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Abstract

Purpose This systematic review examined the effects of exercise interventions on depression and anxiety in chronic kidney
disease patients.

Methods Electronic searches were conducted between August 2019 and February 2020 at PubMed, MEDLINE, Web of
Science, EBSCO, Scopus, LILACS, EMBASE, Physiotherapy Evidence Database, and Cochrane Library databases. Original
clinical trial studies that examined the effects of exercise on depression and anxiety in chronic kidney disease patients, stages
3-5, were included. A total of eight studies were included in the systematic review after applying the eligibility criteria, and
six studies used for the meta-analysis procedures.

Results The meta-analysis demonstrated statistical difference on depression in favour to exercise when compared to active
control (SMD=- 0.66 [— 1.00, — 0.33], p <0.0001) and passive control (MD=— 6.95 [- 8.76, — 5.14], p <0.00001). Same
results on anxiety demonstrated statistical difference between exercise and active control (SMD=- 0.78 [— 1.21, — 0.34],
p=0.0004).

Conclusion From the current limited number and quality of published studies, exercise seems to be more effective than
sedentary control and other active control groups for improving depression and anxiety symptoms in chronic kidney disease
patients.

Keywords Exercise - Chronic kidney disease - Depression - Anxiety - Mood disorders

Introduction

In the last 2 decades, the diagnosis of chronic kidney disease
(CKD) has been growing worldwide, especially in develop-
ing countries [1, 2]. Renal replacement therapies, prescribed
Electronic supplementary material The online version of this in cases of end-stage renal disease, generally affect biopsy-
article (https://doi.org/10.1007/511255-020-02612-w) contains chosocial health and patient’s independence, which may lead
supplementary material, which is available to authorized users. K K . K R A
to depression, anxiety, and physical function impairment [3,
D4 Thalita Lauanna Ferreira 4]. Previous studies showed that CKD patients undergoing
thalitalauanna @ gmail.com hemodialysis (HD) have a high prevalence of depressive
symptoms (DS), which is also confirmed in earlier stages
of the disease [5, 6].
Another mood disorder in CKD patients is anxiety, which
is also highly prevalent, and both are strong associated [7-9].
There is evidence that DS and anxiety are associated with
diminished quality of life (QoL) [6]. Besides, a reduction in
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QoL impairs the metabolism and physical function, which
increases disability, morbidities, and mortality [10, 11].

Muscle and physical function are commonly reported as
associated factors with hospitalization and independent liv-
ing in CKD patients [12, 13]. These conditions may con-
tribute to DS and anxiety. Exercise interventions have been
effective in improving mood disorders, such as anxiety and
DS in this population [14—16]. Additionally, exercise plays
an important role in maintaining and improving muscle
and physical function. Improvements in physical function
explain a possible neural mechanism that may mediate the
positive effects of exercise on DS and anxiety [17].

Therefore, the need for a systematic review with meta-
analysis to assess the effects of exercise on DS and anxiety
may reinforce new non-pharmacological perspectives. Thus,
this study aimed to conduct a systematic review to exam-
ine the effects of exercise intervention programs on DS and
anxiety in CKD patients.

Methods
Registration and protocol

This study was registered with the International Prospective
Register of Systematic Reviews (CRD42018117242). The
systematic review was performed using the PICO method:
patients with CKD (Population), physical exercise program
(Intervention), active and passive control (Comparison),
depressive disorders and anxiety (Results). Also, this work
is in line with the recommendations of the PRISMA state-
ment to report systematic reviews.

Search methods to identify the studies

Two independent authors (A.L.A.R and W.R.M) performed
an electronic search between August 2019 to February 2020
at PubMed, MEDLINE, Web of Science, EBSCO, Scopus,
LILACS, EMBASE, Physiotherapy Evidence Database
(PEDro), and Cochrane Library databases and used the fol-
lowing keywords and search strategy: ("renal insufficiency
chronic" OR "chronic renal insufficiencies" OR “Renal
Insufficiencies, Chronic” OR “Disease, Chronic Renal” OR
“Chronic Kidney Disease”) AND (exercises OR “physical
activity” OR “activities physical” OR “activity physical” OR
“physical activities” OR “exercise physical”).

After that, a full-text reading was done to the potentially
eligible studies. Disagreements were resolved by consensus
between two reviewers. The reference list of the selected
articles was consulted to find possible additional stud-
ies. The included articles of similar systematic review but
with other outcomes were also consulted to find additional
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studies. The duplicate items identified after searching the
databases were removed.

Selection criteria

Only randomized clinical trials (RCTs) in English were
included to investigate the effect of different exercise
programs on anxiety and depressive disorder in adults
(> 18 years) with CKD.

Physical exercise intervention program was considered
as a training with a prescription that is usually regular and
done to improve or maintain fitness or health. The exercise
considered in the present study was performed only in a
supervised manner. Depression was considered as an affec-
tive disorder manifested by either a dysphoric mood or loss
of interest or pleasure in usual activities. The mood distur-
bance is prominent and relatively persistent.

To analyze the efficacy of exercise on depression and
anxiety in CKD patients, it was selected studies with the
active and passive control group as a comparator for ana-
lyzes employed by the present study.

The following exclusion criteria were considered: studies
in which patients had comorbidities such as neurological and
rheumatological impairments. Individuals who performed
home-based exercises/without supervision/leisure.

Study selection

Two independent authors screened titles and abstracts of the
results identified by the search strategy. A full-text reading
was done to the potentially eligible studies. Articles were
selected after a sequenced reading of the title, abstract, and
full text, always in this order. First, the titles retrieved in the
search, then the abstract, which showed relevance with the
theme, and finally the methodologic analysis of supervised
physical exercise used in the selected studies. Divergence
in study selection was resolved by consensus between the
reviewers. The reference list of the articles was consulted
to find possible additional studies. The included articles of
similar systematic review but with another outcome were
also consulted to find additional studies. The duplicate items
identified after searching the databases were removed.

Data extraction and analysis

The continuous data to perform the meta-analysis were
extracted by one reviewer and checked by a second. The
values were entered into a database on Excel Software before
the use of Review Manager software (Version 5.3.5).

To perform the meta-analysis was used the Standard-
ized Mean Difference ([SMD]: assess the same outcome but
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measured it in a variety of ways) and 95% of the Confidence
Intervals on the following comparisons (1) exercise vs. active
control on depression; (2) exercise vs. active control on anxi-
ety. The Mean Difference ([MD]: measures the absolute dif-
ference between the mean values in two groups in a clinical
trial) and 95% of the Confidence Intervals were considered for
comparison between exercise and passive control on depres-
sion (i.e., Back Depression Inventory [BDI]). For all analyses
were used the data from post-test values (final measurement
rather than the changes from baseline), the post-test group
standard deviation, and the number of participants (n) in each
group [18].

Considering that the included papers had distinct popula-
tions, intervention parameters, and settings, a random-effects
model (inter-study heterogeneity) was always employed in
the meta-analysis. Finally, a sensitivity analysis was planned
to identify if a specific study (forest plot inspection for outli-
ers) changes the summary effect, by repeating the meta-anal-
ysis with one study omitted at a time. The heterogeneity of
the studies was assessed by the P statistic and 95% CI [18].
An P statistic: 0-40% might not be important, 30—-60% may
represent moderate heterogeneity, 50-90% may represent
substantial heterogeneity, and 75-100% considerable het-
erogeneity [18]. Assessment of clinical relevance was made
using three categories: small effect (MD < 10% of the scale;
SMD < 0.5); medium effect (MD from 10-20% of the scale;
SMD from 0.5 to 0.8); large effect (MD > 20% of the scale;
SMD > 0.8) [19].

To rate the methodological quality of the included RCTs
was scored using the PEDro scale. The PEDro scale con-
sists of 11 criteria (random allocation; concealed allocation;
baseline comparability; blind subjects; blind therapists; blind
assessor; adequate follow up; intention-to-treat-analysis;
between groups comparisons; point estimates and variabil-
ity), which receives either a “yes”, or “no” rating. As criteria
1 is not used in the calculation, the maximum PEDro score
is 10 points. Trials with a PEDro score > 6 points were clas-
sified as high-quality, while trials with a PEDro score <6
points were classified as low quality. The studies were
assessed with the Brazilian-Portuguese version of the PEDro
scale. Also, to rate the quality of the evidence underlying
was used the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE). GRADE offers
four levels of evidence: high, moderate, low, and very low.
Randomized trials begin as higher quality evidence and the
quality may be downgraded as a result of limitation in the
study design or implementation, imprecision of estimates,
variability in results, indirectness of evidence, and publica-
tion bias.

Results
Included studies

The electronic search retrieved 621 articles, of which 288
were excluded as duplicates, 304 were excluded by read-
ing title and abstract, 21 were excluded by full-text read-
ing. Therefore, eight RCTs [5, 15, 20-25] were included in
the systematic review after applying the eligibility criteria
and six studies used for the meta-analysis procedures [35, 15,
22-25]. Figure 1 shows the flowchart of the search process
and the included studies in the analyses.

Studies not included in the pooled analysis

The studies which not entered in the meta-analysis had inad-
equate information about the outcomes. A study reported the
data only in graphics and another used the instruments (Beck
Depression Inventory-1I and Beck Anxiety Inventory) only
to identify the prevalence of depression and anxiety in par-
ticipants. Both did not report quantitative data to data extrac-
tion. Therefore, the authors of the studies were contacted to
provide additional information, however, this procedure was
not successful.

General characteristics of the studies

The included studies are randomized controlled trials and
measured outcomes before and after exercise training pro-
grams. Studies were developed in Greece [22, 23], China
[5, 25], India [15], and Iran [24]. Seven studies included
maintenance HD patients and only one CKD stages 1-3.

The included studies evaluated 376 patients on main-
tenance HD and CKD stages 1-3 (289 on meta-analysis)
of both genders. The minimum and maximum age ranged
between 18 and 70 years, the mean (DP) on control groups
among 38.4 (1.8) and 65.2 (3.1), on experimental groups
the variations were among 39.1 (2.2) and 64.94 (9.51) years
old. The sample size of the included studies considering con-
trol and experimental groups was 14-90 participants. The
other characteristics of the studies are shown in Table 1. In
addition, supplementary data present the results of PEDro
scale of the studies included in qualitative and quantitative
analyzes.

Interventions

The studies included in the meta-analysis used the fol-
lowing types of exercise interventions: cycling + strength-
ening + flexibility [23]; warm-up + cycling + strengthen-
ing + cool down [22]; audio device-guided breathing training
(quiet room) [5]; routine care + pilates exercise (pilates
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out of hemodialysis) [24]; home-based—aerobic exercise
(walking, stationary cycling, and jogging) [25]; intradialytic
exercise training [15]. In aerobic exercise training studies,
light-to-moderate intensity was used (on average 60% of the
patient’s total strength capacity). The intervention period
ranged from 04 to 48 weeks, 2—3 times a week with a dura-
tion of 15-90 min per session.

The control groups were not all passive, some were
submitted to education exercise [25] or routine care prac-
tice in the hospital [15, 24]. In both cases, treatment was
supervised by a physiotherapist, nurse, or exercise physi-
ologist. Therefore, we consider as passive controls only
the sedentary [22] or waiting list groups [5, 23]. No study
has reported adverse effects (falls, hypertensive spikes,
pain, or malaise related to exercise training).
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Instruments

The instruments used in the included studies of the meta-
analysis were: General Health Dimensions (Anxiety
subscale) [24]; Hospital Anxiety and Depression scale
(HAD-A = anxiety subscale) [25]; Hospital Anxiety and
Depression scale (HAD-D = depression subscale) [25];
Depression, Anxiety and Stress Scale (DASS) [15]; Gen-
eral Health Dimensions (depression subscale) [24]; Beck
Depression Inventory (BDI) [5, 22, 23].

Meta-analysis results

The meta-analysis demonstrated statistical difference (1)
on depression in favour to exercise when compared to
active control (Fig. 2; n= 148 participants; [experimental
n="74; control n="74 participants], SMD =— 0.66 [— 1.00,
—0.33], p<0.0001, with very low confidence in effect esti-
mated (GRADE analysis of three studies) and (2) on depres-
sion in favour to exercise when compared passive control
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Table 1 Characteristics of included studies in the systematic review
Author, year Population: CKD status n Outcome Instruments  Post-test Interventions Frequency
gender, age, and duration
groups
Cho, 2018* Male Maintenance AE (n=11) Depression DBI-II 12 a 15 Weeks Aerobic exercise stationary; 3x/week
AEG=55.2 hemodialysis RE (n=10) and anxiety BAI resistance exercise (elastic 35 min
(11.9) CE (n=12) bands and soft weights);
REG=529 CG (n=13) combined (AE+RE)
(8.8)
CEG=50.0
(14.3)
CG=59.4(10.8)
Frih, 2017* Gender not Maintenance EG (n=21) Depression HAD-D 16 Weeks Resistance and endurance 3x/week
described hemodialysis CG (n=20) and anxiety HAD-A exercise 60 min
age 65 year 4 weeks
EG=64.2(3.4)
CG=652(3.1)
Kouidi, 2010 Male and female Maintenance EG (n=24) Depression BDI 48 Weeks ‘Warm- 3x/week
EG=46.3(11.2)  hemodialysis CG (n=20) and anxiety HADS up +cycling +strengthen- ~ 60-90 min
CG=45.8(10.9) ing + cool down
Ouzouni, 2009 Male and female Maintenance  EG (n=20) Depression BDI 40 Weeks Cycling + strengthen- 3x/week
age 48.8 (13.9); hemodialysis CG (n=14) ing + flexibility 60-90 min
EG=47.4(15.7)
CG=50.5(11.7)
Rahimimogh-  Male and female Maintenance  EG (n=25) Depression, GHD 8 Weeks Routine care + pilates 3x/week
adam, 2017  age 18-65 years hemodialysis CG (n=25) anxiety, exercise (pilates out of 45 min
EG=39.1 (2.2) and general hemodialysis)
CG=38.4(1.8) health
Santhi, 2018 Male and female Maintenance  EG (n=7) Depression DASS 8 Weeks Intradialytic exercise training  3x/week
aged 40-65 year hemodialysis CG (n=7) 15 min
EG =unin-
formed
CG=unin-
formed
Tang, 2017 Male and female CKD stages EG (n=45) Depression HAD 12 Weeks Home based—aerobic exercise 3x/week
aged 18-70 year 1-3 CG (n=45) and anxiety HAD-A (walking, stationary 25-30 min
EG=46.26 HAD-D cycling and jogging)
(15.61)
CG=43.90
(12.44)
Tsai, 2015 Age 18 orolder Maintenance  EG (n=32) Depression BDI 4 Weeks Audio device—guided breath-  2x/week
EG=64.94 hemodialysis CG (n=25) ing training (quiet room) 30 min
9.51)
CG=61.08
(11.18)

AE Aerobic Exercise, AEG Aerobic Exercise Group, ESRD end-stage renal disease, BAI Beck Anxiety Inventory, BDI Beck Depression Inven-
tory, BDI-II Beck Depression Inventory adapted, CE Combination Exercise, CEG Combination Exercise Group, CG Control Group, DAS
Depression, Anxiety and Stress Scale, EG Experimental Group, GHD General Health Dimensions, HAD Hospital Anxiety and Depression scale,
HAD-A Anxiety subscale, HAD-D Depression subscale, RE Resistance Exercise, REG Resistance Exercise Group

*Studies not included in the pooled analysis

(Fig. 3; experimental n="75 vs, control n =159 participants];
MD=- 6.95 [- 8.76, — 5.14], p<0.00001, with very low
confidence in effect estimated (GRADE analysis of three
studies). The clinical relevance was found to be moderate
between (1) exercise vs. active control and for (2) exercise
vs. passive control (at least of 10% of change in the scales
analysed).

The meta-analysis on anxiety demonstrated statistical dif-
ference between exercise and active control (Fig. 4; experi-
mental n=67 vs. control n=67 participants]; SMD=—- 0.78
[- 1.21, — 0.34], p=0.0004, with very low-quality

confidence in effect estimated (GRADE analysis of two
studies). In this outcome, it was showed a moderate clinical
relevance. All decisions and judgments for GRADE analysis
are presented as supplementary material.

Heterogeneity, sensitivity, and risk of bias
There was not important heterogeneity on depression analy-
sis between exercise vs. active control (I>=0%; p=0.98)

and between exercise vs. passive control (I>=0%; p=0.38).
As on depression, in anxiety also, there was not important
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Experimental Active Control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
Rahimimoghadam 2017 (a) (1) 86 3.06 25 104 24 25 33.49% -0.64 [-1.21,-0.07] —
Santhi 2018 {2) 471 32 7T OB29 15 7T95% -0.59 [-1.67, 0.49] —
Tang 2017 (a) (3) 452 262 42 64 28 42 56.7% -0.69 [1.13,-0.25] ——
Total (95% ClI) 74 74 100.0% -0.66 [-1.00, -0.33] o
Heterageneity: Tau?= 0.00; Chi*= 0.03, df= 2 (P = 0.98); F= 0% *2 i1 5 15 é
Testfor overall effect: Z=3.92 (P = 0.0001) Exercise Active Control
Footnotes
(1) Routine care + Pilates exercise (Pilates out of hemodialisys) vs Routine care practice in the hospital
(2) Physical activity during henodialysis vs Routine care practice in the hospital
(3) Home based- Aerobic exercise (walking, cycling and jogging) vs Exercise education
Fig. 2 Forest plot of the comparison exercise vs active control on depression
Exercise Passive control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Kouidi 2010 {1) 1461 415 24 221 B.24 200 321% -T7.49[-10.69, -4.29] —
Quzouni 2009 (2) 117 36 19 194 4 14 468% -7.70[-10.35,-5.05] —i—
Tsai 2015 (3) 509 53 32 956 89 25 211%  -4.47[-8.42,-052] e —
Total (95% CI) 75 59 100.0% -6.95[-8.76,-5.14] <
Heterogeneity: Tau?= 0.00; Chi*=1.94, df=2 (P=0.38); F= 0% _150 55 3 é 150
Test for overall effect: Z=7.52 (P = 0.00001) Exercise Passive control
Footnotes
(1) Warm-up + cycling + strengthening + cool down vs Sedentary control group
(2) Cycling + strengthening + Flexibility vs Control status
(3) Audio device-guided breathing training (quiet room) vs Waiting list
Fig. 3 Forest plot of the comparison exercise vs passive control on depression
Exercise Active Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Rahimimoghadam 2017 {b) (1) g4 29 25 12 38 25 396% -1.06[1.64,-0.45] —
Tang 2017 (k) (2) 383 26 42 564 305 42 B0.4% -0.60 [-1.04,-0.186] —ii—
Total (95% CI) 67 67 100.0% 0.78[1.21, -0.34] -
Heterageneity: Tau®=0.03; Chi*=1.43, df=1{P=023), F=30% I_2 I1 ) 1: 2:

Testfor overall effect: £=3.52 (P = 0.0004)

Footnotes

Exercise Active Control

(1) Routine care + Pilates exercise (Pilates out of hemodialisys) vs Routine care practice in the hospital
(2) Home based- Aerobic exercise (walking, cycling and jogging) vs Exercise education

Fig.4 Forest plot of the comparison exercise vs active control on anxiety

heterogeneity between exercise vs active control (I =30%;
p=0.23). The sensitive analysis, which includes checking
outliers’ studies by graphic inspection, found no need to
remove a specific study.

The risk of bias analysis showed that 100% of studies
described the random sequence generation method [5, 15,
22-25] and only one study adopted a method to conceal
randomization [5]. No study included blinding of partici-
pants and professionals, and one study blinding of evaluators
[5]. In 83.33% of studies, the outcomes were complete [5,
22-25], and in 50% of the studies, the selective outcome
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was reported [5, 22, 24]. Half of the studies presented other
risks of bias [23-25]. The risk of bias was summarized in
supplementary data.

Discussion

The results from this systematic review with meta-analyses
showed that exercise interventions are effective in attenu-
ating mood disorders, such as DS and anxiety. Also, even
when exercise intervention was compared with active control
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groups it has been observed an improvement in favor of
exercise.

Mood disorders, especially DS and anxiety, are impor-
tant issues that negatively impact CKD treatment. Most of
the physicians prescribe medications, which might have
numerous emotional and physical undesirable effects [16,
26]. Researchers have been interested in non-pharmaco-
logical therapeutics options, such as exercise interven-
tions. Therefore, a recent meta-analysis identified exercise
as the best non-pharmacological treatment for reducing
DS in ESRD patients [16], which is also confirmed by our
findings, where exercise intervention showed better results
in comparison to active or control group.

Improvements in muscle and physical function induced
by exercise might explain beneficial changes in DS and
anxiety. Physical function seems to be associated with a
better QoL, moreover, DS has been found as the great-
est predictor of QoL [27-29]. Mood disorders might be
triggered by the reduction in physical function and the
dependence of a second person to perform activities of
daily living [30, 31]. On the other hand, exercise interven-
tions have been showing positive effects on general health,
QoL, and vitality, in addition to reducing the demand for
medication intake, disability, episodes of cramps, and
fatigue [22, 25, 31, 32].

Exercise as a non-pharmacological therapy to mood dis-
orders has been widely studied in other chronic diseases and
healthy population, with many physicians advocating its pre-
scription [33]. In the CKD population, the first evidence is
dated from 1997 [34], however, its implementation as rou-
tine care in CKD treatment is not completely established
[35]. Busch et al. (2016) found that lack of motivation and
fatigue were reported as barriers to exercise in depressive
people [36]. These barriers are increased in CKD patients,
which may impair engagement in exercise programs [37].

Our systematic review and meta-analysis screened only
supervised clinical trials, and it is known that supervised
exercise prescriptions promote higher adherence, motiva-
tion, and benefits [38]. Thus, CKD patients with DS and
anxiety may experience better results in mood control when
the exercise intervention is supervised by an exercise physi-
ologist, kinesiologist, physical therapist, or similar. Indeed,
guidelines for the clinical management of CKD patients
should be updated for nephrologists to present the benefits
of exercise programs in DS and anxiety [32]. Despite the
high amount of evidence, there are still gaps in the scien-
tific literature and further studies are needed to investigate
the dose-response of exercise programs on depression and
anxiety in CKD patients.

Limitations

The limitations are mainly related to the methodological
quality of the selected clinical trials and the absence of infor-
mation in the description. Regarding the selection criteria,
only three presented sample size calculation [5, 24, 25], not
all samples were probabilistic, and as the selection criteria
were not homogeneous, the mean ages showed great varia-
bility. There was a lack of information about the researchers’
blinding, about the intention to choose a specific exercise
program, which was quite varied, and about the control of
patients with CKD who did not perform exercise.

Conclusion

From the current limited number and quality of published
studies, exercise seems to be more effective than seden-
tary control and other active control groups for improving
depression and anxiety symptoms in CKD patients.
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