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1  | INTRODUC TION

With global ageing and the growing obesity epidemic, osteoar-
thritis is one of the most rapidly increasing chronic conditions 
(Deshpande et al., 2016; Nelson, 2018; Osteoarthritis Research 
Society International, 2016). Osteoarthritis, which occurs most 
often in the knees and hips, can increase the risk of cardiovascular 

disease (CVD) owing to activity limitations associated with se-
vere joint pain and negatively affect quality of life (QoL) (Barbour, 
Helmick, Boring, & Brady, 2017). In South Korea, the prevalence 
rates for doctor-diagnosed osteoarthritis were 10.9% and 21.7% 
for all adults and those aged 50 years and above in 2017, respec-
tively (Korea Centers for Disease Control & Prevention, 2018). 
Osteoarthritis is linked to increased rates of comorbidity (Suri, 
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Abstract
Aim: To examine a hypothetical model of physical activity and health outcomes (car-
diovascular risk and quality of life) based on the information–motivation–behavioural 
skills model in adults.
Design: A cross-sectional survey.
Methods: A total of 165 adults with osteoarthritis at risk for metabolic syndrome 
were recruited between October 2016 and September 2017 from the outpatient 
clinic in South Korea. Data were collected on the model constructs such as cogni-
tive function, social support, depressive symptoms, barriers to self-efficacy, physical 
activity and quality of life. A hypothetical model was tested using the AMOS 25.0 
program.
Results: Cognitive function and barriers to self-efficacy had a direct effect on physi-
cal activity. Physical activity had a direct effect on cardiovascular risk, while social 
support and depressive symptoms had a direct effect on quality of life.
Conclusions: The information–motivation–behavioural skills model can predict phys-
ical activity and, in turn, cardiovascular risk and quality of life in adults with osteoar-
thritis at risk for metabolic syndrome.
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Morgenroth, & Hunter, 2012), including metabolic syndrome, 
obesity, cardiovascular disease and diabetes, which adversely af-
fect QOL (Liu, Waring, Eaton, & Lapane, 2015). People with met-
abolic syndrome are more susceptible to develop osteoarthritis 
(Afifi et al., 2018; Chadha, 2016). The most common components 
of metabolic syndrome in patients with knee osteoarthritis in-
clude abdominal obesity (90%), hypertension (40%) and diabetes 
(15%) (Afifi et al., 2018). A systematic review of cohort studies 
(Nelson, 2018) reported that patients with osteoarthritis have 
a higher risk of CVD. Three studies confirm evidence of the as-
sociation of osteoarthritis with CVD. For example, the incident 
CVD events with osteoarthritis were 1.22-fold higher in Italians 
(Veronese et al., 2016) and 1.15-fold higher in Taiwanese (Chung, 
Lin, Ho, Lai, & Chao, 2016) compared to those without osteoar-
thritis. Also, in a cohort study of middle-aged British women with 
23-year follow-up, those with both radiographic osteoarthritis and 
knee pain had 4-fold higher risk for CVD-related mortality than 
those without radiographic osteoarthritis and knee pain (Kluzek 
et al., 2016). Risk management including physical activity may slow 
disease progression and reduce CVD risk in adults with osteoar-
thritis (Suri et al., 2012).

Physical activity provides health benefits to people with 
chronic conditions including osteoarthritis and metabolic syn-
drome (DiPietro et al., 2019; Pedersen & Saltin, 2015; Rausch 
Osthoff et al., 2018). However, despite the known benefits of 
regular physical activity, the global proportion of people who are 
active enough to enjoy these health benefits is low and decreases 
with age. Worldwide, 23% of adults are physically active, with up 
to 54% of adults being sedentary in some high-income countries 
(Lindsay Smith, Banting, Eime, O'Sullivan, & Uffelen, 2017). In 
particular, people with osteoarthritis are more likely to exhibit co-
morbidities, barriers to physical activity and inactive lifestyles rel-
ative to the general population (Gay, Guiguet-Auclair, Mourgues, 
Gerbaud, & Coudeyre, 2019). Increased daily duration of physical 
activity could reduce the risk of developing metabolic syndrome in 
adults with osteoarthritis (Liu et al., 2015). Although physical activ-
ity has consistently been associated with enhanced QoL and lower 
CVD risk (DiPietro et al., 2019; Jeong et al., 2019; White, Wojcicki, 
& McAuley, 2009), additional effort is required to determine 
whether this relationship is direct or occurs through other psycho-
social factors in adults with osteoarthritis. In addition, previous 

studies have reported that suitable theory-based intervention 
strategies could be more effective in enhancing behavioural ad-
herence than intervention strategies lacking a theoretical founda-
tion (Chang, Choi, Kim, & Song, 2014; Conn, Enriquez, Ruppar, & 
Chan, 2016).

2  | BACKGROUND

The information–motivation–behavioural skills (IMB) model is a 
framework that is commonly used to enhance understanding of pre-
dictive factors for health behaviour and outcomes (Chang et al., 2014; 
Fisher, Fisher, Amico, & Harman, 2006). The IMB model posits that 
each element (i.e. information, motivation and behavioural skills) ex-
erts a direct effect on health behaviour, but that behavioural skills 
would mediate the effect of information and motivation on health 
behaviour (Figure 1). Studies have reported that certain factors such 
as cognitive function (information), social support (extrinsic motiva-
tion), depressive symptoms (intrinsic motivation) and self-efficacy to 
overcome barriers (behavioural skills) are associated with physical 
activity. An emerging body of evidence has identified that physical 
activity levels and engagement in leisure activities are predictors of 
cognitive function (Gamage, Hewage, & Pathirana, 2019). A recent 
systematic review involving older adults suggested that people with 
greater social support for physical activity are more likely to engage 
in physical activity during leisure time (Lindsay Smith et al., 2017). 
Moreover, people with knee osteoarthritis who engage in sufficient 
physical activity have been shown to display significantly lower lev-
els of depressive symptoms relative to those who do not engage 
in sufficient physical activity (Mesci, Icagasioglu, Mesci, & Turgut, 
2015). Further, some studies have demonstrated that greater self-
efficacy for physical activity enhanced physical activity engagement 
(Curtis & Windsor, 2019; Rush et al., 2019).

The IMB model has been applied to explain adherence to 
health behaviour, including physical activity, in various samples 
(Fisher et al., 2006; Mayberry & Osborn, 2014; Nelson et al., 2018). 
However, further empirical research is required to improve the mod-
el's robustness in predicting physical activity and its outcomes (CVD 
risk and QoL) in adults with osteoarthritis at risk for metabolic syn-
drome, which are prevalent comorbidities. Furthermore, in predict-
ing physical activity adherence using the IMB model, it is unclear 

F I G U R E  1   Hypothesized information–
motivation–behavioural skills model of 
physical activity
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which factors should be considered to promote physical activity in 
people with osteoarthritis at risk for metabolic syndrome.

The aim of this study was to examine a hypothetical model of 
physical activity and health outcomes based on the IMB model in 
adults with osteoarthritis at risk for metabolic syndrome. We hy-
pothesized that information (cognitive function), motivation (social 
support and depressive symptoms) and behavioural skills (barriers 
to self-efficacy) would be associated with physical activity and its 
outcomes (CVD risk and QoL) (Figure 1).

3  | METHODS

3.1 | Design

This study used a cross-sectional survey design.

3.2 | Participants and setting

The study included 165 adults with osteoarthritis at risk for meta-
bolic syndrome from the outpatient clinic at a university hospital 
located in an urban area in South Korea. The sample size was deter-
mined based on the recommendation that at least 150 responses 
are needed for structural equation modelling research (Anderson 
& Gerbing, 1988). Participants were selected according to the 
following inclusion criteria: doctor diagnosed with osteoarthritis 
and at risk for metabolic syndrome based on any one of the fol-
lowing National Cholesterol Education Program (NCEP) Adult 
Treatment Panel III criteria (Expert Panel on Detection, Evaluation, 
& Treatment of High Blood Cholesterol in Adults, 2001): (a) ab-
dominal obesity, defined in the Asian population (Lee et al., 2007) 
as a threshold of waist circumference (WC) of ≥85 cm for women 
and ≥90 cm for men; (b) total cholesterol (TC) level of ≥200 mg/
dl or triglyceride level of ≥150 mg/dl; (c) high-density lipoprotein 
cholesterol level of <50 mg/dl for women and <40 mg/dl for men; 
(d) elevated blood pressure (BP), systolic BP ≥ 130 mmHg or di-
astolic BP ≥ 85 mmHg; and (e) fasting plasma glucose (FPG) level 
of ≥100 mg/dl. Participants were classified as diabetic or hyper-
tensive if they were taking medications for diabetes or hyperten-
sion, respectively. The exclusion criterion was adults diagnosed 
with major depressive disorder as defined in the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (American 
Psychiatric Association, 2013).

3.3 | Measures

3.3.1 | Cognitive function

Cognitive function was evaluated using the Short Form of the 
Mini-Mental State Examination (MMSE-SF). The MMSE-SF meas-
ures orientation to time (2 points) and place (2 points), memory 

(3 points), and attention and calculation (3 points). Possible scores 
range from 0–10, with higher scores denoting better cognitive 
function (Haubois et al., 2011). Scores of 6 or more indicate normal 
cognitive function. The MMSE-SF was administered and scored by 
a Registered Nurse.

3.3.2 | Social support

The Duke–UNC Functional Social Support Questionnaire (DUFSSQ) 
was used to measure the amount and types of perceived emotional 
social support (Broadhead, Gehlbach, de Gruy, & Kaplan, 1988). It 
includes eight items pertaining to having a confidant (i.e. someone to 
talk to, socialize with and receive advice from) and affective support 
(i.e. being shown love and affection). Items were scored using a five-
point Likert scale ranging from 1 (much less than I would like) to 5 (as 
much as I would like). Higher scores reflect higher levels of perceived 
emotional social support. Cronbach's alpha was 0.91 in a previous 
study with the South Korean population (Kim et al., 2015) and 0.92 
in this study, indicating satisfactory internal consistency.

3.3.3 | Depressive symptoms

Depressive symptoms were measured using the Center for 
Epidemiologic Studies-Depression (CES-D) scale (Radloff, 1977). The 
CES-D scale assesses the frequency with which each of 20 events 
occurred during the preceding 7 days. The 20-item CES-D scale 
consists of both positive and negative affect. Items were scored 
using a four-point Likert scale (0–3) ranging from 0 (rarely or none 
of the time) to 3 (most or all of the time). To determine a depres-
sive symptoms score, the item responses were summed with a total 
score ranging from 0–60. Scores of 16 or more indicate more de-
pressive symptoms. Cronbach's alpha was 0.90 in a previous study 
(Radloff, 1977) and .93 in this study, indicating satisfactory internal 
consistency.

3.3.4 | Barriers to self-efficacy

Barriers to self-efficacy were assessed by the Barriers Self-Efficacy 
Scale (BARSE) (McAuley, 1992). This 13-item scale reflects partici-
pants' perceived confidence to exercise three times per week or for 
150 min per week while overcoming frequently identified exercise 
barriers. Participants report their confidence to perform the ex-
ercise on a 100-point percentage scale with 10-point increments, 
ranging from 0% (not at all confident) to 100% (highly confident). 
The confidence ratings for the items are summed and then divided 
by the total number of items in the scale, resulting in a possible self-
efficacy score of 0–100. Higher scores indicate higher barriers to 
self-efficacy. Cronbach's alpha was 0.88 in middle-aged adults in a 
previous study (McAuley, 1992) and 0.91 in this study, indicating sat-
isfactory internal consistency.
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3.3.5 | Physical activity

The seven-item International Physical Activity Questionnaires 
(IPAQ) short form was used to assess PA levels. The IPAQ short form 
assesses engagement in PA during the preceding 7 days and the du-
ration of three types of activities: (a) vigorous PA, (b) moderate PA 
and (c) walking. Total duration (minutes) across these types of activi-
ties was used to calculate total metabolic equivalents of task (METs)-
min/week based on the following formula: (8.0 METs × total duration 
of vigorous activity) + (4.0 METs × total duration of moderate activ-
ity) + (3.3 METs × total duration of walking) (Ainsworth et al., 2000). 
Spearman's rho clustered around 0.8, indicating acceptable stability 
(Craig et al., 2003).

3.3.6 | Quality of life

The five-item World Health Organization Well-Being Index—Short 
version (WHO-5) was used to measure subjective general psycho-
logical general well-being (WHO Regional Office for Europe, 2019). 
The scale consists of five items concerned with feeling cheerful, re-
laxed, vigorous, rested and fulfilled over the last 14 days. Items are 
rated on a five-point Likert scale from 0 (none of the time) to 5 (all 
of the time). The possible total raw score ranges from 0 (absence 
of well-being) to 25 (maximal well-being). Because scales measur-
ing QoL are conventionally converted to a percentage scale from 0 
(absent) to 100 (maximal), the guidelines recommend that the raw 
score be multiplied by 4 (WHO Regional Office for Europe, 2019). 
Cronbach's alpha for the scale was 0.78 in this study.

3.3.7 | CVD risk

The 10-year absolute CVD risk (as a percentage) was calculated 
using the Framingham risk equation (D'Agostino et al., 2008). The 
10-year general CVD risk profile for use in primary care, based 
on the study conducted by Framingham, consists of the following 
seven items: sex, age, systolic BP, body mass index (BMI), treat-
ment for hypertension, diabetes and smoking status. Ten-year 
CVD risk levels were classified as follows: low: <10%, moderate: 
10% to 20% and high: >20%. CVD includes myocardial infarction, 
sudden cardiac death and other incidents including ischaemic 
heart disease, stroke or death resulting from peripheral vascular 
disease.

3.4 | Data collection

The participants were patients who visited an orthopaedic out-
patient clinic with osteoarthritis symptoms; physicians reviewed 
their medical records and conditions and identified potential par-
ticipants who met the study inclusion criteria. The researcher and 
a trained staff member confirmed whether patients on the list 

were eligible for participation. The researcher explained the study 
in detail to patients considered eligible, and those who agreed to 
participate provided written informed consent. All survey ques-
tionnaires were self-reported. The staff assisted patients who 
needed help to answer the questionnaires, and the survey took ap-
proximately 20 min to complete. Demographic and disease-related 
data were collected on age, sex, education, current smoker, types 
of osteoarthritis and comorbidity diseases. A trained nurse con-
ducted a face-to-face cognitive assessment and measured BP and 
WC manually using a mercury sphygmomanometer (HM-1101) and 
tape measure (Hico), respectively, at the outpatient clinic. Blood 
test results (TC and FPG) were obtained from participants' elec-
tronic medical records. The data were collected between October 
2016–September 2017. This study followed the STROBE checklist 
for reporting this study.

3.5 | Analysis

IBM SPSS Statistics for Windows and SPSS AMOS version 25.0 
(IBM Corp.) were used to perform the data analysis. Descriptive 
statistics and Pearson correlation coefficients were used to sum-
marize each of the IMB construct scores and to explore correla-
tions between variables, respectively. There were no missing data. 
The data were examined to determine whether the assumption 
of multivariate non-normality was met; variables with skewness 
of <2.0 and kurtosis of <7.0 were considered acceptable (Cohen, 
Cohen, West, & Aiken, 2003). All variables showed acceptable 
skewness and kurtosis, with the exception of MET-min/week of 
physical activity (skewness = 2.676, kurtosis = 7.740). Therefore, 
5,000 bootstrapped samples were used to calculate Bollen–Stine 
chi-square and to estimate robust standard errors, bias-corrected 
p values for parameter estimates and 95% confidence intervals 
(CIs) for indirect effects (Chernick, 2008). Model fit was examined 
using the following additional indices: chi-square mean/degree of 
freedom (CMIN/DF, χ2/df ), comparative fit index (CFI) and Tucker–
Lewis index (TLI, values > 0.90 represent an acceptable fit and 
> 0.95 a good fit), standardized root mean square residual (SRMR, 
< 0.08 indicated acceptable fit) and root mean square error of ap-
proximation (RMSEA, ≤ 0.06 with a CI of 0.00–0.08 indicated a 
good fit) (Kline, 2005).

3.6 | Ethics

The institutional review board at the institution with which the 
first author was affiliated approved the study (SBR-SUR-16-355). 
Participants were informed about the study purpose, voluntary na-
ture of participation, confidentiality, risks and benefits, and compen-
sation and provided with contact details of the person to whom they 
were to address questions. In addition, participants were informed 
that they could withdraw from the study any time without penalty. 
All participants signed a written informed consent form.
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4  | RESULTS

4.1 | Participants' general and diseases-related 
characteristics

The sociodemographic and disease-related characteristics of the 
participants are shown in Table 1. The participants' mean age was 

72.44 years (SD = 12.74, range 49–88), and 90.9% of them were 
women. In addition, 89.1% of participants had completed six or more 
years of education, and 96.4% were non-smokers. Moreover, 77.0% 
of participants had been diagnosed with primary osteoarthritis and 
58.8% had undergone surgery for osteoarthritis. Most participants 
had at least one comorbid disease, and hypertension (78.8%) was the 
most prevalent comorbidity.

4.2 | Descriptive statistics and correlations of 
study variables

Table 2 shows the descriptive statistics for the study variables. The 
mean (SD) scores for cognitive function, social support, depressive 
symptoms and barriers to self-efficacy were 8.74 (1.08) out of 10, 
24.92 (8.10) out of 40, 16.63 (10.58) out of 60, and 43.20 (18.32) 
out of 100, respectively. The mean (SD) scores for total physical ac-
tivity time and total physical activity level were 47.24 (54.75) min/
week and 769.01 (1,081.64) MET-min/week; in addition, the most 
frequently reported activity was walking at 614.81 (855.60) MET-
min/week, and one-third of participants (N = 55) engaged in regular 
physical activity (≥600 MET-min/week). The mean (SD) score for 10-
year CVD risk based on the Framingham formula was 23.10% (7.89). 
Regarding levels of CVD risk, 66.7% of participants were at high-risk 
for CVD (≥20%). The mean (SD) score for QoL was 38.79 (19.37) out 
of 100.

Physical activity level was significantly positively correlated 
with cognitive function (r = .215, p = .006), barriers to self-efficacy 
(r = .280, p < .001) and QoL (r = .216, p = .005), whereas it was neg-
atively correlated with depressive symptoms (r = −.196, p = .012). 
CVD risk was correlated with cognitive function, social support and 
barriers to self-efficacy (all ps < .05), but not QoL (p = .957). QoL 

TA B L E  1   Participants characteristics (N = 165)

Variables N (%) Mean ± SD

Age (years)  72.44 ± 12.74

Sex

Men 15 (9.1)  

Women 150 (90.9)  

Education (years)

<6 18 (10.9)  

6–9 96 (58.2)  

10–12 28 (17.0)  

≥13 23 (13.9)  

Current smoker

Yes 6 (3.6)  

No 159 (96.4)  

Type of osteoarthritis

Primary 127 (77.0)  

Secondary 38 (23.0)  

Operation for osteoarthritis  

Yes 97 (58.8)  

No 68 (41.2)  

Metabolic risk factors

WC (cm)

Women  85.29 ± 7.78

Men  90.36 ± 4.88

BMI (kg/m2)  25.89 ± 2.93

SBP (mmHg)  133.35 ± 12.74

DBP (mmHg)  79.79 ± 7.12

TC (mg/dl)  167.79 ± 42.40

FPG (mg/dl)  115.31 ± 30.13

Management of metabolic syndrome

Medication, yes 154 (93.3)  

Exercise, yes 43 (26.1)  

Diet, yes 33 (20.0)  

Complementary, yes 11 (6.7)  

Comorbidity diseases

Hypertension, yes 130 (78.8)  

Dyslipidaemia, yes 97 (58.8)  

Osteoporosis, yes 81 (49.1)  

Diabetes, yes 43 (26.1)  

Other, yes 34 (20.6)  

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; 
FPG, fasting plasma glucose; SBP, systolic blood pressure; SD, standard 
deviation; TC, total cholesterol; WC, waist circumference.

TA B L E  2   Descriptive statistics of study variables (N = 165)

Variables Mean ± SD Skewness

Information

Cognitive function 8.74 ± 1.08 −0.401

Motivation

Social support 24.92 ± 8.10 −0.038

Depressive symptoms 16.63 ± 10.58 0.920

Behavioural skills

Barriers to self-efficacy 43.20 ± 18.32 0.358

Behaviour

Physical activity (total 
time, min/week)

47.24 ± 54.75 2.312

Physical activity (total 
level, MET-min/week)

769.01 ± 1,081.64 2.676

Health outcomes

CVD risk (%) 23.10 ± 7.89 −0.682

Quality of life (score) 38.79 ± 19.37 0.308

Abbreviations: CVD, cardiovascular disease; MET, metabolic equivalent; 
SD, standard deviation.
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was correlated with depressive symptoms, social support, barriers to 
self-efficacy and physical activity level (all ps < .05).

4.3 | An empirical test of the IMB model of 
physical activity

The hypothesized model of physical activity showed a good fit to 
the data: χ2(8) = 12.977, p = .113, CMIN/DF = 1.622, CFI = 0.977, 
TLI = 0.920, RMSEA = 0.062 and SRMR = 0.0438 (Figure 2). Social 
support, depressive symptoms, cognitive function and age explained 
20.4% of the variance in barriers to self-efficacy, which then was 
significantly associated with and explained 12.2%, 18.6% and 32.3%, 
of the variances in physical activity, CVD risk and QoL, respectively 
(ps < .05; see Figure 2 and Table 3). Cognitive function and barri-
ers to self-efficacy directly affected physical activity (β = 0.186, 
p = .020; β = 0.250, p = .005, respectively), whereas social support 
and depressive symptoms affected physical activity through self-
efficacy. Physical activity had a direct effect on cardiovascular risk 
(β = −0.151, p = .046), whereas social support and depressive symp-
toms directly affected quality of life (β = 0.146, p = .049; β = −0.448, 
p < .001 respectively).

5  | DISCUSSION

We used the IMB model as a framework to assess physical activity 
adherence and its outcomes, such as CVD risk and QoL, in patients 
with osteoarthritis at risk for metabolic syndrome. To the best the 
authors' knowledge, this was the first study to examine whether the 
IMB model could explain physical activity and, in turn, CVD risk and 
QoL, in adults with osteoarthritis at risk for metabolic syndrome, 
which are prevalent comorbidities.

The overall findings partially supported the hypothesized model. 
Regarding physical activity, the model revealed that cognitive func-
tion and barriers to self-efficacy were significantly associated with 
physical activity. In a previous study, performance in cognitive func-
tion tasks predicted physical activity both directly and indirectly 

via self-efficacy in older adults with metabolic disorders (Olson 
et al., 2017). However, in the current study, we observed only a di-
rect association between cognitive function and physical activity. 
While this implies that maintaining good cognitive function is nec-
essary for physical activity, many studies have shown that physical 
activity could be beneficial for the maintenance or improvement 
of cognitive function (Carvalho, Rea, Parimon, & Cusack, 2014). A 
systematic review of 27 randomized controlled trials, conducted to 
examine the effects of exercise on cognitive function in older indi-
viduals, reported that physical activity was beneficial to cognitive 
function (Carvalho et al., 2014). These findings indicate that physical 
activity and cognitive function influence each other. Therefore, peo-
ple with low cognitive function require greater support for physical 
activity.

As expected, based on the IMB model, the current results 
showed that barriers to self-efficacy were directly associated with 
physical activity. Consistent with this finding, self-efficacy has previ-
ously been shown to be directly related to physical activity in older 
adults with metabolic disease (Olson et al., 2017). Moreover, a sys-
tematic review of social cognitive theory and physical activity re-
ported that self-efficacy was consistently associated with physical 
activity (Young, Plotnikoff, Collins, Callister, & Morgan, 2014). The 
current results showed that the factors directly associated with bar-
riers to self-efficacy were age, social support and depressive symp-
toms. Similarly, a previous study that reviewed 25 qualitative studies 
examining barriers to and facilitators of physical activity in people 
with knee and hip osteoarthritis reported that older age was a per-
ceived barrier to physical activity (Kanavaki et al., 2017). In addition, 
studies reported that physical activity was negatively associated 
with increasing age (Stubbs, Hurley, & Smith, 2015) and influenced 
by perceived ageing (Gay et al., 2019), implying that age was a bio-
medical barrier self-efficacy.

In this study, social support was directly associated with barriers 
to self-efficacy, consistent with the IMB model. These results indi-
cate that good social support could help adults with osteoarthritis to 
overcome barriers to self-efficacy. Moreover, Kanavaki et al. (2017) 
reviewed qualitative studies regarding barriers and facilitators of 
physical activity for individuals with osteoarthritis and reported 

F I G U R E  2   An empirical test 
of the hypothesized information–
motivation–behavioural skills model of 
physical activity using path model with 
standardized path coefficients (β) in adults 
with osteoarthritis at risk for metabolic 
syndrome. *p < .05; **p < .01; ***p < .001
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that social support was a facilitator of physical activity. Social sup-
port also was indirectly associated with physical activity through 
barriers to self-efficacy in the current study. Previous studies have 
demonstrated that social support was a potential influencing fac-
tor for physical activity in adults with knee and hip osteoarthritis 
(Peeters, Brown, & Burton, 2015; Stubbs et al., 2015). In addition, 
people with greater social support for physical activity, particularly 
from family members, are more likely to engage in physical activity 
(Lindsay Smith et al., 2017). Therefore, encouragement to engage in 
physical activity and increased support from family members and 
medical staff could be beneficial.

In the current study, while depressive symptoms were directly 
associated with barriers to self-efficacy, they were not directly asso-
ciated with physical activity. In contrast, another study reported that 
participants who engaged in sufficient physical activity displayed 
significantly fewer depressive symptoms relative to those who did 
not (Mesci et al., 2015). In addition, a Japanese study involving peo-
ple with osteoarthritis reported that those who experienced depres-
sion reported visiting healthcare providers and emergency rooms 
and were more likely to be hospitalized, increasing their health-re-
lated burden (Tsuji, Nakata, Vietri, & Jaffe, 2019). Moreover, a study 
reported that people with osteoarthritis were at increased risk for 
depression (Tsuji et al., 2019). Therefore, it would be helpful to 
screen this population for depressive symptoms, as they could af-
fect barriers to self-efficacy. Furthermore, it is essential to recognize 

that low levels of physical activity could be a potential warning sign 
of depression. Therefore, people with depressive symptoms require 
additional support for physical activity adoption and maintenance.

Moreover, the results showed that age and physical activity were 
significantly associated with CVD risk in people with osteoarthritis 
at risk for metabolic syndrome. This finding is consistent with those 
of previous studies in which physical activity exerted beneficial ef-
fects and decreased CVD risk (Jeong et al., 2019; Lear et al., 2017). 
In addition, PA was more beneficial to individuals with CVD risk 
than it was to healthy people without CVD risk (Jeong et al., 2019). 
Higher levels of leisure and non-leisure physical activity were asso-
ciated with a lower risk of mortality and CVD events in individuals 
from 17 low-, middle- and high-income countries (Lear et al., 2017). 
Furthermore, other studies have confirmed that adults with osteo-
arthritis who engaged in physical activity could be protected from 
CVD risk (Curtis et al., 2017). These findings indicate that physical 
activity is a key factor in reducing CVD risk. Therefore, interventions 
that focus on fostering physical activity could make a positive con-
tribution to the reduction of CVD risk in adults with osteoarthritis at 
risk for metabolic syndrome.

In the current study, QoL was directly significantly associated 
with social support and depressive symptoms; however, phys-
ical activity was not significantly directly associated with QoL. 
Therefore, further studies exploring the factors associated with 
QoL and those that mediate the relationship between physical 

TA B L E  3   Total, direct and indirect effects for hypothesized model

Endogenous variables Exogenous variables SMC Direct effect β (p) Indirect effect β (p) Total effect β (p)

Barriers to self-efficacy Age 0.204 0.180 (.019)  0.180 (.019)

Cognitive function 0.052 (.499)  0.052 (.499)

Social support 0.250 (.007)  0.250 (.007)

Depressive symptoms −0.212 (.009)  −0.212 (.009)

Physical activity Age 0.122 0.021 (.770) 0.045 (.014) 0.066 (.364)

Cognitive function 0.186 (.020) 0.013 (.449) 0.199 (.021)

Social support −0.076 (.300) 0.063 (.006) −0.013 (.888)

Depressive symptoms −0.093 (.293) −0.053 (.008) −0.145 (.090)

Barriers to self-efficacy 0.250 (.005)  0.250 (.005)

CVD risk Age 0.186 0.409 (<.001) −0.010 (.249) 0.399 (<.001)

Cognitive function  −0.030 (.048) −0.030 (.048)

Social support  0.002 (.685) 0.002 (.685)

Depressive symptoms  0.022 (.045) 0.022 (.045)

Barriers to self-efficacy  −0.038 (.042) −0.038 (.042)

Physical activity −0.151 (.046)  −0.151 (.046)

Quality of life Age 0.323  0.008 (.215) 0.008 (.215)

Cognitive function  0.023 (.109) 0.023 (.109)

Social support 0.146 (.049) −0.002 (.654) 0.145 (.052)

Depressive symptoms −0.448 (<.001) −0.017 (.117) −0.465 (<.001)

Barriers to self-efficacy  0.029 (.111) 0.029 (.111)

Physical activity 0.116 (.152)  0.116 (.152)

Abbreviations: CVD, cardiovascular disease; SMC, squared multiple correlation; SRW, standard regression weight; β, standardized coefficient.
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activity and QoL are warranted. Furthermore, this study showed 
that higher levels of social support and lower levels of depressive 
symptoms were significantly associated with increased QoL, while 
low levels of cognitive function were associated with reduced 
physical activity. Therefore, an integrated approach that includes 
encouragement to engage in physical activity through education 
regarding health benefits and opportunities to participate in phys-
ical activity programmes, provision of social support, reduction of 
depressive symptoms and promotion of self-efficacy to overcome 
barriers to exercise could be beneficial in improving health out-
comes (QoL and CVD risk) in people with osteoarthritis at risk for 
metabolic syndrome.

This study was subjected to some limitations. For example, the 
data were collected from a single university hospital in South Korea 
via convenience sampling. Therefore, the generalizability of these re-
sults is limited because of the small, relatively homogeneous sample. 
In addition, the path model was based on a cross-sectional design, 
which limited inference regarding causality. Furthermore, another 
possible source of bias is the self-reported nature of the question-
naires, which could have entailed response bias and affected the 
results. Therefore, the use of objective physical activity data would 
be preferable in future research. Moreover, to increase generaliz-
ability and confirm the findings (i.e. causal inferences or predictive 
relationships between study variables), future research should use 
larger and more diverse samples, with a multicentre approach and 
longitudinal design.

6  | CONCLUSION

The current findings provide evidence indicating that physical activ-
ity plays an important role in CVD risk in people with osteoarthritis 
at risk for metabolic syndrome. These findings showed that people 
with higher levels of depressive symptoms displayed greater barriers 
to self-efficacy, demonstrating the importance of reducing depres-
sive symptoms in people with osteoarthritis at risk for metabolic 
syndrome.

7  | RELE VANCE TO CLINIC AL PR AC TICE

The results suggested that physical activity was associated with 
health outcome such as CVD risk, and social support and depres-
sive symptoms were important factors associated with health out-
comes such as QoL. These results confirm that the IMB model is 
suitable for prediction of physical activity in this population, and 
interventions targeting physical activity using this model could 
improve adherence to physical activity, lower CVD risk and im-
prove QoL. Based on the study results, recommendations for 
nurses include educating patients and family members about the 
importance of physical activity to decrease CVD risk and promote 
QoL. Nurses can incorporate screening for self-efficacy to over-
come barriers to physical activity into routine clinical practice. 

Nurses can screen, provide nursing interventions and refer, when 
indicated, those adults who have depressive symptoms, cognitive 
decline and limited social support.
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