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Abstract

Objective: To evaluate the effects of 24-week exergame-based intervention on health-related quality of life
(HRQoL) and pain in patients with fibromyalgia as well as to analyze the effectiveness of the intervention in
subgroups of patients with different pain intensity levels.

Design: Single-blinded, randomized controlled trial.

Setting: University facilities

Participants: Fifty-five women with fibromyalgia participated in the study.

Intervention: The exercise group (EG) completed 24 weeks of exergames focused on mobility, postural control,
upper and lower limbs coordination, aerobic fitness, and strength. A total of 120 minutes per week, divided into
two sessions of 60 minutes, was completed.

Main outcome measures: The EQ-5D-5L was used to assess the HRQoL. In addition, pain intensity was
measured using a visual analog scale (VAS).

Results: Twenty-five out of 28 women allocated to the EG completed the intervention, which means an 89.29% of
adherence. They were randomly divided into an exercise (age=54.04 [8.45]) and a control group (52.72 [9.98]).
Significant effects on the perceived health status and pain intensity (P <0.05) were found. K-means clustering
procedure revealed two groups with different response to the intervention. The respond group obtained significant
effects of the exergame intervention in EQ-5D-5L, pain VAS, and VAS-EQ, compared with those who did not
respond.

Conclusions: Exergames could be a useful tool to improve perceived health status and pain intensity level in
women with fibromyalgia with a reduced health-related quality of life.
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Introduction populations.”’ In this regard, exergames are a nonimmersive
variation of VR that involve physical exercise.®

FIBROMYALGIA IS A chronic disease characterized by gen- A systematic review and meta-analysis on the effect of ex-

eral pain. It is commonly accompanied by other symp- ergames in patients with musculoskeletal pain indicated that

toms, such as fatigue, stiffness, or sleep disturbance.! These —exergames may reduce pain levels after the interventions.” In
symptoms frequently cause a reduction in the ability to per- addition, exergame interventions have been introduced in pa-
form daily life activities” diminishing the health-related quality ~ tients with fibromyalgia.'>!" Results from these studies indi-
of life (HRQoL) of fibromyalgia patients.’ cated that an exergame program based on Zumba and other

Physical exercise is the therapy with the highest level of mobility and gait tasks significantly improved mobility skills,
evidence to reduce fibromyalgia symptoms.* Among the large  HRQoL, and pain. However, the duration of these interven-
variety of physical exercise types, virtual reality (VR) inter- tions was only 8 weeks, thus some adaptations may not be
ventions have emerged as a promising therapy in different achieved in that short period of time.
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The benefits of exergames could be higher than those
achieved through traditional physical exercise in chronic pain
patients. Specifically, the participant’s attention may be fo-
cused on the virtual environment instead of in the pain they are
feeling while performing exercise.'*'® Furthermore, a previ-
ous study showed that exergames may lead to similar physi-
ological demands but lower perceived exertion and higher
motivation compared with traditional gym-based exercise in
healthy adults.'"* However, effects of physical exercise may
depend on the characteristics of the subjects and a recent ar-
ticle discussed the idea of “‘nonresponders’ and whether that
absence of adaptation is global or modality specific.'> Thus,
cluster analyses may be adequate to identify the patient’s
profile who achieved or did not derive improvements from a
specific intervention program.'®

Therefore, the aims of the present study were: (1) to
evaluate the effects of a 24-week exergame-based interven-
tion in the HRQoL and pain in patients with fibromyalgia,
and (2) to analyze the effectiveness of the exergame inter-
vention in subgroups based on the changes in the main var-
iables (those who responded and those who did not).

Methods
Trial design

The present study was a single-blinded, randomized con-
trolled trial. The sample was randomly divided into two groups:
the exercise group (EG) and the control group (CG). All pro-
cedures were approved by the University Research Ethics
Committee (approval number: 62/2017). The trial was pro-
spectively registered at the International Standard Randomized
Controlled Trial Number Registry (ISRCTN65034180). The
protocol is available on the following website: https://doi.org/
10.1186/ISRCTN65034180. This protocol is entitled ‘“‘Effects
of VR physical exercise program in brain and motor aging in
fibromyalgia’ and also included variables related to neurosci-
ence (electroencephalography and Magnetic Resonance Ima-
ging) and physical function.

Participants

The fibromyalgia impact guestionnaire score was used to
calculate the sample size.'” A reduction of 14% in this
questionnaire is clinically important according to Bennett,
Bushmakin.'® Data from previous studies conducted in Spain
indicated that a mean (standard deviation) of 70.5 (11.8) in
the fibromyalgia impact questionnaire was expected for this
population.'® Sample size calculation revealed that a mini-
mum of 26 participants per group was required to detect
between-group differences higher than 14% with an o value
0.05 and 85% of statistical power.

A total of 56 participants fulfilled the following inclusion
criteria: (1) female and ages between 30 and 75 years, (2)
able to communicate with the research staff, (3) have read
and signed the written informed consent, and (4) diagnosed
with fibromyalgia by a rheumatologist according to the 2010
American College of Rheumatology criteria.' The medical
record was corroborated by one of the researchers. In addi-
tion, participants were excluded if they: (1) changed their
usual care therapies during the 24 weeks of the treatment, (2)
had contraindications for physical exercise programs or (3)
were pregnant.
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Participants were assigned random numbers and then they
were randomly allocated into one of the two groups (EG and
CG) by one of the researchers who did not participate in the
data acquisition or statistical analysis. Pre- and post-
evaluations were performed by another researcher who was
blinded to the grouping allocation. Participants were not
blinded since they were informed of the procedures and
purposes and also knew whether they participated in the
exercise intervention or not.

Interventions

EG participants completed 24 weeks of exercise inter-
vention, whereas the CG continued with their usual daily life,
including medication for those who were taking. The exer-
cise intervention consisted of two sessions per week (1 hour
per session). The intervention was carried out in the uni-
versity facilities, in groups of two participants for each
session.

The exercise intervention was based on an exergame: the
VirtualEx-FM. This tool has been created specifically by the
research group to improve the ability to perform daily life
activities in patients with fibromyalgia. This exergame was
previously used and the main characteristics are published."'
The VirtualEx-FM fulfilled the eight key lcz)oints to consider it
as an adequate VR rehabilitation therapy.° It was conceived
as a tool to improve the aerobic fitness, strength, mobility,
postural control, and coordination of the upper and lower
limbs."'

A typical session contained: (1) a warm-up, where par-
ticipants have to perform joint movements guided by a video
made by a kinesiologist; (2) an aerobic component based on
dance steps marked by a dance teacher; (3) postural control
and coordination games, where participants have to reach an
apple that appears and disappears in different locations near
them. The body part that participants have to use to reach the
apple is indicated by the software and can be manually
controlled by the kinesiologist, and (4) a walking training,
where the participant must comprise a virtual trail of foot-
prints. The interface allows the selection of different types of
steps (normal, tiptoe, heel walking, raised heels, and raised
knees). More details of the VirtualEx-FM are available in
Collado-Mateo et al.'%!!

Outcomes

The main outcome measures was the EQ-5D-5L, which €4 AU4

was used to measure the HRQoL.?' It is comprised of five
dimensions (mobility, self-care, daily life activities, pain or
discomfort, and anxiety or depression) and five levels per
dimension. The EQ-5D-5L utility index was calculated be-
fore and after the intervention. The EQ-5D-5L also includes
a visual analog scale (VAS), which evaluates the perceived
health status from O (the worst health they can imagine) to
100 (the best health they can imagine).

As a secondary outcome, a VAS for pain (0-100), refer-
ring to the day they were evaluated, was used to measure the
intensity of pain.

Statistical analyses

The SPSS statistical package (version 20.0; SPSS, Inc.,
Chicago, IL) was used to analyze the data.


https://doi.org/10.1186/ISRCTN65034180
https://doi.org/10.1186/ISRCTN65034180
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Parametric tests were conducted since data followed a nor-
mal distribution based on the results of Shapiro—-Wilk and
Kolmogorov—Smirnov tests. Levene’s test and t-test for inde-
pendent measures were conducted to examine differences be-
tween groups at baseline. Repeated measures analysis of
variance (ANOVA) tests, with Bonferroni corrections for
multiple comparisons, were conducted to explore the effects of
the intervention program in HRQoL, pain intensity, and sub-
jective perception of health. In addition, the K-means cluster-
ing procedure was employed to group participants who
similarly respond to the exergame intervention, using the Eu-
clidean distance as a measure of proximity. The cluster analysis
was conducted taking into account the differences between post
and pre values of EQ-5D-5L, pain VAS and VAS-EQ which
were previously standardized (Z-score). Two clusters were
created to classify the participants according to their im-
provements in the exergame intervention (those who responded
and those who did not). Repeated measures ANOVA tests, with
Bonferroni corrections for multiple comparisons, were used to
compare the cluster subgroups in the defined subgroups.

Data from all 55 initial participants were used to conduct
the intention-to-treat analysis by multiple imlputation (MI) of
missing values following the Sterne, White*” guidelines. Our

missing data were classified as missing at random. The R
software and Amelia IT package® were used for MI of data.

Partial eta-squared effect size was reported for each sta-
tistical test.>* According to Cohen,25 effect sizes could be
classified as small (0.01 < 5* < 0.06), medium (0.06 < #* <
0.14), and large (172 > 0.14).

Results

Figure 1 represents the flow diagram of the participants. A €F1

total of 56 patients with fibromyalgia were screened for el-
igibility. One woman was excluded for not meeting with the
inclusion criteria. Lastly, 55 women were randomized into
two groups, EG and CG. Regarding the compliance with the
treatment, three women allocated in the EG and two in the
CG were lost to follow-up. In the EG, the causes were a
surgery unrelated to the exercise intervention (n=1) and the
lack of time (n=2). In the CG, two women were not able to
attend the final evaluations. The intervention was considered
as completed when the participant attended a minimum of
75% of the hours. Thus, considering this criterion, the final
adherence was of 89.28%. No side effects, derived from the
intervention, were detected.

Enrollment ]

Assessed for eligibility (n= 56)

Excluded (n=1)

+ Not meeting inclusion criteria (n= 1)
+ Declined to participate (n= 0)

+ Other reasons (n=0)

Randomized (n=55)

l

Allocation ]

A4

Allocated to intervention (n= 28)

+ Received allocated intervention (n=28)

+ Did not receive allocated intervention (give
reasons) (n= )

v

Allocated to intervention (n=27)

+ Received allocated intervention (n= 27)

+ Did not receive allocated intervention (give
reasons) (n= )

[ Follow-Up J

Lost to follow-up (n=0)
Discontinued intervention (n=3)
+ Surgery unrelated with the intervention (n=1)

+ Lack of time (n=2)

h 4

Lost to follow-up (were not able to attend to the
final evaluations) (n=2)

[ Analysis ]

Analysed (n=25)
+ Excluded from analysis (give reasons) (n=0)

FIG. 1.

Analysed (n=25)
+ Excluded from analysis (give reasons) (n=0)

Flow diagram of the participants.
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TABLE 1. DEMOGRAPHIC DATA AND DIFFERENCES BETWEEN GROUPS AT BASELINE OF FIBROMYALGIA PATIENTS
Exercise group Control group

Variable Mean (SD) Mean (SD) Value of contrast P-value®
Sample size 28 27

Age (years) 54.04 (9.56) 53.41 (9.92) 0.234 0.816
EQ-5D-5L score 0.51 (0.25) 0.57 (0.28) —0.860 0.394
VAS-pain (0-100) 62.14 (19.31) 60.37 (19.31) 0.340 0.735
VAS-EQ (0-100) 51.61 (18.61) 59.44 (14.49) -1.737 0.088

#P-values of r-tests for independent sample to compare differences between groups at baseline.
EQ-5D-5L, five-dimension EuroQoL questionnaire; SD, standard deviation; VAS, Visual analog scale.

Table 1 summarizes the main characteristics of both groups
at baseline. Significant differences were reported neither of age
nor the main outcomes (EQ-5D-5L, VAS-pain and VAS-EQ).

Effects of the intervention programs and the intent-to-treat
analysis are presented in Tables 2 and 3, respectively. Repeated
measures ANOVA showed significant effects (P-value <0.05) in
the health perception and pain intensity measured using VAS
(both classified as medium according to its effect sizes). Re-
garding to the pain intensity (VAS), eight women (28.57%) of
the EG reached a clinically relevant reduction of pain*® (more
than 20%), seven (25% of the EG participants) between 10% and
19%, and four (14.28%) between 0% and 9%. In the CG, only
three participants (11.11%) were able to clinically reduce their
pain level, two participants (7.41%) reduced their level between
10% and 19%, and seven (25.92%) between 0% and 9%. No
significant effects were found for the HRQoL utility index.

Results of the clustering procedure revealed two groups:
responded (n=12) and did not respond (n=16). Table 4
showed the characteristics at baseline in these subgroups.
Participants who responded to the intervention had signifi-
cantly lower EQ-5D-5L score at baseline compared with the
did not respond group (Table 4). Repeated measures ANO-
VA showed differences (classified as large according to its
effect sizes) in the effects of the intervention between groups
in pain (VAS), VAS EQ-5D, and EQ-5D-5L (Table 5). Mean
values, at baseline, indicate that the effectiveness of the
exergame intervention is greater in those women with fi-
bromyalgia with worse HRQoL, health perception, and pain
at baseline (Table 5).

Discussion

The present study is the first randomized controlled trial
with a duration of 24 weeks, which examined the effects of

an exergame intervention in the HRQoL and pain intensity.
Overall, the program was effective at improving perceived
health status and pain. In addition, the response to the in-
tervention seemed to be greater in those patients which
present worse values of HRQol at baseline.

Results indicated that VirtualEx-FM improved the per-
ceived health status measured by the EQ-5D-5L VAS. This is
in line with the results obtained by Collado-Mateo et al.'" in
a previous 8 weeks randomized controlled trial using ex-
ergames. They reported improvements in the EQ-5D-5L
health utility, perceived health status using VAS, and three
dimensions of the EQ-5D-5L (mobility, pain and discomfort,
anxiety and depression). Moreover, other intervention based
on aquatic training,”’ dance,?® or stretching intervention®’
have reported increments in the HRQoL. However, im-
provement in utility index of the EQ-5D-5L was not detected
in our intervention, which might point out that exergame
effects take place during the first weeks of the program but,
after that, there could be a reduction in the motivation that
might lead to a maintenance or even to a worsening of the
effects. Although hypothetical, results from the current study
and the previous using the same program'' might indicate
that the dimensions of “‘self-care’” and ‘‘usual activities’” are
not improved after the intervention regardless of the levels of
pain and problems at baseline. This could partially explain
why significant improvements were observed in the health
VAS and not in the EQ-5D-5L utility index, which is cal-
culated considering those two unchanged dimensions. Fur-
thermore, it must be noted that significant differences in
health VAS are mainly due to the decrease in the CG (22%).
This reduction is similar to the one observed by Andrade and
Zamuner® on the wellbeing and pain VAS. This decrease
could be related to the absence of a placebo. In this regard,
women in the CG knew that they belong to that group and

TABLE 2. EFFECTS OF EXERGAME INTERVENTION IN PATIENTS WITH FIBROMYALGIA IN HEALTH PERCEPTION,
EQ-5D-5L UTILITY SCORE, AND PAIN

Between group comparison

Test Groups Pre Post F P-value® Effect size
Health perception Exercise (n=23) 52.83 (16.84) 52.52 (1.85) 4.594 0.038 0.093
(VAS EQ-5D) Control (n=24) 58.75 (14.61) 45.42 (18.59)
EQ-5D-5L utility Exercise (n=25) 0.51 (0.26) 0.56 (0.18) 1.828 0.183 0.037
Control (n=25) 0.55 (0.28) 0.51 (0.25)
Pain (VAS) Exercise (n=25) 64.80 (17.83) 60.20 (16.74) 5.041 0.029 0.095

Control (n=25) 59.20 (19.13)

67.20 (17.44)

“P-values of repeated measures ANOVA to compare differences between groups after a 24-week exergame intervention.

ANOVA, analysis of variance.
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TABLE 3. INTENT-TO-TREAT ANALYSIS OF THE EFFECTS OF EXERGAME INTERVENTION IN PATIENTS
WITH FIBROMYALGIA IN HEALTH PERCEPTION, EQ-5D-5L UTILITY SCORE, AND PAIN
Between group comparison
Test Groups Pre Post F P-value® Effect size
Health perception Exercise (n=28) 51.61 (18.61) 52.30 (17.34) 6.743 0.012 0.113
(VAS EQ-5D) Control (n=26) 59.23 (14.74) 45.88 (17.64)
EQ-5D-5L utility Exercise (n=28) 0.51 (0.25) 0.56 (0.18) 2.449 0.124 0.044
Control (n=27) 0.57 (0.28) 0.52 (0.24)
Pain (VAS) Exercise (n=28) 62.14 (19.31) 58.88 (16.34) 4.334 0.042 0.076

Control (n=27) 60.37 (19.31)

68.20 (17.29)

4P-values of repeated measures ANOVA to compare differences between groups after a 24-week exergame intervention.

also they knew that some of their colleagues from the asso-
ciation were participating in the program. Although hypo-
thetically, this could be a limitation of the current study, and
may make that results must be taken with caution.

In line with the results mentioned above, a significant
effect in pain intensity measured using VAS was found after
the intervention. Since pain is the main symptom of fi-
bromyalgia, the obtained result is remarkable. Collado-
Mateo et al.'' reported a significant reduction of pain after an
8-week intervention based on VR in fibromyalgia. In that
study, the effect size achieved in the pain dimension of the
EQ-5D-5L was 0.059, which is low according to Cohen®
The effect size observed in the current study analyzing the
whole sample was also low. However, the subgroup analysis
revealed that in the respond group, the reduction of pain was
large (partial eta squared higher than 0.14). Therefore, the
improvements in pain seemed to be low in the 8- and 24-
week studies, but results from the subgroup analysis may
reveal a potentially large improvement when patients suffer
from high levels of pain at baseline.

The protocol of the current study involved dancing
movements (Zumba). In this regard, a recent systematic re-
view and meta-analysis evaluated the research on the effects
of dance interventions on pain and observed that artistic and
creative dance programs may be useful to reduce pain.*'
However, that review did not include those interventions
based on the repetition of rhythmic movements such as
Zumba. Therefore, the current study supports the potential
benefits of dance interventions not only when movements are
creative or artistic, but also when the simple repetition of
dance movements is required. Future studies might explore
the potential of artistic intervention conducted on VR envi-
ronments.

Regarding VR and exergames, the potential of these in-
terventions has been reported in other population with
chronic pain after exercise interventions based on VR.**7*
Furthermore, it must be noted that the current study and also
the previous one involving an intervention of 8 weeks re-
ported an excellent adherence in terms of the proportion of
participants completing the intervention. However, the ad-
herence in the 24-week intervention was reduced from 98%
to 89%, which might indicate that the motivation of partic-
ipants was not fully maintained when the duration of the
intervention was increased. This is only hypothetical since
motivation was not measured in the current study. However,
this variable is known to be crucial in women with fi-
bromzalgia since the adherence to physical exercise is often
poor.”® Although the current study achieved good levels of
adherence, future studies should also explore whether mo-
tivation to practice can be maintained for several months in
exergame interventions.

Fibromyalgia is a heterogeneous disease with different
subgroups of patients suffering from different impacts of the
disease.”’ This is the main reason why the stud%/ of sub-
groups is strongly recommended in fibromyalgia.*’*® Thus,
Estévez-Lopez, and Segura-Jiménez™® considered it important
to know whether the effectiveness of the intervention is dif-
ferent across different patient’s profiles. Following the future
directions of the previous research,38 we studied the effects
of exergame intervention in patients with different levels of
pain level. Two subgroups of participants were created by
the K-means clustering procedure, taking into account the
effects in EQ-5D-5L, pain VAS, and VAS-EQ. Interest-
ingly, it seemed that those participants with worse values
of HRQoL (P <0.05), pain (P=0.096), and health percep-
tion (P=0.066) at baseline are those who obtained greater

TABLE 4. DIFFERENCES BETWEEN GROUPS AT BASELINE OF FIBROMYALGIA PATIENTS WHO RESPONDED
OR DIb NOT TO THE EXERGAME INTERVENTION

Responded Did not respond

Variable Mean (SD) Mean (SD) Value of contrast P-value®
Sample size 12 16

Age (years) 50.17 (9.05) 56.94 (9.87) 1.860 0.074
FIQ-100 60.54 (20.58) 55.45 (19.20) -0.673 0.507
EQ-5D-5L score 0.38 (0.28) 0.61 (0.17) 2.814 0.009
VAS-pain (0-100) 69.17 (17.30) 56.88 (19.57) -1.727 0.096
VAS-EQ (0-100) 44.17 (23.24) 57.19 (12.24) 1.921 0.066

4P-values of t-tests for independent sample to compare differences between groups at baseline.

FIQ, Fibromyalgia Impact Questionnaire.
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TABLE 5. EFFECTS OF THE INTERVENTION IN TwO GROUPS OF PARTICIPANTS (RESPONDED Vvs. DID NOT
REsPOND) AFTER K-MEANS CLUSTERING PROCEDURE

Between group comparison
Test Groups Pre Post F P-value® Effect size
Health perception Responded (n=12) 44.17 (23.24) 61.09 (16.48) 15.806 <0.001 0.969
(VAS EQ-5D) Did not respond (n=16) 57.19 (12.24) 45.70 (15.28)
EQ-5D-5L utility Responded (n=12) 0.38 (0.28) 0.58 (0.20) 16.279 <0.001 0.973
Did not respond (n=16) 0.61 (0.17) 0.55 (0.16)
Pain (VAS) Responded (n=12) 69.17 (17.30) 50.89 (13.26) 14.607 0.001 0.957

Did not respond (n=16)

56.88 (19.57)

64.87 (16.19)

4P-values of repeated measures ANOVA to compare differences between groups after a 24-week exergame intervention.

effects in this exergame intervention. Therefore, depending
on the initial score of HRQoL, we could expect one effect or
another derived from the exergame intervention. Probably,
this exergame tool would be more effective in those par-
ticipants with higher values of pain and lower health per-
ception since there was a high presence of mobility,
postural control, and coordination of the upper and lower
limbs in the exergame tool'' and improvements in these
variables are closely related with HRQoL. Future studies
may also include other variables to incorporate subgroups
according to other physical and psychological variables. In
this regard, a previous study showed that high levels of
physical fitness along with positive affect may be associated
with lower levels of fatigue.39 Thus, this would be of in-
terest in studies aimed to evaluate the effects of physical
exercise interventions.

However, the present study has some limitations and
strengths that should be mentioned. First, in this study, only
women participated, so we cannot generalize the results to
male fibromyalgia patients. Second, the lack of a group who
performed a traditional exercise training (not based on VR)
makes that the effects of VR intervention should been taken
with caution. Third, the relatively small sample size may
affect the comparisons and might have caused that only
great differences have reached the statistical significance
level. However, this is the first study with a long inter-
vention (6 months), which evaluates the effects of an in-
novative tool, the exergames, on the HRQoL and pain in
women with fibromyalgia. Moreover, for the first time, the
effectiveness of exergames was compared in subgroups of
women with fibromyalgia who responded or did not re-
spond to the exergame program.

Conclusions

VirtualEx-FM may be an effective tool to improve
HRQoL perception as well as to reduce the pain intensity in
women with fibromyalgia. Subgroup analyses showed
that those women with fibromyalgia with worse values of
HRQoL at baseline were those who respond to the ex-
ergame intervention.
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