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Based on the transtheoretical model, this study aimed to examine if the variability of
physical activity (PA) level between subjects with type 2 diabetes (T2D) exposed to the same
exercise intervention could be explained by the number and type of processes of change
(POC) used. Twenty-eight patients completed measures of POC and PA level at baseline
and 3 months later at the issue of the intervention. The results suggested that patients, who
increased their PA level after 3 months, raised their number of POC activated and used both
types of POC contrary to participants whose PA level decreased. These preliminary results
help to further understand the psychological processes involved in the variability of
responses to an intervention among T2D patients.

Despite the fact that physical activity (PA) plays a key role in the management
of type 2 diabetes (T2D) and has many health benefits for individuals with T2D
(Lin et al., 2004), most of them remain poorly active (Lees & Booth, 2004). Many
exercise interventions for people with T2D are implemented but their effective-
ness is limited (Miller & Dunstan, 2004). Thus, it appears crucial to understand
why some individuals, who, after undergoing an exercise intervention, present
higher PA level, while others, despite receiving the same, decreased their PA level.
Most previous studies, realized among different populations, focused on studying
biological aspects of the response to an exercise program in order to explain the
variability of results between subjects exposed to the same exercise intervention
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(Sisson et al., 2009). However, until now, no study has investigated the role of
psychological processes involved in the response to an exercise intervention
among people with T2D.

Prior studies suggest that the transtheoretical model (TTM; Prochaska &
DiClemente, 1983) helps patients with T2D to change their PA behavior
(Jackson, Asimakopoulou, & Scammell, 2007; Kim, Hwang, & Yoo, 2004). The
TTM, which is an integrative model of behavior change, is composed of the
decisional balance, self-efficacy, stages of change (SOC), and the processes of
change (POC). In particular, the POC are self-regulatory, experiential and
behavioral, strategies that people use to modify their behavior (detailed descrip-
tion of POC in Table 1). Primary assumptions on POC supposed that experiential

Table 1

Description of the Processes of Change

Process Definition

Experiential processes

Consciousness raising Efforts by the individual to seek new
information and to increase his/her
understanding about the problem
behavior (i.e., sedentary behavior)

Dramatic relief Emotional experiences associated with
change related to the behavior

Environmental reevaluation How the behavior affects the physical as
the social environments

Self-reevaluation How the problem behavior is in line
with values of the individual

Behavioral processes

Counterconditioning Substitution of the problem behavior by
alternatives

Helping relationships How social support, and significant
others, can help to initiate and
maintain activity

Reinforcement management Using rewards to encourage or maintain
behavior changes

Self-liberation Commitment to change the problem
behavior, and believe in its ability to
change the behavior
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processes are used to progress in the first three SOC, and then behavioral pro-
cesses to maintain the newly acquired behavior (Prochaska & DiClemente, 1983).
However, longitudinal studies showed that all POC are important for promoting
and sustaining PA in individuals with T2D (Kirk, Mutrie, MacIntyre, & Fisher,
2003, 2004). The more people with T2D are in an advanced SOC, the more they
would have activated, both types of POC (Kirk et al., 2003, 2004). In view of
these inconsistencies, it appears essential to examine the relationships between
POC and the response to an exercise intervention to determine if the type and the
number of POC used are involved in the change of PA level.

Based on the TTM, the aim of this study was to examine if the variability of
PA level between patients with T2D who are exposed to the same exercise
intervention could be explained by the POC. It was hypothesized that patients
with T2D, who increased or maintained their level of PA, also increased their use
of POC, with a higher number of POC activated, at the issue of an exercise
intervention. In addition, it was hypothesized that patients with T2D, who
increased or maintained their level of PA, activated both types (experiential and
behavioral) of POC at the issue of an exercise intervention.

Method

Participants

Participants were recruited from a French regional healthcare network for
patients with T2D. The inclusion criteria were patients who signed a written
consent before starting their exercise intervention that lasted 3 months. A total of
28 patients (23 women; 5 men) with T2D, aged between 38 and 78 years
(M = 64.39, SD = 9.3), with a mean body mass index of 23.75 kg/m2 (SD = 5.11)
and a mean height of 161.74 cm (SD = 7.31), were included in this study. Patients
had a mean duration of their diabetes period of 11.46 years (SD = 9.82) with an
average of 1.5 (SD = 1.52) comorbidity conditions (e.g., asthma, hypertension).

Outcome Measures

Physical Activity. PA was assessed with the short and self-reported version of
the International Physical Activity Questionnaire, which measures total PA
during the previous 7 days by evaluating the frequency (days/week) and duration
(minutes) of various intensity levels of PA (vigorous, moderate, walking, or
sitting; Craig et al., 2003). At baseline, participants had a mean of PA per week
of 460 MET-min/week (SD = 393.32) with 75%, 21.43%, and 3.57% considered as
having a low, moderate, and high PA levels at baseline, respectively.
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Processes of Change. The questionnaire assessed at which frequency indi-
viduals used each POC (Bernard et al., 2014) at baseline (T0) and 3 months later
(T1). Individuals scored their use of each POC on a 5-point Likert-type scale
ranging from 1 “never” to 5 “repeatedly”. This scale evaluates five POC, which
are self-reevaluation/reinforcement management/self-liberation (SRF, αT0 = .83;
αT1 = .83), dramatic relief/environmental reevaluation (DE, αT0 = .17;
αT1 = .51), counterconditioning (CC, αT0 = .66; αT1 = .58), helping relationship
(HR, αT0 = .86; αT1 = .80), and consciousness raising (CR, αT0 = .49;
αT1 = .71). Due to a very low internal consistency, the DE process was excluded
from further analysis.

Intervention

During 3 months, the exercise intervention, supervised by an adapted physical
activity professional, aimed to help patients improve their PA level by providing
brief advice during the exercise sessions. Each week, 60 minutes of gymnastics, 45
minutes of aqua-aerobics, and 90 minutes of walking were undertaken by the
participants. In parallel, a weekly peer-patient meeting was initiated to assist the
participants throughout practice.

Procedure

To test our hypothesis, participants who have maintained or increased their
level of PA were considered as “the respondents”, whereas those who have
decreased their level of PA were “the nonrespondents”. A total of 21 participants
were categorized as respondents and 7 as nonrespondents. Data were measured
before the start (T0) of the study and 3 months later (T1). For the present study,
a POC was regarded as activated when the score was above or equal to 3 at the
issue of the intervention.

Statistical Analysis

To test the hypothesis regarding the response to the program, a 2 (Time) × 2
(Groups) repeated measures multivariate analysis of variance (MANOVA) was
performed on the four POC (i.e., SRF, CR, CC, HR). In case of significance,
subsequent 2 (Times) × 2 (Groups) repeated measures analysis of variance
(ANOVA) was further realized on each process.

To test as to which extent respondents used a higher number of POC, a
one-way ANOVA was performed. In case of significance, the least significant
difference was used to locate the difference. The partial eta2 (η2

p) was used as a
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measure of effect size, and by convention, values of .01, .06, and .14 were
considered as small, moderate, and large effect sizes (Cohen, 1988).

Results

Type of Processes of Change

Regarding the POC, the 2 × 2 repeated measures MANOVA did not show a
significant group effect, Wilks’ λ = .71; F(4, 23) = 1.82, p > .10, while having a
borderline significant effect of time, Wilks’ λ = .68; F(4, 23) = 2.61, p = .06,
η2

p = .31, and a significant interaction effect, Wilks’ λ = .61; F(4, 23) = 3.68,
p = .01, η2

p = .39.
Subsequent 2 × 2 repeated measures ANOVA showed significant effect on CC

and HR. Regarding CC, there was no significant main effect of group, F(1,
26) < 1, p > .10, nor of time, F(1, 26) < 1, p > .10, yet a significant interaction
effect, F(1, 26) = 4.72, p < .05, η2

p = .15. The post-hoc analysis showed a decrease
in the use of this process among nonrespondents. However, this decrease did not
reach the statistical significance (p = .12). Concerning HR, no significant main
effect of group, F(1, 26) < 1, p > .10, or of time, F(1, 26) = 1.04, p > .10, but a
significant interaction effect, F(1, 26) = 7.29, p < .05, η2

p = .22 were found. The
post-hoc analysis indicated a significant decrease in the nonrespondents group
(p < .05) associated to an increase in the group of respondents that did not reach
the statistical significance (p = .10). Values of each POC are given in Table 2.

Table 2

Use of Processes of Change Before (T0) and after the Program (T1) (n = 28)

T0 T1

NR R NR R

M (SD) M (SD) M (SD) M (SD)

SRF 4.07 (.91) 4.19 (.56) 4.05 (.61) 4.37 (.43)

CC 3.67 (1.10) 3.36 (1.03) 3.19 (.99) 3.63 (.87)

HR 3.04 (1.43) 2.63 (1.11) 2.38 (1.29) 2.93 (1.15)

CR 2.14 (.98) 2.83 (.88) 1.78 (1.28) 2.71 (1.0)

Note. Values are mean with their standard deviation in parentheses.
CC = counterconditioning; CR = consciousness raising; HR = helping relationship;
NR = nonrespondent; R = respondent; SRF = self-reevaluation/reinforcement
management/self-liberation.
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Number of Processes of Change

Based on the previously defined threshold, the one-way ANOVA showed a
significant effect, F(1, 26) = 12.59; p < .01, η2

p = .32, with the group of respon-
dents activating a higher number of POC than the nonrespondents, M = 3.95,
SD = .86 compared with M = 2.57, SD = .97.

Discussion

The aim of this preliminary study was to investigate if the number and the
type of POC used are involved in the change of PA level among patients with
T2D undergoing an exercise intervention. The results obtained suggest that
nonrespondents to exercise decreased their use of POC. In fact, the post-hoc
analysis partially confirmed that nonrespondents, contrary to respondents,
decreased their use of HR and CC, two behavioral POC. Furthermore, regarding
the number of POC activated at the issue of the intervention, respondents seem
to use more processes than the nonrespondents, implying that the number of
POC could also be involved in behavior change. The analysis of the effect size
showed that they were large and of similar magnitude, suggesting that the
number, as the type of POC, is involved in behavior change.

However, several limits must be acknowledged. First, our sample size was
low and thus decreased statistical power. Nevertheless, this weakness is miti-
gated, in part, by each of the effect sizes for interaction being large, which is
important because effect sizes are not as dependent on N as is p (Cohen, 1988).
Also, these findings remain preliminary findings and thus should be interpreted
with caution, while encouraging the replication with a larger sample size pro-
tocol. Furthermore, participants were not totally physically inactive at baseline
with a mean PA of 460 MET-min/week. So, the present results cannot be
directly applied to sedentary individuals. Given their level of PA at baseline,
participants also had high scores of POC at baseline, and due to a probable
ceiling effect, it was more difficult to find a statistical difference at the end-
point. Finally, due to the low sample size, the DE dimension, an experiential
process, presents a very low reliability at T0, which limited the interpretation of
the results.

From a theoretical perspective, this preliminary study is a first step in
showing that both, the type and the number of POC, are involved in behavior
change toward PA. From a practical perspective, our findings suggest to
encourage participants to list and use their social support (family, friends) and
to implement strategies to reduce sedentary time in order to maintain or
increase their level of PA (cycling in front of the television, put the sports shoes
in the car).
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