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Abstract

Objective To investigate the efficacy of exercise training on functional capacity and quality of life in chronic kidney disease.
Data sources SCOPUS, CINAHL, Science Direct, Web of Science, MEDLINE, ProQuest, Physiotherapy Evidence Database
(PEDRO), and Google Scholar databases were searched between 2010 and December 2020.

Methods Randomized controlled trials were included if they involved any types of exercise training (aerobic, resisted and
respiratory ex.) conducted with chronic kidney disease patients. Three authors independently screened articles, extracted
data, and assessed the methodological quality using PEDro scale, and two authors released any confliction. Modified Sackett
Scale was used to determine the level of evidence for each outcome.

Results Out of 130 papers screened, 13 studies with 619 participants met the inclusion criteria. The frequency of the treat-
ment ranged from three to four sessions per week for a period ranging from 8 to 24 weeks. According to the Pedro scale, the
quality of studies ranged from good (three studies) to fair (ten studies). All included studies showed positive effects on the
measured outcomes (functional capacity and quality of life in chronic kidney disease).

Conclusion Exercise programs for chronic kidney disease patients provide beneficial clinical outcomes and optimize func-
tional capacity and quality of life in those patients. Future studies still need to focus on high-quality evidence and studies
evaluating the adverse effects of exercise.
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tries have reported that about 12% of the population presents
CKD. This rate increases with increasing age [1]. Persons
diagnosed with CKD present high morbidity and mortality
due to cardiovascular diseases (CVD), low quality of life
(QOL), limitation of functional capacity, and metabolic,
musculoskeletal disorders [2].

The mortality rate of CKD patients on dialysis is higher
than that for individuals in the age-matched population. In
Saudi Arabia, the rate of CKD increased in the last three
decades due to the rapid changes in lifestyle and high popu-
lation growth. By the end of 2014, a total of 15,782 dialysis
patients were receiving treatment in 187 dialysis centers in
the Kingdom of Saudi Arabia, 14,366 of them treated by
hemodialysis (HD) and the remaining 1416 by peritoneal
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dialysis (PD) [3]. The correlation between physical inactiv-
ity and poor physical and social outcomes is well established
for patients presenting with CKD [4]. Compared with other
populations, these patients exhibit reduced physical activity
in association with metabolic acidosis, inflammation, and
malnutrition, which in turn can induce reduced neuromus-
cular functioning, reduced exercise tolerance, and reduced
cardiorespiratory fitness [5, 6]. Also, we should consider
behavioral and pathophysiological factors, such as muscle
mass or anemia, and logistical factors, such as time spent on
dialysis and traveling to the clinic, as all these factors may
contribute to the worsening of physical activity [7].

It is well known that exercise therapy programs lead to
an improvement in the functional capacity and life quality
of CKD patients due to a positive effect on skeletal and car-
diac muscles as well as improved vascular health. Therefore,
regular physical activity is strongly recommended for CKD
patients [8, 9].

Patients presenting with CKD and their relatives experi-
ence different kinds of stress during the duration of their
illness and treatment because of the chronicity of the disease
and its long-term treatment. Patients report discomfort and
disruption in life as they spend hours in dialysis treatments.
CKD also stresses the relatives because the treatment is life-
time and because of the financial costs of the treatment [10].

Methods

SCOPUS, CINAHL, Science Direct, Web of Science,
MEDLINE, ProQuest, Physiotherapy Evidence Database
(PEDRO), and Google Scholar were searched without
restrictions regarding language or the year of publication.
The keywords “exercise training,” “quality of life,” “func-
tional capacity,” and “CKD patient” were used to search
from 2010 until December 2020. The screening for eligi-
bility was conducted using the Rayyan QCRI software for
systematic reviews [11].

Three independent reviewers (AAI, OWA, and MRA)
assessed titles and abstracts of the trials identified by the
search against the eligibility criteria (Table 1). All the arti-
cles considered potentially eligible were obtained in full text,
and additional manual screening of reference lists of the eli-
gible studies was performed. The exclusion criteria for this

study included studies based on animal data, studies includ-
ing subjects who were healthy in experimental settings, and
study designs other than RCT such as quasi-experimental,
systematic review, case studies, and reports.

The quality of the included studies was assessed using the
PEDro scale [12]. Three authors (AAI, OWA, MRA) rated
the included studies using the PEDro scale, with any conflict
being resolved by two authors (HMH and WKA). The fol-
lowing classification was used for rating the methodologi-
cal quality: a PEDro score of <4 indicated poor quality, a
score of 4-5 indicated fair quality, a score of 68 indicated
good quality, and a score of 9-10 indicated excellent quality
[13]. The methodological quality of the studies was assessed
according to the criteria of the PEDro scale 10, which scores
11 items, namely: (1) eligibility criteria, (2) random allo-
cation, (3) hidden allocation, (4) baseline comparability,
(5) blind subjects, (6) blind therapists, (7) blind assessors,
(8) proper follow-up, (9) intent to treat analysis, (10) group
comparisons, and (11) point estimates and variability. Items
are scored as present 1 or absent 0, generating a maximum
sum of 10 points, and the first item is not counted. For the
interpretation of results, we used the Modified Sackett Scale
to determine the level of evidence for each outcome [14].

Results

The initial search of all engines resulted in a total of 130
studies: Scopus “27”, Science direct “25”, PEDro “10”,
Medline “23”, CINAHL “10”, Web of Science “107,
Google Scholar “5”, and ProQuest “20”. After filtering
the articles against the eligibility criteria, 13 trials were
included in the review [15-27]. The selection process of
the studies is completely described in the flowchart of
Fig. 1. The final included trial had a total of 619 patients
presenting with CKD, both sexes included, aged < 80 years
old. The characterization of the sample, exercise programs,
and the main outcomes are illustrated in Table 2. The stud-
ies were arranged in descending order according to the
scores in the PEDro score. The quality of the selected stud-
ies according to the PEDro scale was fair and good: three
studies were of good quality [18, 19, 24] with the level
of evidence 1b (Moderate) based on the Modified Sackett
Scale, and the other ten studies were fair [15-17, 20-23,

Table 1 The inclusion criteria

of the study Design

Participants
Intervention

Out come measures

Comparison

Randomized controlled trials (RCTs). Published from 2010 until
December 2020 in English language

Applied on single or both genders of age <80
Any exercises training (aerobic, resisted ex and respiratory ex)

quality of life using scales of Quality of LifeQOL 36 or 1.3
functional capacity through the 6-min walk test or shuttle walk test

Exercises training (aerobic, resisted ex and respiratory ex) versus control
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7] Records screened

(n=94) (n=178)
—_J Animal (n=12)

Records excluded

Out of the scope of the

Fig.1 PRISMA flow diagram of studies through the review [7]

25-27] with a level of evidence 2b (Limited). Regarding
the intervention in the selected studies (aerobic, resisted,
and respiratory exercises) [15-27], the frequency ranged
from 3 to 4 sessions per week for the period ranging from
8 to 24 weeks. The exercise protocol was carried out for
HD patients during dialysis in eleven studies [17-27] and
for non-dialysis day in one study [15]. Further, in one
study, exercise was conducted for a non-dialysis depend-
ent patient presenting with CKD [16] (Table 3).

Quality of life was assessed in eleven studies from the
included trials [16, 17, 19-27] by applying the Short Form
Health Survey (SF-36) and the QOL-SF 1.3 questionnaire,
both of which measured quality of life in chronic renal
patients. Functional capacity was measured in 12 studies
from the included trials using the Six-Minute Walk Test

( ) y design (n=52)
. Study on children (n=14)
Full-text articles assessed for
_;* eligibility
:—§' (n=16)
S
=
Studies included in
qualitative synthesis Full-text articles excluded,
) (n=13) with reasons
(n=3)

Study design not RCT (n=2)
< Not intervention study (n=1)
"S Studies included in
E quantitative synthesis (meta-

— analysis)
(n=0)

[15-18, 20-27] and the Shuttle Walk Test (ISWT) in one
study [19].

Marchesan et al. and Fernandes et al. [18, 24] adopted
the same strategy of treatment (aerobic exercise versus con-
trol with no exercise). The intervention was done during the
dialysis session, and the result showed significant improve-
ment in exercise capacity using the Six-Minute Walk Test
(see Table 4), based on the weighted mean difference (95%
CI) and the overall effect (Z=3.59, p=0.003) of the aerobic
exercise vs no exercise on the Six-Minute Walk Test.

Abdelaal and Abdulaziz and Rosa et al. [15, 27] per-
formed the same treatment protocol (aerobic exercise vs
resisted exercise). The intervention was conducted dur-
ing the dialysis session, and the result showed significant
improvement in the exercise capacity using the Six-Minute
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Walk Test (see Table 4). It discussed the weighted mean
difference (95% CI) and the overall effect (Z=9.18,
p <0.001) of the aerobic exercise vs resisted exercise on
the Six-Minute Walk Test (Table 5).

Frih et al. and Jamshidpour et al. [20, 22] adopted the
same strategy of treatment (combined resisted aerobic
exercise vs no exercise). The intervention was carried
out during the dialysis session, and the result showed sig-
nificant improvement in the exercise capacity using Six-
Minute Walk Test, see Table 4, discussing the weighted
mean difference (95% CI) and the overall effect (Z=6.19,

p <0.001) of the combined resisted aerobic exercise vs no
exercise (Table 6).

Discussion

The prevalence of CKD has increased dramatically. CKD has
been associated with many complications and a high mortal-
ity rate [28]. Functional capacity is often severely impaired
in CKD patients because of the disease’s side effects and its
complications [29]. Reduction in functional capacity is one

Table 3 PEDro scores for
articles included in the
systematic review with CKD-

treated population

Table 4 Weighted mean

Author/year PEDRO SCALE TOT score
1 2 3 4 5 6 7 8 9 10 11
Figueiredo et al. [19] 1 1 1 1 0 0 1 1 1 1 1 8
Fernandes et al. [18] 1 1 1 1 0 0 1 1 0 1 1 7
Marchesan et al. [24] 1 1 0 1 o 0 O 1 1 1 1 6
Pellizzaro et al. [26] 1 1 0 1 o 0 O 1 0 1 1 5
de Lima et al. [17] 1 1 0 1 0o 0 O 1 0 1 1 5
Frih et al. [20] 1 1 0 1 0 0 1 0 0 1 1 5
Frih et al. [21] 1 1 0 1 0 0 1 0 0 1 1 5
Rosa et al. [27] 1 1 0 1 o 0 0 O 1 1 1 5
Aoike et al. [16] 1 1 0 1 0O 0 O 1 0 1 1 5
Lazarus [23] 1 1 0 1 o 0 0 O 1 1 1 5
Abdelaal and Abdulaziz [15] 0 1 0 1 0 O 1 1 0 1 1 5
Jamshidpour et al. [22] 1 1 0 1 0 0 1 1 0 0 1 5
Nilsson et al. [25] 0 1 1 1 0 O 1 0 1 0 0 5
Study Aerobic exercise G No exercise G Weight (%) Std. mean difference

difference (95% CI) of effect of

aerobic exercise vs no exercise Mean SD Total Mean SD  Total 1V, fixed, 95% CI
on 6 min walk test
Marchesan et al. [24] 486.4 62.7 11 4576 642 11 41 0.44 [- 0.41, 1.28]
Fernandes et al. [18] 3869 19.38 20 325.0 59.8 19 59 1.38 [0.67, 2.09]
Total (95% CI) 31 30 100 0.99 [0.45, 1.54]
Heterogeneity:
7$=2.80,df=1

(P=0.09); P=64%
Test for overall effect:
Z=3.59 (P=0.003)

Table 5 Weighted mean difference (95% CI) of effect of aerobic exercise vs resisted exercise on 6-min walk test

Study Aerobic exercise G Resisted exercise G Weight (%) Std. mean difference
Mean SD Total Mean SD Total 1V, fixed, 95%CI
Abdelaal and Abdulaziz [15] 4250 2149 20 366.86 17.47 21 97.9 58.14 [46.12,70.16]
Rosa et al. [27] 469.42 169.19 24 526.45 126.15 28 2.1 —57.03 [— 139.28, 25.22]
Total (95% CI) 44 49 100.0 55.73 [43.84, 67.63]

Heterogeneity: y>=7.37, df=1 (P=0.007); ?=86%
Test for overall effect: Z=9.18 (P <0.001)
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Table 6 Weighted mean
difference (95% CI) of effect
of combined resisted aerobic

Study

Combined resisted
aerobic exercise G

No exercise G Weight (%) Std. mean difference

exercise vs no exercise on 6-min Mean SD Total Mean SD Total 1V, fixed, 95%CI
walk test
Frih et al. [20] 480.5 319 21 415.6 363 20 92.2 64.90 [43.94, 85.86]
Jamshidpour et al. [22] 338.9 95.6 15 291.18 979 13 7.8 47.78 [— 24.14, 119.70]
Total (95% CI) 36 33 100.0 63.56 [43.44, 83.68]
Heterogene-
ity: ¥*=0.20,
df=1(P=0.65);
P=0%

Test for overall effect:
Z=6.19 (P<0.0001)

of the important complaints of dialysis patients, manifested
by decreased exercise tolerance and reduction of daily life
activities. Both the HD procedure and uremic myopathy are
associated with muscle protein breakdown, affecting periph-
eral and proximal muscles with a strong impact on overall
physical capacity [30].

The outcomes of the included studies showed that exer-
cise training has a positive effect on the functional capacity
and quality of life of CKD patients. Intradialytic exercise
training has been shown to improve dialysis efficacy by
increasing blood flow and perfusion of the muscle tissue
and enlarging the surface area, which diffuses greater flux
in circulating toxins and urea from the muscle to circulation
and removal by dialysis [31, 32]. This is in agreement with
Huang et al.’s [33] systematic review that showed that differ-
ent types of exercise for more than 8 weeks can effectively
improve quality of life in CKD patients on dialysis.

The study conducted by Ouzouni et al. [9] established
that intra-dialytic resistance training exercise resulted in
a significant improvement in physical functioning. It was
shown that patients under dialysis can participate safely in
a resistance training program and that there is no hemo-
dynamic and musculoskeletal complication as a result of
the exercise program. This improvement can be attributed
to the functional, morphological, and neural adaptations of
the skeletal muscles for resistance training. However, other
studies showed a decrease in the walking capacity and have
not observed any statistically significant increase in the Six-
Minute Walk Test after exercise intervention [34, 35].

Two studies were conducted by Fernandes et al. and Mar-
chesan et al. to analyze the effects of physical training (PT)
using aerobic training on the physical fitness of patients
undergoing HD, and revealed significant improvement in
functional capacity post-treatment in the experimental group
using the Six-Minute Walk Test. Further, QoL was measured
by Marchesan et al. and improvement was observed in the
study group [18, 24].

Studies by Abdelaal and Abdulaziz [15], and Rosa et al.
[27] were conducted to analyze the effects of physical
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training (PT) on the functional capacity of HD patients.
They revealed significant improvement in functional capac-
ity post-treatment in the experimental group using the Six-
Minute Walk Test; however, QoL measured by Rosa et al.
[27] revealed no difference between the study groups. This
is in agreement with the study of Headley et al. [36] who
showed a significant improvement in the distance measured
with the Six-Minute Walk Test after training CKD patients.

One of the explanations for the significant gain in func-
tional capacity was the use of a combined aerobic and
strength training program. This suggests that impairment of
functional capacity may be decreased by the gain of muscle
strength and improved muscle atrophy, and has beneficial
effects on overall work performance [37].

The studies carried out by Frih et al. [20] and Jamshid-
pour et al. [22] using PEDro score 5 assessed the combined
resisted aerobic exercise vs. no exercise during the dialysis
session and found a significant improvement in the exercise
capacity using the Six-Minute Walk Test.

QoL was measured using a short form (SF-36 question-
naire). Frih et al. [20] revealed a significant improvement in
the physical and mental components after 4 months of train-
ing. On the other hand, Jamshidpour et al. [22] found neither
any significant changes in any of the eight generic subscales
of HRQoL nor in the exercise training group or controls fol-
lowing an 8-week study, possibly due to the duration of the
study and the characteristics of the selected patients. These
results are in line with the study by Wu et al. [38], which
showed that combined aerobic and resistance exercise had
no significant effect on all the domains of QoL, physical
or mental. This contradicts the Cochrane systematic review
results by Heiwe and Jacobson [39] which concluded that
regular exercise can improve QoL in CKD patients.

The only study in our investigation that used home-
based versus center-based aerobic exercise in non-dialysis
dependent patients with CKD (NDD-CKD) was carried
out by Aoike et al. [16] using the Six-Minute Walk Test for
measuring functional capacity, and QoL (SF-36) question-
naire for measuring QoL. The results of this study revealed
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significant improvement in the Six-Minute Walk Test after
12 weeks, and the duration was further increased after
24 weeks in both exercise groups. No changes were found
in the control group, and this improvement was maintained
after 24 weeks [16]. It was also documented that aero-
bic exercise training with low-intensity provides efficient
influences on QoL, psychological status, and physical per-
formance in CKD patients [40].

There was limited data for NDD-CKD patients, which
showed that these patients had better QoL scores than the
patients on dialysis, possibly due to less impaired physi-
cal capacity and better clinical condition with fewer com-
plications [36, 41, 42]. The findings of our systematic
review are in agreement with the meta-analysis of Heiwe
and Jacobsen, published in 2011 [39] and updated in 2014
[43]. They found a significant improvement in the vari-
ous types of exercise for CKD patients, physical fitness,
walking capacity, muscular functioning, cardiovascular
function, and HRQOL, with stronger evidence for dialysis
patients and aerobic exercise programs [43].

Also, our review is in agreement with the systematic
review by Barcellos et al. [44] who found significant
improvement in physical fitness and QoL after conduct-
ing the aerobic exercise in CKD patients under dialysis.
These findings indicate that exercise may have multiple
benefits for the functional capacity and QoL of non-dialy-
sis dependent CKD patients who make up the largest part
of the CKD population, however, there are still relatively
few studies of exercise in this group.

Conclusion

Conducting an exercise training program for CKD patients
is feasible and effective, as assessed by a statistically and
clinically significant improvement in functional capacity,
measured by the Six-Minute Walk Test, and QoL, meas-
ured by the QOL-SF questionnaire. Future studies are
still needed to concentrate on high-quality evidence and
to assess the benefits and adverse effects of exercise in
patients presenting with CKD. Further, they will also be
able to provide more comprehensive evidence for develop-
ing exercise programs.
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