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Abstract
Purpose Physical activity may be effective for managing the consequences of aging with multiple sclerosis (MS), yet physical 
activity participation is exceedingly low among older adults with MS. This study examined variables from social cognitive 
theory (SCT) as correlates of physical activity in older adults with MS as an important first step for informing the design of 
behavior change interventions.
Methods We focused on identifying correlates of light (LPA) and moderate-to-vigorous physical activity (MVPA) based 
on intensity-dependent benefits of physical activity. Older adults with MS (≥ 60 years, N = 441) completed an online survey 
including demographic and clinical characteristics, SCT variables (self-efficacy, exercise goal setting, social support, and 
outcome expectations), and physical activity (LPA, MVPA).
Results Bivariate correlation analyses indicated that all SCT variables correlated with both LPA and MVPA; however, cor-
relations were stronger in magnitude for MVPA (range r = 0.25–0.56) than for LPA (all r = 0.11–0.20).
Conclusion Our results suggest that behavior change interventions informed by SCT may be a promising approach for 
increasing physical activity, particularly MVPA, in older adults with MS, and this should be a focus of future research in 
this segment of MS.
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Introduction

Adults 55 years of age or older account for nearly half of the 
estimated 1 million cases of multiple sclerosis (MS) in the 
United States [1]. This aging segment of the MS population 
faces increasing physical and cognitive disability [2–5], yet 
the disease modifying drugs that represent the first line of 
defense for managing MS may not be efficacious in this age 
group [6]. Physical activity has emerged as an evidence-
based approach for managing the many consequences of 
MS in older adults [7]. Indeed, older adults with MS who 

engaged in more physical activity had better physical func-
tion, including longer walking endurance, faster walking 
speed, and better lower-extremity function than those who 
engaged in less physical activity [2–4]. Additionally, inter-
ventions for increasing physical activity in older adults with 
MS have yielded benefits to quality of life, physical function, 
and cognitive function [8, 9]. However, despite increased 
knowledge of the benefits of physical activity in older adults 
with MS, participation in such behavior is exceedingly low 
[10], particularly in this older demographic [11].

One approach for increasing physical activity participation 
in people with MS involves implementing behavior change 
interventions that are informed by behavior change theory 
such as Social Cognitive Theory (SCT) [12]. SCT provides a 
framework of health behavior change based on assumptions 
of triadic reciprocal determinism and human agency, and it 
identifies self-efficacy (i.e., confidence), outcome expectations 
(i.e., benefits), goals (i.e., intentions), and social-structural 
factors (i.e., social support and impediments) as important 
determinants of behavior and its change [13]. Among the 
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general MS population, SCT variables have been consistently 
correlated with physical activity levels [14, 15], and interven-
tions that have included behavior change techniques (e.g., self-
monitoring and goal setting) informed by the key constructs of 
SCT have yielded increased physical activity participation [16, 
17]. Indeed, a recently developed Internet-delivered physical 
activity intervention that is based on SCT has been rigorously 
tested in comparatively younger adults with MS, and yielded 
positive effects on both self-reported and objectively measured 
physical activity behavior [18, 19]. The evidence of the effi-
cacy of SCT-based behavior change interventions for increas-
ing physical activity in persons with MS is promising, but the 
current interventions are not designed for older adults with 
MS. The design and delivery of such interventions requires 
examining the SCT correlates of physical activity behavior in 
older adults with MS, as this is a crucial first step in developing 
and implementing behavior change interventions among the 
targeted population of interest [20].

There may be additional importance in examining SCT 
variables as correlates of different intensities of physical 
activity in older adults with MS. This is based on the obser-
vation that there may be an added benefit of more intense 
moderate-to-vigorous physical activity (MVPA) compared 
with less intense light physical activity (LPA) in both the 
general MS population and older adults with MS. Indeed, 
MVPA generally corresponds with health-promoting physi-
cal activity, reflects current public health guidelines for 
physical activity [21–24], and has been associated with 
walking performance and cognitive processing speed in 
older adults with MS [2, 3]. Accordingly, behavior change 
interventions may specifically target MVPA, and this under-
scores the importance of distinguishing the SCT correlates 
of MVPA from those of LPA for designing interventions.

The current study examined variables from SCT as cor-
relates of LPA and MVPA in older adults (≥ 60 years of age) 
with MS. We expected that all SCT variables would corre-
late with physical activity behavior (both LPA and MVPA), 
but the correlations would be larger in magnitude for MVPA 
than LPA—this is based on SCT variables being stronger 
predictors under conditions requiring greater demands on 
undertaking a behavior [25]. This study provides important 
evidence that may inform future behavior change interven-
tions for individuals aging with MS that are increasingly in 
greater need for effective rehabilitation approaches.

Methods

Participants and procedures

All study procedures were approved by the University 
Review Board. An email was distributed by the National MS 
Society (NMSS) among its list serve informing individuals 

of a cross-sectional study examining the correlates of physi-
cal activity in older adults with MS. The email provided a 
brief description of the study and a link inviting participation 
by older adults with MS in an online survey. To be included, 
participants self-reported being both diagnosed with MS 
and 60 years of age or older, and consented for participa-
tion. After providing consent and confirming age and MS 
diagnosis, participants were given access to the full survey 
of questionnaires supported by Qualtrics survey software. 
Following completion of the questionnaires, participants 
were able to provide a mailing address to receive $10 USD 
remuneration.

Measures

Demographics and clinical characteristics

Participants reported age, sex, race, type of MS, and disease 
duration (years). Disability was measured with the Patient 
Determined Disease Steps (PDDS) scale [26, 27].

Physical activity

Participants completed the Godin Leisure-Time Exercise 
Questionnaire (GLTEQ) as a measure of physical activity 
[28–30]. Participants were asked to report the number of 
bouts (≥ 15 min) of mild (e.g., easy walking and yoga), mod-
erate (e.g., fast walking and easy bicycling), and strenuous 
(e.g., jogging and vigorous swimming) activity typically 
completed in one week. The frequency of bouts was multi-
plied by weights of 3, 5, and 9, respectively, as these repre-
sent the metabolic equivalents of task per activity intensity. 
LPA was defined as the weighted value for mild activity only 
(range 0–21), and MVPA was defined by the GLTEQ Health 
Contribution Score [21]; this is the sum of the moderate 
and strenuous weighted values (range 0–98). Higher scores 
represented more LPA and MVPA.

Self‑efficacy

Task-specific exercise self-efficacy was measured by the 
6-item Exercise Self-Efficacy Scale (EXSE) [31, 32]. Par-
ticipants rated their confidence level from 0 (not at all con-
fident) to 100 (highly confident) for accumulating ≥ 30 min 
of MVPA on most days of the week in 1 month increments 
across the next 6 months. Scores were averaged across the 
six items providing a total exercise self-efficacy score that 
ranged from 0 to 100 with higher scores indicating greater 
self-efficacy.

The Barriers Specific Self-Efficacy scale (BARSE) 
measured a participant’s perceived capabilities to engage in 
physical activity when facing commonly identified barriers 
to participation such as disinterest or discomfort with the 
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activity [33]. Each of the 13 items is scored on a 100-point 
scale ranging from 0 (not at all confident) to 100 (highly 
confident). Item scores were averaged providing a total score 
(range 0–100) where higher values represent greater confi-
dence to overcome barriers of physical activity engagement.

Outcome expectations

The Multidimensional Outcomes Expectations for Exercise 
Scale (MOEES) assessed beliefs about the benefits of regu-
lar participation in exercise and physical activity [34, 35]. 
The MOEES consists of 19-items each scored on a scale 
of 1 (strongly disagree) to 5 (strongly agree). Scores from 
each item were summed (range 19–95) with higher scores 
representing greater perceived benefits of regular exercise 
and physical activity.

Social/structural support

We operationalized the social/structural domain of SCT 
using the Social Provisions Scale (SPS). The SPS assessed 
one’s current relationships/support for physical activity 
behavior [36, 37]. The measure consists of six items, and 
each item is scored on a four-point scale ranging between 1 
(strongly disagree) and 4 (strongly agree). Item scores were 
summed (range 6–24) to provide a total social support score 
with higher values indicating greater perceived support for 
physical activity.

Goal setting

The Exercise Goal Setting scale (EGS) is a 10-item meas-
ure that assesses goal-setting behaviors for physical activity 
[38]. Items are rated on a five-point scale ranging between 
1 (does not describe me) and 5 (completely describes me). 
Scores were summed across the items (range 10–50) with a 
higher score reflecting more goal-setting behavior for exer-
cise and physical activity engagement.

Data analysis

Data were analyzed using SPSS Statistics 25 (IBM, Inc., 
Armonk, NY). Descriptive statistics are presented as mean 
(SD) or % (n) as appropriate. The associations between 
SCT variables and physical activity (LPA and MVPA) were 
examined with partial Spearman’s rank-order correlations 
controlling for disability status (PDDS). We used non-par-
ametric correlations to limit the known effects of outliers 
and non-normality on correlation coefficients [39], and con-
trolled for disability status to determine if the associations 
were independent of perceived disability [40, 41]. The mag-
nitude of correlations was interpreted as small, medium, and 
large based on values 0.1, 0.3, and 0.5, respectively [42].

Results

Participant characteristics

Demographic and clinical characteristics of the 441 persons 
that provided usable data (i.e., completed the GLTEQ) are 
presented in Table 1. The sample had a mean age of 66.2 
(4.7) years, and was mostly female (78.5%) and Cauca-
sian (93.2%). The mean disease duration was 19.8 (11.3) 
years, and the sample primarily presented with a relaps-
ing–remitting disease course (57.6%) with moderate dis-
ability (median PDDS = 3.0, may need unilateral support 
for longer distances). Descriptive statistics for LPA, MVPA, 
and the SCT variables are provided in Table 2.

Associations between physical activity and SCT 
variables 

The correlations between physical activity and SCT vari-
ables are provided in Table 3. All SCT variables were 
significantly correlated with both LPA and MVPA. The 
associations between SCT variables and LPA were small 
in magnitude (range 0.11–0.20), whereas the associations 
between SCT variables and MVPA were medium or large in 
magnitude (range 0.25–0.56). The two measures of self-effi-
cacy (EXSE = 0.56, BARSE = 0.51) were the SCT variables 
most strongly associated with MVPA. The non-overlapping 
confidence intervals demonstrate that the SCT variables 
were significantly stronger correlates of MVPA than LPA.

Table 1  Demographic and Clinical Characteristics (N = 441)

RRMS relapsing–remitting multiple sclerosis, SPMS secondary pro-
gressive multiple sclerosis, PPMS primary progressive multiple scle-
rosis, PDDS patient determined disease steps

Variable, units, (n)

Age, mean years (SD), (430) 66.2 (4.7)
Sex, % (n), (441)
Female 78.5 (346)
Male 21.5 (95)
Race, % (n), (440)
 Caucasian 93.2 (411)
 African American 2.3 (10)
 Other 4.4 (19)

Type of MS, % (n), (437)
 RRMS 61.3 (268)
 SPMS 26.5 (117)
 PPMS 11.8 (52)

Disease Duration, mean years (SD), (439) 19.8 (11.3)
PDDS score, median (IQR), (441) 3.0 (4.0)
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Discussion

As the population of those aging with MS grows in preva-
lence, it is imperative that researchers design and imple-
ment physical activity behavior change interventions among 
this unique cohort. We further emphasize the importance 
of focusing on MVPA, as many of the beneficial effects of 
physical activity are intensity-dependent [2, 3, 22]. There 
is an abundance of evidence supporting the use of theory-
based behavior change interventions for increasing physi-
cal activity in comparatively younger adults with MS [12], 
but there is limited research in older adults with MS. We 
examined SCT variables as correlates of LPA and MVPA 
in older adults with MS as a critical first step in designing 
future behavior change interventions for this age group [20].

Our results indicated that the correlations between SCT 
variables and physical activity were larger in magnitude 
for MVPA than LPA. This suggests that the SCT variables 
associated with behavior change have a potential for greater 
influence on MVPA behavior than LPA behavior. This may 
be explained by the social cognitive perspective on lower 
vs. upper level control systems, wherein more challenging 
behaviors (i.e., MVPA) require greater cognitive control 
[25, 43]. Those who have a stronger belief in capabilities 
are better able to overcome difficulties and exert greater 
effort to master a challenging behavior [25]. When consid-
ering intervention design, it is important to identify these 
distinctions between LPA and MVPA, so that future inter-
ventions for older adults with MS can specifically target 
MVPA. Low levels of MVPA have partially contributed to 
the deficits in physical and cognitive function between older 
adults with MS and older adults without MS [2], MVPA 
has been strongly correlated with walking performance in 
older adults with MS [3], and public health guidelines that 
are established to promote health and wellness are based 
on MVPA [23, 24]. The comprehensive benefits of MVPA 
in older adults with MS highlight MVPA as an outcome of 
great importance for future behavior change interventions.

The correlations between the SCT variables and LPA 
were not as large in magnitude as MVPA, yet it is important 
to note that all SCT variables were correlated with LPA. As 
LPA is objectively a less demanding behavior than MVPA, it 
is possible that less upper level cognitive control is required 
for behavior change, and therefore, SCT variables are not as 
strongly associated with LPA [25]. Although there are many 
advantages of MVPA, it is important to acknowledge that 
LPA is associated with numerous health benefits in older 
adults with MS [2–4, 7]. Additionally, it is essential to rec-
ognize the importance of LPA as a stepping stone on the 
path to accumulating more MVPA. With such high rates 
of sedentary behavior among older adults with MS [11], 
it is unlikely that many would be capable of accumulating 
the recommended amount of MVPA without first increas-
ing LPA. This aligns with physical activity guidelines for 
individuals with MS that suggests physical activity intensity 
gradually progress based on tolerability [24].

The two measures of self-efficacy were the strongest 
correlates of MVPA. This result aligns with the previous 
research in older adults with MS that identified exercise self-
efficacy as an independent predictor of MVPA [41], and with 
numerous studies in comparatively younger adults with MS 
that consistently demonstrated an association between self-
efficacy and physical activity participation [14, 15]. Self-
efficacy is a key factor in the SCT framework as it influ-
ences the health behavior outcome directly and through 
its effect on other determinants [13]. Therefore, increasing 
self-efficacy, or the belief in one’s ability to successfully 
be physical active, has a direct effect on physical activity 

Table 2  Mean scores of physical activity and SCT variables

SCT Social Cognitive Theory, GLTEQ-Q1 Godin Leisure-Time Exer-
cise Questionnaire-Question 1, GLTEQ-HCS Godin Leisure-Time 
Exercise Questionnaire Health Contribution Score, EXSE Exercise 
Self-Efficacy Scale, BARSE Barriers Specific Self-Efficacy Scale, 
MOEES Multidimensional Outcomes Expectations for Exercise 
Scale, SPS Social Provisions Scale, EGS Exercise Goal Setting

Variable, (n) Scale Scale range Mean (SD)

Light physical activity, 
(441)

GLTEQ-Q1 0–21 10.1 (7.8)

Moderate-to-vigorous 
physical activity, (441)

GLTEQ-HCS 0–98 14.4 (19.4)

Exercise self-efficacy, (428) EXSE 0–100 50.2 (38.2)
Barriers self-efficacy, (414) BARSE 0–100 47.6 (27.8)
Outcome expectations, 

(418)
MOEES 19–95 60.7 (7.9)

Social support, (437) SPS 6–24 17.6 (3.2)
Goal setting, (413) EGS 10–50 25.2 (10.7)

Table 3  Correlations between SCT variables and physical activity 
controlling for disability

SCT Social Cognitive Theory, LPA Light Physical Activity, MVPA 
Moderate-to-Vigorous Physical Activity, EXSE Exercise Self-Effi-
cacy Scale, EGS Exercise Goals Setting Scale, SPS Social Provisions 
Scale, MOEES Multidimensional Outcomes Expectations for Exer-
cise Scale, EPS Exercise Plans Scale, BARSE Barriers Self-Efficacy 
Scale
***p ≤ 0.001; **p ≤ 0.01; *p ≤ 0.05

SCT variable LPA MVPA

rs 95% CI rs 95% CI

EXSE 0.12* 0.03, 0.21 0.56*** 0.49, 0.62
BARSE 0.20*** 0.11, 0.29 0.51*** 0.44, 0.58
MOEES 0.15** 0.06, 0.24 0.32*** 0.23, 0.40
SPS 0.12* 0.03, 0.21 0.25*** 0.16, 0.34
EGS 0.11* 0.01, 0.20 0.43*** 0.35, 0.51
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behavior, but further influences physical activity behavior 
through factors such as goal-setting and outcome expecta-
tions [44]. For example, it is proposed that individuals with 
greater self-efficacy set higher goals for themselves are more 
capable of overcoming setbacks, and expect more favorable 
outcomes [44]. All of these behaviors and beliefs promote 
health behavior change and increased physical activity.

Importantly, self-efficacy is a modifiable construct and 
there are known sources or influences of self-efficacy that 
can be incorporated into behavior change interventions to 
increase self-efficacy [13]. Such sources include mastery 
and vicarious experiences where both personally experi-
encing success and seeing others similar to you succeed can 
increase self-efficacy. This might be applied to a behavior 
change intervention by having older adults with MS who 
have experienced the benefits of physical activity share their 
personal stories [18]. Other sources of self-efficacy include 
social support, verbal encouragement, reducing stress, and 
minimizing negative emotional responses [13]. Strategies for 
implementing these constructs into behavior change inter-
ventions include techniques such as having a coach or friend 
to provide social and emotional support, setting goals and 
monitoring progress, and identifying barriers of physical 
activity and proactively planning ways to overcome them.

There are several noteworthy limitations in the current 
study. The cross-sectional design prevents the inference of 
causality, and further does not permit assumptions about 
the direction of the relationship between SCT variables and 
physical activity. Another potential limitation is the self-
report nature of the study; however, only questionnaires 
that have been validated in MS were utilized and this was a 
nation-wide study of older adults with MS, thereby restrict-
ing objective assessments of behavior. The lack of racial 
diversity in the current sample may limit the generalizability 
of our results—a sample that more accurately reflects the 
racial makeup of the MS population may be more appropri-
ate in future studies.

As the benefits of physical activity in older adults with 
MS continue to amass, it is becoming increasingly impor-
tant to develop effective interventions designed to increase 
physical activity rates among this largely inactive group. Our 
results suggest that behavior change interventions informed 
by SCT may be an effective approach for increasing physi-
cal activity, particularly MVPA, in older adults with MS. 
This distinction between LPA and MVPA is important given 
that many of the benefits of physical activity are intensity-
dependent. Future research should consider designing and 
assessing SCT-based behavior change interventions for 
increasing MVPA in older adults with MS.
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