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1 | INTRODUCTION

Abstract

Aim: This study aimed to examine a hypothetical model of physical activity (PA) and
health outcomes related to sarcopenia in women with rheumatoid arthritis (RA) based
on self-determination theory.

Design: Cross-sectional study.

Methods: This study included 214 women diagnosed with RA from the outpatient
rheumatology department of a university-affiliated hospital in South Korea. Data were
collected from September 2019 to August 2020 through structured questionnaires
and anthropometric measurements and analysed using path analysis to test the
hypothesized model. The primary health outcomes were perceived health status and
sarcopenia-related health (thigh circumference, handgrip strength and sarcopenia
risk).

Results: The final model's fit indices were adequate. Physical activity was directly
affected by motivation for PA, while depression, self-efficacy for PA, health care
provider's autonomy support and basic psychological needs satisfaction indirectly
affected PA. Physical activity directly affected perceived health status and thigh
circumference, while perceived sarcopenia risk and handgrip strength were directly
affected by disease activity and age.

Patient or Public Contribution: Patients were involved in a questionnaire-based

survey.
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The prevalence of RA is 0.5%-1% in the global population (Arthritis
Foundation, 2020) and 1.85% in South Korea (Kim & Sung, 2021),

Rheumatoid arthritis (RA) is an inflammatory chronic systemic with women experiencing RA three times more frequently than men

disease that causes tissue damage and loss of function due to an in- (Mollard et al., 2018). The global prevalence of RA increased signifi-
flammatory reaction (Arthritis Foundation, 2020; Sharif et al., 2018). cantly between 1980 and 2019, with 460 cases per 100,000 people
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(Almutairi et al., 2021). Approximately 18 million people worldwide
have RA (World Health Organization, 2022). Furthermore, patients
with RA have a greater risk of falls during aging, increasing three-
fold when gait and balance weakness or impairments occur (Ontan
et al., 2021). In addition, RA, an inflammatory disease, invades
the joints and the amount of activity decreases because of pain.
Inflammation in the joint causes damage to tissues such as the sur-
rounding muscles or ligaments (Mochizuki et al., 2019).

Therefore, patients with RA are at a higher risk of developing sar-
copenia owing to chronic inflammation, decreased physical activity
(PA), and the use of glucocorticoids (Arai, 2021, p. 179). The prev-
alence of sarcopenia ranges from 10% to 27% in individuals aged
>60years (Petermann-Rocha et al., 2022). Moreover, RA has many
symptoms, such as fatigue, depression and sleep disorders, which
negatively impact quality of life (Dar et al., 2022; Kim et al., 2021;
Lee et al., 2020; Tanski et al., 2022; Zhang et al., 2021). Technological
advancements have facilitated remote care (Marques et al., 2022)
and the use of wearable devices (Ocagli et al., 2023), which have
been useful in monitoring PA in rheumatic and musculoskeletal dis-
eases (RMDs). The increasing demand for health services among pa-
tients with RA is a global concern (Cai et al., 2023; Safiri et al., 2019),
particularly given the increasing aging population.

1.1 | Background

Sarcopenia is operationally defined as a gradual loss or reduction in
muscle mass (Cruz-Jentoft et al., 2021, p. 1). Older adults with sarco-
penia are 1.5 times more likely to develop diseases such as diabetes,
arthritis, cancer and stroke, and more than twice as likely to develop
physical damage and disability than normal older adults (Takanashi
etal., 2021). Moreover, in previous studies, the mortality rate was higher
in the sarcopenia group than in the non-sarcopenia group (Malmstrom
et al,, 2016; Xia et al., 2020). Along with aging, RA disease activity is
correlated with sarcopenia (Arai, 2021). In a study of sarcopenia in RA,
more skeletal muscle loss and abnormal fat accumulation were observed
in Estonian patients with early RA than in the control group without RA
(Mdiller et al., 2019). Moreover, according to the Korea National Health
and Nutrition Examination Survey, sarcopenia status and higher body
mass index were associated with a higher risk of RA in adults (Yoon
etal., 2017), thus increasing the risk of sarcopenia resulting in decreased
muscle mass and muscle function (Tournadre et al., 2019).

Although the international consensus regarding definitions of
sarcopenia is still a work in progress, to date, the Asian Working
Group for Sarcopenia modified criteria (Chen et al., 2020) are the
most often used by the Korean population. The criteria for the diag-
nosis of sarcopenia include evaluations of muscle mass, strength and
physical performance. Thigh muscle mass has been a good predictor
of whole-body skeletal muscle mass (Cruz-Jentoft & Sayer, 2019;
Hodgkiss & McCarthy, 2017), while handgrip strength has been a
good indicator of muscle strength for sarcopenia risk (Auyeung
et al., 2014; Chen et al., 2020). In addition, the Strength, Assistance
with walking, Rising from a chair, Climbing stairs and Falls (SARC-F)

questionnaire has been used to screen for sarcopenia quickly and
obviate the measurement of muscle mass in the clinical setting (Cao
et al,, 2014; Chen et al., 2020).

To date, consistent with the guidelines of the American College
of Sports Medicine and the American Heart Association, regular PA
(over 600 MET-min/week or 150min/week) has been associated
with a decreased risk of all-cause mortality and improved disease-
related health outcomes (Peterson & Serra, 2021). However, despite
the many benefits of PA, people with rheumatoid disease face many
barriers to PA and lack the motivation to engage in PA (Veldhuijzen
van Zanten et al., 2015). Moreover, the model explaining the factors
associated with PA and health outcomes in women with RA at risk
of sarcopenia is lacking. These findings suggest the importance of
increasing motivation for PA, preventing loss of physical function
due to tissue destruction, and controlling inflammation to minimize
pain and loss of function, maintain daily life, and improve the health
outcomes of individuals (Arthritis Foundation, 2020).

1.2 | Conceptual framework

Self-determination theory (SDT) is commonly used to enhance un-
derstanding of the factors associated with motivation, health be-
haviour and outcomes (Ryan & Deci, 2017). The SDT fosters the
support of patients' autonomy by healthcare providers (HCP), en-
hances patients' intrinsic motivation and competence, and maintains
the health outcomes of patients with chronic diseases (Williams
et al., 2004). Furthermore, a recent PA interventional study based on
SDT reported significantly increased autonomous motivation linked
to increased engagement in PA in RA patients (Fenton et al., 2021).
According to Ryan et al. (2008), SDT posits that each element (i.e.
autonomy, a supportive environment, basic needs and autonomous
motivation) affects health behaviour and outcomes. In addition,
disease-related characteristics (i.e. disease activity) and psychologi-
cal indicators (i.e. depression and self-efficacy) may affect PA and
health outcomes in patients with RA.

This study aimed to examine a hypothetical model of PA and health
outcomes based on SDT in women with RA at risk for sarcopenia. The
author hypothesized that SDT-based factors (i.e. HCPs' autonomy sup-
port, basic needs and motivation) and other factors based on the lit-
erature (i.e. age, disease activity, depression and self-efficacy) would
be associated with PA, perceived health status and sarcopenia-related
health, such as thigh circumference for muscle mass, and handgrip

strength for muscle strength in women with RA (Figure 1).

2 | THE STUDY
2.1 | Study design
This cross-sectional study employed path analysis to explore the

hypothesis that SDT-based factors and other factors are associated
with PA and sarcopenia-related health outcomes.
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FIGURE 1 A hypothetical model of physical activity and sarcopenia-related health outcomes based on the self-determination theory in

women with rheumatoid arthritis.
2.2 | Participants and setting

Participants were recruited from the outpatient department of
rheumatology at a university-affiliated hospital, in South Korea.
They were selected according to the following inclusion criteria: (1)
adults (> 40 years), (2) women diagnosed with RA by a rheumatolo-
gist, according to the American College of Rheumatology Criteria
2010 and (3) participated voluntarily. In addition, participants were
excluded if they had a history of a serious psychiatric disease (e.g.
schizophrenia), terminal illness (e.g. cancer), or were taking oral ster-
oids at a dosage of 2.5mg or duration of 3months or longer because
chronic or continuous use of drugs may adversely affect bone cal-
cium metabolism.

The sample size was determined based on the recommendation
that a minimum sample size of 200 is required for studies using the
structural equation model (Kline & Little, 2015).

2.3 | Data collection

Data were collected from September 2019 to August 2020 at the
outpatient clinic during the participants' regular follow-ups using
self-administered, structured questionnaires and clinical assess-
ments by the physicians and the research nurse who was trained
for this study. Laboratory data were collected from electronic medi-
cal records. The survey and anthropometric measurements required
approximately 25-30min to complete. A rheumatologist screened
participants for eligibility, and a trained research nurse explained the

study and obtained informed consent from each participant.

2.3.1 | Physical activity

The seven-item short form of the International Physical Activity
Questionnaire (IPAQ) Korean version was used to assess PA levels
(Ohetal.,2007). The IPAQ short form, developed by the International
Consensus Group and adopted by the World Health Organization,

assesses engagement in PA during the preceding 7days and the
duration of three types of intensity activities: (a) vigorous PA
(8.0 METs), (b) moderate PA (4.0 METs) and (c) walking (3.3 METs).
Based on the IPAQ score conversion method (Craig et al., 2003), the
amount of total PA (metabolic equivalent of task minutes/week) was
calculated by multiplying activity intensity by duration (minutes) and
frequency of PA per week. The higher the metabolic equivalent of
task minutes/week, the greater the amount of PA per week, with a
score of over 600 classifying the participant as clinically physically
active (Ainsworth et al., 2000). Spearman's rho clustered around 0.8,

indicating acceptable stability (Craig et al., 2003).

2.3.2 | Health outcomes

Health outcomes were assessed based on (1) perceived health status

and (2) sarcopenia-related health.

e Perceived health status
Perceived health was measured with a single item, ‘How is your
health in general’ on a five-point scale (ranging from 1 =very good
to 5=very bad).

e Sarcopenia-related health
Sarcopenia-related health was measured by three aspects: thigh
circumference (muscle mass), handgrip strength (muscle strength)
and sarcopenia risk.

e Thigh circumference: The degree of muscle mass was mea-
sured using thigh circumference. Participants' thigh circumfer-
ence was measured perpendicular to the long axis of the thigh
at the mid-point by a trained research nurse using a flexible in-
elastic fibreglass measuring tape about 0.7 cm wide (TANITA)
marked in centimetres along one side.

e Handgrip strength: Handgrip strength was measured by a
trained researcher using a grip dynamometer (TKK5401®,
Takei) while the participant was seated in a chair without lift-
ing their arm from the chair's armrest. While the participant
held the grip of the dynamometer and bent their elbow to 90°
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so that the second joint of the finger was at a right angle, the
researcher recorded the handgrip strength while encouraging
them to apply maximum force for 4-5s. With 60-s breaks be-
tween assessments, the researcher alternately measured the
right and left hands twice and used the higher value of the two.
e Sarcopenia risk: Sarcopenia risk was measured using the
self-administered questionnaire on sarcopenia (SARC-F).
This scale consists of five questions about muscle strength,
walking aids, getting up from a chair, climbing stairs and fall-
ing (Malmstrom et al., 2016). This scale consists of five items
rated on a 3-point Likert scale (O=not difficult at all, 1=a little
difficult, 2=very difficult to perform). SARC-F scores >4 are
defined as sarcopenia and are associated with poor functional

outcomes (Malmstrom et al., 2016).

2.3.3 | Health care providers' autonomy support

Autonomy support was measured using the Korean version of the
Health Care Climate Questionnaire (HCCQ) (Han & Shin, 2010) de-
veloped by Williams et al. (1996). The HCCQ comprises 15 items
rated on a 7-point Likert scale (1=strongly disagree to 7=strongly
agree), with total scores ranging from 7 to 105 points. Higher
scores indicate a higher level of perceived HCP autonomy support.
Cronbach's alpha coefficients were 0.94 in a previous study (Han &
Shin, 2010) and 0.91 in the current study.

2.3.4 | Basic psychological need satisfaction

The Korean version of the Basic Psychological Needs Satisfaction
(BPNS) scale (Lee & Kim, 2008) developed by Deci and Ryan (2000)
was administered to measure the three basic psychological needs of
participants. The BPNS scale has 18 items (six items on autonomy,
six on competence and six on relationship) and uses a 7-point Likert
scale (1=not at all true to 7=very true), with total scores ranging
from 7 to 126 points. Higher scores represent greater satisfaction
with basic psychological needs. Cronbach's alpha coefficients were

0.90 in a previous study and 0.86 in the current study.

2.3.5 | Motivation for physical activity

Motivation for PA was measured using the adapted Korean version
of the Behavioural Regulation Exercise Questionnaire (BREQ)-2
(Cheon & Pyo, 2008) revised by Wilson and Rodgers (2004). This
eight-item questionnaire measures identified and intrinsic exercise
regulations and behavioural dimensions on a 5-point Likert scale
(O=not true for me to 4=very true for me). The unidimensional
index of the degree to which participants feel self-determination,
known as the Relative Autonomy Index (Ryan & Connell, 1989), is a

single-score index derived from the subscales where a higher score

indicates greater relative autonomy. Cronbach's alpha reliabilities of
identified and intrinsic regulation dimensions were 0.73 and 0.86
in a previous study (Wilson & Rodgers, 2004) and 0.82 and 0.93,
respectively, in the current study.

2.3.6 | Depression

Depression was measured using the Geriatric Depression Scale
(GDS) Short Form-Korean (Kee, 1996) developed by Sheikh and
Yesavage (1986). This scale consists of 15 yes/no questions, with
total scores ranging from O to 15 points. A higher score on the
GDS indicates a more severe level of depression. Cronbach's
a coefficient in a previous study (Kee, 1996) was 0.88. In this study,
the reliability of the test, as measured by the Kuder Richardson
(KR-20) was 0.82.

2.3.7 | Self-efficacy for physical activity

Self-efficacy for PA was measured using the Self-Efficacy for Exercise
Scale-Korean (SEE-K) (Choi et al., 2015) developed by Resnick and
Jenkins (2000). This 9-item scale measures self-efficacy in activity
disorder and performance on a 10-point Likert scale (O=not confi-
dent to 10=very confident), with total scores ranging from 0 to 90
points. Higher scores indicate better self-efficacy for PA. Cronbach's
alpha coefficients were 0.83 in a previous study (Choi et al., 2015)
and 0.84 in the current study.

2.3.8 | Disease activity

RA disease activity was measured with the Disease Activity Score
in 28 Joints (DAS28). DAS28 is a scoring system used to evalu-
ate disease activity and response to treatment in patients with
rheumatoid arthritis (Prevoo et al., 1995). The DAS28 consid-
ers tender 28-joint counts (TJC28) and swollen 28-joint counts
(5JC28), general health (GH) patient assessment of disease activ-
ity using a 100mm visual analog scale with O=best, 100=worst,
plus levels of an acute phase reactant Erythrocyte Sedimentation
Rate (ESR, mm/h). DAS28-ESR values were calculated as DAS28
ESR = 0.56 + \/TJC28 + 0.28%1/SJC28 +0.014+GH + 0.70 % In(ESR).
A DAS28 score of <2.6 indicates remission according to the
European League Against Rheumatism (EULAR) response criteria
(Wells et al., 2009).

2.39 | Comorbidity

The Charlson Comorbidity Index (CCl) was used to evaluate comor-
bid conditions (Charlson et al., 1987). The CCI consists of 19 items
corresponding to different medical comorbid conditions displaying
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different clinical weights for each condition, ranging from 1, 2, 3 or
6. Higher total scores indicate a greater mortality risk and more se-

vere comorbid conditions.

2.3.10 | Disability

Disability was measured using the Health Assessment Questionnaire-
Disability Index (HAQ-DI) comprising 20 items distributed across 8
components (Fries et al., 1982). The scores for each dimension were
corrected for the use of aids or devices, summated and transformed
to give an overall disability index (DI) score between 0 (no disability)
and 3 (high-dependency disability).

2.4 | Dataanalysis

The data were analysed using IBM SPSS and AMOS version 26.0. The
subjects' general characteristics, disease-related characteristics, and
the level of study variables were analysed with descriptive statistics.
Cronbach's alpha coefficients were used to measure the reliability
of the scales; Pearson correlation measured the relationships among
study variables. The significance level was set at p <0.05.

We tested the model using path analysis and assessed its fit
by examining several indicators. In this study, acceptable model fit
(Kline & Little, 2015) was defined by the following criteria: compar-
ative fit index (CFI) and Tucker-Lewis index (TLI)>0.90, root mean
square error of approximation (RMSEA) <0.06 and standardized
root mean square residual (SRMR) <0.08. In addition, Bootstrapping
(1000 times) was used to test the indirect effects; all path coeffi-

cients are reported as standardized estimates.

2.5 | Ethical consideration

This study was conducted in compliance with the principles of the
Declaration of Helsinki. The Medical Ethics Committee of the first
author's Institutional Review Board approved the study protocol
(IRB No. AJIRB-BMR-SUR-19-324). All the patients agreed to partici-
pate in this study and provided written informed consent.

3 | RESULTS

3.1 | Participants' general and disease-related
characteristics

The sociodemographic and disease-related characteristics of the
214 participants are shown in Table 1. The participants' mean age
was 62.87 (SD=7.61, range 41-82), and 76.6% of participants had
completed six or more years of education. The mean duration of
RA was 10.05years (SD=5.77, range 15.2-35.8). The mean counts
of the tender joint count was 4.03 (SD=4.29) and the swollen joint

Open Access,

count was 1.31 (SD=2.67), due to RA. The number of patients with
non-inflammatory residual pain showing a difference equal or more
than 7 between tender and swollen joints was 16 (7.5%). Over half
of the women (53.3%, n=114) were positive on the rheumatoid
factor (RF), whereas 37.4% (n=80) had a positive anti-citrullinated
protein/peptide antibody (ACPA). Most patients (87.9%) were tak-
ing disease modifying antirheumatic drugs (DMARDs) and 8.9%
were taking Biologic/Targeted synthetic DMARDs, and 3% had
not used any DMARDs. The mean Charlson Comorbidity score was
1.22 (SD=0.51, range 1-4). The common comorbidities were peptic
ulcer disease (8.9%), diabetes (6.1%), mild liver disease (4.7%) and
peripheral vascular disease (2.8%). The mean of HAQ-DI score was
0.29 (SD=0.31, range 0-1), and 95.8% of participants had no dis-
ability; only 4.2% had a low-dependency disability. In addition, half
of the participants (50.0%) currently use steroids, and the mean of
total steroid use was 51.07 months (SD=53.80). Moreover, 43.0% of
participants had been diagnosed with osteoarthritis, and 53.7% had
been diagnosed with sarcopenia.

3.2 | Descriptive statistics of study variables

Table 1 presents the descriptive statistics of the study variables. The
mean (SD) scores were depression 6.00 (3.86) out of 15, self-efficacy
for PA 46.85 (21.81) out of 90 and basic psychological need satisfac-
tion 93.95 (16.04) out of 126. The mean (SD) score for motivation
of PA was 27.49 (8.40) out of 40. The mean (SD) score for total PA
level was 1882.82 (2390.92) MET-min/week, and 64.5% (n=138) of
the participants engaged in active (>600 MET-min/week) PA. The
mean (SD) scores for disease activity were 3.01 (1.20) out of 9.74
and 38.3% (n=82) of the participants were in DAS28 remission
(<2.6 of DAS28). The mean (SD) score for perceived health status
was 3.46 (0.77). Regarding sarcopenia-related health outcomes, the
mean score for thigh circumferences (cm) was 41.73 (4.96), handgrip
strength (kg) 18.48 (5.17) and sarcopenia risk 1.81 (1.77) out of 5,
respectively.

3.3 | Multicollinearity between study variables

Table 2 shows the bivariate correlations between the study
variables. There was no autocorrelation (Durbin-Watson statis-
tic=1.857-2.242) or multicollinearity between the measured vari-
ables. Tolerance ranged from 0.459 to 0.919, the variance inflation
factor ranged from 1.088 to 2.178, and the correlation coefficient

between variables ranged from 0.008 to 0.558.
3.4 | Anempirical test of the hypothesized
path model

The hypothesized model was tested and modified by removing
the non-significant paths (from PA to sarcopenia risk and handgrip
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TABLE 1 General characteristics and descriptive statistics of the

variables (n=214).

Variables

Age (years)

Education
<Elementary school
Middle and high school
>Graduate school

Marital status, yes

Job, yes

Post menopause, yes

Duration of RA (years)

Morning stiffness, yes

Tender joint count

Swollen joint count

RF, positive

ACPA, positive

DMARDs, yes

Biologic/targeted synthetic DMARDs

NSAID use, yes
Glucocorticoids use, yes
Total steroid use (months)
Disease activity (DAS28)
Comorbidities
Diabetes
Peptic ulcer disease
Mild liver disease
Peripheral vascular disease
Rheumatologic disease
CCl score
HAQ-DI
0
1
Depression
Self-efficacy for PA
HCP's autonomy support

Basic psychological need satisfaction

Motivation of PA

Physical activity (MET-min/week)

Perceived health status
Thigh circumference (cm)
Handgrip strength (kg)

Sarcopenia risk

Abbreviations: ACPA, anti-citrullinated protein/peptide antibody;
CCl, Charlson Comorbity Index; DAS28, disease activity score;
DMARDs, disease modifying antirheumatic drugs; HAQ-DI, Health
Assessment Questionnaire Disability Index; HCP, health care

providers; NSAID: non-steroid anti-inflammatory drugs; PA, physical

activity; RA, rheumatoid arthritis; RF, rheumatoid factor; SD,

standard deviation.
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TABLE 3 Total, direct and indirect effects for study model (n=214).

Endogenous variables

Basic needs

Motivation

Physical activity

Perceived health status

Thigh circumference

Handgrip strength

Sarcopenia risk

Exogenous variables

HCP support
Depression
Self-efficacy
Basic needs
HCP support
Depression
Self-efficacy
Motivation
Basic needs
HCP support
Depression
Self-efficacy
Depression
Physical activity
Motivation
Basic needs
HCP support
Self-efficacy
Disease activity
Physical activity
Motivation
Basic needs
HCP support
Self-efficacy
Depression
Age

Disease activity
Age

Disease activity

Age

SMC
0.28

0.50

0.23

0.27

0.09

0.26

0.22

NursingOpen _ A LEY 6375

Direct effect g (p) Indirect effect g (p) Total effect g (p)
0.16 (0.003) 0.16 (0.003)
-0.43(0.002) -0.43(0.002)
0.14 (0.010) 0.14 (0.010)
0.23(0.002) 0.23 (0.002)
0.31 (0.005) 0.04 (0.002) 0.35(0.003)
-0.10(0.001) -0.10 (0.001)
0.48 (0.002) 0.03 (0.005) 0.51 (0.002)
0.48 (0.001) 0.48 (0.001)
0.11 (0.002) 0.11 (0.002)
0.17 (0.001) 0.17 (0.001)
-0.05(0.001) -0.05(0.001)
0.25(0.001) 0.25(0.001)
-0.40 (0.002) -0.008 (0.017) -0.41 (0.001)
0.16 (0.038) 0.16 (0.038)
0.08 (0.028) 0.08 (0.028)
0.02 (0.018) 0.02 (0.018)
0.03 (0.026) 0.03 (0.026)
0.04 (0.025) 0.04 (0.025)
-0.18 (0.003) -0.18 (0.003)
0.22(0.003) 0.22(0.003)
0.11 (0.003) 0.11 (0.003)
0.03(0.002) 0.03 (0.002)
0.04 (0.003) 0.04 (0.003)
0.06 (0.002) 0.06 (0.002)
-0.01 (0.001) -0.01 (0.001)
-0.22(0.003) -0.22(0.003)
-0.45 (0.002) -0.45 (0.002)
-0.19 (0.004) -0.19 (0.004)
0.36 (0.003) 0.36 (0.003)
0.26 (0.003) 0.26 (0.003)

Abbreviations: Basic needs, basic psychological need satisfaction; HCP support, health care provider's autonomy support; Motivation, motivation for
physical activity; Self-efficacy, self-efficacy for physical activity; SMC, squared multiple correlation; g, standardized coefficient.

strength; from depression to motivation for PA) and by adding
two paths (from HCPs' support to motivation for PA; from depres-
sion to perceived health status). Overall, the fit indices demon-
strated an acceptable fit between the data and the modified model:
22=69.83, df=40, p=0.002, CMIN/DF =1.75, CFI=0.94, TLI=0.91,
RMSEA=0.059 and SRMR=0.068.

In Table 3, the path analysis indicated that depression, HCPs'
autonomy support, and self-efficacy for PA directly affect basic psy-
chological need satisfaction (f=-0.43, p=0.002; =0.16, p=0.003;
$=0.14, p=0.010, respectively). HCPs' autonomy support, self-
efficacy for PA, and basic psychological need satisfaction directly af-
fect motivation for PA ($=0.31, p=0.005; $=0.48, p=0.002; $=0.23,
p=0.002). Motivation for PA directly affects PA ($=0.48, p=0.001).
Perceived health status was directly affected by depression, PA, and
disease activity (f=-0.40, p=0.002; =0.16, p=0.038; p=-0.18,
p=0.003). Sarcopenia-related health (thigh circumference, handgrip
strength and sarcopenia risk) was directly affected by PA, disease

activity and age. Table 3 reveals the total, direct and indirect effects
of the study variables on PA and health outcomes. Overall, the mod-
ified model explained 23% of the variance in PA, 27% in perceived
health status, and 9%, 26% and 22% in thigh circumference, handgrip
strength and sarcopenia risk, respectively. The final path model with
standardized coefficients R? is presented in Figure 2.

4 | DISCUSSION

We used a hypothesized model based on SDT to examine factors in-
fluencing PA and health outcomes, including perceived health status
and sarcopenia-related health in women with RA at risk for sarco-
penia. The present study confirmed previous findings and provided
additional evidence of the association between PA with thigh cir-
cumference. However, this study did not include handgrip strength,
which is associated with disease activity.
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FIGURE 2 Final model of path analysis. HCP support, health care provider's support; Basic needs, Basic psychological need satisfaction;
Self-efficacy PA, self-efficacy for physical activity; Motivation PA, Motivation for physical activity.

In line with SDT, the current results showed that PA motiva-
tion was directly associated with PA. Furthermore, previous stud-
ies have demonstrated that motivation promotes PA, and that
low motivation is a barrier to PA in the RA population (Thomas
etal., 2019; Verhoeven et al., 2016). These findings imply that pre-
serving a high level of motivation is essential in PA. Moreover, mo-
tivation was directly or indirectly affected by several factors, such
as depressive symptoms, HCPs' autonomy support, basic psy-
chological need satisfaction and self-efficacy for PA. Therefore,
early assessment of depressive symptoms and self-efficacy for
PA, including supporting HCPs to meet individual needs, may
help encourage motivation in women with RA who are at risk of
sarcopenia.

This study showed that PA positively affected health outcomes.
These results support previous studies that showed that PA im-
proved positive perceptions of an individual's health status (Denche-
Zamorano et al., 2022) and lowered sarcopenia risk (Lee et al., 2008;
Oliveira et al., 2020; Steffl et al., 2017). Furthermore, a systematic
review conducted to examine the effects of PA on sarcopenia in
older individuals reported that PA was beneficial for preventing sar-
copenia. Therefore, encouraging PA is vital for people with an inac-
tive lifestyle to prevent or delay the risk of sarcopenia. Remote care
and the use of wearable devices could be particularly beneficial for
managing RMDs and potentially improving health outcomes for indi-
viduals with RA (Marques et al., 2022; Ocagli et al., 2023).

People with RA reportedly have a greater risk of developing
sarcopenia (Li et al., 2021). Reduced muscle mass and strength,
such as handgrip strength, are good indicators of sarcopenia
risk (Auyeung et al., 2014; Chen et al., 2020). As indicated in a

systematic review that reported PA as a beneficial factor for pre-
venting sarcopenia (Steffl et al., 2017), we expected to find a sig-
nificant association between PA and muscle mass measured as
thigh circumference and muscle strength measured through hand-
grip strength. However, PA was only associated with thigh circum-
ference and not handgrip strength.

In contrast, this study found that disease activity was associated
with handgrip strength. Further studies are required to confirm
these results. However, the current findings indicate that assessing
women's thigh circumference and handgrip strength, particularly
those with RA, and monitoring their changes for early recogni-
tion of possible sarcopenia risk is necessary. It also indicates that
promoting handgrip strength exercises based on functional status
could be helpful when promoting PA. Furthermore, it is advisable
to promote awareness of sarcopenia-related health among women
and their caregivers and disseminate information via multiple chan-
nels, including public media and social networking, to reduce the
health disparity regarding sarcopenia-related health.

In our study, the mean DAS28 level ranged from low to re-
mission, and the mean level of depressive symptoms was within
the normal range. These findings may indicate that the study
population could comprise a good responder to treatment cohort
with higher psychological well-being. A study conducted with 379
adults (124 of whom had sustained remission) found that subop-
timal psychosocial well-being and perceptions of negative illness
predict a lower probability of sustained remission in RA (Doumen
et al., 2023). Similarly, the present study revealed that depression
was associated with disease activity and negatively affected per-
ceived health status. Combined with the above finding, our study
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emphasizes the importance of assessing and managing psycholog-
ical well-being and illness perceptions to optimize the care and
quality of life of individuals with RA. In addition, peripheral and
central sensitization of pain is important in the long-term health
outcome of RA patients. Although the number of current study
patients with non-inflammatory residual pain was 7.5%, future
research should assess residual pain using a central sensitization
inventory (CSl) questionnaire or other tests.

As expected, age was associated with sarcopenia-related health
in this study, confirming earlier studies that reported that sarcopenia
risk was positively associated with increasing age (Chen et al., 2020;
Cruz-Jentoft & Sayer, 2019; Ishii et al., 2014), implying that age is a
biomedical barrier to sarcopenia. Thus, assessment of sarcopenia-
related health should be included in regular check-ups of older adults.

HCPs' autonomy support was directly associated with basic
psychological need satisfaction, consistent with SDT. In contrast
to SDT, HCPs' autonomy support also directly correlated with
motivation for PA. Furthermore, HCPs' autonomy support posi-
tively affected the motivation for PA in women with RA. Previous
studies have demonstrated that people with HCPs' support for
PA are more likely to engage in PA and that the lack of this sup-
port was a barrier to PA (Katz et al., 2020; Veldhuijzen van Zanten
et al.,, 2015). Therefore, increased support from HCPs may be
significant.

The findings of this study showed that women with higher levels
of depressive symptoms had lower PA levels and perceived health sta-
tus. Previous studies reported that depressive symptoms were prev-
alent in individuals with RA and sarcopenia (Chang et al., 2017; Fakra
& Marotte, 2021). These findings demonstrate the importance of re-
ducing the incidence of depressive symptoms. Furthermore, higher
levels of PA and lower levels of depressive symptoms were signifi-
cantly associated with increased perceived health status. By contrast,
higher disease activity and age were significantly associated with an
increased risk of sarcopenia. These findings underscore that an inte-
grated approach tailored to individual needs by promoting motivation,
self-efficacy, support from HCPs, and reducing depressive symptoms
is vital for women with RA at risk of sarcopenia. To the best of our
knowledge, this is the first study to examine the extended model
based on SDT to explain health outcomes (perceived health status
and sarcopenia-related health) in women with RA at risk of sarcopenia
prevalent in the RA population. These findings would help HCPs im-
plement evidence-based practice in sarcopenia-related health.

5 | LIMITATIONS

This study had some limitations. Data were obtained from adult
women using a convenience sampling method from a single univer-
sity hospital in South Korea, limiting the generalizability of these re-
sults. Nutrition, a predisposing factor for sarcopenia (Sieber, 2019),
was not considered. We used the ‘GDS’ to assess participant depres-
sion (middle-aged and older adults), which could limit the general-
izability of the findings. Disability was not included in the model
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because most patients had no disability. However, future studies
assessing PA and health outcomes in people with RA need to use a
model that includes disability. Another limitation of our study is that
the DAS28, although an extremely useful tool to evaluate disease
activity and treatment response in RA, does not allow for a complete
assessment of lower limb strength because it does not consider the
feet and ankles (Erdem & Kanar, 2023; Rutkowski et al., 2022). In
addition, the path model used a cross-sectional design, which limits
inferences regarding causality. Future research should include larger
samples with a longitudinal design to increase generalizability and
confirm the findings. Despite these limitations, this study fills the
knowledge gap in exploring factors associated with PA and health

outcomes in women with RA at risk of sarcopenia.

6 | CONCLUSION

The results confirmed that the expanded model based on SDT is suit-
able for predicting PA and sarcopenia-related health in women with
RA. Factors such as disease activity, age and PA affect sarcopenia-
related health. For example, PA was associated with thigh circum-
ference, whereas disease activity and age were associated with
handgrip strength and sarcopenia risk. Based on the study's re-
sults, recommendations for HCPs include educating patients and
caregivers, such as family members, about the importance of PA
in decreasing sarcopenia risk and promoting perceived health sta-
tus. In addition, HCPs can incorporate assessments for depressive
symptoms, self-efficacy, motivation for PA and disease activity (sar-
copenia risk) into routine clinical practice to promote PA and health
outcomes regarding sarcopenia.
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