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Abstract 
Physical exercise has important effects on secondary prevention or intervention against 
several diseases. Although there are good reasons to recommend regular physical activity in 
patient populations, recommending exercise is not a straightforward endeavor in patients 
with chronic diseases. Cachexia, a severe skeletal muscle wasting syndrome, is often 
associated with numerous chronic diseases, such as cancer, acquired immune deficiency 
syndrome, rheumatoid arthritis, chronic obstructive pulmonary disease, renal failure and 
chronic heart failure. Thus the question arises whether to exercise or not to exercise in 
cachexia. We performed a meta-analysis on scientific papers from the last decade dealing 
with exercise conducted by cachectic patients. We observed differential effects exerted by 
exercise, depending on the pathology considered and the kind of exercise performed: a 
global positive effect of exercise was observed when all the pathologies considered were 
pooled together; also, a significantly positive effect of exercise was observed in patients 
affected by rheumatoid arthritis. On the contrary, when rheumatoid arthritis was excluded 
from the analysis the effects of exercise on cachexia were not significant. Considering 
separately the kind of exercises performed, it is interesting to observe how resistance 
exercise had positive, statistically significant effects on cachexia as opposed to endurance 
exercise. This is the first study that addresses the effects of exercise training in cachexia 
independently of a specific chronic disease. 
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Cachexia is a debilitating and life-threatening 
syndrome in which patients lose weight, muscle and fat 
and have an impaired response to nutritional support. 
Cachexia significantly impairs quality of life and 
response to treatment; in addition, cachexia increases 
the morbidity and mortality of chronic diseases such as 
Cancer, Chronic heart failure (CHF), Chronic Kidney 
Failure (CKF), Chronic Obstructive Pulmonary 
Disease (COPD), Acquired Immune Deficiency 
Syndrome (AIDS), Nephritic Syndrome (NS), 
Rheumatoid arthritis (RA) [4].  

The common pathophysiological factors for cachexia 
in chronic illness include: neurohormonal activation; 
inflammation and immune activation; hormone 
resistance syndrome (e.g. GH and insulin resistance); 
lack or insufficiency of anabolic (counter) responses; 
activation of specific muscle wasting processes and 

activation of lipolysis pathways. All together, these 
pathophysiologic changes determine catabolic-anabolic 
imbalance. Additional symptoms of cachexia may 
include: shortness of breath; fatigue and muscle 
weakness; anorexia and depression [9]. 

Various interventions have been used to counteract 
body weight loss in cachexia, including aggressive 
nutritional support and administration of appetite 
stimulants. Often these approaches resulted in weight 
gain due to water retention or fat gain, uncoupled by 
functional body lean mass gain. Thus, exercise training 
may potentially decrease muscle wasting experienced 
by cachectic patients. It is worth noting that exercise 
used as a support to medical treatments may vary 
significantly in intensity and metabolic impact. 
Resistance exercise training is defined as multiple 
repetitions of static or dynamic muscular contractions 



Meta-analysis of the effects of exercise in cachexia 
Basic Applied Myology 18 (5): 115-120, 2008 

- - 116 -

performed against a high load or resistance. Resistance 
training increases muscle mass in healthy subjects and 
attenuates muscle wasting associated with ageing [8]. 
Endurance exercise training consists of performing 
low- to medium-intensity exercise for long periods of 
time. Endurance training (such as running, cycling, or 
swimming) involves the use of several large groups of 
muscles and tends to be aerobic. Adaptations to 
endurance exercise include improved oxygen delivery 
to muscles and their increased oxidative capacity [10]. 

There are many clinically relevant reasons to 
recommend exercise for patient populations. Exercise 
training 1) will attenuate the physical deconditioning 
that patients typically experience upon diagnosis; 2) 
may optimize functioning when used as adjunctive 
therapy to standard pharmacological or surgical 
treatments; 3) may reduce secondary cardiovascular 
risk factors and attenuate other clinical consequences 
of the disease and/or treatment; 4) will optimize quality 
of life and possibly improve overall outcomes by 
improving physical functioning [8, 21]. 

Although there are good reasons to recommend 
regular exercise in patient populations, recommending 
exercise is not a straightforward endeavor in patients 
with chronic disease è16+ In fact, physical exercise is 
known to induce an acute inflammatory response and 
oxidative stress in healthy subjects as well as in 
patients [3]. A major concern regarding the use of 
exercise is exercise-induced damage. In RA the 
concern that inflamed joints might be exposed to 
mechanical damage during exercise is widely diffuse. 
In cancer cachexia a deregulation of the dystrophin-
distroglycan complex has been reported suggesting that 
the skeletal muscle is particularly exposed to 
mechanical damage in these patients [1]. 

From the above the question arises whether to 
exercise or not to exercise in cachexia. With the aim of 
addressing this therapeutic dilemma, we performed a 
meta-analysis on scientific studies from the last decade 
dealing with exercise performed by cachectic patients. 

Materials and Methods 

Objectives 
The aim of this study was to evaluate the 

effectiveness of exercise to combat cachexia syndrome 
in patients with chronic diseases. 

Source of data. 
Studies were carried out through an extensive search 

of electronic databases. The sources of data included 
MEDLINE, and the clinical trials listed in 
www.clinicatrials.org. For the literature searches 
through MEDLINE, the key words “exercise” and 
“cachexia” were used with a time frame ranging from 
1998 to 2008. Additional literature was obtained 
through the analysis of the bibliography in selected 
papers. 

Studies were included in the review if they assessed the 
effects of exercise on biological parameters relevant to 
cachexia. In particular, only physical activities actually 
engaging the musculature were defined as exercise 
(e.g. physiotherapic manipulations were excluded). 
Any chronic disease known to be associated with 
cachexia was included. 

Data collection and analysis 
We have converted the individual study statistics to a 

common metric: “the effect size r”. The effect size r is 
a measure of the strength of the relationship between 
two variables. Some procedures were applied to correct 
biases caused by various sources of errors, such as 
sampling errors, measurement errors and range 
restriction, according to the Hunter and Schmidt 
methods [12]. Finally, we have considered moderator 
variables in order to perform subgroup analyses: type 
of chronic disease (RA vs others) and type of exercise 
(Resistance vs Endurance). 

Results 
We pinpointed about 50 full papers, including 

experimental studies and reviews. Detailed reading of 
this literature allowed us to select a total of 14 papers. 
The content of these papers is summarized in Table 1. 
Abstracts and unpublished data were excluded from the 
analysis. There are ongoing clinical trials having 
“exercise” as an intervention, but their results could not 
be included in the analysis. The 14 reports included in 
the analysis (Table 1) were initially classified 
according to the pathology considered: Cancer, CHF, 
CKF, COPD, AIDS, NS, RA. The reports were also 
classified in two categories, according to the type of 
exercise performed: endurance and resistance training. 
We highlighted the effects of exercise on muscle status 
or performance, as well as those on factors known to 
affect muscle biology. In order to compare data of 
different studies, we have converted the individual 
study statistics to a common metric: the effect size r. 
The latter is a correlation coefficient (ranging from –1 
to +1), whereby we expressed a positive effect of 
exercise on muscle condition with a positive r value. 
The r for all the diseases, considering both exercises 
types, was = 0.73; the r for the studies on RA only was 
= 0.65; the r for the studies on all the other diseases 
was  = 0.65.  In addition, the r obtained from the 
studies regarding resistance training was = 0.51, while 
the r for the studies regarding endurance training was = 
0.12. Thus, we observed that overall exercise had a 
beneficial effect on cachexia. Also, exercise yielded a 
positive effect on cachexia in RA patients. Considering 
the type of exercise, resistance exercise exerted a more 
beneficial effect than endurance exercise on cachexia. 

We also calculated the significance of any reported 
effect, which is dependent on the r value as well as on 
the number and dimensions of the studies analyzed. 
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Table 1. Summary of the papers included in the meta-analysis.

Authors Year Disease Type of Exercise Results (goods) Results (odds) 

 

Cupisti 1998 Nephritic cycle ergometer  ↑ plasma CK; 
et al. [6]  Syndrome 20 min @ 60 rpm x 1  ↑ urinary protein excretion 
   (Endurance training)  
 

Bhasin 2000  AIDS not specified ↑ body weight; 
et al. [5]   3 times /wk x 16 wks ↑ muscle volume;  
   (Resistance training)  ↑ muscle strength; 
 

Al-Majid 2001 Cancer  walking 20 min/d ↑ O2 consuption; 
et al. [2]   Bed ergometer 30 min/d  ↑ resistance to fatigue 
    (Endurance training)  
   Curls, bench press, retractors, sit-ups, ↑ urinary creatinine excretion 
   extensions 3 /wk (Resistance training) 
 

  AIDS not specified ↓ muscle wasting;  
   3 /wk x 6 wks ↑ midarm diameter 
   (Resistance training) 
 

Schulze 2002 CHF not specified ↑ aerobic metabolism 
et al. [20]   (Endurance training) 
 

De Jong. 2003 Rheumatoid bicycling, ↑ muscle strength; 
et al. [7]   Arthritis gymnastic sport ↑ aerobic metabolism;   
   2.5h /wk x up to 108 wks ↑ functional ability  
    (Endurance training)  
 

Hakkinen 2004 Rheumatoid body weight, ↑ muscle force 
et al. [11]  Arthritis  rubber bands,dumb-bells 
   45 min x 2 times /wk x 108 wks  
   (Resistance training) 
 

Stevinson 2004 Cancer cycle ergometer, walk ↑ muscle strenght 
et al. [22]   3 times/wk x 12-26 = resistance to fatigue 
   (Endurance training) 
   gym 3 /w x 10 wks 
    (Resistance training) 
 

Watson 2004 Cancer cycle ergometer, walk  ↑ resistance to fatigue 
et al. [24]   3 times/wk x up to 12 wks 
   (Endurance training) 
 

Linke 2005 Cardiac cycle ergometer ↑ catalase activity 
et al. [13]  Heart 20 min x 3 times/wk  x 24 wks  oxidative stress;  
  Failure (Endurance training)           ↓IL-1, TNF expression; ↓ apoptosis; 
 

Marcora 2005 Rheumatoid press, extensions, push down ↑ lean body mass; ↑ protein; 
et al. [14]  Arthritis 2.5 times/wk x 12 wks 
    (Resistance training) 
 

Hakkinen 2005 Rheumatoid not specified ↑ O2 consumption; 
et al. [10]  Arthritis  45 min x 2 times / kw x 108 wks ↑ muscle thickness; 
   (Endurance training) ↑ muscle force; ↑ EMG activity; 
 

Van Helvoort 2006 Chronic Obstructive  cycle ergometer  ↑ plasma IL-6; 
et al [23]  Pulmonary Disease 30 min at 50% Wmax x 1  leucocytosis; 
   (Endurance training)  ↑ oxidative stress; 
 

Piva et al. 2007 Rheumatoid not specified ↑ lean body mass 
[18]  Arthritis NMES + volitional exercise muscle strength; 
    x 16 wks (Resistance training) physical funtion 
 

Painter 2008 Chronic Kidney not specified ↑ muscle strenght; 
et al. [16]  Failure (Resistance training)  ↑muscle CSA 
 
Abbreviations: CSA: Cross Sectional Area; wk: week; NMES , neuromuscular electrical stimulation; EMG, electromyographic 

We expressed the significance as p values, assuming 
p < 0.05 as the threshold for significance.  

As shown in Figure 1, a significant effect of exercise 
on cachexia was observed when all pathologies were 
considered together (p=0.003). We noted that RA had 

been the object of more studies related to exercise than 
other chronic diseases, thus RA could be analyzed as a 
homogeneous subgroup: in this case, the positive effect 
was significant (p=0.020). 

When the other pathologies were pooled together no 
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Fig. 1 Statistical analysis of the effects of different 

interventions on cachexia. a) p values of the 
effects on cachexia  according to the type of 
disease. The results are shown for the whole pool 
of studies included in the meta-analysis (all), for 
the studies on RA patients only (RA) and for the 
studies on all the other diseases except RA 
(others). b) p values of the effects on cachexia  
according to the type of exercise performed as an 
intervention, i.e. resistance and endurance 
training.  A positive, statistically significant effect 
of exercise on cachexia was observed when all 
pathologies were considered, as well as for RA 
patients. Resistance exercise alone has a 
statistically significant effect against cachexia. 

significant effects of exercise on cachexia were 
observed, due to the fact that studies reported 
conflicting results. 

Considering the kind of exercise performed, 
resistance exercise demonstrated a positive, significant 
effect on cachexia (p=0.012), while endurance exercise 
did not show any significant effect on cachexia 
(p=0.342). 

Discussion 
Physical exercise has long been taken into account as 

a possible adjuvant treatment for many neuromuscular 
diseases. The underlying idea in favor of exercise 
training in pathological conditions is that using 
musculature is beneficial for the musculature itself. On 
the other hand, there is a concern that physical exercise 
may cause more harm than benefits. For instance, in 
RA patients the authors in favor of physical exercise 
claim that this practice is beneficial to muscle 
performance, while the authors against it argue that it 
may further exacerbate the joint damage. To this 
regard, Plasqui et al. conclude that there is a lot more 
evidence in favour of prescribing physical activity for 
patients with RA than there is against it [19]. The 
conclusion is in full agreement with the statement of 
Nordemar et al.  that the risk for a patient of being too 
inactive is much higher than being too active [15]. 

With the aim to address whether physical exercise is 
beneficial or not for muscle homeostasis and function, 
we performed this meta-analysis by pooling studies 
conducted on patients with many different chronic 
diseases. The novelty of our approach consists in 
evaluating the effects of exercise training on cachexia 
independently of the specific primary disease. Given 
that cachexia is characterized by a cytokine-driven 
accelerated loss of muscle mass and function, we 
considered a wide array of factors (summarized in table 
1) as markers of beneficial or negative effects of 
exercise on the cachectic state. 

We demonstrated that exercise training has a 
significantly positive effect on cachexia (Fig. 1). This 
holds true when considering cachexia associated 
specifically with RA. To the contrary, exercise does 
not have a significant effect on cachexia when the 
studies describing all the other pathologies included in 
this meta-analysis are pooled together. We conclude 
that while physical exercise appears to be beneficial for 
RA, further studies are needed on the effects of 
exercise on muscle wasting associated with other 
chronic diseases. 

Once established that physical exercise has a global 
positive effect on cachexia, we wondered which type of 
exercise was effective. We found that it was resistance 
training, and not endurance training, that had a 
significant effect on cachexia (Fig. 1). Resistance 
exercise training reportedly increases the mass of 
healthy muscle and ameliorates muscle wasting 
associated with a variety of catabolic conditions [25]. 
Additional findings indicate that resistance training 
increases muscle aerobic metabolism and protein 
content balance, muscle strength and resistance to 
fatigue (Table 1). However, there is no compelling 
evidence to support that exercise-induced reduction in 
fatigue is related to preservation of muscle mass [2]. 
Given its anabolic effects on healthy and wasted 



Meta-analysis of the effects of exercise in cachexia 
Basic Applied Myology 18 (5): 115-120, 2008 

- - 119 -

muscles, resistance exercise should be examined as a 
potential intervention in order to attenuate cachexia. 

Based on the results of our meta-analysis, we 
conclude that prolonged, resistance exercise training 
significantly counteracts muscle wasting and loss of 
performance in cachexia associated with a variety of 
chronic diseases. The beneficial effects of physical 
exercise include increased muscle performance and 
self-reported wellness, which both highlight the 
importance of interventions against cachexia for 
patients’ quality of life. We hope that future studies, 
including currently open clinical trials with exercise as 
an intervention against cachexia, will provide further 
data to conclusively identify more efficient protocols to 
counteract cachexia. 

Abbreviations 
AIDS, Acquired Immuno Deficiency Symdrome; 

BMI, Body Mass Index ; CHF, Chronic Heart failure; 
CKF, Chronic Kidney Failure; COPD, Chronic 
Obstructive Pulmonary Disease; NS, Nephritic 
Syndrome; RA, Rheumatoid Arthritis 

Acknowledgements 
The financial support of “Progetti di Ateneo” of 

Sapienza University of Rome (C26A07ZNSE) and 
AFM (Pr. # 12688) is gratefully acknowledged.  

Address Correspondence to: 
Prof. Marco Rocchi, Institute of Biomathematics, 

University of Urbino, Italy - Phone + 39 0722304256; 
Fax +39 0722304269; Email  m.rocchi@uniurb.it 

References 
[1]  Acharyya S, Butchbach ME, Sahenk Z, Wang 

H, Saji M, Carathers M, Ringel MD, Skipworth 
RJ, Fearon KC, Hollingsworth MA, Muscarella 
P, Burghes AH, Rafael-Fortney JA, Guttridge 
DC: Dystrophin glycoprotein complex 
dysfunction: a regulatory link between muscular 
dystrophy and cancer cachexia. Cancer Cell 
2005; 8(5):421-432. 

[2]  al-Majid S, McCarthy DO: Cancer-induced 
fatigue and skeletal muscle wasting: the role of 
exercise. Biol Res Nurs 2001; 2(3):186-197. 

[3]  Alessio HM, Goldfarb AH, Cao G: Exercise-
induced oxidative stress before and after 
vitamin C supplementation. Int J Sport Nutr 
1997; 7(1):1-9. 

[4]  Anker SD. Similarities and differences of 
wasting diseases. 4th Cachexia Conference, 10. 
2008. Tampa,FL. 12-6-2008.  

[5]  Bhasin S, Storer TW, Javanbakht M, Berman N, 
Yarasheski KE, Phillips J, Dike M, Sinha-Hikim 
I, Shen R, Hays RD, Beall G: Testosterone 
replacement and resistance exercise in HIV-
infected men with weight loss and low 
testosterone levels. JAMA 2000; 283(6):763-

770. 
[6]  Cupisti A, Chisari C, Morelli E, Meola M, 

Giannini E, Rossi B, Barsotti G: Abnormal 
increase of creatine kinase plasma levels 
following muscle exercise in nephrotic patients. 
Nephron 1998; 80(2):204-207. 

[7]  de JZ, Munneke M, Zwinderman AH, Kroon 
HM, Jansen A, Ronday KH, van SD, Dijkmans 
BA, Van den Ende CH, Breedveld FC, Vliet 
Vlieland TP, Hazes JM: Is a long-term high-
intensity exercise program effective and safe in 
patients with rheumatoid arthritis? Results of a 
randomized controlled trial. Arthritis Rheum 
2003; 48(9):2415-2424. 

[8]  Evans WJ, Roubenoff R, Shevitz A: Exercise 
and the treatment of wasting: aging and human 
immunodeficiency virus infection. Semin Oncol 
1998; 25(2 Suppl 6):112-122. 

[9]  Fearon K. Cachexia: prevalence and impact in 
medicine. 4th Cachexia Conference, 8. 2008. 
Tampa, FL. 12-6-2008.  

[10]  Hakkinen A, Pakarinen A, Hannonen P, 
Kautiainen H, Nyman K, Kraemer WJ, 
Hakkinen K: Effects of prolonged combined 
strength and endurance training on physical 
fitness, body composition and serum hormones 
in women with rheumatoid arthritis and in 
healthy controls. Clin Exp Rheumatol 2005; 
23(4):505-512. 

[11]  Hakkinen A, Sokka T, Kautiainen H, Kotaniemi 
A, Hannonen P: Sustained maintenance of 
exercise induced muscle strength gains and 
normal bone mineral density in patients with 
early rheumatoid arthritis: a 5 year follow up. 
Ann Rheum Dis 2004; 63(8):910-916. 

[12]  Hunter JE, Schmidt FL: Methods of Meta-
analysis: Correcting Error and Bias in Research 
Findings. Thousand Oaks, CA, Sage 
Publications, 2004. 

[13]  Linke A, Adams V, Schulze PC, Erbs S, Gielen 
S, Fiehn E, Mobius-Winkler S, Schubert A, 
Schuler G, Hambrecht R: Antioxidative effects 
of exercise training in patients with chronic 
heart failure: increase in radical scavenger 
enzyme activity in skeletal muscle. Circulation 
2005; 111(14):1763-1770. 

[14]  Marcora SM, Lemmey AB, Maddison PJ: Can 
progressive resistance training reverse cachexia 
in patients with rheumatoid arthritis? Results of 
a pilot study. J Rheumatol 2005; 32(6):1031-
1039. 

[15]  Nordemar R, Ekblom B, Zachrisson L, 
Lundqvist K: Physical training in rheumatoid 
arthritis: a controlled long-term study. I. Scand J 
Rheumatol 1981; 10(1):17-23. 

[16]  Painter P: Exercise in chronic disease: 
physiological research needed. Exerc Sport Sci 
Rev 2008; 36(2):83-90. 



Meta-analysis of the effects of exercise in cachexia 
Basic Applied Myology 18 (5): 115-120, 2008 

- - 120 -

[17]  Pedersen BK, Hoffman-Goetz L: Exercise and 
the immune system: regulation, integration, and 
adaptation. Physiol Rev 2000; 80(3):1055-1081. 

[18]  Piva SR, Goodnite EA, Azuma K, Woollard JD, 
Goodpaster BH, Wasko MC, Fitzgerald GK: 
Neuromuscular electrical stimulation and 
volitional exercise for individuals with 
rheumatoid arthritis: a multiple-patient case 
report. Phys Ther 2007; 87(8):1064-1077. 

[19]  Plasqui G: The role of physical activity in 
rheumatoid arthritis. Physiol Behav 2008; 
94(2):270-275. 

[20]  Schulze PC, Gielen S, Schuler G, Hambrecht R: 
Chronic heart failure and skeletal muscle 
catabolism: effects of exercise training. Int J 
Cardiol 2002; 85(1):141-149. 

[21]  Staron RS, Malicky ES, Leonardi MJ, Falkel JE, 
Hagerman FC, Dudley GA: Muscle hypertrophy 
and fast fiber type conversions in heavy 
resistance-trained women. Eur J Appl Physiol 

Occup Physiol 1990; 60(1):71-79. 
[22]  Stevinson C, Lawlor DA, Fox KR: Exercise 

interventions for cancer patients: systematic 
review of controlled trials. Cancer Causes 
Control 2004; 15(10):1035-1056. 

[23]  Van Helvoort HA, Heijdra YF, Thijs HM, Vina 
J, Wanten GJ, Dekhuijzen PN: Exercise-induced 
systemic effects in muscle-wasted patients with 
COPD. Med Sci Sports Exerc 2006; 38(9):1543-
1552. 

[24]  Watson T, Mock V: Exercise as an intervention 
for cancer-related fatigue. Phys Ther 2004; 
84(8):736-743. 

[25]  Yarasheski KE, Zachwieja JJ, Bier DM: Acute 
effects of resistance exercise on muscle protein 
synthesis rate in young and elderly men and 
women. Am J Physiol 1993; 265(2 Pt 1):E210-
E214. 

 

 


