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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 
retention, 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.
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