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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,
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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
¥* =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



Sleep and Breathing

pop1aoid JoN

pap1aoid joN

[oARIRD
ason3nyjiod Aq
uing -ured oposny

pop1aoid JoN

ZOA Yead “gH ‘OId
‘Iad ‘9¢-4S ‘VOd ‘SVA

1Ldd 1591 10)owo31a

91940 “10Sd ‘Ivd
‘Iad ‘9¢-dS ‘OId ‘SVA

‘a9 ‘10Sd
‘9€-dS ‘OId ‘SVA ‘o108
uonIaxe paardrd HyOg

LMINO
‘d-INVH ‘OId ‘SVA

*9]01 [euon
-owd pue uoissaidop se
yons sjoadse reuonows

Surpredal sagejueApe
Sunq Aew YA
"QUIosEq Jeau UINJI
® sem 219y ‘porrad Fur
-urenop Jo ym 91 ey
‘3uroqg-Tjom ‘ured se A30
-[orewoydwAs 1eoTuId
panoxduwr pue {QA Sur

-jowo1d U 9ATIORYJO sem

951010X9 onenbe Jo jym 9]

‘swoldwAs

uorssaxdop ur uondo

onnaderay) 1oedwr-mof

JO pue 9Jes e 9q p[noys

JIojem oS UI POULIO]
-12d $9S10I9XQ 91qOIdY

‘uorssaxdop osearoap
pue an3nej poaradrad
‘ured poAteoIad-jros
se yons swoydwAs [edo
-1sAyd ur syuowaaoxdur
Qonpoid sweiSoxd yroq
‘I9AMOH “TAL Jo 1oeduur
[[BI2A0 Q) UT UONONPAI
e SUIp[aIk ‘0AT)ORJJ
arow st werdoid [ood

‘dnoi3 yma

oy 10§ (2100 = 9) ST
pue () syoom ur paaoxduut
[euonIOW? J[0I 9¢-4S
0STV (6IL°€+ITOID
%S6 ‘ST0'0=d) S¥oom G
pue (129°¢-6L1°0 ID %S6
‘820°0=d) Soom g sayje
sdnoi3 usomioq seoUIJ
-JIp JUBOYIUSIS PAMOYS

$9109s uorssaxdop O14

‘9¢-AS Jo Ameia,,

pue ured,, ¢ Ayoedeos
[euonouny,; sjuouodwod
pue [+0'0 = d 97y

= (LT DA 1Vd 0sIV
‘pasoxdur sem [€0°0

=d 89y = (LT 1)4]

an3ney SVA dlqeLieA

(10000 > d QI¥'T=1uD)
juswean-isod ur 91008
1ag ur yusuraaordurr
aA1ssardxo jsow e

pojuasaid dnoi3 eas oy,

(100°0 > d) swea3oxd
y1oq ur juswaAoxdur
9[qeIOPISUOD € SEM 919}
‘swoydwAs aarssardog
WO0=dyTF LA
8T+ 8= (T100=
dUTFLGSAGTF LY
= N) 1s93-21d Surpredar
1593-150d ur uonONpaI ®
sem 219 ‘J-TdS 2yp ut
‘an3nyej poatedrad pue

ured paA1oo1ad-J[os 104

syoom GT pue § :dn-mof[oq
'S)oom G 10}
oM ® SaWN ¢ ‘UIW ()9

10J pastoraxa sdnoid yjog
(0 =w) (34D

SOSIOIOXD PIseq-puer] -
Do [€018C 0D
samjeradway, -jood 9y jo
wonoq 2Y) YIIM JOBIU0D
ou y)m “)Jeq Suneoy
)M JUSWAOW SUTUUNI B

sis1su0)) (0€ = u) (YMA)
Suruuni 1oem deaq -

(Lz = u)dnoi3 jonuo)) -
UMOp[00d
Ur-G pue ISIOIOXd
21qoIdR urw-()¢ ‘dnurrem
ur-()] M e 901m1 :(/Lg

= u) 9s1010X? onjenby -

UOTJUSAIOIUI JO M 9
Seam 71

10 JooMm B S} ¢ ‘UIl ()9
dnoi3 jood
JO QWES Y} PAATAIAI ]

(gg = u) (DS) dnois eag -
‘uonexe[ol ur-()] pue
9S1019%9 J1q0Iak Joedut
-MO[ UTW-()f; ‘Suryolons
urw-()| :s1s1suo)) (g7

= u) (Dq) dnoi3 [0od -
(9¢ =) (T-14dS)
weiSord uonuaAIoUl
uone)Iqeyar [edrsAyd

plepue)s Jo paseq puer -
uonexe[aI pue
3uryojens jo urw ()] pue
9SI0IOX? JIQOIdE UIeW JO
unu Gz ‘dnurres urw-Q|
(Lg = 1) (d-T4dS)
wei3oid uonuaAIIUl
uoneIqeyar [eorsAyd

pIepuels Jo paseq [00{ -

M (g Sunmp ym € 90ImJ,

dn-mo[[oy oN

@D 68 F0vy =N
MDD T0T F T =N
(1£09-81) & 09 =u

SYoMm
7€ pue 9T 18 dn-mof[og
SFLYSASF 8 =N
(1K 09-0¢) & S =u

dn-mo[[oy oN
(OS) 68 F 8=
(Od) 66 F 88y =
"(K69-81) & oy =u

dn-mo[[oy oN
89+ =N
(K 65-0€) S EL=u

z(9007) T 10 SISSY

(6107) 'Te 30 dpeIpuy

22(8002) 'Te 19 SpeIpuy

0z(8102)
‘Te 32 089[[eD-L1S00Y

S109JJ0 9SIAPY

S]00] JUaWAINSLIIN

SISy

SAWOIINO JUBAI[Y

[o1u0d
sns1oA dnois uonuaAIjuy

syuedronreq

sioyIny

SIPN)S PApN[OUT AY) JO SI[NSI PUB SONSLIAOLIRYD) | d|qel

pringer

a's



Sleep and Breathing

(S000=49) 6+ = AN
SAUJ-OE VA UT 9¢-AS

ur JuawaAoidwr pamoys
OdIN (100 =d) ¢'T pue
(1000 =4) 8'T Jo AN
y)m paroxdur os[e SYA
"OJIN A DAVY (1000
=d) 91 pue (z00'0 = d)
16°0 JO (QIN) 99uaI}Ip
ueaw yim sdnois yjoq
ur paroxdwt OFA (100

‘ured Suraoxdur

ur sm 7] I9)Je 9ATIOQ

QIoM SISIOIOXA JIQOIoE
onenbe pue sojeid je|

04dvd 'S10¥d

popraoxdjoN  ‘TOSd ‘9¢-dS ‘OId ‘SVA

Kreiia

pue Ajarxue ‘uorssaidop
‘onS1yey se yons sI03oe} ur
uonodwos swrwer3oxd
AU} JoYJe SYIuoOW g Jsed|
Je JOJ PouTe)ISns AIoMm
syuowraAodur Jeyy punoy

popia0id 10N Sd¥ ‘OI ‘9¢-4S ‘AMDd  dnois uonuaauy YL

*9SI0I9Xd paseq-pue|
Surpedar AIqrxey
pue Kyroedes [euonouny
pasearour weidoxd

ISIOIXA Paseq-1ajeMm AT,

1$9) JOBAI pue JIS ousq
SIIPM “(8d.L) syutod 1op
popraoid JoN  -ud) Jo Ioquinu ‘SVA ‘OId

=d) $,'0 = AN S1D4d
urpue (z00=49) L'c=
AN I0Sd Ul DFVYV ut

muﬁvao\/OuQE@ QJom dIdY ],

(6070 > d) so[eosqns
Juorssardap,, pue ured,,
¢..angney,, ‘0100S 1810}
OI4 ut ‘os[y (00 >

d) $2100s 810} pUE AN
-[eA,, < Lorxue, MO
Y ur JudwdAoxdwr jued

-JIuSIs B pomoys O] oY, YoM B 90IM) ‘SUOISSIS 7|

DM AW

ur syuedronaed (%62) T1
Ul JUQ[[99X9 0) aFeIoAr
pa1apIsuod |mim (100°0 =
d) AN[IqIXa 0) uone[aIr
ur sdnoi3 usamiaq 20U
-IojJ1p JuedYIuSIS *(S10°0
= d) QI Jo 9|qeLea
Kyoededs [euonouny oy
1oy sdnoi3 ueamiaq

QOUQIYIP JUBOYIUSIS

utw 0g :(1g = )
(DdN) dnois sareqid 1ol -
UMOp[002 JO U
G pUE 9SIOIOXd OIqOIe
urw-(¢ ‘dn wrem urw-g
(1z =w) (Dgvy) dnoi3 dn-mofjoy oN
9SI0I9X9 J1qOIdk dnjenby - (OdIN) 90T F S'SH
I (DAVV) L6 F LOS=IN
T1 Sulmp y29m © NINL (1K09-81) & Ty = U
(08 =u) (DD)
dnoi3 jonuoo 1s1] Sunrep -
'SUOISSS UOIBINPS pue
SuIA1] ATTRp JO SONIATIOR
‘SOSIOTOXA Paseq-pue|
joedwr-mor ‘uonexefar
‘uorssas [ood Furuwuims
1$1818U00 (38 = U) (DD
dnoi3 uonuaaIuy -
'S0AM g IOJ

sypuow 9 dn-mof[oq
(D) 86+

86Y (DD L6F 68y =N

(1£09-81) & 91 = u
Yoom e sowmy

Qo1y) ‘syjeom § Surm(q
DM
UT JR[IWIS SANISUIUT
)M UOTexXe[aI pue Jul
-udy3uans ‘Suryojons
aAnoe ‘dn-wrem papnout
nL1r=u)OD

9SIOIOX? paseq-pue -
Do €€
Jje [0od 19jem UT “UTW
(01 uonexe[aI pue U
0¢ Suruay)Suans ‘urw
01 Sumyorens ‘urw (|

dn-wrem :SISISUOD 1B (O 801 F 89

ur 09 (91 =u) (OM) =W (OM) T9F €05 =N

9SI0IX Paseq-1JeM - (1K 96—G¢) & cc =u

dn-mo[[oj oN

0z(0207)
‘e 10 SOIIPPIA 2

«(¥007) T& 19 IyaseIpa)

4+2(0200) "Te 10 onug

S109JJ9 9SIAPY S[00) JUSWIAINSBIIA SISy

SAWOIINO JUBAI[Y

1013U0d

sns1oA dnoisd uonuoAIyuy syuedronreq

sioyIny

(ponunuoo) | sjqey

pringer

Qs



Sleep and Breathing

9¢-dS
“100 ‘oun deu 210
papraoxd jJoN NI ‘own doa[s 2301 TSI,

3o[ o1sa3[eue
959} oawogsroondg
popraord 10N “IONL ‘9¢-dS ‘OId ‘SVA

‘ad

popraoxd JoN ‘OI ‘SVA ‘T010wos[y

LNLL 9sea109p 0} pue
1S.L 2roxdwr 0y gD ueyy
QATIOQYQ Q10w ST [H Inq

‘syuaned N 10§ TOO
anoxdwr 01 A9

Aqrenbe are gD pue LH

A yim syuaned

ur 9J1] Jo Ajifenb pue

Kyoedeos reuonouny ‘ured

UO $J99JJ9 [BIOYUAq pue

Terruats pey weidoxd
unjfem pue JurUWIMS Y

JuoweSeuew ured
wI9)-3uo] Ut d3ejueApe
Q10w 2ARY 0} sSwaas Ade
-Iay} onenbe ‘1oAdMOH
‘s1ojowrered ured pue o1

Jo Ayrrenb ‘Surog-Tom [eo

-130101s4yd jo juounean
9y} UT $199J9 [BIOYd
-uaq aAey sdnoid ylog

(500 > d) 1H ur Apued
-grugIs pasea1oap INL
pue (400 = d) syuened
dD SurpreSar 1§, ut

1 [ ISB9[ Je pasearour
‘os[y (100 > d) LSL
Surpredar dnoi3 JH oy
UT SQOUSIJJIP JUBOYIUSTIS

A[[eonsne)s a1om Iy,

(1000

> d) LONL Pue 9¢-4S
‘OId ‘SVA 9y 03 30adsaz
)M SISA[eUR Urgiim ay)
UI PUNOJ IOM SADUIIIJIP

juedyIusIs A[[eonsnels

(0100

= d) dnoi3 Adeoyy
onenbe ur syeom ¢ dn
-MO[[O] J& SADUAIIYIP

JUBOYIUSIS PAMOYs SYA

‘utw ()] uonexeyar
‘Ut ()¢ ISIOIAXI J1qOIR
‘urw ¢ Suryolems ‘Ut ()]
duref parerjur :Adeoyjo
-15Ayd [euonuaAuo)) -
umu ¢ uon
-BXR[aI ‘UMW ()¢ SISTOIX
J1qOIdR ‘Ur 9 SuIydIAMS
‘utwr G dn wrem :s)sISUOD
dnoi3 Aderoyjoipiy -

DS jo Aouanbaiy
pue uoneInp awes :(9¢ =
u) (D) dnoIs Sunyrep -
PIOYsaIYy) 91qoIoBUR
JU Jopun s)edq | JB el
JI1e9y ® )M SUTWWIMS
Jo unw g :(6¢ = u)
(DS) dnoi3 SuruwImg -
sym g1 Surmp
SUOISSAS APoom 221y ],
*S9SI0IOXd UMOP SUI[00D
pue 3uryojamns ‘orqoror
‘uonexe[ar ‘INOY ‘dn
Sururrem Jo sIsSIsuod (g
= u) (JagH) weidoid
9SIOIOX? PIseq-oWoH -
umop 3urjood
)M UIW G PUB SISIOIOX
onenbe jo urw G¢ yim
Pamo[[0] ‘uonexe[aI pue
uonow Jo A3uel AN
‘dn Sururem urw-(g jo
SISISU0D (g€ = U) (dAVY)
wei3oid as1019%2 onenby -
Syoom G
J10J JO9Mm B ¢ SUOISSS G

dn-mo[[oj oN
d)¥V8Foor=I
I T6F68r=IN
(1£09-0¢) & 05 =u

dn-mo[[oj oN
OM)T6F E6v =N
(OS) 68 F 8=
(K09-81) S sL=u

SYoom
¥ pue g[ 1e dn-mo[[og
(dI9H) 9L F8Tr =N
daAV) LLF 8 =N
(I£09-81) 21+ Egg=u

2(9000)
‘Te 19 OI”IN 2( SepueuIo]

wNGSNv ‘T@ 19 SopuBUIS]

12(80007) 'Te 32 yroag

S109JJ0 9SIOAPY S[00) JUSWIAINSBIIA

SS9y

SAWOIINO JUBAI[Y

[01u0d
sns1oA dnoisd uonuoaIyuy

syuedronreq

s1oyIny

(ponunuoo) | sjqey

pringer

a's



Sleep and Breathing

pop1aoid JoN

jutod 1opuay, ‘K10judAuy
IeaH [PIUSIN TV.LS
‘SASV ‘Ol ‘LMY ‘Tag

SOSSE[O 9SIOIOXD
pastazadns Jo syjoom
€7 Surmor[oy syjuowr
21 01 dn paroiduur
9q ueo uorssardap
pue uonouny [ed1SAYg

‘Kderagjo

-1sAyd onenbe uey) soAry
Ssyuedronred uo N jo
joeduwr oy uo ATuo 10959
1918013 ® 9ARY AWl ST
jeY) 15933ns sosA[eur
dnoi3-usomiag 10130

"(S0°0 > d) dn-mofjoy
Syjuow -z pue -9 je pue
ISIOTXA JO SOM €7 JO
puo a9y} Je Apjueoyrusis
QIoM 91008 T30} J(Og
PUB SOOUBISIP Y[BA
[S00>d 610
=qu66'1€ = (1408
‘78’ 1A1 OI Jo Aroedes
[euonouny Y} Joj sem
owmn pue dnoi3 usamiaq
uonoeIayul Ay, ‘sdnoisd
10q UT SJUSWIINSEIW
19430 9} 0} 1893-1s0d o)
woxy [10°0 > d 8681 =
(v€'8S “ve 1A Kvrxue
pue [[00> d gyyl =
(80°SL “1L'1)A] doas
ur ‘(100> d66°1¢
= (1708 ‘T8 A1 At
-oedeo [euorjouny uo

s

Sunrem :dnoi3 jonuo) -
WNWIxew

paisnfpe-a3e jo %6/-09
JH “Yoam £q sse[o jood
T pue sasse[o Sunjem g
Ul $ISISUOD SYOM / I
‘[ood uLrem ut pajonpuod
QIoM SYooMm Q ISIY YT,
*9S101X9 01qOIdR UTW-()7
‘Suryarens urw-Q| jo
SISISUOD J] "SYOIM €T

10 Yoom 1od SuoISsas

¢ :(XH) dnoi3 asroroxg

‘N JO Jusunean
pue swoydwAs ‘uonnnu
‘sa13o1ens 2doo Sururen
‘Ut ()9 M & 90uo (]
= u) dnoi3 (JST) INA JO
[00Y9S [eUOTIR[I-IU] -
UMOP[00D pue UOTjEXe[aI
ulw-()| pue ISI10IXd
QATIOR UTW-()¢ ‘Suryolons
urw-g1 ‘dn wrem urw-g
(%06) @reropour AJsuajul

sypuowr
21 pue 9 :dn-mofjoq
YTFELY=IN

PT+E9I=u 1«(#00T) T8 19 suemon

dn-mo[[oj oN

10Sd ‘Idg oy 03 Jouddns ST uonUAA 199JJ9 UB Sem 1Y) Jey) un-()9 ym B U0 (/g SI'I1F
IV ‘OI4 “¥-Sdd ‘a1reu ~I9Ul SUO Jet)) WLIyje 0} pajensuowap VAONV = u) as1o10x0 dUENbY - '$G SA 00T F L'€S =N
papiroid JoN -uonsong) ured [[ID9A  MO[[e Jou op s3urpuy ayJ, paxtw Aem-om) Ay, UONUAAINUL JO M [ (1K 09—67) & 9y =u 0e(6107) "T& 13 B35UO]
[onuod
S109JJ0 9SIOAPY S[00} JUSWIAINSBIIA Synsay SOWIO0INO JUBAJ[SY  SnsIoA dnoiS uonuoAIu] sjuedronreq sioyIny

(ponunuoo) | sjqey

pringer

Qs



Sleep and Breathing

pop1aoid JoN

pop1aoid JoN

pop1aoid JoN

‘Kyoeded

[euonouny saaoxdur

pue joeduwr oseasIp pue

ured s9oNPaI 9SI0IOX

PUB[-UO JO UOISSIS QU0

PUE 9SIOIOXS JoJem-UT
SUOISSAS 9JIM] JO M 8] V

189) pue)S doue[ey S0}

4891, 00 pue dn) pooJ-§

9891, puels§ ey
puod3s-g¢ ‘Ol ‘SVA

‘uors

-saxdop pue 9seasIp jo

yoeduur ‘dosrs jo Ayrenb

‘ured 0} UOTIR[AI UT QAT

-09JJ0 2IOWI SBM DSIOIOXD

pue Aderoypoaureq jo
JUSUIIEDI) PIUIQUIOD Y],

(SIALL) 21098 o13[eAIX
[e10, ‘sad 10Sd ‘Old

‘WI9)-3UO0[ QYY) UI paure)
-urew sem 9J11 Jo Ajpenb

QU L, "SqUIT] JOMO Y} UT
yI3uans d[osnwt pue 1|
Jo Ayrenb poaoxdwr pue
ured PIAQI[QT 9SIOIOXD AT,

SVA ‘ds-Od usw
-QINSBIW oSN YIFuans

‘uonuaAIour dnoisd
ur (100°0 > d) SVA pue
(10070 > d) syutod oAn
-1s0d ‘(8000 = d) oeds
1910wo3 e 2yl ‘(700 =
d) DI 2Yp Ut paAIdsqo
SeM UOTONPaI JuedYIUIIS
© ‘UOTJUAIOIUI IO}V

(00>
d) [o1U0d YIUOW-PIIY)
pue juowjean-isod Je |
dnoi3 ueyy seouarOyIp
JUBOYTUSIS PIMOYS ¢
pue g sdnoi3 ur sqg
(500 > d) [o1u0d
Iuow-pIry} pue
juowean-isod je SIALL
pue [OSd ‘Ol Jo swia)
ur ¢ dnoi3 uey)) so109s
191399 pey g pue | sdnoin

'S90URIJ
-JIp pamoys Apjueoyrugis
KjarXUE puE 9[BISqQNS
QIeD-J[9S 9J1] Jo Aypenb
‘dn-mofjoJ Joom- 18
‘os[y "dn-mof[oJ Joom-7 |
Je ApueoyrugIs [eonsne)s
paaoxdwr axom Kjorxue
pue ured ‘reoy[as ‘A
-[1qouW JO sa[eosqns

oj1] Jo Kenb ‘uteq

(91 = u) dnoi3 jonuo) -
UMOP[00d
JO uIw ¢ pue dduR[Eq pUL
SuruayiSuans Jenosnu
uru-(f ‘dn wrem umw -g
:(07 = u) Jyoom Aq uors

-S3S puB[ | pPUB SUOISSIS dn-morjoy oN

onenbe g :uonuoAaIaul- L(OA)S6F
sy g[ Sutmp L[S H(DD) 88 F €05 =N
SUOISSas APJoam a1y, & 69c=1u

(9¢ = u) 9s1019%3 ¢ dnoiny-
%0L 01 09 el 1IR3y ©
1M SISIOIOX UOTJEXe[aI
pue Suruayisuans ‘Iur
-Uo3o1S UI SISISU0D I
‘UIW G¢ 0) POPUAIX SBM
PUR UIW G YIIM PILIe)S
1 (9¢ = U) ISIDIAX +

Aderayjoaureq g dnoin-
[10] UI SUOISSIS
ST Do I FTpieyoome
skep ¢ urwr Oz :(Lg = u)

Kderoyjoaureq | dnoin-

syyuow ¢ Je dn-mof[oq
(€D)8TI F6'1¥
=W IITFIce=
W (IDT0I FI'SE=IN
(CTIFTLE)
(£€9-61) & 601 =u
IST] Sunrem (L]
= u) (D)D) dnoi3 jonuo)) -
umop 3urjo0d ur-()|
PUE SISIOIIXD J1qOIdE
ur-Q 7 “Kyprqour urw-(g
“JH rewrxewt %6/-69
Je SISIOIAXD J1qOIdE.
utw-()7 ¢ dn Sururrem

uIw-()| Jo SJSISu0d J| syyuowt 9 Je dn-moq[og

+(ST0D)
‘[€ 10 UBWIOY SLI01B|

¢(9107) T8 39 1y

+£(9007) T 10 10D

S109JJ0 9SIOAPY

S[00) JUSWIAINSBIIA SS9y

SAWOIINO JUBAI[Y

'SYQom 7T J0J yoom 1od O 6FIS=IN

sown ¢ moy | :(L] = XDOIFIS=IN

u) (Xq) dnoi3 astoroxq- Sve=u
[onuod

sns1oA dnoisd uonuoaIyuy syuedronreq

s1oyIny

(ponunuoo) | sjqey

pringer

a's



Sleep and Breathing

TINg ‘erreuuonsanb
TIDAVE ‘eareuuornsonb
Surdo) ‘QvH ‘9[eds
joyo1{g ‘oreds yriomdyg
‘IOSd ‘SSSS 21098 IdM
‘dD-SDd ‘SVA ‘VDI

popraoxd 10N ‘VOd “1¢-as-04d ‘014

oI

‘arreuuonsanb yoez[oN
-[IDOIA pue Anowos[y
popraord 10N ‘SVA ‘SASHD ‘IVS ‘TOSd

1ad ‘AnswoS[e amssaig
‘SVA ‘erreuuonsanb

popraoxd 10N NORZ[ON-TIIDIN ‘Ol

eI3[RAWOIqY

QI0AS 0) 2JRIOPOW WO}
Surroyns syuanyed 10§
J09JJ9 [BOTUIO [eIOYoUdq
wI9)-3uo] e sopraoxd

Kdeoyy eds passassy

oedur A pue ured
‘Kyarxue ‘Kyrrenb doors ur
sdnoi3 usomioq seouaIf
-JIp JUBOYTUSTS 9IoM I,

‘Juoueon
9 193je uorssardop

pue joeduwr A ‘ured ur
‘sdnoi3 uaamiaq s9ouaIy

-J1p JuBOYTUSIS 9IoM QIY], Pamoys dnoid uonuoAIdu]

(o >d661

SA m.ONv Q109§ 9[ed§ m:w
-dop pue (g0 > d ‘(6 SA
$°6) SSSS ‘(S0 > d ‘6Tt
SA 7°G7) andney sjoydld
‘(60" > d ‘¥'65A S01)
uotssaidop QVH “(100°
> dp'ST SA 4'67) D
-§0d (0" > d g¢G sa
6'8S) SVA ‘OS[V "sypuow
9 18 dnois uonuaaIIUT

9y} ur 9sea199p OIA

(T LIS
91098 SVA ‘(81) €L°€S
21008 014 “(8°S) 6L'8¢

Q1098 TVS “(8°1) 6S°L
10Sd uo sdnoi3 usamioq

SQOUAIRIJIP JUBDOYIUSIS

S0°0 > d yim (69°9)
89°8C 21038 [[IDJJA pue
(6€°L) 91 21008 [ad
“(61°7) TS 91008 SVA
“(81°91)91°CS 21038 OIA

(dn
-MO[[O0} [IUOW-9 Id)JB)
Kdexo eds pokerap :801
= u (D) dnoi3 jonuo) -
Aderoyp eds ;011 =
u (D) dnoi3 uonuaAIuY -
UOTJUAISIUT JO M ¢

0¢ = u dnoi3 Suryoyeng-
Do 6T SeM Jojem
oy, ‘urw (] Suryolens
(9) ‘urur (jf SIUSWAAOW
BZUBpOlq (q) ‘U O]
Surpeaiq pue Aiqrxay
(®) :818ISU0D (67 = U)

dnoi3 ezuepoiq onenby -
syoam 7] Surmp

3ooMm B 9JIM) SIINUIW ()9

(0z = u) dnoi3 Suiydeng -

Do 67 SeM IOJeMm
dy [, "urw (] Sumyolens
(9) ‘Ut (jf SHUSWAAOW

BZUBpOlq (q) ‘U O]
dn wrem pue Suryojens
(®) :818SISU0D (] = U)

dnoi3 ezuepoiq onenby-
syeam 71 Jur

-INp YoM B 901M) Ul ()9

syjuowt 9 e dn-mo[[oq
8'8 F 8'6v = N 93V

)
%806 ‘(K 8] <) 81z =1u

O TLFTYS =
INYDD) LFSSS=N
(1£89-81) & 65 =u

O SLFESS=
W OB LLFSSS=
(1K 69-81) 6¢ = u

1£(1202) T¢ 19 19pure |y

oc(E107)
‘Te 10 zon3rpoy-zado|

(2100
‘Te 30 zan3Lpoy-zado|

S109JJ9 9SIAPY S[00) JUSWIAINSBIIA

SISy

SAWOIINO JUBAI[Y

[onu0d
sns1oA dnoisd uonuoAIyuy

syuedronreq

sioyIny

(ponunuoo) | sjqey

pringer

Qs



Sleep and Breathing

pop1aoid JoN

‘Iad ‘9¢-dS ‘"LMIN9
popraoidjoN  ‘OI ‘SVA ‘sjutod 1opuay],

wooTl
Jo owm Sun{em ‘Quin

QoueINpuL ‘YIJuans
dus “osyerdn ¢ Kyoedeo
IR[NOSBAOIPIED ‘SHS

poprsordioN  “yutod 1opusy, ‘SVA ‘OLd

uowom
eI13[eAwoiIqy ur ured oy
9SBIOIP 0] JuoUIIeAn)
QATIORJJQ UB Sem Iojem

OId wWIem Ul 9SI019Xd [BdIsAUJ

‘ddSSI pue 4V uey
QATIOQJJQ QI0W A[JUBOYIU
-31s os[e sem JAVY
‘1dd pue yifeay [ejuswd
9¢-AS Y3 UO S309x9
[euonippe pey J4vVV
"N IO SpoyowW AT

-09f9 ale JHV pue JHVV

‘Jood 191eM
uLeMm e ul paurioyrad st
9SIOIOXD AU} USYM USAD

“9S1019%d Aq paseaIour

9q ued Kyroeded [eorsAyg

9v00=

d) uorssaxdap pue (4100
= d) Kyerxue ((8¢0°0 =
d) ssauyms ‘(¢0'0 = d)
ured ‘(9400 = d) An
-oedeo y1om ‘(€00°0

= d) Sug-[[om “(910°0
= d) uonouny [eorsKyd

se yons O JO sa[easqns

*SOOUQIQYIP UL
-grugrs pamoys 3sa3-)sod
pue-a1d uoamiaq 9¢-JS
Jo juouodwod [edrsAyd
pue [ejuaW ‘1 MIN9
‘O14 sdnoi3 sa1y [

ur sanjea 1s9)-jsod pue
-a1d 11oy) ur s9OUAIYIP
JUBOYTUSIS POMOYS

soneA [dd Pue SVA

(20°0 = d) dnoi3

Ad oy Yim paredwoo
syoam () Joige pSuans
dui3 moy) paaoxdur

pey dnoi3 g1 oyL

IsT] Sunrem (L]
= u) (nD) dnoi3 jonuo)) -
‘umop 3uIjood ur-(|

PUE SISIOIAXA JIqOIdE.
urw-Q “Kyrqour ur-(g
“gH [ewixew %69—09 e
SOSTOIOXA JIQOIS. UTWI-()]

‘dn Surwurem urw-Q| jo

SISISU0D ] "M ¢ 10

ym 1od 1owmm ¢ O, €¢

1e 1otem :(L [ = ) (DH)
9SIOIAXd Paseq-[00( -

M e

901m1 :(67 = 1) (dIVV)

weidoid 9s1010Xd d1qOIE
onenbe paseq-[ood -

M B 20Im], (ST

= u) (JqVv) weidoid as1o
-I9X? 21qOI. PIseq-WAD-

A[rep urw

1 (ST =u) (ddSSD

weidoxd as1019%2 Sur

-yojens pue ySuens
OLI}OWIOST PAseq-oWoH -
UONUIAINUI JO YM 7]

9r=u

(4T) 9SIOIXD paseq-puer] -

"SOSIOIOXA UOTIBX B[l pue
Suruayi3uans ‘Juryorons
‘umop Fur[ood ‘eouep J1q
-o19e ‘dn wrem ‘sotwou
-0319 ‘ssouareme Apoq Jo
SISISUOD J] "UTW ()9 PAISE]
[opow ssaujy JIqoIoE
uerdomIoN (81 = u)
(4d) 9S1019X3 paseq-100( -
UOT)UIAINUI JO YM ()T

dn-mo[[oy oN

O 6FIS=N
ODOIFIS=IN
(K er—ce) Sve=u

0r{L007)
e 39 SnIE)-Sewo],

dn-mo[[oy oN
88F 0SE =N

(K 05-81) & sL=1u 6¢(STOT) e 10 MUITARS

syjuow 94 Je dn-mofjoq
HDS8Frec=N
HD98F6'Th =N
(1£09-00) & ve =u

Te 32 1JOIuR[ IBYSI[ES

S109JJ0 9SIOAPY S[00) JUSWIAINSBIIA

SS9y

SAWOIINO JUBAI[Y

[01u0d
sns1oA dnoisd uonuoaIyuy

syuedronreq s1oyIny

(ponunuoo) | sjqey

pringer

a's



Sleep and Breathing

Yoom ym

£9100S xopu] ured peardsopipy ‘TdM OTedS ondo[euy [BNSIA ‘SVA ‘IS9L 0D pue d) swil], ‘7H/)] ‘2100S JIIS[BAIN [RIOL ‘SHALL 91008 9[edS A110AdS woldwAg ‘§gSS (9¢ W0 1I0YS ‘9f-4 K10}
-UQAU] AJQIXUY RIT-9JIS ‘TVIS 9[edS AoedLH-J[oS ‘STS ‘AIojuaau] KR1xuy el Jys 0100s ured [euoiSoy ‘Sqy xopul Aiend) dod[s ysSimqsnid :/OSd $o[eds ured uo syysnoy], orydonsere)
‘IO ‘PIOYSAIY], ured aInssald ‘Idd ‘Surag-1[op [eIuan) [BIIS0[0YAS] ‘GMODJ JUAWSSASSY [BQO[D) U] ‘YO PISIANY-2[edS andne 1odid ‘y-S7d ‘(youalq) oreos Surziydonseie) ured
‘ID-Dd 1591 Y[em nuIW-9 ‘7 MN9 ‘KIOJUSAUT YI[eOH [BIUSIN ‘JHJA ‘IUSWISSISSE [8qO[S J0Je3NSAAUI ‘YO] ‘o[eds uoissardoq uorwuey ‘G-WVH ‘9[edS uoissardo(q pue Ayerxuy [endsoy ‘SqVH
arreuuonsan) joedw] eiSreAwolqr] ‘97 ‘ireuuonsang) sjoI[og OUBPIOAY Jed] ‘OgVy,] ‘uolsudwip ¢ 9JIf Jo Apenb “7e-q¢-0F 9591 9s1o1oxy Areuowndorpre) ‘7740 ‘uoissardoq saipmg
o13ojorwopidy 10§ 1IUQD) ‘SFSTD Xopul ssew Apoq ‘Jpyg oreds uoissaido y09g ‘S@g ‘K10juaauy uorssaida(] s.oog ‘Iqq ‘SwoydwAs A101Xuy .30 ‘JVg 9[eos Aoroyyg-J[oS SHLIYIIY ‘STSV

papraoxd JoN 9¢-S ‘ooue[eq [eIMSoq

‘I3[R

-Awo1qy yym syuaned

ur [3[eay [eIUSW pUE [Bd

-1sAyd ur syuoworoxdur
WI9)-3U0] 0} PI[ ASIVIAXH

(S0°0 > d) paads Sur
-[em pue SuIquITO-ITe)s

days‘(§10°0 = d) ayeadn

2O [EWIXEW Se yons A[[ed

-1)SIR)S SOOURIJJIP YIIM
pasoxdur arom uorouny
Tearskyd oy L, (($£0°0
= d) sdnoi3 uoamiaq

SOOUQIQYJIP PAMOYS [V.LS

“0S[V *(50°0 > d) uors

-saxdap pue AjQrxUE ‘ssou

-pns ‘ured ‘wonjouny ed
-1sAyd se yons soreosqns
‘osTv *(0°0 > d) sdnoi3

U99MIQ(] SIOUAIIYIP

PaMOYs 21008 [2101 OI4

IS Sunrem (L]

= u) (D)D) dnoi3 jonuo)) -

umop 3urjo0d urw-()|
PUR SISIOIOXd J1QOIR
uru-Q 7 “Kyprqour urw-(g
“JH [ewrxeut %69-09
1B SISIOI9XA JIOIOR
urw-()] ‘dn Sururrem
uruw-() JO SISISu0d |
M g 10J ym J1od Jow) ¢
Do €€ 1R I01BM IS = U)
(DY) 9S1019Xd paseq-[00d-

(D) L'9F 6'0s =N
(DA 90T F L'0S =N

(8002)
(K gL—cg) Sog=u o

‘Te 30 snie)-sewQ],

S109JJ9 9SIAPY S[00) JUSWIAINSBIIA

SISy

SAWOIINO JUBAI[Y

[onu0d
sns1oA dnoisd uonuoAIyuy

syuedronreq sioyIny

(ponunuoo) | sjqey

pringer

Qs



Sleep and Breathing

2
K]
3
5 9
- g o
g g =
= o -
g 7 = 3 7
3 £ £ 3 5
= 5 o = =
g 3 &2 £ £ 3
o @ = o —- £
s £ 5 2 £ I
= -— 3
5 5 £ 8 T 8
s £ 8 ¢ E§ 3
g2 °© 3 £ 3 2
3 & £ 2 £ %
$ 5 £ 3 8 38
8 2 5 5 & 2
E S5 = = 7 2
2§ 5§ 5§ E 3
S & £ £ g 2
x T @ @ £ w
Acosta-Gallego, 2018 | (2 . 2 . . .
Andrace,2008 | @ | @ | © | @ | ® | O
Andrace,2019 | @ | O | @ | © | ® | O
assis, 2006 | @ | @ | O | O OO
Biitto, 2020 | @ | @ |2 | © | O | ®
Cedraschi, 2004 | @ | ©® | @ |2 [ | ©
De Medeiros, 2020 | @ | @ | @ ® e
Evcik, 2006 |@ |2 |2 |2 | @] 2
Fernandes, 2016 . . . . . .
Fernandes de Melo, 2006 | @) | @ | @ | @ | ® | @
Fonseca, 2019 | @ | @ | @ | O [ © | @
Gowans,2004 |2 |2 | @ | ® | @ | @
Gusi,2006| 2 |2 (2 |@|@®|2
kut2016 | @ |2 |2 | @ O @
Latorre Roman, 20152 |2 (@ |2 | @ | @
Léopez-Rodriguez, 2012 | @ | @ (@ |2 |2 | 2
Lépez-Rodriguez. 2013 | @ (@ |2 |2 |2 |2
Maindet, 2021 | @ | @ |2 |2 | @ | @
Saltskar Jentoft, 2001 | @) | @ | @ ® e
sevimi, 2015 [ 2 |2 | @ |2 | @ | @®
Tomas-Carus, 2007 |[@ |2 (@ |2 |2 | @
Tomas-Carus, 2008 |2 |2 (2 | @ |@ |2

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.

@ Springer



Sleep and Breathing

Aquatic therapy Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andrade, 2019 88 44 27 112 33 27 16.0% -2.40[-4.47,-0.33] =
De Medeiros, 2020 95 37 21 99 37 21 157% -0.40[-2.64,1.84] ——
Fonseca, 2019 84 32 27 7.3 38 19 15.9% 1.10[-0.99,3.19] e
Kurt,2016 605 1.2 37 76 21 36 17.7% -1.55[-2.34,-0.76) o
Lépez-Rodriguez. 2013 759 18 29 144 24 30 17.4% -6.81[7.89,-5.73) -3
Maindet, 2021 118 38 90 11.7 45 98 17.3% 0.10[-1.09,1.29) & &l
Total (95% CI) 231 231 100.0% -1.71[4.17,0.75] -
Heterogeneity: Tau®= 8.74; Chi*= 99.04, df= 5 (P < 0.00001); F= 95% _210 _150 o 150 30
Testfor overall effect. 2=1.37 (P =0.17) Favours [Aquatic therapy] Favours [control]
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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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
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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 PSQI.

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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