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Cachexia epidemiology and presentation 
 
With a prevalence of 9 million patients globally and an annual 
death rate of 2 million patients worldwide, cachexia is a sig
nificant contributor of morbidity and mortality.1,2 Cachexia is 

a common complication across nearly all advancedstage 
chronic diseases, with its occurrence and mortality rates vary
ing by condition.3 The prevalence rises to 50% in chronic kid
ney disease (CKD) and is highest in advanced malignancies, 
where it impacts 50% to 80% of patients. Cachexia also carries 
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Abstract 
 

Cachexia is a major contributor to dyspnea (shortness of breath), particularly in conditions like heart failure and chronic 
obstructive pulmonary disease (COPD) with a prevalence of up to 100%, but also develops frequently in patients with 
chronic kidney disease (circa 60%) as well as in advanced cancer with an estimated prevalence of about 50% in patients in 
palliative care settings. In all conditions muscle wasting impacts respiratory function and exercise capacity. The muscle hy
pothesis of the development of shortness of breath in cachexia presented here provides a pathophysiological framework 
for understanding muscle wasting induced dyspnea. Persistent systemic inflammation, elevated cytokines such as tumor 
necrosis factoralpha and interleukin6, and hormonal imbalances like insulin resistance drive a catabolic state, resulting in 
skeletal muscle myopathy and respiratory muscle fatigue. This contributes to hyperactivation of the metaboergoreflex, a 
cardiorespiratory reflex involving mechanoreceptors and metaboreceptors. The hyperactive reflex increases ventilatory 
drive, exacerbating dyspnea, and triggers sympathetic excitation, leading to vasoconstriction and reduced peripheral blood 
flow. These mechanisms create a feedback loop of worsening myopathy, reduced exercise tolerance, and heightened breath
lessness. In specific diseases, cachexiarelated muscle wasting amplifies dyspnea through diseasespecific mechanisms.  In 
advanced cancer, dyspnea affects up to 80% of patients and is often caused by respiratory muscle fatigue, independent of 
cardiopulmonary pathology in 24% of cases. In heart failure, muscle wasting worsens dyspnea beyond reduced cardiac 
output and pulmonary congestion, with mortality increasing by 50% within 18 months in cardiac cachexia. COPD cachexia 
impairs respiratory muscles, independently predicting mortality beyond airflow obstruction. Current management of 
cachexia includes nutritional support, physical activity, pharmacological agents, and experimental therapies targeting in
flammation, cytokines, and anabolic pathways.  Despite these efforts, cachexia remains largely irreversible.  Future direc
tions include precision diagnostics leveraging artificial intelligence and interdisciplinary therapeutic strategies aimed at 
mitigating its devastating impacts on morbidity, mortality, and quality of life.
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significant prognostic implications, with oneyear mortality 
rates of 15–25% in COPD, 20–40% in advanced HF, and 20% 
in CKD.3 In cancer, mortality ranges widely from 20% to 80% 
depending on the type and stage, while severe RA with 
cachexia has a comparatively lower oneyear mortality rate 
of 5%.3   
The diagnostic criteria for cachexia vary from general to dis
ease specific  and  include relevant weight loss in individuals 
with chronic illness (e.g. 5% or more within the past 12 
months), accompanied by at least three of the following five 
criteria: fatigue, reduced muscle strength, a low fatfree mass 
index, anorexia, and/or abnormal biochemical markers, such 
as hemoglobin levels below 12 g/dL, serum albumin below 
3.2 g/dL, elevated interleukin6, or increased Creactive pro
tein.4 Clinical presentation of cachexia, including impaired ex
ercise capacity, shortness of breath, malaise, fatigue and 
depression very closely mimic the symptoms of heart failure 
(HF) patients. Dyspnea, in particular, is a prevalent problem 
in both cancer (~50%) and HF (up to 100%) patients.5 With 
the established predominance of cachexia in these patient 
populations, it is important discussing the pathophysiology 
of how cachexia causes or worsens shortness of breath.  
 
 

Muscle hypothesis of shortness of breath 
 
Cachexia is a complex syndrome resulting from systemic in
flammation, neurohormonal dysregulation, and metabolic 
disturbances. Key proinflammatory cytokines, including 
tumor necrosis factoralpha (TNF) and interleukin6 (IL6), are 
central to driving skeletal muscle atrophy and fat loss.6 Several 
metabolic alterations are seen in cachexia, such as insulin re
sistance, increased cortisol, and hormone resistance syn
dromes; lack of anabolism; and iron deficiency.7,8 These result 
in anaboliccatabolic imbalance, resulting in a persistent cata
bolic state. Muscle wasting results in physical frailty, inactivity 
and further exacerbates skeletal muscle myopathy. This mus
cle hypothesis of persistent catabolism and lean mass myopa
thy can result in metaboergoreflex.5 The ergoreflex is 
compromised of the mechanoreflex, activated by muscle con
traction and metaboreflex, which is stimulated by metabolites 
which accumulate during physical activity in skeletal muscle. 
Skeletal myopathy observed in cachexia results in metaboer
goreflex hyperactivity.9 The marked peripheral muscle mass 
depletion seen in cachexia is directly correlated to ergoreflex 
overactivity and exercise intolerance.10 This results in both in
creased ventilatory drive, which directly causes shortness of 
breath, and also leads to excitation of the sympathetic nerv
ous system.11 The resulting vasoconstriction, coupled with en
dothelial dysfunction that is often seen in chronic 
inflammatory states, results in decreased peripheral blood 
flow to already myopathic muscles, resulting in a positive 
feedback loop and worsened exercise capacity and shortness 
of breath.12 This is further evidenced by the correlation of dys
pnea with loss of quadriceps strength and function, evi
denced by an increased likelihood of moderatetosevere 

exertional dyspnea in patients with poor performance on a 
single chair stand.13 The muscle hypothesis is summarized in 
Figure 1. 
 
 

Dyspnea in specific diseases 
 
Shortness of breath in cachectic patients with advanced 
chronic diseases can thus, in part, be explained by the muscle 
wasting and resulting derangements. Dyspnea is a frequent 
and devastating complication in cancer, with a prevalence of 
2179% of advanced cancer patients.14 The primary causes of 
dyspnea in cancer include an increased chemical or neurolog
ical drive to breathe due to stimulation of chemoreceptors; 
increased work of breathing, due to concomitant cardiac fail
ure or pleural effusions from lung metastases; and reduced 
neuromuscular strength, often resulting from muscle wasting 
that affects the respiratory musculature.15 Respiratory muscle 
fatigue is the predominant driver of dyspnea in cancer 
cachexia. This is supported by the absence of any cardiopul
monary disease in 24% of cancer patients exhibiting shortness 
of breath.16 
Cardiopulmonary exercise testing is a vital assessment tool in 
monitoring disease progress in heart failure. Measures of 
physical capacity such as peak oxygen consumption (peak VO2) 
are prognostic indicators of the disease.17 With muscle wasting 
seen in cardiac cachexia, the resulting dyspnea is contributed 
not only by the underlying HF, reduced cardiac output, and 
pulmonary congestion, but is also largely enhanced by respi
ratory fatigue and skeletal myopathy.16 Interestingly, in pa
tients with cachexia and cardiac cachexia, fat accumulation 
provides benefit and obesity plays a protective role.18 The mor
tality rate of patients with cardiac cachexia may increase by 
50% within 18 months of diagnosis and therefore is a major 
mortality risk.19 
Although COPD patients have primary pulmonary disease re
sulting in poor ventilation and resulting dyspnea, COPD pa
tients with cachexia have concomitant muscle fiber atrophy 
which can involve respiratory muscles and the diaphragm.20 
Muscle wasting is common in COPD and significantly impacts 
patients by impairing skeletal muscle function, reducing exer
cise capacity, and lowering overall health status.21 Further
more, muscle wasting serves as an independent predictor of 
mortality in COPD, separate from the degree of airflow ob
struction.22 
Dyspnea significantly impacts patients with CKD, with a preva
lence as high as 60%, which only partially improves with renal 
replacement therapy.23,24 Studies suggest that proteinenergy 
wasting seen in CKD, and a strong predictor of mortality, is part 
of a continuous process that leads to cachexia in these pa
tients.25 Patients with CKD and high levels of high sensitivity 
Creactive protein, depicting systemic inflammation, also have 
lower muscle mass and impaired pulmonary function.26 Simi
larly, dyspnea prevalence can be as high as 88% in endstage 
liver disease, and closely correlates with respiratory muscle 
strength.27 
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Clinical implications and future direction 
 
Due to the high prevalence and mortality of cachexia and due 
to its significant role in driving shortness of breath in chronic 
illness, it is imperative to have early recognition and timely in
terventions to improve outcomes. Although the diagnostic cri
teria has been discussed earlier, nutritional and body 
assessments are not common in clinical practice. In recent 
years, many chronic diseases are being targeted for the devel
opment of artificial intelligence in enhancing early diagnosis.28 
Early machine learning models for detecting cachexia and pre
cachexia show promise, though more research is needed to 
assess their external validity.29 
Effective management of cachexia involves multimodal strate
gies targeting its multifactorial nature. Several papers have 
summarized current modalities and ongoing areas of research, 
including nutritional support, physical activity and exercise 
regimens, pharmacological agents targeting cytokines, ap
petite stimulators, anabolic hormones and immunological 
agents.30,31 Despite the various therapeutic strategies, cachexia 
remains largely irreversible. Due to the complexity of cachexia, 
its prevalence, high mortality and significant contribution to 

shortness of breath, research towards multidisciplinary ther
apeutic strategies is needed to mitigate the disease. 
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Figure 1. Muscle hypothesis of shortness of breath in cachexia. 



applications regarding MRproANP (DE 102007010834 & DE 
102007022367), but he does not benefit personally from the 
related issued patents. MSK received fees from Bayer and No
vartis. LAK and GMCR have no disclosures to report. ML re
ports grants from Slovenian Research Agency and honoraria 
from Novartis, Boehringer Ingelheim and AstraZeneca. MV re
ports no conflict of interest. PP reports grant from Vifor 
Pharma and consulting fees and/or honoraria from Boehringer 
Ingelheim, AstraZeneca, Vifor Pharma, Servier, Novartis, Berlin 
Chemie, Bayer, Abbott Vascular, NovoNordisk, Pharmacosmos, 
Moderna, Pfizer and Abbott Vascular and fees for trial com
mittee work from Boehringer Ingelheim, Vifor Pharma, 
NovoNordisk, Pharmacosmos and Moderna. AJSC reported 
honoraria from AstraZeneca, Bayer, Boehringer Ingelheim, 
Menarini, Novartis, Nutricia, Servier, Vifor, Abbott, Actimed, 
Arena, Cardiac Dimensions, Corvia, CVRx, Enopace, ESN Cleer, 
Faraday, Gore, Impulse Dynamics, Respicardia, and Viatris. 
 
 

References 
 
  1. Ferrer M, Anthony TG, Ayres JS, et al. Cachexia: A systemic conse

quence of progressive, unresolved disease. Cell 2023;186:182445.  
  2. Farkas J, von Haehling S, KalantarZadeh K, et al. Cachexia as a 

major public health problem: frequent, costly, and deadly. J 
Cachexia Sarcopenia Muscle 2013;4:173–8.  

  3. von Haehling S, Anker MS, Anker SD. Prevalence and clinical im
pact of cachexia in chronic illness in Europe, USA, and Japan: facts 
and numbers update 2016. J Cachexia Sarcopenia Muscle 
2016;7:5079.  

  4. Evans WJ, Morley JE, Argilés J, et al. Cachexia: A new definition. 
Clin Nutr 2008;27:7939.  

  5. Hadzibegovic S, Sikorski P, Potthoff SK, et al. Clinical problems of 
patients with cachexia due to chronic illness: a congress report. 
ESC Heart Fail 2020;7:341420.  

  6. Peixoto da Silva S, Santos JMO, Costa e Silva MP, , et al. Cancer 
cachexia and its pathophysiology: links with sarcopenia, anorexia 
and asthenia. J Cachexia Sarcopenia Muscle 2020 6;11:61935.  

  7. Anker SD, Chua TP, Ponikowski P, et al. Hormonal changes and 
catabolic/anabolic imbalance in chronic heart failure and their 
importance for cardiac cachexia. Circulation 1997;96:52634.  

  8. Dziegala M, Josiak K, Kasztura M, et al. Iron deficiency as energetic 
insult to skeletal muscle in chronic diseases. J Cachexia Sarcope
nia Muscle 2018;9:80215.  

  9. Aimo A, Saccaro LF, Borrelli C, et al. The ergoreflex: how the skele
tal muscle modulates ventilation and cardiovascular function in 
health and disease. Eur J Heart Fail 2021;23:145867.  

10. Piepoli MF, Kaczmarek A, Francis DP, et al. Reduced peripheral 
skeletal muscle mass and abnormal reflex physiology in chronic 
heart failure. Circulation 2006;114:12634.  

11. Ponikowski P. The impact of cachexia on cardiorespiratory reflex 
control in chronic heart failure. Eur Heart J 1999;20:166775.  

12. Coats AJS, Clark AL, Piepoli M, et al. Symptoms and quality of life 
in heart failure: the muscle hypothesis. Heart 1994;72:S36–9.  

13. Vaz Fragoso CA, Araujo K, LeoSummers L, Van Ness PH. Lower 
extremity proximal muscle function and dyspnea in older per
sons. J Am Geriatr Soc 2015;63:162833.  

14. Ripamonti C. Management of dyspnea in advanced cancer pa
tients. Support Care Cancer 1999;7:23343.  

15. Ripamonti C, Bruera E. Dyspnea: Pathophysiology and assess
ment. J Pain Symptom Manage 1997;13:22032.  

16. Coats AJS. Origin of symptoms in patients with cachexia with spe
cial reference to weakness and shortness of breath. Int J Cardiol 
2002;85:133–9.  

17. Nadruz W Jr, West E, Sengeløv M, et al. Prognostic value of car
diopulmonary exercise testing in heart failure with reduced, 
midrange, and preserved ejection fraction. J Am Heart Assoc 
2017;6:e006000.  

18. SelthoferRelatić K, Kibel A, DelićBrkljačić D, Bošnjak I. Cardiac 
obesity and cardiac cachexia: is there a pathophysiological link? 
J Obes 2019;2019:9854085.  

19. Anker SD, Ponikowski P, Varney S, et al. Wasting as independent 
risk factor for mortality in chronic heart failure. Lancet 
1997;349:10503.  

20. Gosker HR, Engelen MP, van Mameren H, et al. Muscle fiber type 
IIX atrophy is involved in the loss of fatfree mass in chronic ob
structive pulmonary disease. Am J Clin Nutr 2002;76:113–9.  

21. Sanders KJC, Kneppers AEM, van de Bool C, et al. Cachexia in 
chronic obstructive pulmonary disease: new insights and thera
peutic perspective. J Cachexia Sarcopenia Muscle 2016;7:522.  

22. Schols AM, Broekhuizen R, WelingScheepers CA, Wouters EF. 
Body composition and mortality in chronic obstructive pulmonary 
disease. Am J Clin Nutr 2005;82:53–9.  

23. Murtagh FEM, AddingtonHall JM, Edmonds PM, et al. Symptoms 
in advanced renal disease: a crosssectional survey of symptom 
prevalence in stage 5 chronic kidney disease managed without 
dialysis. J Palliat Med 2007;10:1266–76.  

24. Murtagh FEM, AddingtonHall J, Higginson IJ. The prevalence of 
symptoms in endstage renal disease: a systematic review. Adv 
Chronic Kidney Dis 2007;14:8299.  

25. Koppe L, Fouque D, KalantarZadeh K. Kidney cachexia or pro
teinenergy wasting in chronic kidney disease: facts and numbers. 
J Cachexia Sarcopenia Muscle 2019;10:479–84.  

26. Nascimento MM, Qureshi AR, Stenvinkel P, et al. Malnutrition and 
inflammation are associated with impaired pulmonary function 
in patients with chronic kidney disease. Nephrol Dial Transplant 
2004;19:1823–8.  

27. Kaltsakas G. Dyspnea and respiratory muscle strength in end
stage liver disease. World J Hepatol 2013;5:56.  

28. Khan LA, Shaikh FH, Khan MS, et al. Artificial intelligenceen
hanced electrocardiogram for the diagnosis of cardiac amyloido
sis: A systemic review and metaanalysis. Curr Probl Cardiol 
2024;49:102860.  

29. Chen Y, Liu C, Zheng X, et al. Machine learning to identify pre
cachexia and cachexia: a multicenter, retrospective cohort study. 
Support Care Cancer 2024;32:630.  

30. Kadakia KC, HamiltonReeves JM, Baracos VE. Current therapeutic 
targets in cancer cachexia: a pathophysiologic approach. Am Soc 
Clin Oncol Educ Book 2023;43:e389942. 

31. Argilés JM, LópezSoriano FJ, Stemmler B, Busquets S. Therapeutic 
strategies against cancer cachexia. Eur J Transl Myol 2019;29:7960. 

54 S.D. Anker et al.

Global Cardiology 2024; 4 
10.4081/cardio.2024.57


