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Aquatic	exercise	 is	being	 increasingly	recommended	for	healthy	 individuals	as	
well	 as	 people	 with	 some	 special	 health	 conditions.	 A	 systematic	 review	 with	
meta-	analysis	 was	 performed	 to	 synthesize	 and	 analyze	 data	 on	 the	 effects	 of	
water-	based	 training	 (WT)	 programs	 on	 health	 status	 and	 physical	 fitness	 of	
healthy	adults	and	adults	with	diseases	to	develop	useful	recommendations	for	
health	and	sports	professionals.	We	searched	three	databases	(PubMed,	Web	of	
Science,	and	Scopus)	up	to	June	2021	for	randomized	trials	that	examined	WT	
in	adults.	A	total	of	62	studies	were	included,	of	which	26	involved	only	healthy	
individuals	and	36	focused	on	adults	with	chronic	diseases.	In	the	healthy	group,	
the	effects	of	WT	on	strength,	balance,	and	cardiorespiratory	fitness	were	ben-
eficial,	indicating	the	usefulness	of	performing	WT	for	at	least	12 weeks	(2–	3x/
week,	46–	65 min/session).	Among	adults	with	diseases,	improvements	were	ob-
served	 in	patients	with	 fibromyalgia	 (in	balance	and	cardiorespiratory	 fitness),	
bone	 diseases	 (pain,	 balance,	 flexibility,	 and	 strength),	 coronary	 artery	 disease	
(strength	 and	 anthropometry),	 hypertension	 (quality	 of	 life),	 stroke	 (quality	 of	
life),	diabetes	(balance	and	quality	of	life),	multiple	sclerosis	(quality	of	life	and	
balance),	and	Parkinson's	disease	(pain,	gait,	cardiorespiratory	fitness,	and	qual-
ity	of	life).	Research	is	required	to	determine	the	effects	of	WT	on	patients	with	
heart	disease,	especially	coronary	artery	disease.	In	adults	with	chronic	disease,	
benefits	in	physical	fitness	and/or	other	health-	related	measures	were	mainly	ob-
served	after	8–	16 weeks	of	training.	WT	is	an	effective	physical	activity	when	the	
intention	is	to	enhance	health	and	physical	fitness	in	healthy	adults	and	adults	
with	chronic	diseases.
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1 	 | 	 INTRODUCTION

The	popularity	of	aquatic	exercise	has	increased	exponen-
tially	in	the	last	two	decades.1,2	This	increase	is	likely	due	to	
the	properties	of	water,	namely	buoyancy,	drag	forces,	and	
the	lack	of	hypo	gravity.3,4	Buoyancy	and	lack	of	hypo	grav-
ity	are	responsible	for	reducing	the	effect	of	body	weight,	
compression	 forces,	and	 joints,	while	drag	 forces	provide	
resistance	during	the	movement.5,6	Thus,	aquatic	exercise	
requires	 much	 more	 intense	 effort	 but	 leads	 to	 less	 per-
ceived	effort	than	similar	nonwatery	activities.7	Therefore,	
aquatic	exercise	may	be	useful	for	performing	physical	ex-
ercise	and	improving	health	and	physical	fitness	indicators.

In	 addition	 to	 knowledge	 about	 the	 characteristics	
of	 the	water,	 it	 is	 important	 to	 identify	and	describe	 the	
existing	 knowledge	 regarding	 the	 effects	 of	 water-	based	
training	 (WT)	 on	 health	 and	 physical	 fitness	 indicators.	
Some	studies	have	found	that	WT	has	positive	effects	on	
several	 health	 and	 physical	 fitness	 parameters,8,9	 while	
others	have	shown	WT	to	be	less	effective,9–	11	indicating	
that	there	are	divergent	results	and	uncertainty	regarding	
the	effects	of	WT	on	health	and	physical	fitness	indicators.	
These	divergent	results	were	possibly	due	to	the	use	of	dif-
ferent	methodologies,	specifically	regarding	the	duration	
of	the	training	program	and	the	intensity	used,12	and	the	
inclusion	 and	 comparison	 of	 populations	 with	 different	
characteristics,	such	as	people	of	different	ages.

In	general,	WT	has	been	recommended	for	people	with	
special	 health	 conditions	 (eg,	 older	 adults,	 obese	 people,	
postmenopausal	women,	subjects	with	coronary	artery	dis-
ease,	and	athletes	treating	injuries)2	and	for	healthy	indi-
viduals.	Due	to	the	uncertainty	regarding	the	effects	of	WT,	
it	 is	necessary	 to	determine	 the	 importance	of	practicing	
these	 activities	 among	 people	 with	 and	 without	 chronic	
diseases	and	to	 identify	 the	main	effects	of	WT	based	on	
specific	 diseases.	 To	 the	 best	 of	 our	 knowledge,	 no	 de-
tailed	 systematic	 review	 has	 exhaustively	 explored	 the	
literature	 to	 determine	 the	 effects	 of	WT	 on	 physical	 fit-
ness	and	health-	related	outcomes	in	healthy	and	diseased	
adult	populations.	Therefore,	the	primary	purpose	of	this	
systematic	review	was	to	synthesize	and	analyze	research	
findings	about	the	effects	of	WT	on	health	status	and	physi-
cal	fitness	in	this	cohort	of	subjects.	We	analyzed	data	from	
healthy	adults	and	adults	with	diseases	to	develop	useful	
recommendations	for	health	and	sports	professionals.

2 	 | 	 METHODS

2.1	 |	 Literature search

The	current	systematic	review	with	meta-	analysis	was	reg-
istered	 in	 PROSPERO	 (number:	 CRD42020147331)	 and	

was	conducted	in	accordance	with	the	Preferred	Reporting	
Items	 for	 Systematic	 Reviews	 and	 Meta-	Analyses	
(PRISMA)	 guidelines13	 and	 the	 Cochrane	 Handbook.14	
Three	 databases	 (Web	 of	 Science,	 PubMed,	 and	 Scopus)	
were	 searched	 for	 randomized	 and	 nonrandomized	 con-
trolled	 trials	 involving	 WT	 in	 healthy	 adults	 and	 those	
with	some	chronic	diseases	up	to	June	30,	2021.	A	compre-
hensive	combination	of	search	terms	was	used,	including	
[(aquatic	exercise	OR	aquatic	activity	OR	in-	water	exercise	
OR	 water-	based	 exercise	 OR	 aquatic	 training	 OR	 water-	
based	 training	 OR	 in-	water	 training)	 AND	 (physical	 fit-
ness	OR	health-	related)	AND	(healthy	adults	OR	diseased	
adults	OR	healthy	elderly	or	diseased	elderly)].

2.2	 |	 Study selection and data extraction

The	inclusion	criteria	for	this	study	were	as	follows:	(1)	ran-
domized	 trials	 (including	 nonrandomized	 trials	 and	 ran-
domized	 controlled	 trials);	 (2)	 adults	 aged	 ≥18  years;	 (3)	
healthy	participants	or	participants	with	any	chronic	disease;	
(4)	comparison	group	(WT	vs.	other	training	programs	(eg,	
WT	with	different	intensity,	frequency,	or	session	duration;	
or	land-	based	training	(LT);	or	water-	based	combined	with	
land-	based	training	(WLT);	or	control	group	(CG));	and	(5)	
without	a	comparison	group.	Any	article	that	was	not	a	peer-	
reviewed	manuscript	was	excluded,	as	were	studies	that	did	
not	have	full	methods,	results	(pre	and	post	and/or	mean	and	
SD	 data),	 and	 conclusion	 sections.	 Studies	 were	 restricted	
to	those	written	in	English.	Qualitative	reviews,	systematic	
reviews,	meta-	analysis,	theses,	dissertations,	and	conference	
abstracts	were	also	excluded.	The	outcomes	used	in	the	study	
had	 to	 include	at	 least	one	physical	 fitness	variable	or	one	
health-	related	variable	and/or	some	specific	variables	related	
to	disease	outcomes.	Studies	were	excluded	if	(i)	participants	
were	pregnant	women	or	adults	with	any	type	of	cancer	or	
(ii)	 swimming	was	considered	 the	 training	 intervention.	A	
minimum	of	two	studies	focusing	on	a	specific	disease	were	
required	 to	be	 included	 in	 the	analysis,	 thus	allowing	out-
comes,	 conclusions,	 and	 practical	 recommendations	 to	 be	
summarized.	 Two	 researchers	 independently	 extracted	 in-
formation	from	the	included	full-	text	publications,	and	any	
discrepancies	 were	 resolved	 by	 discussion	 until	 consensus	
was	reached.	The	following	details	were	extracted:	age,	sex,	
intervention	period,	main	primary	outcomes	assessed,	and	
characteristics	of	exercise	programs	(ie,	the	type	of	exercise,	
session	duration,	frequency,	and	chronic	diseases).

2.3	 |	 Risk of bias

Two	 reviewers	 independently	 assessed	 the	 methodo-
logical	quality	of	the	studies	included	in	the	systematic	
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review	using	 the	“risk	of	bias”	assessment	 tool	 recom-
mended	by	 the	Cochrane	Collaboration.15	The	authors	
resolved	disagreements	by	consensus,	and	a	third	author	
was	 consulted	 to	 resolve	 disagreements	 if	 necessary.	
The	risk	of	bias	of	each	randomized	 trial	was	assessed	
using	 the	 following	 domains:	 random	 sequence	 gen-
eration,	 allocation	 concealment,	 blinding,	 incomplete	
outcome	 data,	 selective	 outcome	 reporting,	 and	 other	
bias.	Each	domain	was	judged	as	“low	risk,”	“high	risk,”	
or	 “unclear	 risk.”	 If	 the	 judgment	 was	 unclear	 due	 to	
lack	 of	 information,	 insufficient	 detail,	 or	 uncertainty	
concerning	 the	 potential	 for	 bias,	 an	 “unclear	 risk”	
was	 given.	 Additionally,	 the	 risk	 of	 bias	 of	 each	 non-
randomized	 trial	 was	 evaluated	 using	 the	 ROBINS-	I16	
method,	scoring	each	study	with	the	following	domains:	
confounding,	 selection	of	participants,	classification	of	
interventions,	 deviation	 from	 intended	 interventions,	
missing	data,	measurement	of	outcomes,	and	selection	
of	 the	 reported	 results.	 These	 domains	 were	 classified	
as	 “low,”	 “moderate,”	 “serious,”	 “critical,”	 or	 “no	 in-
formation.”	Review	Manager	Software	(version	5.4;	The	
Nordic	Cochrane	Centre,	The	Cochrane	Collaboration,	
Copenhagen,	Denmark)	was	used	to	create	risk-	of-	bias	
graphs	in	randomized	studies,	while	for	non-	randomized	
studies	we	used	the	robvis	tool.

2.4	 |	 Data analysis

The	 meta-	analysis	 to	 determine	 the	 effect	 of	 the	 dif-
ferent	 WT	 programs	 in	 healthy	 adults	 and	 adults	 with	
chronic	diseases	was	conducted	using	Review	Manager	
software	(version	5.4;	The	Nordic	Cochrane	Centre,	The	
Cochrane	 Collaboration,	 Copenhagen,	 Denmark).	 The	
WT	 program	 effects	 on	 healthy	 adults	 were	 analyzed	
regarding	 anthropometrics,	 balance,	 blood	 pressure,	
cardiorespiratory	 fitness,	 flexibility,	quality	of	 life,	and	
strength	 (subgroups).	 Depending	 on	 the	 disease	 (ie,	
musculoskeletal	diseases,	heart	diseases,	diabetes	melli-
tus,	multiple	sclerosis,	and	Parkinson's	disease),	anthro-
pometrics,	balance,	cardiorespiratory	fitness,	flexibility,	
pain,	 quality	 of	 life,	 strength,	 lipid	 profile,	 and	 gait	
variables	 were	 analyzed	 as	 subgroups.	 As	 there	 was	
no	control	group	in	most	of	the	studies,	the	means	and	
standard	deviation	from	pre-		and	post-	intervention	were	
used	to	determine	the	intervention	effect.	This	interven-
tion	effect	was	calculated	using	the	standardized	mean	
difference	(SMD)	for	each	study	and	95%	confidence	in-
tervals	(95%	CI).	In	each	subgroup,	in	healthy	adults	or	
each	 chronic	 disease,	 the	 overall	 WT	 effects	 were	 cal-
culated	(Z	test)	and	the	weighted	mean	differences	and	
95%	confidence	intervals	were	computed	for	continuous	
variables,	using	a	Mantel-	Haenszel	fixed-	effect	method	

in	 cases	 of	 low	 statistical	 inconsistency	 (I2	 ≤50%)	 and	
using	a	DerSimonian	and	Laird	 random-	effect	method	
in	 cases	 of	 moderate	 or	 high	 statistical	 inconsistency	
(I2	 >50%).17	 Statistical	 heterogeneity	 was	 measured	 by	
using	the	Cochrane	chi-	squared	test	and	the	I214	Results	
were	 considered	 statistically	 significant	 at	 p  <  0.05,	
and	 the	 magnitude	 of	 the	 intervention	 effect	 was	 clas-
sified	as	small	(d = 0.20),	medium	(d = 0.50),	and	large	
(d = 0.80).18,19	The	negative	values	of	the	SMD	favor	the	
benefits	of	 the	WT,	while	 the	positive	values	 favor	 the	
harmful	effects	of	WT.	Additionally,	in	the	case	of	out-
comes	 whose	 number	 of	 articles	 is	 insufficient	 to	 per-
form	a	meta-	analysis	(eg,	diabetes	mellitus	and	multiple	
sclerosis),	 the	 results	 will	 be	 discussed	 as	 a	 systematic	
review,	not	using	the	SMD.

3 	 | 	 RESULTS

The	initial	search	included	795	articles;	after	excluding	du-
plicate	studies,	713	potentially	relevant	articles	remained.	
Then,	 613	 studies	 were	 excluded	 after	 screening	 the	 ti-
tles	and	abstracts,	and	other	38	studies	were	excluded	for	
other	reasons.	Of	these,	62	full-	text	articles	were	assessed	
for	 eligibility,	 of	 which	 26	 articles	 were	 included	 in	 the	
analysis	of	the	effects	of	WT	on	healthy	adults,	while	36	
studies	were	included	in	the	analysis	of	the	effects	of	WT	
on	adults	with	chronic	disease.	Among	these,	54	studies	
were	 included	 for	 quantitative	 analysis	 (meta-	analysis),	
26	of	which	refer	to	healthy	adults	and	28	to	adults	with	
chronic	diseases.	A	detailed	flow	chart	describing	the	pro-
cess	of	selecting	the	relevant	studies	is	shown	in	Figure 1.

The	 extracted	 data	 were	 synthesized	 based	 on	 the	
sample	of	the	study,	specifically	healthy	adults	(Table 1),	
and	 adults	 with	 chronic	 diseases,	 namely	 musculoskel-
etal	 diseases,	 heart	 diseases,	 diabetes	 mellitus,	 multiple	
sclerosis,	 and	 Parkinson's	 disease	 (Table  2).	 The	 main	
outcomes	were	health-	related	(ie,	lipid	profile,	blood	pres-
sure,	quality	of	life,	gait,	fatigue,	and	perception	of	pain)	
and	physical	fitness	outcomes	(ie,	strength,	balance,	car-
diorespiratory	fitness,	anthropometrics,	and	flexibility).

3.1	 |	 Healthy adults

Of	the	26	exercise	trials	included,	9	studies	compared	one	
type	of	WT	with	another	WT	(of	which	3	studies	also	in-
cluded	a	CG),	7	studies	compared	WT	with	LT	(of	which	
2	studies	also	included	a	CG),	and	10	other	articles	com-
pared	a	WT	to	a	CG.	It	should	also	be	noted	that	the	mini-
mum	duration	of	the	training	programs	was	4 weeks,	and	
the	maximum	duration	was	28 weeks;	approximately	77%	
of	studies	lasted	between	8	and	12 weeks.
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Regarding	 WT,	 most	 of	 the	 results	 revealed	 posi-
tive	 effects	 (Figure  2),	 obtaining	 greater	 effects	 espe-
cially	 in	 strength,	 cardiorespiratory	 fitness,	 and	balance.	
Specifically,	 in	 these	 variables,	 we	 found	 that	 WT	 pro-
grams	 had	 considerable	 benefits	 in	 strength	 (medium7	
and	 large4,5,20–	25),	 cardiorespiratory	 fitness	 (intermedi-
ate20,23	 and	 large12,21),	 and	 balance	 (intermediate20	 and	
large5,7,20,23–	25).	 The	 overall	 effect	 showed	 that	 WT	 pro-
grams	are	responsible	for	positive	effects	on	health	status	
and	physical	fitness	in	healthy	adults	(medium	effect).

3.2	 |	 Adults with chronic diseases

Considering	 the	 36	 studies	 focusing	 on	 a	 population	
with	 a	 chronic	 disease,	 6	 articles	 compared	 different	

types	of	WT	(of	which	2	also	included	a	CG),	11	studies	
compared	 WT	 with	 LT	 (where	 3	 also	 included	 a	 CG),	
14	articles	compared	WT	with	a	CG,	1	study	compared	
WT	with	LT	and	WLT,	and	4	studies	used	no	compari-
son	(only	WT).	It	was	established	that	the	most	frequent	
duration	of	the	programs	was	12 weeks	(39%	of	the	stud-
ies),	especially	on	heart	diseases	and	diabetes	mellitus	
articles.	 Overall,	 in	 adults	 with	 chronic	 diseases,	 the	
benefits	were	significant,	mainly	 for	 the	quality	of	 life	
and	 balance,	 besides	 in	 strength,	 pain,	 and	 gait.	 The	
studies	 were	 grouped	 according	 to	 disease	 for	 further	
analysis,	 specifically,	 musculoskeletal	 diseases	 (fibro-
myalgia	 and	 bone	 diseases),	 heart	 diseases	 (coronary	
artery	disease,	heart	failure,	hypertension,	and	stroke),	
diabetes	 mellitus,	 multiple	 sclerosis,	 and	 Parkinson's	
disease.

F I G U R E  1  PRISMA	(Preferred	
Reporting	Items	for	Systematic	Reviews	
and	Meta-	Analyses)	flow	chart	for	study	
identification

Records identified from:
Databases (n = 795)
Registers (n = 0)

Records removed before 
screening:

Duplicate records removed (n
= 56)
Records marked as ineligible 
by automation tools (n = 0)
Records removed for other 
reasons (n = 26)

Records screened
(n = 713)

Records excluded
(n = 613)

Reports sought for retrieval
(n = 100)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 100)

Reports excluded:
Less than 2 studies for a specific 
chronic disease (n = 21)
Without results (mean and 
standard deviation) (n = 13)
Without at least one water-based 
program (n = 4)

Studies included in review
(n = 62)
Reports of included studies
(n = 0)

Identification of studies via databases and registers
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Studies included for healthy 
adults
(n = 26)
Studies included for chronic 
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Healthy adults (n = 26)
Chronic diseases (n = 28)
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Concerning	 musculoskeletal	 diseases	 (Figure  3),	 we	
observed	that	WT	was	beneficial	in	fibromyalgia,	improv-
ing	balance	and	cardiorespiratory	fitness,	especially	in	the	
studies	of	Tomas-	Carus26,27	(large	effect).	Additionally,	we	
observed	that	aquatic	exercise	was	ineffective	at	 improv-
ing	 anthropometry	 in	 individuals	 with	 fibromyalgia.28	
Regarding	 adults	 with	 bone	 diseases	 (Figure  3)	 (ie,	 os-
teoarthritis	and	 low	back	pain),	 several	articles	 reported	
substantial	progress	mainly	in	the	relief	of	pain	(large	ef-
fect29–	34),	balance	(large	effect32,34),	 flexibility	 (medium34	
and	large	effect29),	and	strength	(medium34	and	large	ef-
fect29),	 but	 also	 in	 the	 quality	 of	 life	 (large	 effect29),	 an-
thropometry	(large	effect35),	and	cardiorespiratory	fitness	
(large	 effect29).	 Furthermore,	 large	 intervention	 effects	
were	 found	 in	 pain,	 cardiorespiratory	 fitness,	 flexibility,	
quality	of	life,	and	strength	in	the	overall	analysis	of	mus-
culoskeletal	diseases.

Among	 heart	 diseases	 (Figure  4),	 using	 aquatic	 exer-
cise	among	adults	with	coronary	artery	disease	led	to	large	
increases	in	strength	(large	effect36)	and	anthropometrics	
(large	 effect36).	 Regarding	 hypertension,	 we	 found	 that	
aquatic	 programs	 were	 slightly	 effective	 for	 improving	
quality	 of	 life	 (medium	 effect37),	 but	 not	 for	 anthropo-
metrics37,38	and	lipid	profile.37,38	In	people	with	stroke,	a	
significantly	 improved	 quality	 of	 life	 (large	 effect39)	 was	
reported.	 The	 overall	 results	 suggested	 large	 improve-
ments	 in	 quality	 of	 life	 in	 heart	 diseases.	 Nevertheless,	
despite	the	significant	results	in	these	two	variables,	this	
group	of	diseases	only	induced	small	effects	on	health	sta-
tus	and	physical	fitness.

In	individuals	with	diabetes	mellitus,	we	can	infer	that	
WT	caused	improvements	in	several	physical	fitness	and	
health-	related	outcomes,	specifically	balance,40	and	qual-
ity	 of	 life.41	 In	 addition,	 there	 were	 also	 positive	 effects	
on	the	lipid	profile,	especially	on	glucose,42	and	in	blood	
pressure.40	In	multiple	sclerosis,	the	quality	of	life43,44	and	
balance45	proved	to	be	the	parameters	that	were	most	pos-
itively	affected	after	 these	programs,	although	gait45	and	
fatigue44	also	showed	slight	increases.

Among	 Parkinson's	 disease	 (Figure  5),	 it	 was	 mostly	
their	 levels	 of	 pain,	 gait,	 cardiorespiratory	 fitness,	 and	
quality	of	life	(large	effects46–	49)	that	were	enhanced	after	
WT.	Additionally,	large	improvements	were	found	in	car-
diorespiratory	fitness48	and	balance.49	In	general,	WT	was	
responsible	 for	producing	medium	effects	 in	 individuals	
with	Parkinson's	disease.

3.3	 |	 Risk of bias

Overall,	in	randomized	studies,	there	was	a	dominance	of	
the	 low	risk	 in	 the	different	key	criteria,	both	 in	studies	
applied	 to	 healthy	 adults	 (58%)	 and	 adults	 with	 chronic	A
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F I G U R E  2  Forest	plot	of	comparison	for	healthy	population.	The	center	of	each	square	represents	the	standard	mean	difference	for	
individual	trials,	and	the	corresponding	horizontal	line	stands	for	95%	confidence	interval	(CI).	The	diamonds	represent	pooled	results
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F I G U R E  3  Forest	plot	of	comparison	for	Musculoskeletal	diseases—	Fibromyalgia	and	Bone	diseases.	The	center	of	each	square	
represents	the	standard	mean	difference	for	individual	trials,	and	the	corresponding	horizontal	line	stands	for	95%	confidence	interval	(CI).	
The	diamonds	represent	pooled	results
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diseases	(65%).	However,	there	is	a	lack	of	information	re-
garding	the	risk	of	bias	in	many	articles,	with	34%	of	the	
key	criteria	for	healthy	adults	and	30%	of	the	key	criteria	
for	adults	with	diseases	having	an	unclear	risk	of	bias.	In	
studies	of	healthy	adults,	a	high	risk	of	bias	was	found	in	
the	incomplete	outcome	data	(16%).	Additionally,	unclear	
risk	of	bias	was	shown	to	be	common,	especially	concern-
ing	 the	blinding	of	participants	and	personnel	 (95%),	al-
location	concealment	(85%),	and	the	blinding	of	outcome	
(68%).	 Regarding	 adults	 with	 chronic	 diseases,	 a	 high	
risk	 of	 bias	 was	 mainly	 observed	 for	 allocation	 conceal-
ment	 (19%)	 and	 random	 sequence	 generation	 (12.5%).	
Additionally,	there	was	an	unclear	risk,	particularly	in	the	

blinding	 of	 participants	 and	 personnel	 (78%),	 the	 blind-
ing	 of	 outcome	 assessment	 (62.5%),	 and	 allocation	 con-
cealment	(53%)	(Figures 6–	9).	In	nonrandomized	studies,	
in	 healthy	 adults	 the	 overall	 risk	 bias	 was	 mostly:	 mod-
erate	 (43%),	 in	 bias	 due	 to	 selection	 of	 participants;	 low	
(28.5%)	 in	 bias	 due	 to	 confounding,	 due	 to	 deviations	
from	intended	interventions,	due	to	missing	data	and	in	
the	 selection	of	 the	 reported	 result;	 and	serious	 (28.5%),	
in	 classifications	 of	 interventions.	 There	 was	 also	 a	 lack	
of	information	about	the	risk	of	bias	in	the	domain	of	the	
bias	in	the	measurement	of	outcome.	In	adults	with	low	
(50%),	with	a	preponderance	in	bias	due	to	confounding,	
in	 the	 classification	 of	 interventions,	 due	 to	 deviations	

F I G U R E  4  Forest	plot	of	comparison	for	heart	diseases—	coronary	artery	disease,	hypertension,	and	stroke.	The	center	of	each	square	
represents	the	standard	mean	difference	for	individual	trials,	and	the	corresponding	horizontal	line	stands	for	95%	confidence	interval	(CI).	
The	diamonds	represent	pooled	results
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intended	interventions,	due	to	missing	data,	in	measure-
ments	of	outcome	and	selection	of	the	reported	result;	and	
moderate	 (50%),	 in	bias	due	 to	selections	of	participants	
(Figures 10–	13).

4 	 | 	 DISCUSSION

This	 review	 aimed	 to	 verify	 the	 changes	 in	 health	 and	
physical	 fitness	 parameters	 produced	 by	 WT	 in	 both	
healthy	 adults	 and	 adults	 with	 chronic	 diseases.	 In	 dif-
ferent	populations,	WT	was	shown	to	be	significantly	ef-
fective,	 improving	several	parameters	related	to	physical	

fitness	 and	 health-	related	 outcomes.	 Regarding	 healthy	
adults,	 there	were	significant	enhancements	in	strength,	
balance,	 and	 cardiorespiratory	 fitness.	 When	 analyzing	
adults	with	chronic	disease,	WT	was	demonstrated	to	be	
beneficial	 for	 health	 and	 physical	 fitness,	 mainly	 in	 the	
quality	of	life	and	balance,	but	also	in	strength,	pain,	and	
gait.

4.1	 |	 Healthy adults

Regarding	 healthy	 adults,	 the	 positive	 effects	 were	
mostly	 related	 to	 strength,4,5,7,20–	25	 cardiorespiratory	

F I G U R E  5  Forest	plot	of	comparison	for	Parkinson.	The	center	of	each	square	represents	the	standard	mean	difference	for	individual	
trials,	and	the	corresponding	horizontal	line	stands	for	95%	confidence	interval	(CI).	The	diamonds	represent	pooled	results
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fitness,12,20,21,23	 and	 balance,5,7,20,24,25	 being	 these	 vari-
ables	the	main	responsible	for	the	medium	overall	effect	
(SMD = −0.66).	Nevertheless,	contradictory	results	were	
found	 concerning	 flexibility5,7,20,25,50–	53	 and	 blood	 pres-
sure,3,12,20	 and	 no	 significant	 changes	 were	 observed	 in	
anthropometrics.3,5	Most	of	the	outcomes	analyzed	were	
shown	to	require	at	least	12 weeks	of	WT	with	2–	3 weekly	
sessions	lasting	between	46	and	65 min	each.

Improvements	 in	 cardiorespiratory	 fitness	 were	
mainly	 promoted	 in	 studies	 with	 a	 duration	 of	 at	 least	
12 weeks.12,21	Moreover,	better	results	seem	to	exist	after	
an	 aquatic	 program	 compared	 to	 LT.12	 This	 can	 be	 ex-
plained	by	the	difference	in	fluid	densities,	for	which	air	
is	 nearly	 800	 times	 lower	 than	 water.6,23	 Consequently,	
water	offers	more	resistance	 to	movement	 than	air,	 thus	
requiring	greater	energy	expenditure	and	putting	a	higher	
load	on	cardiac	 function,	allowing	cardiorespiratory	 lev-
els	 to	 increase.6	 We	 should	 be	 aware	 that	 the	 intensity	
used	in	these	programs	was	not	fully	reported/monitored,	
which	 could	 produce	 different	 results.	 For	 instance,	 in	
WT,	 interval	 training	 has	 been	 shown	 to	 be	 more	 effec-
tive	in	improving	heart	rate	and	oxygen	consumption	than	
continuous	training.52	These	results	seem	to	be	enhanced	
when	interval	training	is	combined	with	the	aid	of	addi-
tional	loads,	specifically	floating	vests,	preventing	contact	
of	the	feet	with	the	bottom	of	the	pool,	removing	the	im-
pact,	and	allowing	higher	physical	demand	and	a	reduced	
risk	of	injuries.8,20

There	is	a	belief	that	WT	is	not	the	most	reliable	way	
to	 improve	 strength.54	 However,	 some	 recent	 studies	
found	 that	 WT	 focused	 on	 resistance	 training	 increased	
maximal	dynamic	strength.21	These	unclear	results	could	
be	explained	by	 the	 low	 intensity	 (undefined	 in	most	of	
the	studies)	or	different	water	depths	used.	According	to	

Kanitz	et	al.,8	the	improvement	in	strength	depends	on	the	
water	depth,	with	shallow	water	being	more	propitious	to	
produce	better	results	than	deep	water.	In	deep	water,	the	
feet	do	not	touch	the	bottom	of	the	pool,	which	could	re-
duce	 muscle	 stimulation,	 the	 maximum	 speed	 of	 move-
ment,	and	the	production	of	force.	This	type	of	resistance	
exercise	 can	 also	 influence	 strength.	 For	 example,	 plyo-
metric	training	is	commonly	used	in	programs	outside	of	
the	water	and	is	associated	with	improvements	in	muscu-
lar	strength	and	explosiveness.51,55,56	This	training	method	
was	also	effective	at	improving	strength	when	performed	
in	water	for	8 weeks.22	These	results	are	interesting	since	
they	contradict	the	suggestions	that	the	aquatic	environ-
ment	provides	little	strain	on	muscles	and	bones.55,57	The	
velocity	of	the	movement	that	is	required	by	this	training	
method	 could	 allow	 an	 increase	 in	 intensity,	 thus	 im-
proving	force	production.21	However,	it	is	necessary	to	be	
careful	about	the	excessive	and	inappropriate	use	of	these	
exercises,	as	 they	can	cause	muscle	 injuries.54	The	main	
results	 suggested	 that	 plyometrics	 might	 be	 used	 to	 im-
prove	strength	after	8 weeks	of	 training,	as	 long	as	used	
with	caution.

The	meaningful	 increases	 in	balance	could	be	due	 to	
the	 hydrostatic	 pressure	 and	 viscous	 force	 produced	 by	
the	 water	 during	 the	 exercises,	 allowing	 a	 different	 pro-
prioceptive	 and	 sensory	 response	 in	 water	 compared	 to	
the	land.	This	positively	affects	neuromuscular	coordina-
tion,	 balance	 ability,	 and	 postural	 control.24,58	 Moreover,	
the	improvement	in	balance	could	be	due	to	continuous	
muscle	activation	 that	 is	 required	 to	stabilize	body	posi-
tion.58	 By	 adding	 resistance	 equipment,	 it	 is	 possible	 to	
further	 potentiate	 the	 static	 and	 dynamic	 balance	 as	 a	
result	of	the	simultaneous	stimulation	of	the	leg	muscles	
and	the	muscles	of	support	involved	in	spinal	and	pelvic	

F I G U R E  6  Risk-	of-	bias	item	presented	as	percentages	across	randomized	studies	for	healthy	population
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movements.24,50	Nevertheless,	the	depth	at	which	the	ac-
tivity	 is	performed	influences	balance	acquisition.	Bento	
et	al.57	reported	that	it	is	possible	to	increase	the	levels	of	
static	and	dynamic	balance	to	a	depth	greater	than	2 me-
ters,	but	they	were	unable	to	develop	static	balance	(only	
dynamic)	with	water	at	the	level	of	the	xiphoid	process.

4.2	 |	 Adults with chronic disease

The	 literature	regarding	 the	effect	of	WT	in	participants	
with	chronic	diseases	is	mainly	focused	on	musculoskel-
etal	 diseases,	 heart	 diseases,	 diabetes	 mellitus,	 multi-
ple	 sclerosis,	 and	 Parkinson's	 disease.	 Of	 these,	 the	 best	
results	 after	 performing	 aquatic	 programs	 were	 found	
in	 those	 who	 suffered	 from	 musculoskeletal	 diseases,	
diabetes,	 and	 multiple	 sclerosis.	 Nevertheless,	 the	 indi-
viduals	 with	 Parkinson's	 disease	 moderately	 improved	
the	generality	of	health	and	physical	 fitness	parameters.	
Regarding	 the	 outcomes	 with	 the	 greatest	 improvement	
in	several	studies	were	balance26,32,34,40,45,49,59	and	quality	
of	life,26,29,37,39,41,43,45,46,49	but	also	in	strength26,29,34,36	and	
pain,29–	34,47	and	although	little	studied,	gait	also	improved	
significantly.45–	47	 Some	 parameters	 were	 not	 affected	 by	
WT:	 anthropometry	 in	 individuals	 with	 fibromyalgia,28	
diabetes,60	and	hypertension37,38;	the	lipid	profile	in	sub-
jects	 with	 coronary	 artery	 disease35	 and	 hypertension38;	
cardiorespiratory	 fitness	 in	 people	 who	 suffered	 from	 a	
stroke39,59	and	coronary	artery	disease36,61;	and	flexibility	
in	individuals	with	fibromyalgia.27	Furthermore,	in	most	
of	the	chronic	diseases	analyzed,	it	was	observed	that	the	
most	 suitable	 duration	 of	 WT	 to	 produce	 significant	 ef-
fects	on	the	different	outcomes	was	8–	16 weeks	of	train-
ing,	3	times	per	week	for	45–	65 min.	The	exceptions	are	
in	 individuals	with	Parkinson's	disease	(2/5 sessions	per	
week)	and	heart	diseases	(2–	4	times	per	week).

4.2.1	 |	 Musculoskeletal	diseases

In	 musculoskeletal	 diseases,	 we	 analyzed	 studies	 that	
investigated	the	effects	of	WT	on	fibromyalgia	and	bone	
diseases.	In	general,	major	improvements	were	found	in	
pain,	 cardiorespiratory	 fitness,	 flexibility,	 quality	 of	 life,	
and	strength,	with	these	variables	providing	a	substantial	
contribution	 to	 the	 large	 overall	 effect	 (SMD  =  −1.11).	
Concerning	 individuals	 with	 fibromyalgia,	 we	 recog-
nize	 the	 advantages	 of	 WT,	 essentially	 in	 balance26	 and	

F I G U R E  7  Judgments	about	each	risk-	of-	bias	item	for	each	
randomized	study	for	healthy	population.	+	indicates	low	risk,?	
indicates	unclear	risk,	−	indicates	high	risk
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cardiorespiratory	 fitness.27	These	outcomes	are	 relevant,	
considering	 that	 this	 disease	 is	 strongly	 associated	 with	
problems	 of	 balance	 and	 frequent	 falls62	 due	 to	 sensory	
disorders	and	muscle	weakness.26	In	 line	with	these	 im-
provements,	 we	 also	 verified	 a	 slight	 improvement	 in	
strength,	especially	among	individuals	using	WT	with	an	
emphasis	on	aerobic	and	resistance	training.26	Although	
there	are	potential	improvements	in	quality	of	life,26	only	
a	few	studies	analyzed	this	variable,	and	more	water	train-
ing	(≥12 weeks,	three	weeks,	≈	60 min	duration	each	ses-
sion)	 was	 required	 to	 manifest	 strong	 effects.	 When	 the	
purpose	of	the	training	is	to	relieve	successive	pain,	such	
as	the	typical	symptoms	of	fibromyalgia,	exercise/therapy	
should	occur	in	water	at	temperatures	between	30°C	and	
34°C.35

Regarding	 bone	 diseases,	 the	 studies	 investigated	 ar-
thritis/osteoarthritis	and	low	back	pain.	In	these	studies,	
the	perception	of	pain,29–	34	balance,32,34	flexibility,29,34	and	
strength29,34	showed	better	results,	with	some	also	signif-
icant	 effects	 in	 quality	 of	 life,29	 in	 anthropometry,35	 and	
in	 cardiorespiratory	 fitness.29	 To	 observe	 these	 greater	
effects,	 6–	16  weeks	 of	 training,	 2–	3	 times	 per	 week,	 are	
needed.	 In	 diseases	 such	 as	 low	 bone	 mineral	 density,	
osteoporosis,	 joint	 pain,	 and	 muscle	 weakness,63–	65	 the	
literature	 recognizes	 the	 need	 to	 generate	 an	 impact	 to	
increase	 the	 osteogenic	 effect	 through	 the	 tension	 and	
compression	that	the	bone	is	subjected	to	when	exposed	
to	different	loads.64	As	previously	noted,	the	properties	of	
the	aquatic	environment,	namely	fluctuation,	reduced	im-
pact	and	led	to	the	WT	being	classified	as	exercises	with	
low	osteogenic	effects.64,66,67	Despite	this,	one	of	the	main	
purposes	of	research	in	most	bone	diseases	is	to	attempt	
to	 lighten	 the	 pain	 caused	 by	 the	 respective	 diseases,	 as	
successfully	 attained	 in	 some	 investigations.29–	34	 Thus,	

WT	seems	 to	be	a	 safe	method	when	 the	 intention	 is	 to	
reduce	the	pain	of	these	patients.	It	should	be	noted	that	
although	water	exercise	could	be	unfavorable	in	the	direct	
increase	in	bone	mineral	density,	some	increases	in	mus-
cle	strength	can	help	to	strengthen	the	bone.64	However,	
for	 this	 to	 occur,	 it	 is	 necessary	 to	 perform	 exercises	 at	
high	intensities,	recruit	type	II	muscle	fibers,	and	stimu-
late	the	strengthening	of	bone	tissue.68	Moreover,	WT	also	
has	positive	effects	on	low	back	pain,	probably	because	the	
exercise	performed	in	water	is	propitious	to	aerobic	train-
ing	at	higher	intensities	than	would	be	possible	on	land.29

4.2.2	 |	 Heart	diseases

The	heart	diseases	assessed	were	coronary	artery	disease,	
hypertension,	and	stroke.	In	people	with	coronary	artery	
disease,	 there	 were	 significant	 changes,	 essentially	 in	
strength36	 and	 anthropometry,36	 after	 performing	 a	 WT.	
In	the	case	of	hypertension,	there	were	no	great	changes;	
however,	 the	 positive	 effects	 were	 mainly	 on	 quality	 of	
life,37	despite	them	being	ineffective	in	anthropometry37,38	
and	lipid	profile.37,38	There	was	a	lack	of	studies	on	blood	
pressure,	and	this	is	considered	the	most	accurate	predic-
tor	 of	 future	 coronary	 artery	 disease	 in	 individuals	 over	
50 years	of	age.69–	72	Concerning	 individuals	with	stroke,	
these	developments	in	the	quality	of	life39	with	water	and	
exercise	are	essentially	due	to	the	viscosity	and	drag	forces	
that	reduce	the	spastic	response	of	the	muscle	and	pain.39	
Ultimately,	 despite	 the	 large	 effects	 on	 some	 indicators	
(quality	of	life)	and	the	small	overall	effect	(SMD = −0.36)	
obtained	 by	 patients	 with	 heart	 diseases,	 the	 studies	 ex-
amined	herein	did	not	fully	elucidate	the	impact	of	WT	on	
heart	diseases.

F I G U R E  8  Risk-	of-	bias	item	presented	as	percentages	across	randomized	studies	for	population	with	diseases
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4.2.3	 |	 Diabetes	mellitus

The	programs	performed	in	an	aquatic	context	proved	to	
be	 indicated	 for	diabetes,	particularly	when	the	aim	was	
to	 improve	 balance40	 and	 quality	 of	 life.41	 Furthermore,	
blood	pressure40	and	lipid	profile42	also	revealed	favorable	
results	after	the	practice	of	these	activities,	highlighting	the	
improvement	in	glucose	levels.42	In	all	of	these	outcomes,	
12 weeks	of	WT,	with	3 lessons	weekly,	for	45–	50 min	each	
lesson,	were	required	to	produce	significant	effects	in	peo-
ple	with	diabetes.	Nevertheless,	 there	is	a	 lack	of	studies	
with	a	program	duration	beyond	12 weeks.	Additionally,	
further	studies	are	needed	in	these	individuals	to	analyze	
body	composition,	cholesterol,	and	triglyceride	responses.	
A	possible	improvement	in	these	parameters,	together	with	
the	results	obtained	in	glucose	(with	nutritional	control),	
can	decrease	the	risk	of	developing	heart	problems.60,73

4.2.4	 |	 Multiple	sclerosis

Individuals	 with	 multiple	 sclerosis	 participating	 in	 WT	
had	considerable	improvements	in	their	quality	of	life43,44	
and	balance,45	and	slight	increases	in	gait45	and	fatigue.44	
The	 improvement	 in	 gait	 after	 a	 short	 WT	 of	 3  weeks	
should	be	highlighted45;	this	is	perhaps	due	to	the	fact	that	
water	enables	weight	 to	be	 reduced	and	 resistance	 to	be	
increased	during	exercise	due	to	buoyancy.43	These	results	
are	 even	 more	 important	 considering	 that	 patients	 with	
multiple	sclerosis	lose	the	capacity	to	walk	over	the	years.74	
Moreover,	WT	performed	systematically	was	shown	to	im-
prove	the	quality	of	life	of	individuals	with	multiple	sclero-
sis43,44	maybe	due	to	gains	in	walking	ability	and	decreased	
fatigue.43,44,75	Training	in	water	3	times/week	for	8 weeks	
seems	 to	 be	 sufficient	 for	 substantial	 improvements	 in	
these	outcomes,	regardless	of	session	duration.	Therefore,	
it	 is	necessary	 to	consider	 the	 training	method	 to	be	ap-
plied,	as	aerobic	training	seems	to	be	more	effective	than	
resistance	training,	presumably	due	to	the	improvement	of	
cardiovascular	capacity	resulting	from	the	superior	capac-
ity	to	produce	work	in	the	aquatic	environment.43

4.2.5	 |	 Parkinson's	disease

Interestingly,	Parkinson's	disease	has	been	recently	stud-
ied	regarding	the	effects	of	WT.	In	these	subjects,	pain,47	

F I G U R E  9  Judgments	about	each	risk-	of-	bias	item	for	each	
randomized	study	for	population	with	diseases.	+	indicates	low	
risk,?	indicates	unclear	risk,	−	indicates	high	risk
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quality	 of	 life,46,49	 cardiorespiratory	 fitness,48	 and	 gait46	
levels	were	mainly	improved,	and	in	the	background,	there	
were	also	moderate	changes	in	balance,49	with	a	medium	
overall	effect	obtained	essentially	by	these	indicators.	The	

hydrostatic	 pressure,	 turbulence,	 and	 buoyancy	 allow	
more	demanding	work	in	postural	control,	mobility,	and	
stimulation	 at	 a	 higher	 level	 in	 Parkinson's	 disease	 pa-
tients.46	Moreover,	water	temperature	also	plays	a	key	role	

F I G U R E  1 0  Risk-	of-	bias	item	presented	as	percentages	across	nonrandomized	studies	for	healthy	population

F I G U R E  1 2  Risk-	of-	bias	item	presented	as	percentages	across	nonrandomized	studies	for	population	with	diseases

F I G U R E  1 1  Judgments	about	each	
risk-	of-	bias	item	for	each	nonrandomized	
study	for	healthy	population.!	indicates	
critical	risk,	X	indicates	serious	risk,	-		
indicates	moderate	risk,	+	indicates	low	
risk,?	indicates	no	information
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because	warm	water	increases	body	temperature,	dilates	
blood	 vessels,	 relaxes	 muscles,	 reduces	 muscle	 stiffness,	
and	 optimizes	 balance.46	 This	 is	 important	 because	 the	
quality	of	life	among	these	patients	increases	mainly	due	to	
the	development	of	balance	and	the	consequent	decrease	
in	the	number	of	falls,49	improvements	in	the	mental	and	
emotional	state	through	social	interaction	in	group	exer-
cise48,49	and	pain	reduction.47	Only	6 weeks	(2/5	 lessons	
per	 week)	 of	 WT	 was	 sufficient	 to	 significantly	 improve	
most	outcomes	among	people	with	Parkinson's	disease.

In	 conclusion,	 the	 current	 review	 suggested	 that	WT	
is	 reliable	 for	 obtaining	 improvements	 in	 the	 health	
and	 physical	 fitness	 of	 adults	 with	 and	 without	 chronic	
diseases.	 In	 healthy	 individuals,	 WT	 mainly	 improves	
strength,	cardiorespiratory	fitness,	and	balance.	Although	
specific	adaptations	exist	according	to	each	disease,	it	can	
be	 reported	 that	 water-	based	 programs	 mainly	 improve	
the	 balance,	 quality	 of	 life,	 strength,	 pain,	 and	 gait	 in	
adults	with	chronic	diseases.

4.3	 |	 Perspective

Worldwide,	 the	 participation	 in	 physical	 activity	 train-
ing	 programs	 performed	 in-	water	 has	 increased,	 mainly	
because	 of	 the	 specific	 properties	 of	 the	 water.	 Research	
suggests	that	exercise,	and	specifically	WT,	could	be	used	
as	a	complement	 to	medical	 treatment	 for	health-	related	
issues	 or	 to	 maintain/improve	 physical	 fitness	 and	 qual-
ity	 of	 life.76	 The	 WT	 is	 mainly	 recommended	 for	 people	
with	specific	diseases,	but	little	was	known	about	the	ideal	
practices	 to	 be	 performed.	 We	 highlighted	 the	 effects	 on	
balance,	cardiorespiratory	fitness,	and	strength	in	healthy	
adults,	whereas	balance,	quality	of	life,	strength,	pain,	and	
gait	 were	 improved	 in	 individuals	 with	 chronic	 diseases.	
Beneficial	effects	 in	healthy	adults	 seem	to	be	consistent	
after	12 weeks	of	training,	with	2–	3 sessions	per	week	of	
46–	65 min.	Although	further	research	is	needed	to	define	
the	optimal	dose	of	exercise	in	some	diseases,	in	general,	

benefits	 in	 physical	 fitness	 and/or	 other	 health-	related	
measures	were	observed	after	8–	16 weeks	of	WT.	Future	
studies	should	better	understand	the	effect	of	WT	intensity,	
one	of	the	main	factors	of	exercise	load.	Additionally,	more	
studies	are	needed	on	the	effect	of	WT	in	individuals	with	
specific	diseases,	for	instance,	those	with	heart	disease.
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