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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.

Disclosure Statement

The authors of this manuscript state that they do not have any conflict of interests and  
nothing to disclose.

D
ow

nl
oa

de
d 

by
: 

54
.7

0.
40

.1
1 

- 
10

/2
/2

01
7 

5:
07

:5
9 

P
M

http://dx.doi.org/10.1159%2F000355792


 Kidney Blood Press Res 2014;39:164-168
DOI: 10.1159/000355792
Published online: July 29, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 167

Greco/Paroni/Seripa/Addante/Dagostino/Aucella: Frailty and Physical Exercise in Aging 
and CKD

Acknowledgements

This work was supported by “Ministero della Salute”, IRCCS Research Program, Ricerca 
Corrente 2012-2014, Linea n. 2 “Malattie complesse” and by the “5 x 1000” voluntary 
contribution.

References

1	 Zhang QL, Rothenbacher D: Prevalence of chronic kidney disease in population-based studies: systematic 
review. BMC 2008;8:117.

2	 Avramovic M, Stefanovic V: Health related quality of life in different stages of renal failure. Artif Organs 
2012;3:581-589.

3	 Baber U, Auguste U: Patients with chronic kidney disease/diabetes mellitus: the high risk profile in acute 
coronary syndrome. Curr Cardiol Rep 2013;15:386.

4	 Seidel UK, Gronewold J, Volsek M, Todica O, Kribben A, Bruck H, Hermann DM: The prevalence, severity, 
and association with HbA1c and fibrinogen of cognitive impairment in chronic kidney disease. Kidney Int 
2014;85:693-702.

5	 Hamerman D: Toward an understanding of frailty. Ann Intern Med 1999;130:945-950.
6	 Ferrucci L, Guralnik JM, Studensky S, Fried LP, Cutler GB Jr, Walston JD: Designing randomized, controlled 

trials aimed at preventing or delaying functional decline and disability in frail, older persons: a consensus 
report. J Am Geriatr Soc 2004;52:625-634.

7	 Chin A, Paw MJ, Dekker JM, Feskens EJ, Shouten EG, Kromhout D: How to select a frail elderly population? A 
comparison of three working definition. J Clin Epidemiol 1999;52:1015-1021.

8	 Studensky S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, Fox M, Guralnik JM: Physical 
performance measures in the clinical setting. J Am Geriatr Soc 2003;51:314-322.

9	 Rockwood K, Stadnyk K, MacKnight C, Mc Dowell I, Hebert R, Hogan DB: A brief clinical instrument to 
classify fealty in elderly people. Lancet 1999;353:205-206.

10	 Waltons J, Mc Burnie Ma, Newman A, Tracy RP, Kop WJ, Hirsch CH, Gottdiener J, Fried LP: Frailty and 
activation of the inflammation and coagulation system with and without clinical morbidities: results from 
the Cardiovascular Health Study. Arch Intern Med 2002;162:2233-2341.

11	 Leng S, Chaves P, Koening K, Walston J: Serum interleukin-6 and hemoglobin as a physiological correlates 
in the geriatric syndrome of frailty: a pilot study. J Am Geriatr Soc 2002;50:1268-1271.

12	 Coppola AR, Xue QL, Ferrucci L, Guralnik JM, Volpato S, Fried LP: Insulin Growth factor -1 and interleukin 
-6 contribute synergistically to disability and mortality in older women. J Clin Endocrinol Metab 
2003;88:2019-2025.

13	 Rubenoff  R: Sarcopenia: a major modifiable cause of frailty in the elderly. J Nutr Health Aging 2000;4:140-
142.

14	 Daley MJ, Spinks WL: Exercise, mobility and aging. Sports Med 2000;29:1-12.
15	 Province MA, Hadley EC, Hornbrook MC, Lipsitz LA, Miller JP, Mulrow CD, Ory MG, Sattin RW, Tinetti ME, 

Wolf SL: The effect of exercise on falls in the elderly patients. A preplanned meta-analysis of the FICSIT 
trial. Frailty and injuries: Cooperative Studies of Intervention Tecniques . JAMA 1995;273:1341-1347.

16	 Fiatarone MA, O'Neill EF, Ryan ND, Clements KM, Solares GR, Nelson ME, Roberts SB, Kehayias JJ, Lipsitz LA, 
Evans WJ: Exercise training and nutritional supplementation for physical frailty in the very elderly people. 
N Engl J Med 1994;330:1769-1775.

17	 Hunter GR, Mc Carthy JP, Bamman MM: Effects of resistance training on older adults. Sports Med 
2004;34:329-348.

18	 Chul Kim J, Kalantar-Zadeh K, Kopple JD: Frailty and protein-energy wasting in elderly patients with end-
stage kidney disease. J Am Soc Nephrol 2013;24:337-351.

19	 Wihelm-Leen ER, Hall YN, Tamura M, Cherton GM: Frailty and chronic kidney disease: The Third National 
Health and Nutrition Evaluation Survey. Am J Med 2009;122:664-671.

D
ow

nl
oa

de
d 

by
: 

54
.7

0.
40

.1
1 

- 
10

/2
/2

01
7 

5:
07

:5
9 

P
M

http://dx.doi.org/10.1159%2F000355792


 Kidney Blood Press Res 2014;39:164-168
DOI: 10.1159/000355792
Published online: July 29, 2014

© 2014 S. Karger AG, Basel
www.karger.com/kbr 168

Greco/Paroni/Seripa/Addante/Dagostino/Aucella: Frailty and Physical Exercise in Aging 
and CKD

20	 Shilpak MG, Stephman-Breen C, Fried LF, Song X, Siscovic D, Fried LP, Patsi BM, Newan AB: The presence of 
frailty in elderly persons with chronic renal insufficiency. Am J Kidney Dis 2004;43:861-867.

21	 Kopple JD: Mc Collum Award Lecture, 1996: protein-energy malnutrition in maintenance dialysis  patients. 
Am J Clin Nutr 1997;65:1544-1557.

22	 Semba RD, Ferrucci L, Sun K, Walston J, Varadhan R, Guralnik JM, Fried LP: Oxidative stress and severe 
walking disability among older women. Am J Med 2007;120:1084-1089.

23	 Cotter KA, Lachman ME: No strain, no gain: psychosocial predictors of physical activity across adult life 
span. J Phys Act Health 2010;7:584-594.

24	 Johansen KL, Chertow GM, Kutner NG, Dalymple LS, Grimes BA, Kaysen GA: Low level of self reported 
physical activity in ambulatory patients new to dialysis. Kidney Int 2010;8:1164-1170.

25	 Stack AG, Murthy B: Exercise and limitation  in physical activity  in ambulatory patients new to dialysis. 
Kidney Int 2010;78:1164-1170.

26	 Majchrzak KM, Pupim LB, Sundell M, Ikizler TA: Body composition and physical activity in end stage renal 
disease. J Res Nutr 2007;17:196-204.

27	 Stack AG, Molony DA, Rives T, Tyson J, Murthy BV: Association of physical activity with mortality in the US 
dialysis population. Am J Kidney Dis 2005;45:690-701.

28	 Mak RH, Cheung W, Cone RD, Marks DL: Leptin and inflammation-associated cachexia in chronic kidney 
disease. Kidney Int 2006;69:794-797.

29	 Goodpaster BH, Park SW, Harris TB, Kritchevevsky SB, Nevitt M, Schwartz AV, Simonsick EM, Tylavsky FA, 
Visser M, Newmann AB: The loss of skeletal muscle strength, mass and quality in older adults; The health, 
aging and body composition study. J Gerontol A Biol Sci Med Sci 2006;61:1059-1064.

30	 Johansen KL, Painter PL, Sakkas GK, Gordon P, Doylej, Shubert T: Effects of resistance exercise training 
and nandrolone decanoate on body composition and muscle function among patients who receive 
hemodialysis: A randomized cotrolled trial. J Am Soc Nephrol 2006;17:2307-2314.

31	 Kopple JD, Wang H, Casaburi R, Fournier M, Lewis M, Taylor W, Storer TW: Exercise in manteinance 
hemodyalis patients induces transcriptional changes in genes favoring anabolic muscle. J Am Soc Nephrol 
2007;18:2975-2986.

32	 Roshanvaran B, Robinson-Chen C, Patel KV, Ayes E, Littman AJ, de Boer IH, Ikizler TA, Himmelfarb J, Katzel 
LI, Lestenbaum B, Seliger S: Association between physical performance and all-cause mortality in CKD. J 
Am Nephrol 2013;24:822-830.

D
ow

nl
oa

de
d 

by
: 

54
.7

0.
40

.1
1 

- 
10

/2
/2

01
7 

5:
07

:5
9 

P
M

http://dx.doi.org/10.1159%2F000355792

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_26: 
	CitRef_27: 
	CitRef_28: 
	CitRef_29: 
	CitRef_30: 
	CitRef_31: 
	CitRef_32: 


