–1021. https://doi.org/10.1037/
a0039469.

Abbreviations
PA: Physical Activity; EX: Exercise; SDT: Self
Determination Theory; TPB: Theory of Planned Behaviour;
HAPA: Health Action Process Approach; IBC: Integrated
Behavior Change; PLS: The Partial Least Squares VBSEM: Variance-Based Structural Modeling; AVE: Average
Variance Extracted; SD: Standard Deviation; PASSES:
Perceived Autonomy Support Scale for Exercise Setting;
BREQ: Behavioral Regulation in Exercise Questionnaire;
RAI: Relative Autonomy Index; GoF: Goodness-of-Fit;
APC: Average Path Coefficient; ARS: Average R-squared;
AFVIF: Average Variance Inflation Factor.

5. Paterson D, Warburton D. Physical activity and
functional limitations in older adults: a systematic
review related to Canada’s Physical Activity Guidelines.
Int J Behav Nutr Phys Act. 2010; 7:38. https://doi.
org/10.1186/1479-5868-7-38.
6. Bouaziz W, Vogel T, Schmitt E, Kaltenbach G, Geny B,
Lang PO. Health benefits of aerobic training programs in
adults aged 70 and over: a systematic review. Arch Gerontol
Geriatr. 2017; 69:110–27. https://doi.org/10.1016/j.
archger.2016.10.012.
7. Lindwall M, Larsman P, Hagger MS. The reciprocal
relationship between physical activity and depression in
older European adults: A prospective cross-lagged panel
design using share data. Health Psychol. 2011; 30:453–62.
https://doi.org/10.1037/a0023268.

Author contributions
Federica Galli ideated the paper, collected data,
made statistical analysis and wrote the paper; Andrea
Chirico made statistical analysis and wrote the paper; Luca
Mallia collected data and made statistical analysis; Laura
Girelli collected data; Michelino De Laurentiis, Fabio
Lucidi, Antonio Giordano and Gearardo Botti revised the
paper and monitored all the process providing scientific
and theoretical contribution.

8. Dionigi R. Competitive sport and aging: the need for
qualitative sociological research. J Aging Phys Act. 2006;
14:365–79. https://doi.org/10.1123/japa.14.4.365.
9. Alsaleh E, Windle R, Blake H. Behavioural intervention
to increase physical activity in adults with coronary heart
disease in Jordan. BMC Public Health. 2016; 16:643.
https://doi.org/10.1186/s12889-016-3313-5.

ACKNOWLEDGMENTS

10. Dogra S, Weir P, Gayman A, Horton S. Aging across the
physical activity spectrum: from sedentary behaviour to
sport participation. J Exerc Mov Sport. 2016; 48:162.

None.
www.oncotarget.com

No conflicts of interest for all the authors of the

25411

Oncotarget

11. Caspersen CJ, Powell KE, Christenson GM. Physical
activity, exercise, and physical fitness: definitions and
distinctions for health-related research. Public Health Rep.
1985; 100:126–31. https://doi.org/10.2307/20056429.

fatness in adolescents. Am J Clin Nutr. 2005; 81:746–50.
https://doi.org/10.1093/ajcn/81.4.746.
25. Dacey M, Baltzell A, Zaichkowsky L. Older adults’
intrinsic and extrinsic motivation toward physical activity.
Am J Health Behav. 2008; 32:570. https://doi.org/10.5993/
AJHB.32.6.2.

12. Pot N, Keizer R. Physical activity and sport participation:
A systematic review of the impact of fatherhood. Prev
Med Rep. 2016; 4:121–27. https://doi.org/0.1016/j.
pmedr.2016.05.018.

26. Teixeira PJ, Carraça EV, Markland D, Silva MN, Ryan RM.
Exercise, physical activity, and self-determination theory: A
systematic review. Int J Behav Nutr Phys Act. 2012; 9:78.
https://doi.org/10.1186/1479-5868-9-78.

13. WHO Regional Office for Europe. Italy: Physical Activity
Factsheet; 2015.
14. Rhodes RE, Pfaeffli LA. Mediators of physical activity
behaviour change among adult non-clinical populations:
a review update. Int J Behav Nutr Phys Act. 2010; 7:37.
https://doi.org/10.1186/1479-5868-7-37.
15. Rhodes RE, De Bruijn GJ. How big is the physical activity
intention-behaviour gap? A meta-analysis using the action
control framework. Br J Health Psychol. 2013; 18:296–309.
https://doi.org/10.1111/bjhp.12032.
16. Deci EL, Ryan RM. Intrinsic motivation and selfdetermination in human behavior. Springer US. 1985.
https://doi.org/10.1007/978-1-4899-2271-7.
17. Ajzen I. The theory of planned behavior. Organizational
Behavior and Human Decision Processes. 1991; 50:179211. https://doi.org/10.1016/0749-5978(91)90020-T.
18. Schwarzer R, Luszczynska A. How to overcome healthcompromising behaviors: the health action process
approach. Eur Psychol. 2008; 13:141–51. https://doi.
org/10.1027/1016-9040.13.2.141.
19. Ryan RM, Deci EL. Self-determination theory and the
facilitation of intrinsic motivation, social development,
and well-being. Am Psychol. 2000; 55:68–78. https://doi.
org/10.1037/0003-066X.55.1.68.
20. Ryan RM, Williams GC, Patrick H, Deci EL.
Self-determination theory and physical activity:
the dynamics of motivation in development and
wellness. Hell J Psychol. 2009; 6:107–24. https://doi.
org/10.1080/17509840701827437.
21. Reifsteck EJ, Gill DL, Labban JD. “Athletes” and
“exercisers”: understanding identity, motivation, and
physical activity participation in former college athletes.
Sport Exerc Perform Psychol. 2016; 5:25–38. https://doi.
org/10.1037/spy0000046.
22. Girelli L, Hagger M, Mallia L, Lucidi F. From perceived
autonomy support to intentional behaviour: testing an
integrated model in three healthy-eating behaviours.
Appetite. 2016; 96:280–92. https://doi.org/10.1016/j.
appet.2015.09.027.
23. Hagger MS, Chatzisarantis NL, Culverhouse T, Biddle
SJ. the processes by which perceived autonomy support
in physical education promotes leisure-time physical
activity intentions and behavior: a trans-contextual
model. J Educ Psychol. 2003; 95:784–95. https://doi.
org/10.1037/0022-0663.95.4.784.
24. Gutin B, Yin Z, Humphries MC, Barbeau P. Relations of
moderate and vigorous physical activity to fitness and
www.oncotarget.com

27. Fishbein M. A theory of reasoned action: some applications
and implications. Nebr Symp Motiv. 1980; 27:65–116.
28. Young MD, Plotnikoff RC, Collins CE, Callister R,
Morgan PJ. Social cognitive theory and physical activity:
A systematic review and meta-analysis. Obes Rev. 2014;
15:983–95. https://doi.org/10.1111/obr.12225.
29. Armitage CJ. Can the Theory of Planned Behavior predict
the maintenance of physical activity? Health Psychol. 2005;
24:235–45. https://doi.org/10.1037/0278-6133.24.3.235.
30. Hagger MS, Chatzisarantis NL, Biddle SJ. A meta-analytic
review of the theories of reasoned action and planned
behavior in physical activity: predictive validity and the
contribution of additional variables. J Sport Exerc Psychol.
2002; 24:3–32. https://doi.org/10.1123/jsep.24.1.3.
31. Lucidi F, Grano C, Barbaranelli C, Violani C. Socialcognitive determinants of physical activity attendance in
older adults. J Aging Phys Act. 2006; 14:344–59. https://
doi.org/10.1123/japa.14.3.344.
32. Motalebi SA, Iranagh JA, Abdollahi A, Lim WK. Applying
of theory of planned behavior to promote physical
activity and exercise behavior among older adults. J Phys
Educ Sport. 2014; 14:562–68. https://doi.org/10.7752/
jpes.2014.04087.
33. Schwarzer R. Self-efficacy in the adoption and maintenance
of health behaviors:theorectical approaches and a new
model. In: Self-Efficacy: Thought Control of Action.
Hemisphere Publishing Corporation, 1992. pp. 217–44.
34. Bandura A. Self-efficacy mechanism in human
agency. Am Psychol. 1982; 37:122–47. https://doi.
org/10.1037/0003-066X.37.2.122.
35. Heckhausen H, Gollwitzer PM. Thought contents and
cognitive functioning in motivational versus volitional
states of mind. Motiv Emot. 1987; 11:101–20. https://doi.
org/10.1007/BF00992338.
36. Hattar A, Hagger MS, Pal S. Weight-loss intervention
using implementation intentions and mental imagery: a
randomised control trial study protocol. BMC Public Health.
2015; 15:196. https://doi.org/10.1186/s12889-015-1578-8.
37. Bélanger-Gravel A, Godin G, Amireault S. A metaanalytic review of the effect of implementation intentions
on physical activity. Health Psychol Rev. 2013; 7:23–54.
https://doi.org/10.1080/17437199.2011.560095.
38. Maher JP, Conroy DE. A dual-process model of older
adults’ sedentary behavior motivation underlying sedentary
25412

Oncotarget

behavior. Health Psychol. 2016; 35:262–72. https://doi.
org/10.1037/hea0000300.

Brookfield, VT, UD: Avebury/Ashgate Publishing Co. 1994.
pp. 71–88.

39. Hagger MS, Chatzisarantis NL. Integrating the theory of
planned behaviour and self-determination theory in health
behaviour: A meta-analysis. Br J Health Psychol. 2009;
14:275–302. https://doi.org/10.1348/135910708X373959.

50. Ryan RM, Connell JP. Perceived locus of causality and
internalization: examining reasons for acting in two
domains. J Pers Soc Psychol. 1989; 57:749–61. https://doi.
org/10.1037/0022-3514.57.5.749.

40. Hagger MS, Chatzisarantis NL. The trans-contextual model
of motivation. In: Hagger MS, Chatzisarantis NL (editors).
Intrinsic motivation and self-determination in exercise
and sport. Champaign, IL, US: Human Kinetics. 2007. pp.
53–70,309–313.

51. Hambleton RK, Patsula L. Adapting tests for use in multiple
languages and cultures. Soc Indic Res. 1998; 45:153–71.
https://doi.org/10.1023/A:1006941729637.

41. Hagger MS, Chatzisarantis NL. An integrated behavior
change model for physical activity. Exerc Sport
Sci Rev. 2014; 42:62–69. https://doi.org/10.1249/
JES.0000000000000008.

52. Hagger MS, Chatzisarantis NL, Hein V, Pihu M, Soós
I, Karsai I. The perceived autonomy support scale for
exercise settings (PASSES): development, validity,
and cross-cultural invariance in young people. Psychol
Sport Exerc. 2007; 8:632–53. https://doi.org/10.1016/j.
psychsport.2006.09.001.

42. Norman P, Conner M. The Theory of Planned Behavior and
Exercise: evidence for the mediating and moderating roles
of planning on intention-behavior relationships. J Sport
Exerc Psychol. 2005; 27:488–504. https://doi.org/10.1123/
jsep.27.4.488.

53. Ng A, Kennedy P, Hutchinson B, Ingram A, Vondrell S,
Goodman T, Miller D. Self-efficacy and health status
improve after a wellness program in persons with multiple
sclerosis. Disabil Rehabil. 2013; 35:1039–44. https://doi.org
/10.3109/09638288.2012.717586.

43. Wiedemann AU, Schu B, Sniehotta F, Scholz U, Schwarzer
R. Disentangling the relation between intentions,
planning, and behaviour: A moderated mediation
analysis. Psychol Health. 2009; 24:67–79. https://doi.
org/10.1080/08870440801958214.

54. Markland D, Tobin V. A modification to the behavioural
regulation in exercise questionnaire to include an
assessment of amotivation. J Sport Exerc Psychol. 2004;
26:191–96. https://doi.org/10.1123/jsep.26.2.191.
55. Verloigne M, De Bourdeaudhuij I, Tanghe A, D’Hondt E,
Theuwis L, Vansteenkiste M, Deforche B. Self-determined
motivation towards physical activity in adolescents treated
for obesity: an observational study. Int J Behav Nutr Phys
Act. 2011; 8:97. https://doi.org/10.1186/1479-5868-8-97.

44. Mullan BA, Wong C, Kothe EJ. Predicting adolescents’
safe food handling using an extended theory of planned
behavior. Food Control. 2013; 31:454–60. https://doi.
org/10.1016/j.foodcont.2012.10.027.
45. Hagger MS, Sultan S, Hardcastle SJ, Chatzisarantis NL.
Perceived autonomy support and autonomous motivation
toward mathematics activities in educational and outof-school contexts is related to mathematics homework
behavior and attainment. Contemp Educ Psychol. 2015;
41:111-23. https://doi.org/10.1016/j.cedpsych.2014.12.002.

56. Wachter D, De Hert M. A review of physical activity
correlates in patients with bipolar disorder. J Affect
Disord. 2013; 145:285–91. https://doi.org/10.1016/j.
jad.2012.07.020.
57. Sniehotta FF, Scholz U, Schwarzer R. Bridging the
intention–behaviour gap: Planning, self-efficacy, and
action control in the adoption and maintenance of physical
exercise. Psychol Health. 2005; 20:143–60. https://doi.org/
10.1080/08870440512331317670.

46. Hagger MS, Chatzisarantis NL, Biddle SJ. The influence
of autonomous and controlling motives on physical
activity intentions within the Theory of Planned Behaviour.
Br J Health Psychol. 2002; 7:283–97. https://doi.
org/10.1348/135910702760213689.

58. Godin G, Shephard RJ. Godin Leisure-Time Exercise
Questionnaire. Med Sci Sports Exerc. 1997; 29:36–38.
https://doi.org/10.1097/00005768-199706001-00009.

47. Ajzen I. Residual effects of past on later behavior:
habituation and reasoned action perspectives. Personal
Soc Psychol Rev. 2002; 6:107–22. https://doi.org/10.1207/
S15327957PSPR0602_02.

59. Kock N. WarpPLS User Manual Version 6.0. 2017. http://
cits.tamiu.edu/WarpPLS/UserManual_v_6_0.pdf.
60. Esposito Vinzi V, Chin WW, Henseler J, Wang H. (Eds.).
Handbook of partial least squares: concepts, methods and
applications. Springer-Verlag Berlin Heidelberg. 2010.
https://doi.org/10.1007/978-3-540-32827-8.

48. Ouellette JA, Wood W. Habit and intention in everyday
life: the multiple processes by which past behavior predicts
future behavior. Psychol Bull. 1998; 124:54–74. https://doi.
org/10.1037/0033-2909.124.1.54.

61. Tenenhaus M, Vinzi VE, Chatelin YM, Lauro C. PLS path
modeling. Comput Stat Data Anal. 2005; 48:159–205.
https://doi.org/10.1016/j.csda.2004.03.005.

49. Sutton S. The past predicts the future: Interpreting
behaviour–behaviour relationships in social psychological
models of health behaviour. In: Rutter D, Quine L, editors.
Social psychology and health: European perspectives.

www.oncotarget.com

25413

Oncotarget

