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Abstract
Background: Exercise has been shown to be of benefit in the general population and in patients with chronic diseases. 
Despite a lack of compelling evidence, patients with end-stage kidney disease (ESKD) treated with peritoneal dialysis (PD) are 
often discouraged from participating in exercise programs that include weight lifting due to concerns about the development 
of hernias and leaks. The actual effects of physical activity with or without structured exercise programs for patients on PD 
remain unclear.
Objective: To determine the risks and benefits of physical activity in the ESKD population treated with PD.
Design: Systematic review and meta-analysis.
Setting: Included all studies that met our criteria regardless of country of origin.
Patients: Adult patients with ESKD treated with PD.
Measurements: Descriptive and quantitative analysis of our primary and secondary outcome variables.
Methods: We searched MEDLINE, Embase, CINAHL, and Cochrane Central Register of Controlled Trials for observational 
and interventional studies examining the effects of physical activity in patients on PD. A systematic review and meta-analysis 
was conducted of the identified studies. The primary outcomes of interest included patient-centered outcomes of mental 
health, physical functioning, fatigue, quality of life, and adverse events. Secondary outcomes included nutritional measures, lipid 
profile, blood pressure changes, maximum heart rate, resting heart rate, maximal oxygen consumption, muscle development, 
cognitive function, and markers of inflammation.
Results: Of 1828 studies identified by the literature search, 12 met the inclusion criteria including 6 interventional and 6 
observational studies. There was limited information on the patient important outcomes. However, there is some evidence 
for improvements in burden of kidney disease, physical function, and some mental health measures with physical activity.
Limitations: Lack of well-designed randomized controlled trials impaired our ability to determine the benefits and risks of 
increasing physical activity.
Conclusions: There is limited evidence of benefit with increased levels of physical activity in PD patients. Further research 
is needed to define the exercise program that is likely to be of most benefit to patients treated with PD.

Abrégé 
Contexte : Les bienfaits procurés par la pratique d’une activité physique sont démontrés tant dans la population générale 
que chez les patients souffrant de maladies chroniques. Pourtant, malgré un manque de données probantes à ce sujet, on 
déconseille souvent aux patients atteints d’insuffisance rénale terminale (IRT) et traités par dialyse péritonéale (DP) de prendre 
part à un programme d’entraînement incluant des exercices en résistance; on invoque notamment des préoccupations sur le 
développement d’une hernie ou de fuites. De plus, les effets réels de l’activité physique avec ou sans un programme structuré 
chez ces patients sont encore mal connus.
Objectif de l’étude : L’étude visait à mieux définir les risques et les bienfaits de la pratique d’une activité physique chez les 
patients atteints d’IRT et traités par DP.
Type d’étude : L’étude a été menée sous la forme d’une revue systématique de la littérature scientifique puis d’une méta-
analyse.
Cadre : Toutes les études satisfaisant nos critères, quel que soit leur pays d’origine, ont été incluses.
Patients : Tous les patients atteints d’IRT et traités par DP.
Mesures : Nous avons procédé à l’analyse descriptive et quantitative des variables de nos paramètres primaires et secondaires.

https://sagepub.co.uk/journalsPermissions.nav
https://journals.sagepub.com/home/cjk


2 Canadian Journal of Kidney Health and Disease

Méthodologie : Les bases de données MEDLINE, Embase et CINAHL, de même que le registre central Cochrane des essais 
cliniques randomisés ont été passés en revue afin d’y répertorier les études observationnelles et interventionnelles traitant 
des effets de l’activité physique chez les patients sous dialyse péritonéale. Une revue systématique et une méta-analyse des 
études retenues ont été effectuées. On s’est d’abord intéressé aux observations concernant la santé mentale du patient, son 
bien-être général, son niveau de fatigue et sa qualité de vie, de même qu’aux événements indésirables rapportés. Les résultats 
secondaires auxquels nous nous sommes attardés incluaient les mesures nutritionnelles, le profil lipidique, les variations 
dans la pression artérielle, la fréquence cardiaque maximale, la fréquence cardiaque au repos, la consommation maximale 
d’oxygène, le développement de la masse musculaire, les fonctions cognitives et les marqueurs de l’inflammation.
Résultats : Des 1 828 études recensées par la revue de la littérature, seule une douzaine satisfaisait nos critères d’inclusion, 
soit 6 études interventionnelles et 6 études observationnelles. Il y avait très peu d’information au sujet des principaux 
résultats des patients. Néanmoins, on a pu constater l’existence de preuves attestant de l’allègement du fardeau posé par les 
maladies rénales et de l’amélioration des fonctions physiques et de certains aspects de la santé mentale par la pratique d’une 
activité physique.
Limites de l’étude : Le faible nombre d’essais contrôlés, randomisés et bien conçus traitant de notre sujet nous a empêchés 
de bien mesurer les bienfaits et les risques associés à l’augmentation de l’activité physique.
Conclusion : À ce jour, il existe encore peu de preuves que l’accroissement de l’activité physique procure des bienfaits aux 
patients traités par dialyse péritonéale. D’autres recherches sont nécessaires pour mieux définir les programmes d’exercice 
susceptibles de procurer le plus de bienfaits sur la santé des patients atteints d’IRT et traités par dialyse péritonéale.
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What was known before

Patients with other chronic diseases derive quality of life 
benefits from both aerobic and resistance exercise programs. 
An increase in physical activity has been associated with a 
reduced risk of death in patients with ESKD treated with 
hemodialysis.

What this adds

There appear to be some benefits to exercise for ESKD 
patients treated with PD. However, the lack of well-
designed randomized controlled trials with a sufficient 
number of participants prevents us from being able to draw 
definitive conclusions especially about patient-oriented 
outcome measures.

Background

The prevalence of ESKD worldwide is quite high, with 2.6 
million patients being treated with dialysis in 2010.1 A signifi-
cant and growing proportion of those patients receive perito-
neal dialysis (PD), with hemodialysis (HD) still being the 
predominant modality.2 The 2 treatment modalities are very 

different which may affect patient preferences for type and 
location of exercise programs. HD is typically completed 3 
times per week for about 4 hours each session by trained per-
sonnel in a hospital or clinic environment; PD is usually done 
independently every day at home.3 The differences in treat-
ment schedule result in altered risks of extracellular fluid vol-
ume expansion that may contribute to shortness of breath and 
postdialysis fatigue which are more likely to be experienced 
by HD patients.3 The prognosis for patients diagnosed with 
ESKD remains poor. They have an 18- to 20-fold increased 
risk of cardiovascular disease compared with age- and sex-
matched controls from the general population.4 Furthermore, 
initiation of dialysis is associated with a significant decline in 
functional status. In a study of nursing home residents with 
ESKD, significant declines in ability to complete activities of 
daily living occurred as early as 3 months after dialysis start.5 
One year after beginning dialysis, 58% of patients had died, 
and only 13% had managed to maintain their baseline func-
tional capacity.5 The increased cardiovascular morbidity, 
mortality, and loss of function may be potentially amenable to 
interventions that are focused on increasing physical activity, 
with or without structured exercise programs.

Physical activity is defined as any bodily movement pro-
duced by skeletal muscles that results in energy expenditure.6 
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Exercise is a subset of physical activity that is planned, struc-
tured, and repetitive and is undertaken with the goal of 
improving or maintaining one or more components of physi-
cal fitness.6 Exercise can be further subdivided into resis-
tance exercise (weights, bands) and aerobic exercise 
(running, cycling, swimming, dancing). Increases in activity 
levels, self-reported or measured with an accelerometer, 
have been associated with a reduced risk of death in ESKD 
patients treated with HD.7,8 Patients with other chronic dis-
eases have been shown to benefit from participation in resis-
tance exercise programs with increases in strength, muscle 
mass, and cardiovascular fitness.9-11 Aerobic exercise has 
been associated with improvements in self-esteem, quality of 
life, aerobic fitness, and percent body fat.12,13 Exercise has 
also been shown to decrease the risk of depression, a prob-
lem that exists for ~25% of patients with ESKD.7,14 Finally, 
exercise may also improve glycemic control, blood pressure, 
and serum triglyceride levels which could cumulatively 
lower cardiovascular disease risk.9

Despite guidelines recommending nephrologists encour-
age ESKD patients treated with dialysis to increase their 
activity levels, this is rarely done.15-17 In fact, PD patients 
have a weekly caloric expenditure from exercise that is com-
parable to that of community dwelling adults over the age of 
70 years.18 This may be due to a number of real or perceived 
barriers but also uncertainty about the best exercise regimen 
for patients treated with PD. Although a recent Cochrane 
review suggested that there were benefits to exercise in 
patients with chronic kidney disease including patients with 
ESKD treated with HD and PD, the majority of evidence was 
from patients treated with HD.19 In a few studies, PD and HD 
patients were discussed together, or, in most cases, PD 
patients were not included.20 Extrapolation of these results to 
patients on PD is unreasonable. Patients on HD spend sev-
eral hours each week receiving treatment, during which exer-
cise programs can be tested, thus potentially enhancing 
participation rates that may not be the same for PD patients 
who are at home.21 PD patients undergo abdominal surgery 
and usually have dialysate in their peritoneal cavity.21,22 This 
last tenet underlies the rationale behind discouraging PD 
patients from participating in physical activity that involves 
lifting weights as the increased intra-abdominal pressure 
may precipitate the development of hernias and leaks.23-25

Given the potential equipoise about physical activity includ-
ing aerobic and resistance exercise programs in the PD patient 
population, we undertook this systematic review and meta-
analysis of the literature to more completely define the risks 
and benefits of physical activity in this patient population.

Methods/Design

Search Strategy

A comprehensive electronic search was conducted using Em- 
base (1947 to November 23, 2016), EBM Reviews—Cochrane 

Central Register of Controlled Trials (October 2016), Epub 
Ahead of Print, In-Process & Other Non-Indexed Citations, 
CINAHL, Ovid MEDLINE Daily, and Ovid MEDLINE 
(1946 to November 2016) with the assistance of a librarian 
experienced in systematic reviews. A structured search 
strategy was based on controlled vocabulary and relevant 
key terms and was broad to prioritize sensitivity (see 
Appendix A).

Study Screening and Inclusion

All titles and abstracts compiled from the search strategy 
were screened by 2 independent reviewers (T.T., R.I.). Each 
study was examined for appropriate inclusion and exclusion 
criteria. If the abstract was absent, the full text was examined, 
unless the title alone could be used to confidently exclude the 
study. Any disagreement between the reviewers at this stage 
resulted in the study proceeding to a full-text review.

Inclusion Criteria

We included studies in which adult (≥18 years) patients were 
(1) diagnosed with ESKD, (2) treated with PD (continuous 
cyclic peritoneal dialysis [CCPD], nocturnal intermittent 
peritoneal dialysis [NIPD], chronic ambulatory peritoneal 
dialysis [CAPD]), and (3) had some measure of physical 
activity/exercise (any type of physical activity or exercise 
was included using a broad search strategy with text words 
physical activity, motor activity, sports, yoga, running, swim-
ming, jogging, skiing, bicycling/biking, walking; see 
Appendix A). We included all observational (prospective and 
retrospective cohorts, cross-sectional and case–control, and 
case-report) and interventional (randomized or nonrandom-
ized) study designs. Only English language articles were 
included.

Exclusion Criteria

Studies that included both pediatric and adult patients and/or 
PD and HD patients in which the population of interest could 
not be assessed independently were excluded if we were 
unable to obtain patient-level data from the authors. Abstracts 
from conference proceedings were also excluded based on 
the nonuniformity of subsequent publication in peer-review 
journals raising concerns about potential study quality.26,27

Outcomes

The primary PD patient–centered outcomes included (1) 
depression (diagnosis via clinician structured interview or 
scales such as the Beck Depression Index, Hospital Anxiety 
and Depression Scale, Hamilton Depression Scale), (2) 
physical functioning (6-minute walk test, stair climbing 
capacity, activities of daily living, sit-stand test), (3) fatigue, 
(4) quality of life ([using validated questionnaires such as  
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36-Item Short Form Survey (SF-36), EuroQol, Kidney 
Disease Quality of Life Instrument [KDQOL] and their 
subscales) and, (5) adverse events (musculoskeletal injury, 
cardiovascular adverse events, hernias, leaks, mortality).
Secondary outcomes included nutritional measures (albu-
min, pre-albumin, subjective global assessment [SGA], 
energy intake, protein intake, body mass indices), glucose, 
lipid profile, blood pressure changes, maximum heart rate, 
resting heart rate, maximal oxygen consumption (peak 
Vo

2
), muscle development (morphometrics), cognitive 

function, and markers of inflammation (serum interleukin 
6, lymphocytes, protein catabolic rate).

Data Extraction

Each included study underwent standardized data extraction 
by 2 independent reviewers to minimize errors and bias 
(T.T., R.I.).

Extracted data included study identification (first author, 
year of publication), study design (type of study, sample size, 
inclusion and exclusion criteria, nature of physical activity/
exercise regimen), and patient population (age, gender, dura-
tion of PD). The primary and secondary outcomes of interest 
were extracted from the studies as described under research 
objectives. We contacted the original authors for missing 
data and to obtain data separated by dialysis modality, if pos-
sible. Any difference of opinion was resolved by consensus 
and discussion with a third investigator (D.Z.).

Quality Assessment

Two review authors independently assessed the risk of bias in 
the included studies. All randomized controlled trials (RCTs) 
were evaluated using the Cochrane risk of bias assessment 
tool.28 Observational studies were evaluated with the 
Newcastle-Ottawa Scale.29

Analysis

The extracted data are presented through a series of tables 
and text. Most studies included reported variable definitions 
and measures of activity/exercise and outcomes; hence, we 
could perform a quantitative synthesis for certain quality of 
life and laboratory measures only. The outcomes were 
pooled in the form of weighted mean differences (WMD) 
using the random-effects model of DerSimonian and Laird.30 
Heterogeneity across the studies was assessed using the 
Cochran Q statistic and I2 statistic.31 Publication bias was 
assessed by visual examination of the funnel plot and the 
Egger statistic.32 All reported P values are 2-tailed, and 
P < .05 was considered statistically significant. The analysis 
was performed using Comprehensive Meta-analysis soft-
ware (version 2.2.064; Biostat Inc, Englewood, New Jersey). 
The protocol for this systematic review is registered with 
PROSPERO (International Prospective Register of 
Systematic Reviews; no. CRD42016041695).

Results

The search process and results are summarized in Figure 1. 
Prisma checklist is included in Supplementary file. From 
1828 potential studies, 101 studies underwent full-text 
review. Reasons for exclusion included the following: not a 
primary research manuscript (n = 24), wrong study popula-
tion (n = 19), no measure of physical activity or exercise (n = 
13), no outcome of interest (n = 4), and non-English lan-
guage (n = 6). Twenty-four studies included both HD and PD 
patients without separately reporting the results from these 2 
groups. We were unable to contact the authors of 14 of these 
studies. Raw data were only available from 1 of 10 of the 
remaining studies and has been included in our review.33,34 
Overall, 12 studies satisfied our inclusion criteria; 6 were 
observational and 6 included an exercise intervention. Of the 
observational studies, 3 measured physical activity level 
using a pedometer,35-37 1 used an accelerometer,38 1 inferred 
activity level from occupation,39 and 1 relied on self-reported 
activity levels.40 Of the interventional studies, traditional 
aerobic exercises (biking, running, walking),41-43 stationary 
cycling while lying down,44 resistance exercise,33,34 and tai 
chi45 were assessed in 3, 1, 1, and 1 studies, respectively. The 
characteristics of these studies are outlined in Tables 1 and 2.

Assessment of Quality

Quality assessment of the noninterventional studies was per-
formed using the Newcastle-Ottawa Quality Assessment 
Scale.29 The mean (SD) score was 4.38 (±1.47) out of a pos-
sible 10 points. Quality assessment of the interventional 
studies was performed using the Cochrane risk of bias tool.28 
All 6 interventional studies were found to have a high risk of 
bias particularly in the following categories: sequence gen-
eration, allocation concealment, blinding of participants and 
personnel, and small sample size. The detailed results of the 
quality assessment are shown in Table 3 and Figure 2.

Primary Outcomes

Depression, Physical Function, Fatigue, and 
Quality of life

Overall, 2 interventional studies43,45 involving a total of 30 
patients (18 intervention and 12 control) assessed changes in 
several domains of the SF-36 scores, specifically physical 
function, role physical, pain, general health, role emotional, 
and social function. The pooled analysis demonstrated a 
small improvement in all domains of SF-36 analyzed, which 
was significant for physical function, pain, general health, 
and role emotional, but not significant for role physical and 
social function (see Table 4 for details). The heterogeneity 
was not significant for any of these domains (I2 = 0, P = .66; 
I2 = 0, P = .89; I2 = 0, P = .84; I2 = 0, P = .66; I2 = 0, P = .06; 
I2 = 73, P = .66; I2 = 41, P = .19, respectively). Depression 
was not assessed independently of overall mental health. 
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After 3 months of Tai Chi, SF-36 scores improved in the 
domain of total mental health.45 There was also a significant 
improvement in burden of kidney disease as measured with 
the Chinese version of the KDQOL after a 3-month aerobic 
exercise program.43 However, in 2 smaller studies of aerobic 
exercise for 16 and 8 weeks, respectively, no improvement in 
leg strength or the short physical performance battery was 
shown.33,34,42 This last study also failed to demonstrate an 
improvement in fatigue as assessed by the Piper Fatigue 
Scale.46 In one observational study, physical activity was 
inferred from an individual’s occupation and divided into 2 

categories; “free/good” and “restricted.”39 Functional impair-
ment was assessed with the Karnofsky score.47 Patients with 
a “free/good” activity level reported significantly higher 
Karnofsky performance scores indicative of less functional 
impairment.

Adverse Events

Three PD patients with a pericatheter dialysate leak performed 
daily recumbent cycling for 1 hour. There were no reported 
complications from the exercise program; the leaks resolved 

Figure 1. Flow diagram of study selection.
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Table 3. Results of Newcastle-Ottawa Quality Assessment Scale 
Adapted for Noninterventional Studies Included in the Systematic 
Review.

First author (year), country Total score (/10)

Matsuoka et al (1991), Japan 2
Stack et al (2005), Ireland 6
Masuda et al (2009), Japan 5
Oishi et al (2012), Japan 5
Cobo et al (2015), Spain 5
Wakamiya (2015), Japan 6

over 7 to 10 days with no recurrences in 3, 6, and 12 months of 
follow-up.44 We were unable to find any other reports of her-
nias or leaks in association with exercise. In a large observa-
tional study, mortality risk was higher in the patients who 
reported limitations in moderate (Relative Risk (RR) 1.87, p < 
0.001) and vigorous activity (RR = 1.50, P < .05) relative to 
those who reported minimal or no limitations.40

Secondary Outcomes

Inflammatory and nutritional markers were assessed with 
C-reactive protein (CRP), albumin, SGA, and/or Geriatric 
Nutritional Risk Index (GNRI). An inverse correlation was 
found between number of steps per day and serum CRP con-
centration in 2 observational studies.35,36 However, this trend 
was not seen in the interventional study by Molsted et al.33 
Greater evidence of malnutrition as assessed by the SGA was 
reported for patients in the lowest tertile of physical activity 
assessed by steps per day.35 This observation was consistent 
with another study in which there was a positive correlation 
between physical activity and GNRI scores.38 Changes in albu-
min were reported in 3 interventional studies33,34,43,45 involving 
35 patients (23 intervention and 12 control). The WMD with 
exercise was not statistically significant (95% confidence inter-
val [CI] = −0.09 to −0.25, P = .37; I2 = 0, P = .89).

Glucose, lipids, and body composition were assessed in 
3,34,41,43 2,37,43 and 234,35 studies, respectively. Changes in 
fasting blood glucose following exercise interventions were 
reported in 3 interventional studies34,41,43 involving 47 
patients (29 intervention and 18 control). The pooled analy-
sis demonstrated a significant decrease in fasting glucose 
after exercise (WMD: –15.7 mg/dL,95% CI = −30.9 to −0.3, 
P = .045; I2 = 65.1, P = .06).

A positive correlation was reported between average steps 
per day over 1 week and levels of high-density lipoprotein 3 
cholesterol (HDL3-C) (r = 0.505, P < .05) in 1 study.37 None 
of the other measured lipids were associated with activity. A 
similar observation was reported after a 12-week aerobic 
exercise program.43 Higher lean body mass index (P = .047) 
and percentage lean body mass (P = .064) were associated 
with increasing tertiles of physical activity.35 However, mus-
cle biopsies in a small number of patients after a 16-week 

strength training program did not show evidence of muscle 
hypertrophy or change in muscle fiber type composition.34

Blood Pressure, Vo
2
 Peak, and Peak Heart Rate

The relationship between blood pressure and physical activ-
ity was assessed in 3 studies (2 observational35,39 and 1 
experimental43). In both observational studies, blood pres-
sure was not associated with physical activity. In the only 
interventional study that examined the impact of exercise on 
blood pressure in PD patients, ambulatory whole day systolic 
blood pressure (139(27) to 154(21), P = .02), ambulatory 
whole day mean blood pressure (100(13) to 108(10), P = .02), 
ambulatory daytime systolic blood pressure (142(26) to 
157(22), P = .003), and ambulatory daytime mean blood 
pressure (101(13) to 110(11), P = .004) all increased with 
exercise. Diastolic blood pressure was unaffected by exercise.42 
In a 12-week aerobic exercise program, the intervention 
group had an increase in the Vo

2
 peak (17.2-20 mL/kg/min, 

P = .004) and peak heart rate (77%-83% of the age predicted 
maximum value, P = .05).43

Discussion

To our knowledge, this is the first systematic review of the 
literature examining the effects of activity and exercise in the 
PD-specific patient population. There were a limited number 
of studies that included a small number of patients. The stud-
ies were of lower quality and had a high risk of bias. With 
these caveats in mind, there appear to be some benefits to 
exercise with respect to quality of life, Vo

2
 max, peak heart 

rate, muscle mass, serum glucose, and markers of inflamma-
tion. These results are similar to studies in HD patients.48 
Furthermore, the included studies do not identify any risks 
associated with exercise in PD patients.

Patients with ESKD have a reduced quality of life com-
pared with people in the general population.49 They experi-
ence difficulties with functional limitations, fatigue, and 
depression.50,51 In patients with other chronic diseases, exer-
cise has been associated with an improved QOL.52 Similarly 
in PD patients, QOL appears to improve with physical activ-
ity. A decrease in burden of kidney disease, increased physi-
cal and social functioning, and improved emotional and 
mental health have all been reported. The current evidence 
does not support the use of exercise to improve fatigue. 
However, we only found one small study that used a nonvali-
dated fatigue assessment scale. These findings are in contrast 
with other studies in which fatigue was improved with exer-
cise in other chronically ill patients.52-54 These contradictory 
results highlight the need for further research to better char-
acterize the effects of physical activity and exercise on PD 
patient fatigue.

Leaks and hernias have both been reported in literature as 
potential concerns for PD patients engaging in resistance exer-
cise.23-25 One interventional study examined the impact of 
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Figure 2. Graph showing the results of the quality assessment of interventional studies included in systematic review done using the 
Cochrane risk of bias tool (Modified).

Table 4. Summary of the Meta-analysis Results.

Outcome
No. of 
studies

Summary 
WMD 95% CI P value

Heterogeneity

Q I2 P value

Glucose 3 −15.7 (–30.9 to −0.3) 0.045 5.7 65.1 .06
Albumin 3 0.08 (–0.09 to 0.25) 0.37 0.23 0 .89
SF-36 Physical Function 2 0.50 (0.15 to 0.85) 0.005 0.19 0 .66
SF-36 Role Physical 2 0.21 (–0.13 to 0.55) 0.22 0.02 0 .89
SF-36 Pain 2 0.45 (0.11 to 0.80) 0.01 0.19 0 .84
SF-36 General Health 2 0.54 (0.19 to 0.90) 0.003 0.04 0 .66
SF-36 Role Emotional 2 1.13 (0.10 to 2.16) 0.03 3.7 73 .06
SF-36 Social Function 2 0.58 (–0.03 to 1.18) 0.06 1.7 41 .19

Note. WMD = weighted mean differences; CI = confidence interval.

supine exercise following dialysate leakage.44 The authors 
hypothesized that increasing abdominal musculature may 
actually decrease hernias and leaks. There were no complica-
tions or recurrence, with complete resolution of leakage in 7 
days. We were unable to find any other studies which exam-
ined adverse events with increased physical activity and exer-
cise in PD patients. Mortality was lower in patients who are 

able to participate in moderate or vigorous physical activities 
but residual confounding is likely in this observational study.40

Poor nutrition and inflammation have been associated 
with an increased risk of death in dialysis patients.55-57 
Exercise has had variable effects on CRP levels in other 
patient populations.58-61 In our study, lower levels of physical 
activity were associated with malnutrition and inflammation. 



10 Canadian Journal of Kidney Health and Disease

However, the serum concentration of albumin and CRP did 
not improve with exercise interventions. These results may 
be secondary to study design (small participant numbers, 
type of intervention) or a noncausal relationship.

Cardiovascular disease is the most common cause of 
mortality in the ESKD population.62 Much of this increased 
risk is secondary to traditional risk factors including dia-
betes mellitus, dyslipidemia, and hypertension. Exercise 
has been shown to improve insulin resistance 63 and lower 
glucose levels in patients either at risk for or diagnosed 
with type 2 diabetes mellitus.64 Exercise also improves 
fasting blood glucose (FBG) in patients treated with PD. 
Although exercise also has beneficial effects on choles-
terol in the general population,65 the effects are less clear 
in PD patients. Although there was a correlation between 
physical activity and HDL-3C, lipid levels were not 
improved by exercise.37,43 Similarly, exercise improves 
blood pressure in the general population66 but not in 
patients treated with PD.39,43 It may be that the very com-
plex nature of hypertension in ESKD is not amenable to a 
single intervention. Alternatively, the observational nature 
and/or small number of patients included in these studies 
may have obscured a potential benefit.

This study has several limitations that require further con-
sideration. The studies were heterogeneous with respect to 
patient characteristics, study design, and exercise regimens 
implemented which limited our ability to pool data. The lack 
of well-designed randomized controlled trials with a suffi-
cient number of participants prevents us from being able to 
draw definitive conclusions about the potential positive 
impact of increasing PD patient physical activity. Defining 
attributable risks is even more problematic with the currently 
available studies, lack of surveillance data, and probable 
publication bias. Finally, we were unable to comment on cer-
tain outcomes of interest due to an absence of studies exam-
ining their relationship in context of PD and exercise.

Conclusions

Overall, our systematic review and meta-analysis suggests 
that there may be benefits to increasing physical activity in 
PD patients. However, before any clinical guidelines for 
exercise prescriptions can be established, there is a strong 
need for future high-quality studies to better characterize 
these benefits in addition to any potential risks.

Appendix A

Database: Embase Classic+Embase <1947 to 2016 November 
23>, EBM Reviews—Cochrane Central Register of Controlled 
Trials <October 2016>, Epub Ahead of Print, In-Process & 
Other Non-Indexed Citations, Ovid MEDLINE(R) Daily, and 
Ovid MEDLINE(R) <1946 to Present>
Search Strategy:
--------------------------------------------------------------------------------

 1 1 exp Peritoneal Dialysis/ (55794)
 2 (peritoneal adj2 dialysis).tw. (53061)
 3 CAPD.tw. (14990)
 4 *Kidney Failure, Chronic/ (80042)
 5 (end stage renal disease* or esrd).tw. (72283)
 6 or/1-5 (191425)
 7 exp Exercise/ (497969)
 8 (running or swimming or jogging or skiing or bicy-

cling or biking or walking or exercis*).tw. (872482)
 9 exp exercise movement techniques/ or exp exercise 

therapy/ (124612)
10 yoga.tw. (8612)
11 exp physical endurance/ (59838)
12 (resistance train* or combination train*).tw. (15337)
13 exp sports/ (324127)
14 Motor Activity/ (150661)
15 physical activit*.tw. (204217)
16 or/7-15 (1433877)
17 6 and 16 (2592)
18 hemodialysis/ not (exp peritoneal dialysis/ or Kidney 

Failure, Chronic/) (129751)
19 17 not 18 (2317)
20 19 use ppez (1291) Medline

21 exp Peritoneal Dialysis/ (55794)
22 (peritoneal adj2 dialysis).tw,kw. (53734)
23 CAPD.tw,kw. (15197)
24 *Kidney Failure, Chronic/ (80042)
25 (end stage renal disease* or esrd).tw,kw. (75097)
26 or/21-25 (193800)
27 exp Exercise/ (497969)
28 (running or swimming or jogging or skiing or bicy-

cling or biking or walking or exercis*).tw,kw. (886804)
29 exp exercise movement techniques/ or exp exercise 

therapy/ (124612)
30 yoga.tw,kw. (8803)
31 exp physical endurance/ (59838)
32 (resistance train* or combination train*).tw,kw. (16520)
33 motor activity/ or physical activit*.tw,kw. (330806)
34 exp sports/ (324127)
35 or/27-34 (1439835)
36 26 and 35 (2686)
37 hemodialysis/ not (exp peritoneal dialysis/ or Kidney 

Failure, Chronic/) (129751)
38 36 not 37 (2367)
39 38 use cctr (80) Cochrane

40 peritoneal dialysis/ (47162)
41 continuous ambulatory peritoneal dialysis/ (22704)
42 (peritoneal adj2 dialysis).tw. (53061)
43 CAPD.tw. (14990)
44 *end stage renal disease/ (66144)
45 (end stage renal disease* or esrd).tw. (72283)
46 or/40-45 (178921)
47 exp *exercise/ (258213)
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48 (running or swimming or jogging or skiing or 
bicycling or biking or walking or exercis*).tw. 
(872482)

49 exp *kinesiotherapy/ (29126)
50 exp *sport/ (185076)
51 yoga.tw. (8612)
52 (resistance train* or combination train*).tw. (15337)
53 exp physical activity/ or physical activit*.tw. 

(724206)
54 or/47-53 (1440963)
55 46 and 54 (2519)

56 hemodialysis/ not (continuous ambulatory peritoneal 
dialysis/ or peritoneal dialysis/ or end stage renal dis-
ease/) (128113)

57 55 not 56 (2313)
58 57 use emczd (1008) Embase

59 20 or 39 or 58 (2379)
60 remove duplicates from 59 (1718)
61 60 use ppez (1177) Medline
62 60 use emczd (528) Embase
63 60 use cctr (13) Cochrane

CINAHL Complete—November 28, 2016.

No. Query Results

 S1 Peritoneal N2 dialysis 3403
 S2 CAPD 400
 S3 (MM “Kidney Failure, Chronic”) 11 948
 S4 end stage renal disease* OR esrd 5683
 S5 S1 OR S2 OR S3 OR S4 17 060
 S6 (MH “Exercise+”) 76 389
 S7 TI ( running or swimming or jogging or skiing or bicycling or biking or walking or exercis* ) OR 

AB ( running or swimming or jogging or skiing or bicycling or biking or walking or exercis* )
95 106

 S8 (MH “Therapeutic Exercise+”) 37 469
 S9 (MH “Yoga”) 4967
S10 TI yoga OR AB yoga 2955
S11 (MH “Physical Endurance+”) 9280
S12 (MH “Sports+”) 55 150
S13 (resistance train* or combination train*) 4010
S14 (MH “Physical Activity”) 25 514
S15 TI physical activit* OR AB physical activit* 33 126
S16 S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 214 503
S17 S5 AND S16 416
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