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Objective. Physical activity has numerous benefits for those with symptomatic knee osteoarthritis (KOA) or knee
replacement, yet many individuals engage in insufficient activity. The purpose of this study was to explore beliefs
about sedentary behavior, barriers to standing, and program preferences for adults with symptomatic KOA or knee

replacement.

Methods. Forty-two individuals >50 years with symptomatic KOA or knee replacement completed an online
survey assessing current knee pain and function, sitting time, physical activity participation, beliefs about sedentary
behavior, and preferences for a sedentary reduction program.

Results. Participants indicated barriers to standing were pain, discomfort, or working on a computer. Most
participants shared interest to participate in a program to reduce sitting time. Participants chose education, self-
monitoring, and activity tracking as most preferable components for an intervention design.

Conclusion. Future interventions to reduce sedentary time may utilize these results to tailor programs for those

with symptomatic KOA or knee replacement.
INTRODUCTION

The prevalence of knee osteoarthritis (KOA) has increased
considerably over the past 20 years (1), with an estimated 14 mil-
lion Americans currently living with symptomatic KOA (2). KOA
is a leading cause of disability and can limit physical function
and mobility as well as impair quality of life (3,4). These limita-
tions lead nearly half of patients with KOA to undergo total knee
replacement during their lifetime (5).

Physical activity is strongly recommended as a nonphar-
macologic treatment for KOA management, yet less than 20%
of men and less than 10% of women with KOA meet federal phys-
ical activity guidelines (6). Even after knee replacement, the major-
ity of patients typically do not increase their physical activity and
remain either at or below presurgical activity levels (7). Individuals
who have knee replacement surgery experience several barriers
to activity, including pain, physical limitations, and lack of moti-
vation, which may explain why activity levels remain unchanged
after surgery (8).
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In addition to low levels of physical activity, individuals with
KOA spend two-thirds of their waking day engaging in sedentary
behavior, which is defined as sitting or reclined posture (3,9).
This is a proportion that remains unchanged or further increases
after knee replacement (10). High levels of sedentary behav-
ior, independent of physical activity levels, are associated with
numerous health consequences, including increased risk of a
negative cardiometabolic profile (11,12) and all-cause mortality
(13). Specific to populations with knee symptoms, time spent
in sedentary behavior is associated with an increased risk for
disability (14), impaired physical function (3,15), and poor quality
of life (16).

Considering that individuals with knee osteoarthritis experi-
ence barriers to physical activity, reducing sedentary time may be
amore feasible first-step behavioral target for individuals with KOA
and knee replacement. Several studies have started to explore
ways to reduce sedentary time in older adults (17-20). However,
little research has focused specifically on sedentary time reduction
in those with KOA or knee replacement.

Defense Spinal Cord Injury Research Program Qualitative Research Award
(SC160051). No other disclosures relevant to this article were reported.

Address correspondence to Christine A. Pellegrini, PhD, Arnold School
of Public Health, Technology Center to Promote Healthy Lifestyles,
Department of Exercise Science, University of South Carolina, Discovery
1 Building, Suite 403d, 915 Greene Street, Columbia, SC 29208. Email:
cpellegrini@sc.edu.

Submitted for publication September 16, 2020; accepted in revised form
December 3, 2020.

55


http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-6175-9852
mailto:﻿
https://orcid.org/0000-0002-0922-0195
mailto:cpellegrini@sc.edu

56

POWELLETAL

To fill this gap in the literature, this study explored patients’
beliefs about sedentary behavior, their willingness to change their
sedentary behavior, and their preferences for a sedentary reduc-
tion program among adults (>50 years) with symptomatic KOA or
those who had a knee replacement. Although it is believed that
sedentary behavior is driven by both automatic and controlled
processes (21,22), the Theory of Planned Behavior (23,24) may
be helpful to better understand sedentary behavior (24). Therefore,
this study explored behavioral beliefs and perceived behavioral
control for reducing sedentary behavior and replacing sedentary
time with different activities of varying duration. In addition, the
study assessed this population’s preferences for technology-sup-
ported sedentary reduction interventions given the substantial
increase in the use of technology among older adults (25) and
success of technology for modifying behaviors (26-30). The
knowledge gained from this study can help to inform the develop-
ment of future sedentary reduction interventions and patient-cen-
tered clinician recommendations for those with symptomatic knee
osteoarthritis or knee replacement.

PATIENTS AND METHODS

Participants and procedures. Adults older than 50 years
in the southeastern United States with symptomatic KOA (at least
one knee with pain, aching, or stiffness on most days of 1 month
of the last 12 months) or who had undergone a knee replace-
ment were recruited to participate in this study. Participants were
recruited via email or online postings, social media flyers, or rec-
ommendations from medical staff, physicians, and nurses from
local orthopedic and rehabilitation facilities. Interested candidates
were directed to an online screening questionnaire to determine
eligibility. If eligible, participants were automatically directed to
complete the battery of online surveys, which took approximately
25 minutes to complete. On survey completion, participants were
given the opportunity to enter a drawing for one of four $25 Ama-
zon gift cards. All study procedures were approved by the Univer-
sity of South Carolina’s Institutional Review Board.

Measures. Demographics, health history, and technology
ownership. Participants were asked to report age, sex, race,
ethnicity, level of education, and employment status. Height and
weight were self-reported to calculate body mass index (BMI).
A brief medical and surgical history was also included to iden-
tify known medical diagnoses (eg, heart disease, cancer, hyper-
tension, and depression/anxiety) and major surgeries (eg, knee
replacement and hip replacement). Technology ownership and
usage of several forms of technology (eg, smartphone, com-
puter, and tablet) were also assessed.

Patient-Reported Outcomes Measurement Information Sys-
tem. The Patient-Reported Outcomes Measurement Information
System (PROMIS) (31) was used to assess pain intensity, pain
interference, and physical function and mobility. The PROMIS

uses computer adaptive tests and was administered via a Red-
Cap shared library (32). Each measure results in a T score, with
a mean score of 50 (SD = 10) representing the mean of the gen-
eral US population. Higher scores indicate more intense pain,
increased pain interference, or higher levels of mobility.

Godin Leisure Time Exercise Questionnaire. The Godin
Leisure Time Exercise Questionnaire (33) was modified for this
study and was used to assess physical activity. Participants in-
dicated the frequency and average amount of time spent en-
gaging in strenuous (eg, jogging), moderate (eg, fast walking),
and mild (eg, easy walking) exercise for at least 15 minutes over
the past 7 days. The weekly total volume of time spent in stren-
uous and moderate exercise was calculated by multiplying the
weekly frequency by duration for strenuous and moderate activ-
ities. The daily average was calculated by dividing the volume of
strenuous and moderate exercise by 7.

The Sitting-Time Questionnaire. The Sitting-Time Question-
naire (34), which is a valid measure with high test-retest reliability
(85), was used to assess sedentary time. Participants indicated
the amount of time they spend sitting on a typical weekday and
weekend in various situations (eg, traveling to and from places,
while at work, and during leisure time not including television
watching). The average total weekly time spent sitting was cal-
culated by multiplying the total time spent sitting on weekdays
by 5 and the total time spent sitting on weekends by 2 and then
summing these values. The average daily volume was obtained
by dividing this sum by 7.

Beliefs about sedentary behavior. Participants’ beliefs about
sedentary behavior were assessed using a questionnaire adapt-
ed from Lloyd et al (36). The adaptations made for this study
included adding items related to replacing sitting time with differ-
ent activities (eg, standing, light walking, and brisk walking) and
excluded time lying down. Specifically, the close-ended ques-
tionnaire assessed behavioral beliefs about the potential benefits
and harms of sedentary time using a Likert scale of 1 (“not at all
harmful”) to 5 (“very harmful”) and beliefs about whether reduc-
ing extended periods of sedentary behavior could improve their
health (yes, no, or do not know). Additionally, the questionnaire
assessed participants’ beliefs on the maximum amount of time
they should spend sitting before standing up using a scale rang-
ing from less than 30 minutes to more than 3 hours, as well as
their attitude toward the amount of time they spend sedentary
during work and leisure time (‘I wish | could sit more,” “I wish |
could sit less,” or “I do not wish to change”). Participants identi-
fied barriers (control beliefs) as to why they do not stand up more
frequently (ie, “everyone else around me is sitting”, “I feel pain
or discomfort from standing or easy walking,” “I am too busy at
work to stand,” or “other”) and indicated their perceived behav-
ioral control over replacing sedentary time with varying durations
(eg, 2 minutes, 5 minutes, or 10 minutes) of specific activities
such as standing, calisthenics, walking in place, and walking
around (scale of 1 [“very unlikely”] to 5 [“very likely”]).
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Interest and preferences for technology-supported seden-
tary behavior reduction intervention. Participants’ interest in and
preferences for technology-supported sedentary behavior re-
duction intervention were obtained from a previously used ques-
tionnaire (36). Participants chose favorable potential intervention
features, such as use of behavioral strategies (eg, goal setting,
self-monitoring, and tracking activity), reminders to interrupt
sedentary time, use of activity trackers, and preferred activities
and timing to replace sitting.

Data analysis. Descriptive statistics were calculated for
demographic characteristics, health conditions, technology own-
ership and usage, beliefs about sedentary behavior, and sedentary
behavior program preferences. x* or independent-sample T tests
were conducted to examine differences in demographic charac-
teristics, physical activity, sitting behavior, and PROMIS measures
between individuals with KOA and knee replacement; however,
because of the small sample size, all participants were combined
to explore their beliefs and preferences for reducing sedentary
behavior. Missing data ranged from 0% for the majority of variables
to 4.7% for indication of owning a smartphone. Data were deter-
mined to be missing at random as a result of preliminary analyses.
Therefore, mean imputation was used for managing missing val-
ues. All data analysis was conducted using SPSS version 25 (37).

RESULTS

Participants. A total of 42 participants (mean = 61.8 years;
SD = 7.6 years) completed the study. Participant characteristics
(by knee condition) are outlined in Table 1. The majority of par-
ticipants were white (93%), had graduated college or achieved
higher education (74%), and had an average BMI of 31.4 kg/
m? (SD = 7.2 kg/m?). The 13 (31%) participants who had a knee
replacement were significantly older (mean = 66.8 years; SD = 7.7
years) than those with KOA (mean = 59.5 years; SD = 6.5 years;
P < 0.05). PROMIS measures indicated an average mobility score
of 42.6 (SD = 2.3), pain intensity score of 55.1 (SD = 2.1), and pain
interference score of 45.2 (SD = 2.8) among survey participants.
Most of the sample owned a computer (98%) and mobile phone
(93%). Of those owning a mobile phone, 87% had a smartphone.
Over one-quarter (26%) of participants also used an activity mon-
itor (eg, Fitbit, Garmin, or Smartwatch).

Participant characteristics. Sedentary behavior and
physical activity participation. Participants self-reported spending
an average of 129.7 minutes/week (SD = 148.8 minutes/week)
engaged in strenuous or moderate exercise and 10.9 hours/day
(SD = 5.3 hours/day) engaged in sedentary behavior, with no dif-
ferences between individuals with KOA or knee replacement. One-
third of participants reported engaging in no strenuous or moderate
exercise throughout the week, and only 29% of participants were

at or above physical activity guidelines of at least 150 minutes/
week of moderate to vigorous physical activity (38).

Beliefs about sedentary behavior and barriers to reducing sed-
entary time. Overall, most participants (86%) reported they believed
sitting for an extended period of time is harmful for one’s health, with
83% of participants believing that reducing sitting time can improve
general health. A higher percentage of participants believed sitting
time should be replaced with light (88%) or brisk walking (86%)
than those who believed it should be replaced with standing (62%).
The majority of participants felt that the optimal amount time they
should sit before getting up to stand or move around ranged from
30 minutes to one hour (57%) or from 1 to 2 hours (31%).

Fifty-five percent of participants wished that they could sit
less in their leisure time. Among those who are currently employed,
75% wished they could sit less at work. Participants also rated the
likelihood of replacing sitting with standing, walking in place, or
walking around both during work hours and during leisure time
(Figure 1). Overall, at work and in leisure time, more participants
indicated they would be more likely to replace sitting with brief
2-minute activities (eg, standing, stretching, and walking) com-
pared with activities of a longer duration (eg, 5 or 10 minutes).

Table 1. Participant characteristics

Knee
Overall KOA  Replacement
(n=42) (n=29) (n=13)
Age, M £ SD, yr 61.8+76 595+6.5 66.8 +7.7
BMI, M + SD, kg/m? 314+72 31.0+71 324+75
Female, n (%) 28 (67) 16 (55) 12 (92)
Race, n (%)
White 42 (93) 27 (93) 12(92)
Black 3(7) 2(7) 1(8)
Education, n (%)
<College degree 11 (26) 8 (28) 3(23)
>College degree 31 (74) 21(72) 10(77)
Employment Status, n (%)
Working >part-time 24 (57) 19 (66) 5(38)
Retired 14.(33) 7 (24) 7 (54)
Not working 4(10) 3(10) 1(8)
Technology ownership,
n (%)
Computer 41 (98) 28(97) 13 (100)
Mobile phone 39(93) 27 (93) 12(92)
Smartphone 34(87) 24 (83) 10(77)
Tablet 19 (45) 13 (45) 6 (46)
Physical activity monitor 11 (26) 4(14) 7 (54)
Health conditions, n (%)
Rheumatoid arthritis 4(10) 2(7) 2 (15)
Hypertension 17 (47) 12 (41) 5(39)
Heart Disease 3(7) 3(10) -
Diabetes 4(10) 4(13) -
Depression 7(7) 3(10) 4(31)
Anxiety 5(12) 3(10) 2 (15)
PROMIS Measures, M + SD
Mobility 426+23 424+23  431+23
Pain intensity 551 +21 563+18 526+26
Pain interference 452+28 46.0+2.8 433+29

BMI, body mass index; KOA, knee osteoarthritis; M, mean; PROMIS,
Patient-Reported Outcomes Measurement Information System.
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Figure 1. Likelihood of replacing sitting with varying durations of activities during work or leisure time.

Participants also identified their barriers to reducing seden-
tary time. The most common barriers were having pain or dis-
comfort when standing (562%) and being unable to stand while
working on the computer (48%). There were no differences in bar-
riers between those with KOA or knee replacement.

Sedentary behavior program preferences. Most par-
ticipants (67 %) indicated they were interested in participating in
a sedentary behavior reduction program. Furthermore, partici-
pants indicated the type of intervention components that they
perceived would be the most helpful (Figure 2). The interven-
tion components reported the most frequently were tracking/
self-monitoring sitting time (71 %), setting a goal daily (69%), and
receiving education related to sedentary behavior (67%). The
intervention components that were perceived to be the least
helpful to reduce sedentary time were communicating (24 %) or
competing (19%) with others in a sedentary reduction program.

Nearly half of participants (45%) indicated that they would be
willing to receive reminders to help them sit less. There was a trend
for those who currently use a physical activity monitor to be more
willing to receive reminders than those who do not (P = 0.06). Of
those who would be willing to receive reminders, 47% of partici-
pants would want to receive between one and three reminders per
day, and 37% would want to receive four to six reminders per day.
Preferable methods of reminder delivery included via text message
(74%), vibration on wrist-worn physical activity tracker (50%), and
pop-up message on computer screen (32%). Approximately 80%
of participants indicated that they preferred reminders to occur
when sitting for 30 minutes to 1 hour.

DISCUSSION

This study explored the beliefs about sedentary behavior and
preferences for sedentary reduction programs among adults with
symptomatic KOA or knee replacement. The majority of partici-

pants (86%) believe that sitting for an extended period of time is
harmful for one’s health, but intentions to change sitting behaviors
was lower for both work and leisure time sedentary time (75%
and 55%, respectively). Regardless of domain, participants indi-
cated a greater willingness to replace sitting time with activities of
a shorter duration (2 minutes) compared with activities that were
5 or 10 minutes in length. These exploratory results provide initial
insight on beliefs and intention for reducing sedentary time that
could be helpful to inform future sedentary reduction programs for
this population.

From a Theory of Planned Behavior perspective, this sample
appears to have strong behavioral beliefs regarding the conse-
quences of prolonged sedentary behavior; however, their per-
ceived behavioral control over replacing sedentary time appears
to decline with activities of longer durations and may depend on
whether the sedentary behavior is at work or in their leisure time.
As a result, intention or willingness to change or participate in a
sedentary reduction program is lower than anticipated. Intention
to exercise has been found to be strongly associated with atti-
tude, which is a result of behavioral beliefs and outcome eval-
uations (39), but interestingly, for sedentary behavior, subjective
norms may be more predictive (24). The current study did not
examine subjective norms, which may be playing a larger role in
intentions to reduce sedentary time than other Theory of Behavior
constructs. Future studies should be sure to explore the role of
subjective norms in the prediction of intention to reduce sedentary
time.

Another possible explanation for the lack of wilingness to
reduce sedentary time may be the higher average BMI of this
sample. Excessive sedentary time may have negative effects on
health indicators such as BMI (40,41). A significant association
has been found between obesity and sedentary behavior, with
research indicating that obesity is a determinant of sedentary
behavior as opposed to a result (42). It is important to note that
the average BMI of participants in the present study falls into the
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Figure 2. Helpfulness of sedentary reduction program features.

obese category (>30 kg/m?), thus placing them at higher risk of
the negative health consequences associated with sedentary
behavior. Future research should continue to explore barriers to
reducing sedentary time (eg, BMI, pain, and work) in populations
with KOA and knee replacement to better inform possible inter-
vention strategies.

The majority of participants believed that sitting for extended
times can be harmful to one’s health, which suggests that the
consequences of excess sitting identified over the recent years are
effectively being communicated to this patient population. Many
participants were also interested in receiving educational informa-
tion regarding ways to sit less throughout the day. However, there
has been little attention given to interventions to reduce sedentary
behavior from a public health perspective (43). Although many
health risks have been identified linking higher sedentary time with
type Il diabetes, cancer all-cause mortality, and cardiovascular
disease (44), little is known about the optimal sedentary behavior
reduction level to improve health outcomes. Although an optimal
level of sedentary behavior reduction to decrease disease risk
is unknown, this study suggests that disseminating knowledge
regarding ways to reduce sitting time could be a logical first step
for decreasing sedentary behavior and health risks; however,
future research is also needed to identify strategies to increase
intention to reduce sedentary time in those with KOA or knee
replacement.

Although US federal guidelines suggest that adults should
engage in at least 150 minutes/week of moderate- to vigorous-in-
tensity physical activity, specific recommendations for sedentary
behavior have yet to be determined (38). Current recommenda-
tions suggest that adults should move more and sit less but falil
to acknowledge frequency of breaks and types of nonsedentary
activity beneficial for improving health outcomes. The results of
the current study echo those of previous studies, showing that
individuals with KOA or knee replacement are highly sedentary
(8,9,45,46) despite behavioral beliefs that prolonged seden-
tary behavior may be harmful and that replacing sedentary time
with other activities (eg, standing and light walking) could help to

improve health. Interestingly, there were no differences in barriers
to reducing sedentary time between those with KOA and knee
replacement despite the clinical and symptom differences that
likely exist between these populations (47,48). Participants in the
current study mentioned pain and the inability to stand while using
a computer at work as top barriers to reducing sedentary time.
Future interventions should consider including strategies and
recommendations that may be feasible for this population and
address common barriers, such as the use of an adjustable height
desk or taking frequent short sedentary breaks to minimize pain.

More participants in the present study indicated a desire
to reduce sitting time at work compared with those wanting to
change leisure time sitting. This may indicate that during leisure
time, sedentary behavior may be more intentional, whereas dur-
ing working hours, sedentary behavior may be less intentional
but may seem nonvolitional (24). Regardless of the type of sed-
entary time, participants indicated a wilingness to be more likely
to replace sitting time with short (2 minutes) amounts of stand-
ing, stretching, or walking around after a period of sedentary time
lasting between 30 and 60 minutes compared with activities of a
longer duration (5-10 minutes). Interrupting sedentary time with
brief bouts of light-intensity activity has proven to be beneficial
for functional and cardiometabolic improvements in experimen-
tal settings (49). Although this may be an acceptable intervention
approach, it is unclear whether these brief interruptions of seden-
tary behavior would have any effect on knee symptoms or other
potentially relevant health outcomes for this population.

The two most common barriers to standing more frequently
reported by participants were pain and discomfort and the inability
to stand while working on a computer. This is consistent with bar-
riers to physical activity among those with KOA, such as pain and
lack of motivation (50). However, as a whole, barriers to stand-
ing have not been widely assessed. Future studies are needed to
evaluate whether recommending brief breaks in sedentary time
are a feasible strategy for those using the computer and whether
these shorter interruptions could help to reduce pain and discom-
fort in those with current or past knee symptoms.
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The majority of participants (66.7%) indicated an inter-
est in participating in a program to help reduce sitting time.
In efforts to gain patient-centered insight regarding program-
matic design, participants were also asked to indicate which
particular program components they perceived would be most
helpful to reducing sitting time. Of the intervention strategies
listed, nearly half (42.2%) indicated that they would be willing to
receive prompts to sit less throughout the day, with text mes-
sages as the most preferable method for delivery. Given that
sedentary behavior is more habitual in nature and is frequently
done without intention (22), prompting can be an effec-
tive method to make individuals aware of their sedentary time.
Additionally, considering the high penetration of smartphones
across all age groups and demographics (25), with over 50%
of every demographic group, including older adults, owning
a smartphone in 2019 (25), these results provide insight into
favorable intervention components that may be useful for the
design and implementation of a sedentary behavior reduction
program. Many participants also mentioned that they would be
willing to receive a notification to sit less on a wearable physical
activity tracker; however, current evidence suggests that these
devices may not be effective in reducing sedentary behav-
ior (29,30). More research is needed to examine the effect of
prompting on changes in sedentary time as well as to deter-
mine the optimal method to deliver these prompts.

This study was not without limitations. The small survey sam-
ple limits the statistical power and generalizability of these results.
These preferences may not reflect those from other geographic
areas, certain racial or ethnic groups, or those who are not as
familiar with or comfortable using technology. Additionally, the
survey used to assess beliefs about sedentary behavior has not
been not tested in this population or compared with other stand-
ard Theory of Planned Behavior questionnaires, so results should
be interpreted with caution. Future studies should include a larger,
nationwide sample to gauge preferences from a more diverse
range of individuals as well as to compare any potential differences
in preferences and beliefs toward reducing sedentary behavior
between those with KOA and those with knee replacement. A
qualitative examination of beliefs and preferences would further
the understanding of reducing sedentary time in this population
as well. Objective measures of physical activity and sedentary
behavior should also be used in the future to reduce self-report
bias. Additionally, interventions are needed to test the efficacy
of these preferred components for sedentary behavior reduction
programs in this population. This study also presented some val-
uable strengths as well. To our knowledge, this is the first study
to examine program preferences for reducing sedentary behavior
among those with KOA or those who have had a knee replace-
ment. Furthermore, by soliciting input from those with knee issues,
a patient-centered perspective may increase the applicability and
effectiveness of future interventions implemented among individu-
als from this population.

In conclusion, this study was the first to explore beliefs about
sedentary behavior and preferences for sedentary behavior reduc-
tion program components among individuals with KOA or those
who have had a knee replacement. Respondents self-reported
spending more than 10 hours/day sitting even though 83% of
individuals believed that reducing sedentary time is beneficial for
general health. Participants want to sit less at work and in leisure
time; however, common barriers to standing included pain and
inability to use a computer while standing. The majority of partic-
ipants expressed interest in participating in a program to reduce
the amount of time they spend sitting. Sitting behavior reduction
strategies at work or during leisure time were most preferable in
shorter durations (approximately 2 minutes). Finally, participants
perceived tracking sitting time, goal setting, and education about
sedentary behavior reduction as the most helpful strategies for
reducing sedentary time. Findings from this study may be used to
develop and implement future sedentary behavior reduction pro-
gram among those with KOA and knee replacement.
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