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Introduction: Using a network analysis, the present study investigated the extent to which 
physical activity (PA), objective fitness level, kinesiophobia, and health-related quality of life 
(HRQoL) interact in patients with rheumatic and musculoskeletal diseases. The objectives 
were twofold: 1) to clarify the direct and indirect relationships between these variables while 
controlling for the shared variance between them, and 2) to establish a potential ranking of 
influence among them.
Methods: This cross-sectional design study involved patients recruited from a rheumatology 
unit. One hundred and twenty patients completed self-reported measures of PA, the Tampa 
scale of kinesiophobia and the 36-item Short-Form Health Survey, and ninety-seven of those 
patients performed the six-minute walking test and the thirty-second sit-to-stand test. 
Network analyses were conducted using bootnet and qgraph packages.
Results: Weekly time spent on PA, as well as physical fitness measures, were directly linked 
to kinesiophobia and the HRQoL physical dimension, but indirectly linked to HRQoL mental 
dimension through the mediation of kinesiophobia. Specifically, weekly PA time had direct 
relationships to physical functioning, vitality, and role limitations due to physical and 
emotional problems. Fitness measures had direct relationships with physical functioning, 
bodily pain, and mental health. The analyses did not clearly highlight one variable as the 
most influential in the network.
Discussion: The study highlights the complexities of direct and indirect biopsychosocial 
relationships that are at the core of patients’ daily functioning. Measurement of PA, use of a 
longitudinal design, and interventions are discussed.
Keywords: rheumatic and musculoskeletal diseases, health-related quality of life, physical 
activity, fitness level, kinesiophobia

Introduction
Rheumatic and musculoskeletal diseases (RMDs), which are recognized as one of the 
highest global burdens on individuals and social-care systems worldwide,1 include 
more than 200 commonly progressive diseases affecting joints, tendons, ligaments, 
bones, muscles and internal organs.2 Low back pain, neck pain, osteoarthritis, rheu-
matoid arthritis, and gout are the most prevalent RMDs.1 RMDs can be caused by 
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problems of the immune system, inflammation, infections, or 
gradual deterioration of joints, muscles, and bones.2

These long-term and degenerative conditions are char-
acterized by a broad range of symptoms and signs, among 
which persistent pain and a decrease in the range of 
motion potentially leading to a progressive functional 
disability.2 The progressive nature of these symptoms 
have a negative influence on individuals’ health-related 
quality of life (HRQoL), commonly defined as the way a 
person functions in their life and perceives their wellbeing 
in the physical, mental, and social domains of health.3 

Spinal pain has been identified as the leading cause of 
the number of years lived with disabilities worldwide, 
closely followed by neck pain and musculoskeletal disor-
ders, which are also in the top ten ranking causes of 
disability.1 Moreover, individuals with inflammatory rheu-
matic diseases, systemic connective tissue disorders, 
symptomatic peripheral osteoarthritis, soft tissue disorders, 
and osteoporosis have lower scores on HRQoL dimensions 
(usually studied with physical and mental summaries) as 
well as on HRQoL-specific sub-dimensions, namely phy-
sical functioning, role limitations due to physical function, 
bodily pain, general health perceptions, mental health, 
vitality, role limitations due to emotional health, and social 
functioning.4

Physical activity (PA), which includes exercise, sports 
and physical activities done as part of daily living, occu-
pation, leisure and active transportation5 is highly recom-
mended for individuals with RMDs6 considering its 
positive effects on HRQoL.7 Regarding the physical 
domain, PA is believed to limit inflammation, joint 
damage, pain-related symptoms, fatigue, and improve car-
diovascular fitness, muscular strength and joint range of 
motion.6,8–11 Moreover, PA reduces psychological 
distress,12 depressive symptoms13 and anxiety14 in indivi-
duals with RMDs. Studies report that individuals with 
RMDs are less active and have more sedentary behaviors 
than individuals without RMDs, despite a high level of 
heterogeneity among participants.14,15 Among the physi-
cal, psychological, and socio-environmental auto-reported 
barriers to PA practice in individuals with RMDs (eg, 
sociodemographic factors, lack of time, fatigue, and social 
support), pain experiences is one of the most significant 
barriers reported by patients.16,17 Given the negative 
impact of pain experienced in PA practice, examining the 
way individuals with RMDs deal with their pain experi-
ence is worthy of interest when examining the relationship 
linking PA with HRQoL broad- and sub-dimensions.

Kinesiophobia, which is defined as an excessive, irra-
tional, and debilitating fear of physical movement and 
activity,18 is negatively associated with pain intensity and 
disability in individuals with RMDs.19 A recent systematic 
review found a negative association between kinesiophobia 
and HRQoL with an overall moderate quality of evidence.19 

Negative associations have also been highlighted between 
fear-avoidance beliefs (including PA-related beliefs) and 
the physical and psychological broad domains of HRQoL 
in patients with RMDs.20,21 Furthermore, negative associa-
tions have been described between kinesiophobia and self- 
reported PA or attitudes toward PA practice in individuals 
with chronic low back pain or knee osteoarthritis.16,22–24 

When looking at objective measures related to PA, moni-
tored by accelerometers or performed during fitness tests, 
instead of self-reported measures, the association with kine-
siophobia is no longer significant.22,25 Such findings sug-
gest that although self-reported physical function provides 
information about one’s pain-related beliefs, the use of 
objective measures offers additional information about phy-
sical capacity or ambulatory activity.

To date, and to our knowledge, no previous study has 
examined the relationships between kinesiophobia, self- 
reported measures of PA practice, objective fitness mea-
sures, and HRQoL using a systemic approach. By exten-
sion, no one has yet investigated a potential ranking of 
importance among these variables. Yet, considering that 
pain-related experience encompass multiple factors26 that 
exert reciprocal influences on each other, integrative 
approaches appear necessary when investigating the inter-
related relationships between PA, psychological pain- 
related variables, and HRQoL in patients with RMDs. A 
network analysis approach can be used to map out a com-
plex interplay of components such as psychological ones.27 

During the last decade, this approach has been used in the 
fields of mental disorders,28 personality,29 affective 
regulation,30 but also in health,31 including pain.32 A partial 
correlation network makes it possible to visualize and ana-
lyze the global structure of a large number of interacting 
variables, but also to identify the most (and least) influential 
variable(s) in the network, while controlling for the var-
iance shared between the studied variables. Metrics (called 
centrality measures) allow us to characterize the influence 
of each studied variable in terms of strength, closeness and 
betweenness. The measure of strength quantifies the extent 
to which a node is directly connected to other nodes, while 
closeness, quantifies the indirect connections between a 
node to other ones.33 Finally, betweenness quantifies the 
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importance of a node in the average path between two other 
nodes.33 Using a partial correlation network analysis 
approach, the way pain intensity and psychological pain- 
related variables (ie, anxiety and depression symptoms, fear 
avoidance beliefs, pain self-efficacy, perceived disability, 
and perceived control) co-interact in patients with chronic 
pain syndromes has recently been examined.32 Analyses not 
only revealed direct and indirect relationships between the 
studied variables, but also highlighted a ranking of impor-
tance among them, with pain self-efficacy and perceived 
disability having the highest strength values, whereas pain 
intensity had the lowest one.32 As a whole, pain-related 
psychological variables were more directly connected to 
each other than to pain intensity. The structure of HRQoL 
measured by the 36-item Short Form Health Survey (SF-36) 
in individuals with and without cancer has also been inves-
tigated using a network approach.31 Beyond the expected 
respective relationships within the physical (eg, general 
health and physical functioning) and the psychological sub-
domains of HRQoL (eg, mental health and vitality), the 
authors also identified positive direct relationships between 
subdomains belonging more specifically to the physical and 
to the psychological dimensions (eg, between physical 
functioning and mental health), highlighting the value of 
examining direct and indirect relationships between PA 
practice, fitness measures, kinesiophobia and main or sub-
domains of HRQoL within the same analysis. In individuals 
with cancer, general health and physical functioning were 
found to have the highest closeness values, indicating that 
changes on these two variables influence the largest number 
of variables in the network. Conversely, bodily pain and 
social functioning had the lowest values for closeness, 
suggesting that changes in these two variables would not 
predict changes in other nodes and vice-versa. When inves-
tigating how self-reported PA practice, objective fitness 
levels, kinesiophobia, and HRQoL domains and subdo-
mains co-interact in patients with RMDs, using a network 
approach could provide new insights by 1) clarifying the 
direct and indirect relationships between these variables, 
and 2) identifying centrality metrics between these interre-
lated variables.

This study therefore aims at addressing these two 
issues. The first objective was to investigate the extent to 
which self-reported PA practice, objective fitness levels, 
kinesiophobia, and HRQoL domains and subdomains 
interact in patients with RMDs. The second objective 
was to examine a potential ranking of importance among 
these variables. It was hypothesized that self-reported PA 

practice and fitness level would have more proximal rela-
tionships with kinesiophobia and HRQoL physical-related 
domain(s) than with the HRQoL mental-related domain(s). 
The relationships between self-reported PA practice, fit-
ness level and HRQoL were expected to be positive but 
dependent on the level of kinesiophobia. It was finally 
hypothesized that bodily pain, physical functioning, and 
role limitations due to physical problems, which belong to 
the physical-related subdomains of HRQoL, would be the 
primary variables of the studied networks.

Materials and Methods
Participants and Procedures
Participants were eligible for inclusion in the study if they 
had a diagnosed RMD and were under care at a rheuma-
tology unit at the time of the study. They also had to speak 
and understand French fluently. Women were excluded if 
they were pregnant or breastfeeding. The study protocol 
was systematically introduced to patients by one of the 
study investigators who remained available if necessary. 
The protocol included questionnaires, two fitness tests, as 
well as a short semi-structured interview (see Outcome 
Measures for details). Outpatients were asked to complete 
the protocol during one of their medical appointments, 
while inpatients could participate when free of clinical 
examinations. The protocol received approval from a 
French Rheumatology unit providing clinical care for 
numerous degenerative and inflammatory musculoskeletal 
disorders at Angers’ University Hospital Center. Such 
protocol includes questionnaires and tests that were part 
of the clinical routine led by rheumatologists. Since parti-
cipants were not out of their care plan, no Institutional 
Review Board were asked for approval. Participants pro-
vided written informed consent after being assured that all 
data would be treated anonymously. All procedures per-
formed in the study were in accordance with the 1964 
Helsinki declaration and its later amendments.

Outcome Measures
Demographics
Current age, sex, height, weight, professional status, and 
information about RMDs (ie, type of pathology, years since 
diagnosis) were collected from the intake assessment form.

Kinesiophobia
The French version of the Tampa Scale of Kinesiophobia34 

was used to measure subjective fear of movement/(re)-injury 
through 17 items (eg, “I am afraid that I might injure myself 

Journal of Pain Research 2021:14                                                                                                     https://doi.org/10.2147/JPR.S323424                                                                                                                                                                                                                       

DovePress                                                                                                                       
3389

Dovepress                                                                                                                                                      Courbalay et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


if I exercise”). Participants were asked to indicate the degree 
to which they agreed or disagreed with each item on a scale 
ranging from 1 (strongly disagree) to 4 (strongly agree). 
Items were summed to obtain a total score, possibly ranging 
from 17 to 68. A score equal to or greater than 40 is con-
sidered clinically relevant. Cronbach’s alpha was acceptable: 
α = 0.72.

Health-Related Quality of Life
The French validation of the Medical Outcome Study Short- 
Form 36 item health survey (SF-36),35 which is a generic 
measure designed to assess health status in various condi-
tions including RMDs,4 was used to assess HRQoL. The SF- 
36 comprises eight domains: physical functioning (PF; ie, 
feeling able to do common daily tasks and activity such as 
walking, carrying loads, bending, practicing PA), role limita-
tions due to physical health problems (RP; ie, loss of efficacy 
and accomplishment at work or in daily tasks due to physical 
health problems), bodily pain (BP; ie, pain intensity and 
frequency), general health (GH; ie, health perception), vital-
ity (VT; ie, feeling of energy or fatigue), social functioning 
(SF; ie, social participation or restriction due to health con-
dition), role limitations due to emotional problems (RE; ie, 
loss of efficiency and accomplishment at work or in daily 
tasks due to emotional problems) and general mental health 
(MH; ie, positive and negative emotion). Raw scores were 
converted to respective 0–100 scales, with higher scores 
indicating better health. A physical dimension (ie, Physical 
Component Summary (PCS)) and a mental dimension (ie, 
Mental Component Summary (MCS)) were respectively cal-
culated by a proper weighting of the eight subscales, with a 
larger weighting of PF, RP, BP, and GH for PCS and a larger 
weighting of VT, SF, RE and MH for MCS. The SF-36 also 
comprises an additional item named health transition (HT), 
corresponding to the difference between the current per-
ceived health status in comparison with one last year. This 
item was not included in the analyses because it did not seem 
relevant to examine the relationship between patients’ cur-
rent PA practice, which is time dependent, and a global 
perception of health status from about one year ago. 
Cronbach’s alphas were good for PF, RP, BP, and RE: 
0.90> α ≥ 0.80, and acceptable for GH, VT, SF: 0.80> α ≥ 
0.78. MH’s alpha was only acceptable when item 9d was 
dropped, αexcluding9d = 0.73, αincluding9d = 0.28. Following the 
missing value procedure, item 9d was suppressed from the 
analysis and its score was substituted by the mean score of 
the remaining items. In these conditions, Cronbach’s alpha 
became good (α = 0.85).

Self-Reported Physical Activity
The Saltin-Grimby physical activity scale36 was used to 
categorize participants according to their level of weekly 
PA practice. Participants were asked to indicate among 
four items describing sedentary behaviors, light, moderate 
and vigorous activities, the one that corresponded the best 
to their weekly PA routine. Validity of this categorical 
measure is supported in the field of health research.37 In 
addition, participants were also asked to report the weekly 
time spent on active transportation, supervised and unsu-
pervised light to vigorous physical activity or sport. A total 
weekly PA practice score summing the time spent for all 
these practices was calculated in minutes per week. 
Barriers to PA practice were also assessed during a 4- 
question semi-structured interview targeting one’s pain 
experience, motivation toward physical activity, accessi-
bility and financial cost.

Objective Fitness Level
Two relevant fitness tests for individuals with RMDs were 
selected.38 The six-minute walking test was used to assess 
functional performance (FP) at a submaximal level. 
Participants had to walk the longer distance possible 
going back and forth in a quiet hallway that met the 
following prerequisites: hard, flat, and indoor. The distance 
each participant was able to walk in 6 minutes was 
recorded by the experimenter. Standardized verbal encour-
agement were provided at minute intervals, and rest was 
allowed. The 30-second sit-to-stand test (30STS) was used 
to assess participants’ muscular strength (MS) in legs. 
Participants were asked to sit and stand as quickly and 
safely as possible in 30 seconds. The total number of 
completed chair stands within 30 seconds was recorded.

Data Analysis
Descriptive statistics and Pearson correlations were first per-
formed between the studied variables. Then, network ana-
lyses were performed on R, using bootnet and qgraph 
packages.27,33 In the present study, the estimated partial 
correlation network was computed using the Extended 
Bayesian Information Criterion Graphical Least Absolute 
Shrinkage and Selection Operator (ie, EBICglasso), which 
is a regularized estimation method. This method efficiently 
estimates parsimonious and interpretable network structure 
in psychological data, avoids spurious correlations, and han-
dles relatively small datasets.27 The network model used was 
a Gaussian graphical model, in which nodes represent vari-
ables (ie, for the present study, self-reported PA, functional 

https://doi.org/10.2147/JPR.S323424                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2021:14 3390

Courbalay et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


performance, muscular strength, kinesiophobia, and HRQoL 
scores) and edges indicate nonzero partial correlation coeffi-
cients between two nodes while controlling for the shared 
variance between all other nodes in the network. Regularized 
partial correlations were computed and depicted in an edge 
weighted structure in which the sign of the edge weight (ie, 
positive or negative) indicates the nature of the relation, and 
the absolute value of the edge weight indicates the strength of 
the effect. Regularized partial correlations range from −1 to 
1, with a coefficient of zero, indicating that two variables are 
independent after controlling for all other variables in the 
network.

The respective importance of nodes was assessed using 
three indices of centrality: strength (called degree in 
unweighted networks), which “quantifies the sum of absolute 
partial correlation coefficients between a node and all other 
nodes”;33 closeness, which “measures how strongly a node is 
indirectly connected to other nodes in the network”;33 and 
betweenness, which “is related to how often a node is in the 
shortest paths between other nodes”.33 The stability of cen-
trality indices as well as edge weights and nodes’ significant 
differences were estimated using bootstrap analyses.27 To 
examine the stability of centrality metrics, a case-dropping 
subset bootstrap was used to investigate the extent through 
which the order of indices remained the same after re-esti-
mating the network with only a subset of the data. To do so, 
we relied on the correlation stability coefficient (ie, the CS- 
coefficient) representing the proportion of participants that 
can be dropped from the original sample while maintaining a 
correlation of 0.70 or above for centrality metrics between 
the full and subset sample. According to the recommenda-
tions, the CS-coefficient should not be below 0.25, and pre-
ferably above 0.5 to ensure sufficient stability of the 
centrality metrics.27 Respective edge weights and nodes dif-
ferences were examined with nonparametric bootstrapped 
difference tests.

Psychological networks estimated on cross-sectional 
data are computed as undirected networks, indicating 
mutual relationships between the nodes instead of a causal 
structure.33 Thus, no statement can be done about the 
direction of the effect.

Results
Sample Characteristics
One hundred and twenty patients were recruited for the 
present study (49 men, 71 women; mean age = 56.21 years; 
standard deviation [SD] = 13.64; number of years lived since 

diagnosis = 10.23, SD = 10.02; BMI = 27.74, SD = 6.09), 
including 68 outpatients and 52 patients hospitalized for one 
week. RMDs varied among participants: 65% (N = 78) were 
diagnosed with chronic inflammatory rheumatism (ie, rheu-
matoid polyarthritis, ankylosing spondylitis, and gout), 
28.3% (N = 34) diagnosed with spinal disorder (ie, non- 
specific chronic low back pain, herniated disc, sciatica), 
5.8% (N = 7) diagnosed with osteoporosis and 0.8% (N = 
1) diagnosed with fibromyalgia. Regarding their professional 
status, 31.6% (N = 38) of participants were employed, 6.7% 
(N = 8) were unemployed, 20% (N = 24) were on medical 
leave, and 41.7% (N = 50) were retired. Among the 120 
patients who agreed to participate in the study, 23 did not 
perform the fitness tests.

Preliminary Analyses
Results revealed that 41.7% (N = 50) of the participants 
were sedentary, 47.5% (N = 57) had a light PA practice, 
9.2% (N = 11) had a moderate PA practice, and 1.7% (N = 
2) had a vigorous PA practice. Among the reported bar-
riers to PA practice, pain was mentioned by 93.3% (N = 
112) of the participants, lack of motivation in 27.5% (N = 
33), accessibility problems in 14% (N = 17), and cost were 
mentioned by 1.7% (N = 2).

Descriptive statistics revealed heterogeneity in the weekly 
time in PA practice (M = 189.42, SD = 154.82), as well as 
during the six-minute walking test (M = 330.40, SD = 95.20) 
and the 30-second sit-to-stand test (M = 8.25, SD = 4.02). The 
mean kinesiophobia score was greater than 40 (M = 41.35, 
SD = 7.16), and thus clinically relevant.

Correlation analyses showed negative relationships 
between kinesiophobia and the weekly time spent doing 
PA (r = −0.37, p < 0.001), functional performance (r = 
−0.41, p < 0.001), and muscular strength (r = −0.25, p < 
0.001). The weekly time spent doing PA practice, as well 
as both fitness measures were all positively correlated with 
the physical component summary (0.46 <r < 0.62, p < 
0.001), and with all HRQoL subdomains excepting mental 
health (0.21 <r < 0.45, 0.05 <p < 0.001). These three 
variables were not significantly correlated with the mental 
component summary (p > 0.05). Kinesiophobia was nega-
tively correlated with each HRQoL domain, with small to 
large effect sizes (−.27 <r <-.45, 0.05 <p <0.001). The 
correlation between the weekly time spent doing PA prac-
tice and social functioning was close to significance (p = 
0.06). Except for general health perceptions and role lim-
itations due to emotional problems (p < 0.05), all HRQoL 
domains were positively correlated among each other, with 
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small to large effect sizes (0.21 <r < 0.60, 0.05 < p < 
0.001). Because the number of years since diagnosis was 
not significantly correlated with the weekly time spent 
doing PA practice, functional performance, muscle 
strength, or with kinesiophobia (all p> 0.05), this variable 
was not included in the network analyses. The descriptive 
statistics of the studied variables are presented in Table 1 
while the Pearson correlations between them are presented 
in Table 2.

Network Analyses
Network Analysis Including HRQOL Broad Domains
Results from the network analysis showed that all nodes are 
interrelated. Figure 1 shows the modelled network, including 
partial correlation coefficients. All regularized partial corre-
lation coefficients between all nodes are presented in Table 3. 
When controlling for other variables in the model, analyses 
revealed that the physical component summary had direct 
positive connections with the weekly time spent doing PA 
practice, functional performance and muscular strength, and 
a negative one with kinesiophobia. Although the weekly time 
spent doing PA had a direct connection with results from the 
functional performance, it was indirectly connected with 
muscular strength. All physical-related variables had an 
indirect connection with the mental component summary 
through the mediation of kinesiophobia. Network analyses 
highlighted proximal relationships between the physical 
component summary, the weekly time spent doing PA prac-
tice, functional performance and muscular strength, and dis-
tal relationships with kinesiophobia.

Results from the bootstrapped difference tests between 
edge weights are presented in Figure 2A. The edges 
respectively linking the physical component summary, 
with the weekly time spent doing PA, functional perfor-
mance, and muscular strength did not differ significantly 
from each another, highlighting similar weights between 
them. The edge between muscular strength and functional 
performance was significantly stronger than those linking 
muscular strength with the weekly time spent doing PA 
and the physical component summary. In addition, the 
edge connecting kinesiophobia with the mental component 
summary was not significantly stronger than all the other 
edges linked with kinesiophobia, indicating that kinesio-
phobia is similarly associated with the mental- and physi-
cal-related components. Moreover, the edge linking 
kinesiophobia with the physical component summary was 
significantly lower than those linking the physical compo-
nent summary with the weekly time spent doing PA and 
functional performance.

Finally, centrality-related analyses revealed that the 
strength metric was stable under subsetting cases (CS 
(cor = 0.7) = 0.44), but that metrics of closeness (CS 
(cor = 0.7) = 0.21) and betweenness (CS (cor =0.7) = 
0.12) were not. Therefore, significant nodes’ differences 
were only examined in terms of strength. Analyses 
revealed that functional performance shares the most 
numerous direct connections compared to the other 
nodes, while the mental component summary shares the 
less numerous ones. Results from the bootstrapped differ-
ence tests in strength metrics are presented in Figure 2B.

Table 1 Participants’ Characteristics Among the Studied Variables

Variable Mean (Standard Deviation) Range

Weekly time spent doing PA (in minutes) 189.42 (154.82) 0–630

Functional performance (in meters) 330.40 (95.20) 80–527
Muscular strength (number of chair stands) 8.25 (4.02) 0–19

Kinesiophobia 41.35 (7.16) 24–59

HRQoL physical component summary 37.15 (9.04) 18.66–59.27
HRQoL mental component summary 42.57 (10.33) 14.97–60.81

Physical Functioning 60.79 (23.00) 0–100
Role limitations due to physical problems 37.92 (40.74) 0–100

Bodily pain 40.61 (24.34) 0–100

General health 52.19 (20.52) 5–97
Vitality 38.83 (19.01) 0–100

Social functioning 60.42 (25.12) 0–100

Role limitations due to emotional problems 48.88 (41.89) 0–100
Mental health 62.08 (19.19) 0–100

Years since diagnosis 10.23 (10.02) 0.10–48
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Network Analysis Including HRQOL Subdomains
Figure 3 shows the second network analysis, including 
partial correlation coefficients. All partial correlation coef-
ficients are presented in Table 4. Results from the second 
network analysis showed that the weekly time spent doing 
PA, functional performance, muscular strength, kinesio-
phobia, and all HRQoL subdomains were all interrelated. 
Controlling for other variables in the model, all HRQoL 
subdomains were directly or indirectly associated with 
each other in such a way that the higher or lower the 
scores were in one subdomain, the higher or lower they 
were in the other subdomains. The weekly time spent 
doing PA shared edges with physical functioning, role 
limitations due to emotional and physical health problems, 
vitality and general health perceptions, but did not share 
edges with mental health or with bodily pain. Functional 
performance was directly connected with physical func-
tioning and bodily pain, while muscular strength was only 
connected with physical functioning. The weekly time 
spent doing PA was distally linked with any HRQoL sub-
dimensions, contrary to functional performance and mus-
cular strength.

Furthermore, analyses showed that kinesiophobia was 
directly and negatively connected with physical function-
ing, social functioning and general health, acting as a 
partial mediator between these HRQoL subdomains and 
functional performance on the one hand, and the weekly 
time spent doing PA on the other hand. Finally, kinesio-
phobia did not share any edge with bodily pain, vitality, 
nor with role limitations due to physical and mental pro-
blems, while sharing an edge with mental health.

Due to the large number of nonzero edges in the 
second network, we only focused on direct and indirect 
relationships between the nodes of importance, and did not 
compare their weights.

Analyses of the CS-coefficients showed that centrality 
metrics did not reach the cutoff of 0.25 (all CS (cor = 0.7) 
<0.21). Therefore, no conclusions were drawn about 
importance ranking of nodes in terms of strength, 
betweenness and closeness metrics.

Discussion
Using a network approach, the current study is the first to 
examine and model the extent to which weekly time spent 
doing PA practice, objective fitness levels, kinesiophobia, 
and HRQoL are interrelated in patients with RMDs. We 
expected positive relationships between the time spent 
doing PA, objective fitness levels, and HRQoL, primarily Ta
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with the major domains and subdomains of HRQoL 
related to physical activity, but also that these relationships 
would be conditioned by the level of kinesiophobia. 
Furthermore, it was hypothesized that bodily pain, physi-
cal functioning, and role limitations due to physical pro-
blems would be the most central variables of the networks 
studied.

The first hypothesis was supported by the results, as the 
weekly time spent doing PA and objective fitness level had 
strong associations with the HRQoL physical component 
summary, which were mainly driven by strong positive 
links with physical functioning. As expected, these results 

are in line with previous studies showing positive relation-
ships between time spent doing PA, objective fitness levels 
and physical components of HRQoL such as functional 
capacity, general health, and fatigue.6–8 Interestingly, the 
results showed that levels of pain experienced within one 
month were directly connected to functional performance 
and physical functioning, but only indirectly connected 
with the weekly time spent doing PA practice and muscular 
strength. Although no causal relationship can be established, 
this suggests that the time dedicated to PA and muscular 
strength are not sufficiently informative to account for bodily 
pain, but that their positive effects on abilities such as being 
able to walk, carry loads, bend forward, and engage in efforts 
of different intensities promote pain management.

Moreover, although the weekly time spent doing PA 
practice was only indirectly related to HRQoL mental 
component summary, it showed a direct positive associa-
tion with vitality, supporting reciprocal interactions 
between PA practice and the subsequent feeling of 
vitality,39 as well as the influence of vitality on PA.40

Furthermore, by highlighting that kinesiophobia shares 
negative relationships with HRQoL physical and mental 
main and sub-dimensions, the results are consistent with 
previous findings,20 but also extend them by clarifying the 
subdomains which are proximally and distally linked to 
kinesiophobia. Although kinesiophobia has previously 
been associated with physical functioning, disability and 
depression,20 the present results show that kinesiophobia is 
also associated with social functioning, suggesting that the 
more kinesiophobia a person has, the more his/her social 
life is restricted. Combined with depression and anxiety,-
20,32 fear-avoidance beliefs such as the levels of kinesio-
phobia might partly explain why individuals with RMDs 
have lower social functioning than individuals without 
RMDs.4 These results, however, contrast with previous 
findings indicating no significant relationship between 
kinesiophobia and objective characteristics22 of daily PA, 
walking endurance,41 and aerobic fitness using a cycling 

Figure 1 Modelled network of the studied variables. Blue lines (edges) between the 
studied variables (nodes) represent positive partial correlations, whereas red edges 
represent negative partial correlations. The size and color density of the edges vary 
to reflect the strength of the partial correlations, with thicker and deeper blue/red- 
colored edges representing the stronger partial correlation coefficients. Partial 
correlation coefficients are indicated on their respective edge. Variables which are 
not graphically connected among each other are not significantly connected when 
controlling for other variables in the model. 
Abbreviations: MCS, mental component summary; Kin, kinesiophobia; PA, weekly 
time spent doing PA; FP, functional performance; PCS, physical component sum-
mary; MS, muscular strength.

Table 3 Weights Matrix of the First Network Analysis

1. 2. 3. 4. 5. 6.

1. Physical component summary 0.00 0.00 −0.14 0.19 0.32 0.15
2. Mental component summary 0.00 0.00 −0.26 0.04 0.00 0.00

3. Kinesiophobia −0.14 −0.26 0.00 −0.20 −0.14 0.00

4. Weekly time spent doing PA 0.19 0.04 −0.20 0.00 0.11 0.03
5. Functional Performance 0.32 0.00 −0.14 0.11 0.00 0.49

6. Muscular Strength 0.15 0.00 0.00 0.03 0.49 0.00
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test42 in patients with chronic low back pain, which sug-
gests that individuals with clinical levels of fear of move-
ment would mainly avoid spinal-related functions, but 
would remain physically active during their daily 

routine.22 Since our sample covers a broad range of 
RMDs, it seems plausible that the measures of objective 
fitness chosen for the present study were not specifically 
tailored for the heterogeneity of our sample.

Figure 2 Results of the bootstrapped difference tests (α = 0.05) between edge weights that were nonzero in the estimated network (A) and between nodes in terms of 
strength metric (B). In (A), edge weights are presented in abscissa and ordinate axes. Black boxes represent edge weights (partial coefficient correlations) that significantly 
differ from one another while gray boxes indicate edge weights (partial coefficient correlations) that do not significantly differ. Red to blue colored boxes correspond to the 
color of the edge in Figure 1, with red boxes highlighting negative partial coefficient correlations and blue boxes positive partial coefficient correlations. In (B), nodes’ related 
strength are presented in abscissa and ordinate axes. Black boxes represent nodes that significantly differ from one another in terms of direct connections with the other 
nodes while gray boxes indicate non-significant differences. For each node, its strength value is indicated in the white box. 
Abbreviations: MCS, mental component summary; Kin, kinesiophobia; PA, weekly time spent doing PA; FP, functional performance; PCS, physical component summary; MS, 
muscular strength.

Figure 3 Modelled network of the studied variables. Blue lines (edges) between variables (nodes) in the network represent positive partial correlations, whereas red edges 
represent negative partial correlations. The size and color density of the edges vary to reflect the strength of the partial correlations, with thicker and deeper blue/red- 
colored edges representing the stronger partial correlation coefficients. Partial correlation coefficients are indicated on their respective edge. Variables which are not 
graphically connected among each other are not significantly connected when controlling for other variables in the model. 
Abbreviations: PA, weekly time spent doing PA; FP, functional performance; MS, muscular strength; Kin, kinesiophobia; PF, physical functioning; RP, role limitations due to 
physical health problems; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role limitations due to emotional problems; MH, general mental health.
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Finally, although the benefits of the time spent doing 
PA and fitness levels were conditional on the kinesiopho-
bia level, the relationships linking the weekly time spent 
doing PA and functional performance with the physical 
component summary were significantly stronger than those 
linking these two variables with kinesiophobia. Therefore, 
although kinesiophobia is a component to target when the 
overall therapeutic goal includes improving the function-
ing of both physical and mental components of HRQoL, 
improving physical functioning appears a relevant clinical 
management strategy to reduce the maladaptive effect of 
kinesiophobia on daily functioning. To that end, and taking 
a patient-centered approach, examining patients-reported 
barriers and motivation,14 relying on the satisfaction of 
basic psychological needs, such as the feelings of compe-
tence, relatedness and autonomy43, and offering the oppor-
tunity to take part in supervised, group-adapted physical 
activities44 or multidisciplinary task-oriented exercise 
program,45 appear to be interesting ways to promote PA 
and to some extent, to develop physical functioning.

The second hypothesis was not supported by the 
results. In the first network analyses, the assessed func-
tional performance was the variable most directly linked 
to the other variables of the network, suggesting that 
changes in this variable would have a great influence in 
one’s functioning, especially in physical functioning. 
However, according to the results of the second net-
work, the stability of the centrality metrics was not 
sufficient to identify one or a few variables as the 
most influential. In light of the many interrelationships 
among the studied variables, the aim of increasing phy-
sical functioning combined with the perspective of 
developing social functioning, vitality43 and decreasing 
bodily pain (eg, by combining PA and relaxation46) 
when wishing to develop HRQoL in patients with 
RMDs using physical activity seems relevant.

Consistent with a recent study,32 the findings of this study 
reinforce the value of using network analyses when investi-
gating interactions between biopsychosocial components of 
patients functioning. Beyond these results, the current study 
presents some limitations that should be considered. First, the 
cross-sectional design of the study did not allow for causal 
nor reciprocity inferences, although some can be theoreti-
cally hypothesized. In light of previous studies investigating 
the dynamic network structure of affect30 or depressive 
symptoms,47 this limitation could be overcome by longitu-
dinal study designs to highlight the dynamic nature of 
HRQoL according to fluctuations in PA practice, fitness Ta
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level and clinical condition. In addition, since individuals 
with RMDs generally do not meet the recommendations for 
moderate to vigorous PA,13 the present study only focused on 
the amount of PA performed weekly, and did not investigate 
its intensity. Given the benefits of moderate to vigorous PA 
practice on pain, fatigue, inflammation and stiffness,8,48 the 
use of questionnaires such as the Global Physical Activity 
Questionnaire49 or the International Physical Activity 
Questionnaire50 would have been relevant to specify the 
potential relationships between the intensity of PA practice, 
kinesiophobia and HRQoL. Finally, since RMDs share com-
mon symptoms but also because PA practice is recommended 
for each RMD (as well as for the general population), no 
expectations were made about potential network structure 
variations across the RMDs. Nevertheless, we recognized 
that our sample could have been more equally distributed 
among the different RMDs.

Conclusion
The results emphasize the positive direct and indirect 
relationships associating self-reported PA practice and 
objective fitness levels on HRQoL main and subdo-
mains, while showing their negative relationships with 
kinesiophobia. These findings demonstrate the complex-
ity of interacting biopsychosocial components in 
patients with RMD’s daily functioning. All components 
being interrelated and at a fairly similar importance 
ranking, the findings suggest that an effective clinical 
intervention targeting one of them may have positive 
effects, whether directly or indirectly, on the entire net-
work. Further studies are needed to investigate the 
dynamic of such a network in relation to the RMDs 
characteristics.
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