Chapter 19
Clinical Application of Exercise Therapy
in Diabetes with Chronic Kidney Disease

Hisayo Yokoyama

Abstract A small number of patients with chronic kidney disease (CKD), partic-
ularly those on maintenance hemodialysis, are in the habit of exercise, and this
sedentary lifestyle and poor physical fitness is associated with a high prevalence of
fall-associated fracture and an increased mortality risk. However, exercise training
has various therapeutic benefits in these patients. It delays the progression of
microalbuminuria or CKD, increases physical fitness and strength, improves mental
health, enhances dialysis efficacy, results in a better glycemic control, and reduces
both cardiovascular and mortality risks.

If possible, undergoing a cardiopulmonary exercise test (CPX) before partici-
pating in an exercise program may lead to a safer and more effective training of
these patients. Aerobic exercise training should be started with a low level of
exercise load, and its intensity should be gradually increased along with the
assessment of the patient’s perceived exertion during the sessions. Not only ensur-
ing the safety and enough consideration toward the diabetic complications but also
the involvement of exercise professionals and attractive programs are included as
the key elements of the sustainability of exercise in these patients.
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19.1 Physical Frailty Among Patients with Chronic Kidney
Disease (CKD)

19.1.1 Physical Inactivity Among Patients with CKD

19.1.1.1 A Small Number of the Patients with CKD Are Habitual
of Exercise

Regular exercise is an established non-pharmacological therapeutic strategy for
patients with diabetes with or without chronic kidney disease (CKD) and is
expected to bring about favorable effects on their physical functions and reduce
the cardiovascular and mortality risk factors. In 2005, the National Kidney Foun-
dation recommended in the Kidney Disease Outcomes Quality Initiative (K/DOQI)
cardiovascular guidelines that patients with CKD should perform at least 30 min of
physical activity of moderate intensity every day, if possible [1]. However, this
population, particularly, those on dialysis, has a significantly lower rate of being
habitual to exercise as compared with their healthy sedentary counterparts.
According to the cross-sectional data of 20,920 participants in the Dialysis Out-
comes and Practice Patterns Study (DOPPS), 52.4 % of the patients on maintenance
hemodialysis never exercised or exercised less than once a week, and this sedentary
lifestyle was remarkable when the facility the patients belonged did not provide
specific exercise programs [2]. In addition to the aforementioned findings, obtained
using self-reported physical activity levels, investigations by activity monitors have
quantitatively revealed the physical inactivity of patients on hemodialysis.
Johansen et al. [3] and recently Kim et al. [4] reported in their studies using a
three-dimensional accelerometer that the daily physical activity and the estimated
daily energy expenditure were reduced in dialysis patients with values
corresponding to 60—70 % of those in normal controls.

Several prospective observational studies, including a large cohort of dialysis
patients, revealed that sedentary behavior was associated with an increased risk of
mortality among not only the general population but also these patients [5—7].

19.1.1.2 Why Are They Sedentary?

Most patients on hemodialysis are forced to spend 3—4 h on bed rest during one
dialysis session, which amounts to 9—12 h a week. Actually, the parameters
pertaining to the physical activity level, such as the number of daily steps and
activity-related energy expenditure, are lower on dialysis days as compared with
non-dialysis days [8]. In addition, particularly, patients with diabetes may face
difficulties in getting out of bed due to various complications such as blindness,
stroke sequelae, and leg amputation. However, physical inactivity among these
patients on dialysis is not only a result of this lengthy bed rest period. Delgado
et al. conducted a survey on 100 dialysis patients to identify the barriers, which
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prevent them from participating in exercise [9]. In their report, almost all patients
believed that a sedentary lifestyle was a health risk and that exercising was
beneficial. Nevertheless, a majority of them had at least one barrier toward physical
activity. Shortness of breath, lack of motivation, and having multiple medical
problems were the most common barriers, in addition to fatigue or insufficient
time to exercise on dialysis days.

Although the patients also answered they would exercise if counseled to do so,
the counseling behavior by nephrologists does not seem enough. Few nephrologists
make an assessment of their patients’ physical activity levels and advise them to
increase exercise in spite of the published K/DOQI guidelines [10]. This lack of
guidance by the nephrologists is associated with their concerns about risks associ-
ated with exercise participation and a lack of confidence in the ability to discuss the
topics pertaining to physical activity. Consequently, patients with CKD have little
opportunity to increase their physical activity.

19.1.2 Low Exercise Capacity and Motor Ability
in the Population

19.1.2.1 Low Peak Oxygen Consumption (Peak VO,) and Impaired
Motor Ability

There are several studies regarding limited aerobic fitness in patients with CKD. It
has been reported that patients with stage 3—5 CKD have a lower peak VO, as
compared with their healthy counterparts, with an average of 50-80 % of reference
values [11]. Furthermore, Leehey et al. in an exercise intervention study showed
that obese diabetic patients with stage 2—4 CKD had an extremely low peak VO,,
averaging 45 % of healthy levels [12]. Their low exercise capacity corresponded to
the Class III determined in New York Heart Function Assessment (NYHA) classi-
fication and probably limited their daily activities to slow walking.

In addition to a low aerobic capacity, muscle atrophy (sarcopenia) and reduced
muscle strength are common complications among patients with CKD, particularly
in the dialysis patients [13]. The cross-sectional areas of thigh muscle are smaller in
dialysis patients than in dialysis-independent patients with CKD and are associated
with aging and low serum albumin concentration [14]. Quadriceps muscle strength
in dialysis patients is also less than 70 % of that in their anthropometrically matched
healthy counterparts, and serum albumin concentration is the only significant
predictor of the loss of muscle strength [15]. Thus, muscle weakness, a well-
recognized feature in dialysis patients, is most likely derived from protein-energy
malnutrition.
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19.1.2.2 Clinical Consequences of Low Exercise Capacity

In elderly people, physical performance and functional independence in daily life
are mainly determined by muscle strength. The same is true for dialysis patients,
and muscle weakness contributes to impairment in mobility such as walking at a
slow speed. Dialysis patients also have higher chances of falling. Cook et al. have
shown by cross-sectional interviews with seniors (65 years and older) on dialysis
that 27 % of them had fallen in the past 12 months and that 4 % of them had reported
a fall-associated fracture or head injury [16]. They also revealed that the rate of
falling in elderly dialysis patients was higher than in the elderly population without
CKD [17]. Trauma or fracture by falling inevitably causes hospitalization and
functional decline and often results in being bedridden or other life-threatening
conditions.

On the other hand, exercise capacity evaluated by peak VO, is an important
predictor of survival in dialysis patients as well as in the population without CKD
[18]. This is because peak VO, reflects other factors (e.g., cardiovascular function
or complicated medical conditions), which have been previously established as the
predictors of survival for the patients. Sietsema et al. analyzed 175 dialysis cohorts
over a median follow-up of 39 months and found that a low peak VO, was a
significant contributor to mortality along with age and chronic heart failure
[19]. Recently, a much simpler test measuring the distance walked in 6 min has
become widely used as the index of functional capacity. This test is closely
associated with peak VO,, and it has been reported as a useful predictor of survival
in dialysis patients, in whom a 100-m increment increased approximately 5 % of the
survival rate [20].

In addition, it is a major problem that these impaired physical performances
adversely affect the mental health and health-related quality of life (QOL) in
patients with CKD, particularly in those on dialysis [21-23], which finally results
in dependency on family members and caregivers.

19.1.2.3 Why Are They Unfit?

Besides physical inactivity, various specific factors in CKD seem to contribute to
low physical fitness, although the exact mechanism has not been fully resolved. To
date, anemia, a very common complication in patients with CKD, has been con-
sidered to be very important in the reduction of exercise capacity in these patients.
A number of studies have reported an improvement in peak VO, by intense
treatment of anemia in patients with dialysis-dependent and dialysis-independent
CKD. However, in many of these studies, exercise capacity failed to improve as
much as was expected post the extent of the achieved amount of correction in
hemoglobin concentration. Furthermore, some reports found that exercise perfor-
mance fell with the progression of chronic renal failure despite the maintenance of
hemoglobin concentration [24]. Therefore, the impact of anemia in the impairment
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of exercise capacity is still controversial. Other potential causes include uremic
toxins [25], which have been suggested as a mechanism for impaired physical
fitness in CKD, independent of physical inactivity; however, the exact mechanisms
remain unknown. Cardiovascular factors such as endothelial dysfunction and high
cardiac sympathetic nerve activity, which are common features in CKD, may also
contribute to low exercise capacity in this population.

There was an intriguing report which evaluated whether dialysis itself affected
exercise capacity. Moore et al. performed peak exercise testing in dialysis patients
immediately before and during dialysis and demonstrated that peak VO, and
cardiovascular responses such as cardiac output or stroke volume on testing were
not different between the two conditions [26]. These results suggest that dialysis
itself has no effect on the acute response to exercise, i.e., the hemodynamic changes
on dialysis or water retention could not explain the low physical fitness of dialysis
patients.

19.2 Various Aspects of the Efficacy of Exercise in Patients
with CKD

19.2.1 Delaying the Initiation of Dialysis

Can exercise slow the progression of renal dysfunction in predialytic patients with
CKD? There are only a few interventional studies with small cohorts on this issue.
A non-randomized aerobic exercise trial [27] and a randomized-controlled resis-
tance training trial [28] have shown an increase in glomerular filtration rate (GFR)
in patients with CKD after 12-week interventions. In the predialytic state, a
low-protein diet is prescribed in almost all cases to delay the progression of
CKD, which leads to muscle atrophy and frailty. As a specific effect on this
population, exercise can reduce catabolism by low-protein diet and uremia. No
previous study has supported the adverse effect of exercise on the progression
of CKD.

19.2.2 Increasing Physical Fitness and Strength

The effect of exercise on maximum aerobic capacity has been a major concern in
many clinical trials with aerobic exercise protocols in dialysis patients. In a
systematic review by Cheema et al., 17 of 19 uncontrolled, non-randomized
controlled, and randomized controlled trials (RCTs) succeeded in increasing peak
VO, by 17-23 % mainly due to aerobic training for a period of 10 weeks to 4 years
in patients maintained on hemodialysis [29]. In another review article, Johansen
demonstrated that trials with aerobic exercise training for 8§ weeks to 6 months
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enhanced peak VO, by 17 %, regardless of the use of erythropoietin to control renal
anemia [30]. Smart et al. reported in a more recent systematic review on 365 patients
from 8 studies that aerobic training increased peak VO, from 70 to 88 % of
age-predicted value, corresponding to +5.22 ml/kg/min of peak VO, [31]. The
improvements in peak VO, reported in these studies, although significant, were
relatively minor, and the patients could not reach the predicted age-adjusted peak
VO, even after the intervention.

Muscle strength is the most important contributor to physical performance and
independence in daily life. Particularly in the last 5 years, several RCTs on dialysis
patients concerning the effect of exercise on muscle strength could be found. These
studies reported the positive effect of intradialytic resistance training, with or
without cycle ergometer, on the muscle strength of lower extremities [32—35]. Fur-
thermore, the ACTINUT study, an RCT against protein-energy wasting and muscle
atrophy, is currently ongoing [36]. In addition, a biopsy study also showed the
regeneration of degenerated muscle fibers, increase in capillary density, and favor-
able changes in the structure and number of mitochondria following exercise
training in hemodialysis patients [37]. The improvement in functional abilities
evaluated by gait speed, stair-climbing, 10-m walking, or timed up and go test
was also found to be associated with increased muscle strength.

19.2.3 Positive Psychiatric Effects

Like many other chronic diseases, CKD probably affects the psychological state of
the patients. Based on the high incidence of depression and anxiety among this
population, a concept called “psychonephrology” was proposed to refer to this
problem, particularly, in patients on maintenance hemodialysis and those who have
had a kidney transplant [38]. There are only a few reports that have demonstrated
the favorable effects of aerobic exercise on mental health and health-related QOL.
Most of these used the Short Form-36 questionnaire, which is frequently used
to evaluate QOL in patients on dialysis as well as in the general population
[39—41]. For many elderly patients on dialysis, clinical outcomes such as mental
status and QOL may become more important than mortality. From this perspective,
it is desirable that they increase opportunities to participate in exercise more
actively in the clinical settings of dialysis, although further studies on the effects
of exercise on mental health in this population are necessary.

19.2.4 Enhancing Dialysis Efficacy

Reduced hemodialysis efficiency with insufficient removal of toxins leads to the
accumulation of uremic toxins and systemic damages in a concentration-dependent
manner. To address this issue, the methodologies involved in hemodialysis
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(HD) such as high-flux HD and online hemodiafiltration (HDF) have been devel-
oped, in addition to increasing the dialysis time and frequency. However, the
benefits of these therapies are restricted by inter-compartmental resistance, i.e.,
toxins distributed in intracellular and interstitial compartments are restricted from
being removed by cellular membranes or capillary endothelium. Intradialytic
exercise increases cardiac output and blood flow to low-perfusion skeletal muscle
regions and could possibly increase the exchange between these compartments and
the systemic circulation, therefore, enhancing the removal of uremic toxins. Several
previous studies have reported the improvement of dialysis efficiency, assessed by
Kt/V, clearance of urea and creatinine, and removal of potassium and phosphate, by
intradialytic exercise [42, 43]. A prospective-randomized study, comparing toxin
removal in online HDF and intradialytic exercise in high-flux HD, is also
ongoing [44].

19.2.5 Improving Glycemic Control

Exercise is an established therapeutic strategy for type 2 diabetes, and several meta-
analyses have reported that aerobic exercise, resistance exercise, and a combination
of the two improved glycemic control in this population with HbA 1c levels reduced
by 0.6-0.8 % [45—47]. An elevated HbAlc level is an independent contributor to
mortality in diabetic patients with and without CKD and in those on maintenance
hemodialysis [48—50]. Therefore, improved glycemic control is a very important
aspect of health management in patients with diabetes and CKD.

Insulin resistance is a common finding in diabetes with CKD due to impaired
insulin signaling in skeletal muscle cells along with muscle atrophy and metabolic
acidosis [51]. These features are often masked by the prolonged half-life of insulin
secondary to decrease in both the degeneration of insulin and its renal clearance.
DeFronzo et al. demonstrated that peripheral insulin-mediated glucose uptake was
decreased in patients on dialysis [10]. For these reasons, exercise may be more
suitable than therapies with insulin or insulin secretagogues, for glycemic manage-
ment in patients with CKD. A recent interventional study revealed that the effects
of strength training on glucose tolerance by changing in muscle fiber-type compo-
sition in type 2 diabetes on dialysis [52].

19.2.6 Reducing Cardiovascular Risks

Patients with CKD not on dialysis are at the highest risk of cardiovascular diseases
(CVD), and they are more likely to die of CVD than to progress to dialysis
[53]. These patients have a high prevalence of traditional risk factors for CVD,
such as diabetes, hypertension, and dyslipidemia. Various conditions closely
related to CKD itself, including endothelial dysfunction, high sympathetic activity,
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oxidative stress, and inflammation, may also increase the risk for cardiovascular
diseases in this population. Of course physical inactivity itself contributes to the
development of CVD; therefore, exercise or physical activity could ameliorate
CKD-associated cardiovascular dysfunction [54, 55]. However, there is no avail-
able evidence that exercise intervention can reduce the incidence of CVD in
patients with CKD.

Many studies have suggested a counterintuitive relationship between obesity,
hypertension, or hypercholesterolemia and CVD risk in dialysis patients. The lack
of these CVD risk factors, which are generally expected to be ameliorated by
exercise, rather involve malnutrition associated with a higher risk of mortality in
dialysis patients, and this phenomenon is known as “reverse epidemiology”
[56]. Nevertheless, a sedentary lifestyle is still a risk factor for impaired cardiovas-
cular health and high mortality rate in this population [30].

19.2.7 Reducing Mortality Risks

As mentioned in Sect. 19.1.1.1, several observational studies, including the latest
one with a large cohort of dialysis patients, have shown that physical inactivity,
assessed by self-report or interview, was associated with an increased risk of
mortality among these patients [5—7]. On the other hand, there are only a few
studies regarding the effect of exercise intervention on life expectancy in patients
on maintenance dialysis. We could only find one study reporting mortality risk
reduction by cardiac rehabilitation in dialysis patients who have undergone coro-
nary artery bypass grafting (CABG). Huang et al. have shown that over a 42-month
follow-up period, cardiac rehabilitation was associated with a longer cumulative
survival time with an increase of up to 76 days in post-CABG dialysis patients
[57]. Further longitudinal studies are needed to elucidate whether exercise increases
life span in these patients.

19.3 Exercise Practice for Patients with CKD

19.3.1 Cardiopulmonary Exercise Test (CPX)

Exercise testing has mainly been used for screening and identification of myocardial
ischemia for a long time. However, there are no available guidelines specifically for
conducting CPX in patients with CKD or end-stage renal disease. If “asymptom-
atic” patients intend to perform low-intensity physical activity such as walking,
routine CPX before the participation is not necessarily recommended, because it
does not seem to have any significant benefits on serious clinical outcomes even
among patients with diabetes who are at a high risk for silent ischemia [58].
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In addition, requiring routine CPX before exercise may rather be obstructive to
participating in exercises for the patients. Consequently, it is unlikely that
pre-exercise CPX is essential for all patients with CKD or end-stage renal disease.

Even so0, in a joint statement in 2010, the American College of Sports Medicine
(ACSM) and the American Diabetes Association (ADA) proposed recommenda-
tions for exercise testing in patients with diabetes. They stated that exercise testing
was advisable in patients with type 2 diabetes who had previously been sedentary
and now planned to undertake physical activity of an intensity more than brisk
walking [59]. The American Heart Association (AHA) guidelines also recommend
that individuals at a greater risk for CVD, such as the patients with diabetes or
known CVD, should be considered for exercise testing before participating in
vigorous exercise programs [60]. According to these statements, it is preferable
that patients with CKD, who are also at a high risk for CVD, undergo CPX not only
for screening but also for the evaluation of prognosis and effect of therapy,
including exercise interventions, if all necessary equipment for the testing is
available. According to the AHA guidelines for exercise testing in older people,
the testing must include an adequate warm-up period at low resistance and progress
with a modest and almost imperceptible increment in exercise load [60]. Such
modulation is also ideal for exercise testing in patients with CKD.

A previous survey reported that one to two myocardial infarctions and sustained
ventricular tachycardia per 10,000 tests are expected [61]. Therefore, exercise
testing is considered an extremely safe procedure. However, a defibrillator and
other appropriate medications should be immediately available, and physicians
supervising the test must be trained in cardiopulmonary resuscitation.

19.3.2 Exercise Prescription for Dialysis Patients

The aforementioned K/DOQI guidelines recommend that dialysis patients should
participate in cardiovascular (aerobic) exercise at a moderate intensity for 30 min
most, if not all, days per week [1]. Moderate intensity generally means exercising to
reach a target heart rate of 60-70 % of the maximal heart rate (220-age). However,
exercise prescriptions based on heart rate may not be suitable for dialysis patients,
because their fluid status and medications such as f-adrenergic blocking agents can
affect their heart rate response to exercise. If the dialysis patients have undergone
CPX, the physicians can prescribe the exercise load at an aerobic threshold as an
appropriate intensity. Another way to determine exercise intensity for dialysis
patients is to use the highly reproducible Borg’s rating of perceived exertion
(RPE) scale, which ranges from 6 (no exertion at all) to 20 (maximal exertion)
and is widely used to assess perceived patients’ exertion during an exercise test in
clinical settings. Because a rating of “13 (somewhat hard)” corresponds approxi-
mately to an aerobic threshold, around “13” on the scale can be adopted as the target
exercise intensity. It is also important to provide several minutes of warm-up at very
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low levels before the true exercise period followed by an adequate cooling-down
period.

In addition to aerobic exercise, resistance training is also recommended with the
aim of strengthening the muscles of the lower extremities. This program has to be
individualized and gradually stepped up from bodyweight exercise, using the
patient’s own weight against gravity as resistance to weight training of the hand
and ankle weights or Thera-Bands. Furthermore, combining this with flexibility
exercises may enhance the efficacy of resistance training and activity level during
walking by improving the range of motion and stride.

19.3.3 Special Concerns About Exercise for Diabetes
with CKD

In the ACSM/ADA joint position statement of 2010, it was suggested that exercise
for diabetes with nephropathy should be started with a low intensity and volume
because of reduced aerobic capacity and muscle function in this population
[59]. These are essential to avoid the patients from feeling that the exercise program
is difficult and losing motivation and to prevent them from unexpected injuries. The
statement also mentioned exercise with Valsalva maneuver, which may not only
cause retinal hemorrhage in patients with active retinopathy but also cause an
excessive elevation of blood pressure (BP) [59]. Although, in many cases, an
increase in urinary albumin excretion by BP elevation during exercise is transient,
the patients should keep away from further otiose hypertension caused by vigorous
exercise. Tight BP control along with the treatment and low-intensity exercise are
more beneficial in delaying the progression of microalbuminuria [62].

If a patient is relatively fit and is able to exercise for longer than 1 h even at low
intensity, frequent monitoring of blood glucose may minimize the risk of exercise-
induced hypoglycemia. The patient may need to decrease insulin dosage by one or
two units and take additional carbohydrate snacks before each exercise session. For
better glucose control, both the patient and physician must regularly discuss the
timing of drug and insulin administration and food intake prior to exercise.

19.3.4 When Should Dialysis Patients Exercise?
19.3.4.1 Exercise During Dialysis

Patients on hemodialysis can participate in facility-based exercise programs during
their dialysis sessions. Investigators have shown favorable efficacy of intradialytic
exercise training on exercise capacity, muscle strength, functional ability, and
mental health [63]. In many cases, exercise professionals supervise intradialytic
exercise; therefore, the patients can be advised on how to perform appropriate
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Fig. 19.1 Intradialytic exercise program (i.e., exercise during dialysis sessions). a Aerobic
exercise using a recumbent cycle ergometer. b Strength training using ankle weights
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exercises based on individual exercise prescriptions. In addition, intradialytic
exercise is expected to enable the patients to save time, improve adherence to
exercise, and avoid boredom during the dialysis treatment. Indeed, exercise pro-
grams during dialysis sessions often have lower dropout rates than outpatient
exercise programs on non-dialysis days [64].

We also have incorporated an intradialytic exercise program into our partnered
artificial dialysis facilities. Many patients begin the training program early in the
dialysis treatment, which is composed of aerobic exercise using a recumbent cycle
ergometer, strength training using silicone rubber bands or ankle weights, and
flexibility exercises (Fig. 19.1a, b). The athletic trainers supervise each session
and encourage the participants to perform exercise with adequate intensity and
procedure. The program has been very successful, particularly, in improving peak
VO, and physical function.

Exercise professionals often need to be involved in intradialytic exercise pro-
grams because dialysis staff may not have the skills or the inclination to attend the
exercising patients. Furthermore, exercise performed during dialysis is usually
limited to leg exercise because of vascular access complications; therefore, the
patient needs to have another opportunity to exercise the upper extremities.

19.3.4.2 Home-Based Exercise on Non-dialysis Days

Home-based exercise training is an alternative for hemodialysis patients. This type
of training enables them to exercise at their own convenience without being
concerned about fatigue during dialysis, therefore resulting in a low dropout rate.
Koh et al. in a randomized 6-month interventional study reported that home-based
exercise training equally improved exercise capacity as intradialytic exercise in
hemodialysis patients, if they could conduct home-based exercise with appropriate
volume or intensity as advised [65]. However, because such programs cannot be
supervised at all, it is difficult to ensure patient compliance with exercise. Whether
the patients conduct exercise or not may be influenced by their motivation and
mood. Therefore, in home-based exercise, practicing time and intensity are often
insufficient, and there are a few studies, which report the effects of home-based
exercise on cardiorespiratory function to be less than intradialysis exercise [64].

19.3.4.3 In-facility Exercise Programs on Non-dialysis Days

Although some dialysis facilities provide outpatient exercise programs, availability
is still too low for the majority of dialysis patients to benefit from them. The survey
in DOPPS (2005-2006) reported that only 10-20 % of facilities offered exercise
programs to patients not on dialysis in most DOPPS countries [2]. Furthermore,
patients’ adherence to such programs is not satisfactory. They often stop partici-
pating because of lack of spare time on non-dialysis days, transportation difficul-
ties, high morbidity, and lack of motivation [63, 64]. Nevertheless, such supervised
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exercise training on non-dialysis days enables them to perform more aggressive,
high-intensity exercise and further sports activities involving the movement of
upper extremities, which is difficult during the dialysis treatment because of
vascular access. Therefore, this method of exercise program has the greatest effect
on improving cardiorespiratory capacity in maintenance hemodialysis patients as
compared with intradialytic or home-based exercise [64].

19.3.5 The Aspects of Sustainability of Exercise Programs

Because it is widely known that the benefits of exercise are lost within a few weeks
of non-training (detraining), it is important to incorporate exercise programs into
routine care in the population on dialysis. Bennett et al. tried to identify contributing
factors for sustaining hemodialysis exercise programs by examining 28 original
studies and 14 review articles [66]. Other than the aforementioned elements nec-
essary for improving patients’ adherence to exercise, such as exercise professionals’
involvement and conducting exercise programs during dialysis sessions, they
identified other factors as follows: commitment to exercise by dialysis and medical
staff, adequate space and equipment, interesting and stimulating programs or
interventions, and addressing cost implications. Although it is not easy to
meet all these requirements, the staffs in dialysis facilities need to make some
effort toward creating an atmosphere in which the patients feel like participating
continuously in physical activity or exercise.

In regard to the patients on continuous ambulatory peritoneal dialysis (CAPD),
exercise capacity estimated by peak VO, and aerobic threshold remain unchanged
regardless of whether the dialysis solution was retained in the peritoneal cavity or
drained. However, exercise time was significantly shortened when the solution was
retained directly due to the carrying of extra weight [67]. Therefore, exercising
under conditions in which the solution is drained may be sustainable for this
population.

In addition, difficulty in sustaining physical activity in patients with CKD has
been attributed to anemia. A meta-analysis by Johansen et al. demonstrated that the
treatment of anemia using erythropoiesis-stimulating agents significantly increased
peak VO, by 24 % in hemodialysis patients, although many studies included were
not controlled trials [68]. The improvement in anemia probably contributes to the
sustainability of exercise, because the patients are freed from shortness of breath
and fatigue, which are both major barriers to continuously participating in exercise
programs, and could overcome discomfort or pain during exercise.
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19.3.6 Safety of Exercise for Patients with CKD

There is a very small amount of data from controlled studies to discuss or quantify
the risks of exercise-induced adverse events in patients with CKD. However, to
date, no published study on exercise training in hemodialysis patients has reported
deaths or cardiovascular events. Therefore, it does not seem that exercise in dialysis
patients necessarily carries additional risks.

According to a scientific statement from AHA, although the incidence of fatal
and nonfatal cardiovascular events during exercise varies with the prevalence of
cardiac disease in a study population, the rate is extremely low even among patients
with chronic heart failure undertaking cardiac rehabilitation programs [69]. In
contrast, the relative risk of cardiac arrest during vigorous exercise as compared
with risk at other times is notably greater in patients who are unaccustomed to
exercise [70]. Regular exercise participation, performed at low to moderate inten-
sity, reduces the long-term risk of cardiac events both during exercise and at rest.

The exercise guide for nephrologists developed by the Life Options Rehabilita-
tion Advisory Council suggested that to minimize the risks of exercise, nephrolo-
gists must be sure to provide adequate dialysis, manage ongoing medical concerns,
control hypertension, and respond to symptoms suggestive of cardiac disease [71].

19.4 Summary

Patients with CKD, particularly, those on dialysis, have been exposed to the
environment where they had a few opportunities to participate in physical activity
due to conventional therapeutic policy. However, now it is evident that a sedentary
lifestyle and low physical fitness result in a poor prognosis for this population. To
engage all the patients in regular exercise, it is important that both patients and
nephrologists discuss exercise positively and that the medical staff encourage the
patients to exercise with a customized training program according to individual
physical strength, medical concerns, and convenience.
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