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Abstract

odds ratio for in-hospital mortality was determined.

this population.
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Background: Older patients account for the majority of patients with sepsis. The objective of this study was to
determine if decreased skeletal muscle mass is associated with outcomes in elderly patients with sepsis.

Methods: Patients (60 years and older) who were admitted to a tertiary medical center intensive care unit with a
primary diagnosis of sepsis between January 2012 and February 2016 were included. Patients who had not
undergone abdominal computed tomography on the day of admission, had cardiopulmonary arrest on arrival, or
had iliopsoas abscess were excluded from the analyses. Cross-sectional muscle area at the 3rd lumber vertebra was
quantified, and the relation to in-hospital mortality was analyzed. Multivariable logistic regression analysis that
included sex and APACHE Il score as explanatory variables was performed. The optimal cutoff value to define
decreased muscle mass (sarcopenia) was calculated using receiver operating characteristic curve analysis, and the

Results: There were 150 elderly patients with sepsis (median age, 75 years) enrolled; in-hospital mortality and
median APACHE Il score were 38.7 and 24%, respectively. The skeletal muscle area of deceased patients was
significantly lower than that of the survival group (P < 0.001). The multivariable logistic regression analysis
demonstrated that decreased muscle mass was significantly associated with increased mortality (odds ratio =0.94,
95% confidence interval =0.90 to 0.97, P < 0.001). The optimal cutoff value of skeletal muscle area to predict in-
hospital mortality was 45.2 cm? for men and 39.0 cm? for women. With these cutoff values, the adjusted odds ratio
for decreased muscle area was 3.27 (95% Cl, 161 to 6.63, P=0.001).

Conclusions: Less skeletal muscle mass is associated with higher in-hospital mortality in elderly patients with sepsis.
The results of this study suggest that identifying patients with low muscularity contributes to better stratification in

Background

Sepsis is a clinical syndrome characterized by physio-
logic, biologic, and biochemical abnormalities caused by
a dysregulated inflammatory response to infection. It
also includes organ dysfunction attributed to it and is a
major public health concern. The reported incidence is
disproportionately higher in older patients. Older pa-
tients account for the majority (60-85%) of all episodes,
and this figure is likely to increase in the future [1-3].
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Therefore, the importance of accurate stratification of
elderly patients with sepsis is growing, as it can aid in
developing a treatment strategy, allocating healthcare re-
sources, and assessing the effectiveness of novel therap-
ies. While chronologic age is an important element in
assessing the anomaly in the host’s inflammatory re-
sponse, physiologic age is a more important determinant
of outcomes. Recently, sarcopenia, which is defined as
the loss of skeletal muscle mass and strength with ad-
vancing age [4], has increasingly been recognized as an
important factor that can act as a marker of decreased
physiologic reserve because it is highly important for
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immune function, glucose disposal, protein synthesis,
and mobility [5, 6].

We hypothesized that decreased skeletal muscle mass
is a predictive marker for the outcome of elderly patients
with sepsis. In this retrospective study, we investigated
whether decreased skeletal muscle mass is associated
with in-hospital mortality in elderly patients with sepsis.

Methods

Population cohort and data acquisition

Patients who were admitted to a tertiary medical center
intensive care unit (ICU) with a primary diagnosis of sep-
sis between January 2012 and February 2016 were retro-
spectively identified. Our tertiary medical center admits
only severe patients either directly transferred from the
scene by an emergency response team or referred from
another medical facility. We employ a strategy, wherein,
we aggressively perform torso CT on almost all patients.
This entails confirmation of the potential source of infec-
tion, assessment of anatomical structures of the lesion in
detail, and identification of any coexisting lesions as reli-
ably and immediately as possible. Elderly (60 years and
older) patients were included in the analysis. Patients were
excluded from the analysis who had not undergone ab-
dominal computed tomography (CT) on the day of admis-
sion or had cardiopulmonary arrest on arrival (CPAOA).
Because updated definitions of sepsis that offer greater
consistency for clinical trials were released in 2016 [7], we
determined whether the patients met the revised criteria
for sepsis; otherwise, they were excluded from the study.
Patients with iliopsoas abscess were also excluded from
the analysis because of the possible confounding effect on
skeletal muscle area.

Demographic and clinical data included age, sex, body
weight, Glasgow coma scale (GCS) score, body
temperature, mean arterial pressure, heart rate, respiratory
rate, arterial oxygen partial pressure, fractional inspired
oxygen, blood test results (platelets, bilirubin, creatinine,
Na, K, hematocrit, white blood cell count, and lactate on
admission), administration of vasopressors, length of stay
(LOS) in the hospital, LOS in the ICU, in-hospital mortal-
ity, location of death, infection source, chronic health prob-
lems, and recent surgery. We calculated the Sepsis-related
Organ Failure Assessment (SOFA) score [8], which deter-
mines the extent of a patient’s organ failure based on the
respiratory, cardiovascular, hepatic, coagulation, renal, and
neurological systems, as well as the second version of the
Acute Physiology and Chronic Health Evaluation (APACHE
IT) score [9], which determines the severity of disease based
on a patient’s age and physiological measurements.

Computed tomography measurement
Access to computed tomography (CT) images on the day
of admission was available through the picture archiving

Page 2 of 7

and communication system (PACS; SYNAPSE software,
Fujifilm Medical Co., Tokyo, Japan). After the observer
outlined the muscle, the range of the area of interest was
calculated by the software. Muscle attenuation, a measure
of muscle density and fatty infiltration, was quantified
using Hounsfield units (HU) obtained from the CT image.
Lean skeletal muscle mass was estimated by measuring
the cross-sectional area of the psoas and paraspinal (quad-
ratus lumborum, erector spinae) muscles at the third lum-
ber vertebra (L3) as shown in Fig. 1. A strong correlation
between the cross-sectional area of skeletal muscle at this
landmark and whole-body muscle distribution has been
reported, and the validity and reliability of this method to
estimate lean skeletal muscle mass have been established
[10-12]. HUs within the range of interest of each muscle
were calculated, and the average value was used for the
final muscle attenuation. The observer was blinded to
patients’ survival status.

Statistical analysis

Patients were grouped according to outcome (survival or
deceased). For descriptive statistics, numeric or ordered
variables are presented as medians with interquartile
ranges and were compared using Mann—Whitney U
tests. Categorical variables are presented as counts and
percentages and were tested for significance using Fish-
er’s exact tests. We used a multivariable logistic regres-
sion model to determine whether decreased skeletal
muscle area is independently associated with in-hospital
mortality in patients with sepsis. We also performed
additional stratified analyses that divide patients into
two groups of 60-80 years and over 80 years to adjust
heterogeneity because muscle mass of over 80 years is
lost at an accelerated rate (15%/year) compared to the
rate of approximately 8% per decade from the age of
50 years [13]. To minimize the risk of falsely identifying

Fig. 1 CT image at the L3-sectional muscle. The right L3-sectional
muscle area is outlined. Muscle area and mean muscle attenuation
are calculated by the picture archiving and communication system
(PACS) software
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significant results, explanatory variables were prede-
termined before the analysis based on previous studies [9,
14-16]. In addition to the skeletal muscle area, the APA-
CHE 1II score and sex were included in the model. To test
multicollinearity, we evaluated the variance inflation fac-
tor. To determine the optimal cutoff value of skeletal
muscle area for predicting in-hospital mortality and the
area under the curve (AUC), we performed receiver oper-
ating characteristic (ROC) curve analysis. We defined the
patients with a skeletal muscle area lower than the cutoff
value as sarcopenic, and the odds ratio for mortality was
determined. For each groups, event-time distributions
were estimated with the use of the Kaplan—Meier method.
The difference of estimated survival rate was tested using
log-rank test. We performed an analysis using Cox

Table 1 Patient characteristics and radiological findings
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proportional hazards regression and taking time to in-
hospital death as the dependent variable and sarcope-
nia as the main predictor variable. To adjust for po-
tential confounders, APACHE II score and sex were
included in a multivariable model. Hazard ratios and
95% confidence interval (CI) are given. All statistical
tests were two-tailed, and P values <0.05 were consid-
ered significant.

All statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna,
Austria). More precisely, it is a modified version of R
commander designed to add statistical functions fre-
quently used in biostatistics [17].

All patients Group P value
Survival Deceased

Number of patients 150 92 58
Location of death

ICU 44

After transferred to general floor 14
Age (years) 75 [68, 82] 74 [67, 81] 77 [71, 83] 0.13
Sex, men (%) 103 (69) 63 (69) 40 (69) 0.99
GCS 1409, 15] 14 110, 15] 12 [7,15] 0.21
Lactate on admission (mmol/L) 421023,72] 391[1.8,63] 59 [24,89] 0.053
Infection source (%) 033

Lung 45 (30) 23 (25) 22 (38)

Urinary tract 3221 24 (26) 8 (14)

Peritonitis/abscess 16 (11) 8(9) 8 (14)

Perforated viscus 15 (10) 10 (11) 5(9)

Cholecystitis/cholangitis 10 (7) 8 (9) 203

Unknown 9 (6) 4(4) 5(9)

NecFas/decubitus ulcer 8 (5) 5(5) 3 (5)

Ischemic bowel 5@3) 303) 2(3)

Colitis 5(3) 44 1)

Blood stream infection 3( (M 2(3)

Bone/joint 1(1) 1(1) 0(0)

CNS 1(1) (1) 0(0)
SOFA score 9[7,12] 81[7,11] 10 (8, 12] 0.004
APACHE I score 24119, 30] 23 [18, 27] 26 [22, 34] 0.002
Body weight (kg) 54 [48, 60] 54 [48, 61] 54 [48, 58] 042
Skeletal muscle area (cm?) 416 [34.0, 48.1] 433 [36.5, 50.9] 36.8 [30.1, 43.2] <0.001
Muscle attenuation (HU) 326 [24.1,399] 33.2 [24.2, 40.0] 31.0 [23.6, 39.8] 038
LOS in ICU 814, 15] 916, 15] 512, 14]
LOS in hospital 27 [7,51] 40 [18, 62] 8 [3,25]

ICU intensive care unit, GCS Glasgow coma scale, NecFas necrotizing fasciitis, CNS central nervous system, SOFA Sepsis-related Organ Failure Assessment, APACHE I
second version of the acute physiology and chronic health evaluation, HU Hounsfield unit, LOS length of stay
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Results

During the study period, 168 patients met the inclusion
criteria. Of those, patients were excluded for the follow-
ing reasons: n =4, no abdominal CT; n =10, CPAOA;
and n=1, had an iliopsoas abscess. Of the remaining
153 patients, 3 patients who did not meet the recent cri-
teria for sepsis were excluded, resulting in 150 patients
(103 men, 47 women; age 75 [68, 82] years) in the ana-
lysis. All the predictors required to calculate the APA-
CHE II and SOFA scores were present in the dataset.

The clinical characteristics and radiological features
are summarized in Table 1. The overall APACHE II
score was 24 [18, 19], and the in-hospital mortality rate
was 38.7%. Lactate level on admission was 4.2 [2.3, 7.2],
and that of 116 patients (77%) were higher than
2.0 mmol/L. The survival group included 92 patients,
and the deceased group included 58 patients. Of the 58
deceased patients, 44 deceased at ICU and 14 deceased
after transfer to general floor. The APACHE II score was
significantly higher in the deceased group (P = 0.002).

The median skeletal muscle area in all patients was
41.6 [34.0, 48.1] cm”. Those of the survival group was
significantly larger than the deceased group (43.3 [36.5,
50.9] and 36.8 [30.1, 43.2] cm? P<0.001; Fig. 2). The
SOFA score of the deceased group was significantly
higher than that of the survival group (P = 0.004).

The results of the multivariable regression analysis are
shown in Table 2. The variance inflation factors for multi-
collinearity were lower than 1.06 among the predeter-
mined explanatory variables. Among the variables, skeletal
muscle area (cm?) was an independent predictive param-
eter for in-hospital mortality, and the adjusted odds ratio
was 0.94 (95% CI, 0.90 to 0.97, P <0.001). In the stratified
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Fig. 2 Comparison of the skeletal muscle area between survival
group and deceased group. Skeletal muscle area was significantly
larger in survival group (43.3 [36.5, 50.9] vs 36.8 [30.1, 43.2], P< 0.001)
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Table 2 Results of multivariable logistic regression analysis to
determine variables independently associated with in-hospital
mortality of patients with sepsis

Odds ratio P value
(95% confidence interval)
Overall analysis
Skeletal muscle area (cm?) 0.94 (0.90-0.97) <0.001
APACHE I score 1.07 (1.02-1.12) 0.003
Sex, men 146 (0.67-3.22) 0.34
Stratified analysis
60-80 years
Skeletal muscle area (cm?) 0.96 (0.92-0.99) 0.032
Over 80 years
Skeletal muscle area (cm?) 0.89 (0.81-0.98) 0.016

APACHE Il second version of the Acute Physiology and Chronic
Health Evaluation

analysis, the association between skeletal muscle area and
in-hospital mortality was significant in both groups of
60—80 years and over 80 years, and the adjusted odds
ratio was 0.96 (95% CI, 0.92 to 0.99, P=0.032) and 0.89
(95% CI, 0.81 to 0.98, P = 0.016), respectively.

The cutoff value of skeletal muscle area to predict in-
hospital mortality was calculated for each sex because
the skeletal muscle area was significantly larger in men
than in women (43.1 [35.5, 51.0] vs 39.0 [33.1, 43.0] cm?,
P =0.005; Fig. 3). ROC curve analysis demonstrated that
the optimal cutoff values were 45.2 cm? for men and
39.0 cm? for women, and the AUCs were 0.65 (95% CI,
0.54 to 0.76) and 0.72 (95% CI, 0.58 to 0.88), respect-
ively. Based on our definition of sarcopenia (using the
cutoff value), in-hospital mortality was significantly
higher for patients with sarcopenia, and the adjusted
odds ratio was 3.27 (95% CI, 1.61 to 6.63, P=0.001).
Kaplan—Meier estimates of mortality were drown for
each group (Fig. 4). The estimated survival rate 100 days
after admission was 0.70 (95% CI, 0.54 to 0.81) for not
sarcopenic patients and 0.37 (95% CI, 0.23 to 0.50) for
sarcopenic patients, and the difference was significant
(P <0.001). Cox proportional hazards regression analysis
showed a higher risk of in-hospital mortality for sarcope-
nic patients even when adjusted for APACHE II score
and sex, and the hazard ratio was 2.55 (95% CI, 1.43 to
4.56, P =0.001).

Discussion

Sarcopenia is important as an independent predictor of
falls, disability, loss of independence, and increased mor-
tality. While the prognostic value of sarcopenia has been
determined for patients after surgery, trauma, or with can-
cer [9-12, 18, 20-25], its importance for patients with
sepsis has not been evaluated. In the present sample of
elderly patients with sepsis admitted to a tertiary medical
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Fig. 3 Comparison of the skeletal muscle area between men and
women. Skeletal muscle area was significantly larger in men
(43.1 [35.5, 51.0] vs 39.0 [33.1, 43.0], P=0.005)

center ICU, decreased skeletal muscle mass was a signifi-
cant predictor of in-hospital mortality. This is the first
study, to the best of our knowledge, to examine the impli-
cations of sarcopenia in elderly patients with sepsis.

A wide range of techniques can be used to assess
muscle mass. CT and magnetic resonance imaging
(MRI) are considered to be very precise imaging systems
and as gold standards for estimating muscle mass. In
this study, we used the cross-sectional area of the
muscle determined using CT; this provides an estima-
tion of the overall muscle mass and has been used in a
variety of studies to predict lean muscle mass [10-12].
While it is difficult to perform these measurements for
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the sole purpose of estimating skeletal muscle mass, CT
is frequently required in patients with sepsis as a part of
the initial work up; therefore, an early assessment of
muscularity in this patient population is possible, and
the cross-sectional view of the muscle provides an easily
obtained objective method for estimating lean muscle
mass in these patients. Because it takes only a few mi-
nutes, it can be easily performed in most clinical scenar-
ios. A strength of this study is the ease of incorporating
our findings into practice.

Clinical characteristics that impact the severity of sepsis
and outcome include the host’s response to infection, site
and type of infection, and therapeutic strategy. The thera-
peutic strategy for sepsis has been standardized in practice
guidelines; several studies have reported decreasing
sepsis-related mortality rates over time with the imple-
mentation of therapeutic strategies, after adjusting for
multiple variables, suggesting improvement owing not
only to sepsis criteria and to the progress in medicine in
general but also to these strategies [26, 27]. Furthermore,
the importance of the host response as a prognostic factor
for patients with sepsis is growing. Among the factors re-
lated with host response, age is reportedly a primary risk
factor for mortality because of its association with comor-
bid illnesses, impaired immunologic responses, malnutri-
tion, and increased exposure to potentially resistant
pathogens. Although chronologic age is a good objective
marker of the anomaly in the host response and included
in scoring models of prognosis for patients in the ICU,
considerable individual variation in physical condition ex-
ists among the elderly. While muscle mass is generally lost
with aging and the prevalence of sarcopenia ranges be-
tween 5 and 13% in older people, the severity of muscle
loss significantly varies in this population. In the current

— Not sarcopenic
--- Sarcopenic
P =0.001 (log-rank test)
E Y 0.70 (95%CI, 0.54 to 0.81)
B B .,
Z 06 A
5 1,
z T
E 04 .
_-E - s B e e 0.37 (95%CI, 0.23 to 0.50)
<3
~
0.2 7
0.0 7
T T T 1
0 20 40 80 100
Days from admission
Number at risk
Not sarcopenic 67 45 28 8 4
Sarcopenic 83 39 23 3 0

Fig. 4 Kaplan—Meier estimates of time to death. Estimated survival rate at 100 days after admission was significantly different between two
groups (log-rank test P=0.001). Risk of in-hospital mortality was significantly higher for sarcopenic patients even when adjusted for APACHE Il
and sex (Cox proportional hazards regression analysis, hazard ratio 2.55, P=0.001)
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study, we confirmed associations between decreasing
muscle mass and sepsis related mortality. Because skeletal
muscle atrophy can cause physical decline such as im-
paired cytokine [28] and insulin signaling [19, 29] that
may result in glucose intolerance, we speculate that
stratification by muscle mass may reflect physical age
and help circumvent the difficulties associated with
prognostication and classification of elderly patients
with sepsis by chronologic age. The mechanisms for the
relationship between sarcopenia and poor prognosis
cannot be definitively determined because of the study
design. However, the results of the current study high-
light the need to prevent progressive loss of skeletal
muscle mass and function in the elderly.

The literature suggests that the combination of exer-
cise and nutrition is the key intervention for preventing,
treating, and slowing down the progress of sarcopenia
[30, 31]. Resistance exercise combined with protein sup-
plementation at higher protein doses of 40 g leads to
greater muscle gain than exercise or protein supplemen-
tation alone in the elderly [31, 32]. The awareness of the
benefits of exercise and diet is not enough in older
people. Enhancing participation in exercise for older
patients might prevent sarcopenia and improve sepsis
outcomes in the elderly population. Rehabilitation and
nutritional strategies that focus on preventing muscle
loss may also contribute to better outcomes. Further re-
search is required to test these hypotheses; however, the
results of the present study highlight the importance of
muscle mass in patients with sepsis.

Limitations

Owing to the retrospective design, biases and confounding
are major concern. We tried to adjust for possible con-
founders such as age, comorbidity, recent surgery, and sex
by performing multivariable regression analysis using the
APACHE 1I score, which is calculated with these variables,
and sex as explanatory variables. This study was per-
formed at a single center with a small sample. Because it
is our strategy to aggressively perform torso CT for pa-
tients with sepsis, almost all patients including those with
lung infection, CNS infection, and necrotizing fasciitis/de-
cubitus ulcer undergo abdominal CT at our ICU. Some in-
stitutes may not perform abdominal CT for such cases.
Hence, the infection source of patients with abdominal
CT may differ between other studies and the present
study, limiting external validity of our results. We expect
similar associations between muscle mass and in-hospital
mortality in other cohorts; however, the optimal cutoff
value should be validated. We report that the odds ratio
for in-hospital mortality was 3.27, but the 95% CI was
wide, with a minimum value of 1.61. Further research with
a larger sample is necessary to establish the clinical signifi-
cance of sarcopenia.
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Conclusions

We found that less skeletal muscle mass is associated
with higher in-hospital mortality of elderly patients with
sepsis. The results of this study suggest that identifying
patients with low muscularity may contribute to better
stratification of elderly patients.

Abbreviations

APACHE II: Second version of the Acute Physiology and Chronic Health
Evaluation; AUC: Area under the curve; CPAOA: Cardiopulmonary arrest on
arrival; CT: Computed tomography; GCS: Glasgow coma scale; HU: Hounsfield
unit; ICU: Intensive care unit; LOS: Length of stay; MRI: Magnetic resonance
imaging; ROC: Receiver operating characteristic; SOFA: Sepsis-related Organ
Failure Assessment

Acknowledgements
Not applicable.

Availability of data and materials
Please contact author for data requests.

Authors’ contributions

K. Shibahashi designed this study. K. Shibahashi conducted the literature
search and data collection. K. Shibahashi, K. Sugiyama, and MK performed
the data analysis and interpreted the data. K. Shibahashi wrote the
manuscript, and K. Sugiyama, MK, and YH critically revised the final
manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
The research does not contain any individual person’s data in any form.

Ethics approval and consent to participate

The research was conducted with the approval of the institutional review
board at the Tokyo Metropolitan Bokutoh Hospital (IRB approval number 11).
We followed a de-identification standard to protect the confidentiality of
personal information. The study qualified for exempt status by the IRB because
data were collected from existing patient records. Therefore, the need for
patient consent to participate was waived.

Received: 8 September 2016 Accepted: 27 December 2016
Published online: 11 January 2017

References

1. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality related to
severe sepsis and septic shock among critically ill patients in Australia and
New Zealand, 2000-2012. JAMA. 2014,311(13):1308-16.

2. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR.
Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med. 2001;29(7):1303-10.

3. Angus DC, Kelley MA, Schmitz RJ, White A, Popovich Jr J, Committee on
Manpower for Pulmonary and Critical Care Societies (COMPACCS). Caring for
the critically ill patient. Current and projected workforce requirements for care
of the critically ill and patients with pulmonary disease: can we meet the
requirements of an aging population? JAMA. 2000,284(21):2762-70.

4. Morley JE, Baumgartner RN, Roubenoff R, Mayer J, Nair KS. Sarcopenia. J Lab
Clin Med. 2001;137(4):231-43.

5. Kemeny MM, Peterson BL, Kornblith AB, Muss HB, Wheeler J, Levine E, et al.
Barriers to clinical trial participation by older women with breast cancer. J
Clin Oncol. 2003;21(12):2268-75.

6. McCleary NJ, Dotan E, Browner I. Refining the chemotherapy approach for
older patients with colon cancer. J Clin Oncol. 2014;32(24):2570-80.

7 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, et al. The third international consensus definitions for sepsis and septic
shock (sepsis-3). JAMA. 2016;315(8):801-10.

8  Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, et al.
The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ
dysfunction/failure. On behalf of the Working Group on Sepsis-Related



Shibahashi et al. Journal of Intensive Care (2017) 5:8 Page 7 of 7

Problems of the European Society of Intensive Care Medicine. Intensive
Care Med. 1996,22(7):707-10.

9 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13(10):818-29.

10 Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, Baracos VE. A
practical and precise approach to quantification of body composition in
cancer patients using computed tomography images acquired during
routine care. Appl Physiol Nutr Metab. 2008,;33(5):997-1006.

11 Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J, et al. Total
body skeletal muscle and adipose tissue volumes: estimation from a single
abdominal cross-sectional image. J Appl Physiol (1985). 2004,97(6):2333-8.

12 Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, McCargar LJ,
et al. Cancer cachexia in the age of obesity: skeletal muscle depletion is a
powerful prognostic factor, independent of body mass index. J Clin Oncol.
2013;31(12):1539-47.

13 Grimby G, Saltin B. The ageing muscle. Clin Physiol. 1983;3(3):209-18.

14 Schroder J, Kahlke V, Staubach KH, Zabel P, Stiber F. Gender differences in
human sepsis. Arch Surg. 1998;133:1200-5.

15  Kisat M, Villegas CV, Onguti S, Zafar SN, Latif A, Efron DT, et al. Predictors of
sepsis in moderately severely injured patients: an analysis of the National
Trauma Data Bank. Surg Infect (Larchmt). 2013;14:62-8.

16 Kisat M, Villegas CV, Onguti S, Zafar SN, Latif A, Efron DT, et al. Skeletal
muscle predicts ventilator-free days, ICU-free days, and mortality in elderly
ICU patients. Crit Care. 2013;17(5):R206.

17 Kanda Y. Investigation of the freely available easy-to-use software 'EZR’ for
medical statistics. Bone Marrow Transplant. 2013;48(3):452-8.

18  Danai PA, Moss M, Mannino DM, Martin GS. The epidemiology of sepsis in
patients with malignancy. Chest. 2006;129(6):1432-40.

19 Mikines KJ, Richter EA, Dela F, Galbo H. Seven days of bed rest decrease
insulin action on glucose uptake in leg and whole body. J Appl Physiol
(1985). 1991,70(3):1245-54.

20 Peng PD, van Vledder MG, Tsai S, de Jong MC, Makary M, Ng J, et al.
Sarcopenia negatively impacts short-term outcomes in patients
undergoing hepatic resection for colorectal liver metastasis. HPB
(Oxford). 2011;13(7):439-46.

21 Itoh S, Shirabe K, Matsumoto Y, Yoshiya S, Muto J, Harimoto N, et al. Effect
of body composition on outcomes after hepatic resection for hepatocellular
carcinoma. Ann Surg Oncol. 2014;21(9):3063-8.

22 Reisinger KW, van Vugt JL, Tegels JJ, Snijders C, Hulsewe KW, Hoofwijk AG,
et al. Functional compromise reflected by sarcopenia, frailty, and nutritional
depletion predicts adverse postoperative outcome after colorectal cancer
surgery. Ann Surg. 2015,261(2):345-52.

23 Peng P, Hyder O, Firoozmand A, Kneuertz P, Schulick RD, Huang D, et al.
Impact of sarcopenia on outcomes following resection of pancreatic
adenocarcinoma. J Gastrointest Surg. 2012;16(8):1478-86.

24 Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic value of
sarcopenia in adults with solid tumours: a meta-analysis and systematic
review. Eur J Cancer. 2016;57:58-67.

25 Kim TN, Choi KM. Sarcopenia: definition, epidemiology, and
pathophysiology. J Bone Metab. 2013;20(1):1-10.

26 Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the
United States from 1979 through 2000. N Engl J Med. 2003;348(16):1546-54.

27 Stevenson EK, Rubenstein AR, Radin GT, Wiener RS, Walkey AJ. Two decades
of mortality trends among patients with severe sepsis: a comparative meta-
analysis*. Crit Care Med. 2014;42(3):625-31.

28  Brandt C, Pedersen BK. The role of exercise-induced myokines in muscle
homeostasis and the defense against chronic diseases. J Biomed Biotechnol.

20102010:520258. Submit your next manuscript to BioMed Central
29 Blanc S, Normand S, Pachiaudi C, Fortrat JO, Laville M, Gharib C. Fuel and we Wl” help you at every Step:

homeostasis during physical inactivity induced by bed rest. J Clin

Endocrinol Metab. 2000;85(6):2223-33. * We accept pre-submission inquiries
30 Deutz NE, Bauer JM, Barazzoni R, Biolo G, Boirie Y, Bosy-Westphal A, et al. ¢ Our selector tool helps you to find the most relevant journal

Protein intake and exercise for optimal muscle function with aging:

recommendations from the ESPEN Expert Group. Clin Nutr. 2014;33(6):929-36.
31 Kim HK, Suzuki T, Saito K, Yoshida H, Kobayashi H, Kato H, et al. Effects of ¢ Convenient online submission

exercise and amino acid supplementation on body composition and * Thorough peer review

physical function in community-dwelling elderly Japanese sarcopenic

women: a randomized controlled trial. J Am Geriatr Soc. 2012;60(1):16-23.
32 Kim HK, Suzuki T, Saito K, Yoshida H, Kobayashi H, Kato H, et al. Resistance * Maximum visibility for your research

exercise enhances myofibrillar protein synthesis with graded intakes of

h tein in old . Br J Nutr. 2012;108(10):1780-8. Submit your manuscript at -
ey protein i oidermen. B4 U 1o www.biomedcentral.com/submit () BioMed Central

* We provide round the clock customer support

e Inclusion in PubMed and all major indexing services




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Population cohort and data acquisition
	Computed tomography measurement
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

