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Abstract

Background This systematic review and meta-analysis aimed to evaluate the effectiveness of aquatic therapy on pain, sleep
quality, psychological symptoms, quality of life, and health status in people diagnosed with fibromyalgia.

Methods We searched PubMed, CINAHL, The Cochrane Library, PEDro and Scopus databases. Articles were eligible if
they were randomised controlled trials (RCTs) analysing the effects of aquatic therapy in adult people diagnosed with fibro-
myalgia, and published by October of 2022 in English or Spanish. The Cochrane Risk of Bias tool was employed to conduct
the methodological quality assessment of the encompassed studies, and the overall quality of evidence for each comparison
was determined using the GRADE approach.

Results Of 375 articles found, 22 met the inclusion criteria. Forest plot analysis of Pittsburgh sleep quality index at short-
and mid-term follow-up showed a trend in favour of aquatic therapy, although not statistically significant, with weighted
mean difference (WMD) =-1.71 (95% CI: -4.17 to -0.75, p = 0.17). Heterogeneity was substantial (X2 =8.74,df =5(p <
0.000001; I> = 95%). Relating the pain outcome by fibromyalgia impact questionnaire (FIQ) short term showed a trend in
favour of the aquatic therapy group with WMD = —5.04 (95% CI: — 9.26 to — 0.82, p = = 0.02) with heterogeneity y* =
11.07, df = 4 (p = 0.03; I> = 64%). Great heterogeneity was found between trials in medium term.

Conclusion This systematic review and meta-analysis demonstrated the effectiveness of aquatic therapy as an adjunct treat-
ment to usual care in people suffering from fibromyalgia. Aquatic therapeutic exercise improves the symptomats of sleep
quality, pain, and quality of life of adults with fibromyalgia. Further research on long-term outcomes may contribute to the
currently available evidence.
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Introduction

Fibromyalgia (FM) is a chronic condition characterized by
chronic widespread pain and is acknowledged as a signifi-

Francesc Rubi-Carnacea is the co-first author. cant contributor to disability [1, 2]. Clinical manifestations
encompass a broad spectrum of chronic symptoms includ-
This systematic review and meta-analysis was registered at ing chronic widespread pain, fatigue, sleep disturbances,
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and psychological disorders [1]. The global prevalence of
FM stands at 2.1%, with a higher incidence among women
(4.3%) compared to men (0.95%), resulting in a global gen-
der ratio of 4:1. Europe exhibits a higher prevalence of 2.3%,
with the highest incidence recorded in countries such as Tur-
key, Italy, Portugal, Germany and Spain [3, 4].

The standard clinical approach to managing FM involves
a combination of pharmacological and non-pharmacologi-
cal treatments. Among the latter, various interventions are
applied, including aerobic exercises, flexibility exercises,
strength training, stretching and body awareness therapies [1].

Aquatic therapy or aquatic exercise refers to the appli-
cation of aquatic properties to design a therapy program
to improve patient functionality. Water is an environment
that, due to its properties, provides the opportunity for the
patient to undertake global activity and to apply physiother-
apy that, outside the water, could not possibly be done [5].
The four main physical principles of water are buoyancy,
resistance, hydrostatic pressure and thermal conduction
[5]. The decrease in pain is attributed to a conjunction of
factors, i.e. exercise, warm water and buoyancy that acti-
vate mechanoreceptors and thermoreceptors. Immersion in
warm water increases blood flow and therefore oxygen in the
blood, eliminating catabolites and reducing the level of IL-8
and noradrenaline, responsible for activating nociceptors [5].
This sensory and motor hyperstimulation blocks nocicep-
tors and reduces the patient’s pain. The physiological effects
provided by aquatic therapeutic exercise results from immer-
sion in warm water (26-32 °C) [6, 7], which reduces the
activity of the sympathetic nervous system and can decrease
inflammation and pain perception in subjects with musculo-
skeletal disorders. Benefits are also obtained through hydro-
static pressure, as compressive stresses on the joints are
reduced and allow for functional exercise with gravitational
discharge. This property allows for more intense exercise,
strength, and range of motion with less cardiovascular stress
[7]. However, one high-quality review incorporating 10 tri-
als on hydrotherapy and spa therapy provided little evidence
to suggest superiority over the comparator intervention [1].

In recent decades, aquatic therapy studies have been con-
ducted suggesting that the physical benefits of water and the
effects of exercise are effective in improving the symptoms
of musculoskeletal diseases such as osteoarthritis, FM and
rheumatoid arthritis, mainly in terms of pain [7]. The effec-
tiveness of aquatic therapy has been assessed in a previous
review published in 2013 [8] showing beneficial effects on
physical fitness, wellness, and symptoms associated with
FM. A study by Choy et al [9] indicated that sleep dysfunc-
tion may induce fibromyalgia-like symptoms and may have
bidirectional roles in the pathophysiology of fibromyalgia.
The concept of sleep quality is defined as an individual’s
self-satisfaction with all aspects of the sleep experience that
can be measured by the following variables: sleep efficiency,

@ Springer

sleep latency, wake after sleep onset and sleep architecture
measures [10]. A study by Theadom et al [11] and a system-
atic review [12] indicate that between 70 and 90% of people
with FM report poor sleep quality and that exercise could
ameliorate that disturbance. This systematic review and
meta-analysis aimed to evaluate the effectiveness of aquatic
therapy on sleep quality as a main outcome, and secondar-
ily the outcomes of pain, quality of life, health status, and
psychological symptoms, in people diagnosed with FM [12].

Methods

The study entailed a systematic review of randomised con-
trolled trials, adhering to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
[13]. This systematic review and meta-analysis was registered
at PROSPERO with CRD42020201621. Only randomised
controlled trials investigating the use of aquatic therapy exer-
cise in the treatment of FM were considered. The articles were
selected based on the following criteria: (a) studies involving
adult participants diagnosed with FM by the International
Classification of Diseases with the code M79.0 such as rheu-
matism [2]; (b) participants receiving treatment through a sin-
gle aquatic therapy exercise method, compared to a placebo,
control intervention or standard care, using a randomised
controlled trial (RCT); (c) studies reporting any of the fol-
lowing outcomes regarding sleep, pain, quality of life, health
status, and psychological symptoms measured by Pittsburgh
sleep quality index (PSQI), fibromyalgia impact questionnaire
(FIQ), visual analog scale (VAS) and short form 36 (SF-36)
and (d) written in either the English or Spanish language.

The authors conducted searches in PubMed, CINAHL,
The Cochrane Library, PEDro and Scopus. The search strat-
egy was carried out based on the PRESS guidelines recom-
mendations [14]. We combined Mesh, entry and free text
terms such as “fibromyalgia”, “fibromyalgia syndrome”,
“aquatic therapy” and “hydrotherapy”. The filter “clinical
trial” was also used. The search was run on 30th October
2022. The references of the included studies were also
reviewed to identify any additional studies. A manual search
was conducted by cross-referencing with the studies selected
in the earlier research.

The reports located via electronic searches were imported
and checked for duplicates. Following the removal of
duplicates and in accordance with the eligibility criteria,
two independent reviewers (CB and IC) assessed publica-
tions retrieved from the databases based on their titles and
abstracts in the initial phase, and the full texts in the subse-
quent phase. Any discrepancies were re-evaluated, and con-
sensus was reached through discussion. If needed, a third
author (HFL) reviewed the data to ensure consensus.
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After selecting the articles that met the eligibility crite-
ria, the studies underwent a risk of bias assessment using
Cochrane tools [15] which also included a peer-review
process. The evaluation considered potential sources of
bias such as sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data and selective report-
ing. In accordance with Cochrane guidelines, each item was
categorized as “low risk™, “high risk” or “unclear risk” of
bias.

The data extracted from the included studies encom-
passed: (a) participants’ characteristics, (b) details about
the experimental and control groups, (c) relevant outcomes
and outcomes measures, (d) study results, (e) tools used for
assessing outcomes and (f) any reported adverse effects.

To assess the treatment effects, the data were presented
as continuous outcome data, and mean differences (MD)
with 95% confidence intervals (CIs) were computed for
instances where differences between-group in the mean from
baseline were documented. Data analysis was conducted
using Review Manager 5.4 software. Given the variability
in aquatic therapies and the varying number of participants
across studies, a random-effects model was employed to esti-
mate the true effect of aquatic interventions.

In our study, we employed the »? test and the I statistic
to assess heterogeneity [16]. The »? test measures the devi-
ation of observed effect sizes from the underlying overall
effect. A low p value indicates significant heterogeneity in
intervention effects, with a significance threshold set at p <
0.05. The I statistic, as defined by Higgins [16], quantifies
heterogeneity as a percentage: (a) 0-40% suggests negligible
heterogeneity, (b) 30-60% implies represent moderate; (c)
50-90% suggests substantial heterogeneity and d) 75-100%
indicates considerable heterogeneity. The importance of the
I value depends on (a) magnitude and direction of effects
and (b) strength of evidence for heterogeneity. When pool-
ing data, we selected the MD and utilized forest plots to
compare results across studies. To assess publication bias,
we inspected funnel plots [17].

We assessed the overall quality of the evidence for each
outcome. To accomplish this, we used a GRADE approach,
as recommended by the Cochrane Back Review Group [18].

The quality of the evidence on a primary outcome was
evaluated across five main domains: study design limi-
tations (risk of bias assessment), inconsistency (lack of
uniformity in bias assessment estimates), indirectness
(inability to generalize) and imprecision (inadequate
patient numbers or wide confidence intervals) of results
and publication bias (likelihood of selective publica-
tion of trials and outcomes) across all studies examining
that specific outcome. The evidence is categorized into
four levels: (a) high-quality evidence: at least 75% of the
RCTs exhibit consistent findings, lack limitations in study

design, present direct and precise data and demonstrate
no known or suspected publication biases; (b) moderate
quality: when one of the domains is unmet; (c) low quality:
when two of the domains are unmet; (d) very low quality:
three of the domains are unmet.

Results
Studies’ selection

The initial electronic database query yielded a total of 375
studies. We conducted supplementary manual searches of
reference lists and websites, but they did not yield any
additional articles. After eliminating duplicates, non-
English language articles, non-randomised clinical trials
within aquatic therapy exercise interventions, 353 arti-
cles were excluded. A total of 22 studies [19-40] were
included in systematic review and meta-analysis (Fig. 1).

375 of records

identified through 142 duplicates removed
database

searching

233 of records 160 of records

screened excluded
51 of full-text article
excluded, with
reasons
24 Not RCT
20 Not Aquatic
thera

73 of full-text i

articles assessed 7 wrong

for eligibility outcomes/participa

22 of studies
included in
qualitative
synthesis

12 of studies
included in
quantitative
synthesis
(meta-analysis)

Fig.1 Flow diagram for the identification, screening, eligibility and
inclusion of studies
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Studies characteristics

A total of 22 RCTs involving 1722 participants were
included in the study. Twenty [19-23, 25-37, 39, 40] of
these studies employed a double-arm design, while two [24,
38] utilized a triple-arm design, allocating patients to aquatic
therapy or alternative treatment groups. Among the 1722
participants, ages ranged from 18 to 60, with a mean age of
42.5 + 12.3. In all studies, FM was diagnosed using the cri-
teria of the American College of Rheumatology (ACR). The
duration of the interventions ranged from 11 to 20 weeks.

For articles published by the same authors, partici-
pants were considered only once. The characteristics of
the included studies can be examined in Table 1.

Risk of bias and quality of evidence

In relation to the risk of bias, the primary concern identified
was performance bias, as both the participants and person-
nel were not effectively blinded to the specific intervention
received by each participant. It can be argued that blinding
is not feasible in this kind of study and that lack of blinding
should not be considered a weakness. Furthermore, blinding
of the outcome assessors and blinding of the patients to the
hypothesis of the study are possible. Other important biases
were sequence generation and allocation concealment bias,
as most of the studies did not describe in sufficient detail
how participants were randomized and allocated (see Fig. 2).

There is moderate quality of evidence as assessed with the
GRADE approach that aquatic therapies are more effective
than usual care in the treatment of fibromyalgia. Although
the domains of inconsistency, indirectness and imprecision
were assessed as adequate, the risk of bias as a limitation of
study was a weakness of the methodological studies.

Results of individual studies and synthesis
of the results

We conducted a random-effects meta-analysis on the fol-
lowing outcome measures: PSQI, FIQ (short term, mid term
and long term), VAS, and SF-36. Based on the results and
observed heterogeneity, the outcomes that we reported in
our publication include PSQI, FIQ mid term and FIQ short
term, as well as VAS mid term.

Sleep quality
The effects of aquatic therapy regarding to sleep quality were
evaluated using the PSQI by four studies in a short-term

follow-up [29, 32, 35, 36] and by two in short and mid-term
follow-up [20, 25]. The most common instrument to measure
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the quality of sleep self-reported that it found is the Pitts-
burgh Sleep Quality Index in which it is possible to evaluate
duration, sleep latency, frequency and severity present in the
period of 1 month prior to the date [41]. PSQI was a reliable
and valid instrument (» = 0.77, p < 0.01) with the FIQ total
score and with the mental and physical health summaries
scores of the SF-36 [42]. However, Fernandes de Melo study
[28] used total sleep time and total nap time as outcome to
assess sleep quality.

A total of 6 studies with 231 participants by group pro-
vided available data of PSQI at pre- and post-treatment
periods. Our analysis showed a trend in favour of aquatic
therapy, with plot values of PSQI 1.71 points larger than the
control group such as Mat Pilates, health education, balneo-
therapy or land stretching (weight mean difference or WMD
=—1.71,95% CIL: — 4.17 to — 0.75, p = 0.17; heterogeneity
y* =8.74,df = 5, p < 0.000001; I>: 95%). The observed
outcome lacks statistical significance, and due consideration
should be given to the heterogeneity among studies concern-
ing the utilized aquatic therapy interventions and control
groups. No significant bias was observed by the inspection
of the funnel plot of outcomes analyzed (Figure S1). The
sensitivity analyses were employed to assess the robustness
of the results using the leave-one-out method. The analyses
confirmed the stability of results for PSQI, FIQ short and
mid-term and VAS mid-term (Table S1-S4).

Important outcomes

The FIQ scores were used to estimate summary effects.
Based on the time of follow-up and FIQ score evaluation,
two different subgroups were defined, namely mid-term (>
8 and < 16 weeks) and short time (< 8 weeks). In mid term,
analysis showed a trend in favour of aquatic therapy with
plot values of FIQ score of 3 points larger than the control
group control (WMD = —7.19.95% CI: — 11.61 to — 2.78,
p = 0.001); heterogeneity y*> = 52.91, df = 11, p < 0.01, I
=79%). A total of 12 studies with 748 participants provided
available data of FIQ at mid term at pre- and post-treatment
periods. In the medium term, all the studies showed out-
comes in favour of aquatic therapy, except for the Fonseca
[29] and De Medeiros [25] studies that compared aquatic
therapy with an educational intervention and mat Pilates. In
long term, two of six studies [20, 33] compared aquatic ther-
apy to a control group (without treatment), Acosta-Gallego
[19] compared aquatic therapy with physical intervention on
land and Maindet [36] study compared spa treatment with
delay treatment. Due to the variety in the control group inter-
vention in the studies included in the medium-term analysis,
a substantial degree of heterogeneity was detected. However,
in the long-term analysis, the interventions were similar, and
the heterogeneity was null, but the results are not statistically
significant. At short time, the results’ trend is in favour of
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Fig.2 Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study

aquatic therapy with a FIQ score of 2 points larger than the
control group (WMD = — 5.04 [95% CI: — 9.26 to — 0.82];
comparison: p = 0.02); heterogeneity y> = 11.07, df =4 [p
= 0.03]; I> = 64%). A total of 5 studies with 415 partici-
pants provided available data of FIQ at short term at pre- and

post- treatment periods. In the short term, five studies col-
lected data; our analysis showed a positive trend in favour
of aquatic therapy in four studies [23, 27, 32, 36], but the
Fonseca [29] study showed a trend in favour of the Inter-
relational School of FM (Figs. 3, 4 and 5).

Regarding the VAS Score evaluation, a forest plot was cre-
ated for the medium-term intervention. A total of 11 studies
with 671 participants provided available data of VAS at mid-
term at pre- and post-treatment periods. The plot value trend
was in favour of aquatic therapy in comparison with control
(WMD = - 1.00 [95% CI: — 1.51 to — 0.50]; comparison: p
=0.006); > =24.73, df = 10 [p = 0.0001]; I = 60%). In that
comparison, the control interventions were control without
treatment [20, 33], aerobic exercise [19, 22, 23, 26, 27, 38,
39], delay spa treatment [36] and mat Pilates [25].

The assessment tools used were PSQI in 6 articles, FIQ
was used in 12 studies and VAS in 15 articles, SF-36 in 9
articles and BDI in 8 articles. The FIQ is considered one of
the most sensitive tools to assess FM evolution over time
and is a key endpoint in clinical trials aiming at evaluat-
ing an individual’s responsiveness to different intervention
models [43]. The range of possible total scores is 0 to 10
on 10 items for the measurement of physical function and
severity of symptoms.

Effects on physical outcomes

The main outcome related to physical symptoms of patients
with fibromyalgia is pain. The most common tools that have
been used are the FIQ, VAS and SF-36. However, one study
[29] also used the McGill Pain Questionnaire and Pressure
Pain (PPT) and Widespread Pain Index Score [36]. Other
physical capacity outcomes were measured using the 30-s
chair stand test, the 8-foot up and go test [33] and Baecke
physical activity questionnaire [36].

In the studies by Andrade [20] and Fonseca [29], the
perception of pain was diminished but not with a sig-
nificant result between groups (p > 0.05), although the
pre-test and post-test measures of Andrade showed dif-
ferences. On the other hand, in the studies by Acosta-
Gallego [19], Cedraschi [24], Evcik [26], Fernandes [27],
Gusi [31], Sevimli [38], Maindet [36], Tomas-Carus
[39, 40] and Latorre Roman [33], there were signifi-
cant results for the pain variable. However, in Fernandes
[27] and Sevimli [38], there was a significant improve-
ment between before of aquatic intervention and post-
test measures in the experimental group (p < 0.001), but
this was not present between groups, considering that
the comparison group also did aerobic exercise. On the
contrary, the Acosta-Gallego [19] and Kurt [32] study
showed a significant improvement (p = 0.012; p < 0.05)
between the aquatic therapeutic exercise group and the
land aerobic exercise group.
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Aquatic therapy Control Mean Difference Mean Difference
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Fig. 3 Forest plot of comparison: PSQI short and mid-term follow-up
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Fig.4 Forest plot of comparison: FIQ total score in mid-term (>8 and <16 weeks) and short time (<8 weeks)

Effects on psychological outcomes

Depression and anxiety are common symptoms of fibro-
myalgia. The most relevant instruments used to assess psy-
chological symptoms are the FIQ, Short Form-36 (SF-36),
Beck Depression Inventory (BDI) and Hamilton Depression
Scale (HAM-D) for depression; Beck Anxiety Inventory
(BAI) for anxiety and Fear Avoidance Beliefs Questionnaire

@ Springer

(FABQ), Catastrophic Thoughts on Pain Scale (PRCTS) for
fear beliefs and catastrophic thoughts and Psychological
General Well-Being (PGWB). In the Medeiros study [25],
FABQ improved with mat Pilates while PRCTS improved
with aquatic exercise, and FIQ showed improvements in
both groups. Sevimli [38] also demonstrated significant dif-
ferences in pre- and post-test in three groups for the BDI,
FIQ and mental component of SF-36. Additionally, the
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Mean Difference
IV, Random, 95% CI

Mean Difference

Aquatic therapy Control
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Acosta-Gallego, 2018 5.7 2.1 37 62 1.8 36 11.0%
Andrade, 2019 5.4 2.4 27 64 21 27 8.6%
Assis, 2006 5 325 26 5 225 26 6.7%
Britto, 2020 579 2862 16 589 197 17 6.3%
De Medeiros, 2020 5.6 2.4 21 6.2 1.4 21 8.7%
Evcik, 2008 4 1.5 N 51 1.8 30 11.6%
Fernandes, 2016 31 2.7 39 36 28 36 8.3%
Latorre Roman, 2015 6.47 31 20 875 1.73 16 6.3%
Maindet, 2021 53 223 83 588 21 78 13.0%
Sevimli, 2015 48 083 25 7 1.25 25 135%
Tomas-Carus, 2007 445 25 17 645 245 17 5.9%
Total (95% CI) 342 329 100.0%

Heterogeneity: Tau®= 0.40; Chi*= 24.73, df=10 (P = 0.006); F= 60%
Test for overall effect: Z= 3.88 (P = 0.0001)

Fig.5 Forest plot of comparison: VAS mid-term follow-up

Acosta-Gallego [19], Lopez-Rodriguez [34] Tomas-Carus
[39, 40] and Kurt [32] study showed considerable improve-
ments in depressive symptoms in both groups (p < 0.001;
p < 0.05). Also, studies such as Assis [22], Cedraschi [24],
Gowans [30] and Gusi [31] showed significant differences
between groups. In the Andrade [20] study no statistically
significant results were obtained regarding depression. How-
ever, also in the Andrade [20] study, anxiety was a variable
that obtained statistically significant results compared to
the control group (p < 0.05). The Fonseca [29] study dem-
onstrated improvements in both groups regarding anxiety
[F(1345834) = 18.98; p < 0.01], but no statistically signifi-
cant results were obtained between groups.

Effects on physiological outcomes

Patients diagnosed with fibromyalgia also suffer physiologi-
cal symptoms such as sleep disturbances and fatigue. In the
Fonseca [29] study, sleep quality was assessed with the Piper
Fatigue Scale-Revised (PFS-R) and demonstrated an effect
in both groups. In the Andrade [20] and Acosta-Gallego
[19] studies, a time effect for the variable VAS fatigue was
observed [F(; ,7) =4.68; p = 0.03]. In Maindet [36] study,
sleep quality was assessed using PSQI without statistical
differences between groups; however, Pichot’s Fatigue Scale
showed significant differences between the same groups. In
contrast, in the Fonseca [29] study, there were no signifi-
cant results between groups (p > 0.05), despite the fact that
significant results were obtained in the post-intervention
measure for the control group (p < 0.05). On the alterna-
tive, the only study that has assessed sleep time is Fernandes
de Melo [28] study, where significant changes have been
demonstrated that the hydrotherapy group increased at least
1 h of total sleep time regarding conventional physiotherapy
(p =0.04).
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Discussion

This systematic review and meta-analysis studied the effec-
tiveness of aquatic therapy on sleep quality, pain, psycho-
logical symptoms, quality of life and health status in people
diagnosed with fibromyalgia in short, mid and long term. In
assessing the risk of bias, none of the studies can be con-
sidered displaying a high risk of bias. The bias of blinding
participants was considered difficult to follow, especially
when delivering an aquatic intervention.

None of the previous reviews on aquatic therapy has specifi-
cally analyzed sleep quality. Nevertheless, the systematic review
of Bidonde [6] recruited a total of 881 patients from 16 studies,
where the interventions were nine studies comparing aquatic
exercise versus a control group, five studies comparing aquatic
exercise versus land exercise and two studies comparing two
different aquatic exercise interventions. Between the water exer-
cise and land exercise groups, no significant differences were
obtained except for muscle strength, which was in favour of land
exercise. In the studies comparing different aquatic interven-
tions, the only significant difference was for stiffness, favouring
the Ai-Chi intervention [44]. The Bidonde [6] study found low-
to moderate-quality evidence compared to the control group and
suggested that aquatic exercise is beneficial in improving well-
being, symptoms and fitness in adults with FM, although there
was no significant difference from land-based exercise.

Among the 22 studies, 8 compared aquatic exercise ver-
sus a control group [20, 24, 30, 31, 33, 36, 39], 11 compared
aquatic exercise versus land exercise [19, 22, 23, 25, 27, 28,
32, 34, 35, 37, 38], one compared aquatic exercise versus
FM health education [29] and one compared two different
aquatic therapies [21]. Within each study, different measure-
ment variables were assessed, many of which were common,
such as FIQ, VAS and SF-36. In the study by Singh et al
[45] that explored the sleep disturbances and their impact

@ Springer
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on quality of life in patients with fibromyalgia, the results
suggestsed that 23.5% of variance of FIQR scores were
accounted for by PSQI and Autonomic Function Test [45].

In comparing our results with those obtained in the meta-
analysis by Lima et al. [8], they included one study [46] com-
paring aquatic therapy with no treatment while in our meta-
analysis all the included studies had an active control group.
In this regard, the results from Lima et al. [8] showed statisti-
cally significant results in favour or aquatic therapy versus no
treatment for sleep quality, when measured with PSQIL.

Another noteworthy aspect is the limited precision in the
presentation of PSQI data, as none of the studies provided
the breakdown of the questionnaire’s various dimensions.
Consequently, we are unable to ascertain the specific aspects
related to sleep that are improved by aquatic therapy.

In comparing the effectiveness of aquatic therapy versus
land exercise, Lima et al. [8] found one study [28] showing
aquatic therapy being more effective in improving total sleep
time and total nap time, evaluated using a sleep diary. How-
ever, in the studies included in the present systematic review,
the results showed aquatic biodance being more effective
than land stretching for sleep quality measure with PSQI.
However, Mat Pilates is equally effective than an aquatic
aerobic exercise program for improving sleep quality.

Regarding other interventions, our meta-analysis showed
aquatic therapy being equally effective than health education,
balneotherapy and balneotherapy combined with exercise in
ameliorating sleep quality in a short term, according to PSQI
total score results. Aquatic therapy also showed the same
benefits than land-based exercises in a short term when eval-
uated using the FIQ-morning tiredness item. Lima et al. [8]
reported that aquatic therapy demonstrated superiority over
balneotherapy in the short term, but not in the mid term. Fur-
thermore, aquatic therapy was found to be more effective than
recreational activities in the short term, but not as beneficial
as Ai Chi in terms of improving sleep quality. Lima et al. [8]
also included a study [21] comparing pool versus seawater
strength-related benefits. About hydrotherapy or spa therapy,
it has shown significant improvement in pain, but with lit-
tle evidence to suggest the superiority of hydrotherapy over
balneotherapy. This corroborates the results presented in our
review, in which aquatic exercise did not provide statistically
significant different results when compared to land exercise,
indicating that one modality is not superior to the other.

For the outcomes in terms of applying aquatic aerobic
exercise, it was found that the mechanisms provided by water
immersion are directly related to the results. We should also
highlight the acute benefits of the temperature of the water
can enhance the parasympathetic response and modulate the
sympathetic response, which could lead to a reduction in
stress-related hormones such as adrenaline, noradrenaline
and cortisol and allow the release of serotonin, inducing a
momentary improvement in clinical symptoms [47, 48].

@ Springer

Furthermore, an extensive study by Becker [49] on aquatic
therapy demonstrated a reduction in pain, improvement in sleep
patterns and a positive impact on fibromyalgia and mood-state
disorders when compared with land-based exercise programs.
The aquatic groups typically showed faster and larger gains, with
longer post-study improvements [49]. The findings corroborate
our results regarding our long-term FIQ and VAS results that
point to aquatic therapy as providing larger gains in the longer
follow-up assessments. Besides, there are potential mediators in
sleep quality, such as depressive symptoms and mood. A recent
review [50] that used mediation analysis found various relation-
ships between pain and sleep quality. Additionally, it determined
that sleep quality and pain also were affected by pain attention,
pain-related hopelessness, activation of stress in the HPA axis
system, fatigue and physical activity. The authors postulate that
the psychological and physiological components of emotional
experience and attentional processes are likely mediators of the
sleep-pain relationship. On the other hand, according to Scott
review [51] improving sleep represents a viable treatment target
that can confer significant benefits to mental health.

The concept of central sensitization of nociception had
been proposed as the primary cause of widespread chronic
pain. Clinically, central sensitization is marked by hypersen-
sitivity to mechanical stimuli, while neurophysiologically, it
entails substantial enhancements in the membrane excitability
and synaptic efficiency of spinal neurons responsible for noci-
ception. It is worth noting that aquatic interventions stimulate
different endogenous systems and physiological processes,
including the immune, autonomic and endocrine systems and
their interactions [48]. Such intervention also influence the
presence of neuroinflammation in chronic pain [49].

As with any meta-analysis, there is a potential for selection
bias. First, screening references of identified trials may bring
positive results because trials with positive results are more
likely to be published than trials with negative outcomes. Sec-
ond, almost all of the included studies were not blinded, and the
researchers were not always blinded to the participants’ inter-
vention. Studies involving active patient participation consist-
ently exhibit a bias in blinding due to the inherent interactive
nature of such interventions. Consequently, all studies concern-
ing physical activity, physiotherapy or similar interventions are
prone to this bias unless comparison is possible with an active
control group characterized by null effectiveness. Third, all
studies included follow-up in the short or medium term, so the
long-term effect of aquatic therapy remains unclear.

Conclusions

In summary, within the limitations of this study, aquatic
therapy as an adjunct treatment to usual care may provide
additional benefit in sleep quality for people suffering from
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fibromyalgia. Aquatic therapeutic exercise improves the
symptoms and quality of life of adult patients with fibromy-
algia. The current study corroborates the results of previous
systematic reviews [6, 8, 52]. Although aquatic therapeu-
tic exercise seems to be as effective as land-based aerobic
exercise, there were beneficial outcomes for fibromyalgia
achieved in relation to sleep quality, pain, fatigue, quality of
life and depression. Further research on long-term outcomes
may contribute to the currently available evidence.
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