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Abstract
Objective: to determine the validity of the Global Leadership Initiative on Malnutrition (GLIM) against the Patient Generated-Subjective Global 
Assessment (PG-SGA) as a gold standard tool in malnutrition diagnosis, and to assess the impact of malnutrition diagnosed using GLIM and 
PG-SGA on the clinical outcomes of patients with esophageal squamous carcinoma (ESCC) resection. 

Methods: we prospectively analyzed 182 patients with ESCC who underwent radical esophagectomy at Zhongshan Hospital, Xiamen University, 
between October 2018 and December 2019. Preoperative malnutrition was diagnosed using GLIM and PG-SGA, and the postoperative clinical 
outcomes, including postoperative complications, postoperative chest tube indwelling time, length of stay and total hospitalization cost, were 
recorded. The association between the prevalence of malnutrition defined by the two tools and postoperative clinical outcomes was evaluated.

Results: among the 182 ESCC patients, the incidence of malnutrition before surgery was 58.2 % and 48.4 % defined by PG-SGA and GLIM, 
respectively. GLIM and PG-SGA had good consistency in nutritional assessment of ESCC patients (k = 0.628, p < 0.001). Malnourished patients 
had higher TNM stages and older ages (all p < 0.05). Patients with malnutrition as assessed by PG-SGA and GLIM had a higher incidence of 
postoperative complications, a longer indwelling time of chest tube after esophagectomy, longer hospital length of stay, and higher hospitalization 
costs than patients with good nutrition (p < 0.001). Comparing the predictive efficiency of postoperative complications, the sensitivity of PG-SGA- 
and GLIM-defined malnutrition were 81.6 % and 79.6 %, the specificity were 50.4 % and 63.2 %, the Youden index were 0.320 and 0.428, and 
the Kappa value were 0.110 and 0.130, respectively. The areas under ROC curve of PG-SGA- and GLIM-defined malnutrition and postoperative 
complications were 0.660 and 0.714, respectively. 

Conclusions: this study indicates the effectiveness of malnutrition diagnosed according to GLIM and PG-SGA in predicting postoperative clinical 
outcomes among patients with ESCC. Compared with PG-SGA, GLIM criteria can better predict postoperative complications of ESCC. Follow-up 
analysis of postoperative long-term survival is needed to explore the association between different assessment tools and postoperative long-term 
clinical outcomes.
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INTRODUCTION

Esophageal cancer is one of the most common tumors among 
digestive system neoplasm, and its incidence rate ranks the 7th 
among malignant tumors in worldwide range (1). China is one of 
the countries with high incidence and death rate of esophageal 
cancer, the mortality rate ranking the 4th in global, and esopha-
geal cancer has become one of the main diseases affecting the 
health of population (2).

The main treatments for esophageal cancer include surgery, 
radiotherapy, chemotherapy, biological therapy and immunother-
apy. Until now, radical esophageal cancer resection is still the 
main method to treat patients with esophageal cancer. Neverthe-
less, the incidence of postoperative complications in esophageal 
cancer patients can still be as high as 10 % to 30 % (3). 

Preoperative malnutrition can affect postoperative clinical out-
comes and long-term survival. Studies have shown that postop-
erative complications occurred significantly more frequently in 
esophageal cancer patients with low prognostic nutritional index 
(4). Appropriate nutritional interventions for malnourished patients 
with esophageal cancer before surgery can reduce the postoper-
ative hospitalization durations and total complication rate (5). Pre-
operative malnutrition in patients with esophageal cancer can be 
reversed with appropriate nutritional interventions (6). Therefore, 
it is of great clinical significance to explore simple, effective and 
highly targeted nutritional assessment tools for early clinical identi-
fication of preoperative malnutrition in esophageal cancer patients 
and formulation of reasonable individualized nutritional support. 

In 2018, the Global Leadership Initiative on Malnutrition (GLIM) 
published a new perception for the diagnosis of malnutrition based 
on a two-step method (7). The GLIM synthesizes the inclusion 
of indicators from a widely used assessment tool worldwide and 
presents a global consensus on the diagnosis of malnutrition by 
combining etiological and phenotypic indicators. After the release 
of the GLIM criteria, it has been supported by several national nu-

Resumen
Objetivo: determinar la validez de la iniciativa de Liderazgo Global sobre la Malnutrición (GLIM) frente a la Evaluación Global Subjetiva Generada 
por el Paciente (PG-SGA) como herramienta de referencia en el diagnóstico de la malnutrición y evaluar el impacto de la malnutrición diagnosticada 
usando GLIM y PG-SGA en los resultados clínicos de los pacientes con resección de carcinoma escamoso de esófago (CEE). 

Métodos: se analizaron prospectivamente 182 pacientes con CEE sometidos a esofagectomía radical en el Hospital Zhongshan, de la Universidad 
de Xiamen, entre octubre de 2018 y diciembre de 2019. La desnutrición preoperatoria se diagnosticó utilizando GLIM y PG-SGA, y se registraron 
los resultados clínicos posoperatorios, incluyendo complicaciones posoperatorias, tiempo de permanencia del tubo torácico, posoperatorio, 
duración de la estancia y coste total de hospital. Se evaluó la asociación entre la prevalencia de desnutrición definida por las dos herramientas 
y los resultados clínicos posoperatorios. 

Resultados: entre 182 pacientes con CEE, la incidencia de desnutrición antes de la cirugía fue del 58,2 % y 48,4 % definida por PG-SGA 
y GLIM, respectivamente. GLIM y PG-SGA tuvieron buena consistencia en la evaluación nutricional de los pacientes con CEE (k = 0,628,  
p < 0,001). Los pacientes desnutridos presentaron estadios TNM más altos y edades mayores (todos p < 0,05). Los pacientes con desnutrición 
evaluada por PG-SGA y GLIM tuvieron una mayor incidencia de complicaciones posoperatorias, mayor tiempo de permanencia del tubo torácico 
después de la esofagectomía, mayor tiempo de hospitalización y mayores costos de hospitalización que los pacientes con buena nutrición  
(p < 0,001). Comparando la eficacia predictiva de las complicaciones posoperatorias, la sensibilidad de la desnutrición definida por PG-SGA y 
GPG fue del 81,6 % y 79,6 %; la especificidad, del 50,4 % y 63,2 %; el índice de Youden, del 0,320 y 0,428; y el valor de Kappa, de 0,110 
y 0,130, respectivamente. Las áreas bajo la curva de ROC de la malnutrición definida por PG-SGA y GPG y las complicaciones postoperatorio 
fueron 0,660 y 0,714, respectivamente. 

Conclusiones: este estudio indica la eficacia de la desnutrición diagnosticada según GLIM y PG-SGA en la predicción de los resultados clínicos 
postoperatorios en pacientes con CEE. En comparación con PG-SGA, los criterios GLIM pueden predecir mejor las complicaciones posoperatorias 
del CEE. Es necesario realizar un análisis de seguimiento de la supervivencia posoperatoria a largo plazo para explorar la asociación entre las 
diferentes herramientas de evaluación y los resultados clínicos posoperatorios a largo plazo. 
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trition societies. Due to the complexity of malnutrition assessment, 
the GLIM encourages the nutrition community to do some further 
research to confirm the clinical significance of these criteria. Some 
studies have proved that the GLIM is a good nutritional assessment 
and prognostic indicator in cancer patients undergoing major ab-
dominal surgery (8). Recently, Yin et al. reported that the GLIM cri-
teria defined the highest incidence of malnutrition and seemed to 
be the best way to predict postoperative complications in esopha-
geal cancer patients (9). In this study, 23.1 %, 12.2 % and 33.3 % 
of esophageal cancer patients were diagnosed as malnourished 
as defined by the Patient Generated-Subjective Global Assessment 
(PG-SGA), European Society for Clinical Nutrition and Metabolism 
(ESPEN) and GLIM, respectively, which is much lower than the inci-
dence of malnutrition (76 %) reported by Cao et al. (9,10). 

The pathological types of esophageal cancer mainly include 
adenocarcinoma (EAC) and squamous cell carcinoma (ESCC). The 
ESCC accounts for almost 90 % of esophageal cancer cases in 
China (11). A prognostic indicator may have different predictive 
value in ESCC patients and EAC patients, and the study by Yin 
et al. failed to differentiate ESCC from EAC, leaving its prognostic 
significance in operable ESCC largely unclear (9,12).

As a modified version of the SGA, Patient Generated-Subjective 
Global Assessment (PG-SGA) is recommended as a standard tool 
for tumor nutritional assessment (13). Therefore, this study was 
conducted to evaluate the consistency between GLIM and PG-SGA 
in malnutrition judgment and to assess the effect of malnutrition as 
defined by the two methods on the clinical outcomes of patients 
with ESCC who underwent radical esophagectomy. 

MATERIAL AND METHODS

STUDY DESIGN AND PARTICIPANTS

This was a prospective cohort study carried out at the Zhong-
shan Hospital, Xiamen University. All patients were aware of this 
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research protocol and signed an informed consent form. This 
study was approved by the Ethics Committee of Zhongshan Hos-
pital, Xiamen University, and the data were consecutively collect-
ed between October 2018 and December 2019.

Inclusion criteria included: a) age 18-80 years; b) patients diag-
nosed with ESCC by gastroscopic biopsy pathology before surgery; 
c) patients who underwent elective thoracoscopic radical resection 
of esophageal cancer; d) patients who had undergone radiothera-
py or chemotherapy before admission; e) patients who were able 
to communicate normally and able to complete the questionnaire 
independently or with the assistance of the investigator; and f) in-
formed consent and voluntarily participation in this study. 

Exclusion criteria were: a) patients with severe cachexia or se-
vere impaired internal organ function diseases, such as cerebral 
infarction, heart disease, and severe lung dysfunction; b) palliative 
surgery; c) patients with distant metastases who could not under-
go surgery; d) those who underwent tumor intervention such as 
radiotherapy and chemotherapy after admission; and e) relevant 
indicators involved in this study were missing or incomplete. 

According to the above-mentioned criteria, a total of 182 pa-
tients were included, of which 145 were males and 37 were fe-
males (Table I).

DATA COLLECTION 

Data were collected within 24 hours of hospitalization using 
standardized questionnaires, including: a) preoperative infor-
mation, including age, sex, height, weight and weight changes 
over the past six months, body mass index (BMI), planar skeletal 
muscle mass index (SMI), change in food intake and preoperative 
nutritional support; b) tumor characteristics, including location, 
size, histologic type, and TNM stage; and c) clinical outcomes, 
including length of stay, hospitalization expenses and postoper-
ative complications. 

According to the consensus issued by the Esophagectomy 
Complications Consensus Group, postoperative complications 
can be categorized as involving the stomach, lungs, heart and 
so on (3). According to the Clavien-Dindo classification, postop-
erative complications were defined as grade II or higher adverse 
outcomes (14). 

PG-SGA

PG-SGA, as a “good standard” for evaluating the nutrition-
al status of oncology patients, is composed of two parts: pa-
tient self-assessment and medical staff evaluation. The first 
part mainly includes recent changes in body weight, changes 
in eating habits, symptoms and activities affecting eating, and 
limitations of activity and physical function. This part is com-
pleted through a questionnaire with the patient and the score is 
summed as A. The second part, which includes disease and age 
scores, metabolism and stress levels, and physical examination, 
is scored as B, C, and D, respectively, and is completed by a 
registered dietitian. The PG-SGA score is the sum of A, B, C and 
D, and the higher the score, the worse the nutritional status. After 
the scoring is completed, an overall evaluation is conducted, with 
grade A indicating good nutrition, grade B indicating moderate 
or suspected malnutrition, and grade C indicating severe malnu-
trition. For statistical convenience, grade A is classified as good 
nutrition group, and grades B + C are classified as malnutrition 
group (13) (Fig. 1). 

GLIM

The GLIM criteria are composed of a two-step method for the 
definition of malnutrition (7) (Fig. 2). The first step is to recognize 
nutritional status with “at-risk”, and the second step is to validate 
malnutrition and to assess the severity in cases of nutritional risk. 
In the current study, the Nutritional Risk Screening (NRS-2002) 
was applied for nutritional risk screening (15). Patients with NRS-
2002 ≥ 3 were regarded as at risk of malnutrition. 

The malnutrition assessment needs to meet at least one pheno-
typic criterion and one etiologic criterion. Phenotypic criteria include 
small BMI, non-volitional weight loss, and decreased muscle mass. 
Etiologic criteria include decreased food intake or absorption, and 
disease burden or inflammation. All included cases which were 

Table I. Clinical information  
of study subjects (n = 182)

Characteristics Number Percentage (%)
Gender

Male 145 79.7

Female 37 20.3

Age (years)
≤ 60 71 39.0

> 60 111 61.0

Tumor localization
Upper thoracic 32 17.6

Middle thoracic 50 27.5

Lower thoracic 100 54.9

Tumor size (cm)
 ≤ 5 125 68.7

 > 5 57 31.3

Histology
Well differentiated 24 13.2

Moderately differentiated 119 65.4

Poorly differentiated 39 21.4

TNM stage
I + II 96 52.7

III + IV 86 47.3

Lymphatic metastasis
No 94 51.6

Yes 88 48.4

Complications
No 49 26.9

Yes 133 73.1
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pathologically diagnosed with ESCC, which met the etiologic criteria 
associated with the burden of disease. For the phenotypic criteria, 
non-volitional weight loss was assessed according to the data of 
the nutritional questionnaire. Low BMI (< 18.5 if < 70 years, or 
< 20 if > 70 years) was defined according to the GLIM criteria on 

an Asian population (7). Decreased muscle mass was diagnosed 
based on the third lumbar vertebra (L3) cross-sectional SMI gained 
from abdominal computed tomography (CT) scans before operation. 
A threshold value (SMI < 52.4 cm2/m2 (male) or < 38.5 cm2/m2 

(female) was set according to one previous study (16).

Figure 1. 
Scored Patient 
Generated-Sub-
jective Global 
Assessment.

Patient ID InformationScored Patient-Generated Subjetive  
Glogal Assessment (PG-SGA)
History (Boxes 1-4 are designed to be completed by the patient.)

1. Weight (See Worksheet 1)

In summary of my current and recent weight:

I currently wigh about  kg
I am about  cm tall

One month ago I weighed about  kg
Six months ago I weighed about  kg

During the past two weeks my weight has:

 decreased(1)   not changed(0)   increased(0)

Box 1  

2. �Food Intake: As compared to my normal intake, I would rate my 
food intake during the past month as:

 unchanged(1) 
 more than usual(0) 
 less than usual(1)

I am now taking:
 normal food but less than normal amount(1)

 little solid food(2)

 only liquids(3)

 only nutritional supplements(3)

 very little of anything(4)

 only tube feedings or only nutrition by vein(0)

Box 2  

3. Symptoms: I have had the following problems that have kept me from 
eating enough during the past two weeks (check all that apply):

 no problemas eating(0) 
 no apetite, just did not feel like eating(3) 
 nausea(1) 			    vomiting(3) 
 constipation(1) 		   diarrhea(3) 
 mouth sores(2) 		   dry mouth(1) 
 things taste funny or have no taste(1) 	  smells bother me(1) 
 problems swallowing(2) 		   feel full quickly(1) 
 pain: where?(3)   	
 other**(1)   	

** Examples: depression, money, or dental problems

Box 3  

4. Activities and Function: Over the past month, I would generally 
rate my activity as:

 normal with no limitations(0) 

 �not my normal self, but able to be up and about with fairly 
normal activities(1) 

 �not feeling up to most things, but in bed or chair less than half 
the day(2) 

 �able to do little activity and spend most ot the day in bed or 
chair(3) 

 pretty much bedridden, rarely out of bed(3) 

Box 4  

Additive Score of the Bosex 1- 4  A

The remainder of this form will be completed by your doctor, nurse, or therapist. Thank you.

Nutritional Triage Recommendations: Additive score is used to define specific nutritional interventions including patient & family education, 
symptom management indluding pharmacologic intervention, and appropriate nutrient intervention (food, nutritional supplements, enteral, or 
parenteral triage). First line nutrition intervention includes optimal symptom management. 
0-1	� No intervention required at this time. Re-assessment on routine and regular basis during treatment.
2-3��	� Patient & family education by dietitian, nurse, or other clinician with pharmacologic intervention as indicated by symtom survey (Box 3) 

 and laboratory values as appropriate.
4-8 	� Requires intervention by dietitian, in conjunction with nurse or physician as indicated by symptoms survey (Box 3). 
≥ 9 	�I ndicates a critical need for improved symptom management and/or nutrient intervention options.

Clinician Signature  RD RN PA MD DO Other   Date  

Global Assessment (See Worksheet 5)
 Well-nourished or anabolic (SGA-A)

 Moderate or suspected malnutrition (SGA-B)

 Severely malnourished (SGA-C)

Total PG-SGA score

(Total numerical score of A+B+C+D above)   

(See triage recommendations below)

5. Disease and its relation to nutritional requirements (See Worksheet 2)

All relevant diagnoses (specify)   

Primary disease stage (circle if known or appropriate) I      II      III      IV        Other   

Age 

6. Metabolic Demand (See Worksheet 3)

7. Physical (See Worksheet 4)

Numerical score from Worksheet  2    B

Numerical score from Worksheet  3    C

Numerical score from Worksheet  4    D
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STATISTICAL ANALYSES 

Statistical analyses were conducted using SPSS version 20.0. The 
continuous variables were expressed as mean ± standard devia-
tion, and proportions for categorical variables. Continuous variables 
were analyzed using independent t-tests. Associations between the 
categorical variables were analyzed using Chi-squared or Fisher’s 
exact test. The validity of GLIM was assessed using a combination 
of the following methods: sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV). The kappa (κ) sta-
tistic by correlation analysis was applied to assess the consistency 
of GLIM and PG-SGA (17). To estimate the predictive values of the 
malnutrition defined by PG-SGA and GLIM in the discrimination of 
ESCC patients with or without postoperative complications, the re-
ceiver operating characteristic (ROC) curves were generated. Areas 
under the curve values > 0.90 were regarded as noteworthy; 0.80-
0.90 values, as excellent; and 0.70-0.80 values, as acceptable (18).  
A two-tailed p < 0.05 was considered as statistically significant.

RESULTS

COMPARISON OF NUTRITIONAL ASSESSMENT 
RESULTS DEFINED BY THE PG-SGA  
AND THE GLIM IN ESCC PATIENTS

Among 182 ESCC patients, 76 patients were diagnosed with 
well-nourished (PG-SGA A) and 106 patients with malnourished 

At risk for malnutrition

• Use validated screening tools

Determine severity of malnutrition

• �Severity determined based on Phenotypic 
criterion

Assessment criteria

• Phenotypic
- � Non-volitional wight loss
- � Low body mass index
- � Reduced muscle mass

• Etiologic
- � Reduced food intake or assimilation 

Disease burden/inflammatory condition

Meets criteria for malnutrition diagnosis

• �Requires at least 1 Phenotypic criterion and 1 
Etilogic criterion

Risk  
screening

Diagnostic  
Assessment

Diagnosis

Severity  
Grading

Figure 2. 

GLIM diagnostic method for malnutrition.

(PG-SGA B + C) according to the PG-SGA. The incidence of mal-
nutrition was 58.2 % and 75 patients were suspected or mod-
erately malnourished whereas 31 were severely malnourished. 

Our study results showed that 94 patients were well-nourished 
and 88 patients were malnourished according to GLIM. The inci-
dence of malnutrition was 48.4 % and 55 patients were moderate-
ly malnourished whereas 33 were severely malnourished (Fig. 3).

Using PG-SGA as a reference, the sensitivity, specificity, posi-
tive predictive value and negative predictive value of the GLIM for 
diagnosing malnutrition in ESCC patients were 75.5 %, 89.5 %, 
90.9 % and 72.3 %, respectively. Our study results showed that 
GLIM and PG-SGA had good consistency in nutritional assess-
ment of ESCC patients (k = 0.628, p < 0.001) (Table II).

CHARACTERISTICS OF ESCC PATIENTS 
STRATIFIED BY THE PG-SGA AND GLIM 

The associations between characteristics of ESCC patients 
and the nutritional status defined by the two methods are shown 
in table III. Of all the characteristics mentioned, the age and TNM 
stage were positively associated with the presence of malnu-
trition as defined by the two methods. There was no difference 
between the nutritional status of ESCC patients diagnosed using 
the two methods and gender, differentiation degree of tumor tis-
sue or lymph node metastasis (p > 0.05).

UNIVARIATE ANALYSIS  
OF THE POSTOPERATIVE OUTCOMES 
STRATIFIED BY THE PG-SGA AND GLIM

In this study, 26.9 % (49 of 182) of ESCC patients experienced 
pulmonary infection, anastomotic fistula and other complications 
after esophagectomy. The incidence of postoperative complica-
tions, the indwelling time of chest tube after esophagectomy, 
hospital stay and hospitalization costs of patients were positively 
correlated with the presence of malnutrition as defined by the 
PG-SGA and GLIM (Table IV).

Figure 3. 

Nutritional assessment results diagnosed using the PG-SGA and the GLIM.
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Table II. Agreement analysis between the GLIM criteria and the PG-SGA

GLIM-defined 
malnutrition

PG-SGA-defined
malnutrition Sensitivity

(%)
Specificity

(%)
PPV
(%)

NPV
(%)

kappa p value
No

n (%) 
Yes

n (%)

No 68 (89.5) 26 (24.5)
75.5 89.5 90.9 72.3 0.628 < 0.001

Yes 8 (10.5) 80 (75.5)

GLIM: Global Leadership Initiative on Malnutrition; PG-GSA: Patient-Generated Subjective Global Assessment; PPV: positive predictive value; NPV: negative predictive value.

Table III. Characteristics of ESCC patients stratified by the PG-SGA and GLIM

Characteristics
PG-SGA

p
GLIM

p
Well-nourished Malnourished Well-nourished Malnourished

Gender
Male 60 (33.0 %) 84 (46.2 %)

0.961
72 (39.6 %) 72 (39.6 %)

0.386
Female 16 (8.8 %) 22 (12.0 %) 22 (12.0 %) 16 (8.8 %)

Age (years)
≤ 60 37 (20.3 %) 35 (19.2 %)

0.033
44 (24.1 %) 28 (15.4 %)

0.039
> 60 39 (21.5 %) 71 (39.0 %) 50 (27.5 %) 60 (33.0 %)

Tumor localization
Upper thoracic 13 (7.1 %) 19 (10.4 %)

0.931
15 (8.2 %) 17 (9.3 %)

0.604Middle thoracic 22 (12.1 %) 28 (15.4 %) 24 (13.2 %) 26 (14.3 %)
Lower thoracic 41 (22.5 %) 59 (32.5 %) 55 (30.3 %) 45 (24.7 %)

Tumor size (cm)
 ≤ 5 49 (26.9 %) 76 (41.8 %)

0.300
60 (33.0 %) 65 (35.7 %)

0.145
 > 5 27 (14.8 %) 30 (16.5 %) 34 (18.7 %) 23 (12.6 %)

Differentiation grade
Well 9 (4.9 %) 15 (8.2 %)

0.376
11 (6.0 %) 13 (7.2 %)

0.210Medium 54 (29.7 %) 65 (35.7 %) 67 (36.8 %) 52 (28.6 %)
Poor 13 (7.2 %) 26 (14.3 %) 16 (8.8 %) 23 (12.6 %)

TNM stage
I + II 50 (27.5 %) 46 (25.3 %)

0.003
57 (31.3 %) 39 (21.4 %)

0.028
III + IV 26 (14.2 %) 60 (33.0 %) 37 (20.4 %) 49 (26.9 %)

Lymphatic metastasis
No 39 (21.4 %) 55 (30.3 %)

0.942
45 (24.7 %) 49 (26.9 %)

0.565
Yes 37 (20.3 %) 51 (28.0 %) 49 (26.9 %) 39 (21.5 %)
GLIM: Global Leadership Initiative on Malnutrition; PG-GSA: Patient Generated- Subjective Global Assessment; ESCC: esophageal squamous carcinoma.

Table IV. Postoperative outcomes stratified by the PG-SGA and GLIM

Characteristics
PG-SGA

p
GLIM

p
Well-nourished Malnourished Well-nourished Malnourished

Complications
 No 67 (36.8 %) 66 (36.3 %)

< 0.001
84 (46.2 %) 49 (26.9 %)

< 0.001
 Yes 9 (4.9 %) 40 (22.0 %) 10 (5.5 %) 39 (21.4 %)

Indwelling time of chest 
tube (hours)

7.8 ± 3.1 10.2 ± 6.9 0.002 7.8 ± 3.3 10.7 ± 7.3 0.001

Length of hospital stay 
(days)

16.2 ± 9.3 23.7 ± 16.2 < 0.001 16.0 ± 9.4 25.5 ± 16.7 < 0.001

Hospitalization costs (ten 
thousand yuan)

8.8 ± 2.9 10.6 ± 4.4 < 0.001 8.6 ± 2.7 11.2 ± 4.6 < 0.001

GLIM: Global Leadership Initiative on Malnutrition; PG-GSA: Patient Generated-Subjective Global Assessment.
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COMPARISON OF MALNUTRITION 
AS DEFINED BY THE TWO METHODS 
IN PREDICTING POSTOPERATIVE 
COMPLICATIONS OF ESOPHAGECTOMY

Comparing the predictive efficiency of postoperative compli-
cations, the sensitivity values of PG-SGA- and GLIM-defined 
malnutrition were 81.6 % and 79.6 %, the specificity values 
were 50.4 % and 63.2 %, the Youden indexes were 0.320 and 
0.428, and the Kappa values were 0.110 and 0.130, respec-
tively. Although the sensitivity of PG-SGA-defined malnutrition 
was slightly higher, the specificity and Youden index of GLIM-de-
fined malnutrition were higher than those of PG-SGA-defined 
malnutrition. The areas under the ROC curve of PG-SGA-  
and GLIM-defined malnutrition and postoperative compli-
cations were 0.660 and 0.714, respectively. Compared with 
PG-SGA-defined malnutrition, GLIM-defined malnutrition had 
better clinical value in predicting postoperative complications 
(Table V and Fig. 4).

Table V. Comparison of malnutrition in predicting postoperative complications

Postoperative complications Sensitivity
(%)

Specificity
(%)

Youden kappa
No (n) Yes (n)

PG-SGA

Well-nourished 67 (36.8 %) 9 (4.9 %)
81.6 50.4 0.320 0.11

Malnourished 66 (36.3 %) 40 (22.0 %)

GLIM

Well-nourished 84 (46.2 %) 10 (5.5 %)
79.6 63.2 0.428 0.13

Malnourished 49 (26.9 %) 39 (21.4 %)

GLIM: Global Leadership Initiative on Malnutrition; PG-GSA: Patient Generated-Subjective Global Assessment.

DISCUSSION

Due to the stealth property in the early stage of the disease 
and not typical symptoms, esophageal cancer patients often ex-
perience a long-term body consumption before diagnosis. In the 
advanced stage, the esophagus is involved by the lesions, and 
it directly affects the patients’ food intake. Patients experience 
swallowing difficulties, dietary changes and nutrient digestion 
and absorption disorders.  Moreover, due to tumor growth and 
stress response, the body is in a high catabolic state, which ag-
gravates the occurrence of nutritional risk (19). The results in the 
current study showed that 58.2 % and 48.4 % of ESCC patients 
were moderately or severely malnourished before surgery as de-
fined by PG-SGA and GLIM, respectively. Similarly, Quyen et al. 
reported that the rate of malnutrition in esophageal cancer pa-
tients was 50.2 % with 44 % as class B (moderate malnutrition) 
and 6.2 % as class C (severely malnutrition) as defined by the 
PG-SGA (20). A recent study reported that the incidence of mal-
nutrition in patients with esophageal cancer could reach 76 % 
(10). These studies showed that the incidence of malnutrition 
was common in patients with esophageal cancer. 

According to the results reported by Yin et al., 23.1 %, 12.2 % 
and 33.3 % of esophageal cancer patients were diagnosed as 
malnourished as defined by PG-SGA, ESPEN and GLIM, respec-
tively, which is lower than the results of the current study and 
other studies mentioned above. One of the reasons may lie in 
the recruited cases, which included both esophageal squamous 
cell carcinoma and adenocarcinoma, while the current study only 
included esophageal squamous cell carcinoma. Another reason 
may be different from the adoption of evaluation indicators. In 
their report, the cases for malnutrition were severe malnutrition 
(PG-SGA ≥ 9), while in the current study and other studies men-
tioned above, the cases for malnutrition were suspicious or mod-
erate malnutrition (PG-SGA ≥ 4). Besides, a low BMI is regard-
ed as one important indicator for defining malnutrition in GLIM, 
whereas BMI is not used in PG-SGA. 

Malnutrition can affect postoperative clinical outcomes and 
long-term survival. Therefore, it is of great clinical significance to 

Figure 4. 

Receiver operating characteristics of sensitivity and specificity of malnutrition as 
defined by the PG-SGA and the GLIM in predicting postoperative complications.
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find simple, effective and highly targeted nutritional assessment 
tools for early clinical identification of preoperative malnutrition in 
esophageal cancer patients. PG-SGA remains the only validated 
and specific tool for a comprehensive nutritional assessment in 
oncology (13). It has also been suggested as the gold standard 
tool to evaluate the performance of other nutrition screening 
tools (21). Despite its significant efficacy, the need of time and 
trained professionals has hampered its use in many facilities  
and regions of the world.

After the release of GLIM criteria, the GLIM encourages the 
nutrition community to do some further research to confirm  
the clinical significance of these criteria (7). In the current study, 
we confirmed the validity of GLIM criteria in malnutrition judgment 
compared with PG-SGA and explored the effect of malnutrition as 
defined by the two methods on the clinical outcomes of patients 
with ESCC who underwent radical esophagectomy. The results of 
the current study showed a well agreement of GLIM with PG-SGA 
to identify malnutrition in ESCC patients (k = 0.628, p < 0.001). 
Similarly, a recent study which was carried out by Yin et al. indi-
cated that GLIM had a diagnostic concordance against PG-SGA 
in patients with esophageal cancer (k = 0.519, p < 0.001).  
Xu et al. had already reported that GLIM criteria had a moderate 
agreement with PG-SGA in diagnosing malnutrition of patients 
with gastric cancer (k = 0.548). Thus, GLIM may have a good 
agreement with the PG-SGA in diagnosing malnutrition.

The results of this study also showed that there were statis-
tical differences in patients’ age, TNM stage and malnutrition 
as defined by GLIM and PG-SGA, respectively (p < 0.05). The 
incidence of malnutrition in older patients (> 60 years old) and 
patients with TNM stage (III + IV) was significantly higher than in 
patients under 60 years old and patients with TNM stage (I + II), 
respectively. Our findings indicate that malnutrition is prevalent 
in advanced and elder ESCC patients, and these patients should 
be paid more attention and require timely nutrition education and 
guidance, treatment for symptoms, such as drug interventions, 
and proper nutritional support.

Esophageal cancer patients with malnutrition have previously 
been demonstrated to have an increased risk for both postop-
erative complications and mortality, as compared to patients 
with non-malnutrition (22). In the present study, the incidence 
of postoperative complications in ESCC patients with malnutri-
tion defined by PG-SGA and GLIM was significantly higher than 
that in patients with non-malnutrition. Reporting preoperative 
malnutrition as a stronger predictor of complications than good 
nutrition has been shown in some published studies, whereas 
malnutrition defined by different tools may come to different 
conclusions (9). Interestingly, ESCC patients with malnutrition 
defined by GLIM in the current study had higher complications 
than that in patients with non-malnutrition, the same as de-
fined by PG-SGA. Among all the complications in the present 
study, the incidence of anastomotic leakage was the highest, 
suggesting that if these patients can be provided with appro-
priate nutritional intervention before surgery, the incidence of 
postoperative anastomotic leakage may decrease. In terms 
of complications and delaying hospital stay, Martineau et al. 

found that patients with malnutrition had significantly longer 
hospital stay and higher incidence of complications, which 
was consistent with our findings (23). In the current study, the 
duration of chest tube indwelling, postoperative hospital stay 
and hospitalization cost are significantly higher in patients with 
malnutrition defined by GLIM and PG-SGA than that in patients 
with non-malnutrition. Therefore, we believe that preoperative 
nutritional evaluation using PG-SGA and GLIM can effective-
ly predict the occurrence of postoperative complications, and 
providing necessary nutritional support may decrease postop-
erative complications, shorten the length of hospital stay and 
reduce hospitalization costs.

Based on predicting the occurrence of postoperative com-
plications, the sensitivity values of PG-SGA- and GLIM-defined 
malnutrition were 81.6 % and 79.6 %, the specificity values 
were 50.4 % and 63.2 %, and the Youden indexes were 0.320 
and 0.428, respectively. Although the sensitivity of PG-SGA-
defined malnutrition in predicting postoperative complica-
tions was slightly higher, the specificity and Youden index of 
GLIM-defined malnutrition were higher than those of PG-SGA-
defined malnutrition. Moreover, the areas under the ROC curve 
of PG-SGA- and GLIM-defined malnutrition in predicting post-
operative complications were 0.660 and 0.714, respectively. 
These results seem to indicate that GLIM-defined malnutrition 
has better clinical value in predicting postoperative complica-
tions than PG-SGA-defined malnutrition. One of the reasons for 
the difference may be that SMI is regarded as one important 
indicator for defining malnutrition in the GLIM, and reduced SMI 
at L3 is reported being closely associated with poorer clinical 
outcomes in cancer patients (24). 

Our study design has several limitations. Firstly, the number 
of cases included in this study was relatively limited, and some 
data only reflected the trend of change to a certain extent and 
cannot reflect the difference well. Secondly, this study only ob-
served and recorded the type and number of postoperative com-
plications, but did not conduct a graded study on their severity, 
which needed to be further studied and expanded. Thirdly, the 
postoperative clinical outcomes in this study were only reflected 
in the incidence of postoperative complications, postoperative 
chest tube indwelling time, length of stay and total hospitalization 
cost. Follow-up analysis of long-term prognosis is still needed to 
better compare the relationship between different assessment 
tools and postoperative clinical outcomes.

CONCLUSIONS

This study shows the effectiveness of malnourishment di-
agnosed according to the GLIM and the PG-SGA in predicting 
postoperative clinical outcomes among patients with ESCC. 
Compared with the PG-SGA, the GLIM criteria can better predict 
postoperative complications of ESCC. Follow-up analysis of post-
operative long-term survival is needed to explore the relationship 
between different assessment tools and postoperative long-term 
clinical outcomes.
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