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ABSTRACT

Chronic kidney disease negatively impacts the lives of a significant number of Americans. Unlike patients who suffer from
chronic illnesses such as cardiovascular disease and pulmonary disease, renal patients currently do not have access to rehabili-
tation services specifically tailored to their ailments. Implementing renal rehabilitation services has the potential to attenuate
further progression of kidney disease and improve the quality of life of patients. Providing properly structured renal rehabilita-
tion services to kidney patients should be a future goal of the medical community. Journal of Clinical Exercise Physiology.
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INTRODUCTION

Chronic kidney disease (CKD) is characterized by damaged
or malfunctioning kidneys, which results in the accumula-
tion of uremic toxins, electrolyte abnormalities, acid-base
imbalances, and edema (1,2). CKD is classified primarily by
glomerular filtration rate (GFR), a measure of the ability of
nephrons to appropriately filter molecules (3). As kidney
function deteriorates (Table 1), patients move progressively
from stage 1 (which signifies a normal GFR) to stages 2, 3a,
3b, 4, and finally 5, which signifies kidney failure (2). The
most progressive stage, end-stage renal disease (ESRD), is
characterized by extreme kidney damage and low function,
necessitating dialysis or a transplant (1). A diagnosis of CKD
is concomitant with an increased cardiovascular disease
(CVD) risk (2). In fact, 50% of patients with CKD die from
CVD before progressing to ESRD (3). Vascular stiffness
associated with calcification (4), diabetes (5), hypertension
(5), dyslipidemia (5,6), and systemic inflammation (7) are
compounding comorbidities that lead to an increased risk of
CVD in patients with CKD. While pharmacological treat-
ments for alleviating symptoms associated with CKD are
improving, few with the ability to provide nephroprotection
are prescribed (3). Additional treatments must be imple-
mented in conjunction with medications to prevent the

progression of the pathologies plaguing patients with CKD
(8,9). One such proposed supplemental remedy is exercise.
Historically, some clinicians have been wary about
exercising patients with CKD due to the perceived risk of
adverse events, such as myocardial infarction, hypoglyce-
mia, and hypertension (10). However, several researchers
have indicated that no adverse events occurred while exer-
cising patients with CKD when appropriate exercise pre-
scriptions were implemented (8,10-15). Furthermore, sed-
entary behavior predisposes these patients to poor health
outcomes and further increases the risk for adverse events
during exercise compared to nonsedentary patients (10).
Patients with CKD exhibit lower-than-normal aerobic
capacities compared with healthy individuals and dimin-
ished aerobic capacities are related to increased mortality
(13,16). Low aerobic capacities and reduced exercise toler-
ance are associated with sedentary behavior or physical
inactivity, muscular dysfunction, cardiovascular complica-
tions, anemia, and inflammation observed in those with
CKD (17). Endothelial dysfunction, prevalent in those with
CKD, is also thought to reduce exercise tolerance (18-20). A
reduced peak oxygen consumption (\'/O2pe ) may also lead
to difficulties in performing necessary daily activities essen-
tial to living (10), thereby decreasing the quality of life

!Springfield College, Department of Exercise Science and Athletic Training, Springfield, MA 01109 USA
2University of Illinois, Department of Kinesiology and Community Health, Champaign, IL 61820 USA

‘Baystate Health, Nephrology Services, Springfield, MA 01199 USA

Address for Correspondence: Stefanie K. Whalen, MS, 135 Lucia Drive, Pittsfield, MA 01201; (413) 281-3370; e-mail: swhalen2@springfieldcollege.edu.

Conflicts of Interest and Sources of Funding: None.

Copyright © 2020 Clinical Exercise Physiology Association

$S920E 93J) BIA 01-G0-GZ0Z Je /woo Aiooeignd-poid-swid-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



RENAL REHABILITATION 119

TABLE 1. Glomerular filtration rate (GFR) categories. Adapted
from (2).

GFR GFR Terms
category (mL'min-"-1.73m2)
1 >90 Normal or high
2 60-89 Mildly decreased
3a 45-59 Mildly to moderately
decreased
3b 30-44 Moderately to
severely decreased
4 15-29 Severely decreased
<15 Kidney failure

(QOL) for those with CKD at any stage. Exercise increases
QOL, aerobic capacity, and muscular strength in those with
CKD (21), among other benefits. Increasing the physical
activity of various diseased populations has been shown to
rehabilitate and positively impact the lives of patients (13).
Patients with CKD respond similarly and should be exposed
to exercise rehabilitation programs as individuals with other
chronic diseases such as cancer (22), CVD (23), or periph-
eral arterial disease (PAD) (24,25). The following review
supports the justification for the development and imple-
mentation of a renal rehabilitation program with goals of
attenuating disease progression and improving QOL while
potentially reducing healthcare costs.

Epidemiology

Approximately 15% (37 million) of adults in the United
States are afflicted with CKD (1). A silent disease, only 1 in
10 adults suffering from CKD are cognizant of their illness.
CKD more commonly afflicts women (15%) than men
(12%), and individuals 65 years and older (38%) than mid-
dle-aged individuals 45 to 64 years (13%) and younger
adults aged 18 to 44 years (7%). Non-Hispanic blacks dis-
play a slightly higher prevalence of CKD (16%) compared
with Hispanics (14%), non-Hispanic whites (13%), and non-
Hispanic Asians (12%) (1). In 2017, roughly $120 billion
was spent treating CKD ($84 billion) and ESRD ($35.9 bil-
lion) patients on Medicare (26). According to the United
States Renal Data System (USRDS), halting the progression
of CKD and reducing the prevalence of comorbidities such
as CVD and diabetes would greatly reduce Medicare
expenses (27). In 2013, Honeycutt et al. (28) calculated that
while having stage 1 CKD did not impose an appreciable
amount of Medicare spending, stages 2, 3, and 4 annual
expenses per patient were $1,700, $3,500, and $12,700,
respectively. Exponentially higher is the individual cost
associated with ESRD and hemodialysis treatment, esti-
mated at $91,795 in 2017 (27). For this population, imple-
menting exercise and physical activity programs in the form
of renal rehabilitation may thwart disease progression and
reduce the costs associated with the latter stages of CKD.

In the face of extenuating circumstances, such as the
COVID-19 pandemic, hemodialysis treatments for ESRD

patients may be disrupted (29). Roughly 20% to 30% of
COVID-19 patients may require hemodialysis due to kidney
damage inflicted by the virus. An increase in emergent
COVID-19 cases and diminishing supplies during the pan-
demic likely prevented some ESRD patients in some affected
locations from receiving optimal care. ESRD patients still
receiving dialysis were placed in compromising situations in
which exposure to infectious diseases was heightened (29).
Preventative measures, such as exercise, improve the already
dwindling health of ESRD patients during times of crises
and may make these individuals more resilient.

Pathophysiology

CKD predominantly develops secondarily to diabetes and
hypertension (1,8,13,30). Cardiovascular disease, obesity,
genetic predisposition, renal injury, age, and dyslipidemia
comprise other risk factors for developing CKD (1,30). Kid-
ney dysfunction must persist for more than 3 months and
exist in conjunction with abnormalities in GFR and albumin-
uria to be classified as CKD (2). CKD is classified by 6 GFR
categories and further subdivided by albuminuria range (2).
Individuals void of signs of kidney disease who are classi-
fied as stages 1 or 2 with an albuminuria classification of A1
do not meet the diagnostic criteria for CKD (2). The progres-
sive worsening of proteinuria and GFR are indicative of the
progression of CKD (30).

Comorbidities include anemia, cardiovascular disease,
hypertension, edema, depression, elevated phosphorus and
potassium levels, and low calcium levels (1). Chronic
inflammation also plagues patients with CKD (7). Elevated
levels of tumor necrosis factor alpha (TNF-a), interleukin
(IL-1, IL-6), and C-reactive protein (CRP) are common.
These inflammatory agents are implicit in the development
of CVD and muscle dysfunction (7). Patients with CKD are
prone to developing vascular stiffness due to dysfunctions in
calcium metabolism, hypertension, and diabetes, which con-
tributes to CVD (8). Endothelial dysfunction is another
prevalent occurrence in patients with CKD, resulting from
increases in reactive oxygen species (ROS) and decreases in
nitric oxide production (19). Not only does CKD itself
induce poor health in patients, but comorbidities associated
with CKD further complicate the treatment of patients.
Numerous pharmacological treatments are often required to
treat these comorbidities. Some patients with CKD with
hypertension may require at least 3 medications to control
their blood pressure alone (31). While most drugs target one
or a few ailments in patients with CKD, exercise serves as a
more holistic approach to the management of renal disease.
Exercise may also aid in the reduction of the numerous
medications patients with CKD must take to manage their
symptoms, which could reduce the number of drug-related
side effects experienced.

WHO IS APPROPRIATE FOR RENAL
REHABILITATION?

Patients with CKD with markers of kidney damage and a
GFR < 60 mL'min'-1.73 m™? for more than 3 months
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constitute high risk patients with CKD (2). Therefore,
patients classified as stages 3a through 5 should be the focus
of renal rehabilitation programs (2). Exercise may slow the
progression of the disease and positively impact overall
health outcomes for these patients (7). However, patients
with CKD often lack knowledge regarding the implementa-
tion of exercise and resources available to them (32). That
said, with appropriate guidance and support from clinical
professionals (32), it seems as though renal patients are will-
ing to exercise.

Predialysis Patients: Training Responses and
Safety

The benefits of exercising predialysis patients with CKD
outweigh the risks associated with sedentary behavior. Sed-
entary behavior is common in the CKD population (33).
Being sedentary exacerbates CKD progression as sedentary
behavior gives rise to obesity, hypertension, dyslipidemia,
glucose intolerance, inflammation, and CVD (21). As a
result, patients with CKD often concurrently suffer from
obesity, type 2 diabetes, and hypertension (8). Skeletal
muscle dysfunction and the subsequent loss in strength and
mobility is common in patients with CKD (32). Patients with
CKD also exhibit lower VOZpeak values compared with nor-
mal patients, and an inverse relationship exists between
VO, and CKD stage (34-36).

Implementing an exercise regimen during the early
stages of CKD may attenuate the loss of functional capacity
(35). Increases in functional capacity associated with aero-
bic and resistance training have been shown in research on
nondialysis patients with CKD (37). Moderate-intensity
exercise performed at 50% to 60% of VOzpeak for an average
of 129.2 + 8.6 min per week for 16 weeks induced favorable
increases in aerobic capacity in stage 3 patients with CKD
(38). Following a 12-week at-home aerobic exercise regi-
men of 30 min of moderate intensity walking 3 times per
week, stage 3 and 4 patients with CKD exhibited significant
increases in VOzpeak (12). Therefore, moderate-intensity
exercise may be beneficial for patients with CKD for
improving aerobic functioning (12).

Combining resistance training with aerobic exercise
may provide further benefits. The attenuation of muscle
wasting in patients with CKD is necessary for the mainte-
nance of muscular strength and physical activity (36). Stage
3 and 4 patients with CKD who walked at home and, under
supervision by a clinician, engaged in resistance exercise for
one year and displayed an increase in physical activity and
muscular strength without negatively impacting kidney
functioning (39). Walking was performed for 30 min per
day, and patients were aiming for 8,000 to 10,000 steps per
day. Resistance exercises performed by patients included 20
to 30 repetitions of hand dynamometer training, squats, and
calf raises completed 3 times per week (39). In a similar
study by Watson et al. (36), after supplementing aerobic
exercise with resistance training for 12 weeks, stages 3b
through 5 predialysis patients with CKD showed more
improvements in muscular strength and hypertrophy

compared with a group who only performed aerobic exer-
cise. All patients with CKD performed supervised aerobic
exercise at 70% to 80% of maximum heart rate 3 times per
week for 12 weeks. The aerobic exercise group performed
30 min of aerobic exercise during all sessions, while the
group that combined aerobic exercise with resistance train-
ing performed 30 min of aerobic exercise when not resis-
tance training and performed 20 min of aerobic exercise
when adding resistance training to the daily session. The
group that resistance trained performed 3 sets of 12 repeti-
tions of leg extensions and leg presses 2 times per week for
the 12-week intervention. While both the aerobic and com-
bined exercise groups increased muscular strength in the
legs, the group that included resistance training showed sig-
nificantly larger strength increases than the aerobic-only
group. Similarly, exercise increased quadriceps muscle vol-
ume in all patients with CKD, but the resistance trained
group showed significantly larger increases (36).

Howden et al. (8) implemented a 12-month supervised
combined aerobic and resistance exercise regimen in nondi-
alysis patients with CKD to determine the effectiveness of
exercise on VOzpeak, cardiac function, vascular stiffness, and
ventricular-vascular interaction. Continuous patient progress
was monitored by the supervising clinicians via telephone
and e-mail. Dieticians and psychologists also provided 4
weeks of lifestyle intervention to enhance dictary and behav-
ioral practices. Vascular stiffness was not significantly dif-
ferent among groups after the intervention. Compared with a
control group who declined by 1%, the exercise group dis-
played an 11% increase in VOzpcak. The exercise group
showed a significant decrease in weight, waist circumfer-
ence, and body mass index after training. Diastolic function-
ing and ventricular-vascular interaction were also improved
in the exercise group. Therefore, the notion was supported
that chronic combined exercise training improves cardiore-
spiratory fitness in patients with CKD and improves CVD
risk factors (8).

Patients with CKD often present with dysfunction of the
vascular endothelium due to the high comorbidity with dia-
betes and hypertension (20). Vascular dysfunction further
predisposes the CKD population to CVD. Endothelial dys-
function is indicative of undesirable alterations in nitric
oxide release, blood flow, coagulation, fibrinolysis, inflam-
mation, dyslipidemia, plaque formation, and ROS (20).
Exercise may improve vascular dysfunction in predialysis
patients (40). Mustata et al. sought to examine how exercise
impacted physical impairment, arterial stiffness, and QOL of
20 sedentary predialysis (stage 3 or 4) patients. Measures of
\'/O2peak and endurance time (ET) were used to study physical
impairment via cardiopulmonary exercise training (CPET),
augmentation index (AI) was used to measure arterial stiff-
ness, and 2 questionnaires were used to assess QOL. Patients
with CKD completed baseline testing and then were ran-
domized into the control group or the exercise group. For 1
year, the exercise group completed supervised and followed
at-home training programs. Two times per week, patients
completed supervised exercise on a treadmill, cycle
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ergometer, or elliptical machine. Three days per week,
patients walked at home. For both exercise modalities, dura-
tions began at 5 to 20 min and progressed to 60 min. Exercise
intensity was set at 40% to 60% of VOzpeak, with surrogate
measures being heart rate and rating of perceived exertion
(RPE) of 12 to 15 on the Borg scale. However, the median
weekly exercise time was 43.4 min; therefore, most patients
did not achieve the recommended exercise duration (40).

Despite not achieving the recommended exercise pre-
scription for duration, significant differences in changes in
VOzpeak, ET, and Al values between groups from baseline to
one year were identified (40). The exercise group averaged
larger increases in VOzpcak (3.59 mL-kg"'min™') and ET
(10.97 min) and decreases in Al (—11.7%) than the control
group, who only received standard care. No significant dif-
ferences in QOL were observed. The improvement in Al
values was a unique finding in the study, suggesting that
arterial stiffness and possibly endothelial functioning
improve with exercise (40). However, the finding of Mustata
et al. (40) regarding Al conflicts with the results of Howden
et al. (8). This is possibly due to the fact that supervised
exercise sessions persisted for only 8 weeks in the Howden
study. Therefore, more studies on the impact of exercise on
direct measures of endothelial functioning in patients with
CKD are necessary (18).

One such randomized controlled trial (RCT) directly
assessing endothelial function in stages 3 to 5 predialysis
patients with CKD was performed by Kirkman et al. (41).
For 12 weeks, 19 patients exercised while 17 patients served
as controls and received only standard care. The exercising
patients performed 3 bouts of cycling, walking, jogging, or
elliptical exercise per week under the supervision of a clini-
cian. The target time and duration of exercise were 45 min at
60% to 85% of heart rate reserve. At baseline and after 12
weeks, CPET to assess cardiorespiratory fitness, laser-Dopp-
ler flowmetry with microdialysis to assess microvascular
function, brachial artery flow-mediated dilation (FMD) to
assess arterial endothelial function, SphygmoCor (ATCOR,
Naperville, Illinois) measures to assess central blood pres-
sure (CBP) and Al, and urine analysis to examine oxidative
stress markers were completed. The intervention group dis-
played an increase in cardiorespiratory fitness, improved
microvascular functioning, the maintenance of redox bal-
ance, and the maintenance of endothelial functioning com-
pared with the control group. No between group differences
were observed regarding CBP and Al (41).

Van Craenenbroeck et al. (42) examined endothelial
functioning and arterial stiffness in stage 3 to 4 patients with
CKD in an RCT. For 3 months, patients used a stationary
cycle to exercise at home 4 times per day in 10-min incre-
ments at an intensity that elicited 90% of maximal heart rate.
Initially, patients also completed at least 3 clinician-super-
vised exercise sessions for the first 2 weeks followed by 1
supervised session for 2 weeks. Patient adherence to at-home
exercise was assessed on a monthly basis. Baseline and post-
intervention measures included CPET for cardiorespiratory
fitness, FMD for endothelial function, SphygmoCor for Al

(ATCOR), a venous blood sample to assess vascular func-
tion, and a questionnaire to assess QOL. After 3 months,
patients in the exercise group exhibited improved measures
of cardiorespiratory fitness, notably a 27% increase in
VOZPeak, and QOL compared with the control group. How-
ever, endothelial function, arterial stiffness, and vascular
function were not significantly improved in the exercise
group compared with the control group. As a result, the
researchers concluded that the underlying improvement in
Vozpeak may not be related to improved vascular function
(42). Once again, a longer exercise intervention may be nec-
essary to improve endothelial and vascular function in
patients with CKD. Additionally, the impact of resistance
training on vascular measures should also be evaluated.

Hamada et al. demonstrated that combining moderate-
intensity walking with resistance training has been shown to
improve physiological measures and physical activity in
patients with CKD of all stages (43). An exercise program
was performed in a class setting but structured so that
patients could replicate the exercise at home. Group exer-
cise, performed for 90 to 120 min 6 times per month for 6
months, included walking at a moderate intensity of 12 to 14
on the 20-point Borg scale and resistance training at 3 to 4
metabolic equivalents (METs). The results showed that not
only is exercise not detrimental to renal functioning, but
supervised moderate-intensity aerobic and resistance exer-
cise combined with nutritional and psychological counseling
positively improves functional capacity, body weight, waist
circumference, blood pressure, and proteinuria. Six months
of supervised combined exercise also significantly improved
self-reported physical activity and daily number of steps
taken (43). Therefore, supervised exercise sessions may
positively change the physical activity and exercise habits of
patients with CKD.

High-intensity interval training (HIIT) may be a viable
method of cardiopulmonary training for stage 3 and 4
patients with CKD (11). Beetham et al. compared the effec-
tiveness and safety of HIIT with moderate-intensity continu-
ous training (MICT). All exercise sessions were supervised
by an accredited exercise physiologist. Overall, the patients
had a high level of adherence to both exercise participation
and prescribed exercise intensity. Exercise did not result in
any adverse events and the patients enjoyed both types. No
group differences existed between HIIT and MICT, making
both viable exercise options for patients with CKD. How-
ever, only patients with CKD deemed healthy enough to
participate completed the study, so HIIT may not be suitable
for all patients with CKD. The findings of Beetham et al.
(11) do support clinical supervision of exercising patients
with CKD to enhance adherence to exercise and reduce the
risk of adverse events regardless of the exercise protocol
implemented. A 95.7% adherence rate to aerobic exercise
when supervised by an exercise professional was also deter-
mined by other researchers (38). Therefore, patients with
CKD may simply need and feel more comfortable exercising
with guidance and supervision than trying to implement an
exercise regimen on their own. A summary of additional
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TABLE 2. Research benefits of exercise for predialysis patients with chronic kidney disease (CKD).

Study CKD Exercise type Intervention Benefits
stage(s) length
Aoike et al. (12) 3-4 Moderate-intensity aerobic 12 weeks 1 \'/ozpeak (9.5%) & functional capacity
training 1 maximal ventilation
1 t.readmill speed at VT & VO,
1VO,,.. HR, & treadmill speed at RCP
| SBP & DBP
no adverse events
Aoike et al. (13) 34 Moderate-intensity aerobic 24 weeks 1 \'/o2peak & functional capacity
training 1 QOL & sleep
no adverse events
Barcellos et al. (37) 2-4 Aerobic and resistance training 16 weeks | hs-CRP
| fasting blood glucose
1 functional capacity
eGFR not impacted by exercise
Beetham et al. (11) 3-4 HIIT and moderate-intensity 12 weeks high adherence to HIIT & moderate intensity
aerobic training no adverse events
1 exercise capacity
1 protein synthesis
Hamada et al. (43) 1-5 Aerobic and resistance training 6 months 1 physical activity & functional capacity
| weight & waist circumference
| SBP & DBP
« eGFR
| proteinuria
Headley et al. (38) 3a, 3b Moderate-intensity aerobic 16 weeks 1 \'/ozloeak (8.3%)
training
Howden et al. (8) 3-4 Moderate-intensity aerobic and 12 months 1 \'/o2peak (11%)
resistance training | weight, waist circumference, BMI
lifestyle intervention 1 diastolic functioning
< systolic functioning
no adverse events
Santana et al. (34) 1-4 30-min moderate-intensity aerobic 1 acute bout eGFR not significantly | by exercise
exercise
Watson et al. (36) 3b-5 Moderate-intensity aerobic and 12 weeks 1 muscular strength
resistance training 1 hypertrophy
Zhang et al. (108) 2-5 Meta-analysis using aerobic and 6 weeks—12 months 1 eGFR
resistance exercise RCTs | SBP & DBP
| BMI
VO, . =peak oxygen consumption; VT = ventilatory threshold; HR = heart rate; RCP = respiratory compensation point; SBP = systolic

2peak

blood pressure; DBP = diastolic blood pressure; QOL = quality of life; hs-CRP = high-sensitivity C-reactive protein; eGFR = estimated
glomerular filtration rate; HIIT = high-intensity interval training; RCTs = randomized controlled trials; BMI = body mass index

benefits of exercise for patients with CKD can be seen in
Table 2.

When following ACSM guidelines for aerobic exercise,
researchers have shown that no patients with CKD experi-
enced any injuries or adverse events (12,13). Similarly, other
researchers have reported that aerobic and resistance exer-
cise were safe and beneficial for patients with CKD (44). To
increase safety during exercise, clinicians must remember
that patients with CKD are at an increased risk of falls;
therefore, certain modalities of exercise (such as cycling)
may be more appropriate for higher-risk patients (Figure 1).
Monitoring blood pressure and electrocardiogram tracings
during exercise may be prudent in high-risk patients (21).
Consideration of patient medications is also imperative.

FIGURE 1. A dialysis patient cycling during treatment. Photograph
provided by the Manitoba Renal Program with permission.
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With the use of blood pressure-lowering drugs and drugs
used to treat diabetes, those with CKD are at risk for hypo-
tension (32) and hypoglycemia (10) during and after exer-
cise. Therefore, exercise professionals trained to work with
special populations should be training kidney patients. As
with any exercising individual, predialysis patients with
CKD should not participate if presenting contraindications
to exercise. An in-depth analysis of exercise prescription for
patients with CKD will be presented at the end of this review.

Based upon a recent internet search (45), currently there
are few functioning renal rehabilitation exercise programs
(RREPs); one such RREP is conducted by Active Body
Physiotherapy in Australia. For 6 weeks, patients with CKD
are taught how to incorporate exercise into their daily lives
following guidelines provided by The National Kidney
Foundation of Australia. Personalized programs consisting
of aerobic exercise, resistance training, and stretching are
performed 3 times per week for 60 min. The outcome goal of
the Active Body RREP is to educate patients with CKD
about exercise so that patients can continue an exercise regi-
men at home or under the supervision of a clinician upon the
completion of the program (45). Researchers at the Univer-
sity of Delaware have also implemented an RREP in an
effort to attenuate the development of CVD in patients with
CKD (46). The clinician-supervised RREP provides indi-
vidualized exercise programs for patients with CKD of all
stages as well as those who have received a kidney transplant
(46). The RREP at Guy’s and St Thomas’ Hospitals in Lon-
don consists of 12 weeks of supervised training designed to
educate kidney patients on appropriate ways to exercise
(47). Two times a week for 60 min, patients complete a cir-
cuit-style exercise program. Unfortunately, examples of
exercises performed are not listed in the leaflet on the Guy’s
and St Thomas’ website. After the completion of the RREP,
kidney patients should be able to complete 3 exercise bouts
per week on their own. Kidney patients do not incur an addi-
tional fee for the RREP (47).

A RCT performed by Rossi et al. (48) closely mimicked
the RREP implemented at Guy’s and St Thomas’ hospitals.
For 12 weeks, stage 3 and 4 patients with CKD performed
supervised exercise twice weekly. Patients with a history of
cardiovascular complications exercised at cardiac rehab
centers, while those without CVD exercised at physical
therapy centers. All professionals exercising patients with
CKD were trained regarding exercise implementation. The
exercise program consisted of aerobic exercise, resistance
training, and stretching. Aerobic exercise was comprised of
walking on a treadmill or cycling on a stationary cycle.
Patients progressively increased their aerobic exercise times
by 2 to 3 min each session and aimed to reach 60 min of
continuous exercise. No patient exercised above 60% to
65% of their maximal heart rate. Unsupervised walking was
also suggested, with patients aiming to reach 5,000 to 10,000
steps per day. Resistance training consisted of upper and
lower body free weight exercises. Patients began by per-
forming one set of 10 repetitions of each exercise using 1 to
10-1b free weights and aimed to progress to 3 sets of 15

repetitions, increasing the weight as tolerated (48). The
RREP at Guy’s and St Thomas’ Hospitals and the RCT con-
ducted by Rossi et al. serve as models, but medical profes-
sionals should also collaborate on constructing a single uni-
versal RREP that can be implemented at most hospitals to
ensure an optimal standard of care.

Dialysis Patients: Training Responses and Safety

Numerous studies have shown benefits of exercise training
in ESRD. These include improvements in muscle strength,
function, cardiovascular structure and function, and QOL
(15,49,50). However, the literature shows significant incon-
sistencies, and the benefits seen in many studies are modest.
For example, two of the largest studies examining the effects
of endurance exercise on physical function in dialysis
patients were published recently by Manfredini et al. (51)
and Koh et al. (52). In both studies, the primary outcome
related to physical function was performance on the 6-min-
ute walk test (6oMWT). While both showed numerical
increases in average walking distance following the inter-
vention period (+ 39m and + 49m, respectively), this change
was only statistically significant in the Manfredini et al. trial.
This was likely due to the larger sample size in the Man-
fredini trial (n = 227) compared with the Koh trial (n = 70),
as opposed to any methodological difference between the
studies. Importantly, other research suggests that changes of
at least 54 to 80 meters on the 6 MWT are needed to be clini-
cally meaningful, in part due to the inherent variability in
performance on this test (53), submitting that changes in
both studies on 6MWT performance were modest.

Data regarding the effects of endurance exercise on
CVD risk are encouraging yet also inconsistent. A recent
meta-analysis demonstrated that intradialytic exercise
improves cardiorespiratory fitness, and the effect appears to
be greatest in studies that combined endurance and resis-
tance training (54). A number of small studies have demon-
strated a modest beneficial effect of exercise training on
traditional CVD risk factors (e.g., blood pressure and serum
cholesterol) in HD patients (49,50,55). For example, the
effects of exercise on cardiac function, endothelial function,
and arterial stiffness have been rather inconsistent. Several
small pilot studies suggest that markers of arterial stiffness
are reduced following 3 to 6 months of endurance exercise
training (56,57). However, two of the larger RCTs involving
exercise in HD patients failed to show improvement in arte-
rial stiffness after 6 or 12 months of endurance training
(52,58).

Recent systematic reviews of resistance training in HD
patients generally indicate increases in muscle hypertrophy,
strength, and objective measures of physical function fol-
lowing progressive resistance training (50,55,59). But,
again, the benefits appear to be modest or inconsistent. Sev-
eral resistance training interventions in HD patients with the
largest sample sizes and longest intervention periods have
failed to demonstrate significant increases in muscle hyper-
trophy (60—62) and a recent meta-analysis concluded that
while muscle strength seems to improve with resistance
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training, muscle mass does not (59). Moreover, several
recent interventions that improved muscle size or composi-
tion following resistance training failed to improve physical
function (60,63,64).

Taken together, it appears that both resistance and
endurance training have modest, albeit inconsistent, benefits.
It also appears to make little difference whether the exercise
is performed during dialysis, which is most common, or out
of the clinic (55,65). The most important consideration for
exercise prescription appears to be getting patients to move
more. However, there are many concerns in the literature.
Most studies published to date have significant shortcom-
ings, including small sample sizes, short intervention peri-
ods, and low volume and intensity of exercise (66—68). The
primary reason for this is that the poor health and physical
function in dialysis patients makes it extremely difficult to
recruit and maintain patients in studies. There are also lim-
ited data on hard outcomes such as hospitalizations and
mortality. Future studies need to address these limitations.

Several unique risks are associated with exercise in
hemodialysis (HD) patients, especially if the exercise is
performed during dialysis. These include hemodynamic
instability, muscle cramping, and dialysis access complica-
tions (66). Cardiovascular concerns are especially important
to consider with intradialytic exercise due to the large
amounts of fluid removed during treatment. For this reason,
it is often recommended that exercise not be performed in
the later stages of dialysis (21,69). However, recent data
from Jeong et al. (70) indicate that hemodynamic instability
during dialysis is not exacerbated when exercise is per-
formed in the third hour of treatment. This suggests that
optimal timing for intradialytic exercise should be individu-
alized to ensure what is best for the patient.

Another concern related to hemodynamic instability
and intradialytic exercise is the potential exacerbation of
myocardial stunning. Intradialytic myocardial stunning is a
frequent complication of dialysis that occurs due to a reduc-
tion in blood flow to the myocardium due to the removal of
blood volume from ultrafiltration (71). Though exercise
redistributes blood flow to the working muscle, two recent
studies both demonstrated that intradialytic cycling
reduced—as opposed to exacerbated—myocardial stunning
(41,42). Intradialytic muscle cramping is another concern
that could theoretically be mitigated or exacerbated by exer-
cise. Dialysis-induced muscle cramps are likely caused by
changes in plasma osmolality and extracellular fluid volume,
though their exact origin is uncertain (74). While some have
suggested that exercise training may reduce cramping during
HD, there is little published data on this topic (75,76). Addi-
tional studies are needed to clarify the impact of exercise
mode, timing, and intensity on myocardial stunning and
muscle cramping.

A dialysis patient’s access type and site are another
important factor that must be considered when prescribing
exercise in dialysis patients. It is recommended for dialysis
patients with an arteriovenous fistula (AVF) or graft (AVG)
to avoid upper limb activity with their access arm during

dialysis (21). However, the nonaccess arm could be exer-
cised during dialysis while the access site arm can be exer-
cised at home or in the waiting room. Some researchers have
recommended only light weights with the access arm, but
there is no evidence to suggest, once the AVF/AVG matures,
that the arm cannot lift heavy weights (66,77,78). Indeed, a
study by Cheema et al. that included upper body progressive
resistance training at a high intensity (RPE 15-17) in both
access and nonaccess arms during dialysis treatment days
showed no adverse effects on patients’ vascular access sites
(60).

Another controversy in the literature involves what
blood pressure should be considered a contraindication to
exercise in HD patients. American Heart Association (AHA)
guidelines state that exercise is contraindicated for any indi-
vidual who has a resting blood pressure of 180/110 mmHg
(79). However, dialysis patients often have exceedingly high
blood pressure compared with the general population (in
part due to chronic volume overload), so strictly following
the AHA guidelines would preclude many HD patients from
consistently exercising. Moreover, data from the Dialysis
Outcome and Practices Patterns Study (DOPPS) indicate
that a systolic blood pressure of 140 to 160 mm Hg (stage 2
hypertension) is associated with reduced mortality in HD
patients (80). This suggests that higher blood pressures dur-
ing exercise may be safely tolerated in dialysis patients,
though this question has not been thoroughly evaluated.

In summary, there are many hypothetical concerns with
exercise in dialysis patients, including risks related to hemo-
dynamic instability, muscle cramping, and the AV access.
However, these concerns do not appear to manifest into
adverse events; there is little evidence of such in the litera-
ture (15,53,73). A systematic review by Heiwe et al. (15)
analyzed 45 studies that included data from more than 1,800
patients participating in aerobic and resistance exercises dur-
ing dialysis treatments or at home. The review concluded
that exercise did not cause cardiac or other adverse events
leading to hospitalization or mortality. Despite the over-
whelming data to address safety concerns, clinicians are still
reluctant to prescribe exercise to their patients. Without a
recommendation from nephrologists or the support from
nurses and caregivers, implementing exercise or physical
activity programs as a means of promoting a lifestyle change
will be a challenge (81). Given the extremely poor function
and low physical activity in many ESRD patients, contrain-
dications to exercise need to be carefully considered such
that they do not provide additional barriers to physical activ-
ity than are necessary. This is especially important consider-
ing that most patients are engaging only in low-moderate
intensity exercise if they do anything at all.

FUNCTIONAL TESTING AND STRESS TESTING

Assessing patients with CKD via functional or stress testing
before implementing an exercise regimen is important for
many reasons. Perhaps of most importance, performing a
stress test enables the exercise professional to observe the
cardiovascular ~ responses  (i.e.,  electrocardiogram,
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hemodynamic) during exercise and determine safe limits for
the CKD patient. Due to the excessive prevalence of cardio-
vascular comorbidities, some have suggested that all stage 5
and HD patients should undergo an exercise stress test prior
to exercise (82,83). However, the intensity at which most
HD patients exercise is typically very low, so this require-
ment is likely unnecessary and would only provide another
barrier to exercise for an already excessively sedentary
population. Others have suggested that medical clearance
should only be required for patients participating in vigorous
exercise activities (84). As a result, functional tests are rec-
ommended. Additionally, preliminary functional and stress
testing serve as a baseline so that clinicians can monitor
patient progress throughout the exercise program and more
accurately prescribe effective exercise.

As previously stated, functional testing should be per-
formed when a patient is deemed unable to complete a CPET
or graded exercise test (GXT). When possible, a CPET or
GXT may be used to assess the aerobic capacity of predialy-
sis patients with CKD (12,85). A lower-intensity protocol—
the Modified Bruce—has been successfully used by
researchers to test renal patients (85). Exercise can be pre-
scribed using CPET and GXT results so that patients with
CKD can benefit from an exercise regimen (12,85). Ventila-
tory threshold (VT) and respiratory compensation point
(RCP) during submaximal exercise can also be used to
assess fitness and prescribe exercise (12). Viable functional
tests that may be used with the CKD population are the
6MWT (12,51,86,87), sit-to-stand tests (12,37,51,87), the
2-min step test (12,37), the time up-and-go test (12), the
8-foot up-and-go test (37), balance tests (86,87), and leg and
handgrip strength tests (86,87). While dialysis patients may
not be able to perform such functional tests at initial assess-
ment (51), using functional tests post-training may be pos-
sible to assess improvement if tolerated. Additionally, the
timing of functional testing may be important for assessing
dialysis patients, with optimal testing occurring when
patients are not feeling fatigued (88). Functional tests that
are shorter in duration and lower in intensity, such as gait
speed (88), may be a more viable option for assessing dialy-
sis patients.

EXERCISE PRESCRIPTION

Deficiencies in access to guidelines for exercising and ade-
quate support from healthcare providers often preclude
patients with CKD from exercising (32). However, guide-
lines for exercising patients with CKD do exist and can be
tailored to fit the needs of each patient (32). An exercise
program should be preceded by a full medical history and
examination, including a cardiovascular screening, pharma-
cological history, and bloodwork (21). The cardiovascular
screening should include a blood pressure evaluation and a
CPET supplemented by an electrocardiogram evaluation
when tolerated by patients (21). ESRD patients may want to
avoid a CPET; therefore, functional tests as tolerated may be
more appropriate in assessing functional capacity. However,
if ESRD patients are cleared by a physician to exercise, their

inability to perform an exercise test should not prevent them
from training. Clinicians trained in exercising special popu-
lations should oversee exercising patients with CKD (21).
Howden et al. (44) support the notion that the exercise regi-
mens of patients with CKD should be supervised by trained
clinicians to increase adherence. Not only must clinicians
consider potential risks that may occur when exercising
patients with CKD, risks associated with other comorbidities
must be acknowledged (21). Managing risks is especially
pertinent in patients with ESRD (21). With appropriate
supervision, the risk of adverse events occurring during
exercise can be diminished (10).

Predialysis Exercise Recommendations

An exercise program consisting of aerobic exercise, resis-
tance training, and flexibility training is recommended for
patients with CKD with no contraindications to exercise
(21). Exercise modalities, such as walking, jogging, or
cycling, that used large muscle groups are preferred methods
of aerobic exercise to increase \'/Ozpcak (89). Ideally, patients
with CKD should complete a total of 150 min of aerobic
exercise per week (2). The Kidney Disease Improving
Global Outcomes (KDIGO) guidelines recommend 30 min
of aerobic exercise 5 times per week (2). Based on a review
by Johansen and Painter (10), the ACSM suggests patients
with CKD perform aerobic exercise 3 to 5 d per week for 20
to 60 total min (either continuous or broken up into tolerable
time increments) at a moderate intensity of 40% to 59% of
reserve V02 or an RPE of 12 to 13 on the 6 to 20 scale (90).
Progressive increases in exercise time should be imple-
mented as tolerable and based on an individual basis (90).
For example, an individual who cannot tolerate aerobic
exercise for 30 consecutive minutes can break-up the exer-
cise bouts into smaller time increments, such as 3 10-min
bouts of walking, until longer exercise periods are achiev-
able. The ACSM recommends that patients with CKD begin
aerobic exercise at a low-to-moderate intensity and increase
intensity as aerobic fitness improves. However, the exercise
program should be tailored to the needs of the individual and
necessary alterations should be made to increase exercise
safety and tolerance (90).

Resistance training to improve muscular strength is also
highly recommended (89). In conjunction with Johansen and
Painter (10), the ACSM recommends that patients with CKD
resistance train 2 to 3 d per week at resistances equal to 65%
to 75% of an estimated 1-RM (90). Each resistance training
session should incorporate 8 to 10 exercises that work major
muscle groups (10,90). At least one set of 10 to 15 repeti-
tions should be performed for each exercise, but multiple
sets may be performed if tolerated (10,90). Based on the
RCT of exercise in chronic kidney disease (RENEXC) trial,
predialysis patients with CKD who may initially be unable
to perform resistance training at the start of an exercise pro-
gram may incur similar benefits by performing balance
training (91). Finally, based on the work of Johansen and
Painter (10), the ACSM (90) supports the inclusion of flexi-
bility training 2 to 3 d per week.
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Dialysis Exercise Recommendations

There are many challenges when it comes to prescribing
exercise to ESRD patients. First, most clinics do not employ
exercise specialists, and nephrologists and other clinic staff
have limited training with regard to exercise and therefore
are unsure what to prescribe (92). In addition, most renal
programs do not have clear exercise policies or physical
activity guidelines. The KDIGO recommends individuals
with CKD/ESRD participate in 150 min of physical activity
per week, including at least 30 min/d, 5 d a week. Neverthe-
less, specifics regarding the frequency, intensity, type, and
timing of PA guidelines for ESRD patients remain unclear
(93). Several exercise guidelines that may help in prescrib-
ing exercise have been published in recent years (21,94,95).
While these guidelines differ, some similarities include a
focus on endurance, resistance, balance, and flexibility train-
ing. The UK Renal Association clinical practice guidelines
on hemodialysis provided the best evidence available to
promote the availability of intradialytic exercise for every
patient and suggest that exercise regimens be designed by
appropriately trained staff (95). Unfortunately, this sugges-
tion is not advocated globally.

Despite these recommendations and guidelines, physi-
cal activity levels in HD remain extremely low, and few
clinics around the world offer exercise programs (67,68,69).
Furthermore, in 2015, the US Kidney Disease Outcomes
Quality Initiative (K/DOQI) removed exercise recommen-
dations as part of their clinical practice guidelines for hemo-
dialysis (99). To address these issues, several groups have
recently begun to advocate for a paradigm shift toward
implementing more personalized exercise or physical activ-
ity prescriptions in which patients are provided the autonomy
to select the type of exercise most important to them (100—
102). This type of prescription may include combinations of
intradialytic and out-of-clinic exercise, including light-
intensity activities (e.g., walking dogs, grocery shopping,
taking the stairs rather than the elevator), and high-intensity
exercise as an individualized approach to conform to the
needs of individual patients (65,100). Future research is
needed to demonstrate the feasibility and efficacy of this
approach.

SUPPLEMENTAL SERVICES

To ensure a holistic approach, renal rehabilitation patients
would benefit from the implementation of psychological and
nutritional counselling in addition to exercise training.
Patients with CKD are at risk for suffering from major
depressive disorder or symptoms of depression (103). ESRD
patients may be especially prone to depression, being four
times more likely to develop the mental disorder compared
to the general population (104). The risk of negative out-
comes increases when CKD is comorbid with depression
(103). Antidepressants can be used to combat depression but
may further complicate treatment due to the numerous drugs
patients already take for CKD and other comorbidities (104).
One suggested supplemental treatment that may alleviate

depression or depressive symptoms in patients with CKD is
cognitive behavioral therapy (CBT) (104). The integration
of CBT in renal rehabilitation programs would be beneficial
for patients without the need to incorporate yet another phar-
macological therapy (104). However, CBT is more time
consuming than the use of antidepressants. Therefore, CBT
should only be used for patients with CKD diagnosed with
depression or depression symptoms. The option of psycho-
logical counseling should, however, be present for all
patients with CKD. Even shorter meetings with a mental
health professional may provide psychological benefits and
attenuate declines in QOL for patients with CKD. Addition-
ally, research regarding mental health treatment in the CKD
population is sparse and warrants further investigation
before implementation (105).

CKD progression can be prevented by following dietary
guidelines to avoid foods high in kidney damaging contents.
Patients with CKD must be prudent with their dietary intake
of sodium, potassium, and phosphorus (106). Elevated
sodium levels are associated with hypertension and CKD
progression. Diets rich in potassium and phosphorus predis-
pose patients with CKD to hyperkalemia and hyperphospha-
temia, respectively. Proper protein intake must also be moni-
tored to ensure patients receive enough protein to attenuate
muscle wasting without ingesting excessive amounts of
protein that further reduce GFR. Iron and vitamin D defi-
ciencies in patients must be monitored and treated appropri-
ately (106). Finally, patients with CKD should be encour-
aged to increase fiber intake as necessary as fiber deficiencies
have been identified in this population (107). Patients with
CKD consuming high fiber diets have been shown to have
reduced serum urea and creatinine levels (107). Due to the
complex dietary needs of renal patients, dieticians and nutri-
tionists should consult with patients regarding proper dietary
guidelines. Patients should be assessed by dieticians and
nutritionists so that individualized dietary guidelines can be
prescribed (106). Additionally, patients should be provided
with a list of foods high in sodium, potassium, and phospho-
rus that should be avoided or eaten in moderation based on
individualized programs. Patients with CKD are likely
unaware of foods that are potentially hazardous, so supple-
mental nutritional counseling provides patients with lifestyle
changes that can be easily implemented and positively
impactful.

CONCLUSIONS

Resistance training and cardiorespiratory exercise are essen-
tial to the maintenance of a healthy lifestyle for patients with
CKD. However, patients with CKD often lack knowledge in
exercise programming. With the proper guidance and super-
vision of a clinician trained to exercise special populations,
patients with CKD can engage in exercise in the best and
most appropriate manner to prevent disease progression and
improve physiological and psychological functioning. With-
out a proper exercise program to follow, patients with CKD
may continue their sedentary lifestyles, which only com-
pounds the dysfunction associated with CKD and related

$S920E 93J) BIA 01-G0-GZ0Z Je /woo Aiooeignd-poid-swid-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



RENAL REHABILITATION 127

comorbidities. Additionally, as renal disease progresses, so
does the associated cost of medical care. Based on research
outcomes, an exercise prescription of aerobic training com-
bined with resistance training seems to result in the most
positive benefits for patients with CKD in terms of cardio-
metabolic and musculoskeletal function. A combined exer-
cise prescription implemented at home may be as beneficial

10.

I1.

12.

13.

14.

REFERENCES

Centers for Disease Control and Prevention. Chronic kidney
disease in the United States, 2019. Atlanta: US Department of
Health and Human Services, Centers for Disease Control and
Prevention; 2019. http://cdc.gov/kidneydisease/publications-
resources/2019-national-facts.html. Updated 2020. Accessed
September 27, 2020.

Kidney disease: improving global outcomes. KDIGO 2012
clinical practice guideline for the evaluation and management
of chronic kidney disease. Kidney Int Suppl. 2013;3:1-150.
Cravedi P, Remuzzi G. Pathophysiology of proteinuria and its
value as an outcome measure in chronic kidney disease. Br J
Clin Pharmacol. 2013;76(4):516-23.

Hyun YY, Kim H, Oh KH, Ahn C, Park SK, Chae DW, Han
SH, Kim YS, Lee SW, Kim CS, Lee KB. Arterial stiffness as a
risk factor for subclinical coronary artery calcification in
predialysis chronic kidney disease: from the KNOW-CKD
Study. Kidney Blood Press Res. 2019;44(3):426-34.

Hahr AJ, Molitch ME. Management of diabetes mellitus in
patients with chronic kidney disease. Clin Diabetes Endocrinol.
2015;1:1-9.

Pei G, Tang Y, Tan L, Tan J, Ge L, Qin W. Aerobic exercise in
adults with chronic kidney disease (CKD): a meta-analysis.
Int Urol Nephrol. 2019;51(10):1787-95.

Gould DW, Graham-Brown MPM, Watson EL, Viana JL,
Smith AC. Physiological benefits of exercise in pre-dialysis
chronic kidney disease. Nephrology. 2014;19(9):519-27.
Howden EJ, Leano R, Petchey W, Coombes JS, Isbel NM,
Marwick TH. Effects of exercise and lifestyle intervention on
cardiovascular function in CKD. Clin J] Am Soc Nephrol.
2013;8:1494-501.

Thompson S, Wiebe N, Padwal RS, Gyenes G, Headley SAE,
Radhakrishnan J. The effect of exercise on blood pressure in
chronic kidney disease: a systematic review and meta-analysis
of randomized controlled trials. PLoS One. 2019;14(2):1-10.
Johansen KL, Painter P. Exercise in individuals with CKD.
Am J Kidney Dis. 2012;59(1):126-34.

Beetham KS, Howden EJ, Fassett RG, Petersen A, Trewin AJ,
Isbel NM, Coombes JS. High-intensity interval training in
chronic kidney disease: a randomized pilot study. Scand J
Med Sci Sport. 2019;29(8):1197-204.

Aoike DT, Baria F, Kamimura MA, Ammirati A, de Mello
MT, Cuppari L. Impact of home-based aerobic exercise on the
physical capacity of overweight patients with chronic kidney
disease. Int Urol Nephrol. 2015 Feb 11;47(2):359-67.

Aoike DT, Baria F, Kamimura MA, Ammirati A, Cuppari L.
Home-based versus center-based aerobic exercise on
cardiopulmonary performance, physical function, quality of
life and quality of sleep of overweight patients with chronic
kidney disease. Clin Exp Nephrol. 2018;22(1):87-98.
Mittleman MA, Maclure M, Tofler GH, Sherwood JB,
Goldberg RJ, Muller JE. Triggering of acute myocardial
infarction by heavy physical exertion. Protection against

as supervised exercise training, provided renal patients are
given instructions and guidance by a trained clinician. Renal
rehabilitation programs would serve to bridge the gap
between the knowledge clinical professionals have for exer-
cising patients with CKD and the actual incorporation of
exercise into the daily lives of patients. For renal patients,
exercise may be an economical form of medicine.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

triggering by regular exertion. Determinants of myocardial
infarction onset study investigators. N Engl J Med.
1993;329(23):1677-83.

Heiwe S, Jacobson SH. Exercise training for adults with
chronic kidney disease. Cochrane Database Syst Rev.
2011;0ct 5(10). doi:10.1002/14651858.CD003236.pubs

. Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons

LW, Paffenbarger RS, Blair SN. Relationship between low
cardiorespiratory fitness and mortality in normal-weight,
overweight, and obese J Am Med Assoc.
1999;282(16):1547-53.

Kosmadakis GC, Bevington A, Smith AC, Clapp EL, Viana
JL, Bishop NC, Feehally J. Physical exercise in patients with
severe kidney disease. Nephron Clin Pract. 2010;115:c7-16.
Downey RM, Liao P, Millson EC, Quyyumi AA, Sher S, Park
J. Endothelial dysfunction correlates with exaggerated
exercise pressor response during whole body maximal
exercise in chronic kidney disease. Am J Physiol Ren Physiol.
2017;312(5):F917-24.

Satoh M. Endothelial dysfunction as an underlying
pathophysiological condition of chronic kidney disease. Clin
Exp Nephrol. 2012;16(4):518-21.

Wu-Wong JR. Endothelial dysfunction and chronic kidney
disease: treatment options. Curr Opin Investig Drugs.
2008;9(9):970-82.

Smart NA, Williams AD, Levinger I, Selig S, Howden E,
Coombes JS, Fassett RG. Exercise & Sports Science Australia
(ESSA) position statement on exercise and chronic kidney
disease. J Sci Med Sport. 2013;16(5):406—11. http://dx.doi.
org/10.1016/j.jsams.2013.01.005

Peterson BM, Brown JM, Shackelford DYK, Olson T, Lalonde
TL, Hayward R. Cancer rehabilitation: impact of physical
activity on initial clinical assessments. J Clin Exerc Physiol.
2018;7(1):1-7.

Dalal HM, Doherty P, Taylor RS. Cardiac rehabilitation. BMJ.
2015;351:1-8. http://dx.doi.org/doi: 10.1136/bmj.h5000
McDermott MM. Exercise rehabilitation for peripheral artery
disease: a review. J Cardiopulm Rehabil Prev.
2018;38(2):63-9.

Hamburg NM, Balady GJ. Exercise rehabilitation in peripheral
artery disease: functional impact and mechanisms of benefits.
Circulation. 2011;123(1):87-97.

Saran R, Robinson B, Abbott KC, Bragg-Gresham J, Chen X,
Gipson D, Gu H, Hirth RA, Hutton D, Jin Y, Kapke A, Kurtz
V, Li Y, McCullough K, Modi Z, Morgenstern H,
Mukhopadhyay P, Pearson J, Pisoni R, Repeck K, Schaubel
DE, Shamraj R, Steffick D, Turf M, Woodside KJ, Xiang J,
Yin M, Zhang X, Shahinian V. US Renal Data System 2019
Annual Data Report: epidemiology of kidney disease in the
United States. Am J Kidney Dis. 2020;75(1 Suppl 1):A6-7.
Saran R, Robinson B, Abbott KC, Bragg-Gresham J, Chen X,
Gipson D, Gu H, Hirth RA, Hutton D, Jin Y, Kapke A, Kurtz

men.

M3IINTAH

$S920E 93J) BIA 01-G0-GZ0Z Je /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumo



=
w
>
1T,
(14

128

Journal of Clinical Exercise Physiology, Vol. 9, No. 3, 2020

www.acsm-cepa.org

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

V, Li Y, McCullough K, Modi Z, Morgenstern H,
Mukhopadhyay P, Pearson J, Pisoni R, Repeck K, Schaubel
DE, Shamraj R, Steffick D, Turf M, Woodside KJ, Xiang J,
Yin M, Zhang X, Shahinian V. US Renal Data System 2019
Annual Data Report: Epidemiology of kidney disease in the
United States. Am J Kidney Dis. 2020;75(1 Suppl 1):S1-64.
Honeycutt AA, Segel JE, Zhuo X, Hoerger TJ, Imai K,
Williams D. Medical costs of CKD in the medicare population.
J Am Soc Nephrol. 2013;24(9):1478-83.

Agarwal A, Zoccali C, Jha V. Ensuring optimal care for people
with kidney diseases during the COVID-19 pandemic. 2020.
https://www.asn-online.org/g/blast/files/ ASN,ERA-EDTA,ISN
Jointstatement.pdf. Updated 2020. Accessed September 27,
2020.

Solini A, Ferrannini E. Pathophysiology, prevention and
management of chronic kidney disease in the hypertensive
patient with diabetes mellitus. J Clin Hypertens. 2011;13(4):
252-7.

Talreja H, Ruzicka M, McCormick BB. Pharmacologic
treatment of hypertension in patients with chronic kidney
disease. Am J Cardiovasc Drugs. 2013;13(3):177-88.
Roshanravan B, Gamboa J, Wilund K. Exercise and CKD:
skeletal muscle dysfunction and practical application of
exercise to prevent and treat physical impairments in CKD.
Am J Kidney Dis. 2017;69(6):837-52.

Wyngaert K Vanden, Van Craenenbroeck AH, Van Biesen W,
Dhondt A, Tanghe A, Van Ginckel A, Celie B, Calders P. The
effects of aerobic exercise on eGFR, blood pressure and
VO,peak in patients with chronic kidney disease stages 3-4: A
systematic review and meta-analysis. PLoS One. 2018;
13(9):1-19.

Santana DA, Poortmans JR, Dérea EL, Machado JB de A,
Fernandes AL, Sa-Pinto AL, Gualano B, Roschel H. Acute
exercise does not impair renal function in nondialysis chronic
kidney disease patients regardless of disease stage. Am J
Physiol Ren Physiol. 2017;313:F547-52.

Hiraki K, Yasuda T, Hotta C, Izawa KP, Morio Y, Watanabe S,
Sakurada T, Shibagaki Y, Morio Y. Decreased physical
function in pre-dialysis patients with chronic kidney disease.
Clin Exp Nephrol. 2013;17(2):225-31.

Watson EL, Gould DW, Wilkinson TJ, Xenophontos S, Clarke
AL, Vogt BP, Viana JL, Smith AC. Twelve-week combined
resistance and aerobic training confers greater benefits than
aerobic training alone in nondialysis CKD. Am J Physiol Ren
Physiol. 2018;314(6):F1188-96.

Barcellos FC, Del Vecchio FB, Reges A, Mielke G, Santos IS,
Umpierre D, Bohlke M, Hallal PC. Exercise in patients with
hypertension and chronic kidney disease: a randomized
controlled trial. ] Hum Hypertens. 2018;32:397-407.
Headley S, Germain M, Wood R, Joubert J, Milch C, Evans E,
Cornelius A, Brewer B, Taylor B, Pescatello LS. Blood
pressure response to acute and chronic exercise in chronic
kidney disease. Nephrology. 2017;22(1):72-8.

Hiraki K, Shibagaki Y, Izawa KP, Hotta C, Wakamiya A,
Sakurada T, Yasuda T, Kimura K. Effects of home-based
exercise on pre-dialysis chronic kidney disease patients: a
randomized pilot and feasibility trial. BMC Nephrol.
2017;18(1):1-8.

Mustata S, Groeneveld S, Davidson W, Ford G, Kiland K,
Manns B. Effects of exercise training on physical impairment,
arterial stiffness and health-related quality of life in patients
with chronic kidney disease: a pilot study. Int Urol Nephrol.
2011;43(4):1133-41.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Kirkman DL, Ramick MG, Muth BJ, Stock JM, Pohlig RT,
Townsend RR, Edwards DG. Effects of aerobic exercise on
vascular function in nondialysis chronic kidney disease: A
randomized controlled trial. Am J Physiol Ren Physiol.
2019;316(5):F898-905.

Van Craenenbroeck AH, Van Craenenbroeck EM, Van
Ackeren K, Vrints CJ, Conraads VM, Verpooten GA, Kouidi
E, Couttenye MM. Effect of moderate aerobic exercise
training on endothelial function and arterial stiffness in CKD
stages 3-4: a randomized controlled trial. Am J Kidney Dis.
2015;66(2):285-96.

Hamada M, Yasuda Y, Kato S, Arafuka H, Goto M, Hayashi
M, Kajita E, Maruyama S. The effectiveness and safety of
modest exercise in Japanese patients with chronic kidney
disease: a single-armed interventional study. Clin Exp
Nephrol. 2016;20(2):204—11.

Howden EJ, Coombes JS, Strand H, Douglas B, Campbell
KL, Isbel NM. Exercise training in CKD: efficacy, adherence,
and safety. Am J Kidney Dis. 2015;65(4):583-91.

Active Body Physiotherapy. Renal rehabilitation. https://
www.activebody.com.au/renal-rehabilitation.html.  Updated
2020. Accessed September 27, 2020.

LaPenta D. Renal Rehab. 2017. https://www.udel.edu/
udaily/2017/june/renal-rehab-to-combat-chronic-kidney-disease/.
Updated 2017. September 27, 2020.

Guy’s and St. Thomas’ NHS Foundation Trust. Renal
rehabilitation. 2019;1-8. https://www.guysandstthomas.nhs.
uk/resources/patient-information/therapies/physiotherapy/
renal-rehabilitation-webfriendly.pdf. Updated 2019. Accessed
September 27, 2020.

Rossi AP, Burris DD, Lucas FL, Crocker GA, Wasserman JC.
Effects of a renal rehabilitation exercise program in patients
with CKD: a randomized, controlled trial. Clin J Am Soc
Nephrol. 2014;9(12):2052-8.

Sheng K, Zhang P, Chen L, Cheng J, Wu C, Chen J.
Intradialytic exercise in hemodialysis patients: a systematic
review and meta-analysis. Am J Nephrol. 2014;40(5):
478-90.

Chan D, Cheema BS. Progressive resistance training in end-
stage renal disease: systematic review. Am J Nephrol.
2016;44(1):32-45.

Manfredini F, Mallamaci F, D’Arrigo G, Baggetta R,
Bolignano D, Torino C, Lamberti N, Bertoli S, Ciurlino D,
Rocca-Rey L, Barilla A, Battaglia Y, Rapana RM, Zuccala A,
Bonanno G, Fatuzzo P, Rapisarda F, Rastelli S, Fabrizi F,
Messa P, De Paola L, Lombardi L, Cupisti A, Fuiano G,
Lucisano G, Summaria C, Felisatti M, Pozzato E, Malagoni
AM, Castellino P, Aucella F, ElHafeez AS, Provenzano PF,
Tripepi G, Catizone L, Zoccali C. Exercise in patients on
dialysis: a multicenter, randomized clinical trial. J Am Soc
Nephrol. 2017;28:1259-68.

Koh KP, Fassett RG, Sharman JE, Coombes JS, Williams AD.
Effect of intradialytic versus home-based aerobic exercise
training on physical function and vascular parameters in
hemodialysis patients: a randomized pilot study. Am J Kidney
Dis. 2010;55(1):88-99.

Wise RA, Brown CD. Minimal clinically important differences
in the six-minute walk test and the incremental shuttle walking
test. J Chronic Obstr Pulm Dis. 2005;2(1):125-9.

Andrade FP, Rezende P de S, Ferreira T de S, Borba GC,
Miiller AM, Rovedder PME. Effects of intradialytic exercise
on cardiopulmonary capacity in chronic kidney disease:

$S920E 93J) BIA 01-G0-GZ0Z Je /woo Aiooeignd-poid-swid-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



RENAL REHABILITATION 129

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

systematic review and meta-analysis of randomized clinical
trials. Sci Rep. 2019;9(1):1-7.

Clarkson MJ, Bennett PN, Fraser SF, Warmington SA.
Exercise interventions for improving objective physical
function in patients with end-stage kidney disease on dialysis:
a systematic review and meta-analysis. Am J Physiol Ren
Physiol. 2019;316(5):F856-72.

Mustata S, Chan C, Lai V, Miller JA. Impact of an exercise
program on arterial stiffness and insulin resistance in
hemodialysis patients. J Am Soc Nephrol. 2004;15(10):
2713-8.

Toussaint ND, Polkinghorne KR, Kerr PG. Impact of
intradialytic exercise on arterial compliance and B-type
natriuretic peptide levels in hemodialysis patients. Hemodial
Int. 2008;12:254-63.

Jeong JH, Biruete A, Tomayko EJ, Wu PT, Fitschen P, Chung
HR, Ali M, McAuley E, Ferhall B, Phillips SA, Wilund KR.
Results from the randomized controlled IHOPE trial suggest
no effects of oral protein supplementation and exercise
training on physical function in hemodialysis patients. Kidney
Int. 2019;96(3):777-86.

Molsted S, Bjerkman ASD, Lundstrem LH. Effects of strength
training to patients undergoing dialysis: a systematic review.
Dan Med J. 2019;66(1):5526.

Cheema BS, Abas H, Smith B, O’Sullivan A, Chan M,
Patwardhan A, Kelly J, Gillin A, Pang G, Lloyd B, Singh MF.
Progressive exercise for anabolism in kidney disease (PEAK):
a randomized, controlled trial of resistance training during
hemodialysis. ] Am Soc Nephrol. 2007;18(5):1594—-601.
Dong J, Sundell MB, Pupim LB, Wu P, Shintani A, Ikizler TA.
The effect of resistance exercise to augment long-term benefits
of intradialytic oral nutritional supplementation in chronic
hemodialysis patients. J Ren Nutr. 2011;21(2):149-59.
Kopple JD, Cohen AH, Wang H, Qing D, Tang Z, Fournier M,
Lewis M, Casaburi R, Storer T. Effect of exercise on mRNA
levels for growth factors in skeletal muscle of hemodialysis
patients. J Ren Nutr. 2006;16(4):312-24.

Johansen KL, Painter PL, Sakkas GK, Gordon P, Doyle J,
Shubert T. Effects of resistance exercise training and
nandrolone decanoate on body composition and muscle
function among patients who receive hemodialysis: a
randomized, controlled trial. J Am Soc Nephrol. 2006;17:
2307-14.

Kirkman DL, Mullins P, Junglee NA, Kumwenda M, Jibani
MM, Macdonald JH. Anabolic exercise in haemodialysis
patients: a randomised controlled pilot study. J Cachexia
Sarcopenia Muscle. 2014;5:199-207.

Fang HY, Burrows BT, King AC, Wilund KR. A comparison
of intradialytic versus out-of-clinic exercise training programs
for hemodialysis patients. Blood Purif. 2020;49(1-2):151-7.
Wilund KR, Jeong JH, Greenwood SA. Addressing myths
about exercise in hemodialysis patients. Semin Dial.
2019;32(4):297-302.

Young HML, March DS, Graham-Brown MPM, Jones AW,
Curtis F, Grantham CS, Churchward DR, Highton P, Amith
AC, Singh SJ, Bridle C, Burton JO. Effects of intradialytic
cycling exercise on exercise capacity, quality of life, physical
function and cardiovascular measures in adult haemodialysis
patients: a systematic review and meta-analysis. Nephrol Dial
Transplant. 2018;33(8):1436-45.

March DS, Graham-Brown MP, Young HM, Greenwood SA,
Burton JO. “There is nothing more deceptive than an obvious
fact”: more evidence for the prescription of exercise during

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

haemodialysis (intradialytic exercise) is still required. Br J
Sports Med. 2017;51(18):1379.

Moore GE, Painter PL, Brinker KR, Stray-Gundersen J,
Mitchell JH. Cardiovascular response to submaximal
stationary cycling during hemodialysis. Am J Kidney Dis.
1998;31(4):631-7.

Jeong JH, Biruete A, Fernhall B, Wilund KR. Effects of acute
intradialytic exercise on cardiovascular responses in
hemodialysis patients. Hemodial Int. 2018;22(4):524-33.
Mclntyre CW, Burton JO, Selby NM, Leccisotti L, Korsheed
S, Baker CSR, Camici PG. Hemodialysis-induced cardiac
dysfunction is associated with an acute reduction in global and
segmental myocardial blood flow. Clin J] Am Soc Nephrol.
2008;3(1):19-26.

McGuire S, Horton EJ, Renshaw D, Chan K, Jimenez A,
Maddock H, Krishnan N, McGregor G. Cardiac stunning
during haemodialysis: the therapeutic effect of intra-dialytic
exercise. Clin Kidney J. 2019;1-10.

Penny JD, Salerno FR, Brar R, Garcia E, Rossum K, McIntyre
CW, Bohm ClJ. Intradialytic exercise preconditioning: an
exploratory study on the effect on myocardial stunning.
Nephrol Dial Transplant. 2019;34(11):1917-23.

Canzanello VJ, Burkart JM. Haemodialysis-associated muscle
cramps. Semin Dial. 1991;5:299-304.

Kobrin SM, Berns JS. Quinine—a tonic too bitter for
hemodialysis-associated muscle cramps? Semin Dial. 2007;
20(5):396-401.

Karmiel JC. The easy bike program: an exercise-during-
dialysis program. Top Clin Nutr. 1996;12:74-8.

Oder TF, Teodorescu V, Uribarri J. Effect of exercise on the
diameter of arteriovenous fistulae in hemodialysis patients.
ASAIO J. 2003;49(5):554-5.

Kong S, Lee KS, Kim J, Jang SH. The effect of two different
hand exercises on grip strength, forearm circumference, and
vascular maturation in patients who underwent arteriovenous
fistula surgery. Ann Rehabil Med. 2014;38(5):648-57.
American College of Cardiology. Guidelines made simple:
2017 guideline for the prevention, detection, evaluation, and
management of high blood Pressure in adults. ] Am Coll
Cardiol. 2017. doi:10.1016/j.jacc.2017.745

Robinson BM, Tong L, Zhang J, Wolfe RA, Goodkin DA,
Greenwood RN, Kerr PG, Morgenstern H, Li Y, Pisoni RL,
Saran R, Tentori F, Akizawa T, Fukuhara S, Port FK. Blood
pressure levels and mortality risk among hemodialysis patients
in the dialysis outcomes and practice patterns study. Kidney
Int.2012;82(5):570-80. http://dx.doi.org/10.1038/ki.2012.136
Bennett PN, Peter J, Wang W, Street M. Attitudes of
nephrology nurses toward patient exercise during
hemodialysis. Nephrol Nurs J. 2016;43(4):331-7.

Hakeem A, Bhatti S, Chang SM. Screening and risk
stratification of coronary artery disease in end-stage renal
disease. JACC Cardiovasc Imaging. 2014;7(7):715-28. http:/
dx.doi.org/10.1016/j.jemg.2013.12.015

Golzar Y, Doukky R. Stress SPECT myocardial perfusion
imaging in end-stage renal disease. Curr Cardiovasc Imaging
Rep. 2017;10(5):1-19.

Greenwood SA, Naish P, Clark R, Al. E. Intradialytic exercise
training: a pragmatic approach. J Ren Care. 2014;40(3):
219-26.

Headley S, Germain M, Wood R, Joubert J, Milch C, Evans E,
Poindexter A, Cornelius A, Brewer B, Pescatello LS, Parker
B. Short-term aerobic exercise and vascular function in CKD

M3IINTAH

$S920E 93J) BIA 01-G0-GZ0Z Je /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumo



=
w
>
1T,
(14

130

Journal of Clinical Exercise Physiology, Vol. 9, No. 3, 2020

www.acsm-cepa.org

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

stage 3: a randomized controlled trial. Am J Kidney Dis.
2014;64(2):222-9.

Kono K, Nishida Y, Moriyama Y, Yabe H, Taoka M, Sato T.
Investigation of factors affecting the six-minute walk test
results in hemodialysis patients. Ther Apher Dial.
2014;18(6):623-7.

Hellberg M, Hoglund P, Svensson P, Clyne N. Comparing
effects of 4 months of two self-administered exercise training
programs on physical performance in patients with chronic
kidney disease: RENEXC—a randomized controlled trial.
PLoS One. 2018;13(12):1-16.

Painter P, Marcus RL. Assessing physical function and
physical activity in patients with CKD. Clin J Am Soc
Nephrol. 2013;8:861-72.

Hewie S, Jacobson SH. Exercise training in adults with CKD:
a systematic review and meta-analysis. Am J Kidney Dis.
2014;64(3):383-93.

American College of Sports Medicine. ACSM’s guidelines for
exercise testing and prescription. 10th ed. Philadelphia:
Wolters Kluwer; 2018.

Hellberg M, Hoglund P, Svensson P, Clyne N. Randomized
controlled trial of exercise in CKD—the RENEXC study.
Kidney Int Reports. 2019;4(7):963-76. https://doi.
org/10.1016/j.ekir.2019.04.001

Taryana AA, Krishnasamy R, Bohm C, Palmer SC, Wiebe N,
Boudville N, MacRae J, Coombes JS, Hawley C, Isbel N,
Thompson. Physical activity for people with chronic kidney
disease: an international survey of nephrologist practice
patterns and research priorities. BMJ Open. 2019;9(12):1-8.
Kidney disease: improving global outcomes (KDIGO) anemia
work group. KDIGO clinical practice guideline for anemia in
chronic kidney disease. Kidney Int Suppl. 2012;2(4):279-335.
http://kdigo.org/home/guidelines/anemia-in-ckd/%5Cnhttp://
linkinghub.elsevier.com/retrieve/pii/S2157171615310777.
Updated 2016. Accessed September 27, 2020.

Koufaki P, Greenwood S, Painter P, Mercer T. The BASES
expert statement on exercise therapy for people with chronic
kidney disease. J Sports Sci. 2015;33(18):1902-7.

Ashby D, Borman N, Burton J, Corbett R, Davenport A,
Farrington K, Flowers K, Fotheringham J, Fox A, Franklin G,
Gardiner C, Gerrish M, Greenwood S, Hothi D, Khares A,
Koufaki P, Levy J, Lindley E, Macdonald J, Mafrici B,
Mooney A, Tattersall J, Tyerman K, Villar E, Wilkie M. Renal
association clinical practice guideline on haemodialysis. BMC
Nephrology. 2019;20:379.

Tentori F, Elder SJ, Thumma J, Pisoni RL, Bommer J, Fissell
RB, Fukuhara S, Jadoul M, Keen ML, Saran R, Ramirez SPB,
Robinson BM. Physical exercise among participants in the
Dialysis Outcomes and Practice Patterns Study (DOPPS):

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

correlates and associated outcomes. Nephrol Dial Transplant.
2010;25(9):3050-62.

Ma S, Lui J, Brooks D, Parsons TL. The availability of
exercise rehabilitation programs in hemodialysis centres in
Ontario. CANNT J. 2012;22(4):26-32.

Johansen KL, Kaysen GA, Dalrymple LS, Grimes BA,
Glidden DV, Anand S, Chertow GM. Association of physical
activity with survival among ambulatory patients on dialysis:
the comprehensive dialysis study. Clin J Am Soc Nephrol.
2013;8(2):248-53.

Rocco M, Daugirdas JT, Depner TA, Inrig J, Mehrotra R,
Rocco MV, Suri RS, Weiner DE, Greer N, Ishani A,
MacDonald R, Olson C, Rutks I, Slinin Y, Wilt TJ, Rocco M,
Kramer H, Choi MJ, Samaniego-Picota M, Scheel PJ, Willis
K, Joseph J, Brereton L. KDOQI clinical practice guideline
for hemodialysis adequacy: 2015 update. Am J Kidney Dis.
2015;66(5):884-930.

Wilund KR, Viana JL, Perez LM. A critical review of exercise
training in hemodialysis patients: personalized activity
prescriptions are needed. Exerc Sport Sci Rew.
2020;48(1):28-39.

Aucella F, Battaglia Y, Bellizzi V, Bolignano D, Capitanini A,
Cupisti A. Physical exercise programs in CKD: lights, shades
and perspectives. J Nephrol. 2015;28(2):143-50.

Regolisti G, Sabatino A, Fiaccadori E. Exercise in patients on
chronic hemodialysis: current evidence, knowledge gaps, and
future perspectives. Curr Opin Clin Nutr Metab Care.
2020;23:181-9.

Ricardo AC. Depression and chronic kidney disease. Kidney.
2010;19(4):172-4.

Zalai D, Szeifert L, Novak M. Psychological distress and
depression in patients with chronic kidney disease. Semin
Dial. 2012;25(4):428-38.

Vadiei N, Bhattacharjee S. Patterns and predictors of
depression treatment among adults with chronic kidney
disease and depression in ambulatory care settings in the
United States. Int Urol Nephrol. 2019;51(2):303-9.
Kammoun K, Chaker H, Mahfoudh H, Makhlouf N, Jarraya F,
Hachicha J. Diet in chronic kidney disease in a Mediterranean
African country. BMC Nephrol. 2017;18(1):1-7. http://dx.doi.
org/10.1186/s12882-017-0448-2

Chiavaroli L, Mirrahimi A, Sievenpiper JL, Jenkins DJA,
Darling PB. Dietary fiber effects in chronic kidney disease: a
systematic review and meta-analysis of controlled feeding
trials. Eur J Clin Nutr. 2015;69(7):761-8.

Zhang L, Wang Y, Xiong L, Luo Y, Huang Z, Yi B. Exercise
therapy improves eGFR, and reduces blood pressure and BMI
in non-dialysis patients with CKD: evidence from a meta-
analysis. BMC Nephrol. 2019;20(398):1-12.

$S920E 93J) BIA 01-G0-GZ0Z Je /woo Aiooeignd-poid-swid-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



