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Prognostic value of GLIM-defined malnutrition
in combination with hand-grip strength or
gait speed for the prediction of postoperative
outcomes in gastric cancer patients

with cachexia

Zong-Ze Li'", Xia-Lin Yan'", Zhao Zhang?, Jiong-Lai Chen', Jiang-Yuan Li', Jing-Xia Bao', Jia-Tong Ru', Jia-Xin Wang',
Xiao-Lei Chen', Xian Shen'” and Dong-Dong Huang'”

Abstract

Background Cancer cachexia is associated with impaired functional and nutritional status and worse clinical
outcomes. Global Leadership Initiative in Malnutrition (GLIM) consensus recommended the application of GLIM
criteria to diagnose malnutrition in patients with cachexia. However, few previous study has applied the GLIM criteria
in patients with cancer cachexia.

Methods From July 2014 to May 2019, patients who were diagnosed with cancer cachexia and underwent radical
gastrectomy for gastric cancer were included in this study. Malnutrition was diagnosed using the GLIM criteria.
Skeletal muscle index was measured using abdominal computed tomography (CT) images at the third lumbar
vertebra (L3) level. Hand-grip strength and 6-meters gait speed were measured before surgery.

Results A total of 356 patients with cancer cachexia were included in the present study, in which 269 (75.56%) were
identified as having malnutrition based on the GLIM criteria. GLIM-defined malnutrition alone did not show significant
association with short-term postoperative outcomes, including complications, costs or length of postoperative
hospital stays. The combination of low hand-grip strength or low gait speed with GLIM-defined malnutrition led to

a significant predictive value for these outcomes. Moreover, low hand-grip strength plus GLIM-defined malnutrition
was independently associated with postoperative complications (OR 1.912,95% CI 1.151-3.178, P=0.012). GLIM-
defined malnutrition was an independent predictive factor for worse OS (HR 2.310, 95% Cl 1.421-3.754, P=0.001) and
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cancer cachexia.

DFS (HR 1.815,95% Cl 1.186-2.779, P=0.006) after surgery. The addition of low hand-grip strength or low gait speed
to GLIM-defined malnutrition did not increase its predictive value for survival.

Conclusion GLIM-defined malnutrition predicted worse long-term survival in gastric cancer patients with cachexia.
Gait speed and hand-grip strength added prognostic value to GLIM-defined malnutrition for the prediction of short-
term postoperative outcomes, which could be incorporated into preoperative assessment protocols in patients with

Keywords Malnutrition, GLIM criteria, Gastric cancer, cachexia, Prognosis

Introduction

Cancer cachexia is a challenging multifactorial clinical
syndrome characterized by involuntary loss of skeletal
muscle mass [1, 2]. Negative protein and energy balance
driven by reduced food intake and abnormal metabo-
lism play a key role in the pathogenesis of this syndrome
[2]. In addition, other complex factors including neuro-
logical and immune system disorders are also involved in
the progression of cancer cachexia [3]. Cancer cachexia
was associated with impaired physical function, reduced
quality of life and worse survival [1, 4]. Currently, there
is no effective treatment that can reverse the progression
of cancer cachexia [4]. Nutritional support is the main-
stay of therapy for this syndrome [1, 4—6]. Therefore,
adequate nutritional assessment is significant for patients
with cancer cachexia for the guidance of its nutritional
intervention. However, there is no consensus on the opti-
mal nutritional assessment tool for patients with cancer
cachexia.

The Global Leadership Initiative in Malnutrition
(GLIM) Criteria was published in 2018 aiming to stan-
dardizing the diagnosis of malnutrition [7]. Since its
introduction, GLIM-defined malnutrition has been
widely applied in cancer patients and has been well rec-
ognized to be associated with adverse clinical outcomes
in patients with cancer [8, 9]. The GLIM consensus rec-
ommended the application of GLIM criteria to diagnose
malnutrition in persons with cachexia so that the priority
to undertake appropriate nutrition interventions may be
recognized [7]. However, few previous study has applied
the GLIM criteria in patients with cancer cachexia.

Functional assessments such as hang-grip strength
was recommended by the GLIM consensus as support-
ive measures. Our previous study has demonstrated that
addition of low hang-grip strength or gait speed added
prognostic value to GLIM-defined malnutrition in over-
weight patients [10]. A previous study has revealed a high
prevalence of GLIM-defined malnutrition in patients
with cancer cachexia defined by the international cancer
cachexia consensus [11]. We speculated that additional
assessment of hang-grip strength and gait speed besides
GLIM-defined malnutrition can further risk-stratify
patients with cancer cachexia.

Therefore, the objective of this study was to apply the
GLIM criteria to gastric cancer patients with cachexia,
and to investigate the predictive value of GLIM criteria
for postoperative outcomes. We also aimed to investigate
whether the combination of hand-grip strength or gait
speed add prognostic value to GLIM-defined malnutri-
tion for the prediction of postoperative outcomes in gas-
tric cancer patients with cachexia.

Methods

Patients

The present study included gastric cancer patients diag-
nosed with cachexia in the First Affiliated Hospital of
Wenzhou Medical University between July 2014 and
May 2019. The international consensus defined cancer
cachexia when one or more of the following three crite-
ria was met: (a) weight loss>5% over the past six months
(in the absence of simple starvation); (b) BMI<20 and
any degree of weight loss>2%; (c) low skeletal muscle
index and any degree of weight loss>2% [2]. Patients
who received radical gastrectomy for gastric cancer with
curative intent were included. The included individu-
als should have abdominal computed tomography (CT)
images available for review within one month before sur-
gery. Exclusions included patients who underwent pal-
liative surgery or were unable to obtain muscle strength
or physical function measurements. Patients were
informed that their clinical information would be used
anonymously for research and provided written informed
consent for participation in the study. Informed written
consent was obtained in accordance with the Declara-
tion of Helsinki. This study and other related experiments
were approved by the Ethical Review Board of The First
Affiliated Hospital of Wenzhou Medical University. The
present study was part of a large-scale observational
study project registered in the China Clinical Trial Regis-
try (No. ChiCTR1800019717).

Data collection

The following data were collected prospectively, includ-
ing (a) preoperative patient demographic characteristics,
including gender, age, body mass index (BMI), hemoglo-
bin concentration, serum albumin concentration, Charl-
son Comorbidity Index, previous abdominal operation;
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(b) the details of the surgery, including the type of resec-
tion, reconstruction, laparoscopy-assisted surgery, and
combined resection; (c) tumor features include tumor
location, TMN stage and degree of differentiation; (d)
postoperative outcomes include complications within 30
days after surgery, costs and length of postoperative hos-
pital stay. Complications were classified using the Cla-
vien-Dindo classification. Complications rated as grade II
or above were analyzed, and complications rated as grade
III or higher were considered severe [12].

Measurements of hand-grip strength, gait speed and
muscle mass

Patients were tested for hand-grip strength and 6-meter
gait speed before surgery, as previously reported [13].
Both genders’ cutoff values for low gait speed were 1 m/s,
whereas the cutoff value for low handgrip strength was
26 kg for males and 18 kg for females, respectively [14].
Abdominal CT images at the third lumbar vertebra (L3)
level were analyzed to measure the muscle mass, using a
specialized imaging system (GE ADW4.5). Different tis-
sue types were distinguished by the Hounsfield unit (HU)
in the CT images. Skeletal muscle index (SMI, cm?/m?)
was calculated to assess muscle mass. Based on our pre-
vious study, the threshold for low SMI was set at <34.9
cm?/m? in females and <40.8 cm?/m? in males [15]. Sar-
copenia was defined by the combination of low hand-grip
strength and low SMI. Severe sarcopenia was defined by
additional low gait speed plus low hand-grip strength and
low SMI [14].

Diagnosis of malnutrition using GLIM criteria

In accordance with the GLIM consensus criteria, malnu-
trition was diagnosed using a two-step approach [7]. The
first step was to screen patients at risk of malnutrition
using the Nutritional Risk Screening 2002 (NRS2002).
The presence of at least one phenotypic and one etio-
logical criterion substantiated the diagnosis of malnutri-
tion in the second step. Since patients with cancer had
already met one of the etiological criteria (burden of dis-
ease), patients who met one of the three phenotypic cri-
teria (weight loss, low BMI, and reduced muscle mass)
were identified as malnourished. The three phenotypic
standards were detailed as followed: [1] loss of weight:
nonvoluntary weight loss of more than 5% within the
previous six months or more than 10% of any time; [2]
low BMI: BMI of less than 20 kg/m? for patients older
than 70 years or less than 18.5 kg/m? for those younger
than 70 years; and [3] low muscle mass: assessed by SMI
based on abdomen CT scans. As previously described,
the cut-off values for low SMI were referenced from our
previous study [15].

Page 3 of 11

Follow-up

Patients were followed up one month after surgery, every
three months for the first two years, and then every six
months after that. The main follow-up components
include medical history, physical examination, laboratory
tests, imagological examinations, and endoscopy if nec-
essary. Moreover, patients were contacted by regular tele-
phone calls to assist with the follow-up program. Overall
survival (OS) was defined by the period from the date of
radical gastrectomy for gastric cancer to the date of death
from any cause. Disease-free survival (DFS) was calcu-
lated from the date of radical gastrectomy to the date of
cancer recurrence or death from any cause, whichever
occurred first.

Statistical analysis

Data were presented as means with standard deviations
(SD) or, when appropriate, as medians and interquartile
ranges (IQR). The t-test or Mann-Whitney U test was
used to compare continuous data, and the Chi-squared
test or Fisher’s exact test was used to compare categori-
cal data. Kaplan—Meier curves were plotted, and the log-
rank test was applied to test the difference in survival.
Univariate analysis was used to identify potential risk fac-
tors for OS and DFS. Multivariate Cox regression analysis
was used to identify independent risk factors for survival.
Two-tailed P values<0.05 were considered statistically
significant. The data were analyzed using SPSS statistics
version 22.0 (IBM, USA).

Results

Baseline characteristics of patients

A total of 356 patients who were diagnosed with cancer
cachexia were included in the present study. According
to the GLIM criteria, 269 (75.56%) patients were defined
as malnourished. Compared with non-malnourished
patients, patients with GLIM-defined malnutrition were
older, had a lower BMI and SMI, had lower preoperative
albumin and hemoglobin levels, had a lower 6-meter gait
speed, and had a higher incidence of previous abdominal
surgery (Table 1).

Shor-Term postoperative outcomes

Postoperative complications occurred in 102 (28.7%)
of the patients with cancer cachexia. There was no sig-
nificant difference between the patients with and without
GLIM-defined malnutrition in the short-term postop-
erative outcomes, including postoperative complica-
tions, costs, and postoperative hospital stays (Table 2).
A total of 115 individuals (42.8%) exhibited low hand-
grip strength, and 85 (31.6%) had low gait speed in addi-
tion to having GLIM-defined malnutrition. Notably, the
addition of low hand-grip strength or low gait speed to
GLIM-defined malnutrition led to a significant predictive
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Table 1 Baseline characteristics of patients
Characteristics Total GLIM-defined malnutrition Non-malnutrition P
(n=356) (n=269) (n=87)
Age, median (IQR), years 66 (14) 68 (15.5) 62 (11) <0.001"
Gender 0.062
Female 122 (34.3%) 85 (31.6%) 37 (42.5%)
Male 234 (65.7%) 184 (68.4%) 50 (57.5%)
BMI, median (IQR), kg/m2 20.90 (2.22) 2045 (2.21) 22.11(1.98) <0.001"
Albumin, mean (SD), g/L 36.93+4.97 36.42+4.87 3830+4.96 <0.001"
Hemoglobin, median (IQR), g/L 119.00 (15.75) 116.00 (16.00) 127.00 (13.00) 0.006
Charlson Comorbidity Index 0.343
0 250 (70.2%) 185 (68.8%) 65 (74.7%)
1 68 (19.1%) 55 (20.4%) 13 (14.9%)
>2 38 (10.7%) 29 (10.8%) 9(10.4%)
Previous abdominal surgery 0.045
Yes 47 (13.2%) 30 (11.2%) 17 (19.5%)
No 309 (86.8%) 239 (88.8%) 70 (80.5%)
Weight loss in the last 6 months (IQR), (%) 7.38 (4.69) 7.85(4.28) 408 (3.81) <0.001*
L3 SMI, median (IQR), cm*/m? 39.66 (4.51) 39.57 (4.28) 4023 (6.14) 0.081
SMD, median (IQR), HU 36.70 (4.30) 36.20 (4.85) 37.50 (5.50) 0334
HGS, mean (SD), kg 2490+891 2444+894 26.34+873 0.084
6-m gait speed, mean (SD), m/s 0.96+0.23 0.94+0.23 1.02+0.22 0.004"
Tumor location 0.996
Proximal 48 (13.5%) 36 (13.4%) 12 (13.8%)
Medium 75 (21.1%) 56 (20.8%) 19 (21.8%)
Distal 218 (61.2%) 165 (61.3%) 53 (60.9%)
2/3 or more 15 (4.2%) 12 (4.5%) 3(3.5%)
Differentiation of tumor 0.563
Poorly differentiated 249 (69.9%) 186 (69.1%) 63 (72.4%)
Well differentiated 107 (30.1%) 83 (30.9%) 24 (27.6%)
TNM stage 0.690
| 88 (24.7%) 61 (22.7%) 27 (31.0%)
Il 85 (23.9%) 71 (26.4%) 14 (16.1%)
I 183 (51.4%) 137 (50.9%) 46 (52.9%)
Laparoscopy assisted surgery 0.371
Yes 117 (32.9%) 85 (31.6%) 32 (36.8%)
No 239 (67.1%) 184 (68.4%) 55 (63.2%)
Type of resection 0.128
Subtotal gastrectomy 201 (56.5%) 158 (58.7%) 43 (49.4%)
Total gastrectomy 155 (43.5%) 111 (41.3%) 44 (50.6%)
Combined organ resection 0.554
Yes 30 (8.4%) 24 (8.9%) 6 (6.9%)
No 326 (91.6%) 245 (91.1%) 81(93.1%)

IQR, interquartile range; SD, standard deviation; BMI, body mass index; L3, third lumbar vertebra; SMI, skeletal muscle index; SMD, skeletal muscle density; HU,

Hounsfield unit; HGS, hand-grip strength; TNM, tumor-node-metastasis.

The values in the table were number of patients and percent unless indicated otherwise.

“ Statistically significant compared with patients without malnutrition.

value for a higher incidence of postoperative compli-
cations, higher costs, and longer postoperative hospi-
tal stays. Moreover, low gait speed plus GLIM-defined
malnutrition predicted severe postoperative complica-
tions (Table 2). Table 3 provides a list of the sensitivity
and specificity of several malnutrition diagnoses for pre-
dicting postoperative complications. Multivariate analy-
sis showed that GLIM-defined malnutrition plus low

hand-grip strength, low albumin, and combined organ
resection were independent risk factors for postoperative
complications. In contrast, laparoscopic surgery was an
independent protective factor (Table 4).

Long-term prognosis
The median follow-up time was 46.6 months. GLIM-
defined malnutrition was associated with worse OS
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Table 2 Details of short-term postoperative outcomes
Complications Total (n=356) GLIM-defined mal- GLIM-defined malnutri- GLIM-defined
nutrition (n=269) tion +low gait speed malnutrition + low
(n=85) hand-grip
strength (n=115)
Total complications’ 102 (28.7%) 81 (31.6%) 34 (40.0%)" 47 (40.9%)"
Hydrothorax 9 (2.5%) 6 (2.2%) 4(4.7%) 4 (3.5%)
Incision infection 11 (3.1%) 9 (3.3%) 2 (2.4%) 4 (3.5%)
Abdominal hemorrhage 9 (2.5%) 8 (3.0%) 5(5.9%) 4 (3.5%)
Abdominal infection 19 (5.3%) 12 (4.5%) 3(3.5%) 4 (3.5%)
Peritoneal fluid 12 (3.4%) 9(3.3%) 2 (2.4%) 6 (5.2%)
accumulation
Pneumonia 18 (5.1%) 15 (5.6%) 9 (10.6%) 14 (12.2%)"
Deep vein thrombosis 3(0.8%) 2 (0.7%) 1(1.2%) 1 (0.9%)
Pulmonary embolism 3(0.8%) 2 (0.7%) 1(1.2%) 2(1.7%)
Intestinal obstruction 6 (1.7%) 3(1.1%) 2 (2.4%) 2 (1.7%)
Decreased gastrointestinal 11 (3.1%) 10 (3.7%) 3(3.5%) 5(4.3%)
motility
Anastomotic fistula 5(1.4%) (1.1%) 2 (2.4%) 0 (0%)
Stump fistula 5(1.4%) (1.9%) 2 (2.4%) 4 (3.5%)
Pancreatic or biliary fistula 5 (1.4%) (1.9%) 1(1.2%) 2 (1.7%)
Septic shock 2 (0.6%) (0.4%) 1(1.2%) 1 (0.9%)
Other 8 (2.2%) (3.0%) 5(5.9%)" 5 (4.3%)
Severe complications* 23 (6.5%) 9 (7.0%) 10(11.8%)" 11 (9.6%)
Length of postoperative stays, median (IQR), 13(7) 3(7) 14 (9.5) 14 (9)
days
Costs, median (IQR), RMB 63025.56 (25038.59)  63617.50 (25981.47) 72189.68 (20140.80)" 69732.21

(28041.21)

IQR, interquartile range

The values in the table were number of patients and percent unless indicated otherwise.

T Complications classified as grade Il and above.
* Complications classified as grade Ill and above.
* Statistically significant compared with the opposite group.

Table 3 Sensitivity and specificity of different malnutrition
diagnoses for the prediction of postoperative complications'
Sensitivity Specificity Accuracy PPV NPV
79.41% 25.98% 41.29% 30.11% 75.86%

Factors
GLIM-
defined
malnutrition
GLIM-de-
fined malnu-
trition +low
gait speed
GLIM-de-
fined malnu-
trition + low
hand-grip
strength

33.33% 79.92% 66.57% 40.00% 74.91%

46.08% 73.23% 65.45% 40.87% 77.18%

PPV, positive predictive value; NPV, negative predictive value.

T Postoperative complications classified as Grade Il or above by the Clavien-
Dindo classification were analyzed.

and DFS (Fig. 1). Multivariate Cox regression analysis
showed that GLIM-defined malnutrition, age=75 years,
poorly differentiated tumor, high TMN stage, total gas-
trectomy and combined organ resection were indepen-
dent risk factors for OS (Table 5), whereas GLIM-defined

malnutrition, BMI<18.5, poorly differentiated tumor,
high TMN stage, total gastrectomy and combined organ
resection were independent risk factors for DFS (Table 6).
The addition of low hand-grip strength or low gait speed
to GLIM-defined malnutrition did not increase its pre-
dictive value for OS or DFS (Tables 5 and 6).

Influence of malnutrition severity on the outcomes

Within the 269 malnutritional patients, 150 (55.8%) were
categorized as moderate malnutrition and 119 (44.2%)
were categorized as severe malnutrition. No significant
difference was found between the two groups in term of
postoperative complications, costs, length of postopera-
tive stays (Supplementary Table 1) and long-term surviv-
als (Supplementary Fig. 1).

Influence of GLIM-defined malnutrition on cachexia
patients categorized by severity of Sarcopenia

Cachectic patients were further categorized into ‘non-
sarcopenia, ‘sarcopenia, not severe, and ‘severe sarcope-
nia’ sub-groups. The prognostic value of GLIM-defined
malnutrition were analyzed in these sub-groups. No
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Table 4 Univariate and multivariate logistic regression analysis of risk factors for postoperative complications
Factors Univariable analysis Multivariate analysis
OR (95%Cl) P OR (95%(Cl) P

GLIM-malnutrition

Yes/No 1.354(0.777-2.361) 0.285
GLIM-malnutrition+low HGS

Yes/No 2.337 (1.449-3.771) <0.001" 1.912(1.151-3.178) 0012
GLIM-malnutrition +low gait speed

Yes/No 1.990 (1.191-3.326) 0.009"
Age, years

>75/<75 2307 (1.354-3.934) 0.002"
Gender

Males/females 1.060 (0.652-1.724) 0814
BMI, kg/m2

<185/=185 1433 (0.838-2.450) 0.189
Low albumin

Yes/No 2.753 (1.698-4.461) <0.001" 2.086 (1.251-3.480) 0.005"
Anemia

Yes/No 2.184 (1.369-3.485) 0.001"
Charlson Comorbidity Index 0031

1/0 1.004 (0.547-1.843) 0.991

>2/0 2.509 (1.251-5.033) 0010
Previous abdominal surgery

Yes/No 0.945 (0.476-1.875) 0.872
Tumor location 0.798

Medium/ Proximal 1.245 (0.548-2.830) 0.600

Distal/ Proximal 1.275 (0.624-2.605) 0.506

2/3 or more / Proximal 0.750 (0.181-3.115) 0.692
Differentiation of tumor

Poorly /Well 1468 (0.871-2.475) 0.149
TNM stage 0462

I1/1 1.255 (0.636-2.479) 0513

/1 1443 (0.807-2.582) 0216
Laparoscopy-assisted surgery

Yes/No 0496 (0.292-0.842) 0.009" 0.553 (0.319-0.959) 0.035"
Type of resection

Total/Subtotal 1.221 (0.770-1.938) 0.396
Combined organ resection

Yes/No 2.747 (1.289-5.854) 0.009" 2.222 (1.007-4.905) 0.048"

OR, odds ratio; Cl, Confidence interval; BMI, body mass index; SMI, skeletal muscle index; HGS, hand-grip strength; TNM, tumor-node-metastasis.

" Statistically significant.

significant association was found between GLIM-defined
malnutrition and short-term outcomes in these sub-
groups (Supplementary Table 2). For the long-term prog-
nosis, GLIM-defined malnutrition was associated with
worse OS and DFS in cachexia patients without sarco-
penia, but not in cachexia patients with sarcopenia or
severe sarcopenia (Supplementary Fig. 2).

Discussion

As far as we know, the present study was the first study
to investigate the prognostic value of GLIM-defined
malnutrition in patients with cancer cachexia. In the
present study, we found a high prevalence (75.56%) of

malnutrition as defined by the GLIM criteria among
cachexia patients with resectable gastric cancer.
Although GLIM-defined malnutrition alone did not show
significant association with postoperative complications,
costs or length of postoperative hospital stays, the com-
bination of low hand-grip strength or low gait speed with
GLIM-defined malnutrition led to a significant predictive
value for these outcomes. GLIM-defined malnutrition
was an independent predictive factor for worse OS and
DES after surgery. The addition of low hand-grip strength
or low gait speed to GLIM-defined malnutrition did not
increase its predictive value for survival.
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Fig. 1 Survival curves of overall survival (a) and disease-free survival (b) in patients with and without malnutrition based on the GLIM criteria

Cancer cachexia is a complex metabolic syndrome
caused by tumor-related factors, characterized by
increased resting energy expenditure (REE) and impaired
balance between skeletal muscle synthesis and break-
down [16]. Reduced food intake and increased catabolism
induced by cancer cachexia both lead to the occurrence
of malnutrition. In fact, there is a debate in the concepts
of malnutrition and cachexia in the literature. In 2010,
European Society for Clinical Nutrition and Metabolism
(ESPEN) Special Interest Groups (SIG) agreed on consid-
ering malnutrition and cachexia as two different condi-
tions, but they indicated that there is overlap between the
two conditions [17]. In 2017, ESPEN released guidelines
on the definitions and terminology of clinical nutrition,
in which cachexia was considered a synonym for chronic
disease-related malnutrition (DRM) with inflammation
[18]. Similarly, a recent opinion paper by Muscaritoli et
al. described cachexia as DRM with inflammation and
emphasized the importance of evaluating inflamma-
tion in distinguishing between malnutrition associated
with abnormal catabolism and malnutrition associated
with insufficient nutrient intake and assimilation [19].
Based on this definition, it seems counterintuitive that
24.44% of patients with cachexia do not appear to be mal-
nourished according to the GLIM criteria in our study.
However, our analysis showed that patients with cancer
cachexia can be further stratified into malnutritional and
non-malnutritional defined by the GLIM criteria, and
that GLIM-defined malnutrition had significant prog-
nostic value for patients with cancer cachexia. It is note-
worthy that current international consensus definition of
cancer cachexia was published in 2011. Our results sug-
gested that current definition of cancer cachexia could
not adequately reflect the malnutritional condition of the
patients, which indicated the limitations of the current

definition of cancer cachexia. Another recent multicenter
study showed that 11.2% patients with cancer cachexia
defined by the international consensus was not malnour-
ished according to the GLIM criteria [11], which also
indicated the limitations and incomplete overlap of the
GLIM-defined malnutrition and the 2011 international
cancer cachexia consensus definitions. Therefore, the
conclusion of the present study was based on current
diagnostic criteria of cancer cachexia and GLIM criteria
of malnutrition. Our present study provided new evi-
dence for the improvement of the definition of malnutri-
tion and cancer cachexia.

In our study, we found that GLIM-defined malnour-
ished patients were older, had lower BMI and SMI,
had lower levels of pre-operative albumin and hemo-
globin, and a lower gait speed. BMI and SMI represent
body composition, whereas gait speed reflects physical
functional status. Albumin and hemoglobin levels are
traditional biochemical indices associated with nutri-
tional status. Therefore, our results demonstrated that
the GLIM-defined malnutrition was a indicator for the
nutritional and functional status in patients with cancer
cachexia.

The present study identified GLIM-defined malnu-
trition as an independent predictor for OS and DFS in
gastric cancer patients with cachexia. Previous studies
have demonstrated that GLIM-defined malnutrition was
associated with six-month and one-year survival in can-
cer patients [20, 21]. Cancer is a chronic wasting disease.
Nutritional status reflects patient’s functional reserve in
the confrontation with the malignant disease. Malnu-
trition is one of the direct causes of mortality in cancer
patients [22]. Moreover, malnutrition can reduce the
patients’ tolerance for oncological therapies, which can
in turn exacerbate the tumor progression [23]. Cachexia
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Table 5 Univariate and multivariate Cox regression analysis of factors associated with overall survival
Factors Univariable analysis Multivariate analysis
HR (95%Cl) P HR (95%Cl) P

GLIM-malnutrition

Yes/No 2.185 (1.356-3.519) 0.001" 1.892 (1.165-3.075) 0010
GLIM-malnutrition+low HGS

Yes/No 1.288 (0.897-1.850) 0171
GLIM-malnutrition +low gait speed

Yes/No 1,871 (1.289-2.716) 0.001"
Age, years

>75/<75 1494 (1.015-2.201) 0042 1.582 (1.065-2.350) 0023
Gender

Males/females 0.990 (0.691-1417) 0.955
BMI, kg/m2

<185/=185 1.571 (1.001-2.466) 0.049"
Low albumin

Yes/No 1.520 (1.066-2.166) 0.021"
Anemia

Yes/No 1.528 (1.085-2.154) 0015
Charlson Comorbidity Index 0472

1/0 0.746 (0.465-1.197) 0.225

>2/0 0.996 (0.568-1.747) 0.990
Previous abdominal surgery

Yes/No 0510 (0.268-0.972) 0.041"
Tumor location 0.104

Medium/ Proximal 1.067 (0.581-1.958) 0.834

Distal/ Proximal 1.028 (0.608-1.739) 0917

2/3 or more / Proximal 2.330(1.067-5.092) 0.034"
Differentiation of tumor

Poorly /Well 2.048 (1.534-3.779) <0001" 1,692 (1.063-2.693) 0027
TNM stage <0.001" <0.001"

I1/1 1.716 (0.816-3.606) 0.154 1.222 (0.574-2.603) 0.603

1/ 5719 (3.067-10.663) <0001" 4180 (2.192-7971) <0001"
Laparoscopy-assisted surgery

Yes/No 0.550 (0.362-0.837) 0.005"
Type of resection

Total/Subtotal 1.954 (1.381-2.764) <0.001" 1.483(1.035-2.125) 0.032"
Combined organ resection

Yes/No 2.700 (1.675-4.352) <0.001" 1.892 (1.165-3.075) 00107

HR, Hazard ratio; Cl, Confidence interval; BMI, body mass index; SMI, skeletal muscle index; HGS, hand-grip strength; TNM, tumor-node-metastasis.

" Statistically significant.

is well known to be associated with worse prognosis in
cancer patients [24]. Our finding demonstrated that iden-
tifying malnutrition can further risk-stratify the cachexia
patients for the long-term survival. Although cancer
cachexia cannot be reversed by conventional nutri-
tional support [25, 26], the clinical outcomes of cachexia
patients can be improved by nutritional interventions. A
multicenter prospective cohort study proved that enteral
nutrition and parenteral nutrition can improve survival
in patients with advanced cancer cachexia [6]. Therefore,
our results indicated that GLIM criteria can be used as
a good nutritional assessment tool for the guidance of
nutritional support in cancer cachexia patients.

The relationship between GLIM-defined malnutrition
and postoperative complications has been reported by
many previous studies [27-29]. In contrast with these
previous studies, the present study did not find a signifi-
cant association between GLIM-defined malnutrition
and postoperative complications in patients with cancer
cachexia. The lack of prognostic value of GLIM-related
malnutrition may depend on the choice of study popula-
tion. GLIM-defined malnourished cachectic patients are
compared with non-malnourished but cachectic patients,
which may explain the lack of statistical significance.
However, GLIM-defined malnutrition plus low hand-
grip strength or low gait speed predicted the occurrence
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Table 6 The results of the univariate and multivariate Cox regression analysis for disease-free survival
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Factors Univariable analysis Multivariate analysis
OR (95%Cl) P OR (95%Cl) P

GLIM-malnutrition

Yes/No 1.728 (1.145-2.607) 0.009" 1.815(1.186-2.779) 0.006"
GLIM-malnutrition+low HGS

Yes/No 1.216 (0.864-1.710) 0.261
GLIM-malnutrition +low gait speed

Yes/No 1.760 (1.237-2.503) 0.002"
Age, years

>75/<75 1.263 (0.868-1.838) 0.222
Gender

Males/females 1.126 (0.800-1.584) 0.495
BMI, kg/m2

<185/=185 1.573 (1.098-2.253) 0014 1.567 (1.021-2.406) 0.040"
Low albumin

Yes/No 1.635 (1.176-2.273) 0.003"
Anemia

Yes/No 1.563 (1.134-2.154) 0.006"
Charlson Comorbidity Index

1/0 0.749 (0.482-1.166) 0.201

>2/0 1.048 (0.628-1.748) 0.858
Previous abdominal surgery

Yes/No 0.752 (0.448-1.262) 0.281
Tumor location 0.063

Medium/ Proximal 1.298 (0.731-2.306) 0373

Distal/ Proximal 1.156 (0.696-1.920) 0.574

2/3 or more / Proximal 2.590 (1.223-5.487) 0.013"
Differentiation of tumor

Poorly /Well 2,630 (1.711-4.044) <0001" 1.838(1.184-2.854) 0.007"
TNM stage <0.001" <0.001"

I1/1 1.901 (0.968-3.735) 0.062 1.522 (0.769-3.010) 0.228

/1 5817 (3.273-10337) <0001" 4.259 (2.363-7.678) <0001"
Laparoscopy-assisted surgery

Yes/No 0.616 (0.423-0.898) 0012
Type of resection

Total/Subtotal 1.979 (1.432-2.736) <0.001" 1.513(1.085-2.110) 0015
Combined organ resection

Yes/No 2.840 (1.804-4.472) <0.001" 2434 (1.531-3.870) <0001

HR Hazard ratio; Cl Confidence interval; BMI, body mass index; SMI, skeletal muscle index; HGS, hand-grip strength; TNM, tumor-node-metastasis.

" Statistically significant.

of postoperative complications. Similarly, one of our
previous study showed that GLIM-defined malnutrition
alone was not predictive for postoperative complications,
and the addition of low gait speed or muscle quality to
GLIM-defined malnutrition led to a significant predic-
tive value for postoperative complications in overweight
patients with gastric cancer [10]. Our finding indicated
that GLIM-defined malnutrition alone was not suffi-
cient to predict postoperative complications in certain
types of patients, such as overweight patients or patients
with cancer cachexia. Measurement of muscle strength
and physical functional have additional prognostic
value besides GLIM-defined malnutrition and should be

incorporated in the routine preoperative assessments in
patients with cancer cachexia.

In the present study, BMI<18.5 was associated with
worse OS and DFS and was identified as an independent
risk factor for DFS. For patients with cancer, BMI<18.5
is one of the diagnostic criteria of malnutrition in many
guidelines, including ESPEN [30] and GLIM [7]. How-
ever, patients with BMI<18.5 constituted only 14.0%
(50/356) in patients with cachexia. This proportion is
much lower in the overall population of cancer patients.
Therefore, BMI<18.5 cannot be used as a sensitive index
in nutritional screening and assessment but can be used



Li et al. BMC Cancer (2024) 24:253

as a strong indicator for poor nutritional status and worse
outcomes in preoperative risk stratification.

Total gastrectomy and combined organ resection were
identified as independent risk factors for worse OS and
DES after surgery in our study. Total gastrectomy and
combined organ resection are relatively aggressive opera-
tions aiming to achieve more extensive oncological resec-
tion. Total gastrectomy is performed in patients with
proximal gastric cancer, which provide more extensive
lymph node resection compared with proximal gastrec-
tomy [31]. However, total gastrectomy result in a poorer
nutritional status after surgery compared with proximal
gastrectomy [32, 33]. Malnutrition was significantly asso-
ciated with the intolerance of oncological therapies and
was an independent predictor for survival as revealed by
the present study and other previous studies [20, 21]. This
can partially explain the negative impact of total gastrec-
tomy on survival in the present study. Previous study has
demonstrated that combined organ resection resulted
in better 5-year survival rates in patients with infiltrat-
ing gastric cancer invading adjacent organs without
metastasis [34], which was in contrast with the finding
of the present study. In the present study, the incidence
of overall complications and severe complications were
50% and 20% in patients who received combined organ
resection, which were much higher compared with that
in patients who did not receive combined organ resec-
tion (22.1% and 5.2%, respectively). Moreover, combined
organ resection was an independent risk factor for post-
operative complications as revealed by the present study
(Table 4). Postoperative complications can result in worse
long-term prognosis [35, 36], which can partially explain
the negative influence of combined organ resection
on survival in the present study. Therefore, our results
indicated that total gastrectomy and combined organ
resection should be chosen cautiously in gastric cancer
patients with cachexia.

Conclusion

The present study showed that GLIM criteria are good
nutritional assessment tools in patients with cancer
cachexia. GLIM-defined malnutrition independently pre-
dicted worse long-term survival in gastric cancer patients
with cachexia. Gait speed and hand-grip strength added
prognostic value to GLIM-defined malnutrition for the
prediction of short-term postoperative outcomes, which
could be incorporated into preoperative assessment pro-
tocols in patients with cancer cachexia.
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DFS Disease-free survival

oS Overall survival

REE Resting energy expenditure

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-11880-z.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Acknowledgements
This study was supported by the Radiology Imaging Center of the First
Affiliated Hospital of Wenzhou Medical University.

Author contributions

Dong-Dong Huang and Xian Shen designed the study. Zong-Ze Li, Zhao
Zhang, Jiong-Lai Chen, Jiang-Yuan Li, Jing-Xia Bao, Jia-Tong Ru, and Jia-Xin
Wang collected the data. Dong-Dong Huang and Xia-Lin Yan did the analysis
and interpretation of data. Zong-Ze Li and Xia-Lin Yan wrote the article. Dong-
Dong Huang revised the article and took the decision to submit the article for
publication. All authors reviewed the manuscript.

Funding

This study was funded by the National Natural Science Foundation of
China (No. 82100951) Wenzhou Municipal Science and Technology Bureau
(Y2023487) and the Natural Science Foundation of Zhejiang Province
(LQ21H070003, LQ24H070008).

Data availability
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

This study and other related experiments were approved by the Ethical
Review Board of The First Affiliated Hospital of Wenzhou Medical University
and informed written consent was obtained in accordance with the
Declaration of Helsinki. The study was carried out in accordance with
approved guidelines and regulations. Patients were informed that their clinical
information will be used anonymously for research and publication. Written
informed consents were obtained from all the participants.

Consent for publication
Not applicable.

Author details

'Department of Gastrointestinal Surgery, The First Affiliated Hospital of
Wenzhou Medical University, 2 Fuxue Lane, 325000 Wenzhou, Zhejiang,
China



https://doi.org/10.1186/s12885-024-11880-z
https://doi.org/10.1186/s12885-024-11880-z

Li et al. BMC Cancer

(2024) 24:253

“Radiology Imaging Center, The First Affiliated Hospital of Wenzhou
Medical University, Wenzhou, China

Received: 2 April 2023 / Accepted: 14 January 2024
Published online: 23 February 2024

References

1.

Dijksterhuis WPM, Latenstein AEJ, van Kleef JJ, Verhoeven RHA, de Vries JHM,
Slingerland M, et al. Cachexia and dietetic interventions in patients with
Esophagogastric Cancer: a Multicenter Cohort Study. J Natl Compr Canc
Netw. 2021;19(2):144-52.

Fearon K, Strasser F, Anker SD, Bosaeus |, Bruera E, Fainsinger RL, et al. Defini-
tion and classification of cancer cachexia: an international consensus. Lancet
Oncol. 2011;12(5):489-95.

RauschV, SalaV, Penna F, Porporato PE, Ghigo A. Understanding the common
mechanisms of heart and skeletal muscle wasting in cancer cachexia. Onco-
genesis. 2021;10(1):1.

Roeland EJ, Bohlke K, Baracos VE, Bruera E, Fabbro Ed, Dixon S, et al. Manage-
ment of Cancer Cachexia: ASCO Guideline. J Clin Oncol. 2020;38(21):2438-53.
Ni J, Zhang L, Cancer Cachexia. Definition, staging, and emerging treatments.
Cancer Manag Res. 2020;12:5597-605.

Amano K, Maeda |, Ishiki H, Miura T, Hatano Y, Tsukuura H, et al. Effects

of enteral nutrition and parenteral nutrition on survival in patients with
advanced cancer cachexia: analysis of a multicenter prospective cohort
study. Clin Nutr. 2021;40(3):1168-75.

CederholmT, Jensen GL, Correia M, Gonzalez MC, Fukushima R, Higashiguchi
T, et al. GLIM criteria for the diagnosis of malnutrition - A consensus report
from the global clinical nutrition community. Clin Nutr. 2019;38(1):1-9.
Zhang X, Tang M, Zhang Q, Zhang KP, Guo ZQ, Xu HX, et al. The GLIM criteria
as an effective tool for nutrition assessment and survival prediction in older
adult cancer patients. Clin Nutr. 2021,40(3):1224-32.

Yin L, Chong F, Huo Z, Li N, Liu J, Xu H. GLIM-defined malnutrition and overall
survival in cancer patients: a meta-analysis. JPEN J Parenter Enteral Nutr. 2022.
Huang DD, Wu GF, Luo X, Song HN, Wang WB, Liu NX; et al. Value of muscle
quality, strength and gait speed in supporting the predictive power of GLIM-
defined malnutrition for postoperative outcomes in overweight patients with
gastric cancer. Clin Nutr. 2021;40(6):4201-8.

Song M, Zhang Q, Liu T, Tang M, Zhang X, Ruan G, et al. Efficacy of Global
Leadership Initiative on Malnutrition as potential cachexia screening tool for
patients with solid cancer. Nutr J. 2022;21(1):73.

Dindo D, Demartines N, Clavien PA. Classification of surgical complications:

a new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240(2):205-13.

Dong QT, Cai HY, Zhang Z, Zou HB, Dong WX, Wang WA, et al. Influence

of body composition, muscle strength, and physical performance on the
postoperative complications and survival after radical gastrectomy for gastric
cancer: a comprehensive analysis from a large-scale prospective study. Clin
Nutr. 2021;40(5):3360-9.

Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, et al. Sarco-
penia in Asia: consensus report of the Asian Working Group for Sarcopenia. J
Am Med Dir Assoc. 2014;15(2):95-101.

Zhuang CL, Huang DD, Pang WY, Zhou CJ, Wang SL, Lou N, et al. Sarcopenia
is an independent predictor of severe postoperative complications and
long-term Survival after Radical Gastrectomy for gastric Cancer: analysis from
a large-scale cohort. Medicine. 2016,95(13):e3164.

Nishikawa H, Goto M, Fukunishi S, Asai A, Nishiguchi S, Higuchi K. Cancer
Cachexia: its mechanism and clinical significance. Int J Mol Sci. 2021,22(16).
Muscaritoli M, Anker SD, Argilés J, Aversa Z, Bauer JM, Biolo G, et al. Consen-
sus 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(2):154-9.
Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al. ESPEN
guidelines on definitions and terminology of clinical nutrition. Clin Nutr.
2017,36(1):49-64.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 11 of 11

Muscaritoli M, Imbimbo G, Jager-Wittenaar H, Cederholm T, Rothenberg E,

di Girolamo FG, et al. Disease-related malnutrition with inflammation and
cachexia. Clin Nutr. 2023;42(8):1475-9.

Contreras-Bolivar V, Sanchez-Torralvo FJ, Ruiz-Vico M, Gonzalez-Almendros

|, Barrios M, Padin S et al. GLIM criteria using hand grip strength adequately
predict six-Month Mortality in Cancer inpatients. Nutrients. 2019;11(9).

De Groot LM, Lee G, Ackerie A, van der Meij BS. Malnutrition Screening and
Assessment in the Cancer Care Ambulatory setting: Mortality Predictability
and Validity of the Patient-Generated Subjective Global Assessment Short
form (PG-SGA SF) and the GLIM Criteria. Nutrients. 2020;12(8).

Mori N, Maeda K, Fujimoto Y, Nonogaki T, Ishida Y, Ohta R, et al. Prognostic
implications of the global leadership initiative on malnutrition criteria as a
routine assessment modality for malnutrition in hospitalized patients at a
university hospital. Clin Nutr. 2022,42(2):166-72.

Van Cutsem E, Arends J. The causes and consequences of cancer-associated
malnutrition. Eur J Oncol Nurs. 2005,9(Suppl 2):51-63.

Poisson J, Martinez-Tapia C, Heitz D, Geiss R, Albrand G, Falandry C, et al.
Prevalence and prognostic impact of cachexia among older patients with
cancer: a nationwide cross-sectional survey (NutriAgeCancer). J Cachexia
Sarcopenia Muscle. 2021;12(6):1477-88.

Tanaka K, Nakamura S, Narimatsu H. Nutritional Approach to Cancer
Cachexia: a proposal for dietitians. Nutrients. 2022;14(2).

Baba MR, Buch SA. Revisiting Cancer Cachexia: Pathogenesis, diagnosis, and
current treatment approaches. Asia Pac J Oncol Nurs. 2021;8(5):508-18.
Lidoriki I, Frountzas M, Mela E, Papaconstantinou D, Vailas M, Sotiropoulou

M et al. The Prognostic Role of GLIM Criteria in Postoperative outcomes after
Upper Gastrointestinal Cancer surgery: a Meta-analysis of Observational stud-
ies. Nutr Cancer. 2022:1-12.

Huang DD, Yu DY, Wang WB, Song HN, Luo X, Wu GF, et al. Global leader-
ship initiative in malnutrition (GLIM) criteria using hand-grip strength
adequately predicts postoperative complications and long-term survival in
patients underwent radical gastrectomy for gastric cancer. Eur J Clin Nutr.
2022;76(9):1323-31.

Skeie E, Tangvik RJ, Nymo LS, Harthug S, Lassen K, Viste A. Weight loss and
BMI criteria in GLIM's definition of malnutrition is associated with postopera-
tive complications following abdominal resections - results from a National
Quiality Registry. Clin Nutr. 2020;39(5):1593-9.

Cederholm T, Bosaeus |, Barazzoni R, Bauer J, Van Gossum A, Klek S, et al.
Diagnostic criteria for malnutrition - an ESPEN Consensus Statement. Clin
Nutr. 2015;34(3):335-40.

Zhao L, Ling R, Chen J, Shi A, Chai C, Ma F, et al. Clinical Outcomes of Proximal
Gastrectomy versus total gastrectomy for proximal gastric Cancer: a system-
atic review and Meta-analysis. Dig Surg. 2021,38(1):1-13.

Yamasaki M, Takiguchi S, Omori T, Hirao M, Imamura H, Fujitani K, et al. Multi-
center prospective trial of total gastrectomy versus proximal gastrectomy for
upper third cT1 gastric cancer. Gastric Cancer. 2021,24(2):535-43.

Lee |, OhY, Park SH, Kwon'Y, Park S. Postoperative nutritional outcomes and
quality of life-related complications of proximal versus total gastrectomy for
upper-third early gastric cancer: a meta-analysis. Sci Rep. 2020;10(1):21460.
Saito H, Tsujitani S, Maeda Y, Fukuda K, Yamaguchi K, lkeguchi M, et al.
Combined resection of invaded organs in patients with T4 gastric carcinoma.
Gastric Cancer. 2001;4(4):206-11.

Wang S, Liu J, Wang S, Zhao H, Ge S, Wang W. Adverse effects of Anastomotic
Leakage on Local Recurrence and Survival after curative anterior resec-

tion for rectal Cancer: a systematic review and Meta-analysis. World J Surg.
2017,41(1):277-84.

van Kooten RT, van den Elske M, Putter H, Meershoek-Klein Kranenbarg E, van
de Velde CJH, Wouters M, et al. The impact of postoperative complications
on short- and long-term health-related quality of life after total mesorectal
excision for rectal Cancer. Clin Colorectal Cancer. 2022;21(4):325-38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Prognostic value of GLIM-defined malnutrition in combination with hand-grip strength or gait speed for the prediction of postoperative outcomes in gastric cancer patients with cachexia
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿Data collection
	﻿Measurements of hand-grip strength, gait speed and muscle mass
	﻿Diagnosis of malnutrition using GLIM criteria
	﻿Follow-up
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of patients
	﻿Shor-Term postoperative outcomes
	﻿Long-term prognosis
	﻿Influence of malnutrition severity on the outcomes
	﻿Influence of GLIM-defined malnutrition on cachexia patients categorized by severity of Sarcopenia

	﻿Discussion
	﻿Conclusion
	﻿References


