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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 factor-alpha and interleukin-6, 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 metabo-ergoreflex, 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, cachexia-related muscle wasting amplifies dyspnea through disease-specific 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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Cachexia epidemiology and presentation a common complication across nearly all advanced-stage
chronic diseases, with its occurrence and mortality rates vary-

With a prevalence of 9 million patients globally and an annual  ing by condition.® The prevalence rises to 50% in chronic kid-
death rate of 2 million patients worldwide, cachexia is a sig- ney disease (CKD) and is highest in advanced malignancies,
nificant contributor of morbidity and mortality.? Cachexiais  where it impacts 50% to 80% of patients. Cachexia also carries
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significant prognostic implications, with one-year mortality
rates of 15-25% in COPD, 20-40% in advanced HF, and 20%
in CKD.? In cancer, mortality ranges widely from 20% to 80%
depending on the type and stage, while severe RA with
cachexia has a comparatively lower one-year 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 fat-free mass
index, anorexia, and/or abnormal biochemical markers, such
as hemoglobin levels below 12 g/dL, serum albumin below
3.2 g/dL, elevated interleukin-6, or increased C-reactive pro-
tein.? 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.® 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 pro-inflammatory cytokines, including
tumor necrosis factor-alpha (TNF) and interleukin-6 (IL-6), are
central to driving skeletal muscle atrophy and fat loss.® 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.”® These result
in anabolic-catabolic 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 metabo-ergoreflex.®> 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 metabo-er-
goreflex hyperactivity.’ The marked peripheral muscle mass
depletion seen in cachexia is directly correlated to ergoreflex
overactivity and exercise intolerance. 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.! 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.*? This is further evidenced by the correlation of dys-
pnea with loss of quadriceps strength and function, evi-
denced by an increased likelihood of moderate-to-severe
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exertional dyspnea in patients with poor performance on a
single chair stand.?® 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
21-79% of advanced cancer patients.* 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.'® 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.?®

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 VO,)
are prognostic indicators of the disease.'” 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.'® Interestingly, in pa-
tients with cachexia and cardiac cachexia, fat accumulation
provides benefit and obesity plays a protective role.'® 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.®

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.?
Muscle wasting is common in COPD and significantly impacts
patients by impairing skeletal muscle function, reducing exer-
cise capacity, and lowering overall health status.?* Further-
more, muscle wasting serves as an independent predictor of
mortality in COPD, separate from the degree of airflow ob-
struction.??

Dyspnea significantly impacts patients with CKD, with a preva-
lence as high as 60%, which only partially improves with renal
replacement therapy.?®?* Studies suggest that protein-energy
wasting seen in CKD, and a strong predictor of mortality, is part
of a continuous process that leads to cachexia in these pa-
tients.? Patients with CKD and high levels of high sensitivity
C-reactive protein, depicting systemic inflammation, also have
lower muscle mass and impaired pulmonary function.?® Simi-
larly, dyspnea prevalence can be as high as 88% in end-stage
liver disease, and closely correlates with respiratory muscle
strength.?”
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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
iliness, 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.?®
Early machine learning models for detecting cachexia and pre-
cachexia show promise, though more research is needed to
assess their external validity.?®

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.3%3! Despite the various therapeutic strategies, cachexia
remains largely irreversible. Due to the complexity of cachexia,
its prevalence, high mortality and significant contribution to
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Figure 1. Muscle hypothesis of shortness of breath in cachexia.
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shortness of breath, research towards multi-disciplinary ther-
apeutic strategies is needed to mitigate the disease.
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