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Background & aims: Low muscle mass is associated with increased falls, medical complications, length of
hospital stay and loss of independence. An increasing number of studies has also shown the association
between sarcopenia and health care expenditure. The following narrative review summarizes the current
evidence on the economic relevance of low muscle mass (MM) or sarcopenia.

Methods: An extensive search of the literature in Medline identified twelve studies in English, which
evaluated direct and indirect health care expenditure in patients with low muscle mass or sarcopenia
(low MM and strength or mobility).

Results: Three studies analysed the cost of age-related loss of MM or strength in large surveys of the
general, older population. Six retrospective analyses evaluated perioperative medical costs related to low
MM in primarily older patients from different medical areas. One prospective study presented hospital
costs related to sarcopenia in patients with gastric cancer. Two studies presented data from general
hospital patients. Despite the difference in diagnostic criteria, study population and statistical design,
low MM and sarcopenia were consistently identified as predictors of increased health care expenditure
in community, perioperative and general hospital settings.

Conclusions: Low MM and sarcopenia are prevalent and associated with significantly higher health care
costs. Considering the demographic change, which will lead to an increasing number of patients with
sarcopenia, every effort should be made to identify and treat patients with sarcopenia. The use of a
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unified definition and diagnostic criteria would allow a better comparison of data.
© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Sarcopenia describes the age-related loss of skeletal muscle
mass (SMM) [1] and results in the loss of physical capacity [2]; the
latter being associated with prolonged convalescence and reduced
independence [3]. Furthermore, a reduction in muscle mass can
have metabolic implications ranging from insulin resistance and a
change in myokine production [4,5] to an altered reaction to
disease and treatment [6]. Ultimately, morbidity and mortality in-
crease in patients with sarcopenia [7]. Depending on the study
population, age and especially diagnostic criteria, the prevalence of
sarcopenia ranges from 10% in healthy adults over 60 years old [8]
to 33% in long-term care populations [9].
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Reduced muscle mass in chronic disease, immobility or obesity
with low physical activity has been described by some authors
as secondary sarcopenia in order to distinguish it from the age-
associated, or primary, sarcopenia [10,11]. Ultimately, there is
often an overlap of the two phenotypes as, for example, in older,
obese patients with cancer. In 2010, the European Working Group
on Sarcopenia in Older People (EWGSOP) consensus defined sar-
copenia as low muscle mass and low muscle strength or function
[10], thus accounting for the non-linear relationship between
muscle mass and muscle strength. Furthermore, an ICD-CM code
(M62.84) for age-related sarcopenia was introduced in the United
States in 2016. Together, the common definition and ICD-CM code
in the US represent the increasing awareness of sarcopenia as a
prevalent and relevant syndrome and provide urgently needed
incentive to screen for and treat sarcopenia.

As a result of impaired physical capacity, loss of independence,
extended recovery and increased risk for the development of the
frailty syndrome, the length of hospital stay (LOS) and health care
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utilization increase, leading to an increased strain on the health
care system. Sarcopenia is also known to be associated with poly-
pharmacy [12], which, aside from implications on health, can be a
private or public financial burden depending on the health care
system. Figure 1 provides a schematic representation of the
interrelationship between sarcopenia and hospitalization.

Considering our ageing society, an increase in health care costs
can be expected. The following narrative review summarizes cur-
rent studies that have investigated the economic relevance of
sarcopenia. We included original studies which investigated health
care costs associated with sarcopenia, low muscle mass or low
muscle strength.

2. Methods

We conducted an extensive search in Medline using the following
search terms ‘sarcopenia’, ‘muscle mass’ and combined them with
‘healthcare’ (health care), or ‘costs’, ‘health care expenditure’ or
‘economic’ in title and abstracts. We repeated the search using MeSH
terms. We identified 261 papers. After screening all abstracts, we
identified 11 papers that corresponded to our inclusion criteria.
By further checking the references of the articles, we identified one
further study. After including only original studies and those which
calculated health care costs related to low muscle mass, strength or
sarcopenia, twelve studies were included in this review.

For the purpose of this review, we refer to sarcopenia when
classified according to consensus definitions for age-related sar-
copenia such as EWGSOP and to low muscle mass when only skel-
etal muscle mass was assessed, such as in general hospital or
surgical settings.

2.1. Age-associated sarcopenia

Table 1 presents studies that evaluated the costs related to low
muscle mass or strength within larger, population-based health
surveys. A first rough estimation of costs resulting from age-
associated SMM depletion was carried out by Janssen and col-
leagues in 2004 [13]. Their calculations were based on the relative
risk of developing disability with low SMM and prevalence of low
SMM in subjects over 60 years of age from two representative
health surveys: The third National Health and Nutrition Examina-
tion Survey (NHANES) and the National Medical Care and Utiliza-
tion Expenditure Survey (NMCUES). Using this information, the
contribution of low SMM on the risk of disability was estimated
(population-attributable risk) and combined with the economic
cost of disability. The authors estimated direct costs attributable to
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Fig. 1. Schematic concept of the interrelationship between sarcopenia and
hospitalization.

low SMM of approximately 18.5 billion USD (10.8 billion USD
in men and 7.7 USD billion in women), representing 1.5% of total
national health care expenditure. According to a sensitivity anal-
ysis, however, which accounted for variations in the population-
attributable risk of low SMM and cost of disability, costs could be
as low as 11.8 billion USD and as high as 26.2 billion USD. The excess
expenditure was slightly higher in women at 860 USD and 933 USD
per male and female patient with low SMM, respectively. The au-
thors estimated potential cost savings of 1.1 billion USD (figures
adjusted for the year 2000) if the prevalence of low SMM were
reduced by 10% (either severely low SMM to moderate or moderate
to normal).

Using data from the Survey of Health, Ageing and Retirement in
Europe (SHARE), Steffl et al. employed a cost-of-illness approach to
analyse the costs associated with muscle weakness in Czech
participants aged over 70 without severe chronic disease [14]. Ac-
cording to their estimations, low strength alone in this study
population (9.4%) incurred significantly higher direct, e.g. medical
care, and indirect costs, e.g. replacement costs for caregivers. In-
dividuals with low strength were one third more likely to be hos-
pitalized. In a general linear regression model adjusted for age and
body mass index (BMI), low muscle strength was associated with
the risk of significantly higher direct costs (OR 2.11, 95% CI:
1.43-3.09).

Lo et al. assessed annual expenditure in the Elderly Nutrition
and Health Survey, a prospective study with an eight-year follow-
up in a large sample of community-dwelling individuals aged 65
years and over. Nearly 25% had a low skeletal muscle mass index
(SMMI, kg/m?). After eight years, hospitalization (duration and
cost) as well as total medical costs were highest in the participants
with a low SMMI. The authors also assessed dietary diversity and
physical activity at baseline and found that these factors attenuated
the effects of low muscle mass on health care utilization and
expenditure [15]. Interestingly, individuals with higher SMMI
had less hospital stays and hospital emergency visits but higher
outpatient, preventive and dental care service utilization than
those with lower SMMI.

2.2. Financial impact of low skeletal muscle mass on hospital costs
in surgical settings

Cost analyses of most of the available studies are largely limited
to hospital-related costs and in the form of retrospective analyses of
existing data in a perioperative setting and include health care
utilization in the year following surgery (Table 2). This data is
often restricted to patients who received an evaluable computer
tomography (CT) scan to determine low SMM.

The following two publications analysed data from the Michigan
Surgical Quality Collaborative (MSQC) data registry regarding LOS,
hospital costs [16] and health care utilization in the postoperative
year [3] in patients with and without low muscle mass who had
undergone elective surgery. Low SMM was defined using preop-
erative CT scans as reduced lean psoas muscle area (LPA; lowest,
sex-specific tertile). Sheetz et al. reported extended LOS in patients
with low versus normal SMM (7 versus 4 days, p < 0.001) and both
payer (reimbursement) and hospital costs were higher in patients
with low SMM. Following adjustment for confounders, low SMM
was independently associated with increased payer costs, which
increased further when postoperative complications occurred.
Interestingly, mean costs in patients with normal SMM and com-
plications were similar to those in patients with low SMM and
without complications. Furthermore, the average hospital margin
(payer costs — hospital costs) was negative (—873 USD) after the
treatment of patients with low SMM compared to average patients
(1806 USD) and those with normal SMM (3170 USD).
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Author Setting and population Age Assessment of low muscle mass and Costs of low muscle mass
cut-offs
Janssen 2004 Retrospective analysis of data from >60 years Indirectly evaluated based on Total direct costs of low muscle

USA [13]

Steffl 2017
Czech Republic [14]

Lo 2017
Taiwan [15]

two representative surveys
(NHANES 11l and NMCUES)?

Retrospective analysis of data from
SHARE study, wave 6
n = 689 (65 with muscle weakness)

Elderly Nutrition and Health
Survey, prospective study with 8
year follow-up

n = 1337 (330 with low SMMI)

>70 years (75.6 + 5.1)

>65 years

disability prevalence and known
risk to develop disability due to low
muscle mass (population
attributable risk calculated from
NHANES III)

Muscle strength assessed by
handgrip strength (men: <26 kg,
women: <16 kg [30])

Muscle mass assessed by BIA and
adjusted for patients' height
squared (SMMI; lowest quartiles:
men: <11.4 kg/m?, women: 8.5 kg/
m?)

mass: 18.5 billion USD in 2000.
Additional annual costs per
individual with low muscle mass:
860 USD for men, 933 USD for
women.

Average total annual costs (direct
medical care and indirect costs):
1125.3 + 1367.2 EUR in patients
with low muscle strength vs.
561.4 + 762.6 EUR in patient with
normal strength, p = 0.001

Total annual expenditure was
higher in low SMMI vs. normal
SMMI (mean (median): (2802.7
(945.2) vs. 1852.0 (917.8)) EUR,

p < 0.001°

Abbreviations: BIA: bioelectrical impedance analysis; NHANES III: Third National Health and Nutrition Examination Survey; NMCUES: National Medical Care Utilization and
Expenditures Survey; SHARE: Survey of Health, Ageing and Retirement in Europe; SMMI: skeletal muscle mass index (kg/m?).

2 Population size not available.
b Currency (NT$) in Lo 2017 converted into EUR.

The analysis from Kirk and colleagues investigated whether LOS
and the utilization of health care resources in the year following the
operation differ in patients with and without low SMM and esti-
mated the corresponding costs [3]. Costs included hospital expen-
diture within one year of the operation and were higher in patients
with low compared to normal SMM (unadjusted; 67,525 USD versus
39,720 USD, p < 0.001). Patients with low SMM had a significantly
higher rate of postoperative complications (33.3% versus 17.6%,
p < 0.001). Adjusted in multivariate analyses, low SMM was an in-
dependent predictor of admission to the intensive care unit (OR
2.24, CI: 1.38—3.64, p < 0.001), prolonged hospital stays (OR 3.47, CI:
1.91-5.02, p < 0.001) as well as postoperative 1-year mortality (OR
3.26, CI: 1.73—6.15, p < 0.001). Interestingly, while the postoperative
readmission rate in patients with low SMM was not increased, the
likeliness of not being discharged back to their homes was signifi-
cantly higher for patients with low SMM in a multivariate adjusted
model (OR 4.42, CI: 2.28—8.55, p < 0.001). The costs for care homes
could not be included in the study and represent a substantial
financial expense, of which the meaning becomes all the more
profound when considering that the risk of not being released home
independently was 4-fold in this study for patients with low SMM.

Gani et al. assessed 1169 patients who underwent major
abdominal surgery [17]. Based on psoas muscle volume, 25.1% of
patients had low SMM. Using adjusted multivariable regression
analysis, they showed that the presence of low SMM was associated
with significantly higher total hospital costs than in patients with
normal muscle mass (38,804 USD versus 24,482 USD, p < 0.001).
When stratifying the study population into subgroups with versus
without postoperative complications, the costs remained signifi-
cantly higher in patients with low SMM (for patients with compli-
cations, low versus normal SMM: 65,856 USD (IQR 43,730—70,784)
versus 59,609 USD (IQR 40,527—63,291), p < 0.001, compared to
without complications, low versus normal SMM: 26,282 USD (IQR
24,530—39,802) versus 23,763 USD (IQR 22,220—35,254), p < 0.001).
Similarly, when looking at costs for length of stay (LOS), low SMM
was associated with higher costs irrespective of whether length of
hospital stay was longer than expected (observed:expected LOS < 1:
low versus normal SMM: 25,038 USD (IQR 24,106—26,358) versus
22,827 USD (IQR 21,768—23,972), p < 0.001) or not (observ-
ed:expected LOS > 1: low versus normal SMM: 43,283 USD (IQR
39,818—66,145) versus 38,679 USD (IQR 35,563—58,015), p < 0.001).

Van Vugt and colleagues investigated hospital costs in patients
undergoing abdominal cancer surgery [18] and in patients listed for
liver transplantation [19]. The first retrospective analysis included
patients over 18 years of age with cancer of the gastrointestinal or
hepatopancreatobiliary tracts undergoing elective curative surgery
and who had a preoperative CT scan within 90 days. Low skeletal
muscle index (SMI, cm?/m?) was identified in 45.6% of patients.
These patients experienced more postoperative complications and
longer hospital stays than patients with normal SMMI. Total costs
included surgical and postoperative costs during the hospital stay.
While total costs varied between cancer type and major versus
minor surgery, they were 12.7% higher in patients with low versus
normal SMI (17,144 EUR (IQR 12,694—25,102) versus 14,961 EUR
(IQR 10,744—21,200), p < 0.001). A multivariable linear regression
analysis revealed that low SMI was independently associated
with an increase in costs and total expenditure decreased with
incremental increase of SMI. Total costs remained higher for pa-
tients with low SMI in the subgroup of patients 65 years and older
(18,256 EUR (IQR 12,808—25,131) versus 15,490 EUR (IQR
11,060—21,098), p = 0.041).

The second retrospective analysis from Van Vugt et al. included
224 patients with cirrhosis and listed for liver transplantation [19].
Twenty-four percent of patients had low SMI based on CT scans.
Total costs included both hospital and outpatient costs during the
time on the waiting list. Costs were significantly higher in liver
transplant candidates with low SMI independent of the total
waiting time (median waiting time: 170 days (IQR 47—306)) and
corresponded to 68 EUR (IQR 16—503) per day on the waiting list
for patients with low SMI versus 40 EUR (IQR 10—108) per day
for patients with normal SMI (p = 0.013). Similar to the above-
mentioned analysis in cancer patients, an incremental increase in
SMI was associated with decreased health care expenditure in a
multivariable regression analysis adjusted for confounders.

One study was found that used both muscle mass and strength
and/or physical performance to define sarcopenia in gastric cancer
patients undergoing gastrectomy [20]. Huang et al. differentiated
between sarcopenia (low SMI and low handgrip strength or gait
speed) and severe sarcopenia (low SMI, low handgrip strength and
low gait speed). The prevalence of sarcopenia and severe sarcope-
nia together was 16.8%. Patients with sarcopenia and severe sar-
copenia had a longer LOS (11 [7], p = 0.001, 14 (IQR 7), p < 0.001
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Evaluation of healthcare costs related to low muscle mass in the perioperative setting.

Author

Setting and population

Age

Assessment of low muscle mass or
sarcopenia and cut-offs

Costs of low muscle mass or
sarcopenia

Sheetz 2013
USA [16]

Kirk 2015
USA [3]

Gani 2016
USA [17]

Huang 2017
China [20]

Bokshan 2017
USA [21]

Van Vugt 2017
The Netherlands [18]

Van Vugt 2018
The Netherlands [19]

Retrospective analysis of patients
with elective major general or
vascular surgery from the MSQC
databank

n = 1593

Retrospective analysis of patients
with elective surgery from the
MSQC databank

n= 1279

Retrospective analysis from
hospital data; hepatobiliary,
pancreatic or colorectal resection
n = 1169 (293 with low TPV)

Prospective study in gastric cancer
surgery
n = 470 (79 sarcopenic)

Retrospective analysis from
hospital data; elective orthopaedic
(thoracolumbar spine) surgery

n = 50 (16 with low TPA)
Retrospective analysis in abdominal
cancer surgery (curative surgery for
gastrointestinal or
hepatopancreatobiliary cancers)

n = 452 (206 with low SMI)

Retrospective analysis in liver
transplant candidates
n = 224 (55 with low SMI)

48.5 + 14.8 years
(normal LPA) —
66.4 + 14.4 years
(low LPA)

49.8 + 13.9 years
(normal LPA) —
66.1 + 14.0 years
(low LPA)

>18 years (median age:

62 (IQR 52—70))

>18 years (median age:

65 (IQR 15))

>55 years

>18 years (median age:

65 years, IQR 58—71)

Median: 56 years
(IQR 48—62)

L4 lean psoas area (LPA; mm?)
assessed by CT (lowest sex-specific
tertile, exact values not available)

L4 LPA assessed by CT (mm?; lowest
sex-specific tertile, exact values not
available)

L3 total psoas volume (TPV)
assessed by CT and adjusted for
patients' height squared (lowest
sex-specific quartile: men:

<56.1 cm>/m?, women: 34.5 cm?|
m?)

EWGSOP [10] and AWGS [31]
criteria: i) SMI assessed with CT of
L3 for abdominal muscle area and
adjusted for patients' height
squared (sex-specific cut-offs: men:
<40.8 cm?/m?, women: <34.9 cm?/
m?), and ii) muscle strength by
handgrip strength (men: <26 kg,
women: <18 kg) and/or low
physical performance as gait speed
(<0.8 m/s). Sarcopenia: low SMI
and low strength or physical
performance; severe sarcopenia:
low SML, strength and physical
performance.

L4 total psoas area (TPA) assessed
by CT (lowest sex-specific tertile;
mean TPA for sarcopenic

patients + SD: 1297.6 + 105.2 mm?)
SMI assessed with CT of L3 for
skeletal muscle area and adjusted
for patients' height squared (sex-
and BMI-specific cut-offs: men with
BMI < 25 kg/m?: <43 cm?/m?, with
>25 kg/m?: <53 cm?/m?, women:
<41 cm?/m? [32])

SMI (cm?/m?) assessed with CT of
L3 for skeletal muscle area and
adjusted for patients' height
squared (lowest sex-specific
quartile, exact values not available)

Low LPA was independently
associated with increased payer
costs (reimbursements) (6989.17
USD per 1000 mm? LPA, p < 0.001),
which further increased with
postoperative complications
(26988.41 USD per 1000 mm? LPA,
p < 0.001).

Low LPA was independently
associated with increased in-
hospital costs at 30 (p = 0.746, SE
0.191, p < 0.001), 90 (B = 0.198, SE
0.057, p < 0.001) and 180 days

(B = 0.164, SE 0.065, p = 0.012).
14,322 USD increase in total median
covariate-adjusted hospital cost for
patients with low TPV: 38,804 USD
(IQR 25,027—43,462) in low TPV vs.
24,482 USD (IQR 22,573—-38,025) in
normal TPV, p < 0.001.

Median hospital costs higher in
patients with increasing degree of
sarcopenia (sarcopenia, severe
sarcopenia vs. without sarcopenia):
8206.7 (IQR 4032.9.00), 8462.3 (IQR
3657.8) vs. 6975.5.30 (IQR 2260.2)
EUR,” sarcopenia/normal:

p = 0.001, severe sarcopenia/
normal: p < 0.001.

1.75-fold greater mean total
hospital costs in patients with low
vs. normal TPA (53,128 USD vs.
30,292 USD, p = 0.04).

In the multivariable linear
regression analysis, low SMI was
independently associated with a
cost increase of 4061 EUR (95% CI:
809—-7312, p = 0.015). Costs
decreased by 278 EUR (95% CI: 32
—524, p = 0.027) per incremental
increase in SMIL

In the multivariable linear
regression analysis, costs decreased
by 455 EUR (95% CI: 11-900,

p = 0.045) per incremental increase
in SML

Abbreviations: AWGS: Asian Working Group for Sarcopenia; B: beta coefficient; CI: Confidence interval; CT: computer tomography; EWGSOP: European Working Group on
Sarcopenia in Older People; IQR: Interquartile range; LPA: lean psoas area (mm?); MSQC: Michigan Surgical Quality Collaborative; SD: Standard deviation; SE: Standard error;
SMI: Skeletal muscle index (cm?/m?); TPA: Total psoas area (mm?); TPV: Total psoas volume (cm?3/m?).

@ Currency (CNY) in Huang et al. converted to EUR.

versus 12 (IQR 6) days) and severe sarcopenia was an independent
predictor of postoperative complications in a multivariate analysis
(OR 8.957, CI: 3.876—20.697, p < 0.001). Hospital costs were also
higher in patients with sarcopenia and severe sarcopenia (Table 2).

Bokshan and colleagues conducted a retrospective analysis on
the cost of low SMM in a smaller group of patients over 55 years of
age who received an elective orthopaedic operation [21]. Thirty-
two percent of patients had low SMM based on perioperative CT
scans yielding psoas muscle volume. The total hospital-related
costs for patients with low SMM were nearly twice that of pa-
tients with normal muscle mass. Patients with low SMM were also
twice as likely to require blood transfusion (43.8% versus 20.6%,
p = 0.04) and in 2.6-fold greater need of diagnostic imaging (68.8%

versus 26.5%, p = 0.002) accompanied by the corresponding higher
costs (2452 USD versus 801 USD, p = 0.01). Furthermore, patients
with low muscle mass had a higher use of medication and higher
laboratory and emergency department costs. These results are
however, limited due to the small sample size.

2.3. Financial impact of low skeletal muscle mass and strength —
sarcopenia — in a general hospital setting

Two cross-sectional studies were found that included patients
from various hospital departments and used both muscle mass and
strength to characterize sarcopenia (Table 3). The study by Sousa
and colleagues analysed costs associated with sarcopenia in a
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Author

Setting and population Age

Assessment of sarcopenia and cut-offs

Costs of sarcopenia

Sousa 2016
Portugal [22]

Antunes 2017
Portugal [23]

Prospective study in general
hospital patients (medical and
surgical wards)

n = 656 (159 sarcopenic) 22

Cross-sectional study in general
hospital patients (medical,
surgical and orthopaedics)

n = 201 (21 sarcopenic)

>65 years

>18 years, range 18
—90 years, median
age 56 with IQR of

EWGSOP criteria [10]: i) muscle mass
assessed by BIA and adjusted for patients’
height squared (sex-specific cut-offs: men:
<10.75 kg/m?, women: 6.75 kg/m?), and ii)
muscle strength by handgrip strength
(men: <30 kgf, women: <20 kgf)

EWGSOP criteria [10]: i) muscle mass
assessed by anthropometric measurements
(mid-upper arm muscle circumference; cut-
off: % muscle mass < 2 SD of reference
group), and ii) muscle strength by handgrip
strength (men with BMI < 24 kg/m?:

<29 kg, with BMI 24.1-28 kg/m?: <30 kg,
with BMI > 28 kg/m?: <32 kg; women with
BMI < 24 kg/m?: <17 kg, with BMI 24.1
—26 kg/m?: <17.3 kg, with BMI 26.1-29 kg/
m?: <18 kg with BMI > 29 kg/m?: <21 kg)

Patients with vs. without sarcopenia had
higher hospitalization costs (3151 EUR (IQR
4175) vs. 2170 (IQR 2515), p < 0.001).
Adjusted additional hospital costs per
patient due to sarcopenia: 1117 EUR (95%
Cl: 644—1588, p < 0.001); Patients

aged < 65 years: sarcopenia increased costs
by 1240 EUR (95% CI: 596—1887); patients
aged > 65 years: 721 EUR (95% CI: 13
—1429).

Sarcopenia (OR = 5.70, 95% CI 1.57—20.71,
p = 0.008) and low muscle strength alone
(OR = 2.40, 95% CI 1.12—5.15, p = 0.025)
were associated with hospital costs
exceeding mean cost of an average patient.

Abbreviations: BIA: bioelectrical impedance analysis; BMI: body mass index; CI: confidence interval; EWGSOP: European Working Group on Sarcopenia in Older People; IQR:

interquartile range; OR: odds ratio; SD: standard deviation.

general, hospitalized, adult population [22]. They included all ages
(18 years and older) and found that 24% presented with sarcopenia.
Hospital costs were based on the diagnosis-related group codes at
discharge and were higher in patients with versus without sarco-
penia in the entire population as well as when stratified according
to age (under and over 65 years).

The study performed by Antunes et al. included 201 patients
aged 65 years and over and also from various hospital departments
[23]. Sarcopenia, as defined by low muscle mass and low handgrip
strength, was identified in approximately 10% of patients. Hospi-
talization costs were calculated based on weighted diagnosis-
related group codes. After adjustment for confounders, both
sarcopenia and low muscle strength alone were associated with
higher hospitalization costs compared to the mean cost of an
average patient.

3. Discussion

This review assessed the economic impact of age related
sarcopenia and disease-related low muscle mass and consistently
found higher costs associated with low muscle mass. However, the
studies differ remarkably with regard to setting, population,
method and diagnostic criteria for classification of low muscle

mass, sample size and last but not least statistical design including
adjustment for confounders. While most of the studies adjusted
for important confounders such as age, sex and comorbidities, one
study only compared differences between patients with and
without low SMM. Most of the existing studies were carried out in
surgical patients, including younger subjects, and retrospectively
analysed the additional costs for patients with low SMM in
hospital as well as post-discharge. In these studies, low SMM was
mostly evaluated based on available CT scans, which clearly rep-
resents a population selection such that the data cannot be
extrapolated to all hospital patients. In addition, studies in surgical
patients included patients with cancer. While this fact does not
preclude age-associated sarcopenia, it makes it difficult to
combine these studies with studies carried out in older (e.g.
community-dwelling) populations. More importantly, studies
investigating loss of muscle mass in patients with cancer or severe
chronic disease did not control for cachexia or involuntary weight
loss. Cachexia is a complex syndrome, accompanied by systemic
inflammation, which is associated with a worsened clinical
outcome [24]. Since loss of muscle mass undeniably is a hallmark
symptom of cachexia, disentangling the effects on outcome and
thus costs are difficult, particularly because costs were frequently
driven by length of hospital stay, which is already increased in

T disability

Loss of muscle mass
and/or strength

Increased
in-hospital and health
care costs

Fig. 2. Consequences of reduced muscle mass and/or strength for health care utilization and costs.
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malnutrition or cachexia [25]. Another limiting factor for the
interpretation of the results in this review is that the methods
used in these studies differ, which reflects their availability in the
respective settings. Bioimpedance analysis and anthropometric
measures of muscle mass are noninvasive and inexpensive bedside
methods, but the validity of muscle mass estimation is highly
dependent on standardized measurements as well as appropriate
equations and correct prerequisites. Computer tomography is an
elegant approach; however, it is limited to available and evaluable
scans. Also, while whole-body muscle volume can be estimated
with an abdominal cross-sectional CT-image at the L3 level
[26,27], four of the studies here just use total psoas area or vol-
ume, which has been criticised as an unsuitable marker for whole
body skeletal muscle due to the frequent regional atrophy in the
lower back region [28]. Furthermore, not only the methods, but
the use of different summary definitions and cut-offs may have a
significant impact on the results. A recent analysis showed that
none of the common summary definitions (including EWGSOP,
International Working Group or Foundation for the NIH Sarcope-
nia Project) were associated with likelihood of hospitalisation or
rate of inpatient days in a sample of comparatively healthy older
men from the Osteoporotic Fractures in Men Study [29]. This
questions the validity of these definitions with regard to incident
hospitalisation in this group of relatively healthy older men, which
of course would have an impact on costs.

Nevertheless, the data show that low MM and sarcopenia are
associated with increased health care utilization outside of the
hospital as well as during a hospital stay in the form of extended
LOS and increased complications, especially in the post-operative
setting (Fig. 2). It appears that it may be possible to influence the
increased costs, for example, by allocating more resources to the
preoperative and 30-day postoperative period.

4. Conclusion

Despite different methodology used for the evaluation of
muscle mass or diagnosis of sarcopenia and differing settings
as well as sample size numbers, the findings of these studies
consistently show that direct and indirect health care costs are
increased in the case of low muscle mass or sarcopenia. Thus, the
prevention of muscle loss and treatment of already existing sar-
copenia are expected to lead to cost savings for the health care
system. Prevention and early treatment of loss of muscle mass
and/or sarcopenia will likely not only improve prognosis and
convalescence of patients but also reduce the financial burden on
health care expenditure. Considering the demographic change,
which will lead to a higher number of patients with sarcopenia,
health care should focus on identifying and treating sarcopenia or
low muscle mass.

Conflict of interest

The authors declare no conflict of interest and both approve the
final article.

Contributions

The authors contributed equally to the article.

References

[1] Rosenberg IH. Sarcopenia: origins and clinical relevance. ] Nutr 1997;127:
990S—1S.

[2] Spira D, Norman K, Nikolov ], Demuth I, Steinhagen-Thiessen E, Eckardt R.
Prevalence and definition of sarcopenia in community dwelling older people:

[3

[4

[5

(6

[7

[8

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

K. Norman, L. Otten / Clinical Nutrition 38 (2019) 1489—1495

data from the Berlin aging study Il (BASE-II). Z Gerontol Geriatr 2015. https://
doi.org/10.1007/s00391-015-0886-z.

Kirk PS, Friedman JF, Cron DC, Terjimanian MN, Wang SC, Campbell DA, et al.
One-year postoperative resource utilization in sarcopenic patients. J Surg Res
2015;199:51-5.

Fielding RA, Vellas B, Evans W], Bhasin S, Morley JE, Newman AB, et al. Sar-
copenia: an undiagnosed condition in older adults. Current consensus defi-
nition: prevalence, etiology, and consequences. International working group
on sarcopenia. ] Am Med Dir Assoc 2011;12:249—-56.

Karakelides H, Nair KS. Sarcopenia of aging and its metabolic impact. Curr Top
Dev Biol 2005;68:123—48.

Prado CM, Baracos VE, McCargar LJ, Reiman T, Mourtzakis M, Tonkin K, et al.
Sarcopenia as a determinant of chemotherapy toxicity and time to tumor
progression in metastatic breast cancer patients receiving capecitabine
treatment. Clin Cancer Res 2009;15:2920—6.

Pourhassan M, Norman K, Muller MJ, Dziewas R, Wirth R. Impact of sarcopenia
on one-year mortality among older hospitalized patients with impaired
mobility. ] Frailty Aging 2018;7:40—6.

Shafiee G, Keshtkar A, Soltani A, Ahadi Z, Larijani B, Heshmat R. Prevalence of
sarcopenia in the world: a systematic review and meta- analysis of general
population studies. | Diabetes Metab Disord 2017;16:21.

Cruz-Jentoft AJ, Landi F, Schneider SM, Zuniga C, Arai H, Boirie Y, et al. Prev-
alence of and interventions for sarcopenia in ageing adults: a systematic re-
view. Report of the International Sarcopenia Initiative (EWGSOP and IWGS).
Age Ageing 2014;43:748—-59.

Cruz-Jentoft AJ, Baeyens |P, Bauer JM, Boirie Y, Cederholm T, Landi F, ,
et alEuropean Working Group on Sarcopenia in Older P. Sarcopenia: European
consensus on definition and diagnosis: report of the European working group
on sarcopenia in older people. Age Ageing 2010;39:412—-23.

Falcon LJ, Harris-Love MO. Sarcopenia and the new ICD-10-CM code:
screening, staging, and diagnosis considerations. Fed Pract 2017;34:24—32.
Konig M, Spira D, Demuth [, Steinhagen-Thiessen E, Norman K. Polypharmacy
as a risk factor for clinically relevant sarcopenia: results from the Berlin aging
study II. ] Gerontol A Biol Sci Med Sci 2017;73:117—-22.

Janssen I, Shepard DS, Katzmarzyk PT, Roubenoff R. The healthcare costs of
sarcopenia in the United States. ] Am Geriatr Soc 2004;52:80—5.

Steffl M, Sima ], Shiells K, Holmerova I. The increase in health care costs
associated with muscle weakness in older people without long-term illnesses
in the Czech Republic: results from the Survey of Health, Ageing and Retire-
ment in Europe (SHARE). Clin Interv Aging 2017;12:2003—7.

Lo YC, Wahlqvist ML, Huang YC, Chuang SY, Wang CF, Lee MS. Medical costs of
a low skeletal muscle mass are modulated by dietary diversity and physical
activity in community-dwelling older Taiwanese: a longitudinal study. Int J
Behav Nutr Phys Act 2017;14:31.

Sheetz KH, Waits SA, Terjimanian MN, Sullivan J, Campbell DA, Wang SC, et al.
Cost of major surgery in the sarcopenic patient. ] Am Coll Surg 2013;217:
813-8.

Gani F, Buettner S, Margonis GA, Sasaki K, Wagner D, Kim Y, et al. Sarcopenia
predicts costs among patients undergoing major abdominal operations. Sur-
gery 2016;160:1162—71.

van Vugt JLA, Buettner S, Levolger S, Coebergh van den Braak RR], Suker M,
Gaspersz MP, et al. Low skeletal muscle mass is associated with increased
hospital expenditure in patients undergoing cancer surgery of the alimentary
tract. PLoS One 2017;12:e0186547.

van Vugt JLA, Buettner S, Alferink LJM, Bossche N, de Bruin RWF, Darwish
Murad S, et al. Low skeletal muscle mass is associated with increased hospital
costs in patients with cirrhosis listed for liver transplantation-a retrospective
study. Transpl Int 2018;31:165—74.

Huang DD, Zhou (J, Wang SL, Mao ST, Zhou XY, Lou N, et al. Impact of different
sarcopenia stages on the postoperative outcomes after radical gastrectomy for
gastric cancer. Surgery 2017;161:680—93.

Bokshan SL, Han A, DePasse JM, Marcaccio SE, Eltorai AEM, Daniels AH.
Inpatient costs and blood transfusion rates of sarcopenic patients following
thoracolumbar spine surgery. ] Neurosurg Spine 2017;27:676—80.

Sousa AS, Guerra RS, Fonseca I, Pichel F, Ferreira S, Amaral TF. Financial
impact of sarcopenia on hospitalization costs. Eur J Clin Nutr 2016;70:
1046—-51.

Antunes AC, Araujo DA, Verissimo MT, Amaral TF. Sarcopenia and hospital-
isation costs in older adults: a cross-sectional study. Nutr Diet 2017;74:
46-50.

Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger RL, et al. Defi-
nition and classification of cancer cachexia: an international consensus. Lancet
Oncol 2011;12:489—-95.

Norman K, Pichard C, Lochs H, Pirlich M. Prognostic impact of disease-related
malnutrition. Clin Nutr 2008;27:5—15.

Prado CM, Heymsfield SB. Lean tissue imaging: a new era for nutritional
assessment and intervention. J Parenter Enteral Nutr 2014;38:940—53.

Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu ], et al.
Total body skeletal muscle and adipose tissue volumes: estimation from a
single abdominal cross-sectional image. ] Appl Physiol (1985) 2004;97:
2333-8.

Baracos VE. Psoas as a sentinel muscle for sarcopenia: a flawed premise.
] Cachexia Sarcopenia Muscle 2017;8:527—8.

Cawthon PM, Lui LY, Taylor BC, McCulloch CE, Cauley JA, Lapidus ], et al.
Clinical definitions of sarcopenia and risk of hospitalization in community-


http://refhub.elsevier.com/S0261-5614(18)32464-6/sref1
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref1
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref1
https://doi.org/10.1007/s00391-015-0886-z
https://doi.org/10.1007/s00391-015-0886-z
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref3
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref3
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref3
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref3
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref4
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref4
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref4
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref4
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref4
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref5
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref6
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref6
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref6
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref6
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref6
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref7
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref8
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref8
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref8
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref9
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref9
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref9
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref9
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref9
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref10
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref10
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref10
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref10
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref10
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref11
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref11
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref11
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref12
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref12
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref12
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref12
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref13
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref13
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref13
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref14
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref14
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref14
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref14
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref14
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref15
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref16
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref16
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref16
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref16
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref17
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref17
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref17
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref17
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref18
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref18
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref18
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref18
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref19
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref19
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref19
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref19
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref19
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref20
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref20
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref20
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref20
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref21
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref21
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref21
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref21
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref22
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref22
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref22
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref22
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref23
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref23
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref23
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref23
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref24
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref25
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref25
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref25
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref26
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref26
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref26
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref27
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref27
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref27
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref27
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref27
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref28
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref28
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref28
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref29
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref29

K. Norman, L. Otten / Clinical Nutrition 38 (2019) 1489—1495 1495

dwelling older men: the Osteoporotic Fractures in Men Study. ] Gerontol A [31] Chen LK, Liu LK, Woo ], Assantachai P, Auyeung TW, Bahyah KS, et al. Sarco-

Biol Sci Med Sci 2017;72:1383—-9. penia in Asia: consensus report of the asian working group for sarcopenia.
[30] McLean RR, Shardell MD, Alley DE, Cawthon PM, Fragala MS, Harris TB, et al. J Am Med Dir Assoc 2014;15:95—101.

Criteria for clinically relevant weakness and low lean mass and their longi- [32] Martin L, Birdsell L, MacDonald N, Reiman T, Clandinin MT, McCargar Lj, et al.

tudinal association with incident mobility impairment and mortality: the Cancer cachexia in the age of obesity: skeletal muscle depletion is a Powerful

foundation for the National Institutes of Health (FNIH) sarcopenia project. Prognostic factor, independent of body mass index. ] Clin Oncol 2013;31:

] Gerontol A Biol Sci Med Sci 2014;69:576—83. 1539-47.


http://refhub.elsevier.com/S0261-5614(18)32464-6/sref29
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref29
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref29
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref30
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref30
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref30
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref30
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref30
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref30
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref31
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref31
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref31
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref31
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref32
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref32
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref32
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref32
http://refhub.elsevier.com/S0261-5614(18)32464-6/sref32

	Financial impact of sarcopenia or low muscle mass – A short review
	1. Introduction
	2. Methods
	2.1. Age-associated sarcopenia
	2.2. Financial impact of low skeletal muscle mass on hospital costs in surgical settings
	2.3. Financial impact of low skeletal muscle mass and strength – sarcopenia – in a general hospital setting

	3. Discussion
	4. Conclusion
	Conflict of interest
	Contributions
	References


