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Review

Summary

Objective: Analyze the scientific evidence on the effects that aquatic physical exercise has on people with chronic kidney 
disease (CKD).
Material and method: A systematic review was carried out following the checklist Preferred Reporting Items for Systema-
tic review and Meta-Analysis Protocols, with the objective of locating the largest number of investigations that aimed to 
identify the effects of the practice of aquatic physical exercise in people with ERC. A search of the PubMed, PEDro, Scopus 
and Cochrane databases were carried out until March 2019, using the PEDro, CERT, MINORS and NIH scales to determine the 
methodological quality of the same.
Results: Five investigations were located, two of them were randomized control trials, another two studies comparatives and 
one was uncontrolled. The mean score and the median obtained after applying PEDro scale were 4 and 4 respectively. All 
the interventions proposed aerobic exercise programs, being generally of short duration and highly supervised, without any 
adverse effects arising from their practice. In a large part of the studies, significant effects were observed in physical condition, 
physiological parameters and quality of life, to a lesser extent. The practice of exercise had no significant impact on either the 
activity of the disease or the perceived pain in patients.
Conclusions: Practice of aquatic exercise is beneficial in people with ERC. More longitudinal studies are needed to assess the 
impact of aquatic exercises as well as its effect and quality of life in long term.

Key words:  
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disease. Review. Meta-analysis.

Resumen

Objetivo: Analizar la evidencia científica existente sobre los efectos que el ejercicio físico acuatico tiene en personas con 
enfermedad renal crónica (ERC).
Material y método: Se realizó una revisión sistemática siguiendo la lista de verificación Preferred Reporting Items for Systematic 
review and Meta-Analysis Protocols, con el objetivo de localizar el mayor número de investigaciones que tuviesen como objetivo 
identificar los efectos de la práctica de ejercicio físico acuático en personas con ERC. Se realizó una búsqueda en las bases de 
datos PubMed, PEDro, Scopus y Cochrane, hasta marzo de 2019, empleándose las escalas PEDro, CERT, MINORS y NIH para 
determinar la calidad metodológica de las mismas.
Resultados: Se localizaron cinco investigaciones, dos fueron estudios aleatorizados controlados, dos estudios comparativos 
y uno no controlado. La puntuación media y la mediana obtenida tras aplicar la escala PEDro fue de 4 y de 4 respectivamente. 
Todas las intervenciones plantearon programas de ejercicio aeróbico, siendo por lo general de corta duración y altamente 
supervisadas, sin que se registraran efectos adversos derivados de su práctica. En gran parte de los estudios, se observaron 
efectos significativos en la condición física, parámetros fisiológicos y la calidad de vida, en menor medida. La práctica de 
ejercicio no tuvo impacto significativo ni en la actividad de la enfermedad ni en el dolor percibido en los pacientes.
Conclusiones: La práctica de ejercicio físico acuático es beneficiosa para las personas con ERC. Son necesarios estudios 
longitudinales que valoren el impacto de programas de ejercicio, así como su efecto sobre la calidad de vida a largo plazo.
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Introduction 

Chronic kidney disease (CKD) is a health problem of particular 
importance to society1,2. CKD is defined as a disease in which there is 
a decreased functioning of the kidneys, expressed in values of FG < 60 
ml/min/1.73 m2 or with damage persisting for three months or more. In 
Spain, the prevalence of CKD is 9.16% in the adult population aged over 
20 years and increases to 23.7% in adults aged over 65 years3 with the 
main reasons for developing this condition being ageing itself, arterial 
hypertension (AHT), diabetes and vascular disease4. On the other hand, 
risk situations that increase the probability of CKD encompass smoking, 
diabetes, cardiovascular disease, family history, being an African Ameri-
can, and anaemia among others2.

In terms of cost, the Spanish state spends around EUR 800 million 
as stated in the SEN-semFYC (Spanish Society of Nephrology - Spanish 
Society of Family and Community Medicine) Consensus Document on 
chronic disease5. A large part of the budget is allocated to treatment, 
although there is no definitive solution, the most common palliative 
care is dialysis6. The disease, together with the appropriate treatment 
may have adverse effects, including a lower quality of life7,8. Moreover, 
this pathology is frequently associated with other diagnoses, such as 
a reduction in bone density9, cardiovascular risk10, hypertension and 
type II diabetes11.

Given that there is no definitive treatment for CKD, exercise stands 
as an aid to prevention and to the improvement of those aspects 
affected by pain. It is known that patients undergoing haemodialysis 
show hypertension or anaemia, lowering their quality of life. Exercise is 
therefore considered to be an option for slowing down the disease12,13. 

In turn, the association between physical inactivity and mortality has 
been studied by a number of authors in earlier investigations, in which 
they indicate the high importance of physical exercise as a means to 
reduce the mortality rate in persons with kidney disease14,15.

In most of the studies, aerobic or strength exercises were perfor-
med16,17, in a land-based environment in which gravity has a negative 
effect on the patient’s physical abilities. Together with this, a number of 
problems can be found, including protocol assistance and adherence. 
The reasons are manifold, ranging from inability to go to the centre 
due to illness, admission to hospital or lack of transport18. On the other 
hand, physical factors also come into play, such as a limited range of 
movement, difficulty in getting around, lack of physical strength or 
fear of falling over, all indicating that this environment is not ideal for 
working with this population19.

Taking the above into account, aquatic exercise stands as an inter-
esting alternative. Water offers a pleasant sensation and, thanks to its 
buoyancy, it is possible to take regular exercise and to conduct dyna-
mic and motivating training programmes. In fact, aquatic exercise has 
been used in pathologies in which the patient’s mobility and physical 
condition are seriously affected20.

It would therefore appear necessary to determine the impact of 
aquatic exercise programmes on persons with CKD and to provide 

guidelines for the prescription and control of such programmes. This 

information would facilitate the task of those rehabilitation professionals 

who are treating this population. This objective can be achieved by 

making systematic reviews in order to synthesize the scientific evidence 

available on a topic and to offer a critical interpretation of the quality 

and validity of such evidence.

The purpose of this investigation is therefore to conduct a systema-

tic review of any existing investigations whose objective was to analyse 

the impact of aquatic exercise on persons with CKD.

Material and method

A systematic review was designed, based on the Preferred Reporting 
Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) chec-
klist, which is recommended for studies of this type21.

Search strategy

The search strategy was designed to find the greatest number of 

investigations whose objective was to identify the effects of aquatic 

exercise on persons with renal failure. For this purpose, a search was 

made with no time limit in the databases of PubMed, PEDro, Scopus 

and Cochrane, up to March 2019, combining the keywords and Boolean 

Operators as follows: “Kidney Disease” OR “Dialysis” OR “Renal Failure” AND 

“Water Based Exercise” OR “Aquatic Exercise”.The search was repeated in 

May 2019, including the “Dialnet” database in order to update the re-

sults of the search and to locate any possible investigations in Spanish 

(Figure 1).

The search excluded all investigations that: a) included a sample 

comprising participants with different diseases and that did not provide 

separate information for persons with renal insufficiency; b) did not 

describe the physical training programme performed; c) analysed the 

effects of a single physical exercise session; d) used aquatic exercise in 

combination with other rehabilitation therapies; e) were written in a 

language other than Spanish, Portuguese or English.

Selection procedure

The information included in the title and/or abstract of each of the 

studies identified by the search strategy was screened independently, 

classifying the studies either as “valid (a priori)” or “not valid” based on the 

aforementioned selection criteria. Those studies whose title or abstract 

did not provide sufficient information to decide on their inclusion/ex-

clusion were initially considered to be “valid (a priori)”. Once this initial 

selection stage had been completed, both authors compared their 

respective classifications in order to reach a consensus. For any doubts 

as to whether a particular study should be considered as “valid (a priori)” 

or “not valid”, the opinion of the supervising professor was requested. 

The next step was to read the full text of the studies finally classified 

as “valid (a priori)”. 
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Data extraction

The information extracted from the “valid” studies was made 

by reading the studies, making it possible to independently identify 

and organise the relevant data in evidence tables. For each study, the 

following was considered: design type; sample characteristics; aquatic 

exercise programme; study variables; the respective evaluation tools; 

and the most significant results described in the investigation. The data 

extraction procedure was not blinded to the names of the authors 

of the studies selected nor to the names of the journals in which the 

studies were published.

Evaluation of the methodological quality

LThe methodological quality of the studies considered to be ran-

domised controlled clinical trials (CKD) was determined through the 

use of the PEDro scale22. 

The PEDro scale is a list of eleven criteria or points. The first one is 

not added to the total, the other ten are used to assess each article and 

to rate its methodological quality. The quality of the investigations was 
either taken directly from the PEDro database or directly assessed by the 
author of this study, for those investigations with no prior assessment. 

The total score obtained served to differentiate the quality of the 
investigations between high (6 or more points) or low (5 or less points)23. 
For the comparative investigations, the “MINORS”24 methodological 
index for non-randomised studies was used for the evaluation. The 
MINORS scale is a list containing 8 key points that is extended to 12 
points for comparative studies. Each section is rated with a score from 0 
to 2, based on the quality obtained for each point. An acceptable score 
would be half the total points of the evaluation (8 or 12 depending on 
the type of study). For the full articles, the Consensus on Exercise Reporting 
Template (CERT) scale was used. This scale contains the minimum and 
sufficient recommendations to conduct an effective intervention25. The 
scale has a list of 16 points and the scores vary from 1 to 19, conside-
ring a score of less than 9 to be low quality and a score of 9 or more to 
be good quality. For those articles with a single pre-post intervention 
group, the Quality Assessment Tool for Before-After (Pre-post) Studies With 
No Control Group (NIH) was used, whereby the reviewer is the one to 
decide on the reliability of the study.

Meta-analysis

A meta-analysis was made of those studies that, including an 
intervention group and a comparison group, provided information on 
the effect of the aquatic programme using similar variables in at least 
two investigations.

To do so, the standardised mean differences (SMD) were calculated 
and the confidence interval (CI) of 95% to measure the changes in the 
pre- and post-intervention control group, a comparison was also made 
across each variable. The SMD is the mean divided by the standard 
deviation (SD). This was calculated by taking the sizes of the samples 
of the pre- and post-intervention test groups for physical condition 
and blood, together with their means and their standard deviations 
for each one of the variables. Higgins et al26. To obtain the combined 
effects, a fixed effects model was made27, selecting the most suitable 
models for each analysis in relation to the level of heterogeneity. The 
analysis used effects diagrams showing SMD and CI of 95%, serving 
to compare the effects between pre- and post-intervention control 
groups. The SMD is significant when 95% of its CI excludes zero, while 
the SMD values of less than ± 0.2, or ranges between ± 0.2 to 0.8, or 
greater than ± 0.8 indicate the existence of a small, medium or large 
effect respectively. All the analyses were made with the Comprehensive 
Meta-Analysis version 2.2.064.

Results

Designs and samples

A total of 39 articles were located from the search. After reading 
the title, 24 articles were initially selected. Of these, 18 articles were 

Figure 1. Diagram summarising the search.
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rejected due to the fact that their subject matter did not meet the 
criteria, leaving a total of 6 articles. After reading the full text of the 
articles, 5 studies were selected to make this present study (2 studies 
with randomized clinical trials, 1 study with no control group, and 
2 comparative studies). A total of 119 participants were included 
(62.2% male and 37.8% female) with a mean age of 50.1± 12.6 years 
and a disease duration of between 3 months and 42 months (0.25-
3.5 years).

Methodological quality

The 2 randomised clinical trial articles were both given a score 
of 4 points (Table 1)28,29. The two comparative studies30,31 obtained a 
score of 17 and 20 points respectively (Table 2). The methodological 
quality of the study with no control group32 was considered to be 
good (Table 3). The quality with which the characteristics of the studies 
were detailed was considered to be low for articles28,29-32 based on the 
CERT scale (Table 4).

Table 1. Methodological quality of the randomised controlled 
studies (PEDro Scale)

  Criterion	 Petchter et al.	 Anastasia et al.  
		  2014 28	 201629

  1.	 Random allocation	 1	 1

  2.	 Concealed allocation	 0	 0

  3.	 Comparison of baseline data	 1	 1

  4.	 Blinding of subjects	 0	 0

  5.	 Blinding of therapists	 0	 0

  6.	 Blinding of assessors	 0	 0

  7.	 Outcome 85% subjects	 0	 0

  8.	 Intention to treat analysis	 0	 1

  9.	 Comparative analysis of groups	 1	 1

10.	 Estimate and variability points	 1	 0

Total score	 4/10	 4/10

Table 2. Methodological quality of the comparative studies (MINORS Scale).

Study 1
Clearly 
stated 

aim

2
Inclusion 

of con-
secutive 
patients

3
Pros-

pective 
collection 

of data

4
Evalua-

tions ap-
propriate 
to study 

aim

5
Unbiased 

evalua-
tions 
made

6
Follow-up 

period 
appro-
priate 

to study 
aim

7
Loss rate 
in follow-

up less 
than 5%

8
Pros-

pective 
estimate 

of sample 
size 

9
Adequate 

control 
group

10
Simul-

taneous 
groups

11
Homo-

geneous 
baseline 
groups

12
Adequate 
statistical 
analysis

SCORE

Petcher 
et al. 
2003a30

2 2 1 2 0 0 2 2 1 2 2 1 17/24

Petcher 
et al, 
2003b31

2 1 2 2 0 2 2 2 2 2 1 2 20/24

Table 3. Methodological quality of the study with no control 
group (NHLBI Scale).

Criterion	 Dziubek et al. 201532

1.	 Is the study objective clearly stated?	 Yes

2.	 Clear selection criteria 	 Yes

3.	 Are the participants in this study representative 	 Yes 
	of those that would be selected to replicate the 
intervention? 	

4. 	Did those participants who met the criterion 	 Yes 
	complete the study?

5.	Was the sample sufficiently large to provide	 Yes 
	significant results?	

6.	 Was the intervention clearly described and 	 Yes 
	applied to the entire sample? 	  

7. 	Were the measures of the variables clearly defined,	 Yes 
	valid, replicable and consistently assessed?	

8.	 Were the persons assessed blinded to the	 NR	
interventions of the participants’ variables?	

9. 	Was the drop-out rate of the initial group less than	 Yes 
20%? Was this 20% accounted for in the analysis?	

10.	 Were changes shown in the measures of the 	 Yes 
	variables before and after the intervention?  
	Did the statistical tests give a p-value? 	

11.	 Were the variables collected at different times	 NR 
	before the intervention and after the intervention?	

12.	 Did the statistical analysis determine 	 Yes 
	individually and at a group level the effect of 
	the intervention? 	

Quality score	 Good

Interventions

All the physical activity programmes were conducted in shallow 
pools with a water temperature of between 32 and 24 degrees. The 
duration of the interventions ranged from 12 to 16 weeks, with sessions 
of between 30 to 60 minutes and with a frequency of between 1 to 3 
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Study Petchter et al.  
2003a30

Petchter et al. 
2003b31

Petchter et al. 
201428

Anastasia et al. 
201529

Dziubek et al. 
201532

1. Sports equipment 1 0 0 1 1

2 Instructor's experience 0 1 1 1 0

3. Individual or group exercise 1 1 1 1 1

4. Supervision mechanism 0 1 1 1 1

5. Adherence to exercise 0 0 0 1 0

6. Motivation strategies 0 0 0 0 0

7 a. Determining progression 1 1 1 1 1

7b. Progression of exercise 1 1 1 1 1

8. Description of the exercise 0 0 0 0 0

9. Exercise at home 0 0 0 0 0

10. Non-exercise components 0 0 0 0 0

11. Adverse events 0 0 0 1 1

12. Setting 1 0 0 0 1

13. Intervention 0 0 0 0 0

14a. Generic/tailored exercise 0 0 0 0 0

14b. How was it tailored? 0 0 0 0 0

15. Starting level 1 1 1 1 1

16a. Adherence to programme 0 0 0 0 0

16b. Success of programme 1 0 0 0 1

Points/19 7/19 6/19 6/19 9/19 8/19

Table 4. Quality of the information reported in relation to the characteristics of the proposed intervention (CERT Scale)

days/week28-32. All studies were based on aerobic resistance exercises28-32. 
There were no reports of drop-outs or adverse effects resulting from 
the intervention.

Effects of the programmes

The studies analysed the effects of the aquatic programmes on phy-
siological variables related to the physical condition. The main findings 
are summarised below and are also shown in Table 5.

Physiological effects 

Two studies analysed the effects of the programme on physiological 
parameters30,31 finding significant improvements in systolic and diastolic 
pressures, as well as in different renal markers.

Physical condition

Four investigations provided information on the effects of the 
programme on different aspects of physical condition. Two found 
improvements in aerobic capacity30,31. Two in strength and flexibility32,29.

Quality of life

Only one investigation29 included quality of life as a study variable, 
finding that aquatic exercise exerted a positive impact on this.

Results of the meta-analysis 

The meta-analysis conducted on the physiological variables30,31 

(n=2) (Figure 2) showed a significantly high statistical effect for cysteine 

(SMD=1.84, 95% CI−1.06 – 2.62), diastolic pressure (SMD=1.23, 95% 

CI−0.66 – 1.93) and systolic pressure (SMD=1.43, 95% CI−0.76 – 2.11) 

with positive significance and high heterogeneity (P=0.01>; P=0.01>; 

P=0.01>; P=0.05>; I2=76.9%).

The meta-analysis of the physical condition variables32,29 (n=2) 

(Figure 3) showed a significantly high statistical effect for cardiorespi-

ratory capacity (SMD=0.61, 95% CI−0.09–1.12; SMD=0.71, 95% CI−0.20 

– 1.29), strength (SMD=0.93, 95% CI−0.04 – 1.39), flexibility and balance 

(SMD=0.57, 95% CI−0.12 – 0.63) with a significance level and high he-

terogeneity (P=0.01>; P=0.01>; P=0.05>; I2=67.1%).  
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Table 5. Results of the articles analysed.

Authors (year) Objective Participants Intervention Variables (test) Significant results  
(p <0.05).

Dziubek et al.  
201532

The study objective was 
to measure the impact of 
a 3-month programme of 
physical activity in an aquatic 
environment on patients 
with renal disease and 
the effect on the physical 
function of the knee joint 
muscles.

Sample (n; %men/women): 
n=20 (16 women and 
4 men)
Distribution and age:
Mean group age 64.2 ± 13.1 
years
T diagnosed (years):
3.5 ± 0.5 years

Duration: 12 weeks
IG (intervention group):
Frequency: 1 day/week
Duration: 60 min.
Type of exercise: 
Aquatic exercise.
Intensity: Non-specific.
.

Physical fitness: Fullerton Functional 
Fitness Test by Rikli and Jones
(Senior Fitness Test):
- 	Eight foot up and go 
- 	Arm curl 
- 	 Chair stand 
- 	Back scratch 
- 	Chair seat and reach
- 	6-minute walk test [m]
Muscle Strength of the Lower Extremities in
Isokinetic Conditions:
- 	Peak torque (60º) flexors
- 	Peak torque (180º) flexors
- 	Peak torque (300º) flexors
- 	Peak torque (60º) extensors
- 	Peak torque (180º) extensors
- 	Peak torque (300º) extensors

Drop-outs (n): 8 women 
Rate: 40% 
Adverse effects: NR
Significant differences:
- Intra-group (pre-post):
- 	Eight foot up and go [s]*
- 	Arm curl [Reps] **
- 	Chair stand [Reps] **
- 	Back scratch [cm] *
- 	Chair seat and reach [cm] **
- 	6-minute walk test [m] *
- Peak torque flexors:
- 	60/s: Right*
- 	180/s:Right* left*
- 	300/s:left*
- Peak torque extensors:
- 	60/s: right**
- 	180/s:right**
- 	300/s:right** left*

Petchter et al.  
2003a3

The study objective was to 
determine the effectiveness 
of 12 weeks of regular 
aquatic exercise, training the 
cardiorespiratory resistance 
and functional parameters in 
patients with chronic renal 
failure

Sample (n; %men/women): 
n=20
(IG: n: 11. 66% men, 33% 
women)
(CG (control group): n: 9. 66.7% 
men, 32.3% women)
Distribution and age:
IG: 45 ± 3.5 years (6 men and 5 
women (n=11)
(CG: 47.9 ± 3.8 years (6 men 
and 3 women (n=9)
T diagnosed (years): NI

Duration: 12 weeks
IG: Frequency: 2 day/week
Duration: 30 min.
Type of exercise: Aquatic 
exercise. 
Intensity: 40–50% of VO2max 
CG: maintain normal activity.

Physical condition:
- VO2max
- BMI

Biochemical and/or haematological
- 	Cysteine C
- 	Glomerular filtration rate
- 	Proteinuria
- Blood pressure

Drop-outs (n): 0
Rate: 0% 
Adverse effects: NE
Significant differences:
Intervention group:
- 	VO2max*
- SBP **
- DBP *
- 	UProtV**
- CysC *

Petchter et al.  
201428

The study objective was to 
analyse the association of 10 
years of regularly performed 
aquatic exercise with the 
study endpoint, all-cause 
death or start of dialysis.

Sample (n; %men/women): 
n=16 
(IG: n: 3 % 42.9 men
4  57.1 % women.)
(CG: n= 6, % 66.7 men, 
3, 32.3 % women)
Distribution and age:
IG: 47 ± 16 years 
CG: 50±15
T diagnosed (years): NI

Duration: 12 weeks
IG: Frequency: 2 day/week
Duration: 30 min. Type of 
exercise: Aquatic exercise. 
Intensity: 40–50% of VO2max 
CG: maintain its normal 
activity.

Biochemical and/or haematological
- 	Glomerular filtration rate
- 	Proteinuria

Drop-outs (n): 10
Rate: 35.6% 
Adverse effects: NR
Significant differences: NR

Figure 2. Meta-analysis - physiological variables.

(continúa)

Favours pre-intervention                Favours post-intervention

Study Name Comparison Variable Statistics for each group
Stat Dif 
in Size VarianceStandard 

error
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limit Z-Value

Stat Dif in Size 95% CI
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GI
GI

GI
GI

GI
GI

GI
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Authors (year) Objective Participants Intervention Variables (test) Significant results (p <0.05).

Anastasia et al.  
201529

The study objective was 
to assess the effects of an 
aquatic programme on the 
functional capacity and 
quality of life of patients on 
haemodialysis.

Sample (n; %men/women): 
n=27
(IG: n= 15 ,86.67% 
men 13, %13.33 women 2)
(CG: n= 12, 91.67% 
men 11, 8.33%  women 1)
Distribution and age:
IG: 48.0 ± 11.3
CG: 48.6 ± 15.4
T diagnosed (years):
0.25> years minimum.

Duration: 16 weeks
IG: Frequency: 3 day/week
Duration: 60 min. Type of 
exercise: Aquatic exercise. 
Intensity: Borg Scale of 
Perceived Exertion (6-20) with 
effort 40-50% of VO2max 
CG: maintain normal activity.

Physical fitness assessment-exercise testing
- 	6 min walk test(m)
- 	Sit to stand (s)
- 	Handgrip (kg) 
- 	Sit and reach (cm)
- 	Timed up and go
- (s)
Health-related quality of life assessment.
- 	Short Form-36 Questionnaire

Drop-outs (n): 2
Rate:  6.9%
Adverse effects: NR
Significant differences:
Intervention group:
SF-36:
PCS**
MCS**
Physical fitness assessment-exercise 
testing
- 	6 min walk test**
- 	Sit to stand **
- 	Handgrip **
- 	Sit and reach **
- 	Timed up and go**
Control group:
Physical fitness assessment-exercise 
testing
- 	6 min walk test**
- 	Handgrip *
- 	Sit and reach *
Comparing groups: 
SF-36:
MCS**
Physical fitness assessment-exercise 
testing
- 	6 min walk test**
- 	Sit to stand *
- 	Sit and reach **
- Timed up and go* 

Petchter et al.  
200331

The study objective was to 
determine whether a regular 
aquatic programme with 
12 weeks of low intensity 
exercise could have an 
improving effect on patients 
with moderate CRF and to 
compare the outcome with 
data from the sedentary 
control group.

Sample (n; %men/women): 
n=26
(IG: n =17, 41.2% 
men 7, 58.8% 
women10)(CG: n =9, 6, 66.7% 
MEN , 3, 33.3% WOMEN)
Distribution and age:
IG: 50 ± 15 years 
CG: 51.5 ± 20.5 years 
T diagnosed (years):
NI

Duration: 12 weeks
IG: Frequency: 2 day/week
Duration: 30 min. Type of 
exercise: Aquatic exercise. 
Intensity: 40–50% of VO2max 
CG: NE

Physical condition:
- VO2max
- BMI
Biochemical and/or haematological
- 	Cystatin-C
- 	Glomerular filtration rate
- 	Proteinuria
- 	Blood pressure

Drop-outs (n): 0
Rate:  0
Adverse effects: NR
Significant differences:
Intervention group:
- 	Peak O2 pulse*
- 	Peak ventilation*
- 	Peak load*
- Cys-C*
- U-Prot*
- SBP*
- DBP*
- LPO*

Discussion 

In this investigation, the evidence of the effectiveness of physical 
exercise programmes in an aquatic environment as a strategy to improve 
the physical condition of patients with CKD was examined and critically 
reviewed. It is important to emphasise that, in addition to randomised 
clinical trials, this study also included other trials. This was done for the 
following reasons. Firstly, the lack of studies that lead to a substantiated 
conclusion. It was therefore decided to include in this investigation 
articles that were not randomised clinical trials in order to obtain a 
more general view of the evidence available and to report it for future 
scientific investigations33. Secondly, the inclusion of more studies gives 
greater robustness to the meta-analyses conducted, making it possible 
to substantiate each statistical test with better judgement27.

Although a limited number of investigations were located and 
their methodological quality was poor, it was still possible to extract 
important information that can be used for future studies.

After presenting the data on exercise programmes in an aquatic 
environment in this review, it can be said that these programmes had a 
beneficial and significant impact on the physical condition parameters 
(strength in lower limbs, stability), physiological parameters (cardiores-
piratory capacity, renal function, diastolic pressure, systolic pressure) 
as well as emotional parameters (quality of life) for persons with CKD. 
Generally speaking, the results of the meta-analyses give greater weight 
to the benefits of this aquatic environment to those suffering from this 
disease. The effects of these aquatic programmes indicate that the physical 
condition, the physiology together with the patient’s state of mind, can 
improve significantly more than with other physical exercise programmes. 
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Figure 3. Meta-analysis - physical condition variables.

Likewise, it should be emphasised that, in the course of these aqua-
tic exercise programmes, no drop-outs or adverse effects were reported. 
In land-based programmes, the principal cause of drop-out or the failure 
to complete the programmes is a lack of physical strength19, making it 
difficult for patients to continue the study, giving even more support 
to studies in an aquatic environment. Those suffering from CKD may 
have a poor quality of life, making it difficult to attend programmes to 
improve their physical condition. With regard to this, it should be pointed 
out that complete attendance in the studies shows a high frequency 
(91.6%). These results make it more feasible to propose interventions in 
an aquatic environment as the way to improve physical condition. Mo-
reover, diseases such as arthrosis, diabetes mellitus or Parkinson’s, have 
found benefits in aquatic exercise19,20,34. Finally, it should be highlighted 
that these patients come with quality of life problems that affect the 
disease. In this review, only one study29, made an investigation to show 
the results with regard to the quality of life of these patients. Although 
the study considers a number of variables for these patients, both emo-
tional and physical, these are insufficient to provide clear and accurate 
information to the review. This therefore represents an opportunity to 
conduct a more detailed study on the exercise programmes and the 
quality of life of patients suffering from this disease in order to consider 
the potential benefits that this could bring.

The study is not without limitations. Firstly, the methodological 
quality of the studies was poor, requiring better quality in order to con-
duct a more accurate investigation, indicating that future investigations 
should be made. Secondly, although the statistical tests show a positive 
correlation, men and women are included within the sample, forming a 
non-heterogeneous group. Furthermore, the groups in the studies do 
not contain the same sample for each group, giving more weight to one 
study compared to another. Thirdly, considering the limited number of 
studies included in the meta-analysis and its high heterogeneity, the 
assertions made in the study must be taken with caution, given the 
limitation in the application of the statistical tests in the actual studies 
analysed and in the meta-analysis subsequently conducted in this article.

Conclusion 

The results of this review indicate that aquatic exercise is a safe 
and feasible option for persons with CKD. Although there is limited 
scientific evidence with regard to its benefits, doing aquatic exercise 
could improve the physical health of patients. However, further studies 
on this subject are necessary, particularly those focussing on the impact 
of this type of physical therapy.
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