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Sarcopenia is associated with severe postoperative complications
in elderly gastric cancer patients undergoing gastrectomy

Yasunari Fukuda1 • Kazuyoshi Yamamoto1 • Motohiro Hirao1 • Kazuhiro Nishikawa1 •

Yukiko Nagatsuma2 • Tamaki Nakayama2 • Sugano Tanikawa2 • Sakae Maeda1 •

Mamoru Uemura1 • Masakazu Miyake1 • Naoki Hama1 • Atsushi Miyamoto1 •

Masataka Ikeda1 • Shoji Nakamori1 • Mitsugu Sekimoto1 • Kazumasa Fujitani3 •

Toshimasa Tsujinaka4

Received: 30 June 2015 / Accepted: 7 September 2015 / Published online: 25 September 2015

� The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2015

Abstract

Background Malignancy is a secondary cause of sar-

copenia, which is associated with impaired cancer treat-

ment outcomes. The aim of this study was to investigate

the prevalence of preoperative sarcopenia among elderly

gastric cancer patients undergoing gastrectomy and the

differences in preoperative dietary intake and postoperative

complications between sarcopenic and non-sarcopenic

patients.

Methods Ninety-nine patients over 65 years of age who

underwent gastrectomy for gastric cancer were analyzed.

All patients underwent gait and handgrip strength testing,

and whole-body skeletal muscle mass was measured using

a bioimpedance analysis technique based on the European

Working Group on Sarcopenia in Older People (EWGSOP)

algorithm for the evaluation of sarcopenia before surgery.

Preoperative dietary intake was assessed using a food fre-

quency questionnaire.

Results Of these patients, 21 (21.2 %) were diagnosed

with sarcopenia. Sarcopenic patients consumed fewer

calories and less protein preoperatively (23.9 vs. 27.8 kcal/

kg ideal weight/day and 0.86 vs. 1.04 g/kg ideal weight/-

day; P = 0.001 and 0.0005, respectively). Although the

overall incidence of postoperative complications was sim-

ilar in the two groups (57.1 % vs. 35.9 %; P = 0.08), the

incidence of severe (Clavien–Dindo grade C IIIa) com-

plications was significantly higher in the sarcopenic group

than in the non-sarcopenic group (28.6 % vs. 9.0 %;

P = 0.029). In the multivariate analysis, sarcopenia alone

was identified as a risk factor for severe postoperative

complications (odds ratio, 4.76; 95 % confidence interval,

1.03–24.30; P = 0.046).

Conclusions Preoperative sarcopenia as defined by the

EWGSOP algorithm is a risk factor for severe postopera-

tive complications in elderly gastric cancer patients

undergoing gastrectomy.
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Gastric cancer � Gastrectomy

Introduction

With aging, there are gradual changes in body composition

and progressive, systematic loss of skeletal muscle mass

(SM). Since Rosenberg [1] referred to this inevitable age-

related phenomenon as sarcopenia in 1989, this term has

gained widespread acceptance as a new disease concept.

Recently, the European Working Group on Sarcopenia in

Older People (EWGSOP) [2] and the Asian Working

Group for Sarcopenia [3] recommended adding both loss of

muscle strength and functional compromise to loss of

muscle mass in the definition of sarcopenia. These working

groups have designed a new algorithm for assessing sar-

copenia. The prevalence of age-related sarcopenia based on

the EWGSOP algorithm in elderly community-dwelling

residents in Japan (n = 4811) was reported to be 8.2 % for

men and 6.8 % for women [4]. Sarcopenia can be also
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caused by malnutrition, low levels of physical activity, and

various diseases [5, 6]. Particularly in cancer patients, an

excessive systemic inflammatory response can induce

insulin resistance, protein hypercatabolism, and metabolic

changes [7, 8]. Therefore, the prevalence of sarcopenia in

cancer patients is predicted to be higher than in the general

elderly population. Furthermore, various studies have

shown that inadequate energy and protein intake are

independent risk factors for sarcopenia [9, 10] among

community-dwelling elderly adults. In gastric cancer

patients, insufficient oral intake related to disease-specific

symptoms can induce more severe nutritional depletion

than in other cancer patients, which may result in an

increased prevalence of sarcopenia.

Although sarcopenia is widely recognized as a risk

factor for functional limitation, physical disability,

decreased quality of life, and ultimately death [2], it

remains unclear how greatly sarcopenia affects cancer

patients. Recently, the influence of sarcopenia on treatment

outcomes in cancer patients has been intensively investi-

gated; sarcopenia was demonstrated to be independently

associated with negative short-term [11–18] and long-term

[11, 18–20] outcomes after surgery and an increased rate of

chemotherapy-related toxicity [21–23].

However, few studies have explored the preoperative

nutritional intake of gastric cancer patients with sarcopenia

and the influence of sarcopenia on clinical outcomes after

gastrectomy, although sarcopenia should be evaluated as a

part of risk assessment during planning for gastric surgery.

The purpose of this study was to investigate the preva-

lence of sarcopenia according to the EWGSOP algorithm

[2] and the relationship between sarcopenia and preopera-

tive food intake and postoperative complications among

elderly gastric cancer patients undergoing gastrectomy.

Methods

Patients and perioperative observations

Between July 2012 and January 2015, a total of 101 gastric

cancer patients more than 65 years of age underwent gas-

trectomy at Osaka National Hospital (ONH). We excluded

2 patients who underwent combined resection of gastric

and colorectal cancer; the remaining 99 patients were

included in this analysis.

We investigated the preoperative prevalence of sar-

copenia and differences in clinicopathological factors,

nutrient intake, and postoperative complications between

sarcopenic and non-sarcopenic patients.

Among clinical factors, weight loss was defined as a

decrease in body weight greater than 5 % in the past

6 months. Preoperative nutritional intake was calculated

using a food frequency questionnaire by registered dieti-

tians at ONH on admission before surgery. Not all

patients analyzed received intravenous nutrition before

surgery, and for patients who received oral nutritional

supplements (ONS) at an outpatient clinic, registered

dietitians carefully asked them about the amount of ONS

taken at home in addition to the amount of dairy diet.

Ideal body weight (IBW, kg) was calculated as height2

(m2) 9 22 (kg/m2). The total amount of dietary energy

(kcal) and protein (g) intake was normalized by IBW.

Postoperative complications were graded according to the

Clavien–Dindo (CD) classification system [24]. Compli-

cations were defined as those that were CD grade II or

higher. Complications that were grade IIIa or higher were

considered severe complications. Cancer staging was

based on the 7th edition of the Union for International

Cancer Control (UICC) TNM classification system [25].

All data were extracted from our database and individual

patient medical records.

Screening for sarcopenia

Preoperative screening for sarcopenia was based on

diagnostic criteria from the EWGSOP algorithm

(Fig. 1) [2]. Gait speed was calculated by dividing the

distance of 4 m by the time required (m/s) to walk this

distance. A cutoff [0.8 m/s was used to identify the

risk for sarcopenia. Handgrip strength was tested twice

in each hand using a hand dynamometer, and the

average of four values (kg) was analyzed. A cutoff

\30 kg for men and \20 kg for women was used to

indicate risk of sarcopenia [26]. Subsequently, whole-

body SM was measured using a bioimpedance analysis

(BIA) measurement technique with a multifrequency

body composition analyzer, InBody720 (Biospace) [27].

The skeletal muscle mass index (SMI, kg/m2) was

calculated by dividing absolute SM (kg) by height2.

Based on EWGSOP recommendations, SMI 8.87 kg/m2

was considered the cutoff for men, compared to

6.42 kg/m2 for women.

Statistical analysis

Statistical analysis was conducted using JMP software

(SAS Institute, Cary, NC, USA). Continuous variables

were expressed as medians (range). The v2 test or Fisher’s

exact test was used to compare categorical variables, and

the Mann–Whitney U test was used to compare continuous

variables. Univariate and multivariate logistic regression

was performed. P values \0.05 were considered statisti-

cally significant.
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Results

Patient characteristics

Among the 99 consecutive patients assessed using the

EWGSOP algorithm [2], 21 patients (21.2 %) were diag-

nosed as sarcopenic and the remaining 78 patients (78.8 %)

as non-sarcopenic. The prevalence of sarcopenia by age

category was 9.1 % of patients aged 65–69 years (2/22

patients), 8.7 % of those aged 70–74 years (2/23 patients),

24.1 % of those aged 75–79 years (7/29 patients), and

40.0 % of those over 80 years (10/25 patients). The

prevalence of sarcopenia was remarkably higher among

patients more than 75 years of age.

Clinicopathological features and preoperative nutritional

intake of the two groups are shown in Table 1. There was

no significant difference in age between the two groups

(sarcopenic, 78 years, vs. non-sarcopenic, 75 years;

P = 0.10). Regarding gender, the proportion of men was

higher in the sarcopenic group than in the non-sarcopenic

group (90.5 % vs. 60.3 %; P = 0.009). Of body weight

and composition, body mass index (BMI) and lean body

mass were lower in the sarcopenic group than in the non-

sarcopenic group (19.2 vs. 22.8 kg/m2 and 39.7 vs.

42.7 kg; P = 0.001 and 0.03, respectively), and weight

loss was more frequently observed in the sarcopenic group

than in the non-sarcopenic group (33.3 % vs. 16.7 %;

P = 0.08), whereas body fat mass was comparable

between the two groups (sarcopenic, 13.1, vs. non-sar-

copenic, 13.5 kg; P = 0.40). Nutritional parameters such

as serum albumin and total lymphocyte count were similar

(sarcopenic, 4.3 vs. non-sarcopenic, 4.1 g/dl; sarcopenic,

1568 vs. non-sarcopenic, 1793/mm3; P = 0.40 and 0.43,

respectively). C-reactive protein, a marker of systemic

inflammatory reaction, was similar between the two groups

(sarcopenic, 0.09, vs. non-sarcopenic, 0.08 mg/dl; P =

0.74). On pulmonary function testing, vital capacity and

forced expiratory volume in 1.0 s were worse in the sar-

copenic group than in the non-sarcopenic group (98.0 %

vs. 104.0 % of predicted and 71.9 % vs. 78.0 % of pre-

dicted; P = 0.051 and 0.045, respectively). With regard to

preoperative dietary intake, the sarcopenic group consumed

fewer calories and less protein than the non-sarcopenic

group [23.9 vs. 27.8 kcal/IBW (kg)/day; 0.86 vs. 1.04 g/

IBW (kg)/day; P = 0.001 and 0.0005, respectively]. There

were no significant differences in surgical procedure type

between the two groups, but operative blood loss was

higher in the sarcopenic group than in the non-sarcopenic

group (210 vs. 163 l; P = 0.02). Pathological stage was

more advanced in the sarcopenic group than in the non-

sarcopenic group (P = 0.03). The duration of postopera-

tive hospitalization was comparable between the two

groups (sarcopenic, 18 days, vs. non-sarcopenic, 16 days;

P = 0.10).

Impact of sarcopenia on postoperative complications

Of 99 patients who underwent gastrectomy, 40 patients

developed postoperative complications with morbidity of

40.4 %. Two patients in the sarcopenic group died post-

operatively of renal dysfunction and pneumonia, respec-

tively. Figure 2 shows the incidence of postoperative

complications in the two groups. Although there was no

significant difference in the overall complication rate

(sarcopenic, 57.1 %, vs. non-sarcopenic, 35.9 %;

P = 0.08), severe complications (CD grade IIIa or higher)

requiring interventional management or intensive treatment

were more frequently observed in the sarcopenic group

Fig. 1 European Working

Group on Sarcopenia in Older

People (EWGSOP) algorithm

assessing sarcopenia. SMI

skeletal muscle mass index
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than in the non-sarcopenic group (28.6 % vs. 9.0 %;

P = 0.029). Severe complications included intraabdominal

abscess (n = 1), anastomotic leakage (n = 1), pneumonia

(n = 3), and renal dysfunction (n = 1) in the sarcopenic

group, and intraabdominal abscess (n = 1), anastomotic

leakage (n = 1), deep incisional surgical site infection

(SSI) (n = 2), pneumonia (n = 2), and arrhythmia (n = 1)

in the non-sarcopenic group. Additionally, we divided

postoperative complications into SSIs and non-SSIs. The

occurrence of SSI was similar in the two groups, but the

Table 1 Clinicopathological

features and nutrient intakes of

sarcopenic and non-sarcopenic

patients

Sarcopenic (n = 21) Non-sarcopenic (n = 78) P value

Age (years) 78 (67–85) 75 (66–91) 0.10

Gender, n (%) 0.009

Men 19 (90.5) 47 (60.3)

Women 2 (9.5) 31 (39.7)

BMI (kg/m2) 19.2 (15.6–26.9) 22.8 (16.8–32.2) 0.001

Weight loss, n (%) 0.08

Yes 7 (33.3) 13 (16.7)

No 14 (66.7) 65 (83.3)

Body fat mass (kg)a 13.1 (5.5–28.2) 13.5 (1.6–32.4) 0.28

Lean body mass (kg)a 39.7 (23.1–49.8) 42.7 (30.3–55.9) 0.03

Serum albumin (g/dl) 4.3 (2.3–4.9) 4.1 (2.5–4.9) 0.40

Total lymphocyte count (/mm3) 1568 (388–2995) 1793 (440–3422) 0.43

CRP (mg/dl) 0.09 (0.01–4.06) 0.08 (0.01–12.11) 0.74

ASA-PS, n (%) 0.85

1 2 (9.5) 10 (12.8)

2 14 (66.7) 47 (60.3)

3 5 (23.8) 21 (26.9)

Vital capacity (%) 98.0 (59.7–138.4) 104.0 (55.3–153.6) 0.051

Forced expiratory volume in 1.0 s (%) 71.9 (37.6–89.2) 78.0 (54.0–100.0) 0.045

Neoadjuvant chemotherapy, n (%) 0.85

Yes 1 (4.8) 3 (3.8 %)

No 20 (95.2) 75 (96.2 %)

Total caloric intake, kcal/IBW (kg) 23.9 (15.3–32.3) 27.8 (12.6–46.0) 0.001

Protein intake, g/IBW (kg) 0.86 (0.51–1.56) 1.04 (0.43–1.94) 0.0005

Type of surgery, n (%) 0.91

Total gastrectomy 7 (33.3) 27 (34.6)

Partial gastrectomyb 14 (66.7) 51 (65.4)

Lymph node dissection, n (%) 0.14

D0/1 9 (42.9) 32 (41.0)

D2 or higher 16 (57.1) 46 (59.0)

Operative time (min) 291 (172–530) 279 (120–561) 0.34

Operative blood loss (ml) 210 (60–2900) 163 (10–1450) 0.02

UICC pathological stage, n (%) 0.03

I 7 (33.3) 41 (52.6)

II 2 (9.5) 19 (24.4)

III 9 (42.9) 14 (17.9)

IV 3 (14.3) 4 (5.1)

Postoperative hospital stay (days) 18 (4–104) 16 (9–152) 0.10

BMI body mass index, CRP C-reactive protein, ASA-PS American Society of Anesthesiologists physical

status, IBW ideal body weight, UICC Union for International Cancer Control
a Body composition was measured using a multifrequency body composition analyzer, InBody720 (Bio-

space) [27]
b Partial gastrectomy includes distal gastrectomy and proximal gastrectomy
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overall non-SSI rate and the severe non-SSI rate were

significantly higher in the sarcopenic group than in the non-

sarcopenic group (42.9 % vs. 18.0 %, P = 0.022; 19.1 %

vs. 3.9 %, P = 0.030; respectively). In particular, pneu-

monia was the most frequently observed severe non-SSI

complication in both groups, at 14.3 % in the sarcopenic

group and 2.6 % in the non-sarcopenic group (P = 0.030).

Risk factors for severe postoperative complications are

shown in Table 2. The overall risk of a severe complication

was analyzed considering various background factors,

including the presence of sarcopenia. In the multivariate

analysis, the presence of sarcopenia was the only signifi-

cant risk factor for severe postoperative complications

(odds ratio, 4.76; 95 % confidence interval, 1.03–24.30;

P = 0.046).

Discussion

Surgery remains the most prominent curative treatment for

gastrointestinal malignancies. Postoperative complications

may not only impair healthy lifestyles and increase

Fig. 2 Incidence of postoperative complications in sarcopenic and non-sarcopenic patients. SSI surgical site infection. Complications were

graded according to the Clavien–Dindo classification system [24]

Table 2 Risk factors for severe postoperative complications in patients with gastric cancer

Univariate Multivariate

Odds ratio 95 % CI P value Odds ratio 95 % CI P value

Age (C75 vs.\75 years) 2.9 0.82–13.59 0.10 1.92 0.43–10.86 0.40

Gender (men vs. women) 1.79 0.50–8.41 0.39 1.16 0.25–6.39 0.86

Serum albumin (\4 vs. C4 g/dl) 1.78 0.53–5.84 0.34 2.03 0.50–8.32 0.31

ASA PS (3 vs. 1 or 2) 2.83 0.83–9.50 0.096 2.81 0.69–11.70 0.15

Neoadjuvant chemotherapy (yes vs. no) 2.31 0.11–19.75 0.51 5.74 0.21–88.11 0.25

Type of surgery (total gastrectomy vs. partial gastrectomy) 1.23 0.34–4.02 0.74 1.13 0.25–4.86 0.87

Lymph node dissection (D2 or higher vs. D0 or D1) 1.40 0.42–5.50 0.59 1.30 0.31–6.24 0.72

Operative blood loss (C400 vs.\400 ml) 2.29 0.56–8.15 0.23 1.55 0.27–8.01 0.61

Operative time (C240 vs.\240 min) 1.37 0.38–6.47 0.65 1.13 0.21–7.18 0.89

UICC pathological stage (III or IV vs. I or II) 1.02 0.26–3.46 0.97 0.56 0.10–2.50 0.46

Sarcopenia (yes vs. no) 4.06 1.16–14.00 0.029 4.76 1.03–24.30 0.046

CI confidence interval, ASA-PS American Society of Anesthesiologists physical status, UICC Union for International Cancer Control
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healthcare costs, but also diminish adherence to postoper-

ative treatment, which results in poorer oncological out-

comes [29]. In this respect, stratification of surgical

candidates by the risk of postoperative complications is

important, but doing so remains challenging. Moreover,

understanding what causes geriatric disorders is essential in

a rapidly aging society. Sarcopenia, an important contrib-

utor to frailty in aging individuals, is a decline in muscle

mass and physical function primarily induced by aging [5]

and secondarily caused by malignancy [6]. It has previ-

ously been found to be associated with adverse postoper-

ative outcomes after resection of colorectal cancer [12, 13],

pancreatic cancer [17], hepatocellular carcinoma [11, 15],

metastatic liver cancer [14], and perihilar cholangiocarci-

noma [16]. In the current study, we demonstrated that

sarcopenia is prevalent among elderly gastric cancer

patients before surgery; calories and protein from food

intake were insufficient in sarcopenic patients, and they had

a higher incidence of severe postoperative complications.

Mourtzakis and colleagues [30] reported that the cross-

sectional area of skeletal muscle at the level of the third

lumbar vertebra was directly correlated with whole-body

SM in cancer patients. Computed tomography (CT)

imaging has been most frequently used to predict preop-

erative sarcopenia and investigate the relationship between

sarcopenia and postoperative outcomes. However, methods

for evaluating total mass of the psoas [14–17], SM [11–13,

31], or total volume of the psoas major [15] and cutoff

points for sarcopenia differ across studies because of the

difficulty in comparing sarcopenic candidates to healthy

young adults in term of radiation exposure. How to best

characterize sarcopenia remains to be elucidated. On the

other hand, BIA measurement is inexpensive and does not

involve radiation exposure. Since prediction equations with

age, gender, physical status, and race have been developed,

this technique has high reliability in healthy adults, com-

parable to CT or magnetic resonance imaging (MRI) [32].

In addition, it was reported that this technique could pro-

vide accurate estimate of SM for hospitalized elderly

patients with clinical disorders [33]. When we adopted this

method to identify sarcopenia, cutoffs of 8.87 kg/m2 for

men and 6.42 kg/m2 for women were chosen based on data

from community-dwelling residents in Taiwan [28], which

are considered applicable to Japanese patients.

The presence of both low SM and low muscle function

are essential to the definition of sarcopenia. It had been

reported that decline of SM alone does not affect the

incidence of postoperative complications [11, 17, 31].

Muscle density (quality), but not muscle mass, is a sig-

nificant predictor of severe postoperative complications in

pancreatic cancer [17]. In our study, five patients whose

SMI was lower than the cutoff but who had normal gait

speed and handgrip strength (defined as non-sarcopenic

according to the EWGSOP algorithm [2]) did not develop

severe postoperative complications, indicating that both

muscle function and SM influence the occurrence of

postoperative complications.

Sarcopenia in cancer is conceptionally similar to

cancerous cachexia, which is associated with cancer pro-

gression and sequential dystrophy. Fearon et al. [34] clas-

sified cancerous cachexia as precachexia, cachexia, and

refractory cachexia, with the presence of sarcopenia as a

key component of cachexia. In addition, involuntary

weight loss and low BMI are frequently the first symptoms

observed in cancer patients [35]; these symptoms place

them in the first phase of cachexia [34]. In fact, preoper-

ative sarcopenia was associated with lower BMI in previ-

ous studies [11–14, 16] as well as in the current study, and

weight loss was more frequently observed in the sarcopenic

patients with gastric cancer in our series; it might be

associated with more advanced disease stage and decreased

food intake in our study. In contrast, serum albumin, rou-

tinely monitored as a nutritional parameter, was similar in

the sarcopenic and non-sarcopenic groups. Although few

studies have demonstrated a relationship between preop-

erative sarcopenia and serum albumin levels, we speculated

that decreases in serum albumin are observed as patients

move closer to the stage of refractory cachexia and that this

decrease may not be observed early in cachexia.

Several studies have reported that sarcopenia is inde-

pendently associated with severe postoperative complica-

tions (CD grade IIIa or higher) [14, 16, 17], consistent with

our findings in this study. In addition, we examined post-

operative complications in more detail. Sarcopenia is not a

predictor of anastomotic leakage [31], which is often a fatal

SSI after resection of colorectal cancer. We showed that

sarcopenia is not associated with SSIs including anasto-

motic leakage, pancreatic fistula, and intraabdominal

abscess, but sarcopenia is associated with non-SSI com-

plications, particularly pneumonia. Sarcopenia had been

reported as a risk factor for pneumonia because of decline

in the ability to perform activities of daily living and poor

chewing and swallowing function in the elderly general

populations [36]. The high incidence of pneumonia in

sarcopenic patients may be caused by delayed mobiliza-

tion, sequential paralytic ileus, dysphagia, or difficulty with

clearing the airway after gastrointestinal surgery. Sar-

copenia was found to be an independent predictor of

postoperative respiratory complications in esophageal

cancer patients [37]. In this study, preoperative respiratory

function was worse in the sarcopenic group, which might

have adverse effects on postoperative respiratory

complications.

Preoperative intervention is important for treating sar-

copenia and preventing severe postoperative complica-

tions. Provision of adequate energy and protein intake and
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resistance training are key components in the management

of sarcopenia that have been studied in community-

dwelling elderly adults [38, 39]. Based on our finding that

elderly gastric cancer patients with sarcopenia received

significantly fewer dietary calories and less protein, sar-

copenic patients should be provided appropriate nutritional

support with adequate energy and protein intake preoper-

atively in addition to resistance training.

The current study has several limitations. Regarding

measurement of skeletal muscle, reliability of the BIA

technique has not completely established because limited

studies have showed the appropriateness of BIA technique

for patients with cancer who are regulated by a number of

cancer-related pathological conditions. Further investiga-

tion is required to accommodate the BIA technique for

cancer patients. Additionally, this was a single-center ret-

rospective observational study and the sample size was

small. A validation study with large sample size will be

necessary to confirm the impact of preoperative sarcopenia

on postoperative complications.

In conclusion, sarcopenia, as assessed by the EWGSOP

algorithm, is prevalent among elderly gastric cancer

patients. Sarcopenia is associated with lower preoperative

dietary intake of calories and protein as well as the

development of severe postoperative complications.

Compliance with ethical standards

Ethical standards All procedures followed were in accordance

with the ethical standards of the responsible committee on human

experimentation and with the Helsinki Declaration of 1964 and later

versions. Informed consent was obtained from all patients for inclu-

sion in the study.

Conflict of interest We declare that we have no conflicts of interest.

References

1. Rosenberg IH. Sarcopenia: origins and clinical relevance. J Nutr.

1997;127:990S–1S.

2. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T,

Landi F, et al. Sarcopenia: European consensus on definition and

diagnosis: report of the European Working Group on Sarcopenia

in Older People. Age Ageing. 2010;39:412–23.

3. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah

KS, et al. Sarcopenia in Asia: consensus report of the Asian

Working Group for Sarcopenia. J Am Med Dir Assoc.

2014;15:95–101.

4. Yoshida D, Suzuki T, Shimada H, Park H, Makizako H, Doi T,

et al. Using two different algorithms to determine the prevalence

of sarcopenia. Geriatr Gerontol Int. 2014;14:46–51.

5. Baumgartner RN, Koehler KM, Gallagher D, Romero L,

Heymsfield SB, Ross RR, et al. Epidemiology of sarcopenia

among the elderly in New Mexico. Am J Epidemiol.

1998;147:755–63.

6. Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo

G, et al. Consensus definition of sarcopenia, cachexia and pre-

cachexia: joint document elaborated by Special Interest Groups

(SIG) ‘‘cachexia-anorexia in chronic wasting diseases’’ and

‘‘nutrition in geriatrics’’. Clin Nutr. 2010;29:154–9.

7. Rofe AM, Bourgeois CS, Coyle P, Taylor A, Abdi EA. Altered

insulin response to glucose in weight-losing cancer patients.

Anticancer Res. 1994;14:647–50.

8. Laviano A, Mequid MM, Inui A, Muscaritoli M, Rossi-Fanellli F.

Therapy insight: cancer anorexia-cachexia syndrome—when all

you can eat is yourself. Nat Clin Pract Oncol. 2005;2:158–65.

9. Scott D, Blizzard L, Fell J, Giles G, Jones G. Associations

between dietary nutrient intake and muscle mass and strength in

community-dwelling older adults: the Tasmanian Older Adult

Cohort Study. J Am Geriatr Soc. 2010;58:2129–34.

10. Valenzuela RE, Ponce JA, Morales-Figueroa GG, Muro KA,

Carreon VR, Aleman-Mateo H. Insufficient amounts and inade-

quate distribution of dietary protein intake in apparently healthy

older adults in a developing country: implications for dietary

strategies to prevent sarcopenia. Clin Interv Aging.

2013;8:1143–8.

11. Voron T, Tselikas L, Pietrasz D, Pigneur F, Laurent A, Com-

pagnon P, et al. Sarcopenia impacts on short- and long-term

results of hepatectomy for hepatocellular carcinoma. Ann Surg.

2014;00:1–11.

12. Lieffers JR, Bathe OF, Fassbender K, Winget M, Baracos VE.

Sarcopenia is associated with postoperative infection and delayed

recovery from colorectal cancer resection surgery. Br J Cancer.

2012;107:931–6.

13. 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 metas-

tasis. HPB (Oxf). 2011;13:439–46.

14. 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 metas-

tasis. HPB (Oxf). 2011;13:439–46.

15. Valero V, Amini N, Spolverato G, Weiss MJ, Hirose K, Dagher

NM, et al. Sarcopenia adversely impacts postoperative compli-

cations following resection or transplantation in patients with

primary liver tumors. J Gastrointest Surg. 2015;19:272–81.

16. Otsuji H, Yokoyama Y, Ebata T, Igami T, Sugawara G, Mizuno

T, et al. Preoperative sarcopenia negatively impacts postoperative

outcomes following major hepatectomy with extrahepatic bile

duct resection. World J Surg. 2015. doi:10.1007/s00268-015-

2988-6.

17. Joglekar S, Asghar A, Mott SL, Johnson BE, Button AM, Clark

E, et al. Sarcopenia is an independent predictor of complications

following pancreatectomy for adenocarcinoma. J Surg Oncol.

2015;111:771–5.

18. Tan BH, Birdsell LA, Martin L, Baracos VE, Fearon KC. Sar-

copenia in an overweight or obese patient is an adverse prog-

nostic factor in pancreatic cancer. Clin Cancer Res.

2009;15:6973–9.

19. Harimoto N, Shirabe K, Yamashita YI, Ikegami T, Yoshizumi T,

Soejima Y, et al. Sarcopenia as a predictor of prognosis in

patients following hepatectomy for hepatocellular carcinoma. Br

J Surg. 2013;100:1523–30.

20. Miyamoto Y, Baba Y, Sakamoto Y, Ohuchi M, Tokunaga R,

Kurashige J, et al. Sarcopenia is a negative prognostic factor after

curative resection of colorectal cancer. Ann Surg Oncol. 2015.

doi:10.1245/s10434-014-4281-6.

21. Mir O, Coriat R, Blanchet B, Durand JP, Boudou-Rouquette P,

Michels J, et al. Sarcopenia predicts early dose-limiting toxicities

and pharmacokinetics of sorafenib in patients with hepatocellular

carcinoma. PLoS One. 2012;7:e37563.

22. Prado CM, Baracos VE, McCarger 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

992 Y. Fukuda et al.

123

http://dx.doi.org/10.1007/s00268-015-2988-6
http://dx.doi.org/10.1007/s00268-015-2988-6
http://dx.doi.org/10.1245/s10434-014-4281-6


patients receiving capecitabine treatment. Clin Cancer Res.

2009;15:2920–6.

23. Tan BH, Brammer K, Randhawa N, Welch NT, Parsons SL,

James EJ, et al. Sarcopenia is associated with toxicity in patients

undergoing neo-adjuvant chemotherapy for oesophago-gastric

cancer. Eur J Surg Oncol. 2015;41:333–8.

24. Clavien OA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,

Schulick RD, et al. Ann Surg. 2009;250:187–96.

25. Biondi A, Hyung WJ. Seventh edition of TNM classification for

gastric cancer. J Clin Oncol. 2011;29:4338–9.

26. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di

Iorio A, et al. Age-associated changes in skeletal muscles and

their effect on mobility: an operational diagnosis of sarcopenia.

J Appl Physiol. 2003;95:1851–60.

27. Ogawa H, Fujitani K, Tsujinaka T, Imanishi K, Shirakata H,

Kantani A, et al. InBody 720 as a new method of evaluating

visceral obesity. Hepatogastroenterology. 2011;58:42–4.

28. Chien MY, Huang TY, Wu YT. Prevalence of sarcopenia using a

bioelectrical impedance analysis prediction equation in commu-

nity-dwelling elderly people in Taiwan. J Am Geriatr Soc.

2008;56:1710–5.

29. Tokunaga M, Tanizawa Y, Bando E, Kawamura T, Terashima M.

Poor survival rate in patients with postoperative intra-abdominal

infectious complications following curative gastrectomy for

gastric cancer. Ann Surg Oncol. 2013;20:1575–83.

30. 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;33:997–1006.

31. Reisinger KW, van Vugt JL, Tegels JJ, Snijders C, Hulsewe KW,

Hoofwijk AG, et al. Functional compromise reflected by sar-

copenia, frailty, and nutritional depletion predicts adverse

postoperative outcome after colorectal cancer surgery. Ann Surg.

2015;261:345–52.

32. Janssen I, Heymsfield SB, Baumgartner RN, Ross R. Estimation

of skeletal muscle mass by bioelectrical impedance analysis.

J Appl Physiol. 2000;89:465–71.

33. Bosaeus I, Wilcox G, Rothenberg E, Strauss BJ. Skeletal muscle

mass in hospitalized elderly patients: comparison of measure-

ments by single-frequency BIA and DXA. Clin Nutr.

2014;33:426–31.

34. Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger

RL, et al. Definition and classification of cancer cachexia: an

international consensus. Lancet Oncol. 2011;12:489–95.

35. Dewys WD, Begg C, Lavin PT, Band PR, Bennett JM, Bertino

JR, et al. Prognostic effect of weight loss prior to chemotherapy

in cancer patients. Eastern Cooperative Oncology Group. Am J

Med. 1980;69:491–7.

36. Ney DM, Weiss JM, Kind AJ, Robbins J. Senescent swallowing:

impact, strategies, and interventions. Nutr Clin Pract.

2009;24:395–413.

37. Ida S, Watanabe M, Yoshida N, Baba Y, Umezaki N, Harada K,

et al. Sarcopenia is a predictor of postoperative respiratory

complications in patients with esophageal cancer. Ann Surg

Oncol. 2015. doi:10.1245/s10434-015-4559-3.

38. Calvani R, Miccheli A, Landi F, Bossola M, Cesari M,

Leeuwenburgh C, et al. Current nutritional recommendations and

novel dietary strategies to manage sarcopenia. J Frailty Aging.

2013;2:38–53.

39. Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA,

Newman AB, et al. Dietary protein intake is associated with lean

mass change in older, community-dwelling adults: the Health,

Aging, and Body Composition (Health ABC) Study. Am J Clin

Nutr. 2008;87:150–5.

Sarcopenia is associated with severe postoperative complications... 993

123

http://dx.doi.org/10.1245/s10434-015-4559-3

	Sarcopenia is associated with severe postoperative complications in elderly gastric cancer patients undergoing gastrectomy
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Patients and perioperative observations
	Screening for sarcopenia
	Statistical analysis

	Results
	Patient characteristics
	Impact of sarcopenia on postoperative complications

	Discussion
	References




