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Abstract

Background: Rehabilitation effects of exercise training on adults with chronic kidney disease (CKD) have been
generally recognised; however, the effects of exercise training on proteinuria have been underexplored. Our aim
was to explore the effects of exercise training on proteinuria in adult CKD patients without renal replacement
therapy.

Methods: Randomised controlled trials (RCTs) and quasi-experimental studies examining the effects of exercise
training on proteinuria in adults CKD patients without renal replacement therapy were searched in 10 electronic
databases (MEDLINE, Embase, CINAHL, Cochrane Central Register of Controlled Trials, Allied and Complementary
Medicine Database, SPORTDiscus with full text, Web of Science, China Wan Fang Database, China National
Knowledge Internet, China Science and Technology Journal Database) until June 2019. The quality of quasi-
experimental studies was assessed using the Joanna Briggs Institute Checklist for non-randomised experimental
studies. The Cochrane risk of bias tool was used to evaluate the RCT quality.

Results: We analysed 11 studies (623 participants). The 24-h urinary protein (24 h UP) level significantly decreased
after exercise training in the within-group analysis (standard mean difference [SMD], 0.48; 95% confidence interval
[Cl], 0.08 to 0.88). There was a slight decrease in 24 h UP levels in the between-group analysis (SMD, 0.91; 95% Cl,
0.00 to 1.82); however, the subgroup analysis showed that the change was insignificant (RCT: SMD, 0.24; 95% Cl, —
0.44 to 0.92; quasi-experimental studies: SMD, 2.50; 95% Cl, — 1.22 to 6.23). Exercise resulted in no significant
differences in the urinary albumin-to-creatinine ratio in the between-group analysis (SMD, 0.06; 95% Cl, —0.54 to
0.67), but a significant decrease was found in the within-group analysis (SMD, 0.21; 95% Cl, 0.04 to 0.38). No
evidence of a decreased urinary protein-to-creatinine ratio was found after exercise (between-group analysis: SMD,
0.08 and 95% Cl, — 0.33 to 0.48; within-group analysis: SMD, 0.04; 95% Cl, — 0.25 to 0.32).

Conclusion: Exercise training does not aggravate proteinuria in adult CKD patients without renal replacement
therapy. Further research is warranted in the future to determine the effectiveness of exercise training on
proteinuria and to explore the mechanisms by which exercise training influences proteinuria.
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Background

Proteinuria is a marker of renal damage and a predictor
of the progress of chronic kidney disease (CKD) [1]. The
2012 guidelines for CKD explicitly mentioned the reduc-
tion of proteinuria as one of the markers of CKD staging
[2]. The proteinuria level is an important predictor of
disease progression, which is closely related to the oc-
currence of cardiovascular disease [3, 4]. Moreover,
some studies [5-7] found that proteinuria can be used
as a therapeutic target or endpoint [8] for the clinical
treatment and prevention of cardiovascular complica-
tions, especially for patients with high proteinuria levels.

Exercise training has been recommended for patients
with CKD by the Kidney Disease Improving Global Out-
comes [2]. A substantial number of meta-analyses sum-
marised the positive impacts of regular exercise programs
for adults with CKD on physical performance, cardiopul-
monary function, blood lipids, and quality of life [9-11]. A
review suggested that high levels of physical activity ap-
peared to be closely related to low proteinuria [12], and a
cross-sectional study of non-diabetic women had similar
results [13]. Afshinnia et al. [14] confirmed that exercise
training can reduce proteinuria in obese people, although
its long-term effect has not been confirmed by high-
quality experimental studies. However, the sedentary time
of patients with CKD, especially those with severe renal
function impairment, is still significantly higher than that
of individuals without CKD. Glavinovic et al. [15] reported
that sedentary time of CKD was 10-times higher than that
of individuals without CKD. Indeed, exercise is not a rou-
tine clinical treatment, and most CKD patients are wor-
ried about the safety of exercise, because sometimes high-
intensity exercise can induce proteinuria [16]. A study has
shown that strenuous exercise can increase the activity of
the sympathetic nervous system and the blood concentra-
tion of catecholamine, thus increasing the permeability of
glomerular capillary membrane, which leads to protein-
uria [17]. Nevertheless, it seems that proteinuria returns
to normal levels after 2 h of exercise [18].

No consensus has been achieved regarding the effect
of exercise training on proteinuria in adult CKD patients
without renal replacement therapy. Specific exercise pro-
grams for CKD are still being explored. Therefore, we
conducted a systematic review and meta-analysis of ran-
domised clinical trials (RCTs) and quasi-experimental
studies to determine the effects of exercise training on
proteinuria and to explore the effects of different exer-
cise intensities on proteinuria in adult CKD patients
without renal replacement therapy.

Methods

Protocol and registration

A systematic review was conducted according to a
protocol registered at the International Prospective
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Register of Systematic Reviews (registration number
CRD42019137192). This study followed the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [19, 20] and checklist (see
Additional file 1).

Search strategy

The Allied and Complementary Medicine Database,
MEDLINE, Embase, and Cochrane Central Register of
Controlled Trials were searched using Ovid SP. SPORT-
Discus with full text and CINAHL were searched using
the EBSCO host. A search of the Web of Science elec-
tronic databases (Science and Social Science Citation
Index) was also conducted. Moreover, three Chinese da-
tabases, including the China Wan Fang Database, China
National Knowledge Internet, and China Science and
Technology Journal Database, were searched. The re-
trieval time was from the establishment of the database
to June 2019.

By considering a broad range of phrases and terms
used in the definitions related to CKD, exercise training,
and proteinuria, we combined text words and Medical
Subject Headings terms to search related terms, syno-
nyms, and abbreviations. These include CKD, kidney in-
sufficiency, chronic renal failure, exercise, physical
activity, swimming, proteinuria, albuminuria, urinary
albumin-to-creatinine ratio (UACR), and others. Fur-
thermore, all references of the included studies were
scanned manually to identify additional articles not
found by our search. Only studies written in English or
Chinese were included. The search strategy is outlined
in Additional file (see Additional file 2).

Study selection

Two independent reviewers (L.Y. and X.W.) assessed the
title or abstract according to the inclusion eligibility; if the
abstract could not be determined, then the full text was
screened. Disagreements during screening were resolved
by consensus, and the final decision of the third reviewer
(R.H.) was used if the consensus could not be achieved
(Fig. 1). We included RCTs and quasi-experimental stud-
ies that reported one or more indicators of proteinuria
both at baseline and after interventions.

The inclusion criteria were as follows: 1) participants
were adult CKD patients without renal replacement
therapy (18 years or older without kidney transplant and
dialysis); 2) intervention included one or more modal-
ities of regular exercise training, such as aerobic exercise,
resistance exercise, and combined aerobic exercise and
resistance exercise; 3) reported outcomes were one or
more markers related to proteinuria, such as UACR, 24-
h urinary protein (24h UP), and urinary protein-to-
creatinine ratio (UPCR); 4) control group with usual care
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Records identified through database searching (n = 3145)

MEDLINE (231)
AMED (3)
CENTRAL (74)

Web of Science (1660)

EMBASE (546)
CINCHAL (202)
VIP (19)

CNKI (75)

China Wanfang Database (302) SPORTDiscuss of full text (33)

l

Records after duplicates removed and
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A

ol title/abstract (n = 2335)
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Full-text articles assessed for eligibility

Full-text articles excluded
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Duplications (4)

A

Not in the chronic kidney

] [ Eligibility ] [Screening] [ Identification ]

(n=9)

Studies included in the full-text assess

disease (23)
Not exercise training (28)
Not RCT or quasi-

Included

<

experimental study (30)
Meeting abstracts (9)

Only registration protocol (13)
Not in English or Chinese (1)

Additional records identified

<

A 4

from the reference included in
the studies (n = 2)

synthesis (n=11)

Studies included in the qualitative

A

synthesis (n=11)

Studies included in the quantitative

Fig. 1 Flow diagram of the evaluation process

or no exercise; and 5) the type of study included RCTs
and quasi-experimental studies.

The exclusion criteria were as follows: 1) review or ob-
servational articles; 2) animal trials; and 3) non-English
or non-Chinese articles.

Data extraction

Data extraction was performed according to the pre-
pared data selection forms created by two independent
reviewers (L.Y. and X.W.). Any discrepancies were con-
sidered carefully and resolved through iteration and dis-
cussion. Data extracted included the following: 1) study
characteristics, such as the year of publication, study de-
sign, sample size, and country; 2) description of the
intervention, prescription of exercise program, modality,

session length, intensity, frequency, setting, follow-up dur-
ation, supervised or not supervised, adherence reporting,
measuring time point, and adverse event reported; 3) par-
ticipant characteristics, such as body mass index, age, and
related comorbidities/aetiology; and 4) reported outcomes
including UACR, UPCR, and 24 h UP.

The primary outcome was the change in proteinuria,
which was measured as a continuous variable. Given that
the outcomes were measured at different times, we only
extracted the endpoint of the intervention.

Quality assessment

Each quasi-experimental study was evaluated for quality
and risk of bias using the Joanna Briggs Institute Check-
list for quasi-experimental studies [21], which includes
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nine items. The quality of RCTs was evaluated using the
Cochrane Collaboration risk of bias checklist [22]. Any
discrepancy concerning quality assessment was settled
through a discussion.

Data treatment and analysis

According to the American College of Sports Medicine
[23], we classified exercise intensity as light, moderate,
vigorous, and near maximal to maximal based on the
physiological and perceived exertion responses.

Review Manager version 5.2 software (RevMan; the
Cochrane Collaboration, Oxford, England; https://www.
ncbi.nlm.nih.gov/pubmed/25450276) was used to analyse
the data. The 95% confidence intervals (95% Cls) and
standard mean differences (SMDs) for continuous data
with inconsistent units, such as UACR (mg/mmol) and
UACR (mg/g), were used. The data were pooled for
meta-analysis when two or more trials measured the
same outcome. For the trials reporting data as the me-
dian, interquartile range, or median and range, we trans-
lated these to the median and standard deviation for the
meta-analysis. We only extracted the baseline data and
data of the final follow-up period, although some trials
reported data at more than one time. If a trial included a
multiple intervention group without a shared control,
then its data were entered separately. If there was a
shared control, then we pooled the intervention groups
using the proper formula from the Cochrane Handbook
for Systematic Reviews of Interventions [24].

Heterogeneity was quantified using the I* test, with I*
values of 25, 50, and 75% corresponding to low, moder-
ate, and high levels of heterogeneity, respectively [25]. A
subgroup analysis was used to determine whether the
type of study leads to a potential heterogeneity (RCT,
quasi-experimental study). A fixed effect model was used
when heterogeneity was <50%; otherwise, the random
effect model was used. We tested if these studies would
have changed the results through a sensitivity analysis.
We did not test the publication bias of the included
studies because the number for each outcome was too
limited to perform funnel plots.

Results

Search results

Figure 1 presents a flow diagram of the included studies.
We first searched 3145 studies from the 10 electronic
databases. Of these, only 2452 studies remained after re-
moving duplicates. Subsequently, we screened the title
and abstract of these studies. The full texts of 117 poten-
tially eligible studies were read. During the screening
procedure, 108 articles were excluded at the full-text
stage. Therefore, nine studies were eligible for inclusion
after screening the full text. Furthermore, two studies
were added after searching the reference list of the
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included studies. Finally, 11 studies were included in this
review.

Study characteristics

Table 1 provides a summary of the included studies.
These were published between 2003 and 2019 in English
and Chinese. Six were RCTs [26—31], of which two were
pilot studies [29, 30]. Five were quasi-experimental stud-
ies [32-36], of which one was a single-arm trial [35].
Studies were conducted in the United States of America
[29, 31, 34], Japan [30, 35], China [27, 36], Sweden [26],
Estonia [32], Brazil [28], and England [33]; therefore, the
data were from a variety of cultures.

Patient characteristics

A total of 623 patients were allocated to the exercise train-
ing group (459) or no exercise group (164), with the sam-
ple size ranging from 13 to 148. Only two studies reported
adherence [26, 30]. The mean age ranged from 35 to 69
years. The proportion of patients with a mean body mass
index higher than 25 kg/m? was 73%. Patients with hyper-
tension [26, 28—30, 34, 35] or diabetes [26-29, 31, 32, 35]
(together with CKD) were included in nine studies. Eight
studies [26-29, 31, 33, 35, 36] reported the use of renin-
angiotensin-aldosterone system drugs (RAAS), whereas
the remaining three studies did not clearly report the
drugs used [30, 32, 34].

Exercise training characteristics

Studies in this review included all types of regular exercise
training. Aerobic exercise was included as an intervention
in all studies [26—36]. Resistance training, which was in-
cluded in seven studies [26, 27, 30, 31, 34-36], was ac-
companied by aerobic exercise, leading to combined
exercise training. In seven studies [26, 28, 30, 31, 35, 36],
the exercise programs were conducted at home, at the
park, or at the gym near the patients’ homes. In five stud-
ies [28, 29, 31, 33, 34], the exercise programs were con-
ducted under supervision. Proteinuria was measured more
than twice in five studies [26, 28, 29, 31, 36].

Training intensities were monitored using peak oxygen
uptake in four studies [27-29, 31], the Borg rating of per-
ceived exertion scale in five studies [26, 27, 30, 33, 35],
metabolic equivalent in one study [35], heart rate reserve in
one study [34], and international physical activity question-
naire in one study [36]. However, the tool used to monitor
intensity in the remaining study was unclear [32, 36]. Of all
the included studies, one study utilised low-intensity exer-
cise training [32], six studies used moderate-intensity exer-
cise training [27-30, 33, 35], and four studies used
vigorous-intensity exercise training [26, 31, 34, 36]. The fre-
quency of exercise training was three times or more per
week in eight studies [26-31, 33, 36]. The highest exercise
training frequency was five times per week [33]. Conversely,
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two studies used an exercise training frequency of less than
three times per week [32, 35]. In one study, the frequency
of exercise training was not reported adequately [34]. The
duration of each session ranged from 30 to 120 min. The
total follow-up duration ranged from 3 to 13 months. Eight
studies had an exercise duration of more than 6 months
[26, 29-31, 33-36]. However, the remaining three studies
had an exercise duration of less than 6 months [27, 28, 32].
Exercise training details were outlined in Table 2.

Methodological quality

No study was excluded from the process of quality
evaluation. The detailed quality assessment outlines are
presented in Tables 3 and 4. However, the sample size
in most studies was small, and the five articles were
quasi-experimental studies; therefore, there may be a se-
lection bias. Moreover, a majority of studies did not ad-
equately report adherence.

Meta-analysis of exercise training and proteinuria

All studies reported indicators related to proteinuria.
Four studies measured UACR [26, 29, 31, 34], five stud-
ies measured UPCR [29-31, 33, 35], and five studies re-
ported 24 h UP [27-29, 32, 36]. Nine studies [26-30,
32-34, 36] presented the proteinuria data with mean
values and standard deviations, and two studies [31, 35]
used the median (range) score. Given the methodology
heterogeneity of the included studies, a subgroup ana-
lysis of the study design was conducted.

Between-group analysis

We pooled two RCTs [29, 31] involving 43 participants
that demonstrated a non-significant difference in the
UACR between exercise training and control groups
(SMD, 0.06; 95% CI, - 0.54 to 0.67; P =0.84) (Fig. 2). No
evidence of statistical heterogeneity was found (I* = 0%).

Four studies involving 95 participants reported UPCR
[28-31, 33]. Synthesised data from four studies revealed
a non-significant improvement in UPCR (SMD, 0.08;
95% CI, —0.33 to 0.48; P=0.72) (Fig. 3) for the exercise
training and control groups, but no evident heterogen-
eity was seen for UPCR (12 = 0%). There was no evidence
of different effects on UPCR according to the different
study designs (RCT: SMD, 0.04; 95% CI =-0.43 to 0.51,
P =0.86; quasi-experimental studies: SMD, 0.17; 95%
CI=-0.63 to 0.98, P =0.67).

We pooled five studies [27-29, 32, 36] involving 216
participants that reported 24 h UP; the synthesised data
suggested that there was a small significant decrease
(SMD, 0.91; 95% CI, 0.00 to 1.82; P =0.05) (Fig. 4) in 24
h UP. However, it should be noted that the statistical
heterogeneity was substantial (12 =87%). There was a
non-significant change in the 24 h UP of the RCTs and
quasi-experimental studies (RCT: SMD, 0.24 and 95%
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CL, -0.44 to 0.92, P=0.48; quasi-experimental studies:
SMD, 2.50 and 95% CI, - 1.22 to 6.23, P =0.19).

Within-group analysis

The change in 24h UP from baseline was calculated
from the five studies involving 132 participants in the
exercise training group. Synthesised data revealed a sig-
nificant decrease in 24 h UP (SMD, 0.48; 95% CI, 0.08 to
0.88; P =0.02) (Fig. 5) in the exercise training group with
moderate heterogeneity (I* = 58%).

Four studies [26, 29, 31, 34] involving 292 participants
in the exercise training group provided UACR data from
baseline to the endpoint. In the RCT by Hellberg et al.
[26] involving 148 participants, because there was no
shared control group, we separated the data of the
strength exercise and balance exercise groups, which
were assessed as changes from baseline scores. The
pooled data demonstrated a statistically significant de-
crease (SMD, 0.21; 95% CI, 0.04 to 0.38; P = 0.01) (Fig. 6).
Statistical heterogeneity was not evident (I* = 0%).

We synthesised five studies [29-33, 35] including 95
participants to explore the change in UPCR from base-
line in the exercise training group. A non-significant
change was observed following exercise training (SMD,
0.04; 95% CI, - 0.25 to 0.32; P=0.79) (Fig. 6). The statis-
tically significant heterogeneity detected was negligible
(I = 0%).

Narrative analysis of different exercise intensities and
proteinuria

A low-intensity swimming exercise program [31] showed
potential effects that could reduce proteinuria. In the six
studies of moderate-intensity exercise, three studies [26, 28,
34] reported that there was a decreasing trend of protein-
uria after exercise training; however, the remaining three
studies [27, 29, 32] did not show a decreasing trend. In the
four studies utilising vigorous-intensity exercise, one study
by Viana et al. [33] reported that exercise did not change
the proteinuria levels. However, the other three studies [25,
30, 35] showed a positive effect on the reduction of protein-
uria, but it is worth noting that one study [30] was com-
bined with dietary interventions. Moreover, attention
should be focused on the fact that only a few of these stud-
ies yielded statistical significance, and the potential advan-
tage was derived from the before exercise and after exercise
comparison.

Subgroup analysis results and sensitivity assessment

We conducted subgroup analyses according to the study
design. Pooled SMD of RCTs indicated the non-
significant effects of exercise training on UPCR [29-31]
and 24 h UP [27-29]. Similarly, the pooled SMD of one
quasi-experimental study [33] of UPCR and two of 24 h
UP [32, 36] did not show significant effects. There was a
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Table 3 Quality evaluation of quasi-experimental studies
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Quasi-experimental studies

[tems Pechter [32] (2003) Viana [33] (2014) Nylen [34] (2015) Hamada [35] (2016) Zhang [36] (2018)
1 Yes Yes Yes Yes Yes

2 Yes Yes Not applicable Not applicable Yes

3 Unclear Yes Yes Yes Unclear

4 Yes Yes Yes Not applicable Yes

5 No No No No Yes

6 Yes Yes Yes Yes Yes

7 Yes Yes Yes Yes Yes

8 Yes Yes Yes Yes Yes

9 Yes Yes Yes Yes Yes

Notes. 1 Is it clear in the study what is the ‘cause’ and what is the ‘effect’ (i.e. there is no confusion about which variable comes first)? 2 Were the participants
included in any comparisons similar? 3 Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or
intervention of interest? 4 Was there a control group? 5 Were there multiple measurements of the outcome both pre and post the intervention/exposure? 6 Was
follow up complete and if not, were differences between groups in terms of their follow up adequately described and analysed? 7 Were the outcomes of
participants included in any comparisons measured in the same way? 8 Were outcomes measured in a reliable way? 9 Was appropriate statistical analysis used?

difference in the study designs for exercise training
and proteinuria, which may have been a potential
cause of heterogeneity. In the sensitivity analysis, four
studies [27, 32, 34, 36] could have been the source of
heterogeneity, because removing these trials remark-
ably changed the results (see Additional file 3).

Discussion

To the best of our knowledge, this is the first systematic
review that assessed the relationship between exercise
training and proteinuria. We found that exercise training
did not aggravate proteinuria in adult CKD patients
without renal replacement therapy, but the positive ef-
fects that could decrease proteinuria were uncertain. Ex-
ercises with intensity higher than moderate seemed to
have the potential to reduce proteinuria, and low-
intensity swimming training had a similar effect.

Different exercise intensities and proteinuria
Evidence of the effects of low-, moderate-, and vigorous-

intensity exercises was still inadequate during our

Table 4 Quality evaluation of randomised controlled trials

assessment. Proteinuria levels decreased in CKD patients
after 3 months of low-intensity swimming training [32].
However, we should note that the mechanism of swim-
ming training is very different from that of other land
exercises [37].

In all studies that implemented moderate and vigorous
exercise programs, more than half of them (6/10) reported
that proteinuria tended to decline. A previous review [38]
reported that exercise could induce kidney damage,
especially high-intensity exercise. Recently, some studies
[39, 40] suggested that the risk of kidney damage increases
only when the exercise intensity exceeded the lactic acid
threshold. However, no adverse events related to exercise
were reported in any of the included trials. Relative to
studies are needed to resolve the discrepancies and further
explore the effects of diverse exercise intensities on adult
CKD patients without renal replacement therapy. More-
over, we found that the participants in six of the included
studies [26, 27, 31, 34—36] well represented the CKD pa-
tients, whilst the participants in the remaining five studies
[28-30, 32, 33] were strictly selected, such as including

Randomised controlled studies

ltems Hellberg [26] (2019) Liang [27] (2016) Aoike [28] (2017) Leehey [29] (2016) Hiraki [30] (2017) Leehey [31] (2009)
1 Low Low Low Low Low Low

2 Low High Unclear Unclear Unclear Unclear

3 Low High Unclear High High High

4 Low Unclear Unclear Low Low Unclear

5 Low Low Low Low Low High

6 Low Low Low Low Low Low

7 Low Low Low High Low High

Notes. 1 Random sequence generation (selection bias); 2 Allocation concealment (selection bias); 3 Blinding of participants and personnel (performance bias); 4
Blinding of outcome assessment (detection bias); 5 Incomplete outcome data (attrition bias); 6 Selective outcome reporting? (reporting bias) 7 Other bias
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Heterogeneity: Chi? = 0.21, df = 1 (P = 0.65); I> = 0%
Test for overall effect: Z = 0.20 (P = 0.84)

albumin-to-creatinine ratio

Control Exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed. 95% CI
Leehey 2009 221 304 4 305 456 7 244% -0.19 [-1.42, 1.05]
Leehey 2016 323 523.7 18 253 398.52 14  75.6% 0.14 [-0.56, 0.84]
Total (95% CI) 22 21 100.0% 0.06 [-0.54, 0.67]

Fig. 2 Change in UACR, Exercise vs. Control. Notes. 95% Cl, 95% confidence interval; SMD, standardized mean difference; UACR, urinary

-2 -1
Favours [Control]

1 2
Favours [Exercise]

0

only male patients or those who had completed the stress,
nutrition, and laboratory tests at the same time. Therefore,
the conclusion may not be appropriate to the general
CKD patients, the personal exercise programs with differ-
ent intensities should be designed according to the phys-
ical function and disease status of the participants with
CKD.

Underlying mechanisms of exercise training and
proteinuria

Although the mechanisms of exercise training and their
effects on proteinuria are inconsistent, some hypotheses
may explain the positive association. The production of
proteinuria is associated with low inflammation and im-
paired endothelial function [41]. A potential mechanism is
that the decrease in proteinuria level is potentially related
to the reduction of hypersensitivity in C-reactive protein
and IL-6 and the decrease of oxidative stress [42, 43]. An
experimental study based on CKD that used combined
spontaneous hypertension rates confirmed this view [44].
Moreover, exercise training has been shown to protect the
vascular endothelial cells in cardiovascular patients [45],
which is a crucial mechanism for low levels of proteinuria

and a low incidence of cardiovascular disease in CKD pa-
tients. Furthermore, one author reported that aerobic ex-
ercise could significantly improve the levels of
transforming growth factor beta and BB (platelet-derived
growth factor BB) in CKD patients, thus contributing to
the survival of CKD residual renal cells and fundamentally
improving the kidney function of CKD patients, thereby
reducing proteinuria [46].

Indeed, a decrease in blood pressure contributes to the
reduction of proteinuria, potentially due to the decrease of
renal hyperperfusion, high filtration rate, and selective per-
meability of the glomerular filtration membrane [2]. It is
well known that RAAS drugs can effectively reduce the
level of proteinuria whilst lowering the blood pressure [47].
In the included studies, more than 52% of the CKD patients
were complicated by hypertension, but the exact number of
patients taking RAAS drugs were not given clearly. It is
worth noting that several studies [26—28, 35, 36] reported a
decrease in blood pressure, but most studies did not
analyze the effects of RAAS drugs and changes in blood
pressure on proteinuria in detail, which might have caused
confusion on whether there is a real exercise effect on pro-
teinuria. Therefore, to confirm whether exercise has an

Control Exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.2.1 RCTs
Hiraki 2017 09 11 14 12 1.7 14 30.0% -0.20 [-0.95, 0.54] - =
Leehey 2009 387 374 4 493 554 7 10.9% -0.19 [-1.43, 1.04]
Leehey 2016 618 616.3 18 405 602.22 14 33.4% 0.34 [-0.36, 1.04] =
Subtotal (95% Cl) 36 35  74.4% 0.04 [-0.43, 0.51] N
Heterogeneity: Chi? = 1.25, df = 2 (P = 0.54); I? = 0%
Test for overall effect: Z=0.18 (P = 0.86)
1.2.2 Quasi-experimental studies
Viana 2014 75 107 11 59 72 13 256% 0.17 [-0.63, 0.98] —
Subtotal (95% ClI) 1 13 25.6% 0.17 [0.63, 0.98] —i——
Heterogeneity: Not applicable
Test for overall effect: Z=0.42 (P = 0.67)
Total (95% Cl) 47 48 100.0% 0.08 [-0.33, 0.48] ?
Heterogeneity: Chi? = 1.32, df = 3 (P = 0.72); 1 = 0% ’_2 1 3 1 2’
Test for overall effe(.:t: £=036 (P_= 0.72) Favours [Control] Favours [Exercise]
Test for subgroup differences: Chi? = 0.07, df =1 (P = 0.78), I = 0%
Fig. 3 Change in UPCR, Exercise vs. Control. Notes. 95% Cl, 95% confidence interval; SMD, standardized mean difference; UPCR, urinary
protein-to-creatinine ratio )
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Control Exercise
1.3.1 RCTs
Aoike 2017 1.4 1.4 15 1.69  9.02 25
Leehey 2009 490 237 4 821 1,010 7
Liang 2016 5.58 1.64 29 431 1.69 58
Subtotal (95% CI) 48 90
Heterogeneity: Tau? = 0.22; Chi? = 5.50, df = 2 (P = 0.06); 1> = 64%
Test for overall effect: Z=0.70 (P = 0.48)
1.3.2 Quasi-experimental studies
Pechter 2003 1.5 0.3 9 04 0.2 17
Zhang 2018 363.11 260.24 27 213.24 165.09 25
Subtotal (95% CI) 36 42

Heterogeneity: Tau? = 6.88; Chi? = 20.50, df = 1 (P < 0.00001); I* = 95%
Test for overall effect: Z=1.32 (P = 0.19)

Total (95% Cl) 84 132
Heterogeneity: Tau? = 0.87; Chi? = 30.64, df = 4 (P < 0.00001); I = 87%
Test for overall effect: Z = 1.95 (P = 0.05)

Test for subgroup differences: Chi? = 1.37, df =1 (P = 0.24), 1> = 26.8%

urinary protein

Std. Mean Difference Std. Mean Difference
22.2% -0.04 [-0.68, 0.60]
17.0% -0.36 [-1.60, 0.88]
23.5% 0.75[0.29, 1.21]
62.7% 0.24 [-0.44, 0.92]
14.5% 4.48 [2.93, 6.02] =
22.8% 0.67 [0.11, 1.23] =
37.3% 2.50 [-1.22, 6.23] —~——
100.0% 0.91 [-0.00, 1.82] &
'-10 -;5 0 é 10'
Favours [Contral] Favours [Exercise]

Fig. 4 Change in 24 h UP, Exercise vs. Control. Notes. 95% Cl, 95% confidence interval; SMD, standardized mean difference; 24 h UP, 24-h

effect on proteinuria, the factors involved in changes in pro-
teinuria levels should be clarified.

These mechanisms seem to support that exercise
training can reduce proteinuria, but the effect sizes
reviewed in this study may not be clinically significant
because the positive results are limited to their before
exercise and after exercise comparison or are derived
from the total effect of high heterogeneity. This may be
because the sample size included in this study was too
small, and the intervention time was not long enough to
observe changes in proteinuria-related indicators.

Expectations for the future

Our findings highlight several essential considerations
for future studies. First, six studies monitored protein-
uria only at baseline and at the end of the follow-up;
however, because proteinuria is unstable [48, 49], it is
necessary to continuously monitor proteinuria to ensure
the authenticity of the data. Second, few studies reported
compliance. It is common that the compliance of objects

in exercise training to decline over time; therefore,
participants may need to exercise under supervision
rather than on their own. Future studies should spe-
cifically report exercise compliance along with the in-
tensity and duration of exercise, completion of the
treatment process, and changes in the health status of
participants, including those who have not been
followed up. A comprehensive report of this informa-
tion will allow this essential variable to be included in
future meta-analyses to confirm the effectiveness of
exercise training interventions. Of note, the calcula-
tion of UACR is based on urine creatinine levels,
which are influenced by increased muscle strength,
protein intake, or decreased renal function [50]. We
found that only a few studies [26, 32, 34, 36] have
measured and analysed the change in muscle strength,
volume, and creatinine levels whilst measuring UACR.
To accurately evaluate whether exercise has a sub-
stantial effect on UACR, future studies should fully
assess the impact of these potential factors.

Before exercise After exercise Std. Mean Difference Std. Mean Difference

r r Mean D Total Mean D Total Weigh 1V, Random, 95% Cl 1V, Random % Cl
Aoike 2017 Center 1.1 2.7 13 1.4 3.9 13 13.1% -0.09 [-0.86, 0.68] - "
Aoike 2017 Home 1.5 1.4 12 2 1.7 12 12.5% -0.31[-1.12, 0.50] - - 1
Leehey 2009 1,020 1,081 7 821 1,010 7 9.2% 0.18 [-0.87, 1.23]
Liang 2016 AE 5.55 1.62 29 4.3 1.72 29 17.5% 0.74 [0.20, 1.27] - -
Liang 2016 AE+RE 5.6 1.65 29 4.32 1.69 29 17.5% 0.76 [0.22, 1.29] - -
Pechter 2003 0.7 0.2 17 0.4 0.2 17 131% 1.46 [0.70, 2.23] e —
Zhang 2018 287.04 239.52 25 213.24 165.09 25 17.0% 0.35[-0.21, 0.91] -1 -
Total (95% Cl) 132 132 100.0% 0.48 [0.08, 0.88] ‘

Heterogeneity: Tau? = 0.16; Chi? = 14.43, df = 6 (P = 0.03); I = 58% ’_2 1 5 1 2’
Test for overall effect: 2 =2.35 (P = 0.02) Favours [Before exercise] Favours [After exercise]
Fig. 5 Change in 24 h UP, Before exercise vs. After exercise. Notes. 95% Cl, 95% confidence interval; SMD, standardized mean difference; 24 h UP,

24-h urinary protein; AE, aerobic exercise; RE, resistance exercise
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Before exercise After exercise

Study or Subgroup Mean SD_Total Mean SD_Total Weight V. Fixed, 95% CI

5.2.1 UACR

Hellberg 2019 Balance 7,430 10,090 73 6,280 8,760 58 24.0%
Hellberg 2019 Strength 8,670 12,390 70 5,660 8,670 48 21.0%
Leehey 2009 327 385 7 305 456 7 26%
Leehey 2016 329 898.52 14 253 398.52 14 52%
Nylen 2015 CKD1 40.5 87 38 329 81 38 14.1%
Nylen 2015 CKD2 226 36 53 16.7 21 53 19.6%
Nylen 2015 CKD3 46.8 35 37 318 22 37 13.3%
Subtotal (95% CI) 292 255 100.0%
Heterogeneity: Chi? = 2.40, df =6 (P = 0.88); 1> = 0%

Test for overall effect: Z =2.46 (P = 0.01)

5.2.2 UPCR

Hamada 2016 0.1 0.68 47 0.1 0.41 47  49.6%
Hiraki 2017 0.9 1 14 09 14 14 14.8%
Leehey 2009 565 600 7 493 544 7 74%
Leehey 2016 626 995.56 14 405 602.22 14 14.6%
Viana 2014 590 970 13 590 720 13 13.7%
Subtotal (95% CI) 95 95 100.0%

Heterogeneity: Chi? = 0.46, df =4 (P = 0.98); I?=0%
Test for overall effect: Z=0.26 (P = 0.79)

_

Fig. 6 Change in UACR and UPCR, Before exercise vs. After exercise. Notes. 95% Cl, 95% confidence interval; SMD, standardized mean difference;
UPCR, urinary protein-to-creatinine ratio; UACR, urinary albumin-to-creatinine ratio

Std. Mean Difference Std. Mean Difference
1V, Fixed, 95% CI
0.12[-0.23, 0.47] B
0.27 [-0.10, 0.64] T
0.05[-1.00, 1.10]
0.11[-0.64, 0.85] -
0.09 [-0.36, 0.54] I
0.20 [-0.18, 0.58] T
0.51[0.04, 0.97] -
0.21 [0.04, 0.38] <>
-0.02 [-0.42, 0.39] i
0.00 [-0.74, 0.74]
0.12[-0.93, 1.17]
0.26 [-0.48, 1.01] - 1 -
0.00 [-0.77, 0.77] —
0.04[-0.25, 0.32] -
2 -1 0 1 2
Favours [Before exercise] Favours [After exercise]

Advantages and limitations

This study had the key advantage of bibliographic data-
base system retrieval, including the manual retrieval of
citations, which provided a comprehensive search strat-
egy and accounted for the potential defects of the data-
base strategy. However, several limitations should be
noticed when examining the results of our review. First,
we included only published data and excluded the re-
sults of meeting abstracts and unpublished papers. Sec-
ond, deviations from the historical controlled study may
have led to the continued overestimation or underesti-
mation of the effectiveness of the treatment. There may
have been a selection bias due to the unpredictable dif-
ferences between the two groups in the quasi-
experimental study [51]. These deviations were large
enough to cause research errors. Third, we could not
conduct a subgroup analysis of exercise intensity be-
cause of the different types of studies included and the
measurement of proteinuria; therefore, the conclusion
regarding the effects of exercise at various intensities on
proteinuria is uncertain. Finally, heterogeneity was only
evaluated by the I* test. However, the thresholds of I*
can be misleading because the importance of inconsist-
ency is determined by several factors. We speculated
that the source of heterogeneity would be the study de-
sign (RCTs and quasi-experimental studies), large differ-
ences in sample sizes (range, 13-148), and the exercise
modality (swimming and land-based exercise). In
addition, through a sensitivity analysis, we found that
total effect value of 24 h UP was greatly affected by the
two studies [27, 36]. We speculated that it may have

come from the sample size of the two studies (87 and
52), which was larger compared with those of the other
included studies; Nevertheless, the results in this study
should be generalized with caution. Another source of
heterogeneity may have been the proteinuria measure-
ments because we know that the incidence of measure-
ment error could be high for 24 h UP compared to that
for spot proteinuria.

Conclusion

Although the effects of the different exercise intensities
on proteinuria are still unclear, exercise training with
vigorous intensity is safe for adult CKD patients not re-
ceiving renal replacement therapy who have proteinuria.
Further research is warranted in the future to determine
the effectiveness of exercise training on proteinuria and
to explore the mechanisms by which exercise training
influences proteinuria.
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