
DOI: 10.5455/jmp.20170413124004
www.scopemed.org

Journal of Molecular Pathophysiology

12  J Mol Pathophysiol ● 2017 ● Vol 6 ● Issue 1

INTRODUCTION

Physical activity (PA) has been demonstrated to prevent many 
common debilitating and deadly diseases such as cardiovascular 
disease and metabolic syndrome [1]. Thus, the health benefits 
of regular PA are worthy of an individual’s commitment. Despite 
the known benefits of PA, exercise adherence remains low among 
all ages [2,3].

One of the most popular models for studying PA behavior is the 
transtheoretical model (TTM). TTM is an integrative model of 
behavior change that utilizes key constructs to promote behavior. 
The model consists of a framework of 5 discrete stages adopted to 
study health behaviors. These stages include precontemplation, 
contemplation, preparation, action, and maintenance [4]. 
Behavioral and cognitive processes of change (CPC), decisional 
balance which incorporates pros and cons, and self-efficacy are 
core constructs of TTM. A vast amount of research suggests that 
TTM is useful in promoting PA behavior change [5].

During the last 10 years, numerous studies report an increased 
prevalence of anxiety among college students [6]. From a public 

health prospective, identifying modifiable factors that reduce 
anxiety is critical to prevent emotional-based disorders, such as 
anxiety, depression, and panic attacks. Research demonstrates 
that increased PA is associated with better cardiovascular health 
and reduced risk of mental disorders [7]. Moreover, studies also 
report that PA is inversely associated with anxiety symptoms, 
especially among the University student population [8].

PA adherence may be influenced by anxiety levels [9]. For 
example, there is consistent evidence that individuals with 
greater anxiety tend to be less active [10]. It is plausible 
to suggest that individuals with high levels of anxiety lose 
motivation due to the consequences associated with anxiety. 
For example, the risk of developing depression or performing 
poorly in college may reduce motivation to partake in healthy 
behaviors such as PA [11].

Collectively, anxiety symptomology appears to be prevalent 
among college students, PA is declining in this population, 
and the TTM appears to have some utility from promoting PA 
among this population, along with other populations. However, 
to our knowledge, we are unaware of any study evaluating the 
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utility of the TTM in promoting PA among college students 
while taking into consideration the potential moderational 
role of anxiety symptomology. Therefore, the purpose of this 
brief study was to examine the association of utilizing the TTM 
to promote PA, with potential moderation considerations of 
anxiety symptomology.

METHODS

Participants

Recruitment of individuals included 200 currently enrolled 
University students (undergraduate or graduate students at a 
non-medical public University), sampled via a convenience-
based sampling approach. Participants were recruited from a 
University in the South of the United States.

Design

This study was a cross-sectional sample with data collection 
beginning in October 2015 and continued through June of 2016. 
Participants completed an assessment on the TTM, anxiety, 
and PA which were all assessed via a physical questionnaire. 
Body mass index (BMI) (included as a covariate) was directly 
measured; thus, all assessments took place in person in our 
laboratory. Notably, among the 200 participants, there were no 
missing data. A random sample of 10% of the 200 participants 
completed the questionnaires again 1-week later for test-retest 
reliability purposes. In addition, these participants also wore 
a pedometer for 1-week in an effort to assess the possible 
convergent validity of the self-reported PA assessment. This 
study was approved by the authors’ institutional review board, 
and participants provided written informed consent.

Measurement of TTM Constructs

Stage of change

To be consistent with stages of change in the TTM, regular 
participation in exercise was defined as “equal to 5 or more 
days/week of at least 30-min at a moderate intensity.” As used 
in previous studies, participants were asked to choose one of 
5 statements to describe their readiness to change their exercise 
behavior [12,13]. The 5 different stages of change include 
precontemplation, contemplation, preparation, action, and 
maintenance. For example, participants who reported, “No, I 
do not plan to start in the next 6 months” were classified in 
the precontemplation stage. The stage of change algorithm has 
demonstrated evidence of reliability and validity in adults of 
the general population and those with chronic diseases [12,13]. 
In this sample, the 1-week test-retest reliability was, intraclass 
correlation coefficient (ICC) = 0.64.

Processes of change

To examine the strategies individuals use to change their exercise 
behaviors, a 30-item measure was used to assess both behavioral 
and CPC. 15 items assessed behavioral process of change (BPC) 
(i.e., reinforcement management, counterconditioning, helping 

relationships, self-liberation, and stimulus control), whereas the 
other 15-items assessed CPC (i.e., consciousness raising, dramatic 
relief, environmental reevaluation, self-reevaluation, and social 
liberation). Participants were asked to respond to each question 
using a Likert scale, with end points ranging from 1 (never) 
to 5 (repeatedly). A sample BPC item is “Instead of relaxing by 
watching TV or eating, I take a walk or do PA.” A sample cognitive 
process of change question is “I believe that regular PA will 
make me a healthier, happier person.” Reliability and validity of 
both the behavioral and cognitive process of change have been 
previously established [14]. Behavioral and CPC were calculated 
by summing the items for each process of change separately. 
Higher scores indicate the higher use of behavioral processes 
or CPC. In the present sample, the 1-week test-retest reliability 
for BPC and CPC, respectively, were, ICC = 0.90, ICC = 0.91. 
Further, internal consistency, as measured by Cronbach’s alpha, 
for BPC and CPC, respectively, were, α= 0.89, α = 0.83.

Self-efficacy

To assess self-efficacy, or an individual’s confidence in ability to 
overcome barriers, an 18-item measure, which has demonstrated 
evidence of reliability and validity, was used [15,16]. For each 
question, participants responded using a Likert scale, with end 
points ranging from 1 (not at all confident) to 5 (very confident). 
A sample item is “I feel confident that I can participate in PA 
when I don’t feel like it.” Items were summed, with higher 
scores indicating higher self-efficacy. In the present sample, the 
1-week test-retest reliability for self-efficacy was ICC = 0.82. 
Further, internal consistency, as measured by Cronbach’s alpha, 
was, α = 0.92.

Decisional balance

An individual’s reflection of the pros and cons in engaging in 
regular PA, referred to as decisional balance, was evaluated using 
a 10-item measure. 5 items assessed pros of regular exercise, 
whereas the other 5 items evaluated the cons of engaging in 
regular exercise. Using a Likert scale anchored by 1 (not at all) 
and 5 (very much), participants were asked to rate their degree 
of agreement with each perceived positive and negative 
consequence of exercise involvement. A sample item of pros 
for exercise is “PA would help me reduce tension or manage 
stress.” A sample item of cons for exercise is “PA would take too 
much of my time.” This measure has previously demonstrated 
evidence of reliability and validity [17]. Pros and cons were 
scored separately by summing the respective items, with a higher 
pros score indicating more perceived pros of exercise and a lower 
cons score indicating fewer perceived cons of exercise. In the 
present sample, the 1-week test-retest reliability for pros and 
cons, respectively, were ICC = 0.93 and ICC = 0.63. Further, 
internal consistency, as measured by Cronbach’s alpha, for pros 
and cons, respectively, were α = 0.85 and α = 0.72.

Measurement of Anxiety

The overall anxiety severity and impairment scale (OASIS) 
questionnaire were used to assess anxiety. The OASIS assessment 
includes 5 questions. The items on this questionnaire ask 
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questions about anxiety symptomology. The symptoms may 
include panic attacks, situational anxieties, and worries. For 
example, a question on this survey is, “In the last week, how 
often have you felt anxious?” Response options range from 0 to 4, 
with a higher score indicating greater anxiety symptomology. 
The OASIS has demonstrated excellent test-retest reliability and 
convergent and divergent validity according to Norman et al. 
(2006) [18]. The internal consistency of this measure within our 
sample, as determined by Cronbach’s alpha, was 0.82.

Measurement of PA

PA was assessed using the international PA questionnaire 
(IPAQ). The IPAQ form asks participants about the time they 
spend being physically active in the last 7 days. For example, a 
question on the form is “How much time did you usually spend 
on one of those days doing vigorous physical activities in the 
garden or yard?” Participants reported their answer in hours 
per day or minutes. Participants were classified as meeting PA 
guidelines (vs. Not) if they self-reported at least 150 min/week of 
moderate-to-vigorous PA (MVPA). The previous research shows 
the IPAQ to be reliable and valid [19]. Among the 10% random 
sample of this study, the correlation between IPAQ-determined 
MVPA and pedometer-determined steps was R = 0.43 
(P < 0.001). The 1-week test-retest reliability (for the IPAQ) 
of the 20% random sample was, ICC = 0.79.

Data Analysis

All analyses will be performed in Stata (v. 12). A multivariable 
logistic regression analysis was used to evaluate the association 

between TTM constructs and MVPA (outcome variable). 
Notably, there was no evidence of multicollinearity in the model; 
the highest individual variance inflation factor was 2.43, with a 
mean variance inflation of 1.58.

Multiplicative interaction was assessed by creating a cross-
product term of anxiety and the TTM constructs, and including 
this cross-product term along with their main effects and 
the covariates, in the model; separate interaction models 
were computed for each TTM construct. In the regression 
models, covariates included age (years; continuous), gender, 
race-ethnicity (Mexican American, other Hispanic, non-
Hispanic white, non-Hispanic black, other), education level 
(undergraduate, graduate), self-reported health status (excellent, 
very good, good, fair, and poor), and measured BMI (kg/m2; 
continuous). Statistical significance was established as P < 0.05.

RESULTS

The study variable characteristics are shown in Table 1. For the 
sample, the mean age was 21.6 ± 2.25. Participants of the study 
had an average BMI of 25.95 kg/m2. The study sample included 
86% undergraduate students and 14% graduate students. Mean 
minutes per week of MVPA was 375.59.

In a multivariable logistic regression analysis, and after adjusting 
for age, gender, race-ethnicity, education, health status, and 
BMI, the only TTM parameter associated with meeting MVPA 
guidelines was behavioral processes of change (odds ratio 
[OR] = 1.14, 95% confidence interval [CI] = 1.07-1.21). After 
further adjustment for overall anxiety, behavioral processes 

Table 1: Study variable characteristics (n=200)
Variable Point estimate SD (continuous variables) or 95% CI

(categorical variables)

Age, mean years 21.62 2.25
BMI, mean kg/m2 25.95 6.93
Ethnicity, % non-hispanic white 69 62-75
Education, % undergraduate student 86 80-90
Health status

% excellent 15.5 10-20
% very good 46 39-52
% good 32.5 25-39
% fair 6 2.3-8.6

PA
MVPA, mean min/day 375.59 324.00
% meets guidelinesa 75

TTM constructs
Stage of change, % precontemplation 0.5 0-1.4
Stage of change, % contemplation 2.5 0.3-4.6
Stage of change, % preparation 19.5 13.9-25.0
Stage of change, % action 17.5 12.1-22.8
Stage of change, % maintenance 60 53.1-66.8
Self-efficacy, mean 64.87 13.25
Decisional balance, cons, mean 8.49 3.16
Decisional balance, pros, mean 21.94 3.17
Processes of change, behavioral, mean 54.83 10.34
Processes of change, cognitive, mean 56.32 8.64
Anxiety
Overall anxiety, mean 4.75 3.07

aMVPA for at least 150 min/week. SD: Standard deviation, CI: Confidence interval, BMI: Body mass index, PA: Physical activity, 
MVPA: Moderate-to-vigorous physical activity, TTM: Transtheoretical model
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of change remained associated with MVPA (OR = 1.14, 95% 
CI = 1.07-1.21).

With regard to the potential interaction effects of anxiety and 
the TTM parameters on MVPA, we observed no interaction 
effects. The interaction for anxiety and self-efficacy on MVPA 
was (OR = 1.00, P = 0.48, 95% CI = 0.99-1.01). In regards 
to the TTM construct of pros and anxiety on MVPA, there 
was no observed interaction effect (OR = 1.00, P = 0.89, 95% 
CI = 0.95-1.04). The TTM construct of cons and anxiety on 
MVPA did not demonstrate an interaction effect (OR = 1.03, 
P = 0.24, 95% CI = 0.98-1.08). The interaction for anxiety and 
behavioral and CPC on MVPA showed no interaction effect 
(OR = 1.00, P = 0.21, 95% CI = 0.97-1.01), (OR = 1.00, 
P = 0.64, 95% CI = 0.98-1.01), respectively.

DISCUSSION

University-aged students are at an increased risk for anxiety [20]. 
Further, anxiety has been suggested to negatively influence 
behavioral dimensions such as PA. In addition, the TTM has 
demonstrated utility in promoting PA among this population. 
However, to our knowledge, no study has evaluated the effects 
of the TTM on PA among University students, while considering 
their anxiety symptomology. Thus, the purpose of this study was 
to evaluate the influence of the TTM on University student’s PA, 
while considering potential independent and interaction effects 
of anxiety symptomology. The main findings of our study was 
that TTM demonstrated some utility for influencing PA among 
this population, and anxiety symptomology did not appear to 
influence this relationship.

In our sample, only behavioral processes of change were 
associated with meeting MVPA guidelines. This finding is 
similar to other studies [21] demonstrating that behavioral 
strategies, in particular, may play a key role in shaping and 
maintaining MVPA behavior across various populations. 
A plausible explanation for this is University students 
tend to be more goal-oriented and have more extrinsic 
motivation [22]. Therefore, despite high anxiety levels 
among college students, they may be focused on achievement 
and demonstrate positive health-enhancing behaviors such 
as PA. TTM construct self-efficacy has been defined as a 
person’s belief in capabilities to overcome personal, social, 
and environmental barriers to exercising [23]. In this sample, 
a plausible explanation for our null self-efficacy association 
is that University students face temptations to engage in 
specific habits during difficult situations such as academic 
coursework and newly found responsibilities. CPC tend to 
be seen in the earlier stages of change (precontemplation 
and contemplation). Individuals in the later stages of change 
(preparation, action, and maintenance) apply more pros than 
cons to PA. For example, individuals in the precontemplation 
stage are less confident to avoid sedentary behavior and 
perceive more disadvantages than advantages for becoming 
physically active compared to those in the preparation, action, 
and maintenance stage [24]. The majority of our sample 
(60%) were in the maintenance stage and therefore may 
provide an explanation why behavioral processes of change 

was the only TTM construct associated with meeting MVPA 
guidelines.

As with any study, there are a few limitations of the present 
investigation. PA and anxiety measures were both self-
reported. Due to the nature of self-report questionnaires, 
social desirability bias may have influenced PA and anxiety 
levels. In addition, this study may lack generalizability to other 
populations. However, strength of our study is limited data on 
the potential moderational effects of anxiety on promoting PA 
via TTM constructs, which makes this study novel.

CONCLUSION

TTM seems to have some utility of promoting MVPA and does 
not appear to be a function of anxiety levels. In individuals with 
high anxiety, the TTM may still serve as a useful framework to 
promote PA. Future prospective and experimental work on this 
topic is warranted.
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