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Abstract
Background  Physical inactivity is prevalent among individuals with chronic kidney disease (CKD) and is linked to 
unfavorable outcomes. In recent years, daily steps have emerged as a prominent target for interventions in clinical 
trials. The present study endeavors to scrutinize the effectiveness and/or efficacy of various interventions on daily 
steps in patients with full-spectrum CKD.

Methods  In December 2022, a systematic search was conducted across three databases, namely PubMed, Embase, 
and Web of Science, and subsequently updated in June 2023. The inclusion criteria included randomized controlled 
studies, quasi-experimental studies, and single-arm trials that assessed an intervention’s impact on objectively 
measured daily steps in patients with chronic kidney disease. The Risk Of Bias In Non-randomized Studies-of 
Interventions (ROBINS-I) tool was used to assess the risk of bias in non-randomized controlled trials (RCT), while the 
Cochrane revised tool (ROB-2) was utilized for RCTs.

Results  Seventeen studies were deemed eligible for inclusion in this review, with a focus on examining the efficacy 
and/or effectiveness of exercise training-based interventions (n = 10), daily step goal-oriented interventions (n = 4), 
mobile health (mHealth) interventions (n = 1), different dialysis modalities (n = 1), and a “Sit Less, Interact, Move More” 
intervention (n = 1). The studies exhibit variability in their characteristics and assessment tools, reflecting the findings’ 
heterogeneity. The results indicate that increasing physical activity levels remain challenging, as only a limited number 
of studies demonstrated significant improvements in participants’ daily step counts from baseline to endpoint.

Conclusion  Clinical trials with daily steps as an outcome are still lacking in the CKD population. Well-designed clinical 
trials that objectively assess the physical activity of CKD patients are needed.
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Introduction
Chronic kidney disease (CKD) is a significant public 
health concern [1]. This is due to the high societal costs 
associated with dialysis and kidney transplantation [2] 
and the elevated risk of cardiovascular events and mor-
tality [3] among CKD patients. Consequently, many 
treatments and medications may be contraindicated or 
require dose adjustments [4].

Numerous studies have consistently demonstrated 
that individuals diagnosed with chronic kidney disease 
(CKD) exhibit lower physical activity levels than their 
healthy counterparts, leading to a chronically sedentary 
lifestyle linked to various negative health outcomes [5–7]. 
As a result, the United Kingdom Renal Association ini-
tiative advocates prioritizing promoting physical activity 
over exercise capacity assessment as it may significantly 
impact prognosis [8]. The daily step is a simple and direct 
measure of physical activity, which can be measured 
directly and inconspicuously in daily life and is a relevant 
patient-centered outcome [9].

Objective assessments of step counts offer distinct 
advantages over physical activity questionnaires, as 
they are not subject to recall bias, are more sensitive to 
change, and allow for collecting more granular data in 
real-world settings. This data can provide valuable insight 
into how individuals utilize their exercise capacity, com-
monly assessed through a 6-minute walk distance or car-
diorespiratory exercise test [10, 11]. However, the validity 
and reliability of daily step count assessments are chal-
lenging, as they largely depend on the monitoring device 
selected and the standardization of the assessment [12].

Based on a systematic literature search, the current sys-
tematic review describes various interventions’ efficacy 
and/or effectiveness to enhance objectively measured 
endpoints that capture daily steps in patients with full-
spectrum CKD.

Methods
This system review is a subproject of the registered pro-
tocol (CRD42022385441) and written following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) reporting guidelines (Table 
S1). This study was exempt from ethics review because it 
is a pooled analysis of published data.

Search strategy
PubMed, Embase and Web of Science were searched for 
articles published from inception to December 6, 2022, 
and updated in June 2023. An electronic database search 
was undertaken using combinations of Medical Sub-
ject Heading (MeSH) and keywords for “kidney disease,“ 
“renal failure,“ “physical activity,“ “daily step,“ and “seden-
tary behavior.“ The search strategy used is shown in Table 
S2.

Eligibility criteria
This study aimed to identify English-language literature 
that reported the impact of interventions on objectively 
measured daily steps in patients with CKD. Eligibility cri-
teria were based on Participant, Intervention, Compara-
tor, Outcome, and Study design (PICOS) framework: (1) 
Participant: clinical trials that involved participants of 
any age with a diagnosis of CKD at any stage of treatment 
(pre-dialysis, peritoneal dialysis, hemodialysis, or kidney 
transplant recipients); studies that involved samples with 
multiple CKD stage were also included. (2) Intervention: 
interventions could include, but are not limited to, exer-
cise training, physical activity counseling, educational 
programs, and self-management. (3) Outcome: daily 
steps assessed by an accelerometer, pedometer, or activ-
ity monitor. (4) Study Design: randomized controlled tri-
als (RCTs), quasi-experimental studies., and single-arm 
studies were eligible.

Study selection and data extraction
Two authors (HW and YB) screened the titles and 
abstracts based on the listed criteria. Indefinite articles 
were screened by reading the full text. Any discrepancies 
were discussed, and a consensus was reached to include 
or exclude a study.

The information on study design, sample size, patient 
characteristics, CKD stage, details of daily steps assess-
ment, intervention, and daily steps outcomes (baseline 
and endpoints) were extracted from the article. Unless 
otherwise stated, mean ± standard deviation (SD) was 
used to report data (Table S3). Data described in the fig-
ures were obtained using Getdata software. If means and/
or SDs were not available for included studies, the cor-
responding authors were contacted or calculated based 
on reported data (e.g., medians, quartiles) using recom-
mended formulas [13, 14].

Risk of bias assessment
Two authors (HW and YB) evaluated the included stud-
ies independently. The Risk of Bias in Non-randomized 
Studies-of Interventions (ROBINS-I) [15] tool was used 
to assess the risk of bias in non-RCTs, while the Cochrane 
revised tool (ROB-2) [16] was utilized for RCTs. Any 
inconsistencies were resolved through consensus with 
the review team.

Results
Study selection
We identified 15,554 articles through the search strategy 
and removed 3,517 duplicates. Seventy-five studies were 
identified for full-text selection through title and abstract 
screening. After excluding 58 studies that did not meet 
the eligibility criteria, 17 were deemed eligible and 
included in the analysis [17–33] (Fig. 1). See Table S4 for 



Page 3 of 12Huang et al. BMC Nephrology           (2024) 25:10 

the list of excluded full-text articles and the correspond-
ing reasons for exclusion.

Study characteristics and quality assessment
Table  1 presents the characteristics of the studies 
included in this systematic review, encompassing a total 
sample size of 1032 participants, with each study hav-
ing a range of 12 to 197 patients. Most studies recruited 
patients with hemodialysis-dependent CKD, while few 
included peritoneal dialysis patients. The age of the par-
ticipants ranged from 46.9 to 78.4 years. Table  2; Fig.  2 
summarize the risk of bias for the studies included in the 
review.

According to the type of intervention described, we 
categorized the included studies into exercise training-
based interventions (n = 10), pedometer-based walking 
programs (n = 4), mobile health (mHealth) interventions 
(n = 1), different dialysis modalities (n = 1), and Sit Less, 
Interact, Move More intervention (n = 1) (Table  1). Fig-
ure  3 depicts the mean difference in endpoint-baseline 
daily step counts for the included studies.

Exercise training-based interventions
Seven RCTs, two quasi-experiment studies, and one 
single-arm trial explored the role of exercise-based inter-
ventions in modifying daily steps in patients with CKD. 
Six of these studies used an accelerometer, three used 
Pedometers, and one used SenseWear Armband.

Randomized controlled trials
Three RCTs were conducted to assess the impact of com-
bined exercise compared to usual care. In one of these 
studies, conducted by Watanabe K et al. [23], 71 patients 
with CKD who underwent peritoneal dialysis were ran-
domly assigned to unsupervised, home-based combined 
exercise or usual care groups. The exercise regimen 
included walking, resistance exercises, and stretching, 
while the control group received only stretching train-
ing. A three-axis accelerometer was used for monitor-
ing physical activity. The daily step counts increased 
from 4820.5 ± 2698.6 to 5710.7 ± 2698.8 steps/day in 
26 peritoneal dialysis patients and then decreased to 
5316.8 ± 2254.5 steps/day in the sixth month while gradu-
ally decreasing in the control group (Figure S1a). Another 
home-based combined exercise for patients with CKD 

Fig. 1  Study selection flow chart
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First author [Ref.] Year Study 
design

Sub-
jects 
(n)

Age (y) Population Intervention type Duration Physical 
activity 
measurement

Out-
come

Exercise training-based interventions
Masajtis-Zagajews-
ka A et al. [19]

2019 Single-arm 
trial

39 46.9 ± 11.8 KTR (n = 24) 
and stage 
3–4 CKD 
(n = 15)

Structured Physical Activ-
ity Program

12 weeks 3-axis 
SenseWear 
MF Armband 
accelerometer

Primary 
outcome

Assawasaksakul, N 
et al. [17]

2021 RCT I: 6
C: 6

I:52.5 ± 12.9
C: 53.7 ± 17.2

HD Intradialytic cycling exer-
cise VS. usual care

24 weeks Wrist-worn 
triaxial 
accelerometer

Primary 
outcome

Martins do Valle F et 
al. [18]

2020 RCT I: 12
C: 12

I: 49.3 ± 12.4
C: 60.4 ± 10.6

HD Intradialytic resistance 
exercise VS. usual care

12 weeks Triaxial 
accelerometer

Primary 
outcome

Young HML et al. 
[24]

2020 RCT I: 24
C: 27

I: 59 ± 13
C: 65 ± 11

HD Intradialytic cycling exer-
cise VS. usual care

24 weeks SenseWear Arm-
band Pro 3

Sec-
ondary 
outcome

Watanabe K et al. 
[23]

2021 RCT I: 26
C: 27

I: 
66.19 ± 13.05
C: 
64.00 ± 12.95

PD Intradialytic combination 
exercise VS. usual care

24 weeks Three-axis 
accelerometer

Sec-
ondary 
outcome

Otobe Y et al. [30] 2021 RCT I: 27
C: 26

I: 78.4 ± 6.4
C: 78.1 ± 7.4

Stage 3–4 
CKD

Exercise training VS. usual 
care

24 weeks Kenz Life-
corder Ex 1 axial 
accelerometer

Sec-
ondary 
outcome

Graham-Brown 
MPM et al. [26]

2021 RCT I: 65
C: 65

I: 55.5 ± 15.5
C: 58.9 ± 14.9

HD Intradialytic cycling exer-
cise VS. usual care

24 weeks Triaxial 
accelerometers

Sec-
ondary 
outcome

Hiraki K et al. [27] 2017 RCT I: 14
C: 14

I: 69.0 ± 6.8
C: 67.8 ± 6.9

Stage 3–4 
CKD

Home-based exercise 
program VS. usual care

84 weeks Pedometers Sec-
ondary 
outcome

Kontos P et al. [28] 2020 Quasi-ex-
periment 
study

I: 10
C: 9

I: 72.7 ± 7.9
C: 73.9 ± 5.4

HD Viewed Fit for Dialysis 
before participating in a 
16-week exercise VS. usual 
care

16 weeks Pedometers Primary 
outcome

Bulckaen M et al. 
[25]

2011 Quasi-ex-
periment 
study

18 N.P. HD Advised walking VS. super-
vised walking

6 months Pedometers Primary 
outcome

Daily step goal-oriented interventions
Sheshadri A et al. 
[22]

2020 RCT I: 30
C: 30

I: 56 [51–65]
C: 60 [53–66] 
†

Dialysis Pedometers with weekly 
step goals VS. usual care

6 months Pedometers Primary 
outcome

Nowicki M et al. [29] 2010 Single-arm 
trial

33 58.3 ± 10.1 HD Pedometers with weekly 
step goals

16 weeks Pedometers Primary 
outcome

O’Brien T et al. [20] 2020 RCT I: 72
C: 26

I: 65.7 ± 4.9
C: 65.1 ± 4.0

KTR SystemCHANGETM 
(Change Habits by Apply-
ing New Goals and Experi-
ence) + Activity Tracker 
intervention VS. attention

6 months Number of daily 
steps recorded 
by Fitbit Charge 
2

Sec-
ondary 
outcome

Malhotra R et al. 
(2023) [33]

2023 RCT I: 28
C: 27

I: 62 ± 13
C: 61 ± 14

HD Fitbit + feedback VS. Fitbit 12 weeks Activity tracker Primary 
outcome

Mobile health (mHealth) interventions
Anand S et al. (2021) 
[31]

2021 RCT I: 28
C: 28

I: 56.2 ± 12.3
C: 58.1 ± 9.9

Stage 3b-4 
CKD

mHealth + exercise train-
ing VS. exercise training

16 weeks Activity tracker Sec-
ondary 
outcome

Different dialysis modalities
Pecoits-Filho R et 
al. [21]

2021 RCT HDF: 
97
HD: 
98

HDF: 
52.6 ± 15.9
HD: 
53.3 ± 14.3

HD Hemodiafiltration VS. high-
flux HD

6 months Triaxial 
accelerometer

Primary 
outcome

Table 1  The characteristic of included studies
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stages 3–4 reported a significant increase in daily steps 
(6725.3 ± 3152.4 steps/day to 8281.4 ± 3108.8 steps/day; 
P = 0.04) [27] (Figure S1b). Otobe Y et al. [30] recruited 
elderly patients with CKD stages 3–4, and 23 participants 
completed group exercise training supervised by a phys-
iotherapist at a rehabilitation center and increased their 
daily step count from 3540 (2061, 6089) steps/day to 3757 
(2324, 6477) steps/day after a 24-week intervention, with 
a similar decrease in the control group (Figure S1c).

Three RCTs added an aerobic exercise program to usual 
care. Graham-Brown MPM and colleagues [26] evaluated 
the effects of a 6-month progressive cycling exercise pro-
gram on dialysis in 130 hemodialysis patients. Tri-axial 
accelerometers were used to measure physical activity 
over seven consecutive days. Data obtained from 66 par-
ticipants showed that compared to baseline, patients in 
the exercise group increased their daily step count from 
2710 ± 1945 steps/day to 3175 ± 2610 steps/day, while 
the control group decreased from 3514 ± 4099 steps/
day to 3080 ± 3445 steps/day, and the difference between 
the two groups was also not statistically significant 
(732 steps/day; 95% CI -75 to 1539) (Figure S2a). Simi-
lar results were reported by Young HML et al. [24]: the 
overall difference between the progressive cycling and 
control groups was 859 steps/day (95% CI -825 to 2543) 
on hemodialysis days and 888 steps/day (95% CI -84 to 
1861) on non-hemodialysis days (Figure S2b). The results 
of another small sample (n = 12) study [17] showed a sig-
nificant increase in daily steps from 5613 (2949.8, 8175.7) 
to 8725.1 (6299.7, 9908.7) (P = 0.046) over six months in 
the exercise group, while the control group decreased 

from 5398.9 (3232.6, 7001.9) to 4252.1 (2745.0, 6856.1) 
(P = 0.046) (Figure S2c).

Martins do Valle F and colleagues [18] evaluated the 
effects of an intradialytic resistance training program 
in 24 hemodialysis patients. Daily steps were measured 
using a triaxial accelerometer for seven consecutive days 
(including three dialysis days and four non-dialysis days). 
Resistance training (12 weeks, three times/week) was 
based on both lower limbs and in the contralateral arte-
riovenous fistula upper limb. After 12 weeks, participants 
showed a significant improvement in 6-minute walking 
distance. However, the two groups had no statistically 
significant difference in the pre-and post-intervention 
change in daily step count.

Nonrandomized studies
A single-arm study [19] found that after a 12-week phys-
iotherapist-supervised, free-choice aerobic exercise (Nor-
dic walking, jogging, cycling, or swimming) program, 
daily steps and total energy expenditure increased signifi-
cantly in 24 kidney transplant recipients and 15 patients 
with stage 3–4 CKD (Figure S3a).

A study by Bulckaen et al. [25] evaluated the effects of a 
6-month center-based aerobic exercise and home-based 
walking program on physical activity in 13 hemodialy-
sis patients. Compared to baseline, participants in the 
home-based group showed a significant increase in daily 
steps, as indicated by pedometers after months 3 and 6, 
whereas there was no substantial change in the center-
based group (Figure S3b).

Kontos and colleagues [28] designed a quasi-experi-
ment that introduced the Fit for Dialysis film, based on 

Table 2  Risk assessment for inclusion in non-RCTs
Study ROBINS-I (Non-Randomized Studies)

Confounding Se-
lec-
tion 
bias

Bias in mea-
surement 
classification of 
intervention

Bias due to 
deviations 
intended 
interventions

Bias due 
to missing 
outcome 
data

Bias in 
measure-
ment of 
outcomes

Bias in se-
lection of 
reported 
results

Overall 
bias

Masajtis-Zagajewska A et al. (2019) PY PY N N N N N Moderate

Kontos P et al. (2021) PY N N N Y N N High

Nowicki M et al. (2010) PY PY N N N N N Moderate

Bulckaen M et al. (2011) PY PY N N N N N Moderate
Note: The response options regarding biases included Yes (Y), Probably Yes (PY), Probably No (PN), No (N) and No Information (NI). “Y” indicated a low risk of bias, “PY” 
indicated a moderate risk of bias, “PN” indicated a serious risk of bias, “N” indicated a critical risk of bias and “NI” indicated that was no information related to bias

First author [Ref.] Year Study 
design

Sub-
jects 
(n)

Age (y) Population Intervention type Duration Physical 
activity 
measurement

Out-
come

Sit Less, Interact, Move More intervention
Lyden K et al. [32] 2021 RCT I: 54

C: 52
I: 69 ± 14
C: 69 ± 12

Stage 2–5 
CKD

Sit Less, Interact, Move 
More VS. standard care

24 weeks activPAL 
accelerometer

Primary 
outcome

Abbreviations: I, intervention; C, control; AE, aerobic exercise; RT, resistance training; CE, combined exercise; CKD, chronic kidney disease; HD, hemodialysis; KTR, 
kidney transplant recipient; HDF, hemodiafiltration; RCT, randomized control trial; N.P, not report
† Median [quartiles]

Table 1  (continued) 
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which an exercise program was developed for ten peo-
ple > 65 years of age with hemodialysis, with 20–30 min 
of aerobic exercise 2–3 times per week (40–90  min per 
week) and 10–15  min of resistance training 2–3 times 
per week (20–45 min per week), with two physiotherapy 
assistant were responsible for supervision. However, at 
the end of the 28-week intervention, no significant differ-
ences in the participants’ daily step counts were detected 
(Figure S3c).

Daily step goal-oriented interventions
Three RCTs and one single-arm trial evaluated the effect 
of daily step goal-oriented interventions on physical 
activity.

Randomized controlled trials
Sheshadri and colleagues [22] incorporated goal-setting 
theory and assessed physical activity by pedometer with 

a goal of a “10% increase in steps compared to the pre-
vious week”. Compared to baseline, 27 patients with 
CKD stages 3–4 increased their daily step count by 
2132 ± 2771 steps/day at month three and then decreased 
by 1596 ± 2369 steps/day at months 3–6 (Figure S4a). 
Surprisingly, remotely guided interventions, includ-
ing lifestyle behavior change via pedometer feedback or 
individualized lifestyle change strategies, did not result 
in significant changes in either moderate daily physical 
activity or daily steps after six months compared to base-
line. O’Brien et al. reported [20] that participants’ daily 
steps in the first three months gradually increased and 
then slowly decreased, but the difference between the 
two groups was not statistically significant (Figure S4b). 
Malhotra et al. [33] recruited 56 patients with hemodi-
alysis-dependent CKD; all participants wore a Fitbit 
Charge 2 tracker, and one group received additional face-
to-face goal-setting counseling. Personalized goal setting 

Fig. 2  Risk assessment for inclusion in RCTs
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focused on increasing daily and weekly step goals (typi-
cally a 10% increase in steps from baseline). During the 
12-week intervention period, participants in the inter-
vention group had a significant increase in daily steps 
from baseline to week 12 compared with the comparison 
group (920 ± 580 vs. 281 ± 186; between-group difference 
Δ 639 ± 538 steps; P < 0.05). The magnitude of change in 
step count differences was most significant in the first 4 
weeks (Δ1126 ± 517 VS. Δ494 ± 281 steps) and decreased 
slightly thereafter but maintained statistically significant 
differences between groups throughout the study period 
(Figure S4c).

Nonrandomized studies
Nowicki et al. [29] included 33 hemodialysis patients 
with physical activity levels recorded by pedometers 
seven times over four months. Compared to baseline, 
daily steps between 2-midweek dialysis sessions and 
spontaneous step counts on non-dialysis days were sig-
nificantly increased (Figure S5).

Mobile health (mHealth) interventions
One RCT examined the effectiveness of mobile phone-
based (mHealth) interventions to change physical activ-
ity in patients with CKD. This studies used the wearable 
Garmin Vivofit 3 activity tracker to quantify physical 
activity.

Randomized controlled trials
Anand et al. [31] conducted a comparative study to 
evaluate the impact of mHealth combined twice weekly 
directed exercise session versus only exercise sessions on 
daily step counts in 56 patients with CKD stage 3b-4. The 
intervention lasted eight weeks, followed by an 8-week 
passive follow-up period. The results indicated that the 
mean step count decreased in both groups and exhibited 
no significant differences over time (Figure S6).

Nonrandomized studies
There were no nonrandomized studies available for 
review.

Fig. 3  Daily steps pre-to-post intervention (red and blue circles indicate control and intervention, respectively)
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Different dialysis modalities
A study compared the effects of hemodiafiltration or 
high-flux hemodialysis treatment on physical activity in 
hemodialysis-dependent CKD patients.

Randomized controlled trials
Pecoits-Filho et al. [21] conducted a study involving 197 
hemodialysis patients, wherein physical activity was mea-
sured using a waist-mounted triaxial accelerometer seven 
days before each study visit (baseline, three months, 
and six months). Results indicated that at the 3-month 
mark, participants in the hemodiafiltration group exhib-
ited a slight increase in step counts, whereas those in the 
high-flux hemodialysis group experienced a decrease in 
steps/24  h (hemodiafiltration 5303 ± 3442 VS. high-flux 
hemodialysis 4249 ± 2734, P = 0.03). However, these dif-
ferences were not sustained at the 6-month follow-up 
(Figure S7).

Nonrandomized studies
There were no non-randomized studies available for 
review.

Sit less, interact, move more intervention
One study designed an individualized program for seden-
tary and step durations.

Randomized controlled trials
Lyden et al. [32] conducted a study involving 106 patients 
diagnosed with stages 2–5 CKD. The intervention group 
received feedback on their sedentary behavior through 
an accelerometer display and were instructed to engage 
in low-intensity activities by standing up from a sitting/
lying awake position at least once per hour. The control 
group received standard care, which included encourage-
ment to complete 150 min of moderate/vigorous activity 
per week. The intervention group experienced a signifi-
cant increase in daily steps at week 20 (mean difference: 
1265; 95% CI 518 to 2012), which decreased by week 24.

Nonrandomized studies
There were no non-randomized studies available for 
review.

Discussion
Summary of main results
In recent years, nephrologists have progressively high-
lighted and advocated for clinical investigations involving 
physical activity, specifically daily step count, as a mea-
surable outcome [34]. This literature review identifies 17 
interventional trials concentrating on exercise training-
based interventions, daily step goal-oriented interven-
tions, mobile health (mHealth) interventions, various 
dialysis modalities, and a “Sit Less, Interact, Move More” 

intervention reporting objectively measured daily steps 
outcomes. However, the heterogeneity of these studies 
presents challenges in drawing generalizable conclusions.

In the included studies, no specific devices were used 
to objectively assess daily step counts, although the 
most used tools currently include only accelerometers, 
pedometers, or activity monitors. It is crucial, however, 
that researchers are aware of the accuracy and reliability 
of the equipment used. The selection of measurement 
devices should be based on these characteristics, con-
sidering cost, user acceptance, and study design (e.g., 
physical activity as an outcome measure versus physical 
activity monitoring as part of an intervention).

Comparison of interventions oriented to change in step 
counts
In 50% of the studies assessing intervention strategies 
centered on exercise training, the primary outcome was 
the number of daily steps. Patients with CKD commonly 
exhibit low cardiorespiratory fitness, which frequently 
contributes to physical inactivity [35]. While not spe-
cifically designed to alter physical activity levels, exercise 
training interventions primarily seek to enhance an indi-
vidual’s exercise tolerance, with concomitant improve-
ments in physiological function potentially leading to 
behavioral changes. Several studies have reported signifi-
cant alterations in the number of steps participants took 
[17, 27], indicating a potential impact of interventions on 
physical activity levels. However, whether these interven-
tions can effectively promote the maintenance of physi-
cal activity remains a subject of ongoing research, with 
important implications for clinical practice. This is due to 
the critical role of adherence in establishing a connection 
between exercise training and sustained physical activity 
[36].

A qualitative study reported that most CKD patients 
believe that appropriate physical activity makes them feel 
better and positively impacts their health [37]. In another 
study, the top priority for older CKD patients was main-
taining independence through physical activity, whereas 
for younger patients, longevity and transplant candidacy 
were the most important motivating factors [38]. Evi-
dence from cohort studies suggests that adherence to 
physical activity guidelines is significantly associated with 
all-cause mortality (HR: 0.49; 95% CI: 0.38–0.63), malig-
nancy mortality (HR: 0.30; 95% CI: 0.17–0.52), and albu-
min-to-creatinine ratio (OR: -0.27; 95% CI: -0.39 to -0.15) 
[39]. A retrospective study showed that ‘non-completers’ 
(successful completion of a pragmatic renal rehabilita-
tion program more than 50%) of renal rehabilitation had 
a 1.6-fold (95% CI 1.00-2.58) greater risk of a combined 
event [40]. Thus, improving patient compliance is essen-
tial to ensure that physical activity is delivered.
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Research on daily step goal-oriented interventions 
has demonstrated a higher likelihood of observing 
an increase in daily steps. However, variability exists 
between outcomes. Notably, pedometer-based inter-
ventions are often provided as stand-alone measures, 
and thus, the existing body of literature fails to furnish 
definitive proof that increased daily step counts elicit 
supplementary alterations in physical activity among 
individuals afflicted with CKD. Indeed, a high-quality 
RCT designed by Sheshadri and colleagues found that 
the increase in daily steps was maintained for only 
three months and then returned to the starting point 
[22]; as the authors state, Walking does not capture the 
full spectrum of physical activity.

The interventions incorporated into telemedicine 
primarily focused on altering participants’ daily lives 
rather than explicitly targeting behavioral modifi-
cations aimed at increasing physical activity. As a 
result, no significant changes in physical activity were 
observed as secondary outcomes. This implies that 
alterations in daily activities did not translate into 
increased physical activity. Nevertheless, this finding 
remains a subject of further exploration, considering 
the growing popularity and rapid evolution of tele-
medicine [41].

In light of the potential influence of dialysis modal-
ity and/or dose on physical activity among hemodi-
alysis-dependent CKD patients, a multicenter RCT 
carried out by Pecoits-Filho et al. [21] revealed that 
high-volume online-hemodiafiltration did not result in 
a statistically significant alteration in daily step count 
over a period of six months. However, it is noteworthy 
that individuals in the hemodiafiltration group exhib-
ited an increase in daily steps compared to their base-
line in the third month and were significantly higher 
than those in the hemodialysis group. Nonetheless, 
researchers believe that the program’s systematic and 
standardized collection of accelerated measurement 
data helps to understand the granular level of physical 
activity in dialysis patients concerning demographics, 
clinical characteristics, and treatment plans and pro-
vides a basis for planning physical activity interven-
tions for dialysis patients.

CKD patients tend to engage in sedentary behav-
iors and exhibit physical inactivity [42, 43], strongly 
associated with a higher risk of all-cause mortality [6, 
44]. Lyden and colleagues [32] conducted an RCT to 
address this issue and introduce a novel approach to 
mitigate the negative impact of a sedentary lifestyle in 
CKD patients. The intervention encouraged partici-
pants to stand up from a sedentary position at least 
once per hour and engage in light physical activity. 
According to Kim et al. [45], the present study dem-
onstrates that reducing sedentary behavior leads to 

clinically significant enhancements in walking hours 
among patients with CKD, highlighting the need to 
combine sustained patient engagement with ongoing 
feedback and reinforcement.

In addition to the above, a cross-sectional study 
based on National Health and Nutrition Examination 
Survey noted that participants with the longest seden-
tary time had a 1.69-fold (95% CI: 1.27–2.24) higher 
risk of depression than CKD patients with shorter sed-
entary time [46]. Results from another large-sample 
cohort study showed that replacing 1  h/day of sed-
entary time with an equivalent amount of vigorous-
intensity physical activity was associated with a 25% 
lower risk of depression in those with longer sedentary 
time (> 6 h/day) (HR: 0.85; 95% CI 0.75–0.97) [47]. An 
observational study by Zhu et al. reported significantly 
lower odds of a major depressive episode in patients 
with CKD who were consistently active than those 
who were consistently inactive (OR: 0.102, 95% CI 
0.022–0.467) [48]. It is worth noting that recent guide-
lines state that CKD patients should engage in physical 
activity, and some physical activity is better than none. 
The benefits of increasing physical activity in CKD 
patients are, and are not limited to, improvements in 
mental health, including depression and anxiety symp-
toms [49].

Implications
Regarding study characteristics, most of the literature, 
in terms of current included studies, has been directed 
at hemodialysis patients. In contrast, relatively few 
studies have been conducted in pre-dialysis and kidney 
transplant recipients [50], and trials recruiting perito-
neal dialysis patients are even more lacking [51]. The 
reasons for this are twofold: (1) hemodialysis patients 
spend a few hours on dialysis three days a week and 
usually have little to do during their treatment, so 
intradialytic exercise, interventions included in most 
trials reported, is considered relatively convenient and 
time-saving. (2) peritoneal dialysis usually needs to be 
performed at home and is relatively frequent, possibly 
several times daily. This may limit patients’ time and 
energy to engage in exercise. Studies based on exer-
cise interventions have reported benefits for patients 
with end-stage renal disease treated with hemodialysis 
[52]; however, there are few studies explicitly involving 
patients on peritoneal dialysis, and there is a lack of 
well-designed randomized controlled trials that would 
allow for significant and valid evidence-based research 
on exercise and peritoneal dialysis patient-oriented 
outcome measures [51]. The first exercise guideline 
focusing on peritoneal dialysis patients, published in 
2019 by the International Society for Peritoneal Dial-
ysis in conjunction with the Global Renal Exercise 
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Network, also does not outline evidence-based advice 
for changing physical activity in peritoneal dialysis 
patients [53].

Implementing interventions that maximize the ben-
efits of physical activity in patients with CKD remains 
a daunting challenge, but there is reason for optimism. 
In the included trials, most participants benefited 
from short-term interventions. Thus, the discrepancy 
in the results of many studies may indicate the chal-
lenge of conducting large, long-term clinical trials 
in CKD patients rather than evidence of ineffective 
interventions. Despite increasing use of physical activ-
ity endpoints in CKD trials, there is no consensus on 
the best measure. Indeed, endpoints are inconsistent 
across CKD trials, making translation into clinical 
practice difficult.

Based on the above analysis, several recommendations 
can be made for future research. The first recommenda-
tion is that adapting previously validated strategies asso-
ciated with hemodialysis trials to a representative sample 
of the peritoneal dialysis population may be a possible 
future course of action. After all, there is currently little 
knowledge surrounding exercise in peritoneal dialysis 
patients. A recent international-wide survey showed that 
most clinical professionals agree that organized exercise 
programs benefit patients undergoing peritoneal dialysis 
treatment and that more exercise could be performed 
[54]. Second, a concern with wearable devices is whether 
individuals with CKD will adhere to them long-term. It 
has been reported that usage of wearable devices declines 
over time, with approximately 25–50% of individuals dis-
continuing use within six months [55]. This may suggest 
that device is a first step in helping individuals develop 
an awareness of physical activity, but other techniques 
(e.g., cognitive-behavioral interventions) may need to be 
tailored to promote sustained use over a longer period. 
Alternatively, researchers could utilize a window of 
opportunity during the intervention to integrate the 
device into daily life, and a deeper understanding of the 
wearable device, such as wearing time and accessing and 
interpreting data, may help with patient insight, motiva-
tion, and engagement [56].

Limitation
There are several limitations in this review. Firstly, 
daily steps may be a secondary outcome in some stud-
ies; however, finding these studies was difficult, as the 
titles and abstracts do not necessarily describe physi-
cal activity assessment in the articles. Despite a rigor-
ous screening process, we cannot completely exclude 
the possibility that a few studies were not identified. 
Secondly, the scope of our review was limited to lit-
erature published exclusively in English, which may 
have resulted in the exclusion of significant studies 

published in other languages. Thirdly, our review 
solely focused on clinical trials, and only a select num-
ber of noteworthy findings were reported.

Conclusion
Although the tools used to objectively assess daily 
steps in patients with CKD are mostly pedometers 
and accelerometers, the current clinical intervention 
trials still show heterogeneous results. In particular, 
it should be noted that the gap between research on 
improving physical activity in CKD and similar litera-
ture in chronic obstructive pulmonary disease [57] and 
cardiovascular disease [58] is still huge, further well-
designed trials are needed.
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