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Abstract
Background: Disease-related malnutrition (DRM) and sarco-
penia are common complications in chronic or severe dis-
ease, with a prevalence in general patient population of 20–
50% and 0.1–85.4%, respectively. In many patient popula-
tions, malnutrition and sarcopenia are present in parallel and 
often manifest clinically through a combination of decreased 
nutrient intake, inflammation, and decreased body weight, 
along with a decrease in muscle mass, strength, and/or phys-
ical function, resulting in a clinical condition termed malnu-
trition-sarcopenia syndrome. Summary: DRM and sarcope-
nia are associated with increases in all-cause mortality, mor-
bidity, length of hospital stay, and functional impairments 
(including disabilities and fractures) that lead to a loss of in-
dependence and higher costs. Different mortality rates are 
reported in malnourished patients and well-nourished pa-
tients after hospitalization, and higher mortality is the most 
common complication in patients with sarcopenia. Sarcope-
nia is a predictor of cancer survival in patients with gastroin-
testinal, respiratory, and urothelial cancer, and is also related 
to worse outcomes in patients with liver failure, intestinal 
insufficiency, and intestinal failure. Length of hospital stay 
has been found to be longer in DRM and sarcopenic patients 
in several studies. Prolonged hospitalization due to higher 
complication rates is often accompanied by demographic 
changes, resulting in higher hospital and health insurance 
costs. There are more frequent readmissions by patients 

with sarcopenia than nonsarcopenic patients. In addition, 
postoperative complications, duration of hospital stay, and 
costs increase with advancing sarcopenia stage. A signifi-
cantly higher complication rate is also reported for DRM, 
leading to delayed mobilization, lower values in health-relat-
ed quality of life and more adverse events. DRM is indepen-
dently associated with poorer clinical outcomes in intensive 
care unit patients. Muscle dysfunction, as reflected by a de-
creased handgrip strength, is a well-known consequence of 
DRM and a good marker of immediate postoperative com-
plications. Most of these outcomes have potential direct or 
indirect effects on hospital and health care costs, both for 
the patient and the society at large. Key Messages: Consis-
tent and robust data show DRM and sarcopenia are clinically 
relevant. They are an increasing problem with relevant med-
ical consequences as well as socioeconomic implications.

© 2019 S. Karger AG, Basel

Introduction

Disease-related malnutrition (DRM) and sarcopenia 
are common complications in chronic or severe disease. 
The prevalence of DRM ranges between 20 and 50% de-
pending on the patient population and the criteria used 
to determine malnutrition [1]. Several definitions of mal-
nutrition and methods of assessment have been proposed 
during the last 5 decades; this has produced variable re-
sults and hampered comparisons between studies. The 
most recent descriptive definition explains DRM as a “a 
state resulting from lack of intake or uptake of nutrition 
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that leads to altered body composition (decreased fat-free 
mass) and body cell mass leading to diminished physical 
and mental function and impaired clinical outcome from 
disease” [2].

Operative diagnostic definitions for DRM were pro-
posed by the American Society of Parenteral and Enteral 
Nutrition (ASPEN) in 2012 [3], the German Society of 
Nutritional Medicine (DGEM) in 2013/14 [4, 5], and the 
European Society of Clinical Nutrition and Metabolism 
in 2015 [6] and 2017 [7]. Despite these definitions, diag-
nostic steps still varied and disappointment over the fail-
ing comparability of results continued. The call for a 
world-wide unified operative definition increased. So 
eventually, a global leadership committee with experts 
from the Essential Fatty Acid Deficiency (EFAD) Confer-
ence, ASPEN, the Latin American Society of Parenteral 
and Enteral Nutrition (Felanpe), and the Parenteral and 
Enteral Society of Asia (PENSA) was constituted to for-
mulate the global diagnostic criteria for DRM, which 
were published as the GLIM (Global Leadership Initiative 
on Malnutrition) criteria in 2018 [8]. GLIM encompasses 
phenotypic criteria, such as nonvolitional weight loss, low 
body mass index (BMI), or reduced muscle mass, togeth-
er with etiologic criteria such as reduced food intake, dis-
ease burden, or inflammatory condition.

The term “sarcopenia” was first devised by Irwin 
Rosenberg in 1989 as the progressive loss of skeletal mus-
cle mass associated with advancing age [9]. In 1997, 
Rosenberg [10] further elaborated that the term not only 
describes fundamental changes in body composition but 
also encompasses function. A variety of sarcopenia defi-
nitions are available, but the most generally recognized 
diagnostic criterion is from the European Working Group 
on Sarcopenia in Older People (EWGSOP), first pub-
lished in 2010 [11] and updated as the global definition 
EWGSOP2 in 2019 (EWGSOP 2) [12]. From these guide-
lines, conclusions were drawn; the diagnosis of sarcope-
nia requires a step-wise procedure with subsequent diag-
nostic testing of low muscle strength, muscle mass, and 
poor physical performance [12]. Until recently, sarcope-
nia was considered a geriatric syndrome, but this defini-
tion has been expanded to include its development in 
younger patients due to malnutrition and also the exis-
tence of chronic disease and inflammation. In 2016, sar-
copenia was identified as an independent condition and 
added to the International Classification of Disease, 10th 
revision, Clinical Modification (ICD-10-CM) [13]. A sys-
tematic review by Cruz-Jentoft et al. [14] showed the 
prevalence of sarcopenia using a definition consistent 
with EWGSOP to be between 1–33% across different 
populations (male and female data combined), with a 
higher prevalence (as to be expected) in settings involving 
older or acutely ill individuals with an accelerated decline 
from the 6th decade onwards [15]. Another study as-

sessed the prevalence of sarcopenia in a cohort of adult 
subjects and estimated that the prevalence could range 
from 0.1 to 85.4% according to patients’ characteristics 
[16].

In many populations of patients, malnutrition and sar-
copenia are present in parallel and often manifest clini-
cally via a combination of disease burden, inflammation, 
decreased nutrient intake, decreased body weight, altered 
immune and endocrine functions, and a reduced re-
sponse to oxidative stress, along with a decrease in muscle 
mass, strength, and/or physical function [17–19]. Unin-
tentional weight loss is a major sign of malnutrition, 
which includes a loss of skeletal muscle mass that leads to 
gradual, progressive muscle wasting. Acute or chronic ill-
ness, physical inactivity alone or in concert with an inad-
equate intake of energy and protein, and inflammation 
can all hasten the loss of lean body mass and increase the 
risk of functional impairment [20].

The aim of this report was to evaluate the clinical rel-
evance of DRM and sarcopenia in general, and specifi-
cally in patients with intestinal failure (IF).

Results

Clinical Outcomes of DRM and Sarcopenia
In general, DRM and sarcopenia are associated with 

multiple adverse outcomes such as comorbidity, poor 
physical performance, physical disability, depression, 
hospitalization, functional decline, falls, an independent 
increase in all-cause mortality, and a loss of independence 
when it comes to daily life activities [16, 21–23]. DRM is 
currently a major challenge in hospitals, both because of 
its high prevalence and due to its clinical and economic 
impact. DRM leads to changes in body composition, with 
reduced fat and fat-free body mass that often lead to di-
minished physical and mental function [24]. Impaired 
immune function, delayed wound-healing, convales-
cence, and decreased functional status are the main con-
tributors for the enhanced morbidity in DRM [1]. Sarco-
penia has been identified as a predictor of poor postop-
erative clinical outcomes, represents a significant change 
in health status, and is associated with adverse outcomes 
such as falls, fractures, functional decline, and increased 
mortality [25, 26]. All of these, in turn, negatively affect 
quality of life and represent a risk factor for other pa
thologies (as summarized in Fig.  1 by Sanz-Paris et al.  
[27, 28]). 

Consistent and robust data show that the loss of mus-
cle mass is clinically relevant; although originally de-
scribed in older people, the emerging evidence suggests 
that it is of great concern also in the chronically ill non-
elderly [29, 30]. Sarcopenic patients are likely to have 
worse clinical outcomes than healthy individuals [31]. 
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Regardless of etiology, primary and secondary sarcopenia 
both increase the likelihood of poor outcomes [30]. In 
many patient populations, DRM and sarcopenia are pres-
ent in parallel, and often manifest clinically via a combi-
nation of decreased nutrient intake, body weight, muscle 
mass, strength, and/or even physical function. A clinical 
syndrome, malnutrition-sarcopenia syndrome (MSS), 
has been proposed [17].

Mortality
There is a close relationship between DRM and in-

creased mortality, demonstrated in chronic disease such 
as liver disease, cancer, terminal renal insufficiency, and 
chronic obstructive pulmonary disease (COPD), also ev-
ident in acute settings [1]. Chronic and acute diseases also 
have pronounced effects on food intake and metabolism, 
with increased catabolism which leads to nutrition-relat-
ed conditions associated with increased morbidity and 
eventually death [6]. Cederholm et al. [8] reported sig-

nificant differences in mortality rates in malnourished 
(44%) and well-nourished (18%) patients after hospital-
ization. Increased mortality is the most common compli-
cation in patients with sarcopenia [30]. While determin-
ing the mortality of sarcopenic and nonsarcopenic pa-
tients at 6 months, Gariballa and Alessa [32] utilized 
survival analysis to adjust for known confounders of sar-
copenia. They found that nonsarcopenic patients had a 
significantly lower hazard of death at 6 months than sar-
copenic patients (hazard ratio [HR] 0.45; 95% confidence 
interval [CI] 0.21–0.97]; p < 0.05).

Research indicates that sarcopenia is a predictor of 
survival in certain diseases. For example, Prado et al. [33] 
and Fukushima et al. [34] reported in their studies that 
sarcopenia is a predictor of cancer survival. The presence 
of sarcopenia was an independent predictor of survival 
among patients with gastrointestinal and respiratory can-
cer (HR 4.2; 95% CI 2.4–7.2; p < 0.0001) and urothelial 
cancer (HR 3.36; 95% CI 1.90–6.08; p < 0.001).

Fig. 1. Common causes and consequences of muscle mass and function loss. Unchanged from [28] (http://cre-
ativecommons.org/licenses/by/4.0/). 
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Sarcopenia is also related to worse outcomes among 
patients with liver failure. Montano-Loza [35] reported a 
lower median survival (34 ± 11 vs. 19 ± 6 months) and a 
higher mortality (55 vs. 45%; p < 0.05) of sarcopenic pa-
tients with liver failure versus patients who had a normal 
muscle mass. These results were mirrored by Tandon et 
al. [36] who observed shorter 1-, 2-, and 3-year survival 
in sarcopenic versus nonsarcopenic patients with liver 
failure (sarcopenic: 63, 51, and 51% vs. nonsarcopenic: 
79, 74, and 70%). Similarly, 6-month and 1-year survival 
rates were lower in sarcopenic versus nonsarcopenic pa-
tients with cirrhosis (overall: 16 ± 6 vs. 28 ± 3 months,  
p = 0.003; at 6 months: 71 vs. 90%, p = 0.005; at 1 year: 53 
vs. 83%, p = 0.005) [37].

In a prospective study in China, Hu et al. [38] investi-
gated the association of MSS with long-term mortality. Of 
the 453 participants, 14 (3.1%) had sarcopenia with nor-
mal nutrition, 139 (30.7%) had a risk of malnutrition 
without sarcopenia, 48 (10.6%) had a risk of malnutrition 
with sarcopenia, 25 (5.5%) had malnutrition without sar-
copenia, and 22 (4.9%) had MSS at baseline. Compared 
with nonsarcopenic subjects with normal nutrition, sub-
jects with MSS and subjects with a malnutrition risk and 
sarcopenia were 4 times more likely to die (HR 4.78 [95% 
CI 2.09–10.97] and HR 4.25 [95% CI 2.22–8.12], respec-
tively), while nonsarcopenic subjects with a malnutrition 
risk were 2 times more likely to die (HR 2.41 [95% CI 
1.32–4.39]).

Considering sarcopenia as an independent predictor 
of mortality, Kim et al. [39] showed the risk of death to be 
2.99 times and 3.22 times higher in Korean men with sar-
copenia identified according to their height- or weight-
adjusted appendicular skeletal muscle mass (ASM/Ht2 
and ASM/Wt) than nonsarcopenic Korean men, while 
the HR for death was 5.37 for men with weak leg muscle 
strength. However, men with a low score for short physi-
cal performance battery had a 3.15 times higher risk of 
death than those with a high score, after adjustment for 
covariates. The adjusted HR for EWGSOP-defined sarco-
penia was 4.00 for ASM/Ht2 and 6.89 for ASM/Wt in 
men.

Length of Hospital Stay
DRM and sarcopenia pose an increasing problem, 

with relevant medical consequences as well as socioeco-
nomic aspects due to the higher rate of complications and 
the prolonged hospitalization that are often accompanied 
by demographic changes, and can result in higher hospi-
tal and health insurance costs [40]. Given that patients 
with sarcopenia are at risk for worse hospital-associated 
outcomes, Gariballa and Alessa [32] in their research ob-
served a longer length of hospital stay of about 13 days for 
sarcopenic patients versus 9 days for nonsarcopenic pa-
tients. There was also frequent readmission of patients 

with sarcopenia compared with nonsarcopenic patients 
(55 vs. 32%; p = 0.001).

On the other hand, in a sample of patients with colorec-
tal cancer who underwent abdominal computed tomog-
raphy scan, Lieffers et al. [41] reported a longer hospital 
stay, a higher frequency of inpatient rehabilitation, and 
more infectious complications among patients with sar-
copenia. Huang et al. [42] investigated the association be-
tween sarcopenia and postoperative outcomes in 470 pa-
tients, 20.6, 10, and 6.8% of whom were identified as hav-
ing presarcopenia, sarcopenia, and severe sarcopenia, 
respectively. Postoperative complications, duration of 
hospital stay, and costs increased with advancing sarco-
penia stage.

Malnourished surgical patients often have a longer 
stay in hospital stay, incurring up to 50% higher costs 
than those who are not malnourished. Similar findings 
have also been described in medical patients, particular-
ly older patients [43]. In a study in the UK, compared to 
patients without sarcopenia, those with sarcopenia had a 
significantly longer hospital stay (mean 13.4 ± 8.8 vs. 9.4 
± 7 days for nonsarcopenic subjects; p = 0.003) [32]. The 
association between sarcopenia and hospitalization was 
also examined by Cawthon et al. [44] and showed a sig-
nificant association between low muscle density (a risk 
ratio [RR] of 1.5; 95% CI 1.2–1.7) and handgrip strength 
(RR 1.5; 95% CI 1.3–1.8) with hospitalization; lean mass, 
however, was not associated with a risk of hospitaliza-
tion. In a multicenter observational study on hospital-
ized patients in Italy, sarcopenia was present in 28% of 
the study population; 22 participants died during their 
hospital stay and 113 died in the year after discharge [45]. 
Participants with sarcopenia had significantly higher in-
hospital mortality than those without sarcopenia (6 vs. 
2%; p = 0.007) and 1-year mortality (26 vs. 14%; p < 
0.001). After adjusting for potential confounders, sarco-
penia was significantly associated with in-hospital mor-
tality (HR 3.45; 95% CI 1.35–8.86) and 1-year mortality 
(HR 1.59; 95% CI 1.10–2.41) [45]. A European-wide clin-
ical study (EuroOOPS) conducted on > 5,000 patients in 
26 hospitals [46], demonstrated higher mortality (12 vs. 
1%), a significantly longer hospital stay (9 vs. 6 days; p < 
0.001), and a significantly higher rate of complications 
(odds ratio [OR] 3.47; p < 0.001) for under-/malnour-
ished patients and patients at risk of under-/malnutri-
tion. In a study carried out in Germany [40], the results 
were similar: patients at risk of malnutrition showed pro-
longed hospitalization (Nutrition Risk Screening [NRS-
2002]: 14.5–12.5 days; Mini Nutritional Assessment 
short-form [MNA-SF]: 13.7–12.4 days; MNA: 13.9–12.3 
days; p < 0.05), delayed mobilization (NRS-2002: 2.1–1.7 
days; MNA-SF: 1.8–1.7 days; MNA: 1.9–1.7 days), lower 
values for health-related quality of life, and more adverse 
events.
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A systematic review conducted by Lew et al. [22], pub-
lished in 2017, summarized and explored the association 
between DRM and poor clinical outcomes among inten-
sive care unit (ICU) patients. They established that DRM 
diagnosed by nutrition assessment was independently as-
sociated with an increased ICU length of hospital stay, 
ICU readmission, and the risk of hospital mortality. They 
concluded that DRM is independently associated with 
poorer clinical outcomes in ICU.

Merli et al. [47] used the Subjective Global Assessment 
(SGA) in their prospective analysis in 38 consecutive pa-
tients undergoing liver transplantation. Their analysis re-
vealed that DRM was identified in 53% of the cases. Pre-
transplant nutritional status, hemoglobin concentration, 
and disease severity were independently associated with 
the number of episodes of infection during the hospital 
stay. Malnutrition was the only independent risk factor 
for the length of stay in the ICU and the total number of 
days spent in hospital.

Functional Impairment and Morbidity
Muscle dysfunction is a well-known consequence of 

DRM; it is reflected by decreased handgrip strength, 
since this correlates with the loss of total body protein 
and is known to be a good marker of immediate post-
operative complications [1]. In a prospective study in a 
subacute geriatric care unit [48], almost half of the pa-
tients with sarcopenia had a worse prior functional sta-
tus than those without sarcopenia (Barthel index: 64.2 
± 22.8 vs. 73.3 ± 21.8; p = 0.04) but both groups had a 
similar functional decline at admission (Barthel index: 
24 ± 15.1 vs. 28.5 ± 15.2; p = 0.1) and functional im-
provement at discharge (20.4 ± 18.3 vs. 27.4 ± 21; p = 
0.08). However, Barthel index at discharge remained 
relatively inferior in sarcopenic patients (44.2 ± 26.6 vs. 
55.9 ± 26.7; p = 0.03). After completing a 3-month at-
home rehabilitation program, no changes in functional 
capacity were visible among these patients. The Barthel 
index is an ordinal scale used to measure performance 
in the activities of daily living. This index is no longer 
recommended to measure or diagnose sarcopenia in 
the new EWGSOP 2 criteria [12]. It is interesting to 
note that, in the following year, according to Sánchez-
Rodríguez et al. [49], out of 100 patients, 58 had low 
muscle mass, which, according to the EWGSOP algo-
rithm, indicates the existence of sarcopenia. No differ-
ences were observed in functional capacity between 
these patients and those with normal muscle mass. 
When decreased handgrip strength was considered, 47 
of these patients met the EWGSOP criteria for severe 
sarcopenia. In this group, differences in functional ca-
pacity were observed at discharge (Barthel index: 45.2 
vs. 56.3; p = 0.042) and during a 3-month follow-up 
(48.3 vs. 59.8; p = 0.047).

Disability and Fractures
Sarcopenia is significantly associated with the occur-

rence of physical disability compared with normal sub-
jects (men and women) [50]. A study in the USA, testing 
the hypothesis that men and women with low bone min-
eral density (BMD) and sarcopenia have a higher risk of 
fracture than those with only one or neither condition, 
discovered that men with low BMD and sarcopenia had a 
higher risk of fracture than those with a normal BMD. 
Their results indicated that sarcopenia alone did not in-
crease fracture risk in either the male cohort with low 
BMD and sarcopenia nor those with low BMD only. Men 
with sarcopenia only had a greater risk of fracture than 
men with a normal BMD and no sarcopenia. On the oth-
er hand, the women with sarcopenia only had a greater 
risk of fracture than those with a normal BMD and no 
sarcopenia [51].

Economic Implications: Hospital Costs
Despite the lack of economical assessments, several 

studies have considered the relationship between sarco-
penia and different areas of expenditure such as hospital-
ization or nursing home admission [18]. Most of these 
outcomes have potentially direct or indirect effects on 
hospital and health care costs, both for the patient and the 
society at large [52]. In 2000, US health care costs direct-
ly attributed to sarcopenia were an estimated USD 18.5 
billion. This substantial cost is related to the decrease in 
functional status and also self-autonomy, with a succes-
sive rise in falls, disability, and mortality.

Sarcopenia is independently related to hospitaliza-
tion costs. Direct medical costs attributable to DRM in 
the USA vary across states, from an annual cost of USD 
36–65 per capita [53]. A study at the Johns Hopkins 
Hospital to assess the relationship between sarcopenia 
and total hospital costs for patients undergoing opera-
tive resection revealed that the presence of sarcopenia 
was associated with an increase of USD 14,322 in total 
hospital cost [25]. Patients who presented with sarcope-
nia demonstrated a higher total hospital cost in the sub-
group of patients who developed postoperative compli-
cations and in the subgroup that did not develop post-
operative complications. Similarly, total hospital cost 
was higher in patients presenting with sarcopenia re-
gardless of the length of stay for the index admission. 
According to Sousa et al. [54], sarcopenia increased hos-
pitalization costs by euro 1,240 (95% CI euro 596–1,887) 
for patients < 65 years of age and euro 721 for those > 65 
years. Sarcopenic overweight was related to an increase 
in hospitalization costs of euro 884 (95% CI euro 295–
1,476). In summary, the hospitalization costs are esti-
mated to increase by 58.5% for patients < 65 years and 
34% for patients > 65 years.
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Clinical Outcomes in Intestinal Insufficiency and IF
IF is defined as a state in which the nutritional de-

mands of the body are not met by the gastrointestinal 
surface [55]. Intestinal insufficiency (II) and IF are char-
acterized by the reduced capacity for processing nutri-
ents and the inability to absorb macro- and micronutri-
ents, and encompass a massive risk of DRM [56]. IF is 
mainly associated with short bowel syndrome resulting 
from vascular complications, radiation enteritis effects, 
Crohn’s disease, and intestinal obstruction effects, to 
mention but a few [43, 55]. Patients with II or IF are often 
predisposed to develop secondary sarcopenia [57]. Treat-
ments include long-term home parental nutrition and 
intestinal transplantation, both of which are costly for 
the health care system.

In II and IF patients, sarcopenia is common, with re-
cent studies demonstrating a prevalence of 72.7% in IF 
patients [15]. A cross-sectional study by Skallerup et al. 
[56] to investigate the prevalence of sarcopenia and as-
sociated risk factors in patients with II and IF showed a 
high prevalence of sarcopenia (53.1%; 95% CI 43.8–
62.2) in the combined sample. However, sarcopenia was 
more prevalent in patients with IF than in those with II. 
In a recent study carried out by Oke et al. [58], the ma-
jority (83%; n = 56) of IF patients had a CT-derived L3 
skeletal muscle index (LSMI) below the validated cut-off 
prior to the start of parental nutrition support, indicat-
ing a far greater prevalence of sarcopenia than previ-
ously reported.

IF is also associated with a high mortality rate in se-
verely malnourished patients. Clinical outcome was 
evaluated in a recent Danish retrospective cohort study 
comprising 77 clinically stable IF patients on home par-
enteral nutrition for at least 12 months [59]. Although 
the prevalence of DRM or sarcopenia was not directly 
assessed in this study, 64 and 60% of patients had a fat-
free mass index (FFMI) and handgrip strength below 
the reference values and mean FFMI was in the sarco-
penia range (14.8 ± 21 kg/m2) confirming the previ-
ously reported high prevalence of DRM and sarcopenia 
in IF. Both bioelectrical impedance analysis (BIA)-de-
rived phase angle as well as handgrip strength were neg-
atively associated with the number of readmissions to 
hospital [59]. Phase angle was also negatively associated 
with hospital length of stay. FFMI below normal and 
phase angle below normal were identified as indepen-
dent risk factors for mortality during the median fol-
low-up period of 24 months (HR 3.9 [95% CI 1.1–4.1], 
p = 0.04 and HR 5.3 [95% CI 1.6–17.5], p = 0.007, re-
spectively). 

Cost effective estimations were carried out by Roskott 
et al. [60] in a simulated disease course of irreversible IF 
with home parenteral nutrition versus intestinal trans-
plantation. Intestinal transplantation slightly improved 

the survival of patients compared with home parenteral 
nutrition (14.9 vs. 14.6 years) at an additional cost of euro 
19,529 per life-year gained. 

Practical Implications: Similarities and Differences of 
DRM and Sarcopenia

The Results section pointed towards a seemingly 
close relationship between DRM and sarcopenia, result-
ing in the newly coined term, MSS. For practical reasons, 
one might ask if it is necessary to diagnose both condi-
tions, or which of the two is more important and should 
be screened and diagnosed in daily clinical practice. To 
answer this question, we indicate in detail the similari-
ties and differences in the diagnosis of malnutrition 
(GLIM [8]) and sarcopenia (EWGSOP 2 [12]) according 
to the new worldwide definitions. Both follow a 2-step 
procedure, with an initial screening of all patients, fol-
lowed by a more detailed diagnostic procedure in pa-
tients with positive screening results.

Screening for DRM and Sarcopenia in All Patients
Screening of DRM can be done by any validated 

screening questionnaire, such as malnutrition screening 
tool (MUST [61]) and MNA-SF [62], among others. In 
continental Europe, the NRS-2002 is most often used 
and is well established [63]. Thus, we focused on the 
NRS-2002 in the following comparison. Sarcopenia 
screening can be done using only one single screening 
questionnaire, in this case the SARC-F [64], with the ac-
ronym combining the initial letters of the 5 screening 
questions. Figure 2 compares both screening procedures 
for GLIM and EWGSOP 2. It is quite evident that the 
questions of these screening procedures do not overlap. 
NRS-2002 focuses on nutrition and underlying disease 
whereas SARC-F concentrates on muscle strength and 
physical function in a Barthel index-like fashion.

Diagnosis of DRM and Sarcopenia
Figure 3 compares the algorithm of DRM diagnosis 

according to the GLIM criteria and sarcopenia diagnosis 
according to the EWGSOP 2 criteria. Both algorithms 
start after a positive risk screening and encompass the 
same steps, i.e., diagnostic assessment, diagnosis, and 
severity grading. However, the diagnostic criteria are 
markedly different. Whereas GLIM addresses the whole 
panel of malnutrition symptoms, such as nonvolitional 
weight loss, low body mass, reduced food intake, disease 
burden, inflammation, and reduced muscle mass, sarco-
penia focuses solely on muscle strength, muscle mass, 
and function.
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Fig.  2. Comparison of the screening for malnutrition as part of 
GLIM (NRS-2002 [63]) and sarcopenia as part of EWGSOP 2 
(SARC-F [65]). NRS-2002 is based on an interpretation of avail-
able randomized clinical trials. The asterisk indicates that a trial 
directly supports the categorization of patients with that diagnosis. 

Diagnoses shown in italics are based on the prototypes given be-
low. Wt, weight; mth(s), month(s). Positive screening results lead 
the GLIM algorithm. SARC-F shows 5 questions focusing on the 
rough estimates of muscle strength and physical performance.

Fig. 3. Comparison of diagnostic criteria and respective algorithms for malnutrition (GLIM) and sarcopenia 
(EWGSOP 2) according to Cederholm et al. [8] and Cruz-Jentoft et al. [12]. DXA, dual-energy X-ray absorpti-
ometry; BIA, bioelectrical impedance analysis; CT, computed tomography; MRI, magnetic resonance imaging 
(MRI); SPPB, short physical performance battery; TUG, timed “up and go” test.
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Practical Consequences
The prospective study of Hu et al. [38] clearly shows 

that only 3.1% of well-nourished patients are sarcopenic, 
but > 50% of patients are at a risk of malnutrition or are 
malnourished and 15% have a combined risk of malnutri-
tion/sarcopenia. This points toward the greater impor-
tance of malnutrition diagnoses versus sarcopenia diag-
noses in daily clinical practice.

So far, no official recommendations exist on how to 
combine DRM and sarcopenia screening and diagnosis 
for daily practice. However, for general internal or surgi-
cal patients, it would seem reasonable to start with mal-
nutrition screening and diagnosis as recommended, with 
the addition of sarcopenia procedures only when signs of 
depleted muscle mass or muscle strength are evident dur-
ing the malnutrition assessment procedure. 

Conclusion

DRM is common and has a wide spectrum of effects, 
not only with regard to physiological functions; it is also 
associated with increased rates of mortality and morbid-

ity in hospitalized patients. This has a ripple effect on 
overall health care costs [43]. Depleted muscle mass is as-
sociated with infectious complications, a prolonged dura-
tion of mechanical ventilation, longer hospitalization, re-
admission to the hospital, a greater need for rehabilitation 
care after hospital discharge, and higher mortality among 
patients identified as sarcopenic [30]. While a large body 
of work supports the fact that DRM and sarcopenia are 
associated with poor clinical outcomes, further efforts to 
standardize the modalities to diagnose DRM and sarco-
penia for clinical research and clinical practice may help 
to strengthen future prospective investigations beneficial 
for determining effective prevention and treatment strat-
egies to minimize the detrimental effects of DRM and sar-
copenia [15].
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