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Abstract
A sedentary lifestyle contributes to the development of cardiovascular disease, hypertension, 
diabetes and probably cancer in the general population; this cluster of disease may be 
defined the diseasome of physical inactivity. Also in CKD/ESRD patients physical activity is 
strikingly low. As a result of growing evidence suggestive of cardiovascular benefit among 
the CKD population with exercise, the National Kidney Foundation recommended counseling 
by nephrologists to increase patients’ levels of physical activity in their   guideline about 
management of cardiovascular disease. Therefore, to maintain the well-being and functional 
capacity of renal patients   attention should be directed toward maintaining strength and 
aerobic fitness as well as focusing on renal function and anemia or other comorbidities. All 
CKD/ESRD patients should be counseled and regularly encouraged by nephrology and dialysis 
staff to increase their level of physical activity.

The worldwide scenario

Although the technological revolution has been of great benefit to many populations 
throughout the world, it has also given an high contribution to physical inactivity (PI) and to 
its related worldwide epidemic of chronic diseases. Several behavioural and environmental 
factors, and megatrends (major forces in societal development that affect people’s lives) affect 
population levels of physical activity (PA). Rapid urbanisation, mechanisation, and increased 
use of motorised transport could have caused global changes in PA. In 2009, PI was identified 
as the fourth leading risk factor for non-communicable diseases and accounted for more 
than 3 million preventable deaths [1]. So, a third of adults and four-fifths of adolescents 

Director of Nephrology and Dialysis Unit, IRCCS „Casa Sollievo della Sofferenza“, Scientific 
Institute for Research and Health Care, Viale  Cappuccini 1, 71013 San Giovanni Rotondo 
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do not reach public health guidelines for recommended levels of PA, although trend data 
from high-income countries suggest that occupational PA is decreasing but leisure-time PA 
has increased in adults [2]. Another aspect of the human movement range that has received 
attention is sedentary behaviour, which is usually defined as time spent sitting. Similarly to PA, 
sedentary behaviours occur in different domains (ie, at work, for leisure and entertainment, 
and while commuting).

Worldwide, 31,1% of adults are physically inactive, with proportions ranging from 17,0% 
in southeast Asia to about 43% in the Americas and the eastern Mediterranean. Inactivity 
rises with age, is higher in women than in men, and is increased in high-income countries. 
The proportion of 13–15-year-olds doing fewer than 60 min of PA of moderate to vigorous 
intensity per day is 80,3%, boys being more active than girls. Continued improvement in 
monitoring of PA would help to guide development of policies and programs to increase 
activity levels and to reduce the burden of non-communicable diseases [2].

On average, physically inactive people have a life span that is 5 years shorter than that 
of physically active people. Moreover, the expected lifetime without long-standing illness 
is reduced by approximately 8 years in physically inactive people [3]. PI increases the risk 
of type 2 diabetes, cardiovascular disease (CVD), colon cancer, postmenopausal breast 
cancer, dementia and depression. These are all frequent chronic diseases associated with 
an enhanced risk of premature morbidity. It has recently suggested that type 2 diabetes, 
CVD, colon cancer, breast cancer, dementia and depression constitute a cluster of diseases, 
which defines a “diseasome of PI” [4]. The diseasome of PI represents diseases with highly 
different phenotypical presentations, but that share important pathogenetic mechanisms. 
Clearly, independently of body mass index (BMI), PI is a risk factor for all-cause mortality [4]. 
There are indications in the literature that PI is an independent cause of abdominal adiposity 
and a contributing factor to cognitive decline. It is possible that PI leads to the accumulation 
of visceral fat and consequently the activation of a network of inflammatory pathways, which 
not only promote the development of insulin resistance and atherosclerosis, but also lead to 
neurodegeneration and thereby the development of cognitive impairment [5]. 

The high prevalence of PI, its harmful health and environmental consequences, and 
the evidence of effective PA promotion strategies, make this problem a global public health 
priority. For the whole population, and particularly for adults, development of policies and 
environmental supports that increase opportunities for PA within communities would 
allow great progress. Interventions would probably have increased effectiveness, to the 
extent that they could address the determinants of PA at several levels. Ideally, PA initiatives 
should apply the relevant models and address the factors at individual, behavioural, social, 
environmental, and policy levels [6]. However, within the realities of public health practice, 
this ideal is difficult to achieve. Because disparities exist in amount of PA in subgroups of 
the populations, public health professionals need to tailor policy and environmental efforts 
and programs to promote increased PA opportunities everywhere, with specific attention to 
initiatives that address the needs of disadvantaged subgroups [6].

PA and public health is a new discipline, merging several areas of specialisation 
including epidemiology, exercise and sport science, behavior science, and environmental 
health science, among others; these different areas are needed to tackle the global pandemic 
of PI because multidisciplinary work is essential [7].

The CKD patient

PA levels are strikingly low in both CKD and ESRD patients [8]. Different, although small 
studies, overall agree showing significantly lower levels of PA compared to age-matched 
control individuals [9-13]. 

PA was measured in the Comprehensive Dialysis Study (CDS) in ambulatory dialysis 
patients using the so called Human Activity Profile that included Maximal and Adjusted 
Activity Scores, two summary measures that are indicative of PA [11]. PA was found to be 
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extremely low with scores for all age and gender categories below the 5th percentile of 
healthy individuals and 95% of patients had scores consonant with low fitness. Older age, 
female gender, diabetes, atherosclerotic disease, and a low level of education were associated 
with lower activity scores. Ambulatory participants in the CDS reported extremely low PA 
within all age and sex subgroups compared with the general population. Approximately 
95% of patients had scores that corresponded to physical fitness levels below the 20th 
percentile for the general population. Although numerous correlates of PA were identified 
in this population, most are not readily modifiable. Thus, risk factor modification is unlikely 
to ameliorate the problem. Rather, strategies aimed to enhance participation in PA among 
patients on dialysis, such as education, counseling, and physical therapy, have the potential 
to improve fitness and self-reported functioning and should be tested prospectively.

The DOPPS study provides the first description of international patterns of exercise 
frequency and its association with exercise programs and clinical outcomes [13]. Exercise 
levels varied widely across the 12 DOPPS countries and across dialysis facilities within 
countries. Overall, 47.4% of participants were classified as regular exercisers, defined here 
as exercise equal to or more than once/week. Exercise performed once or less than once/
week was reported by 54% in the USA. Even lower exercise rates were recently reported 
in the United States Renal Data System Comprehensive Dialysis Study: 38% of men and 
22% of women aged <65 years reported walking frequently for exercise [14]. As expected, 
regular exercise was positively associated with ability to walk and lower BMI, and inversely 
associated with older age and several comorbidities. Regular exercise was also associated 
with better sleep quality, less severe bodily pain and better appetite [13]. In agreement 
with previous studies, high comorbidity burden was related to poor physical functioning, 
low exercise capacity and muscle wasting, so it need to be stated as a major determinant 
of the sedentary lifestyle of many haemodialysis patients. The DOPPS study also confirmed 
that mortality risk is lower for patients reporting to exercise only once a week, compared to 
patients exercising less than once weekly or never; and that, despite the possible benefits 
of exercising just once weekly, mortality risk decreased as exercise frequency increased, i.e. 
that the association of exercise frequency with longer survival may be dose dependent. In 
fact, lower mortality rates were observed in subjects who exercised daily and performing 
greater exercise frequency, suggesting that while any (at least once weekly) exercise is better 
than none, the more exercise the better [13].

Padilla et al showed that physical performance, as measured by peak oxygen 
consumption, 6-minute walk test, comfortable and maximal gait speed, and sit to stand test, 
was reduced compared with normative values among 55 patients with CKD stage 3-4 [15]. In 
addition, self-reported physical functioning based on the Physical Functioning scale and the 
Physical Component Summary (PCS) measure of the SF-36 were quite low.

The AASK trial (African American Study of Kidney Disease and Hypertension) studied 
patients with CKD stage 2-3 about their self-reported functioning [16]. It was found that the 
SF-36 PCS score was lower among these participants (43.4 ± 10.9) than population norms 
(50 ± 10) and was also lower among those with lower eGFR. In addition, in univariate and 
multivariable analysis, the PCS score was significantly higher among those who reported 
that they currently exercise than those who did not exercise. AASK participants reported 
worse physical functioning than hypertensive African Americans without CKD, but better 
functioning than hemodialysis patients from the HEMO study [16].

Nowadays it is quite clear that at least some aspects of physical functioning are 
impaired even in early stages of CKD, although the extent to which these impairments among 
patients with CKD are independent of age, comorbidity and PI is unclear. These factors may 
also mediate physical dysfunction among patients with more advanced stages of CKD, but 
limited data suggest that there is CKD-related dysfunction that is independent of age and 
inactivity. There has been almost no exploration of the potential causes or mechanisms of 
poor physical functioning among patients with CKD. Uremic toxins, vitamin D deficiency, 
chronic inflammation, hyperparathyroidism, metabolic acidosis, and anemia are among 
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the possibilities; any or all of these could act to cause muscle wasting and/or altered 
neuromuscular function.

The loss of muscle mass complicates clinical syndromes and erodes patient quality of 
life. In patients with CKD, muscle wasting is common; it seems that the common pathway 
for all the metabolic derangements is related to exaggerated protein degradation relative 
to protein synthesis. Factors that contribute to net negative protein balance include, but 
are not limited to, decreased relative nutrient intake, catabolic effects of renal replacement 
therapies, metabolic derangements such as chronic inflammation and insulin resistance, 
hormonal abnormalities and concurrent morbid conditions such as frequent hospitalizations, 
depression, and gastroparesis [17].

So, it is quite clear that CKD has a profound negative impact on skeletal muscle function 
and structure leading to muscle atrophy and diminished exercise capacity. Another main 
factor leading to muscle wasting and sarcopenia in the CKD setting is chronic inflammation. 
There is now a growing body of evidence to support the notion that circulating markers of 
systemic inflammation are lower in individuals who regularly engage in physical activity. 
The CKD population are frequently sedentary and present chronic systemic inflammation; 
there may be great potential for long-term exercise interventions to shift habitual activity 
and improve health status [18].

  Patients with CKD are physically inactive, often have difficulties performing activities 
of daily living and occupational tasks, and report a decreased health-related quality of life 
(HRQOL) when compared to healthy controls [15]. Exercise capacity, which is predictive of 
all-cause mortality and cardiovascular mortality in both health and disease, is significantly 
reduced in both predialysis and dialysis CKD patients. Furthermore, at the initiation of 
dialysis, sedentary individuals have a 62% higher risk of dying when compared with non-
sedentary patients [19].

Low levels of physical activity are associated with poor functioning in this population 
[20, 21], and it is possible that PI contributes to the decline in functioning and frailty that 
develops over time in this group. Moreover, in general patients who reported less self-
reported PA also reported poorer health-related quality of life in both the physical and 
mental domains, suggesting the possibility that PI could lead to impaired functioning. This 
possibility is biologically plausible as sedentary behavior can result in reduced physical 
fitness and thus in poor performance and function in the physical domain. In addition, exercise 
training has been shown to improve physical functioning among dialysis patients [22]. The 
association of lower levels of PA with lower self-reported mental health is also consistent 
with associations observed in the general population [7], and is potentially important as 
PA has the potential to relieve symptoms of depression and anxiety and improve mood 
[23]. Exercise performance is not only reduced in CKD stages 3 to 4 even in the absence of 
anemia, but exercise performance, measured by oxygen consumption or leg strength, also 
progressively fell as renal function deteriorated [24]. The likely causes are myriad, although, 
in this study, intrinsic muscle changes that result in reduced muscle strength and fatigue, and 
aerobic performance are likely to be dominant. To maintain the well-being and functional 
capacity of patients with CKD, therefore, attention should be directed toward maintaining 
strength and aerobic fitness as well as focusing on renal function and anemia [24].

Although there is no direct evidence that increasing PA can improve functioning or 
increase survival in the dialysis population, PA is a potentially modifiable risk factor for 
frailty, debility, and mortality. Hence, PA is distressingly low among CKD and ESRD settings. 
Thus, strategies to enhance activity in these patients should be explored [11].

Which kind of exercise?

Evidence from uncontrolled studies and from small randomized controlled trials shows 
that exercise training results in improved physical performance and functioning among 
patients with CKD. In addition, although there are no studies examining cardiovascular 
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outcomes, several observations suggest that cardiovascular risk factors such as hypertension, 
inflammation, and oxidative stress, may be improved with exercise training in this population.

Different kinds of physical activity may be proposed to CKD patients: Aerobic Exercise 
Training, Resistance Exercise, Combined Resistance and Aerobic Exercise [25].

 In a pilot study it was clearly showed that one year of supervised aerobic exercise 
training significantly improves physical impairment and arterial stiffness in patients with 
predialysis CKD [26]. There was a change in VO2peak following 12 months of exercise, 
comparable to the 17–23% increase shown in other randomized studies, but values were 
still reduced compared to healthy sedentary populations, suggesting that disease processes 
may limit the extent to which improvement in VO2peak can occur. As exercise capacity is 
an independent predictor of mortality in patients with CKD at initiation of dialysis and a 
3.5 ml/kg/min improvement in VO2peak is associated with decreased cardiovascular and 
mortality risk [27], these VO2peak data suggests that early exercise interventions may 
reduce cardiovascular risk and improve mortality rates in this population. In the same 
study a trend toward deterioration in exercise capacity, endurance time, arterial stiffness 
and HRQOL in the control group, similar to the continued deterioration seen over time in 
dialysis patients was observed [20]. When the natural course of disease and sedentary aging 
is a decline in physical function, even maintenance of function may be considered a positive 
outcome. An interesting finding in this study was that even approximately 45 min/week of 
aerobic exercise for one year elicited changes in exercise capacity that may confer substantial 
cardiovascular and mortality benefits. 

The Renal Exercise Demonstration Project [22], was unique in its large size and its focus 
on physical performance and health-related quality of life as the primary outcome measures 
rather than VO2peak. The authors were able to demonstrate that physical performance and 
health-related quality of life improved with exercise training and declined in those who 
were not assigned to the exercise interventions; the majority of the reported benefits can 
be ascribed to aerobic exercise training. Studies of the effects of exercise on VO2peak have 
provided important information because they showed that patients with kidney disease 
could respond physiologically to exercise training in a manner that is similar to other patient 
groups.

Beside to aerobic exercise, it seems likely that resistance exercise training could be of 
benefit to these patients, and it is surprising that few studies have focused on resistance 
exercise training or included resistance training as part of the program [25]. Moreover, there 
are a few papers reporting experiences with exercise rehabilitation program that included 
aerobic exercise and strengthening exercise. Globally, all these papers show beneficial effect 
of different kind of exercises [25]. 

Is there any risk in exercise promotion in CKD?

The most common risk of exercise participation in the general population is 
musculoskeletal injury; the most serious risks are those of cardiac origin, ranging from 
dysrhythmia to ischemia to sudden death. The risk of both types of adverse events is higher 
with high-intensity exercise than with submaximal exercise. In the general population there 
is greater risk of adverse cardiac events for those who persist with a sedentary lifestyle than 
those who gradually increase their regular levels of physical activity. In comparison with 
risks associated with vigorous activities, risks of sudden cardiac adverse events during light 
and moderate intensity activities are lower.

Risk assessment and pre-participation screening should be done on an individual basis 
among patients with CKD as they are likely to be at higher risk of exercise-induced death 
than the general population but also stand to benefit more from increasing activity. There 
have been no reported cardiac events in any of the published exercise training studies in 
hemodialysis patients. Some patients tested exhibited abnormal response to exercise, such 
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as S-T segment depression, hypertensive responses or with a hypotensive response or 
exhibiting significant ventricular ectopy [13]. All the abnormal exercise responses occurred 
in patients with known cardiac disease, and 3 also had diabetes. None was associated 
with adverse outcome. Beyond these studies, the risks associated with exercise in the CKD 
population have not been studied. Musculoskeletal risk may be increased in patients with 
CKD as a result of hyperparathyroidism and bone disease. Moreover, a major purpose of 
medical screening before exercise participation is to determine which patients are at 
increased risk for cardiovascular events. However, all patients with ESRD or advanced CKD 
are at increased risk for cardiopulmonary disease.

It is important to underline that in addition to proper medical screening, some disease-
specific considerations may reduce risk. Attention to patients’ volume status and BP control 
is important in this population. Patients with ESRD should have their dry weight assessed 
frequently to avoid volume overload and may tolerate exercise best either during dialysis 
or on a day after a dialysis session [25]. Risk will be reduced with appropriate education 
of the patients about abnormal responses and symptoms and when to reduce intensity of 
exercise, defer exercise on a given day, stop exercise and contact the physician; prudent 
recommendations for starting and progressing with the program; and regular assessment 
of participation and responses to their program. Risk will be increased if patients remain 
sedentary.

Relevance of physical activity promotion

The many benefits of regular exercise for patients with CKD and ESRD may include 
improvements in a) physiologic measures (peak oxygen uptake), b) clinical measures 
(blood pressure, endothelial function, lipid profiles, and reduced inflammatory markers), 
c) psychological measures (fatigue, general health, anxiety, depression, vitality, and overall 
QOL), and d) functional measures (muscle strength, 6-minute walk test, gait speed, and sit 
to stand time) [28].

Considering the physiologic measures taken in account, a systematic review of 29 
clinical trials showed that physical condition was significantly improved following the 
use of aerobic training [29]; moreover, intradialytic aerobic exercise leads to a significant 
increase in aerobic exercise capacity and duration of exercise [30]. After an aerobic exercise 
programme, muscle strength, power and fatigability in patients with advanced CKD improved 
significantly, indicating that aerobic exercise exerted effects comparable with those of 
resistance training. Resistance training also increases strength and functional capacity in 
patients with advanced CKD.

PA has been shown to improve blood pressure levels, lipid profile and many other 
cardiovascular risk factors [31]; it may also improve hemodialysis efficiency and the 
intradialytic phosphate removal [32]. Significant reduction in blood pressure levels has been 
reported after an aerobic exercise program with bicycles both in dialysis and in predialysis 
patients [33]. The reduction in the blood pressure can lead to a significant reduction in 
the number of prescribed antihypertensive drugs [34]. Among cardiovascular risk factors, 
inflammation is of paramount interest. Observational data suggests that habitual physical 
activity levels and fitness are associated with a reduced inflammatory profile and consequently 
improved survival. A few, small, short-duration intervention studies which increase physical 
fitness, strength, and activity levels have mixed effects on systemic inflammation in CKD 
patients; this follows similar results from short-duration studies in the general population 
although training in other chronic disease cohorts has demonstrated beneficial effects [35].

  But the most important hard point is morbility and mortality. In this setting 
Roshanravan et al. reported for the first time that physical performance is associated with 
mortality rates [36]. They evaluated 385 ambulatory patients with stage 2–4 CKD and 
compared handgrip strength, usual gait speed, timed up and go (TUAG), and 6-minute 
walking distance with normative values and constructed Cox proportional hazards models 
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and receiver operating characteristic curves to test associations with all-cause mortality. 
The main result of the study was that gait speed and TUAG more strongly predicted 
3-year mortality than kidney function or commonly measured serum biomarkers. So, 
adding gait speed to a model that included estimated GFR may significantly improve the 
prediction of 3-year mortality. It is nowadays clear that impaired physical performance of 
the lower extremities is common in CKD and strongly associates with all-cause mortality 
[36]. Associations with mortality were similar in magnitude to kidney function and were 
stronger than traditionally measured biomarkers of CKD. Measurements of lower extremity 
function are relatively easy to perform and may capture a complex set of skeletal muscle and 
neurologic impairments that develop in CKD patients and substantially affect their survival. 
These results underline the complexity of the CKD patient and its similarity to the geriatric 
setting: it is well documented that physical performance in elderly individuals without CKD 
is significantly associated with mortality [37], and many of the same causal factors may be 
operative in stage 2–4 CKD.

Enrolment of CKD patients in exercise programmes

“All dialysis patients should be counseled and regularly encouraged by nephrology and 
dialysis staff to increase their level of physical activity (guideline 14.2)” [38]. This relevant 
statement was clearly reported in the 2005 publication K/DOQI Clinical Practice Guidelines 
for Cardiovascular Disease in Dialysis Patients; some document also stated that “evaluation 
of physical functioning and re-evaluation of the physical activity program should be done at 
least every six months (guideline 14.3b)” [38]. Moreover. the recently published UK National 
Institute for Health and Clinical Excellence (NICE) guidelines for early identification and 
management of CKD in adults in primary and secondary care include a recommendation 
to ‘encourage people with CKD to take exercise’ [39]. Although these guidelines are clearly 
derived on evidence for the general population and for those at high risk for cardiovascular 
disease [40], the common nephrological practice worldwide do not address these issues. 

For example, Johansen [41] suggested that the recommendations for older adults (65 
years and above) and adults aged 50–64 years with clinically significant chronic conditions 
and/or functional limitations, published in 2007 by the American College of Sports Medicine 
and the American Heart Association [42], can be applied to patients with advanced CKD. 
In practice this means that patients for whom exercise is not contraindicated should be 
instructed to start a routine of PA that is appropriate to their individual level of fitness, and 
safe for their clinical condition. 

The training regimen should include aerobic, resistance and flexibility activities. The 
exercise prescriptions for HD and peritoneal dialysis patients need to be tailored individually 
[43]. Three basic methods of exercise programme delivery have been applied in patients 
with advanced CKD: 

(a) a supervised outpatient program in a rehabilitation centre, 
(b) a home exercise rehabilitation programme, and 
(c) exercise during the HD session (intradialytic) [44].

In terms of ensuring the prescribed intensity and duration of exercise, the supervised 
outpatient programme is the most effective, but it is associated with the highest dropout 
rates [45]. For intradialytic exercise, it is safer to train during the first 2 h of the HD session 
because, after 2 h of dialysis, shifting of fluid from the microvasculature to the interstitium 
during exercise can cause a rapid reduction in relative blood volume with accompanying 
cardiovascular decompensation which may preclude further exercise.
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Conclusion

There are nowadays sufficient data suggesting that exercise can improve many 
indicators of physical functioning, such as fitness, muscle mass, physical performance, and 
self-reported physical functioning in the CKD and dialysis settings. Fewer data are still 
now available to address cardiovascular indices, but they will probably be available very 
soon (Excite Study data, this Supplement [46-48]). However, yet now preliminary evidence 
suggests that exercise can enhance the management of hypertension, reduce inflammation, 
and improve endothelial function.

The optimal recommendations for exercise for patients with CKD have not been 
determined. However, it is reasonable to follow recommendations published by the AHA 
for older adults, which are also explicitly intended to be relevant to younger individuals 
with clinically significant chronic conditions and/or functional limitations, a description 
that applies to most patients with CKD [40]. As recently outlined, Exercise programmes in 
CKD patients should aim at safely inducing favourable physiological adaptations. Exercise 
planning should be scheduled at optimal volume and intensity and be based on the patient’s 
age and comorbidities. Exercise in this high-risk population should be structured to favour 
compliance and cost-effectiveness [49].
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Abstract 
Chronic kidney disease (CKD) patients are at risk for protein–energy wasting, abnormal body 
composition and impaired physical capacity. These complications lead to increased risk of 
hospitalization, morbidity and mortality. 
In CKD patient as well as in healthy people, there is a close association between nutrition  and 
physical activity. Namely, inadequate nutrient (energy) intake impairs physical performance  
thus favoring a sedentary lifestyle: this further contributes to loss of muscle strength and 
mass, which  limit the quality of life and rehabilitation of CKD patients. In CKD as well as in 
end-stage-renal-disease patients, regular physical activity coupled with adequate energy and 
protein intake counteracts protein–energy wasting and related comorbidity and mortality. In 
summary, exercise training can positively influence nutritional status and the perception of 
well-being of CKD patients and may facilitate the anabolic effects of nutritional interventions.

Introduction

Although the modern treatment of chronic kidney disease (CKD) is addressed to 
reduce progression of renal and cardiovascular damage, to prevent uremic complications 
and to improve survival, new challenges must be considered. In order to prevent disability, 
to improve quality of life and to maintain physical performance, it is important a proper 
nutritional approach and a regular physical activity.  

Throughout the course of CKD, diet and exercise are  widely recommended  not only 
for improving the efficacy  of drug and dialysis treatment, but also for offering specific 
benefits on physical performance, quality of life and health status perception.  Nutrition and 
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physical activity can also influence each other and closely interact  both in healthy and in 
CKD population. 

Nutrition

In the clinical care of renal patients, nutritional therapy is very important. Since the early 
stages of CKD, “ normalization” of dietary intake of energy, protein, sodium and phosphorus 
play a crucial role for the renal protection. In more advances stages of CKD, protein-restricted 
diets are able to prevent or ameliorate uremic symptoms or complications, such as metabolic 
acidosis, mineral and bone disorders, insulin resistance, proteinuria, hypertension and fluid 
retentions, and to maintain nutritional status [1-3]. Evidence exists that protein-restricted 
diets can delay the need of dialysis [4] , whereas the effect of  slowing the rate of GFR decline 
is not so evident [5]. 

The severity of protein restriction depends on the level of the residual renal function 
[6]. Consequently, in the pre-dialysis stages a very low-protein very low-phosphorus diet 
supplemented with essential amino acids and keto-acids is the preferable option to improve 
metabolic and nutritional parameters [7].

However, nutritional therapy is not only a matter of dietary protein intake, but it includes 
also phosphorus and sodium restriction, and adequate energy intake. This is a crucial point 
since maintenance of a good nutritional status is a pre-requisite and a target of nutritional 
therapy that allows patients a good quality of life and physical performance. To this aim, 
energy supply must equal, or even overcome, the energy requirement.

Shifting from conservative to dialysis therapy, increase of protein intake is needed [8]. 
However, an  high protein intake conflicts with the limitation of phosphorus, potassium and 
salt needed to avoiding the severe complications of hyperkalemia, hyperphosphatemia and 
excessive interdialytic weight gain [9]. The other side of the nutritional concerns in end-stage-
renal-disease (ESRD) patients, is  protein energy wasting (PEW) [10]. This quite prevalent 
condition, especially in elderly dialysis  patients, is strictly related to hospitalization, 
morbidity and mortality  [10, 11]

Even in renal transplanted patients, a correct nutritional approach represents a very 
important aspects of the clinical care management [12]. 

Similarly to nutritional education and prescription, physical activity implementation 
represents a continuum in the natural history of CKD patients (Fig. 1). 

Exercise 

It is well known that regular physical exercise is mandatory for the prevention and 
treatment of obesity, diabetes and insulin resistance which are  increasing factors of new 
onset and of progression of CKD. Body weight lowering strategies should include, as first 
step, a combination of mild energy reduction and an increase of energy expenditure by 
aerobic exercise. Unfortunately, this strategy is not always successful [13].

During the course of CKD, physical activity and capacity are largely reduced. Physical 
inactivity is a long-standing clinical problem among CKD patients especially those  undergoing 
dialysis  treatment [14]. 

The 2011 Cochrane review [15] assessed the effect of regular exercise training in 
adults with CKD and in kidney transplant recipients on several outcomes, including dietary 
nutrient intake and parameters of nutritional status. It emerged  that physical fitness and 
physical functioning (defined as the ability and capacity to perform activities of daily living) 
is severely reduced in adults with CKD and progressively declines from the early stages of 
CKD to ESRD [15]. Regular exercise training can improve arterial blood pressure control and 
heart rate, physical fitness walking capacity and several nutritional parameters and quality 
of life. Positive effects had been found also in elderly CKD patients [16, 17, 18].  
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Impaired muscle strength and a decline in physical function is often associated to  PEW 
which depends on the several abnormalities associated to renal failure. The pathogenesis 
of the so-called “uraemic sarcopenia “ is multifactorial including physical inactivity that 
represents a modifiable and a quite prevalent risk factor.  Actually, most of the changes in 
muscle structure and function seem to be related to deconditioning  [19,20]. 

Data from the literature suggest that CKD patients should be stimulated to increase 
their physical activity, including coordination and flexibility exercises associated with 
aerobic and resistance training [21].  Exercise programs may be implemented in the dialysis 
and/or in the non-dialysis day, depending on the patient’s need and willingness as well as on 
the structural and functional resources [22].

Kouidie et al. evaluated the effects of long-term physical training (4 years) on HD 
patients' fitness, perception of health and overall life situation [23]. They found that HD 
patients are able to adhere to long-term physical training programs both on dialysis- and 
non-dialysis days, with significant increase in exercise capacity especially after the first 
year. The perception of health was higher in the majority of the patients [23]. The ability 
of exercise training to alleviate depression and to increase  the perception of feeling better 
improved appetite and contributed  to counteract the reduction of energy  and protein intake 
frequently found in HD patients [24].

 Sakkas et al. [25] investigated the effect of 6 months of  aerobic exercise training on 
muscle morphology in HD patients and found beneficial effects on muscles with an  increment 
of cross sectional area, reduction of myofiber atrophy and changes in capillarization. They 
observed that skeletal muscles of uraemic patients responded to exercise stimulus in the 
same way as the normal population [25]. 

A correct nutritional approach and regular physical activity also represent very important 
aspects of the clinical care management in renal transplanted patients [26].  Poor functional 
capacity predicts a poor outcome for older patients undergoing renal transplantation [27].

Weight gain after kidney transplantation is a significant risk factor for diminished 
long-term outcomes which affects up to 90% of kidney transplant recipients; changes in 
dietary intake and lack of physical activity are strong factors causing weight gain following 
kidney transplantation [26].  Gain in adiposity after renal transplantation is related to high 
consumption of mono- and disaccharides,  energy-rich drinks, and low daily physical activity 
[28]. 

Fig. 1. The “continuum” of exercise implementation and nutritional approach in the CKD  patients.
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Despite a number of benefits, the effect of increased physical activity  on long-term 
survival of HD patients are still lacking [23].  

Exercise training and low protein diet in CKD
Proper nutrition and regular physical activity are relevant aspect at any stage of a renal 

patient’s history (Fig.1). Although evidence exits about the positive clinical effects of low-
protein regimens in CKD, the fear that a protein restriction could cause protein malnutrition 
and muscle wasting still remains. This could happen only if the energy intake is not adequate, 
or the essential aminoacids intake is not sufficient or when metabolic acidosis is not 
corrected. Basically, reduction of protein intake reduces protein synthesis but also reduces 
protein catabolism, so nitrogen balance is maintained in equilibrium. However, when protein 
and energy intakes are inadequately low, net protein catabolism occurs.  

The effect  of resistance training during low-protein regimens counteract the tendency 
to impaired muscle cell metabolism. Castaneda et al. [29] studied  26 CKD patients following 
a low-protein (0.6 g/Kg b.w) diet.  They found an increase in type I and II fiber cross-sectional 
areas,  an improvement of leucine oxidation, serum albumin levels and muscle strength and 
a reduction of inflammation in patients who performed resistance training, when compared 
to patients not undergoing resistance training. They concluded that resistance training  
seems to be effective and protective even in CKD patients on a low-protein diet, by improving 
protein utilization, muscle mass and function, and body composition [29, 30]. 

Although different from normal controls, no difference in muscle metabolism and 
function was observed in patients on a very low protein diet (0.3 g/Kg/d) supplemented 
with essential aminoacids and ketoacids  when compared to patients on standard low-
protein (0.6 g/kg/d) diet [31]. 

It is crucial to underline that exercise activity is a matter of energy supply rather than 
protein intake. In order to  satisfy the increased energy requirement, it is mandatory that the 
recommendation of increasing exercise and physical activities are also accompanied by the 
recommendation to increase energy intake. In the CKD  patients on low protein regimens, the 
energy needs can be obtained by increasing the intake of protein-free foods  which provide 
carbohydrates and are almost free of protein, phosphorus, potassium or sodium  [32]. These 
protein-free products  represent a real “green power fuel” for CKD patients. 

 
Exercise training and Nutrition in ESRD 
Concerning the influence  of progressive resistance training  on markers of nutritional 

status, positive effects have been reported in the PEAK (Progressive Exercise for Anabolism 
in Kidney Disease) study. HD patients undergoing 12 weeks of high intensity progressive 
resistance training administered during dialysis treatment have reported an increase in 
insulin sensitivity, a reduction of intramuscular lipids, a statistically significant increase 
in total strength, body weight and BMI, mid-thigh and mid-arm circumference [33].  Frey 
et al. did not find any differences in pre-albumin levels while pre-dialysis and post dialysis  
albumin levels tend to slightly increase over time in ESRD patients who took part to an 
aerobic exercise program performed during dialysis treatment [24].

Regular exercise training (regardless of type, intensity, length of intervention, or 
supervision) was associated with a significant increase in energy intake. Instead, no 
significantly increase of protein intake was reported in patients performing  cardiovascular 
and/or  resistance exercise training [14]  Our experience confirm these findings: in a in a 
cohort of hemodialysis patients, the level and intensity of spontaneous physical activity was 
positively related to the daily energy intake energy [34] 

Evidences exist that exercise is an effective anabolic strategy  in particular when it is 
performed close to the administration of  nutritional supports both in healthy and CKD 
subjects.  Exercise increases insulin sensitivity and responsiveness [35]: insulin-stimulated 
glucose and amino acids transport increased following muscle contraction even at a 
constant receptors and nutrient concentrations [36]. It is known that supplementation of 
carbohydrate in the early post-exercise stimulate a more rapid glycogen storage. A similar 
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mechanism has been proposed for protein supplementation (probably insulin-mediated) 
resulting in muscle hypertrophy and increase in muscle strength. Hence, a close relationship 
exists among exercise, nutritional status and nutrients intakes, with particular attention to 
the timing of the nutrients administration [37-39].

Both in healthy and CKD subjects, short-term studies showed that the combination of  
exercise training and oral supplementation increases muscle protein content more  than  
exercise or nutritional supplementation alone.  There is also evidence that intra-dialysis 
exercise, combined with oral or parenteral nutrition, enhances amino acid uptake and 
protein content in the muscle tissue of HD patients.  Pupim et al [40] studied two groups of 
HD patients: one only with intra dialytic parenteral nutrition (IDPN) and the other with  IDPN 
plus exercise. Patients were studied before, during, and 2 h after an HD session by use of a 
infusion of L-[1-13C]leucine and L-[ring-2H5]  phenylalanine. During HD, exercise combined 
with IDPN promoted  two-fold  increment in forearm muscle essential amino acid uptake 
and muscle protein when compared with IDPN alone. Whole body protein homeostasis and 
energy expenditure were not altered by exercise treatment [40]. 

These results are in accordance with those of Majchrzak et al [41] who found enhanced 
anabolic effects of oral intradialytic nutritional supplementation on skeletal muscle protein 
turnover after a single bout of resistance training. Similar findings have been reported by  
Dong J et al. [42] who tested the effect of a long –term resistance training combined with 
intradialytic oral supplementation in HD patients. The Authors found a statistically significant 
increase in body weight that can be considered as a positive result. In fact evidence exists 
that increasing body weight in HD patients improves their survival [42]. In a small cohort of  
HD  patients, 16 weeks of strength training was performed together with the administration 
of protein or a no protein drink after every training session. After the training, improvements 
in muscle strength and power, physical performance, and quality of life occurred. However, 
no additional benefit was observed by combining the training and protein supplementation. 
[43]. 

A randomized clinical trial is in progress for analyzing the impact of intra-dialysis 
progressive exercise training and adequate nutritional supplementation on markers of PEW, 
functional capacities and quality of life of adult patients in hemodialysis [44]. 

 

Conclusion 

In summary, regular physical activity can positively affect the nutritional status and the 
perception of well-being of CKD patients and may facilitate the anabolic effects of nutritional 
interventions. Exercise training, coupled with adequate nutritional support is a therapeutic 
intervention able to prevent the loss of lean body mass in CKD patients. In addition, 
improving of quality of life is generally recorded. These strategies need to be implemented 
and represent a promising  field of investigations in all the stages of CKD.

Disclosure Statement

The authors of this work declare that they do not have any conflict of interests.

References  

1 Mitch WE, Remuzzi G:  Diets for patients with chronic kidney disease, still worth prescribing.  J Am Soc 
Nephrol 2004;15:234-237.

2 Fouque D, Aparicio M: Eleven reasons to control the protein intake of patients with chronic kidney disease.  
Nature Clin Pract 2007;3:383-392.



 Kidney Blood Press Res 2014;39:107-113
DOI: 10.1159/000355784
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 112

Cupisti et al.: Nutrition and Exercise in CKD

3 Cupisti A, D’Alessandro C, Morelli E, Rizza GM, Galetta F, Franzoni F, Barsotti G: Nutritional status and 
dietary manipulation in predialysis  chronic renal failure patients. J Ren Nutr 2004;14:127-133.

4 Fouque D, Wamg P, Laville M, Boissel JP: Low protein diets delay end-stage renal disease in non diabetic 
adults with chronic renal failure. Nephrol Dial Transplant 2000;15:1986-1992.

5 Kasiske BL, Lakatua JD, Ma JZ, Louis TA:  A meta-analysis of the effects of dietary protein restriction on the 
rate of decline in renal function  Am J Kidney Dis 1998;31:954-961.

6 Aparicio M, Cano NJ, Cupisti A, Ecder T, Fouque D, Garneata L, Liou HH, Lin S, Schober-Halstenberg HJ, 
Teplan V, Zakar G: Keto-acid therapy in predialysis chronic kidney disease patients: consensus statements. J 
Ren Nutr 2009;19:S33-S35.

7 Aparicio M, Bellizzi V, Chauveau P, Cupisti A, Ecder T, Fouque D, Garneata L, Lin S, Mitch W, Teplan V, Yu 
X, Zakar G: Do Ketoanalogues Still Have a Role in Delaying Dialysis Initiation in CKD Predialysis Patients? 
Semin Dial 2013;26:714-719.

8 Fouque D, Vennegoor M, Ter Wee P, Wanner C, Basci A, Canaud B, Haage P, Konner K, Kooman J, Martin-
Malo A, Pedrini L, Pizzarelli F, Tattersall J, Tordoir J, Vanholder R: EBPG Guideline on Nutrition. Nephrol 
Dial Transplant 2007;22:ii45–ii87.

9 Laville M, Fouque D: Nutritional aspects in hemodialysis. Kidney Int Suppl 2000;76:S133-139.
10 Fouque D, Kalantar-Zadeh K, Kopple J, Cano N, Chauveau P, Cuppari L, Franch H, Guarnieri G, Ikizler TA, 

Kaysen G, Lindholm B, Massy Z, Mitch W, Pineda E, Stenvinkel P, Treviño-Becerra A, Wanner C: A proposed 
nomenclature and diagnostic criteria for protein- energy wasting in acute and chronic kidney disease.  
Kidney Int 2008;73:391-398.

11 Ikizler TA, Cano NJ, Franch H, Fouque D, Himmelfarb J, Kalantar-Zadeh K, Kuhlmann MK, Stenvinkel P, 
TerWee P, Teta D, Wang AY, Wanner C: Prevention and treatment of protein energy wasting in chronic 
kidney disease patients: a consensus statement by the International Society of Renal Nutrition and 
Metabolism. Kidney Int 2013;84:1096-1107. 

12 Chan M, Patwardhan A, Ryan C, Trevillian P, Chadban S, Westgarth F, Fry K; Caring for Australasians with 
Renal Impairment; Dietitians Association of Australia: Evidence-based guidelines for the  nutritional 
management of adult kidney transplant recipients. J Ren Nutr 2011;21:47-51.

13 Baria F, Kamimura MA, Aoike DT, Ammirati A, Rocha ML, de Mello MT, Cuppari L: Randomized controlled 
trial to evaluate the impact of aerobic exercise on visceral fat in overweight chronic kidney disease 
patients. Nephrol Dial Transplant 2014;29:857-864. 

14 Clyne N, Jogestrand T, Lins L, Pehrsson S, Ekelund L: Factors limiting physical working capacity in 
predialytic uraemic patients. Acta Med Scand 1987;222:183-190.

15 Heiwe S, Jacobson SH: Exercise training for adults with chronic kidney disease. Cochrane Database Syst Rev 
2011;10:CD003236. 

16 Fitts SS, Guthrie MR, Blagg CR: Exercise coaching and rehabilitation counseling improve quality of life for 
predialysis and dialysis patients. Nephron 1999;82:115-121.

17 Painter P, Carlson L, Carey S, Paul SM, Myll J: Physical functioning and health-related quality-of-life changes 
with exercise training in hemodialysis patients. Am J Kidney Dis 2000;35:482-492.

18 Heiwe S, Tollbäck A, Clyne N: Twelve weeks of exercise training increases muscle function and walking 
capacity in elderly pre-dialysis patients and healthy subjects. Nephron 2001;88:48-56.

19 Fahal IH: Uraemic sarcopenia: aetiology and implications. Nephrol Dial Transplant 2013, DOI 10.1093/
ndt/gft070. 

20 Workeneh BT, Mitch WE: Review of muscle wasting associated with chronic kidney disease. Am J Clin Nutr 
2010;91:1128S-1132S. 

21 Johansen KL, Chertow GM, Ng AV, Mulligan K, Carey S, Schoenfeld PY, Kent-Braun JA: Physical activity levels 
in patients on hemodialysis and healthy sedentary controls. Kidney Int 2000;57:2564-2570.

22 Kouidi E, Grekas D, Deligiannis A, Tourkantonis A: Outcomes of long-term exercise training in dialysis 
patients: comparison of two training programs. Clin Nephr 2004;61:s31-s38.

23 Cupisti A, D'Alessandro C, Bottai A, Fumagalli G, Capitanini A: Physical activity and exercise training: a 
relevant aspect of the dialysis patient's care.  Intern Emerg Med 2013;8:31-34. 

24 Frey S, Mir AR, Lucas M: Visceral protein status and caloric intake in exercising versus non-exercising 
individuals with end-stage renal disease. J Ren Nutr 1999;9:71-77.

25 Sakkas GK, Sargeant AJ, Mercer TH, Ball D, Koufaki P, Karatzaferi C, Naish PF: Changes in muscle 
morphology in dialysis patients after 6 months of aerobic exercise training. Nephrol Dial Transplant 
2003;18:1854-1861.



 Kidney Blood Press Res 2014;39:107-113
DOI: 10.1159/000355784
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 113

Cupisti et al.: Nutrition and Exercise in CKD

26 Cupples CK, Cashion AK, Cowan PA, Tutor RS, Wicks MN, Williams R, Eason JD: Characterizing dietary 
intake and physical activity affecting weight gain in kidney transplant recipients. Prog Transplant 
2012;22:62-70.

27 Yango AF, Gohh RY, Monaco AP, Reinert SE, Gautam A, Dworkin LD, Morrissey PE: Excess risk of renal 
allograft loss and early mortality among elderly recipients is associated with poor exercise capacity. Clin 
Nephrol 2006;65:401-407.

28 Zelle DM, Kok T, Dontje ML, Danchell EI, Navis G, van Son WJ, Bakker SJ, Corpeleijn E: The role of 
diet and physical activity in post-transplant weight gain after renal Transplantation. Clin Transplant 
2013:27:E484-E490.

29 Castaneda C, Gordon PL, Uhlin KL, Levey AS, Kehayias JJ, Dwyer JT, Fielding RA, Roubenoff R, Singh MF:  
Resistance training to counteract the catabolism of a low protein diet in chronic renal insufficiency: A 
randomized, controlled trial. Ann Intern Med 2001;135:965-976.

30 Castaneda C, Gordon PL, Parker RC, Uhlin KL, Roubenoff R, Levey AS: Resistance training to reduce the 
malnutrition-inflammation complex syndrome of chronic kidney disease. Am J Kidney Dis 2004;43:607-
616.

31 Cupisti A, Licitra R, Chisari C, Stampacchia G, D’Alessandro C, Galetta F, Rossi B, Barsotti G: Skeletal muscle 
and nutritional status in chronic renal failure on a protein restricted diet. J Int Med 2004;255:115-124.

32 D’Alessandro C, Rossi A, Innocenti M, Ricchiuti G, Bozzoli L, Sbragia G, Meola M, Cupisti A: Dietary Protein 
Restriction for Renal Patients: Don't Forget Protein-Free Foods. J Ren Nutr 2013;23:367-371.

33 Cheema B, 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. J Am Soc Nephrol 2007;18:1594-1601. 

34 Cupisti A, Capitanini A, Betti G, D'Alessandro C, Barsotti G: Assessment of habitual physical activity 
and energy expenditure in dialysis patients and relationships to nutritional parameters. Clin Nephrol 
2011;75:218-225.

35 Wasserman DH, Geer RJ, Rice DE, Bracy D, Flakoll PJ, Brown LL, Hill JO, Abumrad NN: Interaction of 
exercise and insulin action in humans. Am J Physiol Endocrinol Metab 1991;260:E37-E45.

36 Zorzano A, Balon TW, Garetto LP, Goodman MN, Ruderman NB: Muscle α-aminoisobutyric acid transport 
after exercise: enhance stimulation by insulin. Am J Physiol Endocrinol Metab 1985;248:E546-E552.

37 Andersen LL, Tufekovic G, Zebis MK, Crameri RM, Verlaan G, Kjaer M, Suetta C, Magnusson P, Aagaard P: 
The effect of resistance training combined with timed ingestion of protein on muscle fiber size and muscle 
strength. Metabolism 2005;54:151-156.

38 Esmarck B, Andersen JL, Olsen S, Richter EA, Mizuno M, Kjaer M: Timing of post-exercise protein intake is 
important for muscle hypertrophy with resistance training in elderly humans. J Physiol 2001;535:301-311.

39 Levenhagen DK, Gresham JD, Carlson MG, Maron DJ, Borel MJ, Flakoll PJ: Post-exercise nutrient intake 
timing in humans is critical to recovery of leg glucose and protein homeostasis. Am J Physiol Endocrinol 
Metab 2001;280:E982-E993.

40 Pupim LB, Flakoll PJ, Levenhagen DK, Ikizler TA: Exercise augments the acute anabolic effects of 
intradialytic parenteral nutrition in chronic hemodialysis patients. Am J Physiol Endocrinol Metab 
2004;286:E589-E597.

41 Majchrzak KM, Pupim LB, Flakoll PJ, Ikizler TA: Resistance exercise augments the acute anabolic effects of 
intradialytic oral nutritional supplementation. Nephrol Dial Transplant 2008;23:1362-1369.

42 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;21:149-159.

43 Molsted S, Harrison AP,  Eidemak I, Andersen JL: The Effects of High-Load Strength Training With Protein- 
or Nonprotein-Containing Nutritional Supplementation in Patients Undergoing Dialysis. J Ren Nutr 
2013;23:132-140.

44 Magnard J, Deschamps T, Cornu C, Paris A, Hristea D: Effects of a six-month intradialytic physical ACTIvity 
program and adequate NUTritional support on protein-energy wasting, physical functioning and quality 
of life in chronic hemodialysis patients: ACTINUT study protocol for a randomized controlled trial. BMC 
Nephrology 2013;14:259.



 Kidney Blood Press Res 2014;39:114-123
DOI: 10.1159/000355785
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 114

Montemurno et al.: What Would You Like to Eat, Mr CKD Microbiota? A Mediterranean 
Diet, please!

1423-0143/14/0393-0114$39.50/0

Review

 Copyright © 2014 S. Karger AG, Basel

Accepted: April 12, 2014

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to 
the online version of the article only. Distribution permitted for non-commercial purposes only.

What Would You Like to Eat, Mr CKD 
Microbiota? A Mediterranean Diet, please!

Eustacchio Montemurnoa    Carmela Cosolab    Giuseppe Dalfinob    Giuseppe 
Daidonec    Maria De Angelisd    Marco Gobbettid    Loreto Gesualdoa

aDETO, Nephrology Unit - University of Bari Aldo Moro, Bari; bCe.R.T.A. SCARL – Centri Regionali per le 
Tecnologie Agroalimentari, Foggia; cRenal and Dialysis Unit, Umberto I Hospital, Siracusa; dDepartment 
of Soil, Plant and Food Sciences, University of Bari Aldo Moro, Bari, Italy 

Key Words
Mediterranean Diet • Gut Microbiota • Chronic Kidney Disease • Western Diet

Abstract
In this review we elucidate the role of gut microbiota as the plausible missing link between food 
and health, focusing on chronic kidney disease (CKD). Microbiota, the microbial community 
harboured in the large intestine, is considered a symbiotic “supplementary organ”. It 
contributes to digestion, mainly through two catabolic pathways: saccharolytic (fermentation) 
or proteolytic (putrefaction). It also interacts with host influencing immunity, metabolism, and 
health status. It is believed that a balanced healthy microbiota is primarily saccharolytic and 
diet has a deep effect on its composition. Mediterranean Diet, UNESCO “Intangible Cultural 
Heritage of Humanity”, prevents cardiovascular and metabolic systemic diseases, thanks to 
the high supply of fibres and antioxidants. Mediterranean Diet also favours the prevalence 
of saccharolytic species, while Western Diet promotes the shift towards a proteolytic profile 
(dysbiosis). Emerging evidences highlight the association between a wide range of diseases 
and dysbiosis. In CKD a vicious circle exists, in which proteolytic-derived microbial metabolites 
(p-cresol and indoxyl sulphate), represent the main circulating uremic toxins: their accumulation 
worsens dysbiosis and promotes CKD progression. Gut microbiota shaping through non-
pharmacologic nutritional treatments, based on Mediterranean Diet, represents an innovative 
approach in CKD, potentially restoring microbiota balance, ameliorating CKD conditions and 
slowing down disease progression.
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The Mediterranean Diet: the perfect prevention for a wide range of diseases

In 406 B.C., Hippocrates, the father of medicine, stated: “Let food be your medicine and 
medicine be your food”. Twenty centuries after, the Mediterranean Diet was inscribed in 
2013 on the Representative List of the Intangible Cultural Heritage of Humanity (http://
www.unesco.org/culture/ich/RL/00884). 

The proof of the indissoluble link between diet and health, advocated by Hippocrates 
in ancient times, comes from the current, striking evidence in literature that specific dietary 
patterns are able to modulate risk factors of cardiovascular and systemic diseases, such as 
diabetes, hypertension and hyperlipidemia [1] . 

Moreover, it is well assessed in literature that adherence to the Mediterranean Diet leads 
to a decrease in all the causes of mortality and in the incidence of cardiovascular diseases [2].

The Mediterranean Diet is based on a considerable consumption of carbohydrates, 
primarily unrefined grains, high quantities of fruits and vegetables, matched with legumes, 
nuts, olive oil, fish and a moderate consumption of red wine (containing antioxidants with a 
protective action); the use of dairy products and red meats is low [3, 4].

Interestingly, although protective against cardiovascular diseases, the Mediterranean 
Diet includes a relatively high-fat consumption, mostly based on olive oil, used to cook and 
dress salads. This paradox can be explained by the association, found in extra-virgin olive 
oil, between oleic acid and a high content of polyphenols, which confer anti-oxidant, an-
ti-inflammatory and anti-microbial properties to this extraordinary and tasty pillar of the 
Mediterranean Diet [4]: some authors hypothesize that these anti-atherosclerotic properties 
of olive oil may induce a reduction in endothelial damage and may improve the regenerative 
capacity of the endothelium [5].

An increasing body of evidence shows the existence of an inverse relationship between 
the consumption of fiber-rich foods, such as fruits, vegetables and legumes, and the inci-
dence of cardiovascular and metabolic diseases [6]. These protective factors (fibres, antioxi-
dants, folate and vitamins) are well represented in Mediterranean Diet, which is by now 
acknowledged as an irreplaceable part of a healthy lifestyle.

Indeed, with its richness in antioxidant molecules (found in fruits, vegetables, and red 
wine), the suppression of lipoprotein peroxidation, the reduction of endothelial and mo-
nocytary adhesion molecules and chemokines and its anti-inflammatory properties, the 
Mediterranean Diet plays an effective role in the prevention of systemic diseases, mainly 
cardiovascular diseases [7].

Given that the Mediterranean Diet and its high content in fibres are highly beneficial, 
what is the missing link between food and health?

The Gut Microbiota: is it the missing link? 

The large intestine, beyond performing different physiological functions in digestion, 
such as salt and water absorption, harbours a large and complex microbial community ter-
med gut microflora or microbiota. Far from merely supporting host digestive processes, this 
symbiotic “supplementary organ” is biochemically very active with a metabolic activity, se-
condary only to the liver, and interacting with its host.

It exerts fundamental influence on local and systemic processes, such as immunity, 
metabolism, having a deep influence on the general health status [8]. The whole microbial 
genome of the gut microbiota is called gut microbiome [9], which is 100 times greater than 
human genome [10].

Overall, human microbiota contains ca. 1014 bacterial cells, a number that is 10 times 
higher than the number of human body cells [11]. The human intestine is particularly den-
se of microbes, about 1012 bacteria per gram (dry weight), especially at colon level [12]. 
Colonic bacteria species participate in food digestion through two main catabolic pathway 
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that could be categorized as saccharolytic (i.e., involving bacteria dominantly fermenting 
carbohydrates) or proteolytic (i.e., in which bacterial species are predominantly protein fer-
menters).

It is generally agreed that a healthy, balanced colonic microbiota is primarily saccha-
rolytic and sees the prevalence of Bifidobacteria and Lactobacilli. These bacteria hydrolyze 
complex polysaccharides in monomeric sugars by their membranous or extra-cellular enzy-
mes; sugars are then converted in short-chain fatty acids (SCFA), mainly acetate, propionate 
and butyrate [13]. SCFA are known to exert a protective action and a positive immune-mo-
dulating activity [14], guaranteeing a general healthy status.

The second catabolic pathway is represented by protein fermentation (putrefaction), 
which leads to a variety of end-products including short or branched-chain fatty acids, and 
other co-metabolites such as ammonia, amines, thiols, phenols, and indoles, some of which 
are potentially toxic and are considerate microbial uremic toxins [15]. Indeed, some species 
within Clostridium, Bacteroides, Enterobacterium, Bifidobacterium and Lactobacillus [16-
18] metabolize aromatic amino acids to phenolic compounds: tyrosine yields phenol and 
p-cresol which circulates in blood as its sulphate conjugate, p-cresyl sulphate, while phenyla-
lanine is converted into indoxyl sulphate.

Gut microbiota plays a role in metabolic processes and strongly affects general health 
status. On the other hand, it is correlated also with systemic and metabolic disorders, such as 
obesity and its comorbidities (insulin resistance, diabetes and cardiovascular disease) [19].

Interestingly, the symbiotic relationship between microbiota and the human being is 
supported by the existence of a bidirectional communication between gut microbiota and 
organs based on a “social network model”. This dual exchange of both hormonal and neuro-
transmitted signals operates in healthy conditions and obviously plays a fundamental role in 
pathologic contexts [20].

On the basis of the evidence in literature, gut microbiota can be considered one eligible 
candidate for the missing link between diet and health: beyond its role in metabolism, immu-
nity and digestion, a variety of studies has demonstrated that the microbiota composition is 
aberrant in humans diagnosed with chronic intestinal or systemic diseases associated with 
the Western lifestyle [21].

The Mediterranean Diet as a beneficial modulator of gut microbiota

It is important to specify that the microbiota composition is a highly personalized, 
“fingerprint-like” peculiarity of each individual. In addition, high-throughput technologies 
applied to gut microbiota studies have allowed defining high-level bacteria clusters, called 
“enterotypes”, which are relatively stable in time and, interestingly, are associated with dif-
ferent long-term dietary patterns [22, 23]. For example, a study showed that Bacteroides 
enterotypes are associated with animal fat and protein dietary patterns, while Prevotella 
correlates with carbohydrates patterns [24]. 

The reason for this association is likely due to a priceless-value feature of the human 
gut microbiota, namely its plasticity: in fact, microbiota composition is strictly dependent 
on diet.

A recent research revealed a high level of variability in microbiota, significantly corre-
lated with dietary habits: microbiota analyses of vegans, vegetarians and omnivores showed 
differences in taxonomic composition [25], confirming the shaping effect of long-term die-
tary patterns on gut microflora.

Not only long-term dietary habits, but also short-term food intake seems to influence 
microbiota relative abundance and, above all, microbial transcriptional response. A recent 
interesting study showed that even a short-term diet of five days is able to modify microbio-
ta community, promoting the shift of relative microbiota population abundance in response 
to a plant-based or an animal-based diet. In particular, the latter has a greater impact on 
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gut microbiota than a plant-based diet, acting as a selective pressure agent that favours the 
selection of bile-resistant taxa and the shift from saccharolytic fermentation to proteolytic 
processes [26]. But, more generally, the diet induces rapid, selective and specific adaptations 
both to regulatory gene expression and at taxonomic level. Interestingly, the diet strongly 
affects human gut microbiome, independently from the pre-existing microbiota taxonomic 
individual differences, inducing specific expression patterns in response to plant or animal 
food. From an evolutionary point of view, the ability of the global transcriptional response to 
rapidly adapt to a saccharolytic or a proteolytic response could represent the evolutionary 
heritage of human nutrition, used to switch between herbivorous and carnivorous feeding, 
in adaptation to the different availability of vegetable or animal food sources, as postulated 
by the authors [26, 27]. 

Given this evidence in literature, one can reasonably infer that the Mediterranean Diet, 
rich in complex carbohydrates, fibres, vitamins and poor in animal proteins and fats, is able 
to promote the beneficial shift to a saccharolytic profile, acting as a selector of “positive” 
microbes that, in turn, favour and promote a general healthy status. Indeed, short-chain fatty 
acids (SCFA), produced by complex carbohydrates fermentation, show an immune-modu-
lating activity, either by promoting intestinal barrier integrity (which becomes a protective 
factor by avoiding the contact of luminal bacteria with intestinal immune system and the 
transit of inflammation-inducing bacterial antigens) and by eliciting direct transcriptional 
responses in immunity cells [14].

To the contrary, a Western-style diet, rich in animal proteins and fats, by means of an 
increased bile salts secretion, has a selective effect on bile-resistant and sulphate-reducing 
bacteria, with a proteolytic and putrefactive action. Moreover, proteolytic bacteria metaboli-
tes, such as hydrogen sulphide and secondary bile acids, are believed to promote the onset of 
“Western diseases”, such as colon cancer and chronic systemic disorders [28].

Gut Microbiota interacting with Chronic Kidney Disease 

Chronic kidney disease (CKD) is a worldwide public health problem, with an increased 
incidence in the last years [29]. 

CKD is strictly associated with the incidence of cardiovascular disease (CVD); in this 
setting, multiple risk factors, such as diabetes, hypertension, obesity, dyslipidemia, inflam-
mation, oxidative stress and malnutrition, contribute to kidney disease progression [30, 31].

Recent studies showed a fundamental role of nutritional management in CKD. After all, 
it is well established that some dietary patterns, like the Mediterranean Diet, play a protecti-
ve role by controlling cardiovascular risk factors [1]. 

The effect of nutrition, based on the principles of the Mediterranean Diet, was evaluated 
by Khedidja Mekki et al. in a group of non-dialysis CKD patients. Their results showed a posi-
tive effect on renal function, as reported by a stable Glomerular Filtration Rate [2]. 

In this context, an active involvement of gut microbiota in the onset and/or in the pro-
gression of kidney disease is conceivable. 

A recent and elegant demonstration of this hypothesis comes from a study showing that 
TNF family members B cell activation factor (BAFF) signalling is implicated in the pathoge-
nesis of Immunoglobuline-A Nephropathy (IgAN). In the presence of excess BAFF, as in BAFF-
Tg mice, some B cell subsets expand abnormally and B cell tolerance to self-antigen is pertur-
bed. These mice develop an IgA-driven nephritis: the development of this condition, which is 
commensal microbiota-dependent, involves a breakdown in the normal barrier between the 
mucosal and peripheral compartments [32].

Consistently, our research group recently studied faecal microbiota from a population of 
IgAN patients, comparing it with healthy subjects: we found both a reduced diversity and an 
induced dysbiosis in IgAN patients compared with controls (Unpublished data).

As evidenced in other gastrointestinal and systemic diseases [33], also in CKD a gut 
microbiota dysbiosis is present. For instance, Vaziri ND et al. showed that certain families in 



 Kidney Blood Press Res 2014;39:114-123
DOI: 10.1159/000355785
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 118

Montemurno et al.: What Would You Like to Eat, Mr CKD Microbiota? A Mediterranean 
Diet, please!

the Bacteroidetes and Firmicutes were less prevalent in the uremic rats, especially in Lacto-
bacillaceae and Prevotellaceae species [34] . 

On the other hand, it has been demonstrated that in CKD patients a compensatory me-
chanism occurs, as a consequence of nephrons failure. This mechanism, aimed at the eli-
mination of waste products and the preservation of electrolytes, involves the colon as a re-
placement excretion system. A massive urea discharge and uric acid and oxalate epithelial 
secretion occurs [34], altering colonic microenvironment and subsequently affecting the gut 
microbial population [35].

In addition to microbiota modelling in CKD, other studies have reported that hemo-
dialysis patients, as compared with control subjects, have a significantly minor dietary fibres 
intake, an important source of fermentable carbohydrates in the colon [36]. Moreover, in 
these patients, an altered protein assimilation in the small intestine, with the consequent 
increase in abundance of dietary protein bio-availability in the colon has been observed. 
This leads to a decreased amount of available carbohydrate in the large intestine, favouring 
a switch from a saccharolytic to a proteolytic catabolism. In this context, bacteria hydrolyze 
urea, carrying to high ammonia concentration and alkaline pH, which in turn favours prote-
olytic species proliferation [37]. 

Protein fermentation leads to the generation of different waste metabolites, such as 
phenols and indoles, mainly represented by p-cresol and indoxyl sulphate, which are known 
as the main uremic toxins found in CKD patients and promoting disease progression. In fact, 
the administration of indoxyl sulphate in uremic rats induced the renal expression of genes 
related to tubulointerstitial fibrosis, such as TGF-beta 1, tissue inhibitor of metalloproteina-
se, and pro-alpha 1 collagen [38]. 

Besides being involved in merely metabolic processes in health and disease, microbiota 
could also explain inflammatory and oxidative co-morbidities found in CKD. 

Uremia per se alters the intestinal barrier integrity, inducing an increase in intestinal 
permeability, probably by colonic epithelial tight-junction disruption [27]. The increased in-
testinal permeability allows bacterial translocation, which is responsible for endotoxemia. 
In detail, endotoxin is a potent immune system activator which induces the inflammatory 
cascade and leads to systemic, low-grade inflammation.

Future perspectives: lessons from Hippocrates 

The emerging concept regarding the relationship among food, microbiota and health is 
the existence of “modifiable risk factors” which are strictly dependent on diet.

Accumulating evidence indicates that a highly diverse microbiota is associated to gene-
ral healthy conditions, promoting resilience and homeostasis [8]. On the other hand, diffe-
rent factors, primarily diet but also antibiotics and lifestyle, acting as perturbing factors, may 
induce a dysbiosis status which, in turn, is correlated with a number of pathologies, ranging 
from metabolic to immunologic and psychic diseases [20, 33]. 

Given microbiota plasticity, it is arguable that dietary interventions could positively 
affect health status, either by keeping a physiological gut flora or by helping to reverse a 
dysbiosis situation: gut microbiota may be considered as a novel and holistic target for 
non-pharmacologic treatments in a variety of pathological settings.

In the context of microbiota-pathology connection, chronic kidney disease deserves a 
special mention. As already stated, it is known that some bacterial metabolic products, such 
as p-cresol and indoxyl sulphate, are the main uremic toxins: notoriously, the price to pay for 
the symbiotic relationship between humans and microbiota is the need for human excretion 
system to deal with microbial waste, and this becomes critical when kidney function is im-
paired [15]. 

The possibility of acting directly on gut microbiota in order to improve uremic toxins 
accumulation has been explored in a number of studies [39]: currently, many efforts are 
directed towards the modulation of colonic microenvironment and bacterial growth, sub-
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sequently blocking LPS and attenuating systemic inflammation, or in limiting intestinal ab-
sorption of microbial derived uremic toxins [15].

It is well assessed that uremic toxin production is increased by a high protein/carbohy-
drates intake ratio, which fosters saccharolytic bacteria displacement in favour of proteolytic 
ones. While carbohydrates degradation releases mainly SCFA, which are known for their 
beneficial effects, protein metabolism leads to the production of a variety of compounds, 
among which the precursors of p-cresol and indoxyl sulphate, the main uremic toxins [40]. 
Moreover, an increasing body of evidence suggests that uremic toxin accumulation leads to 
an accelerated progression of CKD [41], and uremia is, in turn, responsible for a general sta-
tus of gut dysbiosis [34] , in a vicious circle.

For the reasons mentioned above, the Mediterranean Diet with its abundant supply 
of complex carbohydrates and its low levels of animal proteins, represents an ideal dietary 
scheme for CKD patients, leading gut microbial metabolism towards a saccharolytic profile 
and favouring the shortening of colonic transit time, which is another factor positively cor-
related with bacterial toxins generation [15]. On the contrary, the Western diets, with their 
high protein/carbohydrates ratio, apart from being related with a variety of “western disea-
ses”, are the least recommended for CKD patients. Figure 1 summarize the complex relation-
ship between these three actors: diet, microbiota and kidney, in the context of renal disease.

Indeed, several studies demonstrated the beneficial effects of the Mediterranean diet 
also in other pathological contexts, such as non-alcoholic fatty liver disease [42] and Crohn’s 
disease [43]: these effects are believed to be mediated by gut microbiota.

The intriguing perspective to keep renal disease under control through a nutritional, 
non-pharmacological approach, slowing down the disease progression and attenuating the 
related comorbidities effects, is now far from an utopian idea. This is confirmed by studies 
in other disease models, such as immune-mediated pathologies, which demonstrate a quick 
and sharp effect of diet on microbiome and subsequently on the onset of the disease [44].

In our opinion, a desirable and innovative approach for CKD and HD patients should 
consider the association between a nutritional regimen based on the Mediterranean Diet 
model with symbiotic or probiotic/prebiotic formulations administration. 

Probiotics, as defined by the Food and Agriculture Organization and the World Heal-
th Organization, are “live microorganisms which when administered in adequate amoun-
ts confer a health benefit on the host”. They are constituted by the “beneficial bacteria” of 
the human gut microflora and can be administered orally to re-establish intestinal balance. 
Probiotic health-promoting action is supposed to be mediated by different mechanisms of 
action, including pH modulation, anti-bacterial compounds production, competition with 
pathogens [45].

Prebiotics are food indigestible molecules, usually oligosaccharides or complex saccha-
rides, that are used as fermentation substrates and stimulate proliferation and activity of be-
neficial intestinal bacteria. Symbiotics are a formulation of either probiotics and prebiotics, 
with a synergic and integrated effect on gut flora balance and in health promotion.

In CKD context, the use of probiotic/prebiotic/symbiotic could be a potential interesting 
adjuvant treatment. This idea originates from the emerging concept of “enteric dialysis”, i.e. 
the removal of uremic toxins by means of orally administered gut flora microorganisms. 
In this branch of research, many studies revealed interesting insights on the relationship 
between probiotic administration and uremia. An in vitro study showed that Lactobacillus 
delbrueckii, after cycles of exposures to urea-rich medium, is able to significantly reduce 
plasma urea concentrations, opening new horizons on the possibility of probiotic therapeu-
tical use in CKD and HD patients [46]. In an animal model of CKD, two probiotic formulations 
revealed efficacy in survival prolongation, in blood urea-nitrogen lowering, and in slowing-
down disease progression [47].

In humans, a Bifidobacterium longum (fermentative species) probiotic formulation in 
a gastro-resistant capsule, was administered to HD patients, which usually undergo a de-
rangement in intestinal microbiota with a shift towards putrefactive bacteria, and was able 
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to restore balance in gut microflora, to lower indoxyl sulphate, p-cresol, triglicerides and 
homocysteine (probably by means of vitamin B12 and folate produced by the own Bifido-
bacteria) serum levels [48].

Interestingly, Bifidobacteria administration reduces serum phosphorus levels, noto-
riously elevated in HD patients. This effect is probably due to the lowering of intestinal pH 
(because of acetic and lactic acids produced by B.), which increases intestinal calcium ioni-
zation. Ca++ in turn, acts as a natural phosphate binder, inhibiting P intestinal absorption 
[49]. Other clinical studies carried on humans confirmed the beneficial effects of a probiotic 
formulation, which reduced urea serum levels in stage 3 and 4 CKD patients [45, 47]. 

An alternative strategy aimed at re-establishing balance in microbiota could be the 
faecal transplantation, an emerging therapeutic practice mainly experimented in gastroin-

Fig. 1. The social network between diet, gut microbiota and kidney in CKD. In CKD, gut microbiota dysbiosis 
is present, leading to a prevalence of proteolytic species and to an increase in microbial uremic toxins 
(p-cresol and indoxyl sulphate). The impaired renal function, in turn, worsens the dysbiosis status and 
leads to an altered intestinal permeability and to low-grade inflammation. All this factors contribute to 
disease progression. In this context, a Western-style Diet contributes to the worsening of the dysbiosis, 
promoting the selective proliferation of proteolytic species. The Mediterranean Diet, by leading gut 
microbial metabolism towards a saccharolytic profile, can restore gut microbiota balance, ameliorating CKD 
conditions and slowing down disease progression.
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Abstract
Dietary salt restriction is one of the most important non pharmacological intervention in the 
management of hypertension and cardiovascular complications. In Chronic Kidney Disea-
se(CKD) patients, observational and recent interventional studies investigating the relations-
hip between sodium intake and renal outcomes suggest that  low salt diet is warranted in this 
high risk category of patients.  Moreover  reducing and maintaining a low salt intake in these 
patients plays a fundamental role for maximizing the beneficial effect of ACE inhibitors on 
CKD progression.  On the other hand, in hypertensive patients there is experimental evidence 
indicating that a very low sodium diet (<50 mEq/day) generates a pro-inflammatory phenoty-
pe characterized by an increase in Procalcitonin and TNF-alpha and a reduction in an anti-in-
flammatory cytokine like Adiponectin. In this brief review  the main mechanisms whereby salt 
intake may determine kidney damage and  studies showing that salt restriction may have a 
beneficial effect in  CKD patients will be discussed.

Introduction

The question whether salt can be eaten or not, has scriptural origins and the notion 
of a relationship between salt and blood pressure was around as long as 4,000 years ago, 
when an erudite Chinese emperor Huang Ti described the connection between salt and a 
“hardened pulse”. Nowadays, notwithstanding the fact that for many scientists salt is the most 
suspected environmental factor which may influence blood pressure and the atherogenesis 
process, the potential impact of salt on hypertension related morbidity and mortality is still 
passionately debated. Indeed on one side, i.e. against the recommendation to reduce salt 
intake, some acquainted scientists argue that results from the dietary sodium intake and 
mortality of the National Health and Nutrition Examination Survey (NHANES I and III) [1, 2] 
do not support current recommendations for routinary reduction of sodium consumption. 
On the opposite side, i.e. in favor of the theory that salt is harmful to human health and 
therefore reducing salt consumption is an issue of public policy, Mac Gregor published an 
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editorial where new evidence is supported in favor of reducing salt consumption [3]. The 
editorial stemmed from a recent meta-analysis by Taylor and coworkers on the effect of salt 
reduction on Cardio-Vascular (CV) events and mortality [4]. In their meta-analysis, Taylor 
et al. summarized the results stating that “Cutting down on the amount of salt has no clear 
benefits in terms of likelihood of dying or experiencing cardiovascular disease”. Mac Gregor 
et al. statistically revised the data reported in the meta-analysis , reaching a quite strikingly 
different conclusion that just a modest reduction in dietary salt causes a 20% decrease in 
CV events. This apparent incongruence was attributed to methodological flaws in Taylor’s 
manuscript and the “revised” conclusions in the editorial reiterate that “a reduction in 
population salt intake will have major beneficial effects on health along with major cost 
savings in all countries around the world” [3]. Moreover, evidence is emerging that reduced 
salt intake has a beneficial effect on an important clinical outcome such as a stroke. In fact, 
a meta-analysis of 13 prospective studies including 177,000 participants demonstrated that 
a high salt intake was associated with a greater risk of stroke [5]. However, in this meta-
analysis no association between salt intake and all CV events or total mortality was found. 
Generally speaking, the relationship of salt intake to blood pressure (BP) documented in 
many observational studies and clinical trials [6-7] is the basis for the belief that restriction 
in dietary sodium intake will prevent BP-related CV events and the WHO recommend a 
reduction to <2 g/day sodium (5 g/day salt) in adults. Current salt intake is high , especially 
in high-risk groups and the question is whether it is too high in patients with CKD. Therefore 
the salt controversy is even more challenging in such a high risk population. Apart from the 
scientific strength of the salt-BP relationship and CV disease the hot topic which deserves 
thorough discussion is the relationship between salt intake and the kidney. In this manuscript 
two main areas will be touched upon: 1) The mechanisms whereby salt intake may contribute 
to kidney damage 2) Evidence that Salt restriction may be directly and indirectly beneficial 
in CKD patients.

The mechanisms whereby salt intake may contribute to kidney damage

In CKD, attempts to slow down the deterioration of kidney function and its CV 
complications are the main therapeutic targets. Salt excess may promote renal dysfunction 
and CKD progression by direct and indirect mechanisms [8], see Figure 1. High sodium intake 
increases extracellular volume as documented in CKD patients where eGFR and extracellular 
volume were inversely related, i. e. kidney dysfunction was associated to an increase 
in extracellular volume. Moreover high salt intake is a potent risk factor for glomerular 
hyperfiltration [8] and the consequences of these hemodynamic alterations are focal 
glomerusclerosis and proteinuria. The interpretative model which is centered on glomerular 
hemodynamics has been a cornerstone of modern nephrology [8] and it represents a 
paradigm for the interpretation of renal diseases. On the other hand, high salt intake 
stimulates the synthesis of pro-inflammatory cytokines such as TGF beta [9] which enhances 
fibrosis in the kidney and in the heart as well. Moreover an increased oxidative stress due 
to high salt intake, always accompanied by a suppression of the renin-angiotensin system, 
was documented in vascular tissues in experimental models of salt-sensitive hypertension in 
normal rats undergoing a high salt diet and in rats affected by mineralocorticoid hypertension 
[10]. These experimental findings could be of importance in CKD patients because only a 
minority of these patients reached the recommended target of salt intake [11] and because 
salt sensitivity, a well-known phenomenon linking high blood pressure to salt intake, 
increases as renal function deteriorates [8]. An enhanced production of reactive oxygen 
species (ROS) was also found in the renal cortex of normal rats and in striated muscle micro-
vessels and cerebral vascular beds of other animal models undergoing a high salt diet [10]. 
These findings are fully in keeping with other observations in experimental models showing 
that very strict sodium diet reduces ROS production associated with angiotensin II–mediated 
hypertension [10]. In the aggregate, these experimental observations are compatible with 
the hypothesis that an increased oxidative stress may represent a direct mechanism by 
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which high salt intake may trigger renal function loss in CKD patients [10]. High salt intake 
is also a mechanism of primary importance in CKD patients because it triggers sympathetic 
activity [12], which in turn contributes to renal function deterioration [13]. Although the 
World Health Organization recommends a target salt intake of 100 mEq/day, large scale 
studies show that as much as 80-90% of CKD patients are out of the recommended target 
[10]. This may partially explain why hypertension is so prevalent in CKD patients, with data 
indicating that up to 70% of them are hypertensive. Therefore, high sodium intake affects 
BP, proteinuria and glomerular filtration and considered that salt intake is a modifiable risk 
factor, it is of paramount importance to consider the role of dietary sodium restriction on the 
response of anti-hypertensive therapy in CKD patients. 

Salt restriction may be directly and indirectly beneficial in CKD patients

There is recent evidence that salt excess may attenuate the antihypertensive and 
anti-proteinuric effects of renin-angiotensin system blockers in CKD patients. Slagman 
MCJ and co-workers performed a randomized controlled trial [14] to assess the efficacy 
on proteinuria and BP of non-pharmacological (dietary restriction) or pharmacological 
[angiotensin receptors blockers (ARB) at maximal dose] interventions, or the combination 
of these two treatments, in 52 patients with non-diabetic nephropathy who were already 
treated with ACE inhibitors at maximal dose. Patients were treated, in random order, by 
angiotensin receptor blockers (ARB) or placebo, each combined with a low (50 mEq/L) and a 
high (200 mEq/L) sodium diet. It was found that the reduction of proteinuria by the addition 
of a low sodium diet to the ACE inhibitor was higher than that achieved by the addition of 
ARB to the same drug and was comparable to that provided by the simultaneous use of ARB 
and low sodium diet, suggesting a fundamental role of salt intake in the anti-proteinuric 
response to pharmacological treatments in CKD patients. Low salt intake as a modifier 
of the anti-proteinuric effect of ACE inhibitors in CKD patients was also investigated in a 
recent post-hoc analysis of the REIN 1 and 2 trial [15]. Vegter S et al. studied the association 
between salt intake, proteinuria and progression to End Stage Kidney Disease (ESKD) in 
500 non-diabetic CKD patients who were treated with Ramipril and who underwent a serial 
24h urinary collection for measuring sodium and creatinine over a 24-month follow-up 
period [15]. The study hypothesis was that the reduced anti-proteinuric effect of Ramipril 
in CKD patients with high salt intake might translate into less effective protection by ACE 

Figure 1.
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inhibition against ESKD progression [15]. During a 4-year follow-up period, Vegter S et al. 
showed that the incidence of ESKD increased in close parallel with salt intake, the incidence 
of ESKD being 6x 100 patient-years in patients on a low sodium diet (< 100 mEq/g), 8x100 
patient-years in those on a medium sodium diet (100-200 mEq/g) and 18x100 patient-years 
in those with a high sodium diet (> 200 mEq/g). To put this in perspective, a 100 mEq/g 
increase in urinary sodium/creatinine excretion ratio was associated with a 40% increase 
in the risk of ESKD regardless of baseline proteinuria and other risk factors. Interestingly, 
in these patients the link between salt intake and the risk of ESKD disappeared after data 
adjustment for changes in proteinuria over time suggesting that in CKD patients treated 
by ACE inhibitors, the increase in proteinuria is a primary mechanism by which high 
sodium intake accelerates the progression of CKD toward ESKD. On the other hand, the 
most intriguing finding in this study is that sodium intake seems to be an effect modifier 
of the protective role of RAS inhibition on proteinuria because the efficacy of Ramipril on 
this important outcome was highest in patients with a low sodium intake, intermediate in 
those with a medium sodium intake and virtually abrogated in patients with a high sodium 
intake. However, because these results originate from a secondary analysis of a RCT, the 
hypothesis that sodium intake could modify the anti-proteinuric effect of Ramipril deserves 
to be further confirmed in other specifically designed randomized clinical trials. The findings 
which emerged in Vegter’s study are consistent with other studies in the same field which 
coherently show that the reduction in salt intake is associated with a marked reduction 
in proteinuria [8]. However, recommending a very low salt intake in humans should be 
carefully considered because at least in hypertensive patients, a recent randomized clinical 
trial documented that an extremely low sodium diet (< 50 mEq/day in urinary sodium) 
generates a pro-inflammatory phenotype characterized by an increase in procalcitonin and 
TNF-α and an opposite effect on an anti-inflammatory cytokine like Adiponectin [16]. More 
recently in CKD patients, McMahon EJ et al. performed a double-blind placebo controlled 
randomized cross-over trial [17] aimed at evaluating the effects of dietary sodium intake 
on blood pressure, proteinuria, arterial rigidity and extracellular volume in stages 3-4 CKD 
patients. In this study, salt restriction was linked to a significant reduction in 24h ambulatory 
BP, extracellular volume, albuminuria and proteinuria and the magnitudes of these effects 
were higher than that reported in patients without CKD. These results emphasize the effect 
of a non-pharmacological intervention, namely sodium restriction, on a reliable marker of 
kidney disease such as proteinuria and they are closely related to the observations reported 
by Vogt et al. [18] in proteinuric patients without diabetes in whom the effect of sodium 
restriction (< 90 mMol/day) on proteinuria was similar to the effect of Losartan 100 mg in 
the same patients [18]. An interesting observation emerging in McMahon’s study is that the 
reductions in proteinuria and albuminuria were fully independent of BP changes over time. 
Taken together, these observations are in keeping with the hypothesis that CKD patients may 
benefit from salt restriction and evidence is provided to support the recommendations of 
salt restriction in CKD patients.

Conclusions

Salt intake is a strong and independent predictor of cardiovascular and renal events in 
CKD patients. Reducing and maintaining a low salt intake is a pre-requisite for maximizing 
the beneficial effect of ACE inhibition on CKD progression. Although studies with longer 
intervention times and larger sample sizes are needed to confirm these benefits, sodium 
restriction should be emphasized in the management of patients with CKD as a means to 
reduce CV risk and risk for CDK progression. 

Due to the fact that the issue of high salt intake in CKD patients is of similar magnitude to 
that of blood glucose control in diabetics, a randomized clinical trial testing the effectiveness 
of a self-management approach based on urine sodium monitoring at home to improve 
hypertension control and clinical outcomes and autonomy in CKD patients represents an 
absolute public health priority.
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Abstract 
Patients affected by end-stage renal disease (ESRD) show quite lower physical activity and 
exercise capacity when compared to healthy individuals. In addition, a sedentary lifestyle 
is favoured by lack of a specific counseling on exercise implementation in the nephrology 
care setting. Increasing physical activity level should represent a goal for every dialysis 
patient care management. Three crucial elements of clinical care may contribute to sustain a 
hemodialysis exercise program: a) involvement of exercise professionals, b) real commitment 
of nephrologists and dialysis professionals, c) individual patient adaptation of the exercise 
program. Dialysis staff have a crucial role to encourage and assist patients during intra-dialysis 
exercise, but other professionals should be included in the ideal “exercise team” for dialysis 
patients. Evaluation of general condition, comorbidities (especially cardiovascular), nutritional 
status and physical exercise capacity are mandatory to propose an exercise program, in either 
extra-dialysis or intra-dialysis setting. To this aim, nephrologist should lead a team of specialists 
and professionals including cardiologist, physiotherapist, exercise physiologist, renal dietician 
and nurse. In this scenario, dialysis nurses play a pivotal role since they guarantee a constant 
and direct approach. Unfortunately dialysis staff may often lack of information and formation 
about exercise management while they take care patients during the dialysis session. Building 
an effective exercise team, promoting the culture of exercise and increasing physical activity 
levels lead to a more complete and modern clinical care management of ESRD patients.

Introduction

Patients affected by end-stage renal disease (ESRD) show quite lower physical 
activity and exercise capacity [1-3] when compared to healthy individuals. Muscle strength 
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and aerobic capacity are extremely limited in hemodialysis (HD) patients [4-6]. Uremic 
intoxication, anemia, mineral and metabolic abnormalities, cardiovascular comorbidities 
and uremic sarcopenia [7, 8] may explain the low physical performance in ESRD patients. In 
addition, a sedentary lifestyle and an insufficient counseling in the nephrology care setting 
contribute to low physical activity [9].

An increment of physical activity level should represent a goal of the clinical care 
management, but several barriers prevent a widespread implementation of physical exercise 
programs in dialysis units [10]. 

Three crucial elements may contribute to sustain a hemodialysis exercise program: 
a) involvement of exercise professionals, b) real commitment of nephrologists and dialysis 
professionals, c) individual patient adaptation of the exercise program.

This is in agreement with Bennet’s sentence: “patients can increase the amount and 
the quality of exercise if the dialysis center they are attending has a culture of exercise” [11]. 

Despite the evidences leading to recommendations for increasing physical activity in 
patients with ESRD, the implementation of physical exercise programs is still uncommon in 
most of the dialysis units [12].

A major reason is that the HD population is quite heterogeneous from a clinical 
and physical point of view. Exercise programs must be tailored to physical capacity and 
comorbidities of each patient who must enter the decision making process. This is the main 
way for a correct and safe implementation of physical activity in ESRD patients [13, 14]. 
Dialysis nurses have a crucial role to encourage and assist patients during intra-dialysis 
exercise but they need to develop knowledge and skillness to assist patients during their 
intradialysis exercising. This strengthens the need of involving exercise professionals in an 
exercise team in dialysis. 

In summary, evaluation of general condition, comorbidities (especially cardiovascular), 
nutritional status and physical exercise capacity are mandatory to propose an exercise 
program, during the extra-dialysis or intra-dialysis time, or both [15]. Nephrologists should 
lead a team of specialists and professionals including cardiologist, physiotherapist, exercise 
physiologists, renal dieticians and nurses. You can say…. “we have a dream”…. since many 
dialysis center have not all these resources, but our experience allow to say…. “yes, we can” !

The Exercise Team 

In our own experience, several years ago we began the implementation of physical ac-
tivities in ESRD patients by an extra-dialysis program. At first, it involved only younger pa-
tients with low comorbidities [16]. We included patients able to complete a treadmill test, 

Fig. 1. The ideal Exercise team.
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by a sports medicine 
physician. The train-
ing sessions were 
performed 2 times a 
week, on non-dialy-
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sis days, for 12 months. Duration of each session was up to 90 minutes including a warm-up 
phase of stretching exercises (15-20 minutes) followed by 20-50 minutes of cycling on an 
electronically braked cycle ergometer and finally followed by a recovery phase. The intensity 
of the exercise was submaximal – that is, under the anaerobic threshold (S1), not exceeding 
60% of peak VO2 consumption. All the sessions were held in a gym outside the hospital, with 
the supervision of a skilled exercise physiologist together with a dialysis nurse or a nephrolo-
gist of the dialysis unit. 

The exercise training we used, namely an outpatient supervised program in a gym, was 
very well accepted by the patients who enjoyed this activity. No significant unwanted or 
side effects were recorded. A very positive aspect was the favorable psychological impact 
on the patients: after a few months they reported “to feel better” like “quite normal“ people. 
However, this approach excluded elderly patients and those with severe comorbidities, who 
represent the majority of the common dialysis population. 

Thus, with the aim to involve more patients, other types of exercise training were 
proposed: home exercise rehabilitation programs, exercise training in in-hospital gym or 
exercise activity during the course of the HD session [17]. 

All the patients were offered training during the HD sessions (thrice weekly). Based 
on assessment of the single patient capabilities, physiotherapist prepared and showed the 
exercise schedule, while dialysis nurses gave their support when needed. Patients performed 
low-intensity exercises for coordination, muscle strengthening and flexibility for 10’ up to 
30’ during the first 2 hours of the dialysis session. Three out of 4 patients who were unable 
to walk, recovered walking capacity and, 3 months later, they could perform a 6MWT. 

In addition, two different programs of extra-dialysis training were carried on in stable 
uncomplicated HD patients, provided adaptation to the patient’s clinical conditions and 
physical capability. Baseline physical performance was evaluated by a physiotherapist using 
3 different tests: - diary and pedometer recordings of walking daily activity. - six minutes 
walking test (6MWT), as a well validated test of submaximal performance capacity, - treadmill 
test, as a measure of endurance capacity. 

Then we offered, based on patient’s willingness and physical capability, two types of 
programs:

a) advised-walking program, namely a home exercise training program 
b) supervised-walking program, namely a home exercise training program plus an 

additional supervised training twice a week in a in-hospital gym, including a treadmill and a 
workout with an upper limb ergometer crank.

Patients were trained to adjust exercise intensity using the Borg scale, as a measure of  
fatigue.

In both groups, physical performance increased dramatically with time, expecially in 
the advised walking group. Our experience was in keeping with the data of the literature and 
clearly showed that physical performance can be safely enhanced in hemodialysis patients.

The engagement of experts in physical therapy (namely physiotherapist and exercise 
physiologist) contributed to the efficacy and safety of individually prescribed exercise 
programs. This can reduce this workload from the hemodialysis staff who often considered 
intra-dialysis exercise a disturbing factor during their duty [18, 19]. Following nephrologist’s 
indication and prescription, exercise professionals can coach and encourage dialysis staff 
to embrace exercise as a part of the patients’ prescription [20, 21] and may contribute to 
increased confidence of the dialysis staff with exercising. It have been reported that if exercise 
professionals are not involved, dialysis staff prioritize other tasks and patient exercise rates 
fall down [22].

In our experience during the periods assisted by physiotherapist, the adherence to 
treatment programs was over 80%. Unfortunately, without the presence of the therapist, 
focus on the activity decreased greatly in a few months.
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We agree with the Authors [23] who claim that exercise professionals should be present 
in a dialysis unit at least for 2 days a week, so that they can see all the patients once at least. 
Exercise professional involvement greatly contributes to increase the ‘‘exercise culture’’ in 
the hemodialysis units, the only way to create a sustaining good practice. 

Another concern is the age of the patients: dialysis staff often view the HD patients as 
being too old to exercise. In our experience elderly hemodialysis patients responded better 
than younger ones to exercise programs. Younger patients often refuse adapted physical 
activity, feeling dwarfed by rehabilitative programs while older patients are excited to be 
considered and taken care. Our experience is in keeping with the statement that age is not a 
barrier to exercise in hemodialysis.

Finally, a renal dietician can be usefully included in the “ exercise team”. He or she can 
perform an assessment of nutritional status and give individual dietary recommendations, 
depending on the type and duration of exercise, the distance from the dialysis session, and 
co-morbidities (for example diabetes). In addition renal dietician can contribute to assess 
nutritional status and to provide counseling focused on changes of the life style. 

Final Considerations

Dialysis patients represent a quite sedentary population, and inactivity is associated 
with disability and poor outcomes. Unfortunately, a low frequency of physical activity 
assessment and exercise counseling occur in most of the dialysis units. 

So the question arises on what strategies may work to enhance an effective 
implementation of exercise programs in our dialysis units. A first step maybe the creation of 
an exercise dialysis team including nephrologist, sports medicine clinician, physiotherapist, 
nurses, exercise physiologist and even renal dietician. 

The following may be 10 suggested items for a safe and effective implementation of 
physical exercise in dialysis patients:

1. Involvement of exercise professionals 
2. commitment by dialysis and medical staff
3. careful assessment of patient’s physical capacity
4. single patient’s tailored prescription of exercise program 
5. implementation of intra-dialysis exercise when possible 
6. avoiding repetitive or boring exercise schedules 
7. exercise professionals should be present when commencing intra-dialysis exercise
8. regular assessment of patient’s physical capacity 
9. use of diary recall and/or pedometer to record habitual daily physical activity 
10. providing of adequate equipment

A real commitment by dialysis and medical staff is mandatory. Exercise must be seen as 
in integral component of the clinical care management of ESRD patients. Actually, improving 
physical function, quality of life, psychological status other that muscle mass and strength are 
specific effects of exercise training. Tailoring exercise program on patients’ physical capacity 
is essential to prevent feelings of inadequacy and for a correct and safe implementation of 
physical activity.
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Abstract
The inter-organ cross-talk and the functional integration of organ systems is an exceedingly 
complex process which until now has been investigated with a reductionist approach. CKD 
perturbs the inter-organ cross-talk and demands central resetting of autonomic (nervous) 
control of organ systems. Due to limitations inherent to the reductionist approach, we 
currently identify CKD-related pseudo-syndromes and largely fail at describing the complex 
systemic inter-relationships set into motion by renal damage and renal dysfunction. A mature 
technology for a system-analysis approach to physiology and pathophysiology of CKD now 
exists. System biology will allow in depth understanding of complex diseases like CKD and will 
set the stage for predictive, preventive and personalized medicine, a long-standing dream of 
doctors and patients alike.

Introduction

Over the last two decades, clinical nephrologists have been increasingly attracted 
by biomarkers research as an unique opportunity to make prognostic estimates and to 
inform clinical decisions about therapy. Biomarkers provide essential information to 
define clinical phenotypes and as such are central to prognostic and therapeutic research. 
Creatinine, albumin and other biomarkers including cardiac biomarkers like BNP and pro 
BNP are precious for the definition of chronic kidney disease (CKD) and of the attendant 
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cardiovascular risk. Furthermore the several biomarkers of organ dysfunction which have 
been discovered over the last decades are intensively applied to perform detailed studies 
of patho-mechanisms underlying CKD in the clinical scenario and formidable new tools [1] 
will soon allow the study of the same patho-mechanisms in a dynamic manner, an issue we 
will touch upon in the closing of this non-systematic overview of the problem. The genome 
remains of course of fundamental importance but herein we will not deal with genes and 
genetic epidemiology.

Pathophysiological underpinnings of CKD as a systemic disease: framing the 
problem

Growth is perhaps the most fascinating and formidable biological phenomenon in 
complex organisms. In humans body mass at birth is about three kilograms and in adults 
is 70-80 kilograms or over, i.e. > 20 times higher than at birth. The challenge for the human 
body during growth and adulthood, is to harmonize the growth of all parts that make up 
the whole fabric and to maintain the functional coordination of all organ systems which is 
an extremely complex biological undertaking. This demands that the master regulator, the 
brain, be closely inter-related with the osteo-muscular apparatus, the cardio-pulmonary 
system, the kidney and all other organ systems. With this background in mind, I will firstly 
recapitulate some essential features of systems physiology as envisioned by Guyton to then 
elaborate on the pathophysiological complexity of CKD, a true systemic disease. 

 
Systems Physiology: Basic concepts and inter-organ cross-talk

Cardiovascular homeostasis and the pressure-natriuresis curve
The basic graph applied by Guyton to interpret the organ systems response to 

environmental or endogenous perturbations, plots in a time scale the organ systems 
response defined in terms of “gain” i.e. the degree to which a feedback system can correct any 
perturbation of the steady state in the same systems  [2], that is, the amount of correction of 
the deviation -an increase or a decrease of the physiological function in question- divided by 
the residual degree of deviation. When a control system corrects the effect (a deviation) of a 
given perturbation minimally, its feedback gain is near to 0. When it corrects the same effect 
completely, its gain is infinite. A classic example is the cardiovascular response to factors 
that perturb blood pressure (BP) (e.g. 
blood volume loss or overload). As 
shown in Figure 1, the first system that 
enters into action when BP deviates 
from the norm is the baroreceptor 
system. This system remains operative 
for up to 16 hours and from there on 
the gain in such a mechanism declines. 
Chemoreceptors comes into play 
simultaneously with baroreceptors but 
have a lower gain than baroreceptors. 
Subsequently the ischemic response 
of the central nervous system, a 
mechanism with a higher gain, is 
activated. After about three hours, 
if the perturbation still persists the 
kidney enters into action. The kidney 
is fundamental to compensate the 
original perturbation in the long term. 

Fig. 1. Response to stimuli the alter BP. The Figure is com-
mented in the main text.



 Kidney Blood Press Res 2014;39:134-141
DOI: 10.1159/000355788
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 136

Zoccali/Tripepi/Dounousi/Mallamaci: CKD and Inter-Organ Cross-Talk

Indeed the counter-regulatory response of this organ (the pressure-natriuresis curve) has 
an infinite gain, i.e. the kidney can completely correct the BP deviation. Such a curve shows 
a characteristic exponential rise followed by an asymptotic phase implying that the kidney 
opposes the perturbation until the same perturbation remains active. Pressure-natriuresis 
does not represent a purely renal response. Indeed, the central nervous system exerts a 
relevant control on the response of the kidney to volume expansion. In volume overloaded 
rats, the activity of the renal nerves is reduced by 44%, a response of relevance for the 
disposal of volume excess by the kidney and for the correction of the BP deviation induced 
by volume overload [3].

 The reach of the central nervous system, the master regulator of organ systems, is 
of course not limited to the cardiovascular system and extends to all other organ systems 
including the bone, i.e. an organ which in a not so remote past was considered as a mere 
mineral storage organ. Indeed, a major neurotransmitter of the sympathetic system, 
neuropeptide Y (NPY), acts on specific receptors in osteoblasts to restrain osteoblast activity. 
The relevance of this neural control mechanism in experimental models in vivo is supported 
by the observation that in the NPY knockout mice trabecular bone volume is almost doubled 
as compared to wild mice [4].

Inter-organ cross-talk
Inter-organ cross-talk contributes to global cardiovascular homeostasis. Beyond the 

nervous system and baroreceptor dependent mechanisms, the heart directly influences the 
pressure-natriuresis curve by releasing cardiac natriuretic peptides (ANP and BNP). These 
peptides influence the gain of the BP curve by favoring natriuresis during volume expansion 
in pathological conditions like heart failure [5]. Likewise, the endothelium exerts a similar 
renal effect by increasing the synthesis of nitric oxide (NO), a vasodilatory gas endowed with 
powerful natriuretic properties [6]. NO synthesis is endogenously regulated by asymmetric 
di-methyl arginine (ADMA), an aminoacid which competes with arginine at the active sites 
of the enzyme which generates NO (NO synthase) thereby suppressing NO synthesis. ADMA 
infusion has an antinatriuretic effect in healthy subjects [7] and may participate into the 
counter-regulatory response to low BP conditions like septic shock (see below). Notably, 
NO and its main antagonist, ADMA, have opposite effects on the heart. Indeed NO restrains 
myocardial growth [8] while ADMA, by removing this restraint, promotes left ventricular 
hypertrophy (LVH) [9, 10]. Of note ADMA interferes with a fundamental biological function 
like the regulation of the enzyme telomerase [11], the enzyme that regulates the length of 
cell telomeres, i.e. the DNA sequence critical for setting cell life span. High ADMA shortens 
cell telomeres and reduces the life span of endothelial cells.

Over the last few decades numerous studies in experimental models and observational 
studies in healthy subjects and in patients with heart or kidney diseases, unraveled 
unsuspected links between mineral metabolism and the cardiovascular system [12]. Mineral 
metabolism is regulated by three organ systems. The intestine that absorbs environmental 
calcium and phosphate salts, the kidney that facilitates calcium and phosphate absorption 
via the synthesis of 1,25(OH)2 vit D3 that guarantees the excretion of these divalent ions, and 
the bone that incorporates and stores these ions into a complex (trabecular and cortical) 
organic-mineral structure. The parathyroid gland is fundamental for the control of circulating 
calcium and the bone per se has a leading role for the maintenance of phosphate balance via 
the bone hormone fibroblast growth factor 23 (FGF23), a peptide with powerful phosphaturic 
and 1,25(OH)2vit D3-suppressing effects. To exert its phosphaturic action, FGF23 requires 
that the tubular FGF receptor is coupled with an obligatory co-receptor, Klotho. Indeed, 
the Klotho knock-out mouse typically shows hyperphosphatemia and low 1,25 (OH)2 vit D3 
levels [13]. Due to receptor-resistance, FGF23 levels are substantially raised in this model. 
FGF23 is also a major myocardial growth factor. Importantly, the FGF receptor in myocardial 
cells does not require Klotho to respond to circulating FGF23 and therefore the Klotho null 
mouse develops marked concentric left ventricular hypertrophy (LVH) [14]. Overall, because 
its myocardial effects, FGF23 triangulates the bone-kidney connection to the heart. 
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conclusions on the value of renal denervation for hypertension control and attenuation 
of CKD progression in these patients. Nonetheless, this study is in keeping with data in 
experimental models in the rat showing that interventions that reduce sympathetic activity 
mitigate renal damage in the same models [20, 21].

 We previously alluded to the strong role of the central nervous system, namely of NPY 
[4], for the maintenance of bone mass in in mice. In this respect, there is circumstantial 
evidence that this mechanism may be operative in CKD patients. Indeed, plasma NPY is 
inversely related with bone alkaline phosphatase and with serum PTH in dialysis patients 
[22], suggesting that, like in experimental models, high levels of this neuropeptide may 
reduce bone turnover and contribute to the most frequent bone disease in this population, 
i.e. low-turnover osteodystrophy (Figure 2).

 The kidney-heart connection goes far beyond circulating blood volume and extracellular 
volume homeostasis. Indeed, reduction in renal mass modifies the very expression of a 
miriad of genes in the heart. Unilateral nephrectomy, acutely halves the GFR. However, due 
to compensatory renal growth, after just 4 weeks, rats submitted to this intervention re-
attain a nearly normal GFR and do not develop proteinuria or hypertension while circulating 
levels of renin and aldosterone as well as body fluids remain within the normal range in 
this model. Thus unilateral nephrectomy is a model of early, mild CKD. From a biological 
point of view, it is truly remarkable that even a very modest degree of renal impairment 
modifies 103 cardiac genes regulating TGF-β expression and the apoptosis pathways thereby 
inducing profound anatomical and functional modifications in the heart. In the intact rat only 
about the 2.2 % of the heart mass is fibrous, while in the nephrectomized rat the amount 
of fibrous tissue is doubled, a substantial anatomical change with negative functional (left 
ventricular end-diastolic dysfunction) implications. Furthermore, cardiac fibrosis and 
LV dysfunction gradually progress to more global LV remodeling (concentric LVH) and to 
systolic dysfunction in this model [23]. The same phenomenon may be operative in CKD. 
Indeed LV mass increases linearly at progressively lower GFR levels and concentric LVH is 
the dominant LV geometric pattern in CKD patients [24] while LV fibrosis, as measured by 
Doppler backscattering [25], goes along with LVH in these patients.

 We previously alluded to the fact that the endothelium may influence heart mass 
and structure. Indeed, NO – a substance mainly synthesized by the endothelium- restrains 

Fig. 2. Relationship between NPY plas-
ma levels and bone alkaline phosphata-
se in dialysis patients  Drawn from data  
reported  by Panuccio V. et al., AJKD 
2007;50:1001- 1008, ref. [22].

The pathophysiology underlying CKD as a 
systemic disease

The kidney is strictly interconnected with the 
central nervous system. Afferent renal nerves restrain 
central sympathetic activity. Experimental models 
and observations in CKD patients show that reduced 
renal function associates with parallel increases in 
efferent sympathetic activity [15, 16]. Sympathetic 
activity is almost doubled in dialysis patients and 
bilateral nephrectomy abrogates such an alteration 
[17] . Activation of the autonomic system occurs 
early in CKD and increases progressively as renal 
function deteriorates [15]. Importantly, the most 
effective drug class endowed with nephroprotective 
properties, ACE inhibitors, correct almost completely 
sympathetic overactivity in CKD patients [18]. A pilot 
study in patients with stage 3-4 CKD and resistant 
hypertension suggests a benefit of renal denervation 
on hypertension control as well as on proteinuria and 
the GFR [19]. However, this hypothesis-generating 
study did not contemplate a control procedure (sham 
renal denervation) and was too small to allow sensible 
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LV growth while the endogenous NO inhibitor ADMA triggers LVH. The relevance of the 
endothelium-heart link in CKD is documented by the strong association between concentric 
LVH and plasma ADMA levels in dialysis patients [10], an association which extends to pre-
dialysis CKD patients [26, 27]. 

 Of relevance, beyond the cardiovascular system, high ADMA levels impinge upon 
kidney function and on the structural integrity of the same organ. In rats with unilateral 
nephrectomy, i.e. a model of early CKD, continuous ADMA infusion by minipumps induces 
the local synthesis of TGF-β eventuating in marked interstitial renal fibrosis [27]. In keeping 
with findings in this model, renal fibrosis is a hallmark in the remnant kidney model 
(5/6 renal ablation). The importance of ADMA in renal fibrosis in the remnant model is 
demonstrated by experiments showing that transfection of the enzyme that degrades ADMA, 
dimethylarginine dimethylaminohydrolase (DDAH) reduces the expression of TGF -β and 
prevents fibrosis [28]. ADMA is likely implicated in renal damage also in humans because in 
2 cohort studies, respectively in old [29] and middle age CKD [30] patients, high levels of this 
methylarginine associated with faster CKD progression and proteinuria.

 Evidence that high ADMA may have deleterious effects on the heart and the kidney was 
gathered more than a decade ago. Yet, notwithstanding drugs that may reduce or antagonize 
ADMA are already available, therapeutic research aimed at countering the adverse effects of 
this substance lags far behind pathophysiological and clinical knowledge. Sluggish progress 
in this area is due to the almost uniquely complex inter-relationships of the NO system 
with cell biology and organ function. Indeed, depending on the clinical context, high ADMA 
may turn out to be a protective, life-saving, compound. For example, inhibition of DDAH 
in septic shock, a condition characterized by profound vasodilatation attributable to the 
massive synthesis of NO by inducible NO synthase, determines a higher survival in rats with 
experimental septic shock [31]. 

In complex organisms inter-organ cross-talk is a widespread, fundamental 
phenomenon for life and goes far beyond the heart and vascular system cross-talk or the 
cross-talk between the cardiovascular system and the kidney we have just touched upon. 
This phenomenon extends to the liver, to energy storage and energy processing organs like 
the adipose tissue and the pancreas and other organs. Of utmost importance, we have now 
evidence that an apparently secluded, mainly mineral, organ characterized by low turnover 
like the bone profoundly affects heart anatomy and function and renal function. We have 
previously alluded to the powerful effect of FGF23 (a bone hormone) on left ventricular 
mass [14] and to the parallel effect on the same parameter by ADMA [10, 26]. Intriguingly, 
recent data show that FGF23 interacts in a competitive fashion with ADMA to determine the 
risk for CKD progression in patients with renal diseases [32]. Both ADMA and FGF23 are 
inversely related with the GFR and the serum concentration of these substances increases 
in parallel as renal function deteriorates. More importantly, if we stratify CKD patients on 
the basis of FGF23 levels, the risk of progression toward kidney failure by a fixed increase in 
ADMA gradually increases at progressively lower FGF23 levels while there is no risk excess 
by ADMA in patients with low FGF23 levels. This observation conforms to experimental 
evidence in genetically engineered animals showing that in the K+/- [33, 34] mice, i.e. a 
model characterized by high FGF23 levels, exhibits a marked impairment in NO synthase 
gene expression. Thus observations in CKD patients and in experimental models suggests 
that these two factors, namely a bone hormone and an endothelial factor, are on the same 
pathway that leads to CKD progression.

Perspectives

We made examples of several inter-organ talks an focused on two or at most three inter-
organ relationships. Admittedly, this is a too simplistic, reductionist approach. The reality 
is very complex and interactions cannot be properly framed and understood by adopting 
a reductionist approach to the problem. This is exemplified by conditions characterized by 
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high renin. The health effects of high renin are characteristically context-dependent. High 
renin in the setting of high salt intake, blood volume expansion and cardiovascular disease 
associates with reduced survival (Figure 3, A). However, when high renin is associated with 
fluid loss and/or low salt intake, i.e. when this alteration represents a counter-regulatory 
response to low blood volume, it associates with longer rather than reduced survival (Figure 
3, B). To understand the consequences of the modification of a given biological factor we 
must look at the several effects that this factor may trigger and to concomitant factors 
that may modify the effects of the factor in question. The complexity is tantalizing because 
biological variables connected to the factor in question change over time and therefore to 
fully understand the chain of events set into motion when we alter the same factor we need to 
acquire longitudinal information on the whole network of variables connected to the factor 
of interest. The present reductionist approach to pathophysiology of CKD is like exploring a 
dark environment by candlelight. In the dark, we see just pieces of an exceedingly complex 
scenario and identify syndromes that do not exist, like the cardio - renal syndrome, the cardio 
- renal anemia, the CKD-MBD syndromes and the likes. We have detailed elsewhere the 
inconsistencies and the weaknesses of the so called “cardio-renal” syndrome [35] and more 
recently a similar critique has been advanced to the “CKD-MBD” syndrome [36]. Yet we have 
now new instruments for exploring the complexity of CKD. Metabolomics and metabonomics 
allow us to identify detailed risk profiles and to measure precisely the components of this 
profile. We can now investigate the evolution of risk profiles for CKD overtime rather than 
follow the mere longitudinal changes of a single or just a few factors. 

Conclusion

The inter-organ cross-talk and the functional integration of organ systems is an 
exceedingly complex process which until now has been investigated with a reductionist 
approach. CKD perturbs the inter-organ cross-talk and demands central resetting 
of autonomic (nervous) control of organ systems. Due to limitations inherent to the 
reductionist approach, we currently identify CKD-related pseudo-syndromes and largely fail 
at describing the complex systemic inter-relationships set into motion by renal damage and 
renal dysfunction. We have just a glimpse into an exceedingly complex scenario. A mature 
technology for a system-analysis approach to physiology and pathophysiology now exists. 
System biology will allow in depth understanding of complex diseases like CKD [1] and will 
set the stage for predictive, preventive and personalized medicine, a long-standing dream of 
doctors and patients alike.

Fig. 3. Context dependent effects of the activation of the Renin-Angiotensin system with survival. The figure 
is commented in the main text.
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Abstract
The pathogenesis of cardiovascular disease in CKD differs subtly from that of non-CKD 
patients. As renal function declines, the role and impact of treating classical risk factors may 
change and diminish. However, hypertension, hypercholesterolaemia and smoking cessation 
management should be optimized and may require multiple agents and approaches, 
particularly as CKD advances. Hypertension treatment would appear to be one management 
area in which performance is less than ideal. Moreover there are mechanisms and risk factors 
that are specific to CKD, capable of triggering a vascular pathology and that justify the surplus 
of CV morbidity in CKD patients and that require we consider CKD as a CV risk factor per se. In 
the initial stages of CKD it would be advisable to implement all the preventative measures to 
stem the onset of CV disease, whereas in the more advanced stages a multifactorial approach 
is likely to be necessary, as we have learned from the STENO-study within the diabetes. 

Introduction

In 1836  Richard Bright was the first to describe the association between CKD and 
cardiovascular diseases. However, only recently has it been understood that cardiovascular 
events are the major cause of death in Chronic Kidney Disease (CKD). Individuals with 
CKD have a substantially greater risk of cardiovascular disease compared with the general 
population but they have largely been excluded from clinical trials. Between the heart and the 
kidney there is a complex bi-directional relationship where damage to one of the two organs 
leads to the dysfunction of the other in a sort of vicious circle, which ultimately determines 
the amplification of the damage in both organs.  



 Kidney Blood Press Res 2014;39:142-146
DOI: 10.1159/000355789
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 143

Santoro/Mandreoli: Cardiovascular Risk in CKD Patients

The epidemiology of cardiovascular risk in CKD

Chronic Kidney Disease affects a significant quota of the population and is characterized 
by progression towards terminal uremia, with the need for replacement treatment by 
means of dialysis or transplantation. In 2004 the work of Keith, who followed a population 
of patients with CKD for several years, showed that CKD patients had a higher likelihood 
of death, above all for cardiovascular causes (CV), rather than reaching the final phase of 
the disease with the need for dialysis [1].   Many studies both in the general population [2] 
and in patient cohorts [3, 4] agree in reporting this association between renal dysfunction 
and excessive mortality for all the causes and in particular for excess of CV morbidity. The 
increased risk goes hand in hand with the progressive decline in renal function. Two recent 
meta-analyses that have taken into consideration as CKD expression the simultaneous 
presence of albuminuria, and the reduction of the glomerular filtration rate (GFR),  have 
considered the relationship between renal damage and CV risk in over 30 cohorts for a 
total of around 1,400,000 subjects [5, 6]. After adjusting for the traditional CV risk factors 
and for albuminuria, they demonstrated that the CV mortality increases in a linear way 
as GFR is reduced, starting from values lower than 75 ml/min [5, 6].  As compared with 
normal subjects, the patients with stage 3 CKD double their CV mortality risk, while patients 
with stage 4 CKD have a risk three times greater. While for the glomerular filtrate there is 
a threshold value (75-60 ml/min) that discriminates the risk, the association between CV 
risk and microalbuminuria  has a linear trend. Even values of albumin to creatinine ratio at 
the upper limits of the norm (30 mg/g) involve an increase in CV mortality [5, 6] and thus 
modest increases in microalbuminuria warrant further clinical analysis. Moreover, the fact 
that there might be a continuum between microalbuminuria and the risk of presenting CV 
events had already been evidenced in the general population in the PREVEND study [7]. 
Thus, increased levels of urinary albumin excretion confer an increased CVD risk across all 
ranges of GFR, regardless of how urine albumin excretion is assessed.

The presence of CKD is associated with a broad spectrum of cardiovascular diseases such 
as  stroke [8], peripheral arteriopathy [9] and atrial fibrillation [10], but above all coronary 
disease  [11, 12] and cardiac insufficiency [13]. Also, the presence of CKD complicates and 
worsens the prognosis of patients with acute myocardial infarction  [14]  with the need for 
coronary revascularization [15].

Diabetes and arterial hypertension are the main causes that lead to CKD, but also 
represent per se  a risk factor for CV diseases. For a long time it was thought that the surplus 
of CV risk observed in patients with CKD was the result of these two underlying pathologies. 
Contrariwise, two further recent meta-analyses of the Chronic Kidney Disease Prognosis 
Consortium [16, 17] clearly show that the reduction in GFR and albuminuria are already CV 
risk factors per se, irrespective of the presence of hypertension and diabetes. Also, Tonelli 
et al [12], examining a large dataset that included subjects of the Alberta Kidney Disease  
Network without previous Myocardial Infarction (MI)  has shown that the presence of CKD 
without diabetes confers a greater risk of MI than diabetes alone [12] and thus also CKD can 
be considered as an equivalent and independent coronary risk factor. The Authors conclude 
that CKD could be added to the list of criteria defining people at the highest risk of future 
coronary events [12].

Risk factors and pathogenetic mechanisms

Even if the risk factors and the pathophysiological mechanisms that bind CKD to CV 
disease are not yet wholly understood, and the weight that each one can have in the various 
CKD stages is not clear, some general considerations can nonetheless be formulated to 
account for the  surplus of CV morbidity and mortality observed in CKD patients:
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a) CKD often coexists with other traditional CV risk factors, such as dyslipidaemia, 
smoking, obesity, hypertension and diabetes.

b) In the initial stages of CKD, renal dysfunction could simply reflect a subclinical 
vascular damage that has not yet appeared in other target-organs. 

c) CKD patients are very often undertreated with drugs of proven efficacy in 
reducing CV risk. 

d) It is possible that the therapies that have resulted to be effective in the general 
population or in other settings are not as effective in the course of CKD. 

Framingham’s traditional cardiovascular risk factors are highly represented in patients 
with CKD, but alone they are not sufficient to justify the excess CV morbidity [18] and the 
reduced life expectancy. Alongside age, hypertension, diabetes, obesity and dyslipidaemia, 
we find non-traditional factors (endothelial dysfunction tied with an excess of inducers 
of inflammation/oxidation, anaemia, alterations of mineral metabolism and vascular 
calcifications, hyperactivity of the sympathetic system) and factors closely related to renal 
insufficiency strictly speaking (volume expansion, new uremic toxins).  The latter seem to 
have a pre-eminent role in the more advanced phases of CKD. It is likely that traditional and 
non-traditional factors do not act separately, but that there exists a continuous interplay 
and that the prevalence of one upon the other may vary depending on the disease stage and 
the age of the patients. Traditional and non-traditional risk factors may negatively act in 
conditioning either vascular damage or heart muscle damage (Figure 1).

Fig. 1. Pathogenesis 
of vascular and myo-
cardial damage in CKD 
patients (IHD Ischemic 
heart disease, PVD pe-
ripheral vascular dis-
ease).

Conclusions 

Many epidemiological studies above all in these past few years have confirmed the 
association between CV diseases and CKD, but above all they have allowed us to establish 
that the bond between the two pathologies is not solely due to the fact that many risk factors 
(smoke, obesity, hypertension, dyslipidaemia and diabetes) are in common or simply reflects 
a longer duration or severity of traditional CVD risk factors. There is evidence to support 
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both blood pressure and cholesterol reduction in the CKD population. However, there 
are mechanisms and risk factors that are specific to CKD, capable of triggering a vascular 
pathology and that justify the surplus of CV morbidity in CKD patients and that require 
we consider CKD as a CV risk factor per se. Despite this understanding, the CV diseases in 
CKD patients are often inadequately investigated and end up being underestimated. The 
risk of bleeding with antiplatelet drugs is high in CKD and these should be used with due 
caution. Although there has been recent interest in targeting non-classical cardiovascular 
risk factors in CKD, few trials have demonstrated any significant reduction in cardiovascular 
risk. Smoking cessation remains important but is poorly studied in CKD with many dialysis 
patients still smoking. Future work should focus on new management strategies and drug 
combinations that tackle the classical risk factors as well as better designed longitudinal and 
randomized controlled trials aimed at non-classical risk factors. Patients with CKD should 
be included in all cardiovascular intervention studies, given their poor outcomes without 
interventions.
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Abstract 
Exercise is a physiologic stressor that has multiple beneficial effects on cardiovascular system. 
Currently exercise training is a class I intervention as part of a multifactorial long-term process 
that includes: clinical assistance, assessment of global cardiovascular risk, identification of 
specific objective for each cardiovascular risk factor, formulation of an individual treatment 
plan with multiple intervention aimed at reduction of the risk, educational programs, planning 
of long term follow-up. This paper reviews the evidences of benefit of exercise in the most 
common heart diseases and describes the role of exercise training in  the cardiac rehabilitation 
programs.

Introduction 

The relationship between exercise and cardiovascular diseases changed, evolving from 
proscription to prescription. In the 1930s the survivors of acute coronary syndromes were 
advised to rest in bed at least 6 weeks. Nowadays exercise training (ET) is considered class 
I intervention as a part of a rehabilitation program [1]. Similarly, in the 1980s restriction of 
physical activity was considered the cornerstone of the treatment of heart failure. Currently 
ET is a class I intervention in stable patients with heart failure [2]. A number of factors led 
to this radical change in medical opinion, including progress in knowledge of biology of 
exercise, of modalities of prescription of exercise and of safety issues, not to mention the 
demonstration of the effects of multifactorial cardiac rehabilitation services in the prevention 
of cardiovascular diseases [3].

Now ET is a fundamental part of cardiac rehabilitation (CR), a branch of cardiology 
defined as “ the sum of activities required to influence favorably the underlying cause of 
the disease, as well as to ensure the patient the best possible physical, mental and social 
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conditions, so that they may, by their own efforts, preserve or resume when lost, as normal 
a place as possible in the life of the community” [4]. The aim of this paper is to review the 
evidences of benefit of exercise and the role of ET in  the cardiac rehabilitation (CR) programs.

 Effects of Exercise on Cardiovascular System 

Prolonged ET induces  functional and structural adaptations of cardiovascular, 
respiratory, musculoskeletal and metabolic systems. The quality and the size of the changes 
depend on  the type, intensity and duration of the physical activity performed. Exercise 
can  be classified according to the tension and the length of the working muscles. Isometric 
(or dynamic exercise) is the result of the contraction of large muscle group that leads to 
movement, as in running. Dynamic exercise increases heart rate and stroke volume with 
an increase of cardiac output as end result. The increase of heart rate is  proportional to 
the intensity of exercise in young and middle-aged subjects, while in the elderly patients 
the chronotropic response is often exaggerated. Systolic blood pressure tends to increase 
linearly to the workload, while diastolic blood pressure   is stable or lowers. At the same time, 
a redistribution of cardiac output occurs toward the working muscles (changing from nearly 
20% at rest up to 85% at the acme of the effort) to the heart and to the brain occurs during 
exercise. Isometric exercise (e.g. the static hand grip) is the consequence of the contraction 
of smaller muscle group without movement. This type of exercise produces  an increase 
of the vascular resistance and blood pressure, small effects on cardiac output and oxygen 
uptake.    Free-weight lifting is the prime example of the third type of exercise, resistive 
exercise, in which a combination of movement and muscular contraction occurs.  In the field 
of cardiac rehabilitation, dynamic exercise is the most helpful one for the prevention  of 
cardiovascular diseases, while the static and resistive exercises are useful when the patients 
are already conditioned, in order to improve endurance [5]. Structural changes, as concentric 
left ventricular hypertrophy, alterations in myocytes ( increase in number of mitochondria 
and myofibrils, increase in lactic dehydrogenase and pyruvate kynase activity), alterations 
in coronary arteries (increase in cross sectional area) and in coronary microcirculation 
(coronary collateral formation) have been described in the animal model as a result of 
prolonged training program. Recent advances in stem cell research and molecular biology 
shed light on the mechanism of the benefits of exercise in the domain of  endothelial function, 
endothelial repair, arterial stiffness, micro RNA and collateral growth (recently reviewed by 
Schuler G et al.) [6 ].

Complex molecular changes induced by ET lead to activation of eNOS and therefore to 
vasodilatation and increased perfusion via the higher concentration of vascular nitric oxide. 
Moreover, the mechanism proposed for the mobilization of endothelial progenitor cells 
and mesenchymal stem cells caused by exercise is the activation of bone marrow stromal-
cell-derived eNOs in the presence of matrix metalloproteinase-9. After mobilization, ET up 
regulates the cell receptor CCR-4, fundamental for the tissue engraftment of the mobilized 
cells. ET reduces arterial stiffness possibly contrasting the accumulation of advanced 
glycation end products that lead to the cross linking of collagen. Furthermore ET increase 
the arteriogenesis in the myocardium through  the recruitment of progenitor cells and the 
production of growth factor as VEGF. A novel and promising field of research is represented 
by micro  RNAs, small non-coding RNA molecules which regulate the gene expression. By 
means of acting on the expression of specific micro RNAs, ET may interfere with activation 
of eNOS (miRNA-21), angiogenesis (miR-126) and collagen synthesis (miR-29).

Role of Exercise in Cardiac Rehabilitation Programs

In the early days of CR, nearly 60 years ago, ET was the main intervention offered 
in CR programs, aimed at helping the patients in the recovery phase after myocardial 
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infarction. Nowadays ET is a part of a multifactorial long-term process that includes: clinical 
assistance, assessment of global cardiovascular risk, identification of specific objective for 
each cardiovascular risk factor, formulation of an individual treatment plan with multiple 
intervention aimed at reduction of the risk, educational programs, planning of long term 
follow-up [7].

Core Components of Cardiac Rehabilitation Programs

•	 Patient assessment    
•	 Physical activity counselling 
•	 Exercise training
•	 Nutritional counselling 
•	 Weight control management program 
•	 Lipid management
•	 Blood pressure management
•	 Smoking cessation 
•	 Psychosocial management

Considerable knowledge was acquired on safety and modality of prescription of exercise. 
If the patient  is carefully screened before the beginning of the program and supervised 
during the sessions, the CR can be considered safe, In a survey of CR programs the rates of 
non-fatal  myocardial infarction and cardiac mortality were 1 per 294,000 patient-hours and 
1 per 784,000 patient hours respectively [8].

As regards of exercise, task of the physician is to prescribe an exercise program  
tailored to the needs, comorbidity and to the functional capacity of the single patient.  The 
prescription of exercise is somewhat similar to the prescription of drugs, including the 
definition of intensity, frequency, duration, type and rate of progression. This process is 
individualized and considers functional capacity and comorbidity. For example in patients 
with chronic kidney disease, which are a frequently admitted to cardiac rehabilitation 
program because cardiovascular disease is the principal cause of morbidity and mortality 
in this population, the planning of the cardiac rehabilitation program needs to consider that 
they more often have lower physical capacity due to multiple factors (anemia, myopathy, 
polyneuropathy,  physical inactivity, immunosuppressive therapy). The ET will include 
resistance and endurance exercise, a specific exercise program for the lower body and an 
appropriate dietetic counseling [9]. Furthermore, the physician must  counsel the patient  
about how to be more physically active during the leisure time.

Benefits of Exercise-Based Cardiac Rehabilitation Programs

Cardiovascular risk factors 
ET can have a favorable effect on cardiovascular system acting on several cardiovascular 

risk factors. A meta-analysis of 72 trials on the effects of dynamic exercise showed that 
training induced significant net reductions in resting and daytime ambulatory blood 
pressure of, respectively, 3.0/2.4 mmHg (P < 0.001) and 3.3/3.5 mmHg (P < 0.01) with a 
more evident  reduction in resting blood pressure hypertensive patients (−6.9/-4.9) than in 
the others (−1.9/-1.6; P < 0.001 for all) [10]. ET can reduce triglyceride levels (-5.6% ) , but 
is ineffective against total and LDL cholesterol  concentration [11]. The effect of ET on HDL 
cholesterol is modest and it is modulated by genetic factors [12]. As regards of smoke, only 1 
out of 15 trials documented an effect of ET on smoking cessation [13], therefore it has only a 
complementary role in tobacco cessation programs.
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Chronic ischemic heart disease
Taylor et al.  analyzed nearly 9000 patients recruited in 48 trials published before 2003 

[14]. Compared with usual care, cardiac rehabilitation was associated with reduced all-cause 
mortality (odds ratio [OR] = 0.80; 95% confidence interval [CI]: 0.68 to 0.93) and cardiac 
mortality (OR = 0.74; 95% CI: 0.61 to 0.96); better control of total cholesterol level, triglyceride 
level, and systolic blood pressure and smoking. There were no significant differences in the 
rates of nonfatal myocardial infarction and revascularization, and in changes of diastolic 
blood pressure,  HDL and LDL cholesterol levels. 

The cardiac rehabilitation maintains its efficacy also in the current therapeutic context. 
More recently Heran et al.  conducted a systematic review  of 47 studies randomizing more 
than 10,000 patients to exercise-based cardiac rehabilitation or usual care. In medium to 
longer term (i.e. 12 or more months follow-up) cardiac rehabilitation reduced overall 
and cardiovascular mortality [RR 0.87 (95% CI 0.75, 0.99) and 0.74 (95% CI 0.63, 0.87), 
respectively], and hospital admissions [RR 0.69 (95% CI 0.51, 0.93)] in the shorter term (< 
12 months follow-up) , but did not reduce the risk of total MI, CABG or PTCA. In a sub-group 
analysis, in seven out of 10 trials there was a significantly higher level of quality of life in 
participants to cardiac rehabilitation programs [15].

 
After percutaneous coronary intervention 
Patients with coronary artery disease who received percutaneous coronary intervention 

(PCI) may benefit from ET. In ETICA trial, 118 patients who underwent PCI were randomized 
to six-month period of ET or usual care. At the end of program, trained patients showed 
significant improvement in functional capacity and quality of life. At the end of follow up the 
restenosis rate was similar in the two groups. The trained patients showed a lower rate of 
combined endpoint of mortality, myocardial infarction percutaneous coronary intervention 
or coronary artery bypass graft (log-rank 8.15, p = 0.005) and of hospitalization than control 
group [16].

In a community based study, the impact of cardiac rehabilitation un mortality and 
cardiac events after PCI was assessed retrospectively in 719 patients who underwent cardiac 
rehabilitation programs and a  matched pair control group.  The cardiac rehabilitation 
participants showed 46% relative reduction in all-cause mortality in CR (hazard ratio 
[HR], 0.54; 95% confidence interval [CI], 0.41 to 0.71; p<0.001). The benefit was similar 
irrespectively of age, sex  and setting of PCI (elective versus non-elective procedures) [17].

After coronary artery bypass graft 
The benefit of attending cardiac rehabilitation after CABG is highlighted by a recently 

published community based study in which 529 patients included in CR were compared with 
264 patients who did not [18]. CR attendance was associated with a significant reduction 
in 10-year all-cause mortality after CABG: the relative risk reduction in all-cause mortality 
was 46% (hazard ratio, 0.54; 95% confidence interval, 0.40–0.74; P<0.001) and the 10-year 
absolute risk reduction was  12.7% (number needed to treat=8). The effect was similar 
independently of age, sex,  diabetes and previous myocardial infarction.

Heart failure 
Patients with heart failure were admitted to exercise-based cardiac rehabilitation 

more recently. Multiple trials have shown that exercise programs are safe and that exercise 
capacity can be improved [19, 20]. As regards of mortality, the results are conflicting. A 
meta-analysis conducted in 800 patients enrolled in 9 studies showed that ET significantly 
reduced mortality (HR 0.65, CI 0.46-0.92 p=0.015) and the combined endpoint of mortality 
or hospitalization(HR 0.72, CI 0.56-0.93 p=0.011) [20]. Disappointingly, the results of a 
randomized clinical trial published in 2009 [21] did not confirm the effect on mortality. The 
meta-analysis of The Cochrane Collaboration  confirmed the lack of effect on total mortality 
[22]. A possible explanation may come from a single-centre study published in 2012 [23]. One 
hundred twenty-three stable chronic heart failure patients were randomized to an intense 
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ET supervised program conducted in a coronary club or to usual care. At the end of the 
10-year study, the trained patients had a better work capacity, a better quality-of-life score 
and significant lower rate of hospital readmission and cardiac mortality (hazard ratio 0.68, 
p< 0.001). Albeit the study was designed to assess the effect of ET on functional capacity, it 
suggests that a program that significantly improves the functional capacity, conducted for a 
prolonged period of time, can have an impact on hard endpoints. 

    
Peripheral artery disease 
Peripheral artery disease is a common comorbidity of patients attending CR programs.  

A meta-analysis published in 1995 demonstrated that exercise training to near-maximal 
pain for at least six months was beneficial in improving walking distance [24]. More recently, 
a Cochrane analysis of exercise rehabilitation programs for claudication compared training 
with non-exercised control groups. Twenty-two trials involving a total of 1200 participants 
with stable leg pain were analyzed. Compared with usual care or placebo, exercise significantly 
improved maximal walking time: mean difference 5.12 minutes (95% confidence interval 
(CI) 4.51 to 5.72;) walking distances were also significantly improved: pain-free walking 
distance mean difference 82.19 meters (95% CI 71.73 to 92.65) and maximum walking 
distance mean difference 113.20 meters. (95% CI 94.96 to 131.43). Improvements were 
seen for up to two years [25]. 

Conclusion

Exercise is a physiologic stressor that can have multiple beneficial effects on 
cardiovascular system. A better understanding of the molecular mechanisms of the 
benefits  are foreseeable in a near future, but evidences collected so far are adequate to 
consider exercise a fundamental tool in the prevention of cardiovascular diseases if 
adequately prescribed and supervised. Other tools – drugs, patient education, behavioral 
and   psychological management – must be employed in a multidisciplinary, coordinated, 
long-term approach in order to promote the cardiac prevention and to ameliorate the quality 
of life of patients affected by heart disease. Therefore in the continuum of care offered to the 
patient affected by cardiovascular disease, cardiac rehabilitation, is at the end of acute care 
and at the beginning of long-term, life-long, care. Nevertheless, CR is underutilized: only one 
third of coronary artery disease patients receive any form of CR [9]. Evidences of benefits 
of exercise and CR are worth spreading among cardiac care intensivists, interventional 
cardiologists, cardiac surgeons and health care managers and policy makers in order to 
break down barriers to the participation of cardiac patients to CR programs.   
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Abstract
Vascular calcification (VC) is a prominent feature that affects up to 40 to 80% of Chronic Kidney 
Disease (CKD) patients depending on the degree of renal impairment.  Though etiology and 
pathogenesis of the different types of VC are far from being elucidated, it is conceivable that 
an imbalance between promoters and inhibitors represents the condition that triggers VC 
deposition and progression. In addition to traditional cardiovascular risk factors, several lines 
of evidence suggest that specific factors may affect the arterial system and prognosis in CKD. 
Over the last decade, a few pharmacological strategies aimed at controlling different selected 
risk factors for VC have been investigated yielding conflicting results. In light of the complicated 
interplay between inhibitors and promoters as well as the fact that VC represents the result 
of cumulative and prolonged exposure to multiple risk factors, a more comprehensive risk 
modification approach such as lifestyle modification or physical activity (PA) may represent a 
valid strategy to attenuate VC deposition and progression. 
We herein aim at reviewing the rationale and current evidence on the potential for lifestyle 
modification with a specific focus on PA as a cost-effective strategy for VC treatment.

 Introduction

The cardiovascular (CV) risk of patients suffering from Chronic Kidney Disease (CKD) 
is few folds higher than that of the general population and it progressively increases with 
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the degree of renal function impairment [1]. Of note, traditional risk factors only partially 
account for such extreme risk and numerous epidemiological and observational studies 
have identified other CKD specific factors that may contribute to the disproportionate CV 
risk observed as renal function declines.

Among other factors, cardiovascular calcifications (CCV) represent a valid marker and 
a potential promoter of vascular damage [2-4]. Indeed, longitudinal studies have repeatedly 
documented that presence and extension of CCV are both associated with adverse outcome 
in the general population as well as CKD patients [5-7].

A convincing body of evidence suggests that CCV is a prominent feature of vascular 
disease in CKD patients with up to 80% of patients receiving chronic dialysis exhibiting 
a certain degree of vascular calcification (VC) [8]. In the last decades, the natural history 
of VC received a large degree of attention and even though the pathogenesis of different 
types of vascular and valvular calcification are far from being conclusively established, it is 
conceivable that a prolonged imbalance between promoters and inhibitors of VC represents 
the condition that triggers VC deposition and progression [9]. Indeed, contrary to a circulating 
factor that fluctuates according to the instantaneous risk at which an individual is exposed in 
a specific timeframe, a tissue marker of CV damage such as CCV likely reflects the end result 
of the cumulative exposure to numerous factors during a prolonged exposure [4]. 

We herein aim at summarizing the rationale and current evidence on the potential 
for lifestyle modification with a specific focus on physical activity (PA) as a cost-effective 
strategy for VC treatment. Details on how the medical literature search was performed are 
provided in Table 1. A list of abbreviations used in the text is provided in Table 2.

Table 1. Literature search methodology adopted for this review article
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wall and is likely related to the atherosclerotic burden and traditional risk factors such as 
diabetes, smoking, dyslipidemia [11]. To the contrary, the second type of VC is located within 
the medial layer of arterial wall and is linked to factors such as mineral metabolism and 
uremia-related toxins [11]. Though the majority of available studies [12-16] suggest that the 
medial calcification may be the predominant type of VC in CKD patients, not all records seem 
to corroborate this notion. A recent cross-sectional, case-control study of 232 patients on 
chronic dialysis and 208 age- and sex- matched controls concluded that VC in large conduit 
arteries is predominantly located in the intima of the arteries and likely connected with 
atherosclerosis, traditional CV risk factors and inflammation [17]. 

Regardless of the pathogenetic pathways and location of VC, a strong and graded 
association of VC and decline in renal function [18], microalbuminuria [19] as well as 
increased risk of CV and all-cause mortality is documented [5, 11, 20-22]. Of importance, 
whether these associations are causative or merely reflect an accelerated senescence of the 
CV system, remains to be established. In a large cohort of 1,703 subjects with history of 
coronary artery disease but not renal impairment, the association between the estimated 
glomerular filtration rate (eGFR) was attenuated in younger individuals suggesting that 
age may be a key factor that modulates these associations [22]. Nevertheless, a convincing 
body of evidence suggests that end-stage renal disease (ESRD) and dialysis are two potent 
promoters of cardiovascular disease (CVD) and VC deposition and progression [23, 24]. 

Though further work is needed to elucidate the mechanisms that trigger VC, a few 
attempts at reducing the risk of VC and CVD through lifestyle interventions have been tested. 
Numerous observations support the notion that PA may protect against CVD [25, 26]. A 
lower mortality and a better CV risk profile (i.e. better control of dyslipidemia, hypertension, 
diabetes and obesity, inflammation) have been shown in physically active individuals [25-
27]. However, the impact of PA on markers of subclinical CV disease such as VC remains 
controversial [26, 28-31] and it is unclear whether these conflicting results are due to the 
observed heterogeneity of different methodologies and study designs adopted or due to the 
level of PA investigated. Furthermore, PA is usually part of a lifestyle modification program 
enforced for CVD prevention and is often coupled with the use of drugs with anti-atherogenic 
properties. All these factors complicate the interpretation of available data. 

PA and markers of subclinical atherosclerosis in the general population

The large majority of available data is cross-sectional or observational in nature and has 
investigated the relationship between PA and different markers of subclinical atherosclerosis 
[usually coronary artery calcification (CAC) or carotid intima media thickness (cIMT)] over 

Table 2. List of abbreviations used in the text Localization and risk factors of VC 

In spite of a profuse effort on understanding 
VC pathogenesis, only a few studies with limited 
samples have attempted to characterize where VC 
are localized within the arterial wall and whether 
different types of VC localization are due to specific 
risk factors or portend different risk of CV event. 
Furthermore, a lack of a reliable diagnostic tool 
that allows for an accurate discrimination among 
different forms of CCV further complicates the 
scenario [10]. In a relatively large series of 202 
hemodialysis patients on maintenance dialysis, 
London and coworkers described two types of VC 
within the arterial wall [11]. The first type of VC 
is located within the intimal layer of the arterial 
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a relatively short period of time making comparisons among studies complicated, thus 
preventing from definitive conclusions on the causal effect of PA on VC. 

In a large cohort of 779 asymptomatic high-risk (with at least 2 traditional CV risk 
factors) individuals of both genders referred for electron beam computed tomography and 
CAC evaluation, Desai and coworkers [32] documented a graded cross-sectional association 
between PA intensity and CAC extension. The observed median CAC scores according to 
level of PA were 24, 18, and 11 (p-trend < 0.002) among individuals reporting a sedentary 
lifestyle (no PA), or being engaged in moderate-duration (< 30 minutes 1 to 2 times/week) 
or long-duration (≥ 30 minutes ≥ 3 times/week) PA, respectively [32]. Notably, the inverse 
and independent association between PA and CAC was confirmed after multivariable 
adjustments. 

A similar conclusion was reached when male participants from the Prospective Army 
Coronary Calcium Project (n = 1637, mean age 42.8 years; no history of coronary heart 
disease) were studied. Men with CAC were more likely to be dyslipidemic and sedentary. 
Progressive adjustment for confounders showed that only non-HDL cholesterol (odds ratio 
[OR] 1.012 per mg/dL; 95% Confidence Interval [CI] 1.002 - 1.023; P = .019), age (OR 1.119 
per year; 95% CI 1.063 - 1.178; P < .001) and PA (OR 0.808; 95% CI 0.703 - 0.928; P = 0.003) 
were associated with the presence of CAC [33].

Some albeit not all longitudinal studies also suggest that PA and cardio-respiratory 
fitness portend a lower risk of developing VC. Among the 2,373 African-American and white 
young adults enrolled in the Coronary Artery Risk Development in Young Adults Study, 
baseline cardio-respiratory fitness was inversely related with the development of CAC 
during the subsequent 15 years of follow-up. Nonetheless, whether the main determinant 
of CAC deposition is the genetic background or PA of study subjects could not be addressed 
in the study [34].

Conversely, a recent study that investigated the association between CAC and PA 
longitudinally over a prolonged follow-up (i.e. 25-year observation) [31], failed to document a 
linear association between PA level and CAC [30]. However, among the 101 middle-aged men 
recruited in the survey, those who maintained a low-to-moderate PA [exercise-related energy 
expenditure (EE) in kcal/week at baseline < 2050] exhibited the largest CAC burden when 
compared to individuals who regularly maintained a higher degree of PA (EE in kcal/week 
at baseline > 2050) [31]. A similar pattern was noticed when other measures of subclinical 
atherosclerosis were considered [namely: cIMT and reactive hyperemia index], suggesting 
that a regular PA with EE above 2050 Kcal/week may attenuate CV senescence [31]. Notably, 
in this specific cohort of individuals the lowest risk of atherosclerosis was observed in the 
group with stable intermediate PA level (2050 – 3840 kcal/week) and further increase in PA 
did not provide additional protection against atherosclerosis development [31].

What is the optimal level of PA to prevent CVD and CCV is still matter of debate. In a 
small series of 13 highly active endurance-trained athletes and 12 sedentary men and 
women of 60 to 78 years of age, authors could not detect any difference in CAC according 
to level of PA [35]. However, when men (7 athletes and 6 sedentary males) were examined 
separately, a significant correlation between PA, CAC and maximal oxygen consumption was 
noted, suggesting that chronic vigorous exercise may protect against CAC at least in men 
[35]. In a larger and more powered study of 8,565 middle-aged men, Sung and coworkers 
[36] detected a significant increase in CAC prevalence and extension among those individuals 
who exercised more frequently (more than three times per week) [36]. Whether these 
unexpected findings are due to a potential harm of intense PA or due to a confounding by 
indication is unclear at the current time. Indeed, subjects at higher CV risk (i.e. diabetic or 
hypertensive patients) with higher degree of CAC are advised to exercise more frequently 
than peers at low CV risk. However, some concern regarding extreme PA exists. Goel and 
coworkers [37] reported on a case of a marathon runner with accelerated CAC progression 
possibly due to the oxidative stress promoted by this arduous aerobic activity [37]. In line 
with this hypothesis, the investigators of the Heinz Nixdorf Recall Study [38, 39] showed 
that 108 apparently healthy marathon runners (older than 50 years) presented a similar 
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CAC distribution of age-matched controls (median CAC: 36 vs 38 Agatston Units, p = 0.36, 
respectively) but greater CAC burden than peers matched by the Framingham risk score 
(median CAC: 36 vs 12 Agatston Units, p = 0.02, respectively) [38]. Of importance, the event-
free survival was inversely related to CAC burden during a mean follow-up of 21.3 + 2.8 
months [38], suggesting that CAC portends a poor prognosis and is an early indicator for 
subclinical cardiac alteration even in this apparently super-healthy population [39-41]. 

In spite of a strong rationale, not all cross-sectional and observational studies document 
a significant association between PA and CAC or VC. Whether these findings are due to a 
certain degree of population, age or gender heterogeneity, difference in study samples and 
designs, or due to the relative inaccuracy of self-reported PA, or whether there is a PA threshold 
above which PA may be harmful, remains to be investigated in future ad hoc studies. Among 
6,814 male and female participants of the Multi-Ethnic Study of Atherosclerosis [42], neither 
cIMT nor CAC were associated with any level of intensity of self-reported PA in either gender 
after adjustment for age, race/ethnicity, clinic site, education, income, and smoking [42]. 
Only walking pace was favorably associated with CAC and other markers of subclinical CVD 
[namely, cIMT, Ankle-Brachial index] with some differences between men and women [42]. 
Further adjustments for traditional CV risk factors such as dyslipidemia, blood pressure, 
diabetes, body mass index attenuated the statistical significance of these associations 
suggesting that the link between PA and CAC is modulated by traditional CV risk factors [42]. 
Similarly, Taylor and coworkers failed to confirm the association of PA and CAC at any level 
of physical exercise in a cohort of 630 consecutive asymptomatic 39 to 45 year old men and 
women. Notably, these findings were independent of a healthier CV risk profile, including 
lower body mass index and insulin resistance [30]. In another series of 443 healthy men 
and women (mean age = 66 ± 6 years), enrolled in the Whitehall II epidemiological cohort, 
authors did not observe any association between CAC and PA after adjustment for age, sex 
and traditional CV risk factors [43], suggesting that VC may not mediate the CV benefits 
associated with regular physical exercise.

Age may be a strong effect-modifier of the relationship between PA and CAC. von Bonsdorff 
et al [44] observed in a longitudinal cohort of 4,074 participants of the AGES-Reykjavik Study 
(mean age 76 years) that the extent of CAC and decreased physical performance are related 
and both independently predict mortality [44]. In contrast, in a cohort of  1,824 subjects 
older than 70 years enrolled in the Multi-Ethnic Study of Atherosclerosis no independent 
association between PA and cIMT or CAC was detected [45]. If a reduced PA is the cause or 
the effect of increased CAC or if the link between PA and CAC is confounded by the increased 
prevalence of sedentary lifestyle and CAC in the elderly remains to be elucidated. 

PA assessment is another factor that may account for the conflicting results yielded 
by different studies. Measured and objectively assessed rather than self-reported PA was 
independently associated with a lower risk of a CAC greater than 100 Agatston Units (OR 
0.62, 95% CI 0.40 - 0.96) and lower IMT (beta coefficient = -0.04, 95% CI -0.01 to -0.07 mm) 
in a cross-sectional study of 530 middle-aged (mean age 63 years) adults of both genders 
(50% males) [46].

Finally, the role of sex hormones as a potential effect-modifier of the relationship between 
PA and VC is also controversial. In a large cross-sectional study of 544 postmenopausal 
women aged 50 to 80 years [47], the use of hormone replacement therapy (HRT) as well as 
PA were associated with a significant and independent lower prevalence and CAC burden. 
However, the high co-linearity of PA and HRT (women on HRT were 4-fold more likely to 
exercise, p = 0.03) [47] complicates the interpretation of these results. Furthermore, age 
or years of menopause may also modify the link between PA and VC in postmenopausal 
women, as suggested by a pooled analysis by Storti et al [48]. Indeed, the inverse association 
between PA and CAC was apparent in old (mean age 73.9 years) but not young (mean age 
56 years) postmenopausal women though, as speculated by authors, these findings are 
likely due to the lower prevalence of any detectable CAC in the younger age group [48]. A 
similar conclusion was reached by Inzitari et al  who investigated the association between 
CAC and PA in 387 old community-dwellers (mean age 78 years) from the Cardiovascular 
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Health Study [49]. Among old women a linear association between CAC and PA could be 
demonstrated independent of multivariable adjustment [49]. Finally, Straub and coworkers 
[50] described in a cohort of 276 healthy women aged 60 - 85 years that PA was associated 
with an increase in the androgen to cortisol ratio as well low interleukin 6 and less severe 
abdominal aorta calcification postulating that the anti-atherogenic properties of  PA may be 
mediated by the inhibition of inflammation operated by androgens [50].

In summary, evidence on the link between PA and VC is far from being conclusive. It 
seems that regular PA may protect against CVD and VC occurrence in healthy individuals 
though some concern about extremely vigorous exercise may apply. Future interventional 
studies should clarify whether the beneficial effect of PA is modulated by age or other CV risk 
factors and whether the effect of PA is relevant in both men and women. 

PA and markers of subclinical atherosclerosis in CKD 

Data on PA and vascular function or markers of subclinical CV disease in CKD patients 
are scanty, mainly derived from dialysis cohorts and suffer from similar limitations that affect 
studies in the general population. Of note, to the best of our knowledge, no study has ever 
investigated the impact of PA on VC. Nevertheless, a few considerations about the potential 
for PA as a way for VC attenuation can be made.

As eGFR declines, pulmonary and exercise tolerance progressively decrease [51]. In a 
cohort of 38 adult volunteers, the degree of renal impairment was associated to a graded 
decrease in peak oxygen consumption percentage and submaximal exercise tolerance [52]. 
In larger study of 1,111 CKD patients recruited in the Chronic Renal Insufficiency Cohort 
both low PA and frailty (estimated via the Short Physical Performance Battery - a summary 
test of gait speed, chair raises and balance -) were connected to chronic renal dysfunction 
[53]. In light of the impact of PA on blood pressure, dyslipidemia, hypertension, diabetes 
and obesity as well as the strong association between all these factors and VC, CKD patients 
may be one of the most suitable populations for implementing PA [25, 26]. However, future 
studies should test if the relationship between PA and better CV risk profile is not confounded 
by the frailty status.

Though conducted on 50 patients only, a recent randomized controlled trial showed 
that aerobic exercise (15 minutes low-intensity exercise during the first 2 hours of dialysis 
for 2 months) improves dialysis efficacy [54]. Considering that the uremic milieu is a potent 
promoter of VC and CVD in CKD [55], increasing dialysis efficacy may protect against VC 
deposition. Preliminary data support this hypothesis. A first case report in 2006 documented 
a significant walking distance improvement in a 59 year old men on maintenance dialysis 
with a peripheral arterial disease of lower extremities enrolled in a home-based exercise 
training program [56]. In a recent prospective study of 35 patients (19 active group vs 16 
control group) on chronic hemodialysis, the intervention of 40 min exercise training during 
each hemodialysis session for 3 months was associated with a significant improvement in the 
skeletal muscle mass, physical performance as well as indexes of arterial stiffness and blood 
pressure control [57]. A similar trend toward reduced arterial stiffness was also reported in 
another small study aimed at comparing a home-based vs an intradialytic exercise training 
program [58].

In summary, no study has ever tested the impact of regular exercise on VC in CKD or 
dialysis patients, though the few available data suggest a potential for this intervention in 
patients with impaired renal function.

Conclusion

A growing number of study supports the concept that VC is a marker of arterial damage 
and is associated with an adverse prognosis in the general population as well as CKD patients. 
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Similarly, a few lines of evidence suggest that regular PA is associated with an improvement 
of traditional CV risk factors such as blood pressure, dyslipidemia and insulin resistance. In 
light of the link of these factors with VC in the general population as well as in CKD patients, 
it is plausible that PA may attenuate VC deposition and progression. 

However, the impact of PA on VC still needs to be elucidated before advising PA in CKD 
patients. PA is usually part of a lifestyle modification program, and future studies should 
determine the real effect of each recommendation (i.e. PA, nutrition etc) on VC and prognosis 
on both genders.  Similarly, it is currently unclear whether the association between PA and 
CAC is confounded by factors such as age or other traditional CV risk factors and ad hoc 
randomized controlled trials are needed to prove the causal relationship between PA and 
CVD and the advisable “dose” of PA in CKD patients. Future efforts are then required to shed 
light on efficacy and safety of this potentially cost-effective therapeutic strategy for VC and 
CVD in CKD patients.
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Abstract
Frailty in the elderly is a state of vulnerability to poor resolution of homoeostasis after a 
stressor event and is a consequence of cumulative decline in many physiological systems 
during a lifetime. This cumulative decline depletes homoeostatic reserves until minor 
stressor events trigger disproportionate changes in health status. It is usually associated to 
adverse health outcomes and to one-year mortality risk. Physical exercise has found to be 
effective in preventing frailty and disability in this population. Chronic kidney disease (CKD) 
is also a clinical condition where protein energy-wasting, sarcopenia and dynapenia ,very 
common symptoms in the frail elderly, may occur. Moreover elderly and CKD patients are 
both affected by an impaired physical performance that may be reversed by physical exercise 
with an improvement of the survival rate. These similarities suggest that frailty may be a 
common pathway of aging and CKD that may induce disability and that can be prevented by 
a multidimensional approach in which physical exercise plays an important role.

Introduction

Chronic kidney disease (CKD) is a growing health problem that prevail in particular in 
the elderly subjects aged 65 or more [1]. Quality of life is reduced in this population [2] but 
which causes underlie this condition is still not fully understood. A CKD patient shows not 
only many cardiovascular risk factors and co-morbidities [3] but also cognitive deficits and 
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depressive symptoms [4]. Moreover elderly patients population with and without CKD also 
exhibit  the same clinical pattern and CKD and aging process leads both to frailty. Frailty can 
be prevented and reduce in these two subgroups equally by physical training programs. This 
paper aims to examine and discuss how and when physical exercise may positively affect 
frailty and disability both in CKD and elderly patients.

Frailty
Frailty in the aged. Geriatricians have been long aware of a syndrome of multiple coexisting 

conditions, weakness, immobility, and poor tolerance to physiologic or psychologic stressors 
[5]. People so affected are often characterized as “frail” and are known to be more vulnerable 
to poor health outcomes, including disability, social isolation and institutionalization. 
However, although a number of definitions have been proposed none is considered the gold 
standard. Most definitions describe a freestanding syndrome marked by loss of function, 
strength, and physiologic reserve, and by increased vulnerability to sickness and death [6]. 
They also include declines in mobility, strength, endurance, nutrition and physical activity 
as the clinical components [7] and others include cognitive impairment and depression 
[8, 9]. Weakness and fatigue are central to almost all definitions of frailty. Sarcopenia (loss 
of skeleton muscle mass) and dynamopenia (loss of strength) are key components of the 
syndrome. Biological markers are associated with frailty. Serum levels of interleukin 6  
(IL-6) and C-reactive protein have been found to be elevated in community dwelling frail 
older adults [10, 11].  The physiologic findings and other features that characterize frailty 
are not likely to be the result of changes in a single system, but rather of the interaction 
of several systems resulting in global process. For example the combination of low Insulin 
Growth Factor 1 (IGF-1) and high IL-6 levels in a cohort of community-dwelling older woman 
conferred a high risk for progressive disability and death that was greater than the effect of 
these two factors alone suggesting an additive effect [12]. Muscle mass and strength declines 
with age, and the trend is even more pronounced in the frailty syndrome [13]. Many studies 
have shown that exercise is beneficial in older adults along the full spectrum of health status, 
even in the frailest subset. The benefits include increased mobility, enhanced performance 
of activities of daily living, improved gait, fewer falls, increased bone mineral density and 
improvements in well-being [14, 15]. Exercise is likely to benefit even in the frailest of older 
adults. In a group of nursing homes elderly patients Fiatarone et al. showed that a program 
of resistance training increased muscle strength more than 100% muscle size in the lower 
extremities by 3% and gait velocity by 12% [16]. These findings were statistically significant 
compared with those of a control group, which showed either marginal increase or declines 
in these areas. Training was also associated with increased mobility and spontaneous 
physical activity. Even low levels increase muscle strength. Although the perfect prescription 
for exercise in frail older people is not known, studies have shown benefit from programs of 
resistance training on as few as 2 days per week [17].

Frailty in CKD. Frailty in CKD also implies decreased body energy and  protein reserves 
and reduced strength [18]. A simple criterion for frailty can be the presence of three or 
more of the following abnormalities: unintentional weight loss, self-reported exhaustion, 
measured weakness, slow walking-speed, and low physical activity [19]. Protein energy 
wasting (PEW) is defined as a loss of somatic and circulating body protein and energy 
reserves [20]. The term PEW is preferred to protein-energy malnutrition because some 
causes of PEW are not related to inadequate nutrient intake. Causes of PEW in CKD patients 
include reduced nutrient intake, losses of nutrients during dialysis, superimposed catabolic 
illnesses, non specific inflammation, acidemia, catabolic stress from dialysis procedure, 
low levels or resistance to anabolic hormones such as insulin, IGF-1, increased levels of 
catabolic hormones as parathyroid hormone and glucagon, blood losses from blood drawing 
or gastrointestinal bleeding [21] and oxidative stress [22]. Physical activity, in general, is 
decreased in dialysis patients and teds to decrease with age in both the general population 
[23] and maintenance hemo dialysis (MHD). Decline in physical activity is greater for MHD 
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patients with respect to sedentary people without kidney disease [24]. Dialysis patients 
shows a greater reduction in moderate or vigorous physical activity with aging [25]. Physical 
inactivity in dialysis patients is associated with lower serum albumin and creatinine levels 
which are indicative of PEW and small skeletal muscle mass. In contrast, increased levels of 
physical activity, measured by accelerometry are associated with higher lean body mass in 
MHD patients [26]. In elderly dialysis patients, reduced frequency of daily physical activity 
is associated to higher mortality risk [27]. Reduced food intake in advanced CKD is often 
caused by anorexia that may be caused by uremic state and or inflammation processes. The 
latter not only stimulates protein degradation and PEW but also suppress appetite [28].

The role of exercise
Although many benefits can be obtained by exercise training in CKD patients [29] the 

most universally observed improvement is an endurance exercise capacity. Increased strength 
and physical performance are probably the next most commonly reported improvements 
[30]. Increased muscle mass with exercise training is described less frequently. This may 
be due to the less frequent or lower intensity strength training regimens for dialysis 
patients or their anti-anabolic status [31]. A positive effect on muscle intracellular protein 
remodelling without hypertrophy seems to be common with exercise training. Many studies 
investigated exercise training in elderly CKD patients. Their findings are consistent with 
a general improvement  in muscle mass and strength despite the intensity of the training 
programs.  Roshravan and co-workers found substantially diminished performance in lower 
extremity function, but relatively preserved upper extremity muscle strength compared with 
normative values [32]. Specifically, performance on usual gait speed, timed up and go (TUAG) 
assessment, and six-minutes walking test was at least 30% lower than predicted. After 
adjustment for demographics and comorbidity, usual gait speed and TUAG were associated 
with all-cause mortality. These associations were also observed when the subgroup 
with baseline self-reported mobility disability was excluded. Moreover, lower extremity 
performance measures more strongly predicted mortality than estimates of kidney function 
or other common biomarkers. Taken together, these findings suggest that simple objective 
physical performance measures may be useful for risk stratification of CKD patients not 
treated with renal replacement therapy and may represent important therapeutic targets in 
this population.

Conclusions

Chronic kidney disease and common clinical conditions of the elderly people can be 
interpreted and successfully treated according to a chronic care model in which the disease 
induced dysfunctional status is more important than the specific disease per se. The 
condition of frailty in term of risk of developing disability may be the common conceptual 
framework between aging and CKD. In this setting sarcopenia and PEW explain extensively 
the impairment of the functional status in both these clinical conditions. Physical exercise 
training programs have been found to be effective to prevent or even to reduce the risk of 
disability despite the severity of CKD or the impaired functional status in the aging process.
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Abstract 
Background/Aims: In patients on chronic dialysis a sedentary lifestyle is a strong, yet 
potentially modifiable, predictor of mortality. The present single-center pilot study evaluated 
social, psychological and clinical barriers that may hinder physical activity in this population. 
Methods: We explored the association between barriers to physical activity and sedentarism 
in adult patients at a chronic dialysis facility in Parma, Italy. We used different questionnaries 
exploring participation in physical activity, physical functioning, patient attitudes and 
preferences, and barriers to physical activity perceived by either patients or dialysis doctors 
and nurses. Results: We enrolled 104 patients, (67 males, 65%), mean age 69 years (79% of 
patients older than 60 years); median dialysis vintage 60 months (range 8-440);  mean Charlson 
score 5.55, ADL (Activities of Daily Living) score 79. Ninety-two participants (88.5%) reported 
at least one barrier to physical activity. At multivariable analysis, after adjusting for age and 
sex, feeling to have too many medical problems (OR 2.99, 95% CI 1.27 to 7.07; P=0.012), 
chest pain (OR 10.78, 95% CI 1.28 to 90.28; P=0.029) and sadness (OR 2.59, 95% CI 1.10 to 
6.09; P=0.030) were independently associated with physical inactivity. Lack of time for exercise 
counseling and the firm belief about low compliance/interest by the patients toward exercise 
were the most frequent barriers reported by doctors and nurses. Conclusion: We identified a 
number of patient-related and health personnel-related barriers to physical activity in patients 
on chronic dialysis. Solutions for these barriers should be addressed in future studies aimed at 
increasing the level of physical activity in this population. 
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Introduction

Physical activity is significantly reduced in patients on hemodialysis, regardless of age, 
and is low even when compared to age-matched sedentary populations [1]. 

In the clinical setting of End-Stage Renal Disease (ESRD) low levels of physical activity 
may significantly contribute both to frailty/disability, by reducing physical performance, 
and to protein energy wasting, by favouring skeletal muscle atrophy [2]. Moreover, impaired 
mobility and reduced physical function have been demonstrated to set the stage for further 
increases of an already high cardiovascular mortality risk [3-4].

Few data are currently available on factors contributing to a sedentary lifestyle in 
patients on chronic hemodialysis. As documented in two recent studies from the US [5] 
and China [6], it is likely that a complex mix of disease- and patient-specific reasons (socio-
economical, psychological, cultural, and clinical) play a key role in determining physical 
inactivity. Moreover, also health personnel (dialysis doctors and nurses) attitudes could 
significantly contribute to sedentarism in dialysis patients, since low levels of exercise 
counseling have been documented among nephrologists [7]. 

No data are currently available on this topic in European dialysis patient populations. 
Thus, the present single-center pilot study was aimed at exploring barriers to physical 
activity in a cohort of patients from an Italian dialysis facility.

Patients and Methods

After providing informed consent, all adult subjects on routine hemodialysis for at least 6 months at 
the National Health System Chronic Dialysis Facility of Parma (Nefrologia e Dialisi, Azienda Sanitaria Parma, 
Italy) were recruited. The study was approved by the Institutional Review Board of Parma.  Demographic 
data, routine laboratory parameters, comorbidities and data on dialysis treatment and vascular access were 
extracted from the electronic records. Total comorbidity burden was evaluated by the Charlson index, and 
the general performance status was summarized by the Karnofski  score.

Questionnaires administered to the patients during the dialysis session, and to dialysis doctors and 
nurses covered the areas of interest for the study purpose. Questionnaires for the patients were related 
to levels of mobility/autonomy and physical functioning, self-reported physical activity, quality of life, 
and perceived barriers to physical activity. In particular, the level of self-reported physical functioning/
autonomy was evaluated by the Katz Independence in daily living questionnaire (ADL, Activities of Daily 
Living questionnaire), a self-reported test on mobility and performance based on 18 items describing 
different levels of autonomy in physical activity related to participation in life activities [8].

The level of physical activity was derived from the 94-item Human Activity Profile (HAP) [9], which 
includes the assessment of activities across a wide range of energy requirements. On the HAP, activity 
items are ranked based on their estimated energy expenditure, from the lowest to the highest. For example, 
getting in and out of chairs or bed without assistance (item 1), is the  activity requiring the least energy 
expenditure; while running or jogging 3 miles in < 30 minutes (item 94), is the activity requiring the greatest 
energy expenditure. For each item, the respondent indicates whether he or she is still doing, has stopped 
doing, or never did the activity in question. The HAP items were used to derive the MAS (Maximum Activity 
Score) and the AAS (Adjusted Activity Score). The MAS is the highest oxygen-demanding activity (highest 
item number) that the respondent is able to perform. The AAS is obtained by subtracting from the MAS the 
total number of activities the respondent has stopped doing that have numbers lower than the MAS of that 
patient. The AAS is considered as a measure of usual physical activity level. MAS and AAS score results were 
compared to established normative data by age and gender [9]. 

Patient-related barriers to physical activity were evaluated on the basis of the questionnaire by 
Delgado & Johansen [5], which includes questions related to different categories of disease- and patient-
specific barriers to physical activity: psychological barriers, physical barriers, economical barriers, lack 
of time and comorbidities. Participants were classified as having endorsed a barrier if they reported that 
they ‘sometimes’, ‘often’ or ‘always’ experienced that barrier; participants who reported that they ‘never’ 
experienced a barrier were classified as not endorsing that barrier. 
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A slight modification of the Johansen’s questionnaire on personal attitude to physical activity 
counseling [7] was used for nephrologists and dialysis nurses. The applied questionnaire consisted of 17 
questions (13 in the case of nurses) regarding dialysis personnel opinions and practices related to exercise 
counseling, such as for example: “How often do you assess patients’ physical activity levels?” “Do you advise 
sedentary patients to increase activity?” “Do you provide patients with a specific exercise prescription?” “Do 
you offer written information about physical activity to patients?” “Do you refer patients to physical activity 
specialists?” “Does your facility provide exercise equipment for use in the dialysis unit?” Doctors and nurses 
were also asked to indicate their level of agreement or disagreement with a number of statements related to 
potential barriers to exercise counseling. 

Statistical analysis
Descriptive statistics is given as Mean and standard deviation (SD) or median with 25-75th percentile 

for continuous variables according to their normal or non-normal distribution, respectively; frequencies 
(percentage) are presented for categorical variables. The level of physical activity was categorized according 
to the AAS (< 53 sedentary, 53-74 moderately active, >74 active); subsequently, the degree of physical activity 
was dichotomized (i.e., inactive vs active) by grouping together moderately active and active patients. The 
association between the degree of, and each perceived barrier to, physical activity was tested by chi-square 
and univariate logistic regression. Barriers selected as being significantly associated with the degree of 
physical activity at univariate analysis were entered in a multivariable logistic stepwise regression model to 
investigate which barriers were associated independently with physical inactivity after adjustment for age 
and sex. A two-tailed P value of less than 0.05 was considered statistically significant. All statistical analyses 
were performed using SPSS v.21.

Results

Demographic and clinical characteristics
One-hundred four patients participated in the study. Most of them (67 patients, 65%) 

were males, mean age was 69 years, with 79% of patients being older than 60 years. Only 
27 patients (26%) had a high education level. Median dialysis vintage was 60 months (range 
8-440); most of the patients were dialyzed through an arterovenous fistula, thrice weekly; 
84 patients (81%) had hemoglobin levels < 12 g/dL, and half of the population (47/104, 
45%) had high serum C-reactive protein levels. Ischemic heart disease (36%) and diabetes 
mellitus (31%) were the most frequent chronic comorbidities; mean Charlson score was 
5.55, mean ADL score was 79. 

Physical activity levels
On the basis of the MAS and AAS components of the Human Activity Profile ESRD patients 

were very sedentary (Table 1). Both MAS and AAS values were significantly decreased 
compared with reference healthy subjects: even taking into account the high mean age of 
dialysis patients, MAS and AAS values were below the 25° / 5° percentile of the normative 
healthy population in 40% / 30% and in 80% / 66% of our patients, respectively. On the 
basis of AAS, more than half of the patients (54/104, 52%) could be classified as inactive, 
30% (31/104) as moderately active, and only 19 (18%) could be defined as active (Table 1).

Barriers to physical activity
Only 4 patients (3.8%) reported no barriers at all. The prevalence of specific barriers 

to physical activity among is illustrated in Table 2. Three percent had one barrier,  34% 2-4 
barriers,  47% 5-9 barriers; 17 patients (16%) indicated more than 10 barriers. The most 
frequently reported barriers were represented by fatigue in dialysis days (56.7%), perception 
of too many medical problems (54.8%), sadness (50%), lack of motivation (42.3%) and lack 
of time on dialysis days (32.7). Inactive subjects showed a higher prevalence of barriers for 
at least six of the barriers explored; at univariate analysis, barriers associated with inactivity 
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were feeling to have too many medical problems (OR 3.27, 95% CI 1.46 to 7.31; P=0.004), 
chest pain (OR 12.54, 95% CI 1.55 to 101.11; P=0.018), sadness (OR 2.56, 95% CI 1.16 to 
5.65; P=0.020), feeling too old (OR 2.63, 95% CI 1.02 to 6.75; P=0.045), and dyspnea (OR 
2.35, 95% CI 0.97 to 5.71; P=0.058). At multivariable analysis, after adjusting for age and 
sex, only feeling to have too many medical problems (OR 2.99, 95% CI 1.27 to 7.07; P=0.012), 
chest pain (OR 10.78, 95% CI 1.28 to 90.28; P=0.029) and sadness (OR 2.59, 95% CI 1.10 to 
6.09; P=0.030) were independently associated with physical inactivity.

Table 1. Physical activity on the basis of the Human Activity Profile

Table 2: Barriers to physical activity (physical activity levels defined by AAS)



 Kidney Blood Press Res 2014;39:169-175
DOI: 10.1159/000355793
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 173

Fiaccadori/Sabatino/Schito et al.: Barriers to Physical Activity in Hemodialysis Patients

Attitude to physical activity and exercise counseling among nephrologists and dialysis 
nurses
Data on physical activity and exercise counseling rates among nephrologists and dialysis 

nurses are shown in Table 3
Answers suggest that doctors and nurse are well aware of the risks associated with 

sedentarism in dialysis patients, and that they agree on the positive effects of physical 
activity. However, difficulties in increasing physical activity in dialysis patients are perceived, 
and are mainly attributed to the low compliance/interest by the patients toward exercise, as 
well as to the lack of time for exercise counseling by doctors and nurses. 

Discussion

In the present single-center pilot study we evaluated the possible role of patient- and 
health personnel-related barriers in reducing the level of physical activity in a ESRD patient 
cohort on chronic dialysis in Italy. 

Our results suggest that both types of barriers could play an important role in the 
pathogenesis of sedentarism  typically observed in this clinical setting. 

Available data from other countries, such as US, have documented that dialysis patients 
represent an highly inactive population [1], and that inactivity is associated with poor 
outcomes [4]. In the same patients many different clinical, social and psychological barriers 
to physical activity frequently coexist; in particular, lack of motivation, disease burden 
perception, and shortening  of available time for exercise in dialysis days due to waiting times, 
treatment itself, and logistic problems, were among the most commonly indicated barriers 
[5-6]. Moreover, a low frequency of physical activity assessment and low rate of exercise 

Table 3: Health personnel attitudes toward physical activity in ESRD patients 
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counseling by nephrologists has been also reported [7]. This latter attitude is surprising 
since, in the specific setting of ESRD, patients are usually seen thrice weekly by nephrologists 
and dialysis nurses, who often represent the main or the primary health provider for long 
period of times, and health personnel seems to be well aware of the importance of physical 
activity.

More than half of the patients enrolled in our study could be defined totally inactive, 
a finding similar to that obtained in US dialysis facilities [1]; many patients were only 
moderately active and only a minority was active. In our single-center population of Italian 
dialysis patients barriers to physical activity were also frequently observed. In fact, at least 
one barrier was reported in 96.1% of patients, with only 3% of patients perceiving only 
one barrier and almost 50% having 5-9 barriers. Fatigue on dialysis days, perception of too 
many medical problems and sadness were reported by more than half of the patients; lack of 
motivation (42.3%) and lack of time in dialysis days (32.7%) were also common complaints. 
However, only perception of having too many medical problems, chest pain and sadness 
were independently associated with inactivity at multivariable analysis. 

Besides their number, at least in part related to age, both the different characteristics of 
the barriers to physical activity and the diversity of the national health systems complicate 
the approach to overcome those barriers. For example, at least in theory, in Italy a free and 
widely covering national health system should facilitate the solving of some social and 
economic problems. However, as observed in this study, a number of important barriers 
cannot be considered strictly clinical or economic barriers and cannot be removed easily 
within the dialysis unit context, for example through the optimization of medical therapy and/
or dialysis schedule. Psychological barriers (for example motivation) or logistical barriers 
(availability of places to exercise, tutoring availability, etc) would require the involvement of 
other specific expert professionals, ideally working together with the dialysis team. Finally, 
some barriers to physical activity are likely to derive from attitudes and opinions of dialysis 
doctors and nurses. ESRD patients on dialysis typically develop a strong and long-lasting 
trust relationship with nephrologists and dialysis nurses. Consequently, as dialysis facility 
personnel usually represent the most important medical reference point, if nephrologists 
and nurses do not advise about physical activity, it is unlikely that patients will receive such 
counseling by other professionals. Available data suggest that exercise counseling rate is 
low among nephrologist, nothwithstanding the widespread awareness about both the high 
cardiovascular risk of these patients and the positive effects of physical activity. Lack of time, 
feeling non-confident in skills about exercise counseling, the belief that most dialysis patients 
would not increase physical activity even if advised to do so, and the opinion that  dialysis 
patients are scarcely interested in the topic of physical activity and would hardly modify 
their level of physical activity are the most frequently reported barriers in the literature 
studies [7].

Also, our data highlight some controversial issues about attitudes of health personnel 
in dialysis units toward patients’ physical activity. In fact, while nephrologists and nurses 
are fairly convinced of the risks associated with sedentarism in ESRD patients, and of the 
advantages of physical activity, they still believe that increasing physical activity in ESRD 
patients is exceedingly difficult. This belief is based mainly on a low compliance/interest to 
exercise by the patients, but also on a lack of time of doctors and nurses for counseling. 

Conclusion

Physical activity level is low in ESRD patients on dialysis. Many coexisting factors are 
likely to concur in decreasing physical activity. Among them, different type of barriers  are 
frequently present, either patient-specific but also related to attitudes and beliefs of doctors 
and nurses on exercise in ESRD patient. Addressing these issues may help in increasing  the 
levels of physical activity in this population.
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Abstract
Patients on dialysis are poorly active and show a low level of physical functioning. 
Questionnaires and objective measurements of spontaneous physical activity are available as 
well as complex-expensive or simple-unexpensive tests useful to assess the patient’s exercise 
capacity. Performance assessment unravels patients’ capabilities, enables a tailored exercise  
prescription and provides predictive information on main clinical outcomes and therefore this 
topic should be of interest for nephrologists. A routinary minimal pool of tests might be 
usefully performed in a dialysis centre to stratify the patient’s risk and to recognize patients 
in need of exercise training in order to address them to community-based or rehabilitative 
programs.

Introduction

The burden of physical inactivity and the low level of physical functioning among patients 
affected by chronic kidney diseases and dialysis in particular, are well-known multifactorial 
and multinational problems [1-4]. Therefore physical activity level and physical functioning 
assessment, performed with valid instruments, should be a topic of specific interest in 
Nephrology. These measures gather information about the spontaneous activities practiced 
by the patient shading light on its lifestyle and attitudes on active living. These measures 
also assess patient’s exercise capacity and physical functioning, obtain parameters useful 
to prescribe a personalized exercise program and allow to evaluate its effects. The patient’s 
physical activity level can be estimated by administered or self-administered questionnaires 
or quantified by objective measurements, e.g. number of steps or movements performed by 
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patients in one or more days, by means of devices such as pedometers, accelerometers, or 
GPS. Several questionnaires evaluating the physical activity level are available in elderly and 
chronically ill populations [5, 6]. Among dialysis patients the Stanford 7-day Physical Activity 
Recall questionnaire, the Physical Activity Scale for the Elderly, the Human Activity Profile, 
and the Medical Outcomes Study Short Form 36-item questionnaire have been tested and 
validated by comparison of the results obtained with objective measures of mobility and of 
physical performance [6]. The kidney disease quality of life or KDQOL questionnaire is also 
extensively used [7]. The direct assessment of physical activity allows to directly measure 
body movements, frequency and/or intensity of the activities almost without influencing 
the subject. Among dialysis patients these measurements have shown a number of daily 
steps lower than reference values for age and sex, a condition generally worsening on the 
non-dialysis days [8-11]. Moreover, patients’ performance can be directly assessed by valid, 
objective and repeatable tests. They can be single, at submaximal or maximal intensity 
protocol, or combined to constitute a battery of tests. Besides clinical and diagnostic 
informations a test primarily allows to measure the exercise capacity, assigning a numeric 
value to the marker representing the physical quality under evaluation. In individuals with 
kidney disease and on dialysis [1] the tests results can be useful to compare the patients’ 
performance to a reference value, to obtain a patients’ stratification, to give information 
useful for the exercise training prescription, to determine the outcome of interventions 
as well to obtain predictive informations on relevant clinical outcomes as disability, loss 
of independence, hospitalization, survival, morbidity and quality of life. Exercise capacity 
assessment is both safe and feasible in dialysis patients [1] when considering specific 
cautions (e.g. number, duration and intensity of tests) related to deconditioned patients at 
early fatigability and high cardiovascular risk. However, costs for instruments and personnel 
are also factor that address the test selection. For these reasons highly reliable measures 
of cardiovascular fitness [1], as the cardiorespiratory test performed by measures of gas 
exchange during incremental treadmill or cycle ergometer protocols, as well as effective 
measures of muscle function by means of dynamic isotonic, isometric and isokinetic tests, 
are not extensively performed in patients with renal failure. Contrarily, patients are more 
frequently tested by simple inexpensive but effective measures of performance based on tasks 
required in daily living including walking tests to evaluate patients’ mobility (6-minute walk 
test, gait speed tests), sit-to-stand tests determining muscle power or endurance of muscle 
legs (5-STS, 10-STS, STS-60) or tests combining different tasks (e.g. North Staffordshire Royal 
Infirmary Walk) [1, 12-14].

All these issues related to the exercise capacity assessment have been considered when 
planning the study Excite [15]. The KDQOL questionnaire was selected for measuring the 
quality of life of patients. Tests were selected aiming both to assess the functional outcome 
and to obtain as much information as possible on physical functioning, to be able to stratify 
patients according to their functional capacity and prescribe them semi-personalized training 
programs. The tests had to be performed at submaximal intensity to limit patient’s fatigue. 
They also had to be simple, feasible and reproducible in the different venues, at low cost and 
not requiring instruments (e.g. ergometers). The test selected should also require a limited 
time of execution to minimize the number of testing days and the discomfort inside the 
dialysis centres. The final battery included only two tests for measuring physical functioning, 
the 6-minute walk test (6MWT) to evaluate mobility, with additional gait speed analysis at 
self-selected pace, and the 5-STS for measuring muscle power of lower limbs. By means of 
these tests the study allowed to take a picture of the physical functioning in a wide population 
of patients able to walk from dialysis centres distributed over the national territory, from 
Milan to Sicily. In the final phase of the study Excite, at follow up after 36 months, we also 
aimed to identify a questionnaire useful to evaluate the physical activity level of patients 
and to indirectly gather information on the level of retention of the exercise program. The 
choice of the questionnaire followed the same philosophy of the test selection. It had to be 
a fast and easy tool, able to give a score and usable on wide population. We opted for the 
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Rapid Assessment of Physical Activity (RAPA) questionnaire, based on 7 items evaluating 
the physical activity level and 2 items for strength and flexibility [16]. The questionnaire was 
translated into Italian, made of easy use for the operator by a friendly layout and completed 
by an additional four-item section created by us to explore patient’s attitude and necessities 
in relation to physical activity. 

Conclusion

The physical capacity assessment of patients on dialysis should be a part of their 
routine management [1, 14] but is scarcely performed. In the study Excite the tests allowed 
to determine a functional improvement among dialysis patients after the execution of a six-
month exercise program [15]. As additional result the study has defined a minimal pool of 
tests usable in a dialysis centre, e.g. at the entry of a new patient, and able to identify at low 
cost, low fatigue for the patients and in a relatively short time (less than 15 minutes) relevant 
information as patient’s mobility, power of the lower limbs, habitual level of physical activity 
and attitude towards it. This routinary assessment of patients might allow to stratify the 
patient’s risk (survival, hospitalizations, peripheral disease complications, etc.), to recognize 
patients interested to receive counselling in relation to the benefits of exercise, to address 
them to simple home exercise sessions [17] or to community-based programs when available, 
or to specific rehabilitative programs when necessary.
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Abstract
Chronic kidney disease (CKD) worldwide is rising markedly becoming a priority public health 
problem. The progression of CKD cause functional limitation and severe disability with 
poor quality of life. The aim of present review was to highlight the effect of rehabilitation 
in CKD and ESRD subjects. The rehabilitative process is unique in treating disabled people 
according to a holistic approach with the aim of supporting a person’s independent living and 
autonomy. CKD are associated with an increased risk of functional impairment, independent 
of age, gender, and co-morbidities. Clinicians should counsel patients with CKD including 
frail elder people to increase physical activity levels and target that regular physical activity 
including aerobic or endurance exercises training benefits health. In old subjects with CKD 
and multiple functional impairments, the traditional disease based model should be changed 
to individualized patient-centered approach that prioritizes patient preferences. Patients 
receiving haemodialysis have a considerably lower exercise tolerance, functional capacity, and 
more muscle wasting than healthy subjects or patients with less severe CKD. Exercise training 
or comprehensive multi-dimensional strategy and goal-oriented intervention should be also 
provided in ESRD older subjects. Structured prevention programs based on reducing the risk 
factors for CKD and rehabilitative strategies could reduce disability occurrence.

Introduction 

The burden of the chronic kidney disease
Since 2002, the chronic kidney disease (CKD) is defined  as  the presence of kidney 

damage or reduced glomerular filtration rate (GFR) less than 60mL/min/1.73 m² that is 
present for three months or more [1]. According to GFR, there are five stages of CKD from 1 to 
5 with GFR > 90 mL/min/1.73 m² (kidney damage with normal or increased kidney function) 
through GFR < 15 mL/min/1.73 m² (kidney failure and haemodialysis), respectively. Age, 



 Kidney Blood Press Res 2014;39:180-188
DOI: 10.1159/000355795
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 181

Intiso: Rehabilitation in Chronic Kidney Disease

hypertension, and diabetes are the key predictors of new onset secondary CKD. The high 
prevalence and incidence of CKD and end-stage renal disease (ESRD) is a global challenge. A 
recent epidemiological survey in a large population sample showed that the overall incidence 
of a definite diagnosis of CKD was 479 per 100,000 person-years [2]. Furthermore, studies 
from around the world have reported a broadly similar prevalence between 10% and 16% 
in adults  [3] depending on the diagnostic criteria used. The number of patients with CKD 
worldwide is rising markedly becoming a priority public health problem. The rise in CKD 
worldwide most probably reflects the global epidemic of type 2 diabetes and the ageing of 
the populations in developed countries, with a higher incidence and prevalence in elderly 
people. The incidence of CKD has been shown to increase with age and nearly half of old 
people suffers from this condition [4, 5]. Likewise, the prevalence of CKD varies from 23.4% 
to 35.8% in people aged 64 years or older [6]. Because high income countries population is 
dramatically chancing as the elderly represent the fastest growing demographic segment, 
it is predictable that a large number of old subjects suffering from CKD and ESRD will need 
care and assistance. Furthermore, the number of people with diabetes worldwide, currently 
around 154 million, is set to double within the next 20 years, and the increase will be most 
notable in the developing world. The progression of CKD cause functional limitations and 
severe disability with poor quality of life that require proper rehabilitative strategies, 
particularly in old people [7] who also suffer from several co-morbidities. The transition 
from CKD to ESRD constitute high clinical risk situations with substantial healthcare costs. 
Despite patients with ESRD comprise only a small percentage of people with CKD [8], the 
cost of treating these patients is substantial and poses a great challenge to provision of care. 
In Europe, less than 0.1% of the population needs renal replacement therapy, which accounts 
for 2% of the healthcare budget [9]. Structured and well resourced primary prevention 
programs based on reducing the risk factors for CKD and rehabilitative strategies adjunct 
to proper interventions during the renal disease could make a big difference in reducing the 
impact that CKD will predictably have on disability occurrence and related social cost [10]. 
The aim of present review was to highlight the role and effect of rehabilitation in CKD and 
ESRD subjects.

Rehabilitation role and rehabilitative project

Rehabilitation has been defined by the World Health Organization (WHO) as ”the use of all 
means aimed at reducing the impact of disabling and handicapping conditions and at enabling 
people with disabilities to achieve optimal social integration”. This definition incorporates 
clinical rehabilitation but also, importantly, endorses the concept of social participation 
as requiring a matching of the social environment to the needs of people with disabilities. 
The overall aim of rehabilitation is to enable people with disabilities to lead the life that 
they would wish, given any restriction imposed on their activities by impairments resulting 
from illness or injury as well as from their personal context [11]. The rehabilitative process 
is unique in treating people according to a holistic approach or a bio-psycho-social model 
with the aim of supporting a person’s independent living and autonomy. Rehabilitation has 
been demonstrated effective and efficient in reducing the burden of disability and enhancing 
the opportunities for disabled people. On the base of clinical, affective and functional 
evaluation, physiatrists have to plan the rehabilitative project including all structural body 
and functional areas that need of reparative and rehabilitative interventions. Rehabilitative 
project has to forecast time and intervention type, to individuate recoverable limitations and 
the functional objectives that can be reached. Furthermore, suitable rehabilitative methods 
and techniques have to be described in reaching the results as well as the specific role of 
involved personnel staff in the rehabilitative process. The role of rehabilitation intervention 
and how much specific strategies can affect functional recovery have to be communicated 
and discussed with patients and his/her family. Indeed, discussion regarding goals of care 
and advance care planning ought to be common place in executing rehabilitative project. 
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Patients and caregivers should be discouraged from setting unrealistic rehabilitation goals, 
whenever required functional abilities are not recoverable. The rehabilitation project 
should be tailored on the individual effective needs of CKD people according to the holistic 
approach considering stage of disease, complications and co-morbidities. As a patient-
centered process, it has to be appropriate to optimize both activity and participation to 
ameliorate person’s quality of life. People with CKD could complain of complex functional 
impairments and multi-system clinical disorders needing of specialized care and specific 
rehabilitative interventions. In this case, the rehabilitative project can be only executed by 
an interdisciplinary approach with a multi-professional team work that include physiatrist, 
geriatrician, nephrologist and other medical practitioner such as nurses, social worker, and 
occupational or physical therapist in order to obtain the best benefit by the one’s own expert 
and competent contribute. 

Chronic Kidney disease and disability

CKD are associated with an increased risk of functional impairment, independent of 
age, gender, co-morbidities, and cardiovascular events [12]. The association with functional 
limitation has been observed not only in patients with ESRD [13] and moderate-severe CKD 
(mean GFR 25 ml/min/1.73 m2) [14], but also in subjects with milder CKD (mean GFR 50 
ml/min/1.73 m2 ) [12]. Several causes can contribute to limitations occurrence in these 
subjects including anemia, protein-energy malnutrition, lower muscle strength, metabolic 
disturbances resulting in reduction exercises tolerance, independence and ability to perform 
activities of daily living (ADL). Because ability decline occurring in adult CKD subjects, 
rehabilitative strategies should be planned on the base of age, functional limitations, residual 
abilities, participation and co-morbidities. In CKD adult subjects with retained ADL and IADL 
(instrumental activity of daily living) capacities, clinicians have to recommend active life style 
with regular physical exercise to prevent functional decline. In subjects who present reduced 
abilities and more complex limitations, a multi-disciplinary approach should be carried out.  

Exercise training for adults with chronic kidney disease
The ability and capacity to perform ADL (physical functioning) is severely reduced 

in adults with CKD [15]. Low levels of physical activity and poor physical functioning are 
strongly associated with mortality and poor clinical outcomes in these patients, regardless 
of treatment modality [16]. During the last 30 years, there have been a significantly 
increasing number of published studies concerning the effect of regular exercise training 
in adults with CKD. The first seminal step of rehabilitation intervention is based on the 
exercise prescription. Clinicians should counsel the patients with CKD to increase physical 
activity levels and inform them that there is scientific evidence that regular exercise benefits 
health [17]. Exercise regimens are based on the frequency, intensity and duration of exercise 
training as well as the type of activity and the individual’s initial level of physical fitness. The 
training regimen should include aerobic, resistance and flexibility activities. Aerobic exercise 
training should build up to at least 30 min of moderate intensity exercise on 5 days per 
week using a gradual approach. By now, there is evidence for significant beneficial effects of 
regular exercise on physical fitness, walking capacity, cardiovascular dimensions (e.g. blood 
pressure and heart rate), health-related quality of life and some nutritional parameters in 
adults with CKD [15]. Physical activity has the potential to positively impact upon aerobic 
and functional ability, and the quality of life of all CKD patients independent of the stage of 
the disease process [18]. Regular exercisers have better quality of life, physical functioning, 
sleep quality scores, report fewer physical activity limitations and are less affected by pain 
or poor appetite. In models adjusted for demographics, co-morbidities and socio-economic 
indicators, mortality risk was 27% lower among CKD subjects performing regular exercisers 
compared to subjects who performed poor physical activity [19]. 
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Disability and Rehabilitation intervention in CKD elder subjects 
Because average levels of GFR tend to decrease with age, CKD becomes increasingly 

prevalent with advancing age, and nearly half of old people suffers from this condition [4]. 
Physical impairment can be detected in the early stages of elder CDK  people [20, 21]. In elders, 
CKD is associated with the development of disability independent of body composition, 
physical performance and comorbidity [20]. In comparison with those with normal renal 
function, the elderly patients with CKD are more likely to have increased co-morbidities, 
walking impairments and decrement in quality of life. Older subjects with GFR less than 45 
mL/min/1.73 m2 have an odds of IADL   or basic activities of daily living (BADL) decline more 
than threefold greater compared with those without CKD [7]. Furthermore community-
dwelling older adults with CKD show an accelerate decline in life-space mobility trajectory 
that produces reduced ability to move to outside one’s home, neighborhood, or town and to 
engage in social activities and participation including family events and religious services 
[22]. Walking impairment is fairly common in elderly CKD people and strongly associates 
with all-cause mortality [23]. Several rehabilitative strategies and approaches can be applied 
in these people to delay the functional decline and to ameliorate the residual abilities (table 
1). In early stage of CKD, proper exercises have to be planned in those who have mild co-
morbidities and not severe limitations. Physical activity including aerobic and resistance 
exercises have been recommended producing positive effects on cardio-respiratory fitness, 
physical function and self-reported health [24]. Moderate to high-intensity strength training 
improves physical performance, muscle mass and quality of life in CDK [25] as well as dialysis 
older patients [26]. Of course, not all CKD subjects have to perform regular exercises. In 
addition to that reported by American College of Cardiology Foundation/American Heart 
association, several contraindications are specific to CKD patients such as symptomatic 
hearth arrhythmias, pulmonary congestion, and peripheral oedema. On the other hand, 
specific rehabilitative interventions have to be tailored whenever multiple co-morbidities 
such as multi-joints arthritis, sarcopenia, heart failure and neurological disturbances 
contribute to the disability. Recently a different model has been proposed in caring elder 
CKD people that should change from traditional disease based model to individualized 
patient-centered approach [22]. An individualized approach prioritizes patient preferences 
and embraces the notion that observed signs and symptoms often do not reflect a single 
unifying disease process, and instead reflect the complex interplay between many different 
factors. This care method could result particularly positive in frail old people with CKD. 
These subjects are mostly inclined toward hospitalization, disability and death. Thus, it is 
crucial to develop interventions in decreasing adverse health outcomes. A large number of 
papers have reported that also frail elder people can benefit from regular physical activity 
including aerobic or endurance exercises training [27]. Among frailty factors, one of most 
important is loss of muscle mass. Although data remain controversial, studies have revealed 
that aerobic exercises can increase muscular mass of extremities in elderly [28]. The right 
rehabilitative interventions should be planned on the functional ability of elders and tailored 
by more structured and interdisciplinary approaches as functional decline advances [29]. 
Interdisciplinary care team including physiatrist, geriatrician, nephrologist and other 
medical practitioner knowledgeable in the care of older adults such as nurses, social 
worker, and occupational or physical therapist could be more effective than usual a single or 
disease-centered approach in treating multi-system disorders of frail old people with CKD. 
Occupational therapy can be an essential rehabilitative strategy in those suffering from CKD 
and multiple co-morbidities that affect functional abilities and ADLs. The use of assistive 
devices is a common intervention used to meet the goal of maintaining independence and 
assistive tools are commonly recommended for ADLs. They include dressing sticks, long 
handled shoe horns, long handled sponges, button hooks, shower seats, and three-in-one 
commodes. These items have been shown to be effective in minimizing energy output 
and improving function with self care and ADLs in patients with functional deficits from 
orthopedic and neuromuscular diseases. Correct techniques can save energy, increase time 
efficiency, and decrease frustration. Rehabilitative intervention can help to find the best 
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technique or equipment for particular situation and recommend when a caregiver will have 
to provide more assistance. A further essential role of occupational therapy is environmental 
and home living adaptation for elders with functional limitation who are at risk of falls that 
are the leading cause of injury and associated morbidity in elderly. In these subjects proper 
programs include home hazard assessments by trained individuals, removal or modification 
of identified hazards, installation of safety devices such as handrails on stairs and grab bars 
on bathrooms, and improvements in lighting [29]. Falls may lead to decreased mobility, 
hospitalization, depressive symptoms, functional decline, decreased social activity and poor 
quality of life [30, 31]. All older adults with and without CKD at risk of falling should be 
offered an exercise program incorporating balance, gait, and strength training. Since fall risk 
can depend on several factors, a single approach can be insufficient. To date, several trials 
have demonstrated that multi-component and multi-factorial interventions resulted in an 
approximately 30% relative risk reduction in fall rate [32].

Table 1. Rehabilitative strategies in old people with CKD and ESRD
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Hemodialitic patients ad rehabilitation

The association between ESRD and functional impairment is well established [13]. Cross-
sectional reports have found that individuals with ESRD have lower physical functioning than 
the general population. Furthermore, ESRD subjects receiving maintenance haemodialysis 
(HD) have a considerably lower exercise tolerance, functional capacity, endurance and 
strength, and more muscle wasting and fatigue than healthy subjects or patients with less 
severe CKD who do not yet need renal replacement therapy [33]. Similar rehabilitative 
strategies delivered in CKD persons can be applied to dialysis subjects, particularly the 
exercise training. Individual recommendations by stage and/or treatment modality of 
kidney disease do not presently exist, however, the following suggestions may guide exercise 
prescription for the CKD/ESRD patient. Patients with peak VO2 values (<17.5mlkg−1 min−1) 
may obtain the largest survival benefit from exercise training [34]. Before starting exercise 
therapy, patients should be evaluated to define their suitability for exercise and to tailor 
individualized exercise prescriptions by exercise tolerance and functional capacity tests. 
Same recommendations and contraindications for older adults (65 years and above) of 
the American College of Sports Medicine and the American Heart Association [35], can be 
applied to patients with HD [36]. Benefits associated with exercise training are improved 
peak VO2, cardiac function, quality of life, and sympatho-adrenal activity [37]. Significant 
improvements in lean body mass, quadriceps muscle area, knee extension, hip abduction 
and flexion strength have been also reported [37]. Exercise training may be delivered in 
non-dialysis time, either as outpatients or at home, and also during dialysis, termed inter-
dialytic exercise. Sophisticated machine such as leg press and free weights have been used 
to improve strength and to preserve physical function. On the other hand, simple and cheap 
elastic bands that can be used for resistance exercises during dialysis sessions may be an 
attractive alternative [38]. Doubts remain about the proper physical programs to obtain 
benefit, but no differences has been found between intra-dialytic versus home-based aerobic 
exercise training on physical function and vascular parameters in HD patients [39]. It should 
be emphasized that the most frail and incapacitated patients are probably those most in 
need of physical rehabilitation as a part of their clinical care. Although dialysis initiation is 
associated with a functional decline that is independent of age, gender, and prior functional 
status, this finding is more dramatic in old people. Sterky et al. observed that dialysis 
elderly subjects had 50% less functional capacity than gender- and age-matched healthy 
subjects [40]. Only 13% of subjects after one year of HD maintain stable functionality 
[13]. The accelerate functional decline that occurs in dialysis old people promote mobility 
impairment, falls, fractures and functional limitations predisposing HD subjects to increased 
health utilization and long-term institutionalization. According to data from the US Data 
System, 25% of patients starting dialysis are over the age of 75 years and older patients 
represent the fastest growing group on dialysis [41, 42]. Elderly subjects with HD share 
many of same co-morbidities including diabetes, coronary artery disease, heath congestive 
failure, multilevel arthritis, pain, neuropathy, affective disorders and cognitive impairments 
that produce severe functional limitation and decrement of quality of life. A step-by step 
approach selecting the outcome to improve [43] and more recently, a patient centered 
intervention rather than disease treatment has been proposed [22]. In elderly subjects 
with advanced CKD, providers have to be prepared to adopt an integrative, individualized 
oriented-patient approach. Comprehensive multi-dimensional strategy and goal-oriented 
intervention should be provided in ESRD older subjects presenting multiform disability 
and requiring hospitalization. In this way, specialized geriatric rehabilitation units with 
on-site dialysis have been proposed in which integrated multidisciplinary care by experts 
in rehabilitation, geriatric medicine, and nephrology and reciprocal continued medical 
education among staff can help older dialysis patients with new-onset functional decline 
return to their home [44, 45]. Discussion regarding goals of care and advance care planning 
ought to be common place for such patients. Patients and caregivers should be discouraged 
from setting unrealistic ‘‘rehabilitation goals,’’ such as attaining a level of independence that 
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Conclusion

The number of patients with CKD worldwide is rising markedly becoming a priority 
public health problem. Rehabilitation is effective and efficient in reducing the burden of 
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or comprehensive multi-dimensional strategy and goal-oriented intervention should 
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strategies could reduce disability occurrence and related social cost.
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Abstract
Despite consensus among nephrologists that exercise is important and probably beneficial 
for their patients, assessment of physical function or encouragement of physical activity is not 
a part of the routine management of patients with CKD. In order to plan an useful strategy 
for exercise training we need to clearly define some questions. First of all, nephrologists need 
to be aware of physical exercise benefits; lack of motivation and increased perceived risk by 
health care professionals have been identified as contributing factors to physical inactivity. 
Moreover, the main elements necessary for sustaining exercise programs in this population 
have to take in account, such as the requirement of exercise professionals, equipment and 
space, individual prescription, adequate commitment from dialysis and medical staff. When 
PA may not be implemented, a comprehensive, individualized occupational therapy program 
may improve functional independence and activity of daily living. Finally, physical function has 
to be careful monitored and assesses by medical staff. 

Rethinking physical activity in renal disease 

It is well known that the human body has evolved in such a way that most of its systems 
(eg, skeletal, muscle, metabolic, and cardiovascular) do not develop and function in an 
optimum way unless stimulated by frequent physical activity [1]. Unfortunately, nowadays 
a third of adults and four-fifths of adolescents do not reach public health guidelines for 
recommended levels of physical activity [2]; moreover, inactivity rises with age, is higher in 
women than in men, and is increased in high-income countries. Whatever the patients and 
the diseases they are treating, physicians need to keep in mind that walking is a common, 
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accessible, inexpensive form of physical activity and is an important component of total 
physical activity in adult populations [3]. It is aerobic and necessitates use of large skeletal 
muscles, and confers the multifarious health benefits of physical activity with few adverse 
effects. Interventions have been implemented to increase population levels of walking and 
have proven this activity’s effectiveness [4]. Participation in vigorous-intensity physical 
activity is another key indicator of physical activity levels. It has well established health 
benefits [5] which were recognised in the 2010 WHO global recommendations on physical 
activity for health [2]. Vigorous-intensity activity has higher reliability and validity than does 
moderate-intensity activity with standardised self-report instruments. 

Recent guidelines specifically state that elderly individuals and patients with chronic 
diseases should also be encouraged to meet the same PA targets, as long as the intensity is 
adjusted so that it is of moderate intensity for the individual [6]. In fact, patients with a range 
of chronic medical conditions other than CKD also suffer from poor physical performance 
and muscle wasting, and there is mounting evidence of beneficial effects of exercise 
in these conditions [7]. Such conditions include congestive heart failure and coronary 
artery disease, cerebrovascular disease, peripheral vascular disease, chronic obstructive 
pulmonary disease, asthma and cancer. In patients with renal diseases, both affected by 
chronic kidney disease (CKD) or undergoing renal replacement therapy (RRT), three 
main factors affecting physical activity have been identified: a) kidney failure itself (with 
its associated malaise); b) side effects of the RRT, and c) worsening co-morbidity combine 
to discourage physical activity. Inactivity is therefore regarded as a major factor leading to 
impaired physical condition, reduced exercise capacity and ultimately muscle wasting [8]. 
Despite consensus among nephrologists that exercise is important and probably beneficial 
for their patients, assessment of physical function or encouragement of physical activity is 
not a part of the routine management of patients with CKD. However, it is nowadays quite 
clear that prevention of the functional decline associated with a sedentary lifestyle and relief 
from severe deconditioning attributable to low mobility is of paramount importance in CKD 
patients. Nephrologists need to be aware and have to explain their patients that regular 
exercise may improve quality of life, as reported in Table 1.

Many kidney patients believe they cannot exercise, but most can exercise. PA will help 
them to feel better, stronger and more in control of their health. Obviously, physicians have to 
tailor the exercise to each patient and circumstances. PA will help patients to return to work, 
do daily household activities, or manage own health care. 

In order to plan an useful strategy for exercise training in CKD/ESRD patients we need 
to clearly define some questions:

a) Are nephrologists aware of physical exercise benefits ?
b) Which elements are necessary for sustaining exercise programs in this population?

Table 1. 
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c) Which role for a restorative physical and occupational therapy ?
d) How can we assess and monitor physical function for people with CKD?

 

Are nephrologists aware of physical exercise benefits ?

Lack of motivation and increased perceived risk by health care professionals have 
been identified as contributing factors to physical inactivity among haemodialysis patients 
[9]. Levels of physical activity are not routinely assessed and patients are not counseled to 
exercise more. The DOPPS study confirmed these results and clearly indicated that factors 
other than patient case mix are likely to contribute to levels of physical activity and suggest the 
possibility that facility practices can affect exercise frequency [10]. In fact, a great variability 
was observed in the percentage of regular exercisers across facilities; moreover, while in 
some dialysis patients there may be no potential for improvement in physical functioning, in 
many others it is likely that poor physical performance is due in part to deconditioning and 
could be modified. The higher prevalence of regular exercisers at facilities offering exercise 
programmes indicates that these interventions may be beneficial, with lessons to be learned 
by providers worldwide [10]. A recent paper by Delgado et al. performed a cross-sectional 
survey of nephrologists to ascertain the current rate of PA counseling among practicing 
nephrologists and to compare current rates of counseling with prior data to determine the 
extent to which the publication of the Kidney Disease Outcomes Quality Initiative (KDOQI) 
guidelines has affected practices and opinions regarding exercise counseling [11]. Authors 
clearly showed that despite the general view that guidelines would be likely to change 
practice, current nephrologists were not asking and counseling more than nephrologists 
asked the same questions in 2001 before the publication of the guidelines. Despite increased 
knowledge of the benefits of PA that resulted in the publication of this KDOQI guideline and a 
2001 study highlighting counseling deficits, practice patterns have not changed. As research 
in nephrology continues to produce an enlarging body of evidence that has the potential to 
enhance clinical practice, information delivery is of crucial importance. In fact, given the 
strong association of low PA with poor outcomes and the robust evidence supporting regular 
exercise training and counseling, there is an urgent need for research to identify optimal 
strategies to implement measurements of physical function and to provide encouragement 
for PA into the routine care of these patients. 

Sustaining a Hemodialysis Exercise Program

Sustaining exercise and activity in the CKD/ESRD setting may be an hard challenge 
mainly because its concept has not been clearly defined in the literature [12].

Its nowadays clear that sustaining an exercise program and inclusion in routine care is 
vital to increase dialysis patient exercise rates and improve physical and psychological side 
effects of CKD/ESRD patients. A recent literature review [12] identified the main elements of 
care that may contribute to a sustained exercise program in this setting:

•	 A sustainable program requires exercise professionals
•	 Intradialytic exercise
•	 Commitment from dialysis and medical staff
•	 Adequate physical requirements of equipment and space
•	 Exercise programs need to be interesting and stimulating
•	 The cost implications of the exercise program need to be addressed
•	 Exercise is not for everyone and requires individual prescription
•	 Age is no barrier to exercise on hemodialysis.
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First of all, it seems crucial engage experts in physical therapy or exercise physiology: 
this strategy has different advantages, such as the greater patients’ agreement, removing 
pressure by the nurse staff and, last but not least, an individually prescribed exercise 
regimen. Exercise professionals can coach and encourage dialysis staff to embrace exercise 
as a part of the patients’ prescription which may contribute to increased confidence of the 
dialysis staff with exercise [13, 14].

The second relevant point is “when” to perform PA. As recently showed by Konstantinidou 
et al. [15] in a comparison of three different exercise regimes, the interdialytic program had 
greater adherence. Although there are specific barriers to this exercise timing, in a great 
majority of cases it may be the first choise. On the other hand, a combination of encouraging 
strategies for behavioral change from the healthcare providers focused on nutrition 
and exercise, with some coaching from staff was suggested with the aims to develop an 
individualized exercise program to be performed during the hemodialysis sessions, while 
encouraging increased participation in activities of daily living [16].

Although the dialysis staff is in an excellent position to encourage sustained physical 
activity and has the opportunity to act as role model for dialysis patients, literature has also 
showed that inconsistent clinician beliefs and practices may decrease the sustainability of 
intradialytic exercise programs [17]. Because the dialysis staff may not have the skills and 
may not believe it is their role to provide and assist patients to intradialytically exercise [18], 
this underlines ones more the need of exercise professionals.

A great array of activities have been proposed to design interesting and stimulating 
PA. The combination of new and interesting exercise ideas coupled with a systematic 
documentation of progress, contributes to increasingly sustainable programs. Walking a 
dog, twice daily, every day of the year may be one possibility to motivate patients [19], but 
we can also suggest dancing, gardening, bowling, water exercises or golf. 

Given the increasing age of ESRD subjects dialysis staff often view hemodialysis patients 
as being too old to exercise, but elderly hemodialysis patients may respond well to some 
form of physical activity or exercise. In fact it has been recently proposed that recommended 
aerobic physical activity for the older and chronically diseased individuals [20] can be applied 
to the hemodialysis population [21]. Whether age is not to be quoted as a relevant barrier, it 
is also quite clear that each patient requires individual assessment by exercise professionals 
to assess their capabilities and provide a formal treatment plan and specific details regarding 
frequency, intensity, duration, and progression are required with individualized charting and 
documentation of progress [18]. In Table 2 the main rules of safety are summarized. 

Restorative physical and occupational therapy

In everyday clinical practice, nephrologists are aware that renal replacement therapy 
usually prolongs the life of a patient with CKD, but it does not necessarily have a positive 
impact on quality of life. In fact, the multiple comorbidities experienced by patients with CKD/
ESRD usually result in various impairments and functional limitations that may manifest as 
difficulty in ambulation, balance deficits, joint pain/stiffness, and impaired independence in 

Table 2. 
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and chronically ill populations, few dialysis care centers integrate rehabilitation programs 
into their dialysis care plan [23, 24]. But we need to be aware that, considering the physical 
limitations of CKD/ESRD patients, even small declines in physical function can lead to 
functional dependence on nursing care. Rehabilitation in these patients may have some 
simple but very relevant purposes, as in Table 3.

Occupational therapy may be defined as a science-driven, evidence-based profession 
that allows people of any age to live life to its fullest by helping them promote health, and 
prevent or better live with an illness, injury, or disability. Interventions are individualized and 
based on the impairments and functional limitations identified on the initial examination. 
Some of the interventions, activities, and techniques that could be used to achieve functional 
goals and improve overall outcomes may include modalities, neuromuscular reeducation, 
cognitive retraining, and therapeutic activities/exercises. However, patients selection is a 
critical point. Patients participating in the rehabilitation program should be hemodynamically 
stable and be able to tolerate the plan of care as prescribed. Unstable angina and/or cardiac 
status, recent cerebral vascular accident or transient ischemic attack, limited mental status, 
active malignancy, or certain musculoskeletal pathologies may be limiting factors for the 
rehabilitation program. In these patients lifestyle programs provide an alternative to center-
based rehabilitation or fitness programs by helping patients to develop the behavioral skills 
to start and maintain an active lifestyle [24]. Simple 6-months lifestyle rehabilitation and 
education program in in-center hemodialysis centers, such as the so called Life Readiness 
Program [24], would result in improvement in self-reported physical function compared 
with patients treated in a standard dialysis center environment. The Life Readiness Program 
was probably the first prospective study showing that PA can positively influence physical 
function and quality of life in chronically ill subjects such as ESRD patients. 

A comprehensive, individualized occupational therapy program would include 
interventions to (a) improve functional independence and ADLs; (b) decrease upper-
extremity pain, cramping, and stiffness; and (c) improve trunk and upper-extremity strength 
and dexterity [22].

As for PA, also for occupational therapy some relevant barriers have been identified: 
lack of awareness by other health care professionals regarding the importance and potential 
benefits, so education focusing on the importance and specific benefits of rehabilitation is 
critical and should be incorporated into any educational information provided to patients 
and their families, but also to caregivers; moreover, CKD/ESRD patients have to address 
multiple medical appointments, may be fatigued, and have other obligations. On the other 
hand the appeal of this kind of interventions is that they can be administered safely during 
the dialysis sessions [25, 26].

Because physical and occupational interventions have shown improvements in 
impairments and functional limitations in many other patient populations with chronic 
diseases, rehabilitation programs should be considered as another component of the 
standard of care of these patient populations [24].

Table 3. activities of daily living (ADLs), 
all of which are indications for 
rehabilitation, which includes 
physical and occupational 
therapy [22]. Rehabilitation 
of ESRD subjects has been 
considered almost a daunting, 
if not impossible , task. Despite 
evidence that a physically active 
lifestyle positively influences 
physical function, quality of life, 
and longevity in both elderly 
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Measurement of Physical activity

CKD patients are characterized by reduced levels of physical function in comparison 
with the general population, with peak aerobic exercise capacity of approximately 65% 
of age-, sex-, and physical activity–matched healthy controls and a marked compromised 
Physical Performance, about 50% to 120% lower than non uremic reference controls [27, 
28]. Although low and deteriorating physical function are increasingly recognized as a key 
characteristics of their assessment does not yet form part of the routine clinical monitoring 
of this patient group. Moreover, there is a clear evidence of a wide diversity of measures 
currently used for the assessment of physical functioning [29]. A correct approach advocates 
that physical function assessments should be performed in order to describe physiological 
impairment in relation to physical function via exercise tolerance testing; functional 
limitations of the individual; and disability. The patient’s physical activity level can be 
estimated by administered or self-administered questionnaires or quantified by objective 
measurements [30].

Exercise Tolerance Assessment
The tolerance to exercise may be assessed by Peak Cardiorespiratory Fitness, Exercise 

Test Mode, Submaximal Exercise Tolerance and Neuromuscular Exercise Function [29]. The 
most commonly reported measure of integrated cardiorespiratory exercise tolerance in 
patients with CKD is peak VO2. The clinical value of VO2peak assessment for patients with 
CKD is supported by a recent report that showed the median VO2peak is a stronger predictor 
of survival than many traditional prognostic variables [31]. Moreover, also cycle ergometers 
are frequently used as mode of exercise testing in patients with CKD, while muscle function–
related measures have also been shown to be related to comorbidity and survival in CKD 
stage 4/5 patients [31].

Physical Performance Assessment
Among the great number of available test, we suggest to use those that are simple, feasible 

and reproducible in the different venues, with low cost and not requiring instruments, as 
in the Excite study [30]. The test selected should also require a limited time of execution 
to minimize the number of testing days and the discomfort inside the dialysis centres. So 
probably two tests for measuring physical functioning may be sufficient for our aims, the 
6-minute walk test (6MWT) to evaluate mobility, with additional gait speed analysis at self-
selected pace, and the five minutes six-to-stand test (5-STS) for measuring muscle power 
of lower limbs. By means of these tests the study allowed to take a picture of the physical 
functioning in a wide population of patients able to walk from dialysis centres [30].

Conclusions

Until now, awareness of PA clinical relevance is scarce and exercise therapy is largely 
underutilized in chronic diseases particularly so in CKD and in dialysis patients. Exercise 
programmes in CKD patients should aim at safely inducing favourable physiological 
adaptations. Exercise planning should be scheduled at optimal volume and intensity and 
be based on the patient’s age and comorbidities [32]. Its nowadays clear that sustaining an 
exercise program and inclusion in routine care is vital to increase dialysis patient exercise 
rates and improve physical and psychological side effects of CKD/ESRD patients. The main 
elements of care that may contribute to a sustained exercise program in this setting have 
recently been identified and need to be taken in account [12]. The dialysis staffs must be 
aware of the clinical relevance of the physical capacity assessment of CKD/ESRD patients, 
and this practice should be an everyday part of their routine management.
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Selection of physical function assessment tools is influenced by the intended goal of the 
assessment, the personal characteristics of the patient, and also by the prevailing information 
quality requirements and potential operational constraints. As exercise tolerance, functional 
capacity, and functional status assessments have been shown to be safe, feasible, and 
clinically useful, it is recommended that their implementation be incorporated within clinical 
management protocols for the patient with CKD.
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Abstract
Background/Aims: In this corollary analysis of the EXCITE study, we looked at possible 
differences in baseline risk factors and mortality between subjects excluded from the 
trial because non-eligible (n=216) or because eligible but refusing to participate (n=116). 
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Introduction

Precise definition of the population investigated in clinical trials and in well-planned 
observational studies is fundamental to understand the potential applicability of findings in 
these studies in clinical practice. The CONSORT (Consolidated Standards of Reporting Trials) 
document recommends a specific diagram for describing the flow of participants through 
the main phases of clinical trials [1], from eligibility to actual enrollment and follow-up. 
By the same token, a similar approach has been recommended for observational studies 
by STROBE, another document produced under the aegis of the EQUATOR (Enhancing 
the QUAlity and Transparency Of health Research) initiative. The importance of accurate 
reporting of the selection process of subjects enrolled into a trial is of obvious relevance 
for the generalizability of findings in the same trial. However, outcome data in subjects 
screened but not enrolled in clinical trials (as not eligible or as refusing to provide consent 
to participate) have received very little attention and we have been unable to identify even 
a single study focusing on this issue. The problem appears of particular relevance in trials 
testing exercise programs, i.e. trials which selects individuals with an inherently lower 
risk profile, i.e. with a degree of fitness allowing a physical exercise program. We hereby 
report a study corollary to the EXerCise Introduction To Enhance performance in dialysis 
(EXCITE) study, i.e. a multicentric, randomized controlled clinical trial on the effectiveness of 
exercise for improving physical performance and the quality of life and for reducing adverse 
clinical outcomes (mortality, cardiovascular events and hospitalizations) in dialysis patients 
(NCT01255969). We specifically designed this study to investigate differences in baseline 
risk factors and their influence on the overall survival in non-eligible patients and in eligible 
patients who declined the invitation to participate into the trial.

Patients and Methods

The study protocol was in conformity to the ethical guidelines of our institution and informed consent 
was obtained from each participant.

Patients
This is a study corollary to the EXerCise Introduction To Enhance performance in dialysis (EXCITE) 

study. More detailed information about this trial are available in ClinicalTrials.gov (NCT01255969). In this 
study we investigated the differences in baseline risk factors and their influence on the incidence rate of 
mortality in non-eligible patients (n=216; 90% on HD) and eligible patients who did not give the informed 

Methods: Baseline characteristics and mortality data were recorded. Survival and independent 
predictors of mortality were assessed by Kaplan-Meier and Cox regression analyses. Results: 
The incidence rate of mortality was higher in non-eligible vs. eligible non-randomized patients 
(21.0 vs. 10.9 deaths/100 persons-year; P<0.001). The crude excess risk of death in non-
eligible patients (HR 1.96; 95% CI 1.36 to 2.77; P<0.001) was reduced after adjustment for 
risk factors which differed in the two cohorts including age, blood pressure, phosphate, CRP, 
smoking, diabetes, triglycerides, cardiovascular comorbidities and history of neoplasia (HR 
1.60; 95% CI 1.10 to 2.35; P=0.017) and almost nullified after including in the same model also 
information on deambulation impairment (HR 1.16; 95% CI 0.75 to 1.80; P=0.513). Conclusions: 
Deambulation ability mostly explains the difference in survival rate in non-eligible and eligible 
non-randomized patients in the EXCITE trial. Extending data analyses and outcome reporting 
also to subjects not taking part in a trial may be helpful to assess the representability of the 
study population.

 Copyright © 2014 S. Karger AG, Basel
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in non-eligible patients (interquartile range 1.2 to 4.0 years) and 4.0 years in eligible patients unwilling 
to participate into the trial (interquartile range 2.3 to 4.0 years). During follow-up, death was accurately 
recorded. Each death was reviewed and assigned an underlying cause by a panel of 5 physicians. As a part 
of the review process, all available medical information about each death were collected. This information 
always included study and hospitalisation records. In the case of an out-of-hospital death family members 
were interviewed by telephone to better ascertain the circumstances surrounding death. 

Statistical analysis
Data were expressed as mean ± standard deviation (normally distributed data), median and inter-

quartile range (non-normally distributed data) or as per cent frequency (categorical data), and the 
comparisons among groups were made by One Way ANOVA, Kruskal-Wallis Test and Chi Square Test, as 
appropriate. 

In each study cohort, the independent predictors of mortality were identified by Kaplan-Meier 
survival analysis and by univariate and multivariate Cox regression models. Tested variables included age, 
gender, smoking, diabetes, blood pressure, total cholesterol, triglycerides, haemoglobin, albumin, calcium, 
phosphate, C-Reactive Protein, history of neoplasm, myocardial infarction, stroke, TIA, angina episodes, 
arrhythmia, peripheral vascular disease, and heart failure. We built-up multiple Cox regression models 
specific to each study cohort, by introducing into these models all variables which were related to all-cause 
mortality with P<0.10. To assess whether the observed difference in the death risk among the two study 
cohorts (i.e. non-eligible patients and eligible non-randomized patients) could be explained by differences 
in baseline risk factors (Table 1), we performed a multiple Cox regression analysis in the whole study 
population (n=648) including the group (cohort) variable and a series of risk factors which were related 

Table 1. Main demographic, clinical and biochemical characteristics of patientsconsent to take part into 
the EXCITE trial (n=116; 
84% on HD). Deambula-
tion ability was catego-
rized as independent, as-
sisted or total inability to 
deambulate (bedridden 
or wheel-chaired). The 
main demographic, clini-
cal and biochemical char-
acteristics of patients 
included in this study are 
given in Table 1. 

L a b o r a t o r y 
measurements
Blood sampling was 

performed during a mid-
week day (short dialysis 
interval). Serum choles-
terol, albumin, calcium, 
phosphate, C-Reactive 
Protein (CRP) and hae-
moglobin measurements 
were made using stand-
ard methods in the rou-
tine clinical laboratory.

Follow up
After the initial as-

sessment, the median 
follow-up was 2.9 years 
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(with P<0.10) to mortality in each study cohort (Table 2) and/or differed (with P<0.10) among the two 
cohorts (Table 1). By this strategy we constructed models of adequate statistical power (i.e. at least 10 
deaths for each variable into the models). In the survival analysis, data were expressed as hazard ratio, 95% 
confidence interval and P value. 

The explained variation in mortality attributable to single variables was calculated by the method 
proposed by Hosmer and Lemeshow [2]. Statistical analysis was performed by using a standard statistical 
package (SPSS for Windows, Version 20, Chicago, Illinois, USA.

Results

The source population of the EXCITE study included 648 patients with ESKD. Among 
these, 216 patients were excluded because they did not meet inclusion criteria (33%), 116 
patients were eligible but did not give the informed consent (18%) and the remaining 316 
patients were randomized (49%). Most non-eligible patients (64%) did not deambulate 
autonomously and/or needed to be assisted in everyday life. Eligible patients non-
participating into the study were significantly younger and displayed a lower proportion of 
patients with angina, arrhythmia, heart failure and TIA as compared to non-eligible patients. 
Circulating levels of phosphate and the prevalence of smokers and hypertensive patients 
were higher in eligible non-randomized patients than in non-eligible patients (Table 1). 
Circulating levels of C-Reactive Protein (CRP) and the prevalence of peripheral vascular 
disease were higher in non-eligible patients than in eligible patients who did not give the 
informed consent (Table 1). 

Predictors of mortality in eligible non-randomized patients and in ineligible patients
During the follow-up period, the number of deaths was 119 in non-eligible patients 

(55%) and 41 in eligible non-randomized (35%) patients. In non-eligible patients, age, 

Table 2. Univariate Cox regression analyses in the two study cohorts. Categories grading ambulation im-
pairment are listed in Table 1
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triglycerides, phosphate, CRP, history of heart failure, history of peripheral vascular disease 
and deambulation degree (autonome, assisted or bedridden/wheelchaired) predicted death 
with formal statistical significance (p<0.05) while only age, history of arrhythmia and history 
of neoplasia associated significantly with the same outcome in eligible patients who did 
not enter into the trial (Table 2). Non-significant associations (p>0.05, p<0.10) with death 
were noted for smoking (Table 2). In multivariate analyses mortality was predicted only by 
age, triglycerides, CRP, degree of deambulation and history of heart failure in non-eligible 
patients (Table 3a) and only by age in eligible non-randomized patients (Table 3b). 

Comparison of survival in eligible non-randomized patients and in ineligible patients 
The incidence rate of mortality was substantially higher in non-eligible patients 

(incidence rate: 21.0 deaths/100 persons-year) than in eligible non-randomized patients 
(incidence rate: 10.9 deaths/100 persons-year) (Log rank test: χ2=13.85, p <0.001) (Fig. 
1a). To assess whether the difference in baseline risk factors could explain the difference 
in the death risk of the two study cohorts, we performed two multivariate analyses 
including the group variable of eligible and non-eligible patients (cohorts) and a series of 
risk factors which were related to mortality (with p<0.10) in each study cohort (Table 2) 
and/or differed (with p<0.10) among the two cohorts (Table 1). To estimate the impact 
of the degree of deambulation impairment on mortality we tested two models, the first 
excluding deambulation ability and the second including this co-variate. In the first model 
the crude difference in the mortality risk among the two cohorts (HR 1.96; 95% CI 1.36 
to 2.77; P<0.001) was reduced modestly (HR 1.60; 95% CI 1.10 to 2.35; P=0.017) (Fig.1b 
and Table 4). However, additional adjustement for deambulation almost nullified the excess 
risk of death seen in non-eligible patients (HR 1.16; 95% CI 0.75 to 1.80; P=0.513) (Fig.1c 
and Table 4). Of note, the explained variation in all-cause mortality was 33% for the model 
excluding and 38% for the model including the deambulation variable (P<0.0005). Thus, 
deambulation captures as much as the 13% in the explained variability in the risk of death. 

Discussion

This study corollary to a multicenter randomized, clinical trial testing the effect of 
physical exercise in dialysis patients shows that the mortality risk is twice higher in patients 
who were excluded from the trial than in eligible patients who did not accept to participate. 
Importantly, the mortality rate in this group (10.9 deaths/100 persons-year) was lower 
than the average mortality rate in the ERA-EDTA registry [3] and in the Italian registry of 
dialysis [4]. As expected, the two populations which remained external to the trial, i.e. the 

Table 3. Separate 
multiple Cox re-
gression models 
in non-eligible 
patients (a) and 
eligible non- ran-
domized patients 
(b)
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ineligible population and the population with sufficient fitness but unwilling to undergo 
the exercise program, showed several differences in baseline risk factors such as age, blood 
pressure, phosphate, CRP, smoking, diabetes, triglycerides, cardiovascular comorbidities and 
history of neoplasia. We hypothesized that these differences could explain the higher death 
risk of ineligible patients and tested this hypothesis by modeling death risk in an analysis 
where the two cohorts were nominally identified by a specific covariate. The proviso was 
that the inclusion of known risk factors differentiating the two cohorts should attenuate 
substantially or cancel out the excess death risk of unfit patients ineligible to the trial. 
However, in contrast to our working hypothesis, we found that adjustment for background 
risk factors only in limited part explained the between cohorts difference in mortality. 
This finding indicates that major risk factors fail to fully capture the higher probability of 
death in patients ineligible to clinical studies. Thus, the higher death rate in those patients 
must necessarily depend on unmeasured risk factors of paramount importance for human 
health. Most non-eligible patients (64%) did not deambulate autonomously or needed to be 
assisted, indicating that comorbidities limiting motor activity in everyday life mark a degree 
of severity that is unaccounted for by nominally defined, ungraded, major comorbidities like 
arrhythmia, heart failure, cerebro- and peripheral-vascular disease, ischemic heart disease 
and neoplasia. Indeed, when we introduced into the model deambulation impairment, the 
between cohorts difference in the risk of death almost disappeared (HR 1.16; 95% CI 0.75 

Fig. 1. Unadjusted and adjusted survival analyses in the two study groups (non-eligible and eligible non 
randomized patients).
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Table 4. Multivariate Cox regression analysis in the whole study population

to 1.80; P=0.513). This observation is of importance because physical performance and 
inability to deambulate are very rarely taken into account when describing the risk profile 
of dialysis patients in major clinical trials and observational studies in this population. For 
example, neither in the 4D [5], nor in the AURORA study [6], nor in the more recent EVOLVE 
trial [7], physical disability was an exclusion criterion but in none of these trials information 
on physical disability was given. About 1/3 (33%) of the source cohort of the EXCITE study 
had a relevant degree of physical impairment and it is likely that a similar proportion existed 
in the source populations of other trials in dialysis patients. The variability in mortality 
rate explained by unfitness to a simple exercise program is substantial and ignoring severe 
limitation in physical functioning may have a non trivial effect for the interpretation of the 
risk profile of patients included in clinical studies. However, as discussed, information on 
ambulatory ability is almost always omitted in trials in the dialysis population. Findings in 
this study represent a call for systematic reporting information on physical activity and/or 
(motor) ability in clinical trials and observational studies in this population. Indeed -well 
beyond classical risk factors, background co-morbidities and risk factors peculiar to end-stage 
renal disease- deambulation impairment explains a relevant proportion of the variability 
in mortality in ESKD. Furthermore, our findings suggest that extending outcome reporting 
and data analyses to the whole source population of clinical trials may provide relevant 
information to better frame the implications of the selection process applied to restrict the 
trial population to patients with well-defined demographic and clinical characteristics.
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Abstract
Background/Aims: Scarce physical activity predicts shorter survival in dialysis patients. 
However, the relationship between physical (motor) fitness and clinical outcomes has never 
been tested in these patients. Methods: We tested the predictive power of an established 
metric of motor fitness, the Six-Minute Walking Test (6MWT), for death, cardiovascular events 
and hospitalization in 296 dialysis patients who took part in the trial EXCITE (ClinicalTrials.gov 
Identifier: NCT01255969). Results: During follow up 69 patients died, 90 had fatal and non-fatal 
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cardiovascular events, 159 were hospitalized and 182 patients had the composite outcome. In 
multivariate Cox models - including the study allocation arm and classical and non-classical risk 
factors - an increase of 20 walked metres during the 6MWT was associated to a 6% reduction 
of the risk for the composite end-point (P=0.001) and a similar relationship existed between 
the 6MWT, mortality (P<0.001) and hospitalizations (P=0.03). A similar trend was observed 
for cardiovascular events but this relationship did not reach statistical significance (P=0.09). 
Conclusions: Poor physical performance predicts a high risk of mortality, cardiovascular 
events and hospitalizations in dialysis patients. Future studies, including phase-2 EXCITE, will 
assess whether improving motor fitness may translate into better clinical outcomes in this 
high risk population.

 Copyright © 2014 S. Karger AG, Basel

Introduction

Physical activity and physical performance are notoriously poor in patients with end-
stage kidney disease (ESKD) [1], a population with an extremely high risk of death and 
cardiovascular events [2]. Even though representing strictly related phenomena, physical 
activity and physical performance are separated entities with different metrics. Physical 
activity, i.e. physical engagement in daily activities, is a well-established predictor of mortality 
and cardiovascular events in the general population [3] and in pathological conditions such 
as diabetes [4] and coronary artery disease [5] and in end stage kidney disease (ESKD) as 
well [6-9]. To our knowledge, the relationship between actual physical performance, i.e. 
the objectively measured ability to perform well standardized physical efforts, and clinical 
outcomes in ESKD has been investigated just in a small study with a very limited number 
of major clinical events (just 21 deaths) [10]. The Six-Minute Walking Test (6MWT) is an 
established test to assess physical performance in frail elderly patients [11], and this test 
has been applied in clinical studies in various conditions, such as heart failure [12, 13] and 
chronic obstructive pulmonary disease (COPD) [14]. 

The EXCITE (EXerCise Introduction To Enhance Performance in Dialysis) study, is a 
large, multicentre, randomized trial whose phase – 2 (clinical outcomes and hospitalization) 
is still in progress. This study tests the effectiveness of an easy-to-implement program of 
physical training in dialysis patients. We have taken the opportunity of the EXCITE study to 
investigate the relationship between actual physical performance, as assessed by the Six-
Minutes Walking Test, on mortality, cardiovascular events and hospitalizations in dialysis 
patients. 

Patients and Methods

The study protocol was approved by the ethical committee of our institution. All participants gave 
informed consent before enrolment.

Patients
The EXCITE Study is a multicentre randomized controlled trial on the effectiveness of exercise in 

improving physical performance and the quality of life (phase-1) and in reducing adverse clinical outcomes 
(mortality, cardiovascular events and hospitalizations) (phase-2) in dialysis patients. This trial is registered 
in ClinicalTrials.gov (Identifier: NCT01255969). In this secondary analysis, we included 296 dialysis 
patients who performed the 6MWT at baseline. These patients had been on regular dialysis (HD or PD) 
for a median time of 44 months (inter-quartile range: 26-83). Haemodialysis patients (n=247) were being 
treated with standard bicarbonate dialysis with non-cellulosic membrane filters of various type. PD patients 
(n=49) were either on 4 standard exchanges day (n=11) or on continuous cycling peritoneal dialysis (n=38). 
Two hundred and six patients were treated with various anti-hypertensive drugs (76 on mono-therapy with 
calcium channel blockers, ACE inhibitors, sartans, alpha or beta blockers, clonidine, furosemide, 65 on double 
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Physical performance was assessed at baseline with the Six-Minute Walking Test (6MWT). This test 
consists in a 6 minute-walk along a marked walkway on a hard, flat surface, at the maximum speed that 
each patient can maintain. The goal of this test is to walk as far possible in six minutes. During the walk, the 
patient is allowed to stop and rest whenever he/she wants, and the number of interruptions are carefully 
recorded by an operator. At the end of the test, the fatigue perceived by the patient is classified by the Borg 
Scale, a simple method that allows to rate the perceived exertion by using a scale from 0 (no exertion) to 10 
(maximum exertion).

Study end-points
In this secondary analysis of EXCITE, a composite end-point including mortality, fatal and non-fatal 

cardiovascular events and hospitalizations was the main study end-point. Cardiovascular events were 
classified as follows: stroke (ischemic or haemorrhagic) documented by computed tomography, magnetic 
resonance imaging and / or clinical and neurological evaluation; transient ischemic attacks (TIA); myocardial 
infarction confirmed by serial changes of ECG and cardiac biomarkers; ECG-documented angina episodes; 
heart failure, diagnosed according to criteria by the AHA guideline [15]; ECG documented arrhythmia; 
peripheral ischemia or amputations; unexpected, sudden death highly suspected as of cardiac origin. 
Hospitalizations were classified in cardiovascular and non-cardiovascular using information included in the 
hospital records. Cause of death was assessed by 3 independent physicians. In doubtful cases, diagnosis 
was attributed by consensus. During the review process, involved physician used all available medical 
information, including hospitalization forms and medical records. In case of death occurred at home, 
family members and/or general practitioners were interviewed to better understand the circumstances 
surrounding death.

Statistical analysis
Data were expressed as mean ± standard deviation (normally distributed data), median and inter-

Table 1. Main demographic, somatometric and clinical characteristics in the 
study population and correlates of Six-Minute Walking Test (6MWT).

therapy, 44 on triple therapy 
and 21 patients on quadruple 
and quintuple therapy 
with various combinations 
of these drugs). The main 
demographic, somatometric, 
clinical and biochemical 
characteristics of the study 
population are detailed in 
Table 1.

L a b o r a t o r y 
measurements
Blood sampling was 

performed after an overnight 
fast. In haemodialysis 
patients, blood was always 
drawn in the morning hours 
(8 am – 12 am) during a 
mid-week day (brief dialysis 
interval). Serum cholesterol, 
albumin, calcium, phosphate, 
C-Reactive Protein (CRP) and 
haemoglobin measurements 
were made using standard 
methods in the routine 
clinical laboratory.

Six-Minute Walking Test
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vintage, systolic and diastolic blood pressure, cholesterol, albumin, C-reactive protein, calcium, phosphate, 
haemoglobin and NYHA class. All variables which correlated with 6MWT (with P<0.05) were jointly 
introduced into the same model. Survival analyses were performed by using bivariate and multivariate 
Cox regression models. In close parallelism with the strategy used for the identification of independent 
correlates of 6MWT (see above), in the multiple Cox Regression model we included all univariate correlates 
of the combined end point (with P < 0.05). Statistical analysis was performed by using standard statistical 
packages (SPSS for Windows, Version 20, Chicago, Illinois, USA; STATA for Windows, Version 13, College 
Station, Texas, USA).

Results

The flow-chart describing the recruitment basis of the study population and the 
subsequent selection process, from eligibility to randomisation, is reported in Fig. 1 and the 
baseline characteristics of patients randomised to the study intervention are described in 
Table 1. Enrolled patients had a mean age of 65 year. Sixty-eight of them were male, 17% 
were current smokers, 26% were past smokers. Twenty-one per cent of patients were 
diabetics and 76% had cardiovascular comorbidities. 

Correlation analyses
Baseline 6MWT, expressed as number of meters walked in 6 minutes, significantly 

correlated with age (ρ= -0.57, P<0.001), gender (ρ= 0.21, P=0.001), cardiovascular 
comorbidities (ρ= -0.24, P<0.001), diabetes (ρ= -0.20, P=0.001), diastolic blood pressure (ρ= 
0.38, P<0.001) albumin (ρ= 0.22, P=0.001), phosphate (ρ= 0.22, P<0.001), CRP levels (ρ= 
-0.16, P=0.03) and NYHA class (ρ= -0.21, P<0.001). In a multiple linear regression analysis 
including all univariate correlates of 6MWT, only age (beta= -0.55), gender (beta= 0.16), and 
cardiovascular comorbidities (beta= -0.17) maintained an independent association with 
6MWT (P<0.02).

Survival analyses
The median follow up was 3.3 years (interquartile range: 2.7-3.5 years). During 

this period, 69 patients died, 90 had fatal or non-fatal cardiovascular events, 159 were 
hospitalized. Overall, 182 patients had the composite end-point death/cardiovascular 
events/hospitalizations. In a bivariate Cox regression model, including the allocation arm 
as covariate, an increase of 20 meters walked during the 6MWT significantly (P<0.001) 

Fig. 1. Flow diagram of the patients 
enrolled into the study (patients ran-
domised to the physical exercise pro-
gram or to standard care).

quartile range (non-normally 
distributed data) or as per cent 
frequency (categorical data). The 
Person correlation coefficient was 
used to describe correlates of 6MWT 
variable.  The independent correlates 
of 6MWT were identified by 
correlation analysis and by multiple 
linear regression. Tested variables 
included age, gender, smoking, 
cardiovascular comorbidities, 
diabetes, antihypertensive therapy, 
Body Mass Index (BMI), dialysis 
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reduced the risk of the composite end-point by 6%. Similar results were obtained in bivariate 
analyses of the individual end-points. In these models, an increase of 20 meters significantly 
reduced all-cause death by 12% (P<0.001), fatal and non-fatal cardiovascular events by 
7% (P<0.001), and all-cause hospitalizations by 4% (P=0.002). The relationship between 
physical performance and the combined end-point was confirmed in a model adjusting 
for age, gender, systolic blood pressure, cholesterol, diabetes, smoking, cardiovascular 
comorbidities and allocation arm (HR: 0.94, CI: 0.91-0.98, P=0.001) (Fig. 2). By the same 
token, physical performance by 6MWT predicted all-cause death (HR: 0.89, CI: 0.84-0.94, 
P<0.001) and hospitalizations (HR: 0.96, CI: 0.92-0.99, P=0.03). A similar trend was observed 
for CV events, but this relationship did not reach statistical significance (HR: 0.96, CI: 0.91-
1.01, P=0.10). Forcing risk factors peculiar to ESKD (haemoglobin, albumin and phosphate) 
into the model did not modify these relationships (Fig. 2).

Discussion
 
This study shows that 6MWT, a test commonly used to measure exercise capacity and 

motor fitness, predicts the risk for mortality, cardiovascular events and hospitalizations in 
chronic kidney disease patients on dialysis. 

Physical activity, either measured by questionnaires [16, 9] or by accelerometers [17] 
or pedometers [18], is about 50% less in dialysis patients than in age and sex matched 
individuals. In the Dialysis Outcomes and Practice Patterns Study (DOPPS), self-reported 
activity was an independent predictor of death and exercising at least once a week predicted 
a 27% risk reduction [19]. Similar results emerged from the Wave 2 study of the United 
States Renal Data System (USRDS) [7] and in a study based on accelerometry [8].

While physical activity estimates engagement in daily activities, metrics of physical 
performance provide objective measures of motor fitness. As such, metrics of physical 

Fig. 2. Hazard ratio and 95% CI associated to an increase of 20 walked metres during the six-minute walk-
ing test (6MWT) for the composite end-point (A), all-cause mortality (B), fatal and non-fatal cardiovascular 
(CV) events (C) and hospitalizations (D).
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performance looking at walking speed like Six-Minute Walking Test (6MWT), measure cardio-
respiratory endurance, muscle endurance and strength as well as balance and coordination. 
The 6MWT has been applied in the whole age spectrum [19, 20] at population level and 
in several conditions, including  chronic congestive heart failure [13, 21] and other cardiac 
conditions [22], COPD [14] and in hereditary diseases like cystic fibrosis [20]. This test has 
prognostic relevance because it predicts clinical outcomes in several categories of patients 
including elderly patients undergoing coronary artery bypass grafting [23] and patients 
with  chronic heart failure treated with cardiac resynchronization [24]. Whether this test 
of motor fitness predicts mortality in dialysis patients has never been investigated. In this 
study, we found coherent correlations between physical performance (6MWT) and some 
factors which have an obvious influence on health status, such as age, gender, cardiovascular 
comorbidities, NYHA class, diabetes, diastolic blood pressure and other parameters [25-29]. 
However, only age, gender and cardiovascular comorbidities maintained an independent 
association with the 6MWT suggesting that these factors are major determinants of motor 
fitness in dialysis patients. According to our working hypothesis that physical performance 
measured by the 6MWT holds prognostic value in dialysis patients, we found that this test is 
a strong predictor of mortality, cardiovascular events and hospitalizations in this population. 
More specifically, in adjusted analyses, we observed a reduction of 6% in the combined 
outcome for each increase of 20 walked meters, and a reduction of 12% and 4% for all cause 
death and hospitalization. Thus our data extend to the dialysis population observations 
made in other conditions [23, 24] and underscore the relevance of objective measures of 
motor fitness in assessing the overall risk profile of dialysis patients. 

Future studies, including phase-2 of EXCITE, will assess whether interventions aimed 
at improving physical fitness may translate into better clinical outcomes, including better 
physical performance, longer survival and reduced rate of cardiovascular events and 
hospitalizations in dialysis patients.
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Abstract 
Renal transplantation is burdened by high cardiovascular risk because of increased prevalence 
of traditional and disease-specific cardiovascular risk factors and, consequently, patients are 
affected by greater morbidity and mortality. In renal transplanted patients, healthy lifestyle 
and physical activity are recommended to improve overall morbidity and cardiovascular 
outcomes. According to METs (Metabolic Equivalent Task; i.e. the amount of energy consumed 
while sitting at rest), physical activities are classified as sedentary (<3.0 METs), of moderate- 
(3.0 to 5.9 METs) or vigorous-intensity (≥6.0 METs). Guidelines suggest for patients with 
chronic kidney disease an amount of physical activity of at least 30 minutes of moderate-
intensity activity five times per week (min 450 MET-minutes/week). Data on physical activity 
in renal transplanted patients, however, are limited and have been mainly obtained by mean 
of non-objective methods. Available data suggest that physical activity is low either at the 
start or during renal transplantation and this may be associated with poor patient and graft 
outcomes. Therefore, in renal transplanted patients more data on physical activity obtained 
with objective, accelerometer-based methods are needed. In the meanwhile, physical activity 
have to be considered as an essential part of the medical care for renal transplanted recipients.

Lifestyle, physical activity and renal transplantation

Self-care and healthy lifestyle are recommended to kidney transplant recipients. They 
represents relevant aspects of the clinical care aiming to control cardiovascular risk factors 
and to preserve the long-term graft function. Among the component of lifestyle, physical 
inactivity is one of the major risk factor for mortality in the general population. However, 
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session of activity, and the frequency is represented by the number of sessions of activity 
per week. The combination of these three components, intensity, duration and frequency, 
determines the whole amount of physical activity. The absolute intensity of physical activity 
is expressed as MET (Metabolic Equivalent Task). One MET corresponds to the amount of 
energy consumed by the person while sitting at rest and, conventionally, it consists in an 
oxygen consume of 3.5 millilitres per kilogram of body weight per minute or, alternatively, to 
1 kCal per kilogram body weight per hour. According to the intensity, physical activities are 
classified in moderate and vigorous. Moderate-intensity physical activities range from 3.0 to 
5.9 METs, while vigorous-intensity activities are those with ≥6.0 METs [1] (Table 1).

Assessment of physical activity needs reliable and accurate measurements because 
imprecise quantification may hidden or even mislead the relationship between physical 
activity and health. The most common methods used to evaluate the human physical activity 
are based on self-reported questionnaires which are easy to use and inexpensive, but they 
are also prone to several biases. Indeed, it has been reported that using the International 
Physical Activity Questionnaire (IPAQ), that is one of the most complete and commonly 
used, the relationship between physical activity and some diseases risk factors is hidden. 
This approach seems to underestimates the strength with disease when compared with an 
objective, accelerometer-based methods [2].

Recommended levels of physical activity

According to the World Health Organization, physical activity is strongly recommended 
for healthy individuals with the aim to improve cardiorespiratory and muscular fitness, bone 

Table 1. Intensity of common physical activities [1]systematic data on physical activity 
in renal transplanted patients are 
limited. The aim of this brief review 
is to point out on the current level of 
physical activity in renal transplant 
patients and its relationship with 
either cardiovascular risk factors 
and nutritional parameters or 
clinical outcomes.

Definition and measurement 
of physical activity

Physical inactivity is the 
absence of any physical activity 
or exercise; conversely, physical 
activity is represented by any 
bodily movement produced by 
skeletal muscles requiring energy 
expenditure. Usual physical 
activity of individuals includes 
domestic activities, occupational 
doings, walking, recreational or 
sport activities and intentional 
physical exercise. The intensity 
of physical activity is the rate of 
energy expenditure necessary 
to perform it, the duration is the 
length of time spent for each 
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and functional health, and to reduce the risk of non-communicable diseases, depression and 
cognitive decline [3]. For adult subjects, it is recommended at least 150 minutes of moderate-
intensity or, in alternative, at least 75 minutes of vigorous-intensity aerobic physical activity 
per week performed in sessions of 10 minutes duration, at least. To obtain additional benefits, 
subjects should increase moderate-intensity activity to 300 minutes or vigorous-intensity 
activity to 150 minutes per week. In addition, muscle-strengthening activities should be done 
involving major muscle groups on two or more days a week. Also subjects over 65 years with 
poor mobility should perform physical activity on three or more days per week. In the case 
they cannot do the recommended amounts of physical activity due to the health conditions, 
they should be as physically active as their abilities and conditions allow [3]. Benefits of 
being physically active implementing the WHO recommendations, compensate the possible 
risks associated to physical activity even at older ages. Indeed, at the recommended level of 
physical activity, musculoskeletal injury is uncommon. Nevertheless, to reduce the risks of 
musculoskeletal injuries, moderate start of physical activity and a stepwise progression to 
the higher levels is suggested.

The international KDOQI guidelines for patients with kidney diseases suggest patients 
with chronic kidney disease to undertake aerobic physical activity compatible with 
cardiovascular health and tolerance. It is recommended at least 30 minutes of moderate-
intensity physical activity five times per week (corresponding to a minimum range 
from 450 to 750 MET-minutes per week). This suggestion is associated with the lifestyle 
recommendations to achieve a healthy weight (corresponding a BMI in the range 20 to 25 
kg/mt2) and to stop smoking [4].

Habitual physical function and physical activity at the start and during the renal 
transplantation

Low physical functioning is expected at the time of kidney transplantation since 
ESRD patients often have reduced muscle mass and/or impaired physical capacity due to 
either co-morbidities or dialysis treatment itself. Further specific factors related to kidney 
transplantation itself, such as renal failure, immunosuppressive treatment, obesity, diabetes, 
may contribute to the impairment of physical performances in transplanted patients with 
respect to age- and sex-matched general population. A recent observational study evaluates 
the level of physical performance in a small group of 26 renal transplant candidates over 
60 years (average Age, 67 yrs; Male, 58 %; Diabetes, 65 %; average Dialysis Vintage, 33 
mos) which were compared with subjects with chronic diseases different from renal failure 
(diastolic heart failure; chronic obstructive pulmonary disease; high cardiovascular disease 
risk). Physical function was evaluated by several methods: Short Physical Performance 
Battery (SPPB) test, which evaluates the time needed to walk four meters at a normal pace, 
the time needed to stand up and sit down five times, the ability to maintain balance with 
feet together in fixed positions; the hand grip strength, which measures the skeletal muscle 
function; the Pepper Assessment Tool for Disability (PAT-D), which is a 19-item self-report 
questionnaire that assess difficulty with functioning. In this study, old people with advanced 
renal disease referred for renal transplantation had always impaired physical function as 
compared with elderly adults with every other chronic disease [5].

To evaluate the impact of such lower physical function in elderly renal transplant 
recipients on outcomes, a group of 64 old transplant recipients (average Age, 64 yrs; Male, 
65 %; Diabetes, 29 %; average Dialysis Vintage, 26 mos) were compared with 338 younger 
patients (18-60 yrs), to evaluate the potential risk factors that may predict the graft and 
patient outcomes. Besides delayed graft function, smoking history and longer waiting time 
in dialysis, the lower graft and patient survival rates were associated with pre-transplant 
physical inactivity, too. Therefore, in elderly kidney transplant recipients the poor functional 
capacity predicts a poor outcome [6]. Such relationship was observed also in younger renal 
transplant recipients. Using the physical performance component of the Short Form 36, a 



 Kidney Blood Press Res 2014;39:212-219
DOI: 10.1159/000355799
Published online: July 10, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 215

Bellizzi et al.: Physical Activity and Renal Transplantation

retrospective study examined the physical function in a cohort of 366 dialysis patient on 
waiting list for renal transplantation who actually received the renal transplantation (average 
Age, 43 yrs; Male, 57 %; Diabetes, 37 %; average Dialysis Vintage, 13 mos). The Authors 
found that a higher pre-transplant physical functioning score was a significant predictor 
of lower risk for hospitalization and death in renal transplanted recipients. A limitation of 
this study is that the time interval between patient reporting of physical functioning status 
and receipt of kidney transplant was almost 10 months and, hence, this finding needs to be 
confirmed [7].

As a consequence of impaired physical capacity, spontaneous physical activity is expected 
to be low in renal transplanted patients. A small study evaluated prospectively the level of 
physical activity in 32 consecutive ESRD patients (average Age, 46 yrs; Male, 38 %; Diabetes, 6 
%; average Dialysis Vintage, 34 mos) admitted to renal transplantation. The physical activity 
was evaluated by self-administered questionnaires: the Baecke questionnaire evaluated the 
habitual physical activities (leisure; sport; occupation) and the Five-City Project, a 7-days 
recall questionnaire, evaluated both the amount and the intensity of physical activity. 
Similarly to elderly renal transplant candidates which have reduced physical performance, 
also these younger renal transplanted patients (immediately prior to renal transplantation) 
were less physically active than healthy subjects, and their physical activity was on average 
25% reduced as compared to age-matched healthy subjects [8]. Several modifiable factors 
may influence the level of physical activity in renal transplant recipient. A recent study 
evaluates the determinants of physical activity in 88 kidney recipients by mean of a semi-
structured interview two months after renal transplant [9]. Most of these patients were 
sedentary (76%) and, besides the better physical functioning, physical activity level was also 
associated with private insurance and high self-efficacy. Nonetheless, such model explained 
only 10-15% of physical activity; younger age and higher social functioning predicted high 
self-efficacy for physical activity [9].

Only one small study, performed in sixteen renal transplanted children (average 
Age, 13 yrs, Male, 31 %, average Dialysis Age, 6 mos; Transplant duration, 59 mos; GFR, 
77 ml/min/1.73 m2) evaluated the physical activity by an accelerometer which allows 
to quantify either the amount or the intensity of physical activity. Only three children  
(18.5 %) reached the recommended levels for moderate-vigorous physical activity and the 
most part of the daily individual activity (58.5 %) resulted as sedentary. Therefore, pediatric 
renal transplanted patients are basically physically inactive, and their physical activity level 
is of low intensity. In this study, as it was already observed in other studies, the exercise 
capacity and physical fitness were impaired, as well [10].

The behaviour of physical activity in advanced phase of renal transplantation is unclear. 
It is reported in a small study that patient’s habitual physical activity decreases during the 
first month after kidney transplantation, but thereafter it increases and reaches a plateau 
at one year after transplantation. At this time, physical activity level is approximately 30 
% higher than baseline; five years after kidney transplantation, the physical activity level 
seems to remain unchanged. Therefore, this study suggests that physical activity after renal 
transplantation may increase spontaneously [8]. Another larger, randomized clinical trial 
evaluated the impact of individually prescribed programs of physical exercise at the time 
of transplantation (97 pts; average Age, 40 yrs; Male, 56 %). One year after transplantation, 
the regular, habitual physical activity slightly reduced in the control group, from 47 to  
36 % of subjects (NS). Instead, the exercise training significantly increased from 50 to 67 %; 
nonetheless, no changes in body composition between the two groups were observed  [11].

Physical activity and cardio-vascular risk in renal transplantation

The outcome of renal transplanted patients is poor as compared with the general 
population and the major cause of impaired survival is represented by cardiovascular 
diseases. These are much more frequent in transplant recipients than in the general 
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population because of the high prevalence of cardiovascular risk factors, both traditional 
and non-traditional, including inadequate lifestyle and poor physical activity. In the general 
population physical activity improves the CV risk profile and, thus, it is conceivable that 
physical activity should impact on CV risk also in renal transplanted patients. Unfortunately, 
data about physical activity in renal transplanted patients are limited, based on subjective 
self-reported questionnaire and mainly uncontrolled. Cardio-vascular risk factors related 
to cardiorespiratory fitness have been studied in seventy-one glucose-intolerant kidney 
transplant patients (average Age, 55 yrs; Male, 55 %; average Transplant duration, 5.7 yrs; 
Diabetes, 52 %). Cardiorespiratory fitness was measured by the peak oxygen uptake (VO2) 
by expired gas analysis and the physical activity was measured by a set of items adapted from 
the Physical Activity Statewide Questionnaire. The number of sessions and the time spent on 
different category of activity were evaluated; it was also analysed the patients’ perceptions 
of their activeness and whether patients were achieving recommended targets of physical 
activity. Cardiorespiratory fitness in renal transplanted patients resulted significantly lower 
than expected. Specifically, patients with metabolic syndrome (63%), which had reduced 
cardiorespiratory fitness, had reduced physical activity and were more frequently physically 
inactive (76 vs 48%). Cardiorespiratory fitness was correlated with physical activity and the 
lower cardiorespiratory fitness was associated with physical inactivity. Whether increasing 
physical activity should improve cardiorespiratory fitness in renal transplanted patients 
remains to be determined [12]. This relationship was explored also in renal transplanted 
children. Studies evaluating the physical fitness in children with kidney transplant reported 
that the cardiorespiratory fitness was significantly reduced, children had low muscle strength 
and exercise capacity, and they were mostly physical inactive (evaluated by the Previous Day 
Physical Activity Recall test) [13,14]. Since cardiorespiratory fitness is reduced in uremic 
children, the impact of physical exercise was assessed in a prospective, controlled study in 
16 children after renal transplantation. Physical exercise training of 3-5 hours per week 
allowed to increase the cardiorespiratory fitness, attaining levels comparable to controls 
with a sedentary lifestyle [15]. A systematic review of 21 studies (6 retrospective and 15 
intervention-studies) analysed the association among exercise and several intermediate 
outcomes such as physical functioning, metabolic syndrome, kidney function and immune 
function [16]. The major evidence of the systematic review was that habitual physical activity 
is positively associated with quality of life and aerobic fitness and negatively associated with 
body fat.

Physical activity and nutrition in renal transplantation

Data about the interrelationships between physical activity and nutrition are very limited 
in renal transplanted patients. A prospective cohort study of 540 patients (average Age, 51 yrs; 
Male, 54 %) investigated the association among physical exercise and several intermediate 
outcomes. Physical activity was estimated by a validated questionnaires (Tecumseh 
Occupational Activity and Minnesota Leisure Time Physical Activity questionnaires). The 
level of physical activity resulted negatively related to metabolic syndrome, fasting insulin 
and triglycerides serum levels, and positively related to muscle mass estimated by 24-hour 
urinary creatinine excretion [17]. In a cross-sectional, observational study in 82 adult renal 
transplanted patients (average Age, 52 yrs; Male, 69 %; average Transplant duration, 4.4 yrs), 
physical activity, measured by the Physical Activity Statewide Questionnaire, was inversely 
related to glucose tolerance especially in females. In this study, patients with abnormal 
glucose tolerance test were more obese (in particular central obesity), and the higher body 
fat mass was associated with lower physical activity [18]. Another recent prospective study 
explored in 26 renal transplanted patients (average Age, 51 yrs; Male, 48 %) the role of 
physical activity on weight gain occurring after renal transplantation and the associated 
risk factors. This is the only study in adult transplanted patients in which the physical 
activity was objectively measured by means of an accelerometer device. One year after renal 
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transplantation, only 19 % of patients achieved to take more than 10.000 steps per day 
and patients with the higher weight gain, which was largely due to body fat increase, had 
the lower physical activity. In addition, the higher weight gain was strongly related to total 
cholesterol and triglyceride serum levels. Hence, fat gain after renal transplantation seems 
to be related to low physical activity [19]. Of course, RCTs are needed to confirm the benefits 
of physical activity on metabolic and nutritional status in renal transplanted patients, as well 
as to evaluate the potential impact on morbidity and mortality.

Physical activity and outcomes in renal transplantation

Eight-eight kidney transplant recipients (average Age, 48 yrs; Male, 58 %; Diabetes, 
9 %) were evaluated for physical activity by means of semi-structured interviews, two 
months after renal transplantation. It was used the Physical Activity Scale for Elderly (PASE), 
a self-administered, 21-item questionnaire exploring household, occupational and leisure 
time activities over the past 7-day period. All the patients were studied prospectively and 
changes in renal function over time were explored. A greater physical activity at baseline was 
associated with improvement in graft function in the following 6 to 12 months. These findings 
suggest that higher physical activity in patients with kidney transplant may favourably 
affect graft functioning. Whether increasing physical activity should improve renal function 
outcome in renal transplanted patients need to be confirmed by RCT [20]. The systematic 
review of 21 studies on physical activity in renal transplanted patients indicates that 
exercise interventions has beneficial effects also on aerobic capacity and muscle strength, 
but only minimal effects on metabolic syndrome, immune system and kidney function [16]. 
It is noteworthy that all the studies of this systematic review were based on assessments 
of physical activity by self-reported questionnaires rather than accelerometer devices. The 
association between low physical activity and cardiovascular and all-cause mortality in 
kidney transplant recipients was studied in a cohort of five-hundred-forty patients (average 
Age 51, yrs; Male, 54 %) using validated questionnaires. Along the five-year of follow-up, 
lower physical activity was strongly associated with increased risk for cardiovascular and 
all-cause mortality [17].

Summary

The investigations existing in the literature about the physical activity in renal 
transplanted are few and show several limitations. In most cases, the number of patients 
are small, lack of adequate controls, have a cross-sectional design or only a short period 
of follow-up. More important, virtually all adult studies estimate physical activity only 
with self-reported questionnaires, and therefore a subjective, inaccurate modality, rather 
than effectively measuring physical activity by means of objective, computable, methods. 
Hence, the physical activity in adult, stable renal transplant patients is ultimately largely 
unexplored. Given these limitations, available data suggest that patients referring for renal 
transplantation have impaired physical functioning, even when compared with subjects with 
other chronic disease. Consequently, the spontaneous physical activity is low at the time of 
transplantation but seems to increase, even not up to normal levels, after transplantation 
when physical functioning ameliorates. Moreover, low physical activity is associated with 
reduced cardio respiratory fitness and impaired metabolic and nutritional status. Finally, 
very limited data suggest the hypothesis of a link between physical activity and clinical 
outcomes, but no evidence exists on the impact of physical activity and exercise training on 
morbidity and mortality and graft survival in kidney transplanted patients (Table 2). As a 
whole, up to now, it seems judicious to counsel and encourage for more physical activity as a 
part of routine medical care in renal transplanted recipients.
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Abstract 
Background/Aims: The role of physical activity in transplanted patients is often underestimated. 
We discuss the Italian National Transplant Centre experience, which started in 2008 studying 
transplanted patients involved in sports activities. The study was then developed through a 
model of cooperation between surgeons, sports physicians and exercise specialists. Methods: 
A multicentre study was realized in 120 transplanted patients of which 60 treated with 
supervised physical activity (three sessions/week of aerobic and strengthening exercises) and 
60 controls. We present the results of the first 26 patients (16 males, 10 females; 47.8±10.0 
years; 21 kidney, 5 liver transplanted; time from transplant 2.3±1.4 years) who completed 12 
months of supervised physical activity. Results: Data showed an increase of peak aerobic 
power (t=4.535; P<0.01) and maximum workload (t=4.665; P<0.01) in the incremental cycling 
test. Maximum strength of knee extensors (t=2.933; P<0.05) and elbow flexors (t=2.450; 
P<0.05), and the power of lower limb (t=2.303; P<0.05) significantly increases. Health Related 
Quality of Life showed a significant improvement. Serum creatinine (1.4±0.5 vs 1.3±0.4 mg/
dL) and proteinuria (0.10±0.14 vs 0.08±0.08 gr/dL) were stable. Conclusion: These preliminary 
results confirm the positive effects of supervised physical exercise. It can be considered as an 
input to promote other detailed exercise protocols.
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Introduction

Physical inactivity is an important risk factor for cardio-vascular disease: it was recently 
defined as a pandemic threat with repercussions on health care [1]. Several studies report 
positive effects of physical exercise in the prevention of primary and secondary cardio-
vascular disease [2-3]; other papers stress the role of physical activity in the management 
of chronic diseases [4], in the improvement of the quality of life and relieving depression 
and anxiety symptoms. In recent years the importance of which type of exercise should be 
administered has emerged. The association of aerobic and strengthening exercises seems to 
have a synergic action on physical fitness and on metabolism regulation; this last effect occurs 
through a cross talk between skeletal muscle and adipose tissue [5-7]. The most recent data 
show that, especially in risk categories, programs of focused intervention to facilitate the 
practicing of regular physical activity are advantageous [8]. 

The population with solid transplanted organs is characterized by a high risk of 
development of cardio-vascular disease [9-10]. Insulin resistance is a frequent feature of 
transplanted patients; the development of metabolic syndrome is usually associated to a 
chronic inflammation sub-clinic status and a sarcopenia [11-12]. Immunosuppressive 
therapy promotes the development of dysmetabolism and the worsening of sarcopenia [13-
15]. Despite these physiopathologic and epidemiologic premises, the role of physical activity 
is largely underestimated in Transplant Centres. Transplanted patients have low levels of 
exercise capacity and are also frequently physically inactive [16-17]. The knowledge of the 
transplant world is still far from a regular and concrete application of physical activity as a 
possibility of prevention; there is a lack of awareness regarding this problem and hesitation 
on behalf of the patients and their families. Furthermore, the practice of regular exercise has 
psychological and organizational limitations. In this population of patients, there are only 
papers on limited clinical records and conducted with different methods for short periods; at 
present, the positive effect of physical activity is not well supported on long term outcomes 
such as mortality and graft survival [18-20]. In relation to this encouraging participation 
of physical activity for transplanted recipients, since 2008, the Italian National Transplant 
Centre has set up the “Transplant …and now Sport” project to investigate and promote the 
diffusion of physical activity and sports in transplanted recipients. 

Italian Experience
“Transplant …and now Sport” Project. The Project, called as “Transplant ... and now 

Sport”, started by the idea of considering physical activity as a non pharmacological therapy, 
was developed by means of a model of cooperation between medical transplantation 
doctors, sports physicians and exercise specialists (graduates in Physical Education and 
physiotherapists); some patient associations (such as Italian Association of Dialyzed and 
Transplanted Patients ANED) actively adhered to the project. Initially the project consisted 
in clinical, physiological and psychological evaluations (cardio-circulatory response to 
physical stress, energy expenditure, Health-Related Quality of Life) of a group of solid organ 
transplanted patients participating in the Italian National Championship (alpine skiing, track 
& field events, cycling, swimming, volleyball and trekking); it was highlighted that transplant 
recipients involved in sports competitions are able to attain a level of daily physical activity 
consistent with a healthy lifestyle [21]. The performances are often comparable to that of 
people practicing recreational physical activity and depend on the level of weekly training, as 
in the general population [17, 22, 23]. In transplanted patients practicing amateur physical 
activity during an observation period of 2-5 years, no significant changes of the kidney 
function were recorded; in this population a higher level of well-being was perceived than 
that recorded in inactive ones and comparable with the general population [24]. 

Some interesting research was carried out to study the changes in renal function 
expressed as serum creatinine and proteinuria after intense physical exercise (cycling 
marathon of 130 km with a total climb of 1871m) in transplanted patients compared with 
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a group of amateur cyclists; the results showed a similar trend in the two analyzed groups 
(increase of creatinine and proteinuria at the end of the excercise) and a rapid return to 
baseline values (within 18-24 hours); in transplanted patients a reduced capacity of urine 
concentration was observed, compatible with tubular damage (personal observation). 

As a result of these findings (safety during physical activity, improvement of the 
psychological status), the National Transplant Centre has created a research protocol with 
the aim of verifying whether prescribed physical activity for transplant recipients is able 
to improve both the biological parameters and the physical fitness with positive effects on 
graft survival. This project also aims to promote a detailed diffusion of physical activity in 
the transplanted population. The study was started in two Italian regions (Emilia-Romagna 
and Veneto) and progressively expanded to another 7 regions (Toscana, Piemonte, Abruzzo, 
Molise, Sicilia, Lazio, Lombardia) and to the Autonomous Region of Bolzano. 

The purpose was to create a network where Transplant Centres select patients, the 
Sports physicians prescribe personalised physical exercise on the basis of performance in 
functional tests, and graduates in physical education and physiotherapists administer and 
supervise the prescribed physical activity (Figure 1). All the physicians, the physiotherapists 
and graduates in Physical Education involved in the study must participate in a one 
day course, aimed to implement and to share their knowledge on the clinical aspects of 
transplanted recipients, on the effects of physical exercise, and on the protocol of the study 
and the methods of training. By means of 7 specific courses, 38 transplantation doctors, 84 
sports physicians and 133 exercise specialists were trained. In this paper preliminary results 
are given regarding the patients who completed one year of supervised physical activity.

Materials and Methods

The “Transplant …and now Sport” protocol is a multicentre controlled, prospective, non-randomized 
study that considers the enrolment of 120 patients (range 18-60 years), with solid organ (kidney, liver, heart) 
transplantation (range 6 months to 8 years of life transplantation), with clinical and functional stabilities 
checked by the Transplant Centres. The duration of the observation period for each patient is 12 months. 
Patients are divided into two groups: 60 patients (Group A) in which personalized physical activity is 
prescribed by the Sport physicians, 60 control patients (Group B) in which some generic lifestyle indications 
are given without specific prescription. The enrolment in group B was due to logistical problems (distance 
from the Medical Sport Centre, impossibility of patients to go to the gym). Written informed consent is 
obtained from the patients before inclusion, according to the procedures approved by the Ethical Committee 
of Transplant Centre S. Orsola-Malpighi Hospital, Bologna, Italy. Exclusion criteria are: orthopaedic 
limitations, psychiatric or neurological disorders, rejection episodes or graft functional variations in the last 
6 months and any other cardiovascular contraindication to physical exercise or training. Clinical status and 
functional evaluation of the organ graft, blood levels (renal function, lipid and glucidic status, electrolytic 

Fig. 1. Tasks of several of the 
components involved in the 
research protocol “Trapian-
to…and now Sport”. The pro-
fessionals are in close contact 
with each other.
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balance, hepatic function, blood count), urinalysis, body composition (anthropometric measurement, 
bioimpedence analysis) and cardiovascular assessments are performed by the Transplantation Centre to 
assess the exclusion criteria. The SF-36 questionnaire is used to evaluate self-reported domains of health 
status; that includes eight scales of Health-Related Quality of Life (HRQoL): Physical Functioning (PF), 
Role Limitation due to Physical Health (RP), Bodily Pain (BP), General Health (GH), Vitality (VT), Social 
Functioning (SF), Role Limitations due to Emotional Health (RE) and Mental Health (MH). These scales have 
a score from 0 to 100, with a higher score being more positive.

The Medical Sport Centre carries out the functional assessment tests for exercise capacity and muscle 
strength in both groups. Incremental cycling test is performed on a cycle ergometer starting from 20W, 
with increments of 20W every 4 minutes until voluntary exhaustion, the appearance of electrocardiographic 
signs of pathology or inappropriate blood pressure response occur. A 12-lead electrocardiogram is 
monitored continuously throughout the test. At each step blood pressure is measured and a capillary blood 
sample from the earlobe is taken to measure blood lactate concentration, in order to estimate the workload 
corresponding to aerobic (S2) and anaerobic (S4) thresholds, conventionally declared at 2 and 4 mM of 
lactate, respectively.

Oxygen uptake (V‘O2) is determined continuously using an open circuit method (Sensor Medics Corp., 
Anaheim, CA, USA), calibrated against known gas mixtures before each test. Oxygen uptake at the aerobic 
and anaerobic thresholds in relation with the workload (W) and heart rate (HR) are then calculated. Oxygen 
uptake at the highest tolerated level of exercise is also determined (V‘O2peak).

Muscle strength of some muscular groups in the lower (knee extensors, plantar flexors), and upper 
(elbow flexors, elbow extensors and shoulder abductors) limbs was calculated by the one repetition 
maximum (1RM) strength tests. The power of the lower limbs is measured indirectly from the fly time of a 
countermovement jump (CMJ) (Optojump, Microgate, Italy).

On the basis of the tests, the Sports physicians prescribe the individual programme of supervised 
exercise (aerobic and strengthening exercises) for the patients in group A. These patients are sent to 
an approved Gym to start the prescribed physical activity under the supervision of a suitably trained 
physiotherapist or a graduate in Physical Education with a frequency of three times per week. The aerobic 
exercise is performed on a stationary bike (30 minutes), with heart rate corresponding to the aerobic 
threshold, previously determined. The right intensity is continuously monitored by heart rate monitors 
(Polar, Finland), so the heart rate of the patient is maintained constant with eventual slight adjustments 
of the mechanical power of the stationary bike. Strengthening exercises consist in 2 sets of 20 repetitions 
at 35% of the previously determined 1RM, for each of the selected muscle groups of the upper and lower 
limbs. For the patients in group B the physicians recommend generic exercises for physical fitness without 
prescription as usual routine patient management. Patients of both groups are checked at baseline (T0), 
returning back to the Transplantation and to the Medical Sport Centres at 6 months (T6) and at 12 months 
(T12) from the time of enrolment to repeat both the clinical and the functional assessment tests performed 
at T0.

Statistical methods
Descriptive statistics (means±standard deviations) were calculated for all continuous variables. 

Paired t-test was used to evaluate the differences between T0 and T12 for each variable, applying post-hoc 
Bonferroni analysis (SPSS statistical program). Statistical significance was set at P<0.05.

Results 

In Preliminary: One hundred and fifty transplanted recipients have been considered 
between September 2010 and September 2013. Thirty-eight recipients were excluded 
from the Transplant Centres due to cardiovascular problems that needed further 
investigation, functional limitations or inadequate compliance. At present, 112 
patients are enrolled (74 and 38 in Group A and Group B respectively). Therefore, this 
preliminary analysis is based on 26 patients from group A (16 males, 10 females, mean 
age 47.8±10.0 years, 21 kidney and 5 liver transplanted, mean time from transplant of 2.3 
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1.4 years) that have already reached 12 months since the enrolment date. The number 
of drop-outs recorded was 5 in the supervised group (road traffic accident 1, sports 
injury unrelated to physical supervised exercise 1, lack of motivation 2, gastro-intestinal  
problems 1). 

The Body Mass Index (BMI) didn’t change after 12 months (T0 24.2±3.6; T6 24.2±3.7; 
T12 23.9±3.9 kg/m2, P>0.05). However the percentage of fat mass tends to decrease after 
6 months of supervised physical activity that continued until the 12 months follow-up  
(T0 21.1±8.3; T6 20.3±7.0; T12 19.9±6.8%, P>0.05).

In the incremental cycling test for estimating maximal oxygen uptake the maximum 
workload was significantly increased at T6 and remained stable at T12 (T092 ±33; T6112±39; 
T12109±41 W; t=4.665; P<0.05). The maximal oxygen uptake (V‘O2peak) in relation to HR 
max also significantly increased after the 6 months follow-up and continued to increase in  
T12 (T022.0±6.9; T624.6±7.4; T1225.3±7.3 mL/kg/min; t=4.535; P<0.05; T0135±23; T6138±24; 
T12142±26 bpm t=3.101; P<0.05).

In relation to the maximum strength of lower limbs we found a significant increase in 
the maximum strength of knee extensor (dominant limb) at T6 that continued to increase 
until T12 (T0 93±33; T6 104±38, T12 107±44 kg, t=2.933; P<0.05). In the counter-movement 
jump test we found a significant increase in the flight time (s) and in the jump height (cm) 
at T6 that continued to increase at T12 (T0 0.424±0.122; T6 0.435±0.119 T12 0.443±0.118 s; 
t=2.846 P<0.05; T022.9±11.5; T624.8±10.0; T12 25.7±10.0 cm; t=2.303, P<0.05). The increase 
in power in the upper limbs was of less significant. The maximum strength of elbow 
flexors (dominant limb) increased at T6 and remained stable at T12 (T0 8.9±2.7; T6 10.3±2.6;  
T12 10.4±3.4 kg t=2.450; P<0.05).

No episodes of acute rejection were recorded. Serum creatinine was stable between 
the beginning and end of the observation period (1.4 ± 0.5 mg/dL vs. 1.3 ± 0.4 mg/dl and 
0.10±0.14 g/dL vs 0.08±0.08 g/dL respectively). We have not experienced any increase in 
proteinuria (0.10 ± 0:14 g/dL vs 0.08 ± 0.08). In SF-36 questionnaire all the physiological 
variables increased at T12; in particular, the improvement in the perception of body pain 
(T0 72±33; T6 74±29; T12 81±24; t=2.274), general health (T0 58±25; T6 66±23; T12 71±22; 
t=2.118), vitality (T0 61±24; T6 65±24; T12 72±20; t=2.513), social functioning (T0 67±24;  
T6 74±28; T12 84±19; t=2.883), and role-emotional (T0 76±33; T6 92±19; T12 94±18; t=2.526) 
was statistically significant (P<0.05).

Discussion

The importance of therapeutic and preventive physical activity is underestimated in 
the follow-up of patients undergoing solid organ transplantation; transplant centres have 
a low propensity to suggest physical exercise. To counteract the concerns of clinicians and 
the fears of patients and family (risk of injuring the transplanted graft, protective attitude) 
further data and clinical evidence is needed. The project “Transplant …and now Sport” is 
an attempt to overcome these barriers (insufficient knowledge of the characteristics of 
transplanted patients, poor inter-professional coordination, lack of information given on 
the benefits of exercise, lack of post-transplant logistics), which can limit the spread of the 
practice of physical exercise in this patient population. The long time experience carried out 
by the Italian National Transplant Centre in the transplanted patients that practises regular 
amateur sport activity and physical supervised exercise is widely positive in terms of safety 
with beneficial effects on the perception of quality of life. The study, in which we present 
preliminary data, as far as we know, is the first analysing a long period of supervised physical 
activity (1 year) with a “personalised prescription” on the basis of the performance tests 
reached at the beginning of the study. Enrolment selection criteria (age, time from transplant 
>6 months - 8 years) makes the case records sufficiently homogeneous. One strong point 
is that the association of aerobic and strengthening exercises are consistent with the more 
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recent physiopathology acquirements [7]; the complementary action of these two types of 
exercise can lead to a recovery of the skeletal muscle anabolism with positive metabolic 
effects. 

Prescribed tests are easily performed and management criteria are not subjective (for 
aerobic exercise S2 and S4, for strengthening exercises 35% of 1 RM). Physical exercise in the 
gym was managed only by properly trained personnel; the centralization of the monitoring 
study has allowed for consistent management of the Project. Currently, safety was recorded 
for the prescribed physical activity according to the proposed model; no interruptions of the 
protocol were registered for problems relating to the physical activity. A significant number of 
non suitable patients (38/150), selected from the Transplant Centres, emerged; it is possible 
that the first experience of physical activity prescription in structures that are not included 
in the health field in coordination with Medical Sport Centres has limited the enrolment of 
patients with cardio-vascular disease or functional limitations; the experience gained will 
extend to the possibility of supervised physical activity for a wider range of patients. A low 
number of drop outs (5 out of 74; 7%) was positively affected by selection criteria and care 
during the follow up period; this suggests that the supervision of the physical activity by 
motivated professionals plays an important role in the adherence to the treatment. 

On the whole, the preliminary data confirm the results of previous papers regarding 
the importance of supervised and prolonged physical activity [19-20] though the limited 
number of patients who completed the follow-up doesn’t allow for definitive conclusions. 

These preliminary results show a significant increase in aerobic fitness (maximum 
oxygen uptake, adaptation to the workload); similarly, improvements >15% in the muscular 
leg strength. Variations in the strengthening of the arms (<3%) are not in line with these 
results. One possible explanation is that the presence of arterio-venous fistula in patients 
with transplanted kidney limited the intensity of the arm muscle exercises programmed 
during the study.

Even in the presence of reduced percentage variations, preliminary data confirm the 
improvement of the nutritional status in patients practising regular physical activity, as 
recently reported [25]. The trend to reduce the fat mass is promising for the prevention 
of metabolic syndrome; the secretion of inflammatory adipokines has been shown as a 
mechanism to induce peripheral tissue insulin resistance [4-26]. The study of the changes 
induced by physical activity on the inflammatory state of the patient transplanted constitutes 
a field of particular interest for the future.

Regular physical activity according to the proposed protocol does not interfere negatively 
on renal function and proteinuria. The data are in line with the long-term experience of our 
group about the trend of renal function in transplanted patients who regularly practice sport 
activities and about the physiological responses to acute stress such as a cycling marathon of 
130 km (personal observation). 

The improvement of HRQoL confirms the importance of physical exercise in the 
management of chronic diseases [16-27]; in our experience, the practice of amateur sport 
activity can further improve the HRQoL [24]. There are some limitations in this preliminary 
report. Firstly we do not present or discuss the results of the control group. A preliminary 
analysis not showed in this group significant improvements in the physiological and 
psychological parameters, but until now the number of control patients who completed the 
observation period is too small to make an adequate comparison.

A second limitation is represented by the non-randomized design that is dependent 
on the adopted model in order to allow the selected patients to practise physical activity 
in gyms with trained professionals close to their homes. To date, not all the different areas 
involved have the same opportunities. The accessibility to the facilities where patients 
can easily carry out the supervised programmes of exercise seems to be crucial in every 
proposal of exercise as a therapy; the surplus value of the project was the creation in Italy 
of a network between Transplant Centres, Medical Sport Centres and Graduates in Physical 
Education/Physiotherapy, which will be able in the future to cooperate in the management 
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of the transplanted patients (>250 educated professionals). We would like that this 
interdisciplinary cooperation to be used also for patients waiting for transplantation [28].

On the basis of the preliminary results of this study we can affirm that an appropriate 
dose of physical training can represent a useful, safe and non-pharmacologic contribution 
to the treatment of transplanted patients with significant improvements of physiological 
variables related to physical fitness (cardiovascular and musculoskeletal systems, perceived 
HRQoL). The sustainability, also economic, should be evaluated on a wider scale. Although 
it remains appropriate to avoid over medicalization of exercise, it is important to remember 
that physical activity is a preventive measure with a lower economic impact compared to 
pharmacological therapy; actually, among the other hypothesis, we suggest initial periods of 
supervised exercise before giving autonomous personalised therapy at home. Randomized 
trials with prolonged periods of observation are necessary to assess the impact of regular 
physical activity on morbidity/mortality of patients and survival of the graft. 

Conclusion

The level of rehabilitation in transplanted patients allows them to resume physical and 
sports activities with positive effects on aerobic metabolism, muscle strength and HRQoL. 
Preliminary results of the study protocol “Transplant …and now Sport” confirm the efficacy 
of the model based on the cooperation between Transplantation Centres, Medical Sport 
Centres and Gyms in the administration of supervised exercise. Despite some limitations, this 
paper can be considered an input to discuss, develop and promote other detailed exercise 
protocols for transplant recipients and to foster improved post transplantation health and 
survival. Furthermore, we think that the preliminary data of our study can assist transplant 
professionals in counselling transplant recipients thus helping to ensure that physical 
activity becomes a safe routine medical treatment plan of patient management. We would 
like the concept to be expanded, if possible, to the patients waiting for transplantation.
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