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Objective: Using a moderated mediation model, the present study investi-
gated whether the mediation of physical activity (PA) habit into PA level via
PA identity depends on the levels of both autonomous and controlled moti-
vation among active older adults.

Method: A one-month prospective study was conducted among 220 French
physically active older adults. They were administrated measures of sociode-
mographic variables, self-determination, habit, and identity at baseline as
well as PA level one month later.

Results: PA identity partially mediated the positive relationship between PA
habit and PA level. In addition, moderated mediation analysis revealed that
PA identity and the interaction between habit and motivation were positively
and significantly associated with PA level. More precisely, PA habit was
related to PA level only for older adults with both high level of controlled
motivation and moderated or high level of autonomous motivation.

Conclusion: The results highlighted the crucial role of PA identity in the pre-
diction of PA level among physically active older adults. They also revealed
the importance to consider various types of motivations in the maintenance
of PA.
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Maintaining physical function, independence, and
quality of life among people aged 60 years or more
represents both a public health priority and an eco-
nomic imperative (Piercy et al., 2018). To this end,
performing physical activity (PA), a behavior recog-
nized to improve physical and mental functions and
to maintain the mobility and independence of older
people (Cunningham et al., 2020; Sun et al., 2013
for systematic reviews), is deemed increasingly impor-
tant (McPhee et al., 2016). However, the majority of
the positive health outcomes of PA require long-term
maintenance (Shortreed et al., 2013), and many older
adults do not meet or maintain the recommended
World Health Organization (WHO) PA guidelines (A.
Bauman et al., 2016). For example, Clemente Remón et
al. (2021) revealed that only 55.5% of European older
adults meet the WHO PA recommendations (WHO
2010), and the mean prevalence of physical inactivity
in older Europeans varies from 5% to 29% (Gomes et
al., 2017). As a consequence, it appears crucial, beyond
the interest in getting inactive older people to initiate
PA, to investigate the psychological processes under-
lying PA maintenance, to help older adults who are
already physically active to perform this behavior on a
regular and sustainable basis.

According to the dual-process (e.g., Maintain IT mod-
els; Caldwell et al., 2018) and the multi-process action
control model (M-PAC; Rhodes, 2017) approaches, PA
maintenance involves a decrease in the use of self-reg-

ulation and executive function processes, leading to
the development of automatic processes (e.g., habit)
and the emergence of an identity specific to this
behavior. Moreover, in line with self-determination
theory (SDT; Deci & Ryan, 2002), it is assumed that
PA maintenance results from a transition from extrinsic
motivation to more self-determined motivation (Ryan
& Deci, 2000). It is important to note that individuals
could also report self-determined and non-self-deter-
mined forms of motivation for a given domain
(Fairchild et al., 2005; Vallerand, 1997). Indeed, dis-
tinctive combinations of motivation among different
groups of physically active older adults emerged from
previous studies, examining motivational profiles
based on SDT using cluster analysis (Ferrand et al.,
2012, 2014; Stephan et al., 2010). Thus, the present
research aimed to investigate the interplay between
habit, identity, and motivation in predicting PA levels
among physically active older adults.

Habit, defined as a pattern of behavior that is regularly
performed over time within a similar context and even-
tually requires little conscious decision-making (Gard-
ner et al., 2011), is considered a key concept in PA
maintenance (Gardner & Lally, 2018). Verplanken and
Orbell (2003) summarize the basic features of habit as
follows: a history of repetition, features of automaticity
(i.e., lack of control, lack of awareness, efficiency), and
their reflection of someone’s identity. In their meta-
analysis, Gardner et al. (2011) found that habit pre-
sents a moderate-to-strong correlation with PA level (r
= .43; CI = .39 - .47). This result was corroborated by
longitudinal studies, revealing that older adults with
more vigorous habits for PA are more likely to engage
in being physically active (Arnautovska et al., 2017;
Van Bree et al., 2017). As suggested by Verplanken and
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Sui (2019), one possible explanation of this relation-
ship is that PA habit may serve as a potential source
of the development of a specific identity toward PA,
facilitating the maintenance of this behavior over time.
In this approach, the relationship between habit and
identity occurs through a self-perception (Bem, 1972).
For example, the perception of one’s own frequently
performed behaviors may lead to the inference that
these behaviors are important to the individual and
may therefore be considered as a part of the individ-
ual’s identity (e.g., Neal et al., 2012; Wood & Rünger,
2016).

Identity theory (Burke & Reitzes, 1981; Stryker &
Burke, 2000) posits that people are driven by a funda-
mental need to maintain a coherence and consistent
sense of self. People may partly construct this sense
of self or identity by reflecting on their own behavior,
that is, when a behavior is frequently performed, it is
more likely to become part of a person’s self-concept
(Bem, 1972). The term self-identity has been intro-
duced to refer to the extent to which a particular
behavior is a salient part of one’s self-concept (Sparks
& Shepherd, 1992). Thus, identity predicts behavior
when the meaning of the behavior is aligned with the
meaning ascribed to an individual’s identity (Burke &
Reitzes, 1981). The exercise identity concept refers to
the extent to which one holds the role of “exerciser”
as a core aspect of one’s identity (Anderson & Cychosz,
1995). Individuals who identify as “exercisers” are
expected to seek congruency between this identity and
their behavior. It is important to note that there are
some nuances in terms of how older populations might
view exercise and PA. Indeed, some authors found that
older adults find the term PA to be more inclusive of
their activities than the term exercise by allowing for
more choice regarding how they incorporate PA into
their lives (Ory, 2003; Whaley & Ebbeck, 2002). As
such, they associate themselves more with a PA iden-
tity than with an exerciser identity (Strachan et al.,
2010; Whaley & Ebbeck, 2002). A meta-analysis by
Rhodes et al. (2016), revealed a medium-sized correla-
tion between PA or exercise identity and PA level (r =
.44; CI = .38 - .48). This result is in line with studies,

conducted in the context of aging, which found a sig-
nificant and positive relationship between identity
scores and PA level (Sincharoen, 2005; Strachan et al.,
2010). A meta-analysis on the role of self-identity in
the theory of planned behavior, also reported a cor-
relation of .33 between self-identity and past behav-
ior, which is often considered as a proxy of habit (Rise
et al., 2010). This result may suggest that the repeti-
tion of the behavior, which is one of the characteris-
tics of habit, may contribute to the development of a
strong identity toward a specific behavior. In line with
social cognitive models (Deci & Ryan, 2002; Fishbein
& Ajzen, 1975; Rise et al., 2010), habit may become
part of self-identities through the end result of
enacted motivations. A strong motivation, anchored in
self-identity, may instigate repeated action, which may
then become a habit. Thus, the relationship between
habit and identity in the prediction of PA level may
depend on the type of motivation developed by an
individual toward PA.

SDT proposes a multidimensional conceptualization of
motivation with autonomous and controlled motiva-
tion representing the two main types (Deci & Ryan,
2002). This theory suggests that individuals’ motiva-
tion varies along a continuum of relative autonomy
of self-regulation, including more or less autonomous
(i.e., engaging in a behavior because of personal inter-
est or perceived value) versus controlled (i.e., engaging
in a behavior because of a sense of external or internal
pressure) motives. Previous research using this frame-
work supports the view that individuals are more likely
to simultaneously hold different motivations for a
given context, toward which they can be, to a certain
extent, intrinsically motivated, extrinsically motivated,
and/or amotivated (Deci & Ryan, 2000; Vallerand,
1997). When a person engages in autonomously reg-
ulated behavior, it could be due to the inherent inter-
est and enjoyment it provides (i.e., intrinsic motiva-
tion), the fact that the individual recognizes its impor-
tance although he/she may not enjoy performing it
(i.e., identified regulation), or because the person inte-
grates the behavior as inherent to him/herself and per-
ceives it as being aligned with his/her own values (i.e.,
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integrated regulation). However, individuals can also
be motivated to engage in behavior for controlled rea-
sons, such as doing it out of guilt or shame (i.e., intro-
jected regulation) or because others pressure them to
engage in the behavior (i.e., external regulation) (Deci
& Ryan, 2000). A meta-analysis suggests that older
adults who present a high level of autonomous and
a low level of controlled motivation are those who
tend the most to maintain their PA level over time
(Huffman et al., 2021). However, previous studies also
found distinct motivational profiles among physically
older adults (Ferrand et al., 2012, 2014; Stephan et
al., 2010). For example, Ferrand et al. (2014) identi-
fied two distinct profiles, i.e., “Highly self-determined
profile” (characterized by high levels of intrinsic moti-
vation, identified regulation and introjected regulation
and low level of external regulation) and “low to mod-
erate introjected profile” (characterized by low scores
of intrinsic motivation and external regulation and
moderate score of introjected regulation). Those
results suggest that the level of self-determination
alone does not account for the motivational dynamics
underlying the adoption and maintenance of behaviors
such as PA (Hagger & Chatzisarantis, 2009; Rhodes &
De Bruijn, 2013). In this vein, some studies have con-
sidered the interplay between motivation and habit
(e.g., Gardner & Lally, 2013; Hopkins et al., 2022;
Radel et al., 2017) or identity (Ntoumanis et al., 2018;
Reifsteck et al., 2016; Strachan et al., 2013; Vla-
chopoulos et al., 2011) to better understand the psy-
chological processes underlying the adoption and
maintenance of PA.

Several studies revealed that autonomous motivation
is significantly and positively correlated with the level
of PA habit (Gardner & Lally, 2013; Hawlader et al.,
2023; Hopkins et al., 2022; Maltagliati et al., 2025;
Mullan et al., 2021; Radel et al., 2017). The literature
indicates that autonomous motivation is associated
with the enactment of behaviors in the absence of
external cues, thereby reducing the likelihood of the
potential temptation (Leduc-Cummings et al., 2022;
Milyavskaya et al., 2015; Werner et al., 2016), which
is expected to facilitate the development of habit (Ver-

planken & Orbell, 2022; Wood & Neal, 2016). Contra-
dictory results are observed regarding the association
between controlled motivation and PA habit. Indeed,
available studies reported either a non-significant
(Maltagliati et al., 2025), a significant and positive
(Radel et al., 2017), or a significant and negative (Gard-
ner & Lally, 2013) relationship between these con-
structs. The conceptualization of controlled motivation
suggests that individuals should primarily rely on
reflective processes to anticipate the consequences
associated with the enactment of the behavior (Ryan
& Deci, 2000). However, as suggested by Radel et al.
(2017), a certain degree of automaticity may also be
involved in the regulation of extrinsically motivated
behaviors. One potential explanation is that individ-
uals may initially rely on a reflective process when
they engage in a behavior, but over time, they may
no longer require this process to regulate their behav-
ior. Another possibility is that a substantial part of
the decision-making process associated with extrinsic
motivation may occur automatically (Bijleveld et al.,
2009; Pessiglione et al., 2007).

A separate line of research found that autonomous
motivation is also directly and positively associated
with PA identity (Ntoumanis et al., 2018; Reifsteck
et al., 2016; Strachan et al., 2013; Vlachopoulos et
al., 2011). Interestingly, integrated regulation seems
to be particularly relevant to the PA identity construct
since it captures the incorporation of role meaning
into the self. However, PA identity is about more than
engaging in physical activities, in permeating people’s
lives in terms of their daily conversation, how they
carry themselves, and their social activities and rela-
tionships. Indeed, a strong PA identity may be infil-
trating areas of people’s lives other than behavioral
engagement, such as their social interaction or how
they present themselves (Strachan et al., 2016). By
contrast, mixed results have been found on the rela-
tionship between controlled motivation and PA iden-
tity. Indeed, no relationship was found between exter-
nal regulation and PA identity, whereas small positive
correlations were found between introjected regula-
tion and PA identity (Ntoumanis et al., 2018; Reifsteck
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et al., 2016; Strachan et al., 2013; Vlachopoulos et al.,
2011). This result suggests that, for people with strong
PA identity, avoidance of the negative affective reac-
tions of not behaving consistently with one’s identity
may be a viable factor in regulating PA behavior.

To our knowledge, no study has yet examined how
these PA maintenance constructs work together in
facilitating PA participation among physically active
older adults. This suggests integrating key constructs
of the maintenance phase of the M-PAC (i.e., habit and
identity) and the SDT (i.e., autonomous and controlled
motivations) into one model to improve our under-
standing of PA behavior. In line with previous stud-
ies (Rise et al., 2010; Verplanken & Sui, 2019), we
consider, within the M-PAC, that PA habit could be
an antecedent of PA identity in the prediction of PA
level, even if this relationship could be bi-directional.
Moreover, a meta-analysis that integrated the theory of
planned behavior (TPB; Ajzen, 1991) with the SDT did
not find any direct effects of self-determined motiva-
tion on PA behavior (Hagger & Chatzisarantis, 2009),
suggesting a potential indirect effect of motivation
on PA level via social cognitive variables of the TPB.
Research has investigated the potential moderating
role of autonomous (or controlled) motivation between
the intention and PA behavior (Chatzisarantis et al.,
1997; Fortier et al., 2009; Mullan et al., 2021; Orbell,
2003), even if no significant interaction effects were
found. In the same vein, we consider that autonomous
and controlled motivations could also act as modera-
tors of the relationship between habit or identity and
PA level, such that a high autonomous motivation will
amplify the positive contribution of habit or identity
to PA level. Conversely, a highly controlled motivation
will weaken these relationships.

Thus, the aim of the present study is to test if PA
identity mediates the association between PA habit
and PA level one month later as a function of the
underlying levels of autonomous and controlled moti-
vations, among a sample of physically active older
adults. Those associations were tested controlling for
PA covariates (i.e., sex and age; A. E. Bauman et al.,
2012; Koeneman et al., 2011; Van Stralen et al., 2009).

We formulated two hypotheses to test this moderated
mediation model (see Figure 1).

Hypothesis 1: The positive relationship between PA
habit and further level of PA is mediated by PA identity.
In other words, older adults who developed PA habit
are more likely to define themselves as people who
are physically active, which, in turn, encourages the
engagement in PA.

Hypothesis 2: The strength of the mediation of PA
identity in the relationship between PA habit and PA
level depends on the level of autonomous and con-
trolled motivation. In line with the SDT approach, we
suggest that, when older adults have a low level of
controlled motivation and a high level of autonomous
motivation, PA habit has a stronger association with PA
level through PA identity.

Participants were retired older individuals, members of
the French Federation of Sport Retirement (FFSR), who
were invited via email to take part in a two-wave sur-
vey on their leisure activities. The FFSR proposes dif-
ferent sports and physical activities including cycling,
Nordic walking, hiking, strength training, gymnastics,
dancing, yoga, golf, tennis, aquatic activities, and mar-
tial arts. All activities are supervised by an adapted PA
or sport professional. Given that the FFSR is not an
intervention program, affiliated individuals are free to
participate or not in the proposed activities.

To begin with, a message gave information on the aim
of the study, i.e., to gather information about leisure
activities, and FFSR members were informed that their
participation was completely anonymous and volun-
tary. The study was approved by the University Depart-
mental Ethics Committee and written informed con-
sent was obtained by email. The inclusion criteria were
that participants had to be fully retired, aged more
than 60 years old and have a license from the FFSR for
the year 2021-2022.

Methods

Participants and procedure
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Figure 1 Hypothesized moderated mediation model

A link embedded in the email presentation of the study
took them directly to the first online survey (Time 1)
which assessed socio-demographic characteristics (i.e.,
age, sex, marital status, education level, last occupa-
tional status, time since retirement), number of years
as member of the FFSR, and questions about PA moti-
vation, identity, and habit. Between April and May
2022, the e-mail was sent to the 1900 members of
the FFSR. Among the 1900 members, 303 responded
to the first survey, among which six participants did
not meet the inclusion criteria (four participants were
not retired, and two participants were under 60 years
old) and were excluded from the analyses. One month
later (June 2022), a new email was sent to the 297

respondents, containing a link to the second online
survey (Time 2), in order to obtain information about
their level of PA during the last month. Due to method-
ological constraints, a delay of one month was chosen
between T1 and T2 because the activities proposed
by the FFSR stop at the end of June and, during the
summer period, people are less available to answer a
survey and may change their practices. The final sam-
ple was composed of 220 participants who completed
both Time 1 and Time 2 questionnaires (see Table 1
for the characteristics of the final sample). The aver-
age response delay between Time 1 and Time 2 was
43 days.

Table 1
Characteristics of the final sample

Characteristics (N = 220) Mean (SD) Range (years) Percentage

Age 71.25 (5.88) 60 to 91
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Characteristics (N = 220) Mean (SD) Range (years) Percentage
Sex

Male 37

Female 63

Marital Status

Living with a partner 59.5

Single 40.5

Education

Elementary school 1.4

High school diploma 31.8

University of college degree 66.8

Professional status

Administrative, sales or service occupations 54.1

Managers, accredited professions 26.8

Intermediate occupations 12.7

Other professions 6.4

Time since retirement (in years) 10.3 (6.48) 0.5 to 30

Number of years as member of the FFSR (in years) 8 (6.53) 0.1 to 30

The retention rate of participants from Time 1 to Time
2 is equal to 64.55%. Participants who were lost to
the follow-up (n = 77) were compared with those who
were retained (n = 220) on all baseline variables. Non-
parametric Kruskal-Wallis analyses revealed no signif-
icant differences with regard to most variables, i.e., to
age (χ² = 1.96; p = .16), sex (χ² = 0.00; p = .94), mari-
tal status (χ² = 0.50; p = .48), occupational status (χ² =
3.74; p = .42), time since retirement (χ² = 0.66; p = .42),
number of years as member of the FFSR (χ² = 0.67; p
= .41), PA habit (χ² = 3.14; p = .08), autonomous moti-

vation (χ² = 0.09; p = .76) and controlled motivation
(χ² = .68; p = .41), but significant differences for educa-
tion level (χ² = 4.08; p = .04) and PA identity (χ² = 6.51;
p = .01). Individuals, in the final sample, were signif-
icantly more educated and had a stronger PA identity
than those who provided data at Time 1 but not Time
2.
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Motivation was measured using the short French ver-
sion of the Behavioral Regulation in Exercise Ques-
tionnaire (BREQ-2 Markland & Tobin, 2004), used in
Milyavskaya & Koestner (2011) study. Although the
fourth version of the BREQ was available, we used
this short version to avoid cognitive overload when
filling out the questionnaire. This scale consists of 6
items with a 7-point Likert scale ranging from 1 (Not
very true of me) to 7 (Very true of me), measuring the
six dimensions of motivation conceptualized by SDT.
Adopting a dualistic perspective of self-determination,
an autonomous motivation score was calculated as the
average of intrinsic motivation (“I find PA a pleasurable
activity”), identified (“It’s important to me to engage in
a PA regularly”) and integrated (“I consider PA consis-
tent with my values”) regulations. A controlled motiva-
tion score was calculated as the mean of external (“I
engage in PA because other people say I should”) and
introjected (“I feel ashamed when I miss A PA session”)
regulations. Moderate to high correlations were found
between intrinsic, identified, and integrated items (r
= .28 to .50) and between external and introjected
items (r = .30). Spearman correlation also revealed
that autonomous motivation was negatively and sig-
nificantly correlated with controlled motivation (r =
-.14, p < .05) as hypothesized by SDT.

PA habit was assessed with the French adaptation of
the Self-Report Behavioral Automaticity Index (SRBAI;
Gardner et al., 2012), validated by Boiché et al. (2016),
including four items which were answered on a Likert
scale ranging from 1 (strongly disagree) to 5 (strongly
agree). The items stem “PA is something…” was fol-
lowed by: “… (a) I do automatically, (b) I do without
having to consciously remember, (c) I do without think-
ing, (d) I start doing before I realize I’m doing it”. The
scores were averaged for each participant to create

an average habit score, with a higher score showing a
stronger PA habit (Cronbach’s α = .81).

The measure of PA identity was adapted from the
6-item Canadian French version of the Athletic Identity
Questionnaire (Anderson, 2004; Yao et al., 2018), in
replacing the term “exercise” with “PA”. Using a 7-point
Likert scale ranging from 1 (strongly disagree) to 7
(strongly agree), participants rated the extent to which
they identified with being a physically active person.
The items are “I consider myself physically active”, “I
have numerous goals related to my PA”, “Most of my
friends are physically active”, “PA is the most important
part of my life”, “I spend more time thinking about my
PA than anything else” and “I would very depressed if
I were injured and could not participate to my PA”. The
scores were averaged for each participant to create an
average identity score, with a higher number showing
a stronger PA identity (Cronbach’s α = .74).

Data on PA level was collected using the French ver-
sion of the Global Physical Activity Questionnaire
(GPAQ) to assess the PA performed by the person dur-
ing the previous 7-day (Rivière et al., 2018; Wanner et
al., 2017). This questionnaire presents a good valid-
ity compared with accelerometer in the French context
(Rivière et al., 2018) and is stated as an adequate mea-
surement tool of PA for older adults (Bull et al., 2009;
Mengesha et al., 2019). It collects information on PA
participation in three domains (PA at work, transport,
and recreational PA) as well as on sedentary behavior.
Given the aim of the study and the characteristics of
our sample, only the recreational domain and trans-
port questions were assessed. For the analyses, GPAQ
data were prepared according to the GPAQ analysis
guide (WHO, 2010). Total time spent and energy
expenditure in MET were calculated for recreational
moderate and vigorous intensity PA and for transport
and summed to obtain an index of total MET∙min/week
for each participant, which was our indicator of PA

Measures

Self-determination for PA

Habit

Identity

PA level
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level. In addition, the score of four participants, who
were identified as outliers (> 3SD above the mean),
was changed by the higher score of PA level in the cur-
rent sample, as recommended by the (WHO, 2010).

Hypothesis 1: A mediation analysis was conducted
using Hayes’ (Hayes, 2013, 2018) PROCESS version 4.2
computational tool for SPSS (Model 4) to examine the
mediating effect of PA identity on the association
between PA habit and PA level. In this analysis, PA
habit was entered as the independent variable (IV), PA
identity as the mediator (Med), PA level as the depen-
dent variable (DV) and age and sex as the covariates.

Hypothesis 2: We also used the PROCESS MACRO for
SPSS (Model 76; Hayes, 2018) to compute the indirect
effect of PA habit on PA level through PA identity
for several values of both autonomous and controlled
motivations. In this analysis, PA habit was entered as
the IV, PA identity as the Med, autonomous (Mod1) and
controlled (Mod2) motivations as the moderators, the
level of PA one month later as the DV, and sex and
age as the covariates. Model 76 specifies that the mod-
erators impact all pathways of the mediation model.
To avoid potential problems associated with multi-
collinearity, all variables were mean-centered (Aiken &
West, 1991).

This macro facilitates the implementation of a boot-
strapping method, which does not impose distribu-
tional assumptions. This represents a considerable
advantage, because the assumption that the indirect
effect is normally distributed is often violated (Shrout
& Bolger, 2002). For both analyses, a bootstrap (n
= 5000) resample procedure to estimate the indirect
effect and 95% confidence intervals (CI) was used. An
effect is considered significant if the 95% CI does not
include zero (Preacher & Hayes, 2008). The mediation
occurs when the 95% CI of the indirect effect esti-
mated from the bootstrap procedure excludes zero
(Preacher & Hayes, 2008). For the moderated media-
tion analysis, Preacher et al. (2007) recommend esti-
mating conditional indirect effects and testing
whether these indirect effects differ from zero at spe-
cific values of the moderator using a bootstrap CI. We
used the mean as well as one standard deviation above
and below the mean of the controlled and autonomous
motivations scores to represent moderate, high and
low values of controlled and autonomous motivations,
respectively.

Means, standard deviations, kurtosis, skewness and
Spearman’s correlation coefficients between the vari-
ables of the study are presented in Table 2.

Table 2
Spearman correlations and other characteristics of the variables in the model

Variables Mean SD Range Skewness Kurtosis 1 2 3 4 5 6 7
1. Sex - - - - - -
2. Age 71.25 5.88 60-91 0.54 0.06 -.09 -
3. Controlled
motivation T1 1.9 1.65 1-6.5 1.31 1.40 -.18** -.14* -

4. Autonomous
motivation T1 6.39 0.76 4-7 -1.25 0.9 -.02 -.02 -.14* -

5. PA habit T1 3.24 1.03 1-5 -.09 -0.71 .02 -.04 .06 .43*** -
6. PA identity T1 4.62 1.05 2.17-7 -.10 -0.46 -.08 -.01 .00 .53*** .41*** -
7. PA level T2 3418 2242 0-11386 .96 .72 -.14* -.06 -.09 .27*** .28*** .30*** -

*p < .05, **p < .01, **p < .001.

Data Analysis

Results
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PA = Physical activity

The scores of PA level are expressed in MET∙min per week.

Before hypothesis testing, multicollinearity was tested
with Variance Inflation Factors (VIF). If VIF 5 to 10,
there will be multicollinearity among the IV (e.g., age,
sex, autonomous and controlled motivations, habit
and identity) in the models (Belsley, 1991; Shrestha,
2020). The analysis revealed no evidence of collinear-
ity among the variables included in both models. For
the mediation model, mean VIF value obtained = 1.12;
the highest individual VIFs were 1.22 for PA identity
and 1.21 for PA habit. For the moderated mediation
model, mean VIF value obtained = 1.27; the highest
individual VIFs were 1.61 for autonomous motivation

and 1.52 for PA identity. If the value of VIF is 1 < VIF
> 5, it only specifies that the variables are moderately
correlated to each other.

Table 3 reports the results of the mediation analysis.
Positive and significant paths were found from PA
habit to PA identity (B = .41, p < .001, CI = .292 - .534)
and from PA identity to PA level one month later (B =
.20, p < .01, CI = .059 - .341).

Table 3
Mediation analysis of PA habit on PA level via PA identity, controlling for age and sex
Variables Coeff SE p LLCI ULCI
Sex -.09 .14 .14 -.467 .068
Age -.00 .01 .77 -.025 .019
PA habit .15 .07 .04 .008 .287
(Total effect) .23 .07 .00 .101 .359
PA identity .20 .07 .01 .059 .341
(Indirect effect) .027 .158

PA = Physical activity; SE = Standard errors; LLCI = Lower limit confidence interval; ULCI = Upper limit confi-
dence interval

The bootstrap procedure revealed that the total contri-
bution of PA habit on the level of PA one month later
was significant (B = .23, p < .001, CI = .101 - .359)
and decreased when the mediator was included in the
model (B = .15, p < .05, CI = -.008 - .287). This suggests
that the contribution of PA habit on PA level is partially
mediated by PA identity. The results of the bootstrap-
ping analysis confirmed that the indirect contribution
of PA habit on PA level through PA identity was signif-

icant with a point estimate of .08 (95%CI = .027 - .158)
controlling for age and sex (see Table 3).

Table 4 reports the results of the moderated mediation
analysis. Positive and significant paths were found
from PA identity (B = .18, p < .05, CI = .026 - .343) and
from the interaction between PA habit and controlled
motivation (B = .16, p < .05, CI = .002 - .305) to PA level.

Hypothesis 1

Hypothesis 2
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Table 4
Direct effects of the moderated mediation analysis on PA level controlling for age and sex
Variables Coeff SE p LLCI ULCI
Sex -.20 .14 .14 -.475 .068
Age -.00 .01 .73 -.026 .018
PA habit (IV) .13 .08 .08 -.017 .281
PA identity (Med) .18 .08 .02 .026 .343
Autonomous motivation
(Mod1) .02 .09 .83 -.171 .213

Controlled motivation
(Mod2) -.01 .07 .94 -.139 .129

Interaction IV*Mod1 .05 .08 .52 -.101 .198
Interaction IV*Mod2 .16 .08 .04 .002 .305
Interaction Med*Mod1 -.06 .07 .39 -.211 .082
Interaction Med*Mod2 -.03 .07 .65 -.177 .110

PA = Physical activity; SE = Standard errors; LLCI = Lower limit confidence interval; ULCI = Upper limit confi-
dence interval

Although no moderated mediation was found, the
analysis still showed a simple moderating effect of
controlled motivation between PA habit and PA level.

Conditional effects of the moderated mediation analy-
sis revealed that the contribution of PA habit on PA
level is only significant for older individuals with a
combination of high level of controlled motivation
with medium (B = .28, SE = .11, CI = .068 - .501) or high
(B = .32, SE = .12, CI = .080 - .566) levels of autonomous
motivation. All significant effects on PA level of the
moderated mediation analysis are presented in Figure
2.

The present study aimed to examine the interplays
between motivation, habit and identity in the predic-
tion of PA level among physically active older adults.
The results confirmed our first hypothesis and revealed
that PA identity acts as a partial mediator of the asso-
ciation between PA habit and PA level one month later,

controlling for age and sex. In other words, older
adults who develop strong habit toward PA were more
likely to engage and maintain their PA level, in part
because they create an identity of physically active
person. Beyond the confirmation of the established
links between PA habit or PA identity with PA level
among older adults, this result highlighted a positive
and significant correlation between PA habit and PA
identity, which, to our knowledge, has not been
demonstrated before. Nevertheless, this result should
be taken with caution because of the prospective
design of the present study. Indeed, in line with previ-
ous studies (e.g., Verplanken & Sui, 2019; Willmott et
al., 2021), we have only considered habit as a poten-
tial antecedent of the formation of PA identity. How-
ever, the relationship between habit and identity may
be bi-directional. An identity may instigate behavior
and thus maintain a habit while the self-perception of
a habit may feed into self-identity (Wood & Rünger,
2016). Moreover, the development of those two con-
cepts differs significantly according to time where it
takes only a few weeks to form a habit, whereas sev-
eral months or years are required to the formation of

Discussion
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Figure 2 Moderated mediation model

Unstandardized beta coefficients are displayed for only statistically significant paths. To see parameter esti-
mates for all pathways, see Table 4. PA = Physical activity. *p < .05. ***p < .001.

an identity. Future research should explore this specific
relationship between PA habit and PA identity with
an appropriate method (e.g., longitudinal design with
ecological momentary assessments) to have a better
comprehension of how those two constructs interact.

Our second hypothesis concerned the potential moder-
ating role of both autonomous and controlled motiva-
tions in the interplay between PA habit, PA identity and
PA level, using a moderated mediation analysis. Our
results did not confirm this hypothesis but showed that
PA identity and the interaction term between PA habit
and controlled motivation significantly and positively
predicted PA level one month later. In line with previ-
ous studies (Sincharoen, 2005; Strachan et al., 2010),
this result reinforces the crucial role of PA identity on
PA engagement among active older adults, but it is
also innovative because this link was found beyond
the contribution of the two forms of motivation and
PA habit. It is also interestingly to note that, in this

model, PA habit is associated with PA level only for
older adults with both high level of controlled motiva-
tion and medium or high level of autonomous motiva-
tion.

Thus, these two combinations of motivation empha-
size the association between PA habit and PA level one
month later and may provide more information on the
processes leading to the formation of habit. When the
behavior is performed for autonomous reasons (plea-
sure, satisfaction, interest, value), it provides a natural
reinforcement that may help the habit process. How-
ever, when the behavior is performed for controlled
reasons, after a first decisional phase where a cost/
benefit analysis has been done, individuals may then
stick with their decision and start to perform the
behaviors more automatically without the need to
reconsider the value of the behavior every time. This
last explanation is in line with Radel et al. (2017)
study, which found a positive correlation between con-
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trolled motivation and habit, but it needs to be repli-
cated to better understand the role of this type of
motivation on PA level and its proximal determinants.
More broadly, this finding provides support for studies
examined the potential moderating role of motivation
in the relationship between conscious or automatic
variables and PA behavior (Chatzisarantis et al., 1997;
Fortier et al., 2009; Mullan et al., 2021; Orbell, 2003).

Several theoretical implications emerge from the pat-
tern of results. Our findings contribute to extend the
literature on the identification and interplay of psycho-
logical constructs underlying the maintenance of PA
among older adults. The results highlight, in a final
model comprising the three main PA maintenance vari-
ables, the crucial role of PA identity in the prediction
of PA level among active older adults. In addition, this
study reinforces the idea that it is common for an
individual to report a combination of multiple moti-
vations for a specific domain at the same time (Deci
& Ryan, 2002). More precisely, among our sample of
physically active older adults, autonomous motivation
is positively and significantly related to PA identity
while controlled motivation has an indirect contribu-
tion on PA engagement via PA habit. Finally, although
our hypothesis on a moderated mediation model was
not confirmed, this research emphasized the impor-
tance of studying health behavior initiation and main-
tenance through further statistical analysis such as
moderated mediation (e.g., Caudroit et al., 2014; Mal-
tagliati et al., 2022) rather than simple mediation or
moderation. These analyses provide a better under-
standing of behavior change by taking into account
that mediation or moderation mechanisms might differ
in subgroups of participants.

On a more applied perspective, the present results pro-
vide evidence that the development of PA habit and
identity are crucial to maintain a regular PA among
older adults. Incorporating strategies that support the
formation of habit (e.g., problem solving techniques)
(Ma et al., 2023) and identity (e.g., identification of self
as role model) (Michie et al., 2013) may help physically
active older adults to sustain their PA engagement.
The findings also suggest creating a motivational cli-

mate to reinforce autonomous motivation toward PA
(Quested et al., 2021) to support the development of
PA habit and identity. In addition, holding controlled
motivation is not necessarily problematic as long as
autonomous regulations are also held. If older people
present high score of controlled motivation combined
with high or medium levels of autonomous motivation,
it appears important to develop, through repeated
experience of the activity in stable context (Hagger,
2019), habit toward PA to maximize the chance that
older individuals sustain their PA engagement.

Some limits of the present study should be acknowl-
edged. Although prospective, the non-experimental
design of the study does not allow for the test of
causal relationships among the variables under con-
sideration. This is especially true for the bi-directional
relationship between habit and identity and future
research should explore how habit and identity inter-
act to predict the PA maintenance. The results should
also be taken with caution given the scales used for
this study and the measure of all psychological vari-
ables at the same time point. Although GPAQ is a
validated scale, an overestimate of self-reported PA
could be possible and only an objective measure by
accelerometer could limit this bias. This is especially
true here given the high levels of PA reported by our
sample. Autonomous forms of motivation and, more
precisely, integrated regulation has been shown to be
strongly correlated with PA identity which is in line
with previous studies (Ntoumanis et al., 2018; Reif-
steck et al., 2016), even if values of VIF revealed no
evidence of multicollinearity in our final model. A
greater examination of the discriminant validity of the
two measures is nevertheless required. Finally, the
results are specific to a limited sample of French
retired older adults, members of the FFSR, and are not
generalizable to the entire population.

Despite these limitations, the present study con-
tributes to extend the literature on the psychological
determinants of PA maintenance among physically
active older adults in highlighting the mediating role
of PA identity in the association between PA habit and
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PA level and the moderating role of controlled motiva-
tion in the relationship between PA habit and PA level.
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