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ABSTRACT: There has been increasing interest and research into sarcopenia in community-dwelling older 

adults since the European Working Group on Sarcopenia in Older People (EWGSOP) agreed a consensus 

definition in 2010. Sarcopenia has been defined as loss of muscle mass with loss of muscle function (strength or 

physical performance), with measurements two Standard Deviations (SDs) below the mean of a young reference 

population. This definition does not necessitate longitudinal measurements, or the absence of acute illness and 

diagnosis can be made from single measurements. We hypothesise that hospitalisation, due to a combination of 

acute inflammatory burden and muscle disuse, leads to an acute decline in muscle mass and function and may 

lead to some individuals meeting criteria for sarcopenia, acutely, based on the EWGSOP definition. This may be 

partially recoverable or may lead to increased risk of developing sarcopenia long-term. We have denoted the 

term “acute sarcopenia” to refer to acute loss of muscle mass and function associated with hospitalisation. This 

review discusses some of the current available research in this context and also identifies some of the knowledge 

gaps and potential areas for future research. 
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Sarcopenia refers to age-related loss of skeletal muscle 

mass and function; the term originates from Greek, 
meaning literally “loss of the flesh”. The European 

Working Group on Sarcopenia in Older People 

(EWGSOP) [1], International Working Group on 

Sarcopenia (IWGS) [2] and Asian Working Group for 

Sarcopenia (AWGS) [3] all define sarcopenia as loss of 

skeletal muscle mass and muscle function; either low 

muscle strength or low physical performance. Different 

cut-off values have been proposed dependent on the 

population, however, both the EWGSOP and AWGS have 

proposed cut-off points of measurements two Standard 
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Deviations (SDs) below the mean from a reference 

population of healthy young people [1, 3]. The EWGSOP 

defines the presence of all three criteria (low skeletal 

muscle mass, low muscle strength and low physical 

performance) as severe sarcopenia [1]. It should not be 

viewed as inevitable that all people will meet criteria for 

sarcopenia diagnosis as they age. The presence of 

sarcopenia is associated with increased risk of potentially 

detrimental outcomes including limitations upon quality 

of life [4], increased risk of falls [5] and increased 

mortality [6]. 

The presence of sarcopenia has been demonstrated to 

relate more closely to adverse outcomes than reduced 

muscle mass alone [7]. The EWGSOP has defined the 

presence of low muscle mass alone as “pre-sarcopenia” 

[1]. Another term that has been proposed is “dynapenia”, 

which refers to the presence of reduced muscle strength 

regardless of muscle mass [8]. However, the association 

between muscle mass and muscle strength is non-linear 

[9]. Sarcopenia is an all-encompassing term denoting both 

loss of muscle mass and muscle function, which has 

clinical importance and is widely used [1].  

Sarcopenia is distinct from but related to the 

diagnosis of frailty [1, 10]. This is  the  syndrome of 

multiple cumulative decline resulting in increased 

vulnerability to poor resolution of homeostasis after a 

stressor event [11]. Frailty is a measure of the observed 

heterogeneity among older people and increasing frailty is 

associated with risk of adverse outcomes such as new 

institutionalisation and mortality.  In the hospital setting, 

frailty is also associated with an increased risk of adverse 

outcomes following hospitalisation or acute illness [12–

14] and should be considered when drawing conclusions 

related to sarcopenia.  

The EWGSOP refers to the principle that both 

primary and secondary forms of sarcopenia exist; primary 

sarcopenia has no other cause other than cumulative 

insults over time associated with ageing, whereas, 

secondary sarcopenia may be disease-related or nutrition-

related [1]. The AWGS also proposes a dynamic approach 

to sarcopenia evaluation including measurement of 

changes of muscle mass and muscle function over time 

[3]. There has been significant research into the 

development of sarcopenia in community-dwelling older 

adults and associated outcomes, but there is a paucity of 

research relating to associations between sarcopenia and 

acute illness. We reason that hospitalisation for an acute 

illness or surgical procedure may be expected to 

precipitate the acute development of secondary 

sarcopenia due to an increased inflammatory burden in 

combination with muscle disuse [15]; we refer to this 

condition as “acute sarcopenia”.  

The frequency of acute sarcopenia is currently 

unknown, but it is known that a higher proportion of 

individuals will meet criteria for sarcopenia at any one 

time in hospital compared to in the community. Acute 

sarcopenia is a significant problem and important area for 

future research. It is likely to be associated with increased 

financial cost secondary to increased length of stay, 

rehabilitation needs and increased social care needs [16, 

17]. It is known that bed rest leads to disuse muscle 

atrophy in healthy adults [18] and that inflammation leads 

to a heightened catabolic state [15]. We propose that the 

term acute sarcopenia should be used as an overriding 

term applying to significant changes in both muscle mass 

and muscle function associated with increased 

inflammatory burden combined with muscle disuse. The 

aim of this review is to summarise existing observations 

and hypotheses relating to acute sarcopenia observed in 

older adults during hospitalisation and how this condition 

relates to chronic sarcopenia. 

 

Sarcopenia  

 

Chronic sarcopenia: prevalence, pathology and 

outcomes 

 

The prevalence of sarcopenia amongst older community-

dwelling adults, using EWGSOP criteria, has been 

variably reported in 15 studies in economically developed 

countries as between 1-29%, in a recent systematic review 

[19]. Prevalence of sarcopenia rises with increasing age 

[20] and an increased prevalence of 32.8% amongst 

nursing home residents  has been reported [21]. The 

prevalence rate of sarcopenia amongst older hospital 

inpatients has been reported at 22.1-26.0% in four studies 

[22–25].  

The precise mechanisms that lead to sarcopenia are 

only partially understood. However, it has been 

hypothesised to be related to an accumulation of multiple 

insults over time [1]. Reduced dietary intake of protein 

[26], reduced physical activity [27], vitamin D deficiency 

[28, 29], cumulative inflammatory insults [30, 31], 

oxidative stress [32] and resistance to anabolic stimuli 

[33] have all been postulated to contribute. Mitochondrial 

dysfunction [34] and muscle denervation [35] have been 

implicated. There are currently no recognised 

histopathological features that necessitate a diagnosis. 

However, reduced muscle fibre cross-sectional area, with 

a preference for Type 2a skeletal muscle fibres [36] and 

reduced satellite cell numbers [37] are associated with 

ageing and found in sarcopenia in humans. Increased 

numbers of senescent satellite cells associated with 

reduced muscle mitochondrial function have been 

reported in aged mice [38].   

Although individual differences exist and in 

particular a high level of physical activity in adulthood 

can prevent sarcopenia [39], a decline in muscle mass 
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with age is seen in a majority of people. Importantly, the 

presence of sarcopenia is associated with increased risk of 

adverse outcomes. A prospective longitudinal study 

involving older adults in Belgium demonstrated reduced 

quality of life associated with physical function amongst 

sarcopenic individuals, although they also had a higher 

rate of frailty [4]. The relative risk of falls with the 

presence of sarcopenia has been reported as 1.82 (95% CI 

1.09-2.18) [5]. A cohort study of octogenarians conducted 

in Italy revealed excess mortality amongst sarcopenic 

individuals with a hazard ratio of 2.32 (95% CI 1.01-

5.43), after controlling for confounders. Measurements of 

impairments of Activities of Daily Living (ADLs) and 

other markers of physical frailty were controlled for, but 

frailty itself was not measured [6]. Frailty and sarcopenia 

are related conditions, but should be considered as 

distinct.  

 

Chronic sarcopenia: Inflammatory and Endocrine 

influences 

 

Inflammatory cytokines such as Interleukin 6 (IL-6) and 

Tumour Necrosis Factor Alpha (TNF-α) have been 

proposed to contribute to catabolism in skeletal muscle. 

Inflammatory cytokines activate Nuclear Factor Kappa-

light-chain-enhancer of activated B cells (NFκB) and 

Forkhead box O (FoxO) transcription factors in muscle 

resulting in proteolysis via induction of atrogenes [40]. 

Raised levels of the pro-inflammatory cytokines, IL-6 and 

TNF-α have been observed in frail and sarcopenic vs. non-

frail or non-sarcopenic cohorts [31, 40–47]. High 

Sensitivity C-Reactive Protein (hsCRP) is a non-specific 

but highly sensitive marker of inflammation. Increased 

hsCRP measurements have been demonstrated in frail 

individuals and in patients with reduced muscle function 

[46, 48–50]. The ageing group of a population based 

observational cohort study demonstrated that frail patients 

with raised hsCRP measurements were most likely to be 

admitted to hospital [51]. Elevated hsCRP levels are also 

associated with reductions in muscle strength [52, 53] and 

physical performance [52] although no consistent 

relationship with sarcopenia has been found [53].  

Endocrine and inflammatory status interact to 

modulate muscle mass. Cortisol levels have been 

demonstrated to increase slightly with age, which in turn 

is associated with muscular weakness. A cohort study of 

adults aged 65 and older in the Netherlands demonstrated 

that increased salivary but not serum concentrations of 

cortisol were associated with reductions in grip strength 

[54]. 11β-hydroxysteroid dehydrogenase type 1 (11β-

HSD1) regulates glucocorticoid exposure at the 

prereceptor level; the type 1 isoform acts as an 

oxoreductase converting cortisone to active cortisol in 

humans and can be induced by pro-inflammatory 

cytokines such as TNFα. Skeletal muscle expression of 

11β-HSD1 has recently been demonstrated to be 

negatively associated with grip strength in both men and 

women and with total lean mass in men [55]. Transgenic 

animal models have demonstrated that inactivation of 

11β-HSD1 is protective against skeletal muscle atrophy 

precipitated by the administration of exogenous 

glucocorticoids [56]. 11β-HSD1 has been demonstrated 

as a major regulator of intramyocellular protein 

metabolism, impacting upon myotube size in both animal 

and human models and expression of a number of genes 

involved in protein synthesis, growth factors and the 

ubiquitin proteasome system [57]. 

Additional endocrine regulation occurs through 

growth hormone (GH) which induces insulin-like growth 

factor 1 (IGF-1) production in the liver. Both insulin and 

IGF-1 receptors are upstream of phosphatidylinositol 3 

kinase/ protein kinase B (PI3K/AKT) pathway activation 

and can trigger protein synthesis. The PI3K/AKT pathway 

stimulates protein synthesis via activation of glycogen 

synthase kinase 3 (GSK-3) and mechanistic target of 

rapamycin (mTOR) pathways and prevents protein 

degradation via the FoxO pathway [58].  

Vitamin D has also been implicated in modulation of 

skeletal muscle mass. Muscle biopsies taken from patients 

with vitamin D deficiency have demonstrated atrophy of 

Type II muscle fibres [59]. Additionally, vitamin D 

correlates with physical performance measures, although 

this may be related to bone strengthening as well as 

muscle function [59]. Active vitamin D levels have also 

been demonstrated to correlate with muscle strength in 

healthy younger adults [60]. 

 

Associations between chronic sarcopenia and 

hospitalisation 

 

An increased risk of hospitalisation amongst individuals 

with sarcopenia compared to those without sarcopenia has 

been reported in a longitudinal study in the USA [28]. 

Similarly, the presence of frailty has been shown to 

increase the risk of hospitalisation [61]. It has been shown 

that hospitalisation itself is associated with functional 

decline. This is most marked in frail patients [12, 14]; frail 

patients admitted to hospital have longer lengths of stay 

and increased mortality [13]. Sarcopenia has also recently 

been demonstrated to be associated with increased lengths 

of stay, although, interestingly, this effect was more 

significant amongst younger individuals [62].  

Few studies have assessed sarcopenia criteria during 

the acute phase of an illness. A prospective observational 

study involving 103 older adults admitted to geriatric 

medicine wards, who had evidence of or who were felt to 

be at risk of malnutrition, demonstrated a prevalence of 

sarcopenia of 21.4%. Notably, 22.3% of patients recruited 
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to this study were unable to perform both the gait speed 

test and handgrip measurements due to acute illness. An 

association was seen between sarcopenia and increased 

mortality; further research is needed to assess the cause 

for this association [63].  

The presence of sarcopenia is associated with 

increased costs and mortality in general, vascular and liver 

transplant surgery specialties [16]. Reduced muscle mass 

was independently associated with post-operative 

complication rates and mortality amongst patients aged 80 

years and older undergoing emergency surgery in a 

Canadian study [64]. Similar findings have been found in 

studies involving older patients admitted for colorectal 

surgery [65–68]; sarcopenia is associated with adverse 

outcomes following colorectal surgery in patients aged 65 

years or older, but not in their younger counterparts [66]. 

Following colorectal surgery, older adults experience 

increased rates of post-operative infections, higher 

frequency of need for rehabilitation and longer lengths of 

stay [66]. 

 

Acute muscle wasting disorders 

 

Bed rest and disuse muscle atrophy  

 

Loss of lean leg mass during periods of bed rest in 

otherwise healthy adults has been extensively reported 

[15, 18], muscular disuse alone thus contributes to loss of 

muscle mass secondary to hospitalisation. Crucially, the 

effect of bed rest is more marked in older adults; five days 

of bed rest resulted in loss of lean leg mass and strength 

in older but not younger adults in a recent study [69]. 

Interestingly, a study involving middle-aged adults 

demonstrated that 14 days of bed rest resulted in reduction 

of cross-sectional area of muscle fibres, with a preference 

for Type 2a fibres and reduced satellite cell content [70]. 

These changes are similar to those that have been 

described with sarcopenia [36, 37], suggesting that bed 

rest may lead to an acute acceleration of this effect.  

In rodents, skeletal muscle unloading has been most 

commonly modelled using hind limb immobilisation. The 

molecular mechanisms that have been implicated in the 

development of disuse muscle atrophy are the Atrogin-1/ 

Muscle atrophy F-Box (MaFbx)/ Muscle ring finger 1 

(MuRF1) pathway, the IGF-1-AKT-mTOR pathway and 

the Myostatin pathway [71]. MaFbx and MuRF1 mRNA 

levels rise in rodent models of immobilisation; this rise is 

associated with increases in proteolysis but not inhibition 

of protein synthesis [72]. The presence of IGF-1 has been 

demonstrated to prevent proteolysis [73] and the AKT-

mTOR pathway is downregulated in rodent models of 

muscle atrophy [74]. Myostatin also inhibits protein 

synthesis via the AKT-mTOR pathway; myostatin (also 

referred to as GDF-8) knockout mice have experience 

dramatic muscle hypertrophy [75]. 

Immobilisation studies in humans have shown that 

the mechanisms involved include induction of the 

atrogenes MuRF1, Foxo3 and atrogin 1, with just 8 days 

of immobilisation leading to a 51% increase in MuRF1 

protein [76]. 

 

The acute illness effect 

 

Hypercortisolaemia has been demonstrated to exacerbate 

loss of muscle mass and muscle strength associated with 

bed rest. A controlled study involving timed 

hydrocortisone administered to healthy young men over a 

28 day period of bed rest demonstrated greater loss of lean 

leg mass compared to a bed rest only model [77]. Cortisol 

is a mediator of protein catabolism and serum levels rise 

significantly with acute illness and stressor events [78]. In 

addition, with age the serum levels of the androgen 

precursor dehydroepinadrosterone sulphate (DHEAS) 

decline, producing an increased cortisol: DHEAS ratio 

and a state of relative cortisol excess. Acute illness or 

stress such as a hip fracture will increase this imbalance 

further compromising muscle anabolism. Studies in 

elderly hip fracture patients have shown an increased 

cortisol: DHEAS ratio and this was associated with 

increased physical frailty up to 6 months after injury [79]. 

This suggests that changes in muscle mass and muscle 

function associated with hospitalisation are not related to 

bed rest alone and are compounded by the effects of acute 

illness; the cortisol: DHEAS is likely to be one of these 

mediators.  

As described above the development of sarcopenia is 

positively related to oxidative stress [32] and 

inflammatory insults [30, 31]. Systemic markers of 

inflammation rise acutely with acute illness and stressor 

events and may act to potentiate acute loss of muscle mass 

and function via this mechanism [80]. This could be via a 

direct effect on atrogene levels, or induction of 11βHSD1 

[57]. MaFbx and MuRF1 upregulation have been 

implicated in muscle atrophy; rodent models of sepsis 

induced by caecal ligation and puncture have been 

demonstrated to lead to increases of MaFbx and MuRF1 

mRNA levels [72]. These two atrogenes are ubiquitin 

ligases involved in the ubiquitin proteasome system 

(UPS); multiple inflammatory disease states have been 

demonstrated to be associated with increased levels of 

MAFbx and MuRF1 as well as components of the UPS. 

Further research in human studies is warranted to better 

evaluate these pathways in relation to inflammation [81].  

 

Intensive Care Unit-Acquired Weakness (ICU-AW) – 

part of a spectrum? 
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Intensive Care Unit-Acquired Weakness (ICU-AW) is a 

recognised complication following admission to the 

Intensive Care Unit (ICU). ICU-AW is an all-

encompassing term including critical illness myopathy 

(CIM), critical illness polyneuropathy (CIP) and critical 

illness neuromyopathy (CINM) [82]. Prolonged lengths 

of stay in the ICU are associated with increased loss of 

quadriceps muscle mass, suggesting that early 

intervention in this group of patients might help to 

conserve muscle mass [83]. 

The presences of sepsis or Systemic Inflammatory 

Response Syndrome (SIRS) criteria are known risk 

factors of ICU-AW. Local inflammation is found in ICU-

AW, although specificity is unknown. Fourteen studies 

examining the presence of inflammatory cells within 

human muscle biopsies demonstrated a positive finding in 

25% of cases (95% CI 18-34) [82]. One study assessed for 

the presence of cytokines in muscle biopsies taken from 

30 patients with ICU-AW; muscle biopsies from two ICU 

patients without ICU-AW were used as controls. The 

presence of TNFα (90% vs. 0%) and IL-10 (96% vs. 0%) 

was found to be significantly higher in biopsies taken 

from patients with ICU-AW [84]. Multi-organ failure is 

also associated with accelerated muscle wasting, when 

compare to single organ failure [85].  

ICU-AW affects comparatively younger individuals 

than age-related sarcopenia, even though these patients 

may not have been exposed to multiple previous episodes 

of oxidative stress or inflammatory insults. However, age 

is a risk factor for ICU-AW, a USA study reported a mean 

age of 59.73 years in those with ICU-AW compared to 

49.98 in those without [86]. Frail older adults are known 

to be at an increased risk of adverse outcomes following 

ICU admission and are often prevented from ICU 

admission to avoid unnecessary burden and harm [87]. It 

may be that ICU-AW would be catastrophic to this group 

of patients, presuming they survived the admission itself. 

ICU-AW may be related to the acute loss of muscle mass 

and muscle function experienced by older adults 

following hospitalisation or may be part of a spectrum of 

the same condition [88]. Figure 1 depicts our proposed 

model of the relationship between vulnerability and acute 

loss of muscle mass and function.  

 

 

 

 
 
Figure 1. Acute sarcopenia as part of a spectrum of acute muscle wasting disorders.  This 

schematic demonstrates the relationship between underlying predisposing factors and 

precipitating factors resulting in acute sarcopenia or acute muscle wasting. Physiologically fit 

adults who are immunocompetent may experience significant muscle wasting in the context of 

a critical illness necessitating admission to the intensive care unit. Conversely, frail older adults 

with immunosenescence may develop acute sarcopenia following a seemingly minor 

physiological stressor event such as a mild infection or short periods of bed rest. 
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Acute sarcopenia 

 

Acute sarcopenia: a proposed concept 

 

Current available research suggests that hospital 

admission is likely to have a negative impact upon muscle 

mass and muscle function [89]. This leads to overall 

worse outcomes, in terms of increased lengths of hospital 

stay, increased rehabilitation needs and increased 

discharge of patients to institutional care [16, 17]. We 

hypothesise that this is due to a combination of muscle 

disuse [18], endocrine dysregulation [90] and acute 

inflammatory burden [82]; these effects are likely to be 

compounded by age and previous cumulative insult [69]. 

In order to meet criteria for acute sarcopenia, rapid 

reductions in muscle mass and muscle function should be 

demonstrated; this requires that measurements of muscle 

mass and muscle function are available either pre-illness 

or during early stages of an illness.  

We define acute sarcopenia as changes in muscle 

mass and muscle function within 28 days of a significant 

physiological stressor event, such as an acute illness, 

surgery, trauma or burns [15, 90], sufficient to newly meet 

criteria for sarcopenia using previously defined cut-off 

points [1–3]. However, changes in muscle mass and 

function that are significant but that do not meet criteria 

for sarcopenia may have negative long-term 

consequences; further research is necessary to evaluate 

this [15].  Additionally, there may be an acute-on-chronic 

phenotype in some individuals; older adults who have 

sarcopenia may develop sarcopenia following an acute 

illness [1]. 

As a specific example, sepsis is a life-threatening 

condition characterised by the presence of infection 

associated with organ dysfunction. Survivors of severe 

sepsis are at an increased risk of developing new cognitive 

impairment or functional disability long-term [91].  Sepsis 

is associated with an acute upsurge in inflammatory 

markers and acute decline in muscle function [92]; this 

may impact upon the individual long-term. However, 

surgery, trauma and burns [93] are also associated with 

endocrine dysregulation and acute inflammatory burden 

and may similarly impact upon muscle mass and muscle 

function. Conversely, a frail older adult may be at 

increased risk of loss of muscle mass or function 

following a relatively minor illness due to a reduced 

immune response (immunosenescence) (see Fig. 1); 

immunosenescence affects an individual’s ability to 

overcome an infection or injury and may lead to sustained 

effects [94]. Altered neutrophil migratory dynamics for 

example occurring as part of ageing, lead to increased 

tissue damage from excess release of neutrophil elastase 

and resultant inflammation [95]. This in turn will 

contribute to muscle loss and frailty. 

 
Figure 2. Proposed disease trajectories associated with sarcopenia. This diagram 

demonstrates proposed trajectories associated with the development of sarcopenia over time. 

The green line demonstrates expected changes of muscle mass and function associated with 

healthy ageing; there may be some inevitable loss of muscle mass and function but not to such 

an extent as to cause detriment. The blue line demonstrates the development of chronic 

sarcopenia over time. The red line demonstrates our proposed model of how episodes of acute 

sarcopenia can potentially lead to the development of chronic sarcopenia over time. 
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As described, chronic age-related sarcopenia is 

associated with progressive decline over time secondary 

to an accumulation of insults [1]. We hypothesise that 

acute sarcopenia secondary to hospitalisation is associated 

with an acute rapid decline in muscle mass and muscle 

function. This may be partially recovered after discharge 

from hospital and recovery from illness, but may not 

return to pre-illness baseline [15]. This may lead to more 

rapid decline in muscle mass and function, resulting in 

chronic sarcopenia (see Fig. 2).  

Identifying risk factors for acute sarcopenia may be 

important in preventing these long-term sequelae. Risk 

factors are likely to include, but not be confined to 

conditions that lead to endocrine dysregulation, increased 

inflammatory state and/or result in reductions in mobility; 

delirium [96], sleep disturbance [97], chronic cognitive 

impairment [98] and acute and chronic psychological 

stress [99], along with malnutrition (reduced protein 

intake) [100] are potential ameliorators (see Fig. 3).   

 

 

 
 
Figure 3. Potential effectors of "acute sarcopenia" secondary to hospitalisation.  There are likely to be 

multiple potential factors that can increase an individual’s likelihood of developing acute sarcopenia. Some 

of these are person-specific factors that lead to an increased predisposition to developing this condition; others 

relate to the stressor event itself. Many of these effectors are potentially amenable to prevention or 

intervention. 

 

However, long-term data relating to outcomes 

following episodes of acute loss of muscle mass and 

function are currently lacking. There is some evidence 

that reduced signalling through anabolic pathways is of 

benefit with regards to reducing cancer risk and increasing 

longevity. Clearly, during acute illness upregulation of 

catabolic pathways helps to produce energy to overcome 

illness. Loss of muscle mass and function may be a trade-

off of this. Further research is needed in the form of 
observational studies and subsequent translational studies 

to assess potential targets and long-term risk from 

treatments.  

 

Acute sarcopenia: potential prevention strategies and 

treatments 

 
Physical activity interventions 

 

During hospital admission bed rest should be minimalised 
where possible [101]. This has wider health benefits 

beyond effect on muscle function, as bed rest is associated 
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with increased risk of pressure ulcers [102], venous 

thromboembolism [103], pneumonia [104] and 

constipation [105]. Although the association between bed 

rest and adverse outcomes has been reported for several 

decades [106, 107], hospital inpatients often remain 

reclined to bed in clinical practice [101]. This can partially 

be explained by staff reluctance to allow early 

mobilisation due to an increased risk of falls leading to 

traumatic brain injury, fracture or other injury [108]. This 

may compound the problem, as declines in muscle mass 

and function lead to increased risk of falls [5].  

There is increasing evidence that early mobilisation 

and intensive physical activity regimes can help to 

improve outcomes. A recently published trial involving 

92 non-delirious older medical inpatients demonstrated 

increased mobility at one month follow-up in those 

randomised to an inpatient mobility program compared to 

those who received usual care; no differences in ADL 

performance were reported [109]. A previous systematic 

review of exercise interventions for hospitalised older 

adults also found that the impact on ADL performance 

was unclear, but reported a small but important reduction 

in length of hospital stay and overall costs [110]. In the 

case of elective admissions, prehabilitation may be 

considered in the form of increased physical activity prior 

to admission. A randomised control trial of prehabilitation 

vs. rehabilitation in patients undergoing colorectal 

surgery demonstrated similar complication rates between 

the two groups but a significantly improved 6 minute 

walking test (6MWT) in the prehabilitation group at eight 

week follow-up [111]. 

Resistance exercise training in combination with 

moderate aerobic exercise have been shown to be 

beneficial in improving muscle mass and function in 

chronic sarcopenia [112]. Resistance exercise training is 

likely to be beneficial in the prevention and treatment of 

acute sarcopenia, in combination with aerobic exercise, 

however there are likely to be limitations in the extent that 

this can be tolerated during the acute illness. The optimum 

duration and intensity of physical activity to treat or 

prevent acute sarcopenia is currently unknown and is an 

important area for future research.  

 
Nutritional interventions 

 

Nutritional interventions have been trialled in chronic 

sarcopenia and there is increasing evidence that older 

adults have higher protein requirements than younger 

adults, with further increased requirements during acute 

illness [113]. Leucine intake is particularly important 

[114]. Only 5% leucine is metabolised to β-hydroxy-β-

methylbutyrate (HMB), thus direct administration of 

HMB may provide a more efficient alternative [115]. 

HMB administration prevents loss of lean leg mass in 

healthy older adults during bed rest [116] and has recently 

been demonstrated to reduce post-discharge mortality in a 

hospitalised population [117]. Protein supplementation 

can be implemented in the acute care setting alongside 

exercise interventions or alone, where early mobilisation 

is not possible [118].  

There are clear health benefits for promotion of 

physical activity and nutritional optimisation. However, 

further research is needed to clarify appropriate dosages, 

duration, intensity and timing that provide economic as 

well as individual benefits.  

 

Neuromuscular Electrical Stimulation (NMES) 

 

Neuromuscular Electrical Stimulation (NMES) involves 

the application of electrical current to stimulate muscular 

contraction and has been trialled in situations where 

mobilisation is not possible, such as in the ICU setting. A 

recent randomised controlled trial involving critically ill 

patients following cardiothoracic surgery demonstrated 

no effect of NMES applied bilaterally to quadriceps on 

muscle layer thickness, although patients regained muscle 

strength faster than the control group. The mean age in the 

NMES group was 63.3, compared to 69.7 in the control 

group [89]. Conversely, a study using NMES applied 

unilaterally significantly prevented reductions in muscle 

fibre cross-sectional area compared to biopsies taken from 

the control quadriceps. The mean age of patients in this 

study was 70 [119]. NMES is, therefore, a potential 

strategy to prevent targeted muscle atrophy and loss of 

muscle strength, but is less feasible at preventing loss of 

total skeletal muscle. 

 

Pharmacological therapies 

 

Novel pharmacological agents for treatment of sarcopenia 

include calorie restriction mimetics (CRMs) and exercise 

mimetics (EMs); these are phytochemicals such as 

resveratrol with antioxidant and regenerative properties 

that partially mimic the molecular pathways leading to the 

favourable effects of calorie restriction and physical 

exercise [120]. If proven beneficial, these may also 

provide benefit in the acute care setting in preventing 

acute loss of muscle mass and function. 

Recombinant growth hormone administration has 

previously been trialled with conflicting results. Growth 

hormone supplementation can increase skeletal muscle 

mass, but this is rarely accompanied by improved muscle 

strength and side-effects of this treatment are prevalent in 

older adults [121]. Testosterone supplementation to older 

men can increase muscle mass and muscle function [122, 

123] but is associated with significant increased adverse 

events including increased rates of prostate cancer and 

measured Prostate Specific Antigen (PSA) levels [124]. 
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Trials of supplementation with the androgen DHEA are 

extensive and results are contradictory. A recent 

systematic review reported that 5 out of 7 eligible studies 

showed improvement in single aspects of muscle 

function, such as grip strength or leg extensor strength, 

though only 1 showed improvement in a composite score 

of muscle strength [125]. Benefits of DHEA for 

sarcopenic adults remain to be established. 

 

Conclusions 

 

Acute sarcopenia secondary to hospital admission is 

hypothesised to be a related but distinct condition from 

chronic age-related primary sarcopenia. Acute illness or 

surgery lead to an acutely heightened inflammatory 

burden, which, coupled with reduced physical activity and 

muscle disuse, can lead to a reduction in muscle mass and 

function. The natural history of this condition needs 

further evaluation, including factors that affect rate and 

extent of development of this condition and long-term 

outcomes. 

It is unclear to what extent acute sarcopenia differs 

from chronic age-related sarcopenia in terms of biological 

and structural changes, physical phenotyping and long-

term outcomes. Further research is needed on this subject, 

initially to demonstrate the association between 

hospitalisation, acute illness or surgery and sarcopenia 

and, subsequently, to examine long-term outcomes and 

the effect of early interventions including physical 

therapy, nutritional supplementation or using novel 

therapeutic targets. In-vivo physiology and muscle biopsy 

studies will be vital in assessing mechanisms driving 

acute sarcopenia.  

Acute sarcopenia should be considered as a separate 

entity to chronic age-related sarcopenia, much in the same 

way that acute kidney injury is considered a separate 

disease to chronic kidney disease. The same criteria may 

be met for the two conditions, but it is the timing and 

natural history of the conditions that differ. However, 

considering the analogy above, there are likely to be 

overlap between the two conditions, with chronic 

sarcopenia being a possible risk factor for acute 

sarcopenia and the development of acute sarcopenia 

potentially increasing the long-term risk of chronic 

sarcopenia.  

The presence of low muscle mass and function during 

acute illness is associated with increased health economic 

costs in terms of increased length of hospital stay, 

rehabilitation costs and the need for institutional care or 

social care on discharge. Preventing acute sarcopenia will 

have wider economic benefits as well as individual benefit 

to patients. 

Initial research should determine the feasibility of 

conducting research on this condition in the acute care 

setting. The aim is that observational studies should be 

conducted within the next five years to include evaluation 

of histological changes and biological mechanisms. Focus 

on specific postulated risk factors, such as delirium will 

guide future treatment. Interventional studies involving 

nutritional, physical activity and other interventions 

should continue concurrently with assessment of general 

health and economic benefits. Prevention and early 

treatment of acute sarcopenia may help to prevent older 

adults from meeting criteria for sarcopenia in the long-

term. 

 

Acknowledgements 

 

The contribution of all authors has been formally 

acknowledged; we have no additional acknowledgements 

to make. Dr. Carly Welch is funded by a National Institute 

for Health Research (NIHR), UK, Academic Clinical 

Fellowship award. The views expressed are those of the 

authors and not necessarily those of the National Health 

Service (NHS), the NIHR or the Department of Health.  

 

Declaration of interest 

 

None of the authors have declared any conflict of interest 

relating to this research.  

References 

[1]  Cruz-Jentoft A, Baeyens J, Bauer J, Boirie Y, 

Cederholm T, Landi F, et al (2010). Sarcopenia: 

European consensus on definition and diagnosis: 

Report of the European Working Group on Sarcopenia 

in Older People. Age Ageing, 39:412-23. 

[2]  International Working Group on Sarcopenia (2011). 

Sarcopenia: An Undiagnosed Condition in Older 

Adults. Current Consensus Definition: Prevalence, 

Etiology, and Consequences. J Am Med Dir Assoc, 

12:249-256. 

[3]  Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-

W, Bahyah KS, et al (2017). Sarcopenia in Asia: 

Consensus Report of the Asian Working Group for 

Sarcopenia. J Am Med Dir Assoc, 15:95-101. 

[4]  Beaudart C, Reginster J, Petermans J, Gillain S, 

Quabron A, Locquet M, et al (2015).  Quality of life and 

physical components linked to sarcopenia: The 

SarcoPhAge study. Exp Gerontol, 69:103-10. 

[5]  Bischoff-Ferrari H, Orav J, Kanis J, Rizzoli R, Schlögl 

M, Staehelin HB, et al (2015). Comparative 

performance of current definitions of sarcopenia against 

the prospective incidence of falls among community-

dwelling seniors age 65 and older. Osteoporos Int, 

26:2793-802. 

[6]  Landi F, Cruz-Jentoft A, Liperoti R, Russo A, 

Giovannini S, Tosato, M, et al (2013). Sarcopenia and 

mortality risk in frail older persons aged 80 years and 



Welch C., et al                                                                                                    Acute sarcopenia – an emerging condition 
   

Aging and Disease • Volume 9, Number 1, February 2018                                                                              160 

 

older: results from ilSIRENTE study. Age Ageing, 

42:203-9. 

[7]  Isoyama N, Qureshi A, Avesani C, Lindholm B, Bàràny 

P, Heimbürger O, et al (2014). Comparative 

Associations of Muscle Mass and Muscle Strength with 

Mortality in Dialysis Patients. Clin J Am Soc Nephrol, 

9:1720-8. 

[8]  Clark B, Manini T (2008). Sarcopenia ≠ Dynapenia. 

Journals Gerontol Ser A Biol Sci Med Sci, 63:829-34. 

[9]  Goodpaster B, Park S, Harris T, Kritchevsky S, Nevitt 

M, Schwartz AV, et al (2006). The loss of skeletal 

muscle strength, mass, and quality in older adults: the 

health, aging and body composition study. J Gerontol 

Ser A, Biol Sci Med Sci, 61:1059-64. 

[10]  Reijnierse E, Trappenburg M, Blauw G, Verlaan S, de 

van der Schueren M, Meskers CG, et al (2016). 

Common Ground? The Concordance of Sarcopenia and 

Frailty Definitions. J Am Med Dir Assoc, 17:371. 

[11]  Clegg A, Young J, Iliffe S, Rikkert M, Rockwood K 

(2013). Frailty in elderly people. Lancet, 381:752-62. 

[12]  Boyd C, Xue Q, Simpson C, Guralnik J, Fried L (2005). 

Frailty, hospitalization, and progression of disability in 

a cohort of disabled older women. Am J Med, 

118:1225-31. 

[13]  Khandelwal D, Goel A, Kumar U, Gulat  i V, Narang 

R, Dey A (2012).  Frailty is associated with longer 

hospital stay and increased mortality in hospitalized 

older patients. J Nutr Health Aging, 16:732–5. 

[14]  Covinsky K, Palmer R, Fortinsky R, Counsell S, 

Stewart A, Kresevic D, et al (2003). Loss of 

Independence in Activities of Daily Living in Older 

Adults Hospitalized with Medical Illnesses: Increased 

Vulnerability with Age. J Am Geriatr Soc, 51:451-8. 

[15]  English K, Paddon-Jones D (2010). Protecting muscle 

mass and function in older adults during bed rest. Curr 

Opin Clin Nutr Metab Care, 13:34-9. 

[16]  Friedman J, Lussiez A, Sullivan J, Wang S, Englesbe M 

(2015). Implications of sarcopenia in major surgery. 

Nutr Clin Pract Off Publ Am Soc Parenter Enter Nutr, 

30:175–9. 

[17]  Buettner S, Wagner D, Kim Y, Margonis G, Makary M, 

Wilson A, et al (2016). Inclusion of Sarcopenia 

Outperforms the Modified Frailty Index in Predicting 1-

Year Mortality among 1,326 Patients Undergoing 

Gastrointestinal Surgery for a Malignant Indication. J 

Am Coll Surg, 222:397-407. 

[18]  Kortebein P, Ferrando A, Lombeida J, Wolfe R, Evans 

W (2007). Effect of 10 days of bed rest on skeletal 

muscle in healthy older adults. JAMA, 297:1769–74. 

[19]  Cruz-Jentoft A, Landi F, Schneider S, Zúñiga C, Arai 

H, Boirie Y, et al (2014). Prevalence of and 

interventions for sarcopenia in ageing adults: a 

systematic review. Report of the International 

Sarcopenia Initiative (EWGSOP and IWGS). Age 

Ageing, 43:748-59. 

[20]  Volpato S, Bianchi L, Cherubini A, Landi F, Maggio 

M, Savino E, et al (2014). Prevalence and Clinical 

Correlates of Sarcopenia in Community-Dwelling 

Older People: Application of the EWGSOP Definition 

and Diagnostic Algorithm. Journals Gerontol Ser A 

Biol Sci Med Sci, 69:438–46. 

[21]  Landi F, Liperoti R, Fusco D, Mastropaolo S, 

Quattrociocchi D, Proia A,  et al (2012). Prevalence and 

Risk Factors of Sarcopenia Among Nursing Home 

Older Residents. Journals Gerontol Ser A Biol Sci Med 

Sci, 67:48-55. 

[22]  Martinez B, Batista A, Gomes I, Olivieri F, Camelier F, 

Camelier A (2015). Frequency of sarcopenia and 

associated factors among hospitalized elderly patients. 

BMC Musculoskelet Disord, 4(4):745-5. 

[23]  Rossi A, Fantin F, Micciolo R, Bertocchi M, Bertassello 

P, Zanandrea V  et al (2014). Identifying Sarcopenia in 

Acute Care Setting Patients. J Am Med Dir Assoc, 

15:303. 

[24]  Sousa AS, Guerra RS, Fonseca I, Pichel F AT (2015). 

Sarcopenia among hospitalized patients - A cross-

sectional study. Clin Nutr, 34:1239-44. 

[25]  Smoliner C, Sieber C, Wirth R (2014). Prevalence of 

sarcopenia in geriatric hospitalized patients. J Am Med 

Dir Assoc, 15:267-72. 

[26]  Paddon-Jones D, Rasmussen B (2009). Dietary protein 

recommendations and the prevention of sarcopenia: 

Protein, amino acid metabolism and therapy. Curr Opin 

Clin Nutr Metab Care, 12:86-90. 

[27]  Raguso C, Kyle U, Kossovsky M, Roynette C, Paoloni-

Giacobino A, Hans D, et al (2006). A 3-year 

longitudinal study on body composition changes in the 

elderly: Role of physical exercise. Clin Nutr, 25:573-

80. 

[28]  Fragala M, Dam T, Barber V, Judge J, Studenski S, 

Cawthon PM, et al (2015). Strength and Function 

Response to Clinical Interventions of Older Women 

Categorized by Weakness and Low Lean Mass Using 

Classifications From the Foundation for the National 

Institute of Health Sarcopenia Project. Journals 

Gerontol Ser A Biol Sci Med Sci, 70:202-9. 

[29]  Kim M, Baek K, Song K, Il Kang M, Park C, Lee WY,  

et al (2011). Vitamin D deficiency is associated with 

sarcopenia in older Koreans, regardless of obesity: the 

Fourth Korea National Health and Nutrition 

Examination Surveys (KNHANES IV) 2009. J Clin 

Endocrinol Metab, 96:3250-6. 

[30]  Toth MJ, Matthews DE, Tracy RP PM (2005). Age-

related differences in skeletal muscle protein synthesis: 

relation to markers of immune activation. Am J Physiol 

- Endocrinol Metab, 288:883-91. 

[31]  Toth M, Ades P, Tischler M, Tracy R, LeWinter M 

(2006). Immune activation is associated with reduced 

skeletal muscle mass and physical function in chronic 

heart failure. Int J Cardiol, 109:179–87. 

[32]  Howard C, Ferrucci L, Sun K, Fried L, Walston J, 

Varadhan R, et al (2007). Oxidative protein damage is 

associated with poor grip strength among older women 

living in the community. J Appl Physiol, 103:17-20. 

[33]  Breen L, Stoke  s K, Churchward-Venne T, Moore D, 

Baker S, Smith K,  et al (2013). Two Weeks of Reduced 

Activity Decreases Leg Lean Mass and Induces 

“Anabolic Resistance” of Myofibrillar Protein 



Welch C., et al                                                                                                    Acute sarcopenia – an emerging condition 
   

Aging and Disease • Volume 9, Number 1, February 2018                                                                              161 

 

Synthesis in Healthy Elderly. J Clin Endocrinol Metab, 

98:2604-12. 

[34]  Johnson ML, Robinson MM, Nair KS (2013). Skeletal 

muscle aging and the mitochondria. Trends Endocrinol 

Metab, 24:247-256. 

[35]  Rygiel KA, Picard M, Turnbull DM (2016). The ageing 

neuromuscular system and sarcopenia: a mitochondrial 

perspective. J Physiol, 594:4499–4512. 

[36]  Nilwik R, Snijders T, Leenders M, Groen B, van 

Kranenburg J, Verdijk LB, et al (2013). The decline in 

skeletal muscle mass with aging is mainly attributed to 

a reduction in type II muscle fiber size. Exp Gerontol, 

48:492–8. 

[37]  Verdijk L, Snijders T, Drost M, Delhaas T, Kadi F, van 

Loon L (2014). Satellite cells in human skeletal muscle; 

from birth to old age. Age, 36:545–57. 

[38]  Zhang H, Ryu D, Wu Y, Gariani K, Wang X, Luan P, 

et al (2016). NAD+ repletion improves mitochondrial 

and stem cell function and enhances life span in mice. 

Science, 352:1436–43. 

[39]  Pollock R, Carter S, Velloso C, Duggal N, Lord J, 

Lazarus NR, et al (2015). An investigation into the 

relationship between age and physiological function in 

highly active older adults. J Physiol, 593:657–80. 

[40]  Drescher C, Konishi M, Ebner N, Springer J (2015). 

Loss of muscle mass: current developments in cachexia 

and sarcopenia focused on biomarkers and treatment. J 

Cachexia Sarcopenia Muscle, 6:303-11. 

[41]  Calvani R, Marini F, Cesari M, Tosato M, Anker S, von 

Haehling S, et al (2015). Biomarkers for physical frailty 

and sarcopenia: state of the science and future 

developments. J Cachexia Sarcopenia Muscle, 6:278-

86. 

[42]  Lutz C, Quinn L (2012). Sarcopenia, obesity, and 

natural killer cell immune senescence in aging: altered 

cytokine levels as a common mechanism. Aging 

(Albany NY), 4:535–46. 

[43]  Ronning B, Wyller T, Seljeflot I, Jordhoy M, Skovlund 

E, Nesbakken A, et al (2010). Frailty measures, 

inflammatory biomarkers and post-operative 

complications in older surgical patients. Age Ageing, 

39:758–61. 

[44]  Schaap L, Pluijm S, Deeg D, Harris T, Kritchevsky S, 

Newman AB, et al (2009). Higher inflammatory marker 

levels in older persons: associations with 5-year change 

in muscle mass and muscle strength. Journals Gerontol 

Ser A Biol Sci Med Sci, 64:1183–9. 

[45]  Beenakker K, Westendorp R, de Craen A, Slagboom P, 

van Heemst D, Maier A (2013). Pro-inflammatory 

capacity of classically activated monocytes relates 

positively to muscle mass and strength. Aging Cell, 

12:682–9. 

[46]  Ferrari R, Caram L, Faganello M, Sanchez F, Tanni S, 

IG (2015). Relation between systemic inflammatory 

markers, peripheral muscle mass, and strength in limb 

muscles in stable COPD patients. Int J Chron Obstruct 

Pulmon Dis, 10:1553–8. 

[47]  Wu I, Lin C, Hsiung C (2015). Emerging roles of frailty 

and inflammaging in risk assessment of age-related 

chronic diseases in older adults: the intersection 

between aging biology and personalized medicine. 

BioMedicine, 5:1. 

[48]  Adriaensen W, Mathei C, van Pottelbergh G, Vaes B, 

Legrand D, Wallemacq P, et al (2014). Significance of 

serum immune markers in identification of global 

functional impairment in the oldest old: cross-sectional 

results from the BELFRAIL study. Age, 36:457–67. 

[49]  Hubbard J, Jatoi A (2015). Incorporating biomarkers of 

frailty and senescence in cancer therapeutic trials. 

Journals Gerontol Ser A Biol Sci Med Sci, 70:722–8. 

[50]  Li H, Manwani B, Leng S (2011). Frailty, 

inflammation, and immunity. Aging Dis, 2:466–73. 

[51]  Zhu Y, Liu Z, Wang Y, Wang Z, Shi J, Xie X, et al 

(2016). C-reactive protein, frailty and overnight 

hospital admission in elderly individuals: A population-

based study. Arch Gerontol Geriatr, 64:1–5. 

[52]  Brinkley T, Leng X, Miller M, Kitzman D, Pahor M, 

Berry MJ, et al (2009). Chronic inflammation is 

associated with low physical function in older adults 

across multiple comorbidities. Journals Gerontol Ser A 

Biol Sci Med Sci, 64:455–61. 

[53]  Schaap L, Pluijm S, Deeg D, Visser M (2006). 

Inflammatory markers and loss of muscle mass 

(sarcopenia) and strength. Am J Med, 119:526.e9-17. 

[54]  Peeters G, van Schoor N, van Rossum E, Visser M, Lips 

P (2008). The relationship between cortisol, muscle 

mass and muscle strength in older persons and the role 

of genetic variations in the glucocorticoid receptor. Clin 

Endocrinol (Oxf), 69:673–82. 

[55]  Hassan-Smith Z, Morgan S, Sherlock M, Hughes B, 

Taylor A, Lavery GG, et al (2015). Gender-Specific 

Differences in Skeletal Muscle 11β-HSD1 Expression 

Across Healthy Aging. J Clin Endocrinol Metab, 

100:2673–81. 

[56]  Morgan S, McCabe E, Gathercole L, Hassan-Smith Z, 

Larner D, Bujalska IJ, et al (2014). 11β-HSD1 is the 

major regulator of the tissue-specific effects of 

circulating glucocorticoid excess. Proc Natl Acad Sci U 

S A, 111:2482–91. 

[57]  Morgan SA, Hassan-Smith ZK, Doig CL, Sherlock M, 

Stewart PM, Lavery GG (2016). Glucocorticoids and 

11β-HSD1 are major regulators of intramyocellular 

protein metabolism. J Endocrinol, 229:277–286. 

[58]  Velloso C (2008). Regulation of muscle mass by 

growth hormone and IGF-I. Br J Pharmacol, 154:557–

68. 

[59]  Ceglia L (2009). Vitamin D and Its Role in Skeletal 

Muscle. Curr Opin Clin Nutr Metab Care, 12:628–33. 

[60]  Hassan-Smith ZK, Jenkinson C, Smith DJ, Hernandez 

I, Morgan SA, Crabtree NJ, et al. (2017). 25-

hydroxyvitamin D3 and 1,25-dihydroxyvitamin D3 

exert distinct effects on human skeletal muscle function 

and gene expression. PLoS One, 12:e0170665. 

[61]  Kojima G (2016). Frailty as a predictor of 

hospitalisation among community-dwelling older 

people: a systematic review and meta-analysis. J 

Epidemiol Community Health, 70:722–29. 

[62]  Sousa AS, Guerra RS, Fonseca I, Pichel F, Amaral TF 

(2016). Sarcopenia and length of hospital stay. Eur J 

Clin Nutr, 70. 



Welch C., et al                                                                                                    Acute sarcopenia – an emerging condition 
   

Aging and Disease • Volume 9, Number 1, February 2018                                                                              162 

 

[63]  Cerri A, Bellelli G, Mazzone A, Pittella F, Landi F, 

Zambon A, et al (2015). Sarcopenia and malnutrition in 

acutely ill hospitalized elderly: Prevalence and 

outcomes. Clin Nutr, 34:745–51. 

[64]  Du Y, Karvellas C, Baracos V, Williams D, Khadaroo 

R (2014). Sarcopenia is a predictor of outcomes in very 

elderly patients undergoing emergency surgery. 

Surgery, 156:521–7. 

[65]  Huang D, Wang S, Zhuang C, Zheng B, Lu J, Chen FF,  

et al (2015). Sarcopenia, as defined by low muscle 

mass, strength and physical performance, predicts 

complications after surgery for colorectal cancer. Color 

Dis, 17:256–64. 

[66]  Lieffers J, Bathe O, Fassbender K, Winget M, Baracos 

V (2012). Sarcopenia is associated with postoperative 

infection and delayed recovery from colorectal cancer 

resection surgery. Br J Cancer, 107:931–6. 

[67]  Reisinger K, van Vugt J, Tegels J, Snijders C, Hulsewe 

K, Hoofwijk AG, et al (2015). Functional compromise 

reflected by sarcopenia, frailty, and nutritional 

depletion predicts adverse postoperative outcome after 

colorectal cancer surgery. Ann Surg, 261:345–52. 

[68]  Reisinger K, Derikx J, van Vugt J, Von Meyenfeldt M, 

Hulsewe K, Olde Damink, SW, et al (2015). Sarcopenia 

is associated with an increased inflammatory response 

to surgery in colorectal cancer. Clin Nutr, 35:924–7. 

[69]  Tanner R, Brunker L, Agergaard J, Barrows K, Briggs 

R, Kwon OS, et al (2015). Age-related differences in 

lean mass, protein synthesis and skeletal muscle 

markers of proteolysis after bed rest and exercise 

rehabilitation. J Physiol, 593:4259–73. 

[70]  Arentson-Lantz E, English K, Paddon-Jones D, Fry C 

(2016). Fourteen days of bed rest induces a decline in 

satellite cell content and robust atrophy of skeletal 

muscle fibers in middle-aged adults. J Appl Physiol, 

120:965–75. 

[71]  Brooks N, Myburgh K (2014). Skeletal muscle wasting 

with disuse atrophy is multi-dimensional: the response 

and interaction of myonuclei, satellite cells and 

signaling pathways. Front Physiol, 5:99. 

[72]  Foletta V, White L, Larsen A, Leger B, Russell A 

(2011). The role and regulation of MAFbx/atrogin-1 

and MuRF1 in skeletal muscle atrophy. Pflugers Arch, 

461:325–35. 

[73]  Sacheck J, Ohtsuka A, McLary S, Goldberg A (2004). 

IGF-I stimulates muscle growth by suppressing protein 

breakdown and expression of atrophy-related ubiquitin 

ligases, atrogin-1 and MuRF1. Am J Physiol - 

Endocrinol Metab, 287:591–601. 

[74]  Bodine S, Stitt T, Gonzalez M, Kline W, Stover G, 

Bauerlein R, et al (2001). Akt/mTOR pathway is a 

crucial regulator of skeletal muscle hypertrophy and 

can prevent muscle atrophy in vivo. Nat Cell Biol, 

3:1014–9. 

[75]  McPherron A, Lawler A, Lee S (1997). Regulation of 

skeletal muscle mass in mice by a new TGF-beta 

superfamily member. Nature, 387:83–90. 

[76]  Jespersen J, Mikkelsen U, Nedergaard A, Thorlund J, 

Schjerling P, Suetta C, et al (2015). Alterations in 

molecular muscle mass regulators after 8 days 

immobilizing Special Forces mission. Scand J Med Sci 

Sports, 25:175–83. 

[77]  Paddon-Jones D, Sheffield-Moore M, Cree MG, 

Hewlings SJ, Aarsland A, Wolfe RR, et al (2006). 

Atrophy and Impaired Muscle Protein Synthesis during 

Prolonged Inactivity and Stress. J Clin Endocrinol 

Metab, 91:4836–41. 

[78]  Gelfand R, Matthews D, Bier D, Sherwin R (1984). 

Role of counterregulatory hormones in the catabolic 

response to stress. J Clin Invest, 74:2238–48. 

[79]  Phillips A, Upton J, Carroll D, Arora Duggal N, Lord J 

(2015). New-Onset Depression Following Hip Fracture 

Is Associated With Increased Length of Stay in Hospital 

and Rehabilitation Centers. SAGE Open, 5:1–4. 

[80]  Zoico E, Roubenoff R (2002). The role of cytokines in 

regulating protein metabolism and muscle function. 

Nutr Rev, 60:39–51. 

[81]  Murton AJ, Constantin D, Greenhaff PL (2008). The 

involvement of the ubiquitin proteasome system in 

human skeletal muscle remodelling and atrophy. 

Biochim Biophys Acta - Mol Basis Dis, 1782:730–743. 

[82]  Witteveen E, Wieske L, Verhamme C, Schultz M, van 

Schaik I, Horn J (2014). Muscle and nerve 

inflammation in intensive care unit-acquired weakness: 

a systematic translational review. J Neurol Sci, 345:15–

25. 

[83]  Gruther W, Benesch T, Zorn C, Paternostro-Sluga T, 

Quittan M, Fialka-Moser V, et al (2008): Muscle 

wasting in intensive care patients: ultrasound 

observation of the M. quadriceps femoris muscle layer. 

J Rehabil Med, 40:185–9. 

[84]  De Letter M, van Doorn P, Savelkoul H, Laman J, 

Schmitz P, Op de Coul AAW,  et al (2000). Critical 

illness polyneuropathy and myopathy (CIPNM): 

evidence for local immune activation by cytokine-

expression in the muscle tissue. J Neuroimmunol, 

106:2016–13. 

[85]  Puthucheary Z, Rawal J, McPhail M, Connolly B, 

Ratnayake G, Chan P,  et al. (2013). Acute skeletal 

muscle wasting in critical illness. JAMA, 310:1591–

600. 

[86]  Patel B, Pohlman A, Hall J, Kress J (2014). Impact of 

Early Mobilization on Glycemic Control and ICU-

Acquired Weakness in Critically Ill Patients Who Are 

Mechanically Ventilated. Chest, 146:583–9. 

[87]  McDermid R, Bagshaw S (2014). Scratching the 

surface: the burden of frailty in critical care. Intensive 

Care Med, 40:740–2. 

[88]  Herridge M, Batt J, Santos C (2014). ICU-acquired 

Weakness, Morbidity, and Death. Am J Respir Crit 

Care Med, 190:360–2. 

[89]  Fischer A, Spiegl M, Altmann K, Winkler A, Salamon 

A, Themessl-Huber M,  et al (2016). Muscle mass, 

strength and functional outcomes in critically ill 

patients after cardiothoracic surgery: does 

neuromuscular electrical stimulation help? The 

Catastim 2 randomized controlled trial. Crit care, 20:30. 

[90]  Cree M, Paddon-Jones D, Newcomer B, Ronsen O, 

Aarsland A, Wolfe RR,  et al (2010). 28 day bed-rest 

with hypercortisolemia induces peripheral insulin 



Welch C., et al                                                                                                    Acute sarcopenia – an emerging condition 
   

Aging and Disease • Volume 9, Number 1, February 2018                                                                              163 

 

resistance and increases intramuscular triglycerides. 

Metabolism, 59:703–10. 

[91]  Iwashyna T, Ely E, Smith D, Langa K (2010). Long-

term cognitive impairment and functional disability 

among survivors of severe sepsis. JAMA, 304:1787–

94. 

[92]  Brough W, Horne G, Blount A, Irving M, Jeejeebhoy K 

(1986). Effects of nutrient intake, surgery, sepsis, and 

long term administration of steroids on muscle function. 

Br Med J, 293:983–8. 

[93]  Finnerty C, Mabvuure N, Ali A, Kozar R, Herndon D 

(2013). The Surgically Induced Stress Response. JPEN 

J Parenter Enter Nutr, 37:21S–9S. 

[94]  Fulop T, Dupuis G, Witkowski J, Larbi A (2016). The 

role of immunosenescence in the development of age-

related diseases. Rev Investig Clin, 68:84–91. 

[95]  Sapey E, Greenwood H, Walton G, Mann E, Love A, 

Aaronson N, et al (2014). Phosphoinositide 3-kinase 

inhibition restores neutrophil accuracy in the elderly: 

toward targeted treatments for immunosenescence. 

Blood, 123:239–48. 

[96]  Cape E, Hall R, van Munster B, de Vries A, Howie S, 

Pearson A, et al (2014). Cerebrospinal fluid markers of 

neuroinflammation in delirium: A role for interleukin-

1β in delirium after hip fracture. J Psychosom Res, 

77:219–25. 

[97]  Abell J, Shipley M, Ferrie J, Kivimäki M, Kumari M 

(2016). Recurrent short sleep, chronic insomnia 

symptoms and salivary cortisol: A 10-year follow-up in 

the Whitehall II study. Psychoneuroendocrinology, 

68:91–9. 

[98]  van Alphen H, Volkers K, Blankevoort C, Scherder E, 

Hortobágyi T, van Heuvelen M (2016). Older Adults 

with Dementia Are Sedentary for Most of the Day. 

PLoS One, 11:e0152457. 

[99]  Kim NH, Kim HS, Eun CR, Seo JA, Cho HJ, Kim SG,  

et al (2011). Depression Is Associated with Sarcopenia, 

Not Central Obesity, in Elderly Korean Men. J Am 

Geriatr Soc, 59:2062–8. 

[100]  Toshima T, Shirabe K, Kurihara T, Itoh S, Harimoto N, 

Ikegami T,  et al (2015). Profile of plasma amino acids 

values as a predictor of sepsis in patients following 

living donor liver transplantation: Special reference to 

sarcopenia and postoperative early nutrition. Hepatol 

Res Off J Japan Soc Hepatol, 45:1170–7. 

[101]  Greysen S (2016). Activating hospitalized older 

patients to confront the epidemic of low mobility. 

JAMA Intern Med, 176:928–929. 

[102]  Lindgren M, Unosson M, Fredrikson M, Ek A-C 

(2004). Immobility-a major risk factor for development 

of pressure ulcers among adult hospitalized patients: a 

prospective study. Scand J Caring Sci, 18:57–64. 

[103]  Emed J, Morrison D, Rosiers L, Kahn S (2010). 

Definition of immobility in studies of 

thromboprophylaxis in hospitalized medical patients: A 

systematic review. J Vasc Nurs, 28:54–66. 

[104]  Teasell R, Dittmer D (1993). Complications of 

immobilization and bed rest. Part 2: Other 

complications. Can Fam Physician, 39:1440–6. 

[105]  Iovino P, Chiarioni G, Bilancio G, Cirillo M, Mekjavic 

I, Pisot R,  et al (2013). New Onset of Constipation 

during Long-Term Physical Inactivity: A Proof-of-

Concept Study on the Immobility-Induced Bowel 

Changes. PLoS One, 8:e72608. 

[106]  Asher R (1947). Dangers of Going to Bed. Br Med J, 

2:967–8. 

[107]  Creditor M (1993). Hazards of Hospitalization of the 

Elderly. Ann Intern Med, 118:219–23. 

[108]  Atay S, Vurur S, Erdugan N (2016). Opinions of Nurses 

about the Evaluation of Risk of Falling among 

Inpatients. Rehabil Nurs, 0:1–7. 

[109]  Brown C, Foley K, Lowman JJ, MacLennan P, 

Razjouyan J, Najafi B, et al (2016). Comparison of 

posthospitalization function and community mobility in 

hospital mobility program and usual care patients: A 

randomized clinical trial. JAMA Intern Med, 176:921–

7. 

[110]  de Morton N, Keating J, Jeffs K (2007). Exercise for 

acutely hospitalised older medical patients. Cochrane 

Database Syst Rev, CD005955. 

[111]  Gillis C, Li C, Lee L, Awasthi R, Augustin B, Gamsa 

A,  et al (2014). Prehabilitation versus Rehabilitation A 

Randomized Control Trial in Patients Undergoing 

Colorectal Resection for Cancer. Anaesthesiology, 

121:937–47. 

[112]  Iolascon G, Di Pietro G, Gimigliano F, Mauro GL, 

Moretti A, Giamattei MT, et al. (2014). Physical 

exercise and sarcopenia in older people: position paper 

of the Italian Society of Orthopaedics and Medicine 

(OrtoMed). Clin Cases Miner Bone Metab, 11:215–

221. 

[113]  Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft 

A, Morley JE,  et al (2013). Evidence-Based 

Recommendations for Optimal Dietary Protein Intake 

in Older People: A Position Paper From the PROT-

AGE Study Group. J Am Med Dir Assoc, 14:542–59. 

[114]  Rieu I, Balage M, Sornet C, Giraudet C, Pujos E, 

Grizard J,  et al (2006). Leucine supplementation 

improves muscle protein synthesis in elderly men 

independently of hyperaminoacidaemia. J Physiol, 

575.1:305–15. 

[115]  Fitschen P, Wilson G, Wilson J, Wilund K (2013). 

Efficacy of beta-hydroxy-beta-methylbutyrate 

supplementation in elderly and clinical populations. 

Nutrition, 29:29–36. 

[116]  Deutz N, Pereira S, Hays N, Oliver J, Edens N, Evans 

CM,  et al (2013). Effect of beta-hydroxy-beta-

methylbutyrate (HMB) on lean body mass during 10 

days of bed rest in older adults. Clin Nutr, 32:704–12. 

[117]  Deutz N, Matheson E, Matarese L, Luo M, Baggs G, 

Nelson, JL  et al (2016). Readmission and mortality in 

malnourished, older, hospitalized adults treated with a 

specialized oral nutritional supplement: A randomized 

clinical trial. Clin Nutr, 35:18–26. 

[118]  Bouillanne O, Curis E, Hamon-Vilcot B, Nicolis I, 

Chrétien P, Schauer N,  et el (2013). Impact of protein 

pulse feeding on lean mass in malnourished and at-risk 

hospitalized elderly patients: A randomized controlled 

trial. Clin Nutr, 32:186–92. 



Welch C., et al                                                                                                    Acute sarcopenia – an emerging condition 
   

Aging and Disease • Volume 9, Number 1, February 2018                                                                              164 

 

[119]  Dirks Marlou L, Hansen D, Van Assche A, Dendale P, 

Van Loon Luc J (2015). Neuromuscular electrical 

stimulation prevents muscle wasting in critically ill 

comatose patients. Clin Sci, 128:357–65. 

[120]  Handschin C (2016). Caloric restriction and exercise 

“mimetics’’: Ready for prime time? Pharmacol Res, 

103:158–66. 

[121]  Zachwieja J, Yarasheski K (1999). Does Growth 

Hormone Therapy in Conjunction With Resistance 

Exercise Increase Muscle Force Production and Muscle 

Mass in Men and Women Aged 60 Years or Older? 

Phys Ther, 79:76–82. 

[122]  Bhasin S, Storer T, Berman N, Callegari C, Clevenger 

B, Phillips J,  et al (1996). The Effects of 

Supraphysiologic Doses of Testosterone on Muscle 

Size and Strength in Normal Men. N Engl J Med, 

335:1–7. 

[123]  Urban R, Bodenburg Y, Gilkison C, Foxworth J, 

Coggan A, Wolfe RR,  et al (1995). Testosterone 

administration to elderly men increases skeletal muscle 

strength and protein synthesis. Am J Physiol, 269:820-

6. 

[124]  Calof O, Singh A, Lee M, Kenny A, Urban R, Tenover 

JL  et al (2005). Adverse Events Associated With 

Testosterone Replacement in Middle-Aged and Older 

Men: A Meta-Analysis of Randomized, Placebo-

Controlled Trials. Journals Gerontol Ser A Biol Sci 

Med Sci, 60:1451–7. 

[125]  Baker W, Karan S, Kenny A (2011). Effect of 

Dehydroepiandrosterone on Muscle Strength and 

Physical Function in Older Adults: A Systematic 

Review. J Am Geriatr Soc, 59:997–1002. 

 
 

 


