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Abstract This study conducted among adults with obesity
examined the associations between implicit attitudes
toward physical activity and sedentary behavior, and
physical activity behavior measured 4 months later. At
baseline, 76 participants (Magg = 56; Mpm = 39.1)
completed a questionnaire assessing intentions toward
physical activity and sedentary behavior and two comput-
erized Single-Category Implicit Association Tests assess-
ing implicit attitudes toward these two behaviors. At
follow-up, physical activity was measured with
accelerometers. Multiple regression analysis showed that
implicit attitudes toward physical activity were positively
and significantly associated with physical activity when
participants’ age, BMI, past physical activity and intentions
were controlled for. Implicit attitudes toward sedentary
behavior were not associated with physical activity. Adults
with obesity who implicitly reported more favorable atti-
tudes toward physical activity at baseline were more likely
to present higher physical activity levels at follow-up.
Implicit attitudes could be targeted in future research to
enhance physical activity.
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Introduction

Obesity rates are increasing (Finucane et al., 2011), and
current forecasts indicate that the situation will worsen in
the next decades (Finkelstein et al., 2012). In 2014, 39% of
adults worldwide were overweight, 13% were obese, and
recent estimations predict an increase of 33% in the
prevalence of obesity for the next two decades (Finkelstein
et al., 2012). Although the strategies vary, lifestyle inter-
ventions promoting change in physical activity are recog-
nized as a key component of obesity management (Jensen
et al., 2013). Nonetheless, results from randomized con-
trolled trials evaluating the effectiveness of programs tar-
geting behavior change have displayed inconsistent effects
regarding physical activity change (Rhodes et al., 2017)
and evidence for the sustainability of such behavioral
change remains limited (Gourlan et al., 2011). Therefore,
identifying the psychological determinants implicated in
physical activity behavior is crucial for obesity manage-
ment (Teixeira et al., 2015). Theoretically, health-related
behaviors can be influenced by both explicit and implicit
processes (Hofmann et al.,, 2008). Although the role of
explicit processes has been widely studied in past research
(McEachan et al., 2016), the contribution of implicit pro-
cesses in physical activity over several months remains to
be confirmed (Endrighi et al., 2016; Rebar et al., 2016).
Of the explicit motivational processes, the concept of
intention has received considerable attention in past liter-
ature (Rhodes & Yao, 2015). Intention can be defined as
the quantity of personal resources that an individual is
prepared to invest in executing a particular behavior (Hall
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& Fong, 2007). This concept is present in several theories
including the Theory of Planned Behavior (Ajzen, 1991)
and more recent models such as the Temporal Self-regu-
lation Theory (Hall & Fong, 2007). In the physical activity
context, intentions were first described as strong predictors
of physical activity, with correlations between intentions
and physical activity estimated in two meta-analyses at
r = .50 (Downs & Hausenblas, 2005; Hagger et al., 2002).
However, a more recent review of experimental studies
demonstrated that increases in physical activity intentions
(d = .45) are accompanied by lower increases in physical
activity behavior (d = .15; Rhodes & Dickau, 2012). It
thus seems clear that focusing on explicit motivational
processes alone is too restrictive to gain insight into the
complex processes of change and maintenance of health
behaviors (Sheeran et al., 2016). Implicit processes have
not yet received as much research attention as explicit
processes, but their investigation may hold the promise of
enriching our current understanding of the complexities
surrounding physical activity adoption (Rhodes, 2017).

According to the definition of Sheeran et al. (2013),
implicit processes are cognitive, affective and motivational
processes that may influence health behaviors without the
person perceiving that influence. In the physical activity
literature, the concept of implicit attitudes has arguably
received more attention than the other implicit processes
(Rebar et al., 2016). Implicit attitudes are automatic eval-
uations of an object as pleasant or unpleasant, which result
in behavioral tendencies of approach to or avoidance of the
object (e.g., physical activity), partly outside of awareness
(Greenwald & Banaji, 1995). To date, studies have repor-
ted that implicit attitudes are significantly associated with
physical activity behavior, whether self-reported (Bluemke
et al., 2010; Calitri et al., 2009; Chevance et al., 2017;
Chevance et al., 2016; Eves et al., 2007) or objectively
measured (Conroy et al., 2010; Rebar et al., 2015). Despite
these findings, however, only one cross-sectional study has
highlighted a significant association between implicit atti-
tudes and physical activity measured with questionnaires in
obese adults (Chevance et al., 2016). Moreover, the role of
implicit attitudes in physical activity objectively measured
over several months remains to be confirmed (Endrighi
et al., 2016; Rebar et al., 2016).

In addition to the distinction between explicit and
implicit processes, one hypothesis of dual-process models
(Hofmann et al., 2008) is that an individual’s difficulties in
maintaining desired health-related behaviors can be
explained by motives in favor of a competing behavior. For
example, in the physical activity context, it could be
hypothesized that motivation toward sedentary activities
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(e.g., TV viewing, reading, playing video games) impedes
physical activity practice, independently of physical
activity motivation. This hypothesis might be crucial for
counseling persons with obesity about physical activity.
Indeed, if motives for sedentary behavior have an impact
on physical activity, counseling and weight management
programs should specifically address sedentary behavior
motivation (Rollo et al., 2016). Recent research indicates
that obese individuals engage in more sedentary behavior
than normal-weight individuals, and this behavioral pattern
may limit physical activity (Baruth et al., 2013). Yet, to our
knowledge, only two studies have investigated the associ-
ation between sedentary motives and physical activity
behavior. Regarding explicit processes, Rhodes and Blan-
chard (2008) found that TV viewing intentions were neg-
atively associated with physical activity in students and
adults when the authors controlled for physical activity-
related explicit constructs (i.e., variables from the Theory
of Planned Behavior). Regarding implicit processes, Che-
val et al. (2015) reported that implicit processes toward
sedentary behavior were negatively associated with phys-
ical activity in adults when they controlled for implicit
processes and intentions toward physical activity. In con-
clusion, both implicit and explicit processes toward phys-
ical activity and sedentary behavior may have an
independent contribution to physical activity adoption, and
thus should be considered together in the understanding of
this behavior.

The present study

Based on the aforementioned research (Cheval et al., 2015;
Hofmann et al., 2008; Rebar et al., 2016; Rhodes &
Blanchard, 2008), the aim of the present study was to
examine the specific contribution of implicit attitudes,
toward both physical activity and sedentary behavior, in the
prediction of physical activity in obese adults. This
investigation was conducted over approximately 4 months
to extend the previous results from the literature (Endrighi
et al., 2016; Rebar et al.,, 2016). The contribution of
implicit attitudes was tested after controlling for the vari-
ance explained by physical activity and sedentary behavior
intentions, as well as physical activity covariates (i.e., past
behavior, age, body mass index (BMI); Bauman et al.,
2012; Hagger et al., 2002; Trost et al., 2002). It was
expected that physical activity implicit attitudes would be
positively—and sedentary behavior implicit attitudes
would be negatively—associated with physical activity
behavior, independently of intentions toward these two
behaviors and physical activity covariates.
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Methods
Study context and design

This prospective study took place during a weight man-
agement program, and was conducted between December
2015 and December 2016. The program comprised two
separate periods. The first clinical stay lasted 2 weeks,
during which participants had several meetings with
physicians, psychologists, nutritionists, physiologists and
kinesiologists. The objective of this first stay was to prompt
multiple behavior change in participants (e.g., physical
activity, eating behavior, tobacco) and prepare a longer
inpatient program planned 4 months later. During this first
stay, participants performed various daily exercises (e.g.,
treadmill, outdoor walking) in group, as well as in-group
and individual education sessions about nutrition, physical
activity and healthy lifestyle. None of the health care
professionals involved were trained in behavior change
theories and techniques. In the present study, motivational
variables and covariates were measured at the end of the
first inpatient program (Time 1). Physical activity behavior
was measured with an accelerometer sent to participant’s
domicile, 10 days before inclusion for the second inpatient
program (Time 2). The mean time interval between Time 1
and Time 2 was 132 days (SD = 15 days).

Participants

Participants were included in this program with a pre-
scription of a medical doctor and for the purpose of weight
management. Then, individuals were eligible for study
enrollment if they were between 18 and 75 years old,
presented a BMI > 30 kg/m?, and had healthcare cover-
age. They were not included in the study if they had a
medical contraindication to exercise or were unable to
respond to paper-based questionnaires or perform com-
puterized tests. No financial incentives were provided to
participate and no encouragement was given to maintain
participation in the study. Procedures were in accordance
with the principles of the Declaration of Helsinki of 1975,
as revised in 2000, and approved by the local ethics
committee.

One hundred individuals showed interest in participating
in the study, signed a consent form and completed baseline
measures (Time 1); among them, 76% (N = 76) provided
an appropriate measure of physical activity in the follow-
up period (Time 2). Due to the following reasons, valid
accelerometer data were unavailable for twenty-four
patients: insufficient accelerometer wear time (N = 8),
unavailable by phone for sending the accelerometer
(N =5), hospitalizations reported during the follow-up

phase (N = 4), technical problems with the accelerometers
or inability to compute the physical activity score (N = 3),
and post-delivery issues (N = 2). In addition, one partici-
pant declined to enroll and one died during follow-up (a
study flowchart is provided in supplemental material).
Given these reasons, data could not be considered as
missing completely at random, and multiple imputations
were not performed for these participants (Allison, 2000).
The compliance rate is comparable to that observed in
research using accelerometers in a similar context and time
span (Endrighi et al., 2016). Demographic, motivational
and clinical descriptive statistics for these 24 participants
are displayed in supplemental data. Attrition analyses (i.e.,
Chi squared tests and independent sample 7 tests) compared
these participants with those who provided physical
activity data at Time 2. Only sedentary behavior intentions
were significantly higher in patients who did not provide
physical activity data at Time 2 (see supplemental data).
The subsequent analyses included 76 participants.

Measures
Demographic and clinical characteristics

Demographic characteristics included self-reported age,
sex, education, marital status, employment, and income.
Clinical characteristics included self-report depressive
symptoms (i.e., Hospital Anxiety and Depression Scale;
Zigmond & Snaith, 1983). A score below 7 on a 0-21 scale
indicated no depressive symptomatology. Cognitive
impairment was measured with the Montreal Cognitive
Assessment test (Nasreddine et al., 2005). A score above or
equal to 26 on a 0-30 point scale was considered normal.
BMI and the number of comorbidities were recorded dur-
ing an interview with a physician. These variables were
assessed at Time 1 (i.e., at the end of the first clinical stay).

Physical activity intentions

At Time 1, items measuring intentions were formulated
following the recommendations of Ajzen (1991) as well as
Rhodes and Horne (2013). Thus, the measure of intentions
was slightly different from traditional items by taking into
account contextual barriers and competing goals. This
measure was preferred to typical measures of intentions
due to the stronger correlations with physical activity
demonstrated in previous research (Rhodes & Horne,
2013). Participants were first reminded of the definition of
regular physical activity according to the French national
plan for nutrition and health (i.e., doing at least 30 min per
day of moderate to vigorous physical activity, 5 days per
week). Following this definition, three items were proposed
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with a 7-point Likert scale ranging from (1) “do not agree
at all” to (7) “totally agree.” Those items were: “I intend
to practice a regular physical activity after my weight
management program”; “Even if I am tired, alone, or sick,
I have set the objective of practicing a regular physical
activity after my weight management program”; “Even if [
have other demands on my time, I will practice a regular
physical activity after my weight management program.”
These three items were summed (i.e., Cronbach’s
alpha = .86), leading to a score comprised between 3
(weak intentions to practice a regular physical activity) and
21 (strong intentions to practice a regular physical activ-

ity).
Sedentary behavior intentions

At Time 1, sedentary behavior intentions were measured
following the same procedure (Rhodes & Horne, 2013).
The questionnaire started with a definition of sedentary
activities (i.e., time spent by a person sitting or lying down
in waking hours, Sedentary Behavior Research Network,
2012). In line with recent research (Maher & Conroy,
2016), three items were formulated regarding the limitation
of sedentary behavior: “I intend to limit my sedentary
behaviors after my weight management program”; “Even
if I am tired, alone, or sick, I have set the objective of
limiting my sedentary behaviors after my weight manage-
ment program”; “Even if I have other demands on my
time, I will limit my sedentary behavior after my weight
management program.” These three items were summed
(i.e., Cronbach’s alpha = .88), leading to a score com-
prised between 3 (weak intentions to limit one’s sedentary
behaviors) and 21 (strong intentions to limit one’s seden-
tary behavior).

Physical activity implicit attitudes

At Time 1, physical activity implicit attitudes were mea-
sured with the computerized Single-Category Implicit
Association Test (SC-IAT), following the recommenda-
tions of Karpinski and Steinman (2006) and in line with
previous research on physical activity (Conroy et al., 2010;
Hyde et al., 2012; Rebar et al., 2015). This test evaluates
the strength of automatic associations that one holds in
memory between two attributes (e.g., positive and nega-
tive) and one conceptual target (e.g., physical activity).
During the SC-IAT, participants are required to sort
stimuli (i.e., words) representing three categories with only
two response keys, each assigned to two of the three cat-
egories (e.g., positive + physical activity vs. negative;
positive vs. negative + physical activity). If two categories
are highly associated cognitively, the sorting task is
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expected to be easier when they share the same response
key than when they do not. Hence, ease of sorting can be
estimated by the speed of responding (Richetin et al.,
2015). Stimuli for the categories “positive” and “nega-
tive” were: pleasant/unpleasant; happy/sad; favorable/un-
favorable; beneficial/harmful. Stimuli selected to represent
the conceptual category “physical activity” were: running,
walking, hiking, dancing, stairs, swimming, bike, lift,
gardening, effort (see supplemental material for a more
precise description of the task).

The score of the SC-IAT was computed according to the
most recent recommendations, using the DW-Score
(Richetin et al., 2015). This score was calculated as fol-
lows: (1) for each participant, the 10% fastest and slowest
latencies were replaced by the last untrimmed latencies, for
both error and correct responses; (2) the difference between
the average latencies of the two critical blocks (i.e., prac-
tice and test blocks together) were divided by the pooled
SD of all the latencies; and (3) the score was computed
based on practice and critical trials together. Scores were
comprised between —2 and +2, with O representing a
neutral score and positive scores revealing favorable
implicit attitudes toward physical activity. The statistical
software R (R Core Team, 2013) was used to compute the
scores, using the IAT.Score package provided by Richetin
et al. (2015).

Sedentary behavior implicit attitudes

At Time 1, sedentary behavior implicit attitudes were also
measured using an SC-IAT, following the same procedure
and scoring algorithm as for the physical activity SC-IAT
(i.e., except that the category “physical activity” was
replaced by “sedentary behavior”). Stimuli selected to
represent the conceptual category “sedentary behavior”
were: sitting, armchair, chair, television, reading, com-
puter, couch, lying, desk, read. A higher score indicated
more favorable implicit attitudes toward sedentary behav-
ior.

Physical activity covariates

Hagger et al. (2002) demonstrated that when past behavior
was controlled for, the strength of the path between moti-
vation and physical activity behavior was reduced. Thus,
the authors suggested that studies that do not assess past
behavior might obtain artificially high correlations between
motivational constructs and behavior (Hagger et al., 2002).
In the present study, past physical activity was measured
with one item, following the definition of regular physical
activity (i.e., doing at least 30 min per day of moderate to
vigorous physical activity, 5 days per week): “Before your
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weight management program, how many times per week
were you physically active for at least 30 min, during an
ordinary week?”

Regarding demographic and clinical covariates, an
exploratory analysis (i.e., stepwise regression) was con-
ducted to determine the best set of variables in the present
sample. In line with studies reviewing demographic and
clinical correlates of physical activity in adults (Bauman
et al., 2012; Trost et al., 2002), physical activity measured
at Time 2 was thus first regressed on age, gender, BMI,
education level, number of comorbidities, depressive
symptoms, cognitive capacities and past physical activity.
Variables that displayed significant associations with
physical activity were selected as covariates for subsequent
analysis in this study (see the data analysis and results
sections).

Physical activity behavior

At follow-up, participants were asked to wear ActiGraph
GT3X+ (ActiGraph, Pensacola, FL) accelerometers on
their non-dominant wrist 24 h per day for an entire week.
The ActiGraph GT3X+ captured triaxial accelerations at
30 Hz. Accelerometer data in raw format were processed
with R using the GGIR package (van Hees et al., 2013,
2014) and the default parameters of the function
g.shell. GGIR. This recent method is increasingly used in
human movement sciences (Sabia et al., 2015) and has
demonstrated its validity in the obese population in com-
parison with other objective methods measuring physical
activity (Ellis et al., 2016). Participants included in the
analyses displayed at least 10 h per day, including at least 1
weekend day (Mean = 1.9, SD = .27) and 2 week days
(Mean = 4.6, SD = 1). Then, for each participant, the
duration of moderate-to-vigorous physical activity
(MVPA) was calculated. To qualify as MVPA, >80% of
the activity needed to be >100 milligravity units, for at
least a period (bout) of 1 min, using moving 10-min win-
dows. Valid days were averaged to represent one unique
day according to current recommendations [Sabia et al.,
2015; ie., ((5 x mean valid weekday accelera-
tion) + (2 x mean valid weekend days acceleration))/7].
MVPA was reported in mean minutes per day.

Procedure

At Time 1 (i.e., at the end of the first inpatient program),
after they signed the consent form, participants met an
experimenter for a face-to-face meeting of approximately
one hour. They were first asked to complete the two SC-
IATs in a 1:1 randomized ratio to control for potential
order effect. They then completed questionnaires measur-

ing demographic variables, intentions, the HADS, and the
MoCA. At Time 2 (i.e., 2 weeks before the second inpa-
tient program), participants were called by phone. If they
accepted to wear an accelerometer during a week,
accelerometers were sent by regular mail to their address.
Participants were asked to bring the accelerometer back to
the clinic for their second inpatient program.

Data analysis

An exploratory stepwise regression analysis was first con-
ducted to select the best set of demographic and clinical
physical activity covariates. Then, a three-step hierarchical
multiple regression analysis was conducted to identify the
independent contribution of physical activity covariates
(step 1), intentions (step 2) and implicit attitudes (step 3)
on physical activity at follow-up.

Before running the analyses, outliers were checked and
all the independent variables were standardized or dummy
coded (Tabachnick & Fidell, 2007). Given that physical
activity was positively skewed, we performed a logarithmic
transformation of this variable (Tabachnick & Fidell,
2007). Regarding the statistical assumptions associated
with multiple regression analyses, standardized residuals as
well as variance inflation factors were examined, revealing
no major signs of nonlinearity, heteroscedasticity or mul-
ticollinearity. Post-hoc power analyses were conducted
according to current recommendations (Cohen et al., 2003;
Soper, 2017). Effect sizes were interpreted using adjusted
R?, and standardized P (Ferguson, 2008). Analyses were
performed with JASP (2016) statistical software (version
.08).

Results
Descriptive data

The mean age of participants was 56 years old
(8D = 11.9), 65% were female (see Table 1). Regarding
clinical characteristics, mean BMI was 39.1 kg/m2
(SD = 6.6), and on average participants did not report
depressive symptoms, but the sample was characterized by
light cognitive impairment (i.e., mean score under the
MoCA’s cut-off of 26; M = 24.3, SD = 3). Participants
reported a mean number of two comorbidities; arterial
hypertension, type 2 diabetes and sleep apnea syndrome
were the most frequently reported. Regarding behavioral
and motivational data, participants reported being active
3.5 (SD = 2.5) times per week at Time 1. Mean physical
activity and sedentary behaviors intentions were high [17.5
(SD = 3.2), and 15.7 (SD = 4) respectively], indicating
strong intentions to be physically active and to limit
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Table 1 Descriptive data (1)

Characteristics (N = 76) Mean (SD) Percentage
Depressive symptoms 55@3.2)
Cognitive capacities 243 (3)
Number of comorbidities 1.99 (1.33)
Sex
Female 65
Male 35
Marital status
Married 60
Single 40
Professional status
Workers 37
Retired 35
Unemployed 28
Education
Less than high school 7
High school diploma 11
Middle school diploma 32
Trade certification 20
University degree 30
Household income (euros/month)
<900 € 5
900-1200 € 20
1201-1500 € 21
1501-1900 € 20
1901-2300 € 12
2301-3000 € 15
3001-5000 € 7

>5000 €

sedentary behaviors after the program. Mean physical
activity implicit attitudes was .40 (SD = .34), indicating
implicit attitudes moderately in favor of physical activity,
and mean sedentary behavior implicit attitudes was .14
(SD = .37), indicating implicit attitudes slightly in favor of
sedentary behavior. At Time 2, participants were active on
average 17 min per day (SD = 15.69). Means, standard
deviation and correlations between variables are displayed
in Table 2.

Explanatory analyses for covariate selection

Physical activity measured at Time 2 was regressed on age,
gender, BMI, education level, depressive symptoms, number
of comorbidities, cognitive capacities and past physical
activity. In the stepwise regression, step 1 identified age as
the most robust predictor of Time 2 physical activity,
accounting for 19% of the variance (B = —.45,p < .001).In
a second step, BMI emerged as a significant predictor,
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accounting for an additional variance of 19% (f = —.45,
p < .001). In a third step, self-report past physical activity
emerged as a significant predictor, accounting for an addi-
tional variance of 4% (B = .22, p = .021). Thus, study
participants with younger age, lower BMI and higher levels
of past physical activity were more likely to display a higher
level of objective physical activity 4 months later. Education
level, number of comorbidities, depressive symptoms and
cognitive capacities were not significantly associated with
prospective physical activity in this study (see Table 3). Age,
BMI and past physical activity were entered as covariates in
subsequent analyses.

Prediction of physical activity behavior

A three-step hierarchical multiple regression was con-
ducted to identify the independent contribution of physical
activity covariates (step 1), intentions toward physical
activity and sedentary behaviors (step 2) and implicit
attitudes (step 3) assessed at Time 1 on physical activity
behavior measured 4 months later (see Table 4). In the first
step, age (Bp=—.45 p<.00l), BMI (B =—.43,
p = .001), and past behavior (B = .22, p = .019) were
significantly associated with physical activity. The equa-
tion was significant, F (3, 73) = 18.05, p < .001, adjusted
R? = 405. In the second step, intentions toward physical
activity and sedentary behavior were entered in the
regression model. These two variables were not signifi-
cantly associated with physical activity and did not add a
significant increase in explained variance (f = —.05,
p = .652 for intentions toward physical activity, and
B = .14, p = .169 for intentions toward sedentary behav-
ior, AR? = .015, p = .383). The equation was significant,
F (5, 71) = 18.05, p < .001, adjusted R*> = .405. In the
third step, implicit attitudes toward physical activity and
sedentary behavior were entered in the model. Physical
activity implicit attitudes accounted for a significant por-
tion of physical activity (B = .21, p = .04), and a statis-
tical tendency was observed regarding sedentary behavior
implicit attitudes (B = —.18, p = .06). The equation was
significant, F (7, 68) =899, p <.001, adjusted
R? = 434, however the percentage of variance explained
in the third step did not significantly increase: AR® = .043,
p = .067. Post-hoc statistical power analysis indicated a
risk of type I error (1-f = .40) regarding the integration of
implicit attitudes in the model (step 3).'

! Additional regression models are provided in supplemental data. In
accordance with dual-process assumptions (Perugini, 2005), we
examined potential interactions between explicit and implicit moti-
vational processes. No interaction was significant. We also examined
the associations between the four motivational variables and Time 2
physical activity without controlling for age, BMI and past physical
activity. The model was significant F (4, 74) = 3.07, p = .022, ad-
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Table 2 Descriptive data (2)
Variables Mean (SD) 1 2 3 4 5 6 7 8
1. Age 56 (11.9) -
2. BMI 39.1 (6.6) .01 -
3. Past PA 3.5(2.5) .09 —.06 -
4. PA intentions 17.5 3.2) —.11 .07 39% -
5. SB intentions 15.7 (4) —.01 —.27** .16 39%* -
6. PA implicit 40 (.34) .02 —21 —.24%* .00 .08 -
attitudes
7. SB implicit 14 (.37) .06 .07 —.13 —.14 —-.07 37 -
attitudes
8. PA Time 2 17.03 (15.69) —.44%* —.44%* 20" .10 27* 15 —.19
PA physical activity; SB sedentary behavior
' p<.10; * p < .05; ¥* p < .01
Table 3 Stepwise regression analysis for the selection of physical activity covariates (N = 76)
Steps Predictors B SE B p Adjusted R’
. Age —.63 15 —45 <.001 .190
2. Age —.63 13 —.45 <.001 383
BMI -.59 12 —45 <.001
3. Age —.66 13 —47 <.001 422
BMI —.58 12 —.43 <.001
Past PA .28 12 22 .021

PA physical activity; variables entered in the model that did not reach significance: educational level, depressive symptoms, number of

comorbidities, cognitive capacities, gender

Discussion

Grounded in a dual-processes approach (Hofmann et al.,
2008), this study aimed to explore the role of physical
activity and sedentary behavior implicit attitudes in the
prediction of prospective physical activity in obese adults.
The results highlight that participants who held more
favorable implicit attitudes towards physical activity
exhibited higher objective level of physical activity
4 months later. This result is important because identifying
the determinants of physical activity over time represents a
crucial step in designing better theory-based physical
activity programs in the future (Teixeira et al., 2015).
Nonetheless, these results should be interpreted with cau-
tion given the weak additional contribution of implicit
attitudes after controlling for participants’ age, BMI, and

Footnote 1 continued

justed R? = .10; implicit attitudes toward physical activity and
sedentary behavior were significantly associated with Time 2 physical
activity (B = .23, p = .05, p = —.26, p = .04, respectively), as well
as intentions toward sedentary behavior (f = .24, p = .05). Inten-
tions toward physical activity were not significantly associated with
physical activity (B = —.03, p = .78).

past physical activity, as well as type I error risk for the
integration of implicit attitudes in the regression model.

Dual-processes approach to physical activity

A previous cross-sectional study, conducted among adults
with obesity, found that implicit attitudes were significantly
associated with self-reported physical activity when
intentions and other related explicit constructs were con-
trolled for (i.e., variables from the Theory of Planned
Behavior; Chevance et al., 2016). The present study con-
firms and extends this result over a longer interval and with
an objective measure of physical activity. Theoretically,
these consistent associations between implicit attitudes and
physical activity among adults with obesity could be
explained by individual dispositions (Friese et al., 2008).
Indeed, it is assumed that implicit processes are strongly
associated with behavior in individuals who have difficulty
in engaging in controlled processing compared with indi-
viduals with greater resources (Cheval et al., 2016; Friese
et al., 2008). In the field of obesity, studies have found
reciprocal relationships between weight gain over time and
an increase in impulsivity (Sutin et al., 2011, 2013). Hence,
it could be hypothesized that implicit processes are
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important behavioral predictors among adults with obesity
because, on average, these individuals are more impulsive.
Nonetheless, any interpretation should be tempered
because in the current study sedentary behavior implicit
attitudes did not reach statistical significance, which does
not confirm previous research (Cheval et al., 2015). Other
studies are thus needed to investigate the role of sedentary
behavior-related implicit cognitions in physical activity
adoption. It would also be particularly interesting in future
research to examine the associations between sedentary
behavior implicit attitudes and other dependent variables,
such as light physical activity or the time spent sitting,
which represent relevant lifestyle markers in adults with
obesity.

Regarding the lack of associations between behavioral
intentions and physical activity, both methodological and
contextual explanations can be advanced. For example,
although implicit attitudes were measured through com-
puterized reaction-time tasks in this study, intentions were
self-reported and thus more likely to be contaminated by
social desirability bias (Greenwald et al., 2009). Indeed,
during a weight management program, social desirability
toward exercise and sedentary behavior may be particularly
salient, thereby influencing responses to self-report ques-
tionnaires (Adams et al., 2005). This issue would explain
the lack of sensitivity in the measure of intentions, which in
turn would explain the lack of association between this
variable and physical activity. Consequently, the utilization
of indirect measures of motivation (e.g., SC-IAT) could be
useful for researchers and clinicians to complete self-re-
ported assessments of motivation. Regarding the overall
high level of intentions displayed in this study at baseline,
it could also be hypothesized that the participants might
have benefited from the program and developed strong
intentions during the intervention, but failed to maintain
them after the program (Rhodes & Dickau, 2013). Finally,
it should be noted that in the present study intentions
toward sedentary behavior were the unique motivational
variable significantly correlated with Time 2 physical
activity. However, this variable was also correlated with
BMI (r=—-.27, p=.019, see Table 2). This shared
variance might explain the non-significant association
found in the regression model between intentions toward
sedentary behavior and Time 2 physical activity when BMI
was controlled for.

In summary, physical activity implicit attitudes were the
only motivational variable prospectively associated with
objective physical activity in this study after controlling for
age, BMI and self-report past physical activity. This vari-
able might thus be targeted in future research aiming to
enhance physical activity. Currently, experimental studies
examining a change in implicit attitudes are scarce in the
literature. An observational study found that implicit atti-
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tudes can change over one week, and that change might
impact physical activity behavior (Hyde et al., 2012);
moreover, previous studies found that implicit attitudes
could be enhanced throughout a week (Berry, 2016) or
along a 5-week rehabilitation program (Chevance et al.,
2017). Given the aforementioned results and those obtained
in the present study, targeting implicit attitudes in an
intervention offers novel interventional perspectives for
improving the promotion of physical activity among obese
individuals.

Targeting implicit processes to enhance physical
activity

Recently, two general frameworks were developed to guide
the experimental manipulation of implicit processes (Hol-
lands et al., 2016; Papies, 2016). These frameworks are
based on the premises that “discrete” interventions that do
not require participants to think about them can be
designed (i.e., in contrast to interventions focusing on
change in explicit processes; see Hollands et al., 2016).
Papies (2016) pointed out that these interventions could
change the features of the environment to influence the
activation of implicit processes (i.e., cueing interventions)
and/or directly change the implicit processes that drive
behaviors (i.e., training interventions). To date, a handful
of studies have started exploring fraining interventions in
the physical activity context. Retraining approach-avoid-
ance tendencies (Cheval et al., 2016), evaluative condi-
tioning (Antoniewicz & Brand, 2016), delivering tailored
exercise-related messages (Berry, 2016), and mental ima-
gery (Markland et al., 2015) have all shown promise in
modifying implicit processes. However, these studies have
been conducted with students in a laboratory context, and
the next step would be to examine their relevance in more
ecological and clinical settings (e.g., among adults with
obesity).

Strengths, limits and perspectives

The strengths of this research reside in the study of both
explicit and implicit motivational constructs toward phys-
ical activity and sedentary behaviors, its prospective
design, and the assessment of physical activity with
accelerometers. For these reasons, this study makes an
important contribution toward understanding the role of
implicit attitudes in the physical activity context. However,
the results were obtained in a highly specific weight
management program, and other associations could be
expected with different contexts and time intervals (see
Endrighi et al., 2016). For example, it is possible that this
study sample was particularly motivated, given their par-
ticipation in a weight management program, and in com-
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Table 4 Hierarchical multiple regression analysis for variables predicting physical activity at Time 2 (N = 76)
Steps Predictors B SE B p Adjusted R?
L. Age —.60 12 —45 <.001 405

BMI —.57 12 —43 <.001

Past PA 29 12 22 .019
2. Age —.60 12 —.45 <.001 405"

BMI —.51 13 -39 <.001

Past PA .28 13 21 .030

PA intentions —.06 .14 —.05 .652

SB intentions .19 13 .14 .169
3. Age —.61 12 —45 <.001 434°

BMI —.43 13 -.33 .001

Past PA .33 13 25 011

PA intentions —.11 14 —.09 406

SB intentions 18 13 .14 176

PA implicit attitudes 28 13 21 .043

SB implicit attitudes —.24 13 —.18 .063

PA physical activity; SB sedentary behavior
T AR? = 015, p = 383
® AR? = 043, p = .067

parison with other adults with obesity from the general
population. Moreover, participants from this study were
characterized by light cognitive impairment according to
the MoCA’s cut-off, which could be explained by the fact
that obesity is negatively associated with cognitive func-
tions (Miller & Spencer, 2014). In past literature, it has
been shown that lower cognitive capacities (i.e., executive
functions) could weaken the positive association between
intentions and physical activity (Hall et al., 2008). Thus, it
is possible that participants’ mean cognitive impairment
has impacted the relationships observed in this study
between motivational factors and physical activity behav-
ior. For generalization purpose, it is necessary to replicate
the results of this study in other samples.

Second, physical activity implicit attitudes were a sig-
nificant predictor of physical activity independently of
intentions, but intentions were not prospectively associated
with behavior. Hence, it would be challenging in future
research to examine the contribution of implicit attitudes
while controlling for other motivational constructs (for a
recent discussion on the additional contribution of implicit
processes over explicit processes, see Blanton et al., 2016).
A recent review noted that autonomous motivation, barrier
self-efficacy and the use of self-regulation skills were
consistent predictors of physical activity maintenance in
obese adults (Teixeira et al., 2015). Demonstrating the
additional contribution of implicit attitudes beyond the
effects of these variables would further support their role in
the adoption of regular physical activity in this population.
Moreover, other physical activity covariates could be

controlled for in future research, such as physical limita-
tions or disabilities, or baseline physical activity measured
with accelerometers.

Finally, some bivariate correlations (see Table 2)
obtained in this study between the motivational variables
should be discussed. At the explicit level, intentions toward
physical activity were positively correlated with intentions
toward sedentary behavior, indicating that the more people
intended to adopt a regular physical activity, the more they
intended to limit their sedentary behavior. However, at the
implicit level, attitudes toward physical activity were also
positively correlated with attitudes toward sedentary
behavior, indicating that participants with more favorable
implicit attitudes toward physical activity also displayed
more favorable implicit attitudes toward sedentary behav-
ior. This result differs from one previous study investi-
gating implicit processes toward these two behaviors and
highlighting that implicit processes toward physical activ-
ity and sedentary behavior were negatively correlated
(Cheval et al., 2015). Other studies are thus needed to
further explore the complex relationships between implicit
and explicit processes toward physical activity and seden-
tary behavior.

In conclusion, physical activity implicit attitudes were
the only motivational variable prospectively associated
with physical activity in this study. This result was
obtained while controlling for participant’s age, BMI, past
physical activity, and intentions toward physical activity
and sedentary behavior. Given that implicit attitudes can be
modified through structured interventions, it would be

@ Springer
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interesting to target this construct in future experimental
research. Such an initiative might enhance future physical
activity promotion and weight management programs.
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