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Introduction

Malnutrition is a critical problem related to many adverse 
clinical outcomes, especially in the elderly (1). However, 
till now, there are no unified assessment/diagnosis criteria 
of malnutrition worldwide. Recently, a consensus statement 
about assessment criteria for malnutrition named “Globe 
Leadership Initiative on Malnutrition (GLIM)” was published 
by several major organizations in 2019 (2). It aims to establish 
a global consensus for diagnosing malnutrition in clinical care 
settings for adults and contains two steps: the first step is risk 
screening by any validated screening tool and the second step is 
assessment of malnutrition. As a professional consensus, GLIM 
criteria need further validation. 

NRS2002, MNA-SF and MUST were all validated screening 
tools recommended by ESPEN (3) and the former two were 
also recommended by the Geriatric Study Group from Chinese 
Society for Parenteral and Enteral Nutrition (CSPEN) (4). 
However, different screening tool may lead to different result 
of risk of malnutrition possessing different clinical significance 
(5). Definitely, it will lead to different prevalence of GLIM 
defined malnutrition. No research has been published that 

focused on how to choose the optimal screening tool.
GLIM contain two criteria with five items: phenotypic 

(weight loss, low BMI, and reduced muscle mass) and etiologic 
criteria (reduced intake or assimilation, and inflammation). 
There are many methods to estimate muscle mass and different 
method may also result in different prevalence of malnutrition 
(6). In GLIM criteria, anthropometry is recommended if 
measurement of muscle mass or its estimation by BIA is not 
possible or feasible and the thresholds need to be adjusted to 
race. However, the optimal cut-off values for CC in Chinese 
elderly populations were unclear. 

This research consisted of two studies: (1) Study 1: 
determine the optimal reference values of CC in inpatients over 
70 years old in China; (2) Study 2: investigate the prevalence of 
GLIM-defined malnutrition based on the new cut-off value of 
CC and different screening tools, validate its relationship with 
clinical outcomes and choose a screening tool for the first step 
of GLIM.  
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Abstract: Background & aims: The Global Leadership Initiative on Malnutrition (GLIM) is new criteria for 
diagnosing malnutrition that need validation adjusted to race. Our aim is to determine the optimal reference 
values of calf circumference (CC), investigate the prevalence of GLIM-defined malnutrition based on different 
screening tools in inpatients over 70 years old in China and assess its relationship with clinical outcomes. 
Methods: We designed two continuity studies by analyzing a prospective multicenter database. First, we 
estimated and validated the CC cut-off values by receiver operating characteristic analyses against in-hospital 
mortality. Then the patients who were at risk by NRS 2002, MNA-SF and MUST were assessed by the GLIM 
criteria using the new CC values. Some clinical parameters and outcome data were evaluated. Results: The 
optimal cut-off values of CC were 29.6 cm for male patients and 27.5 cm for female patients. The prevalence 
of GLIM-defined malnutrition was 27.5% by using NRS2002, 32.6% by using MNA-SF and 25.4% by using 
MUST. Patients with GLIM-defined malnutrition showed significantly worse values in BMI, total protein, 
albumin, neutrophil/lymphocyte ratio, CC, rate of complication, in-hospital mortality, length of stay, and total 
hospital cost than normal patients. Multivariate logistic regression showed the odds ratio of in-hospital mortality 
was significantly associated with GLIM defined malnutrition by using MNA-SF [OR = 1.231, 95%CI (1.022, 
1.484), P = 0.029]. Conclusions: The Chinese reference values of CC for inpatients over 70 years old were 
validated by in-hospital mortality, which could be implemented in GLIM criteria. And this population possessed 
a high prevalence of nutrition risk and malnutrition. GLIM criteria with MNA-SF seems to be the first choice to 
diagnose malnutrition. 
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Materials and Methods

Participants
Between 1 March 2012 and 15 May 2012, a prospective 

multicenter cross-sectional nutrition survey was performed 
in consecutive geriatric inpatients in 7 major departments in 
14 major hospitals in China. The original inclusion criteria 
included: (1) age ≥ 65 years old, (2) hospitalized overnight, (3) 
no emergency surgery, (4) conscious, (5) willing to collaborate 
and signed an informed consent. Based on the original database, 
we selected a part of patients to participate in this study. 
Besides the previous criteria, the newly added inclusion criteria 
were: (1) age≥70years old, (2) complete history record of 
weight loss, intake reduction, calf circumference (CC), BMI 
and diagnosis, and (3) length of stay more than 48 hours. All 
data extraction, analysis and examination were done by the 
authors and all authors were members of the establishment of 
the original database. Two separate studies were designed in 
this research.

Study 1 - Estimation and Validation of the Cut-off Values 
of Calf Circumference

In order to determine the cut-off value of calf circumference 
in Chinese population, we designed study 1 which consisted of 
two steps: estimation and validation (Figure 1).

 
Figure 1

Flow chart of study 1 

In the first step, depending on the recruiting date, we selected 
the first one thousand males and one thousand females to 
form the estimation groups and performed receiver operating 
characteristic (ROC) curve analysis by taking in-hospital 

mortality as an indicator for predictive validity. In the second 
step, we validated the newly estimated cut-off values in 
comparing outcome measurements between two cohorts that 
fulfilled the new value or not. The participants in the validation 
step were all patients over seventy years old in the original 
database.

Study 2 - Nutrition Screening and Assessment by GLIM
A two-step model of malnutrition diagnosis was 

recommended in GLIM criteria, which were screening and 
assessment. In the first step, we used three screening tools 
respectively within 24 hours after admission. NRS2002 
score≥3, MNA-SF score≤11 and MUST≥2 were considered to 
be at risk, and the patients who fulfilled these criteria would 
undergo nutrition assessment by GLIM (7-9). The patients who 
were not at nutritional risk by any tool would be excluded to do 
the second step of GILM. 

GILM criteria contain two parts, phenotypic criteria (three 
components) and etiologic criteria (two components), and 
fulfilling at least one component in each part is necessary to 
diagnose malnutrition. In phenotypic criteria, weight loss >5% 
within past 6 months was considered to be positive. BMI was 
retrieved from the original database. According to the GLIM 
criteria, BMI<20 was treated positive because the patients 
recruited in this study were all older than 70 years old. Reduced 
muscle mass was determined based on calf circumference (CC) 
and we used the newly validated cut-off values in study 1.

In etiologic criteria, food intake and assimilation reductions 
were reanalyzed with original data by our study group and 
≤50% of requirement more than 1 week, or any reduction for 
more than 2 weeks were treated as positive. For disease burden 
or inflammation, as it was recommended in the original article 
that « Clinical diagnosis provides an approach to recognition 
of severe, chronic or frequently recurrent inflammation», the 
members in our study group retraced the original database and 
the severity of the disease in this study depended on the clinical 
diagnosis. Major infection, acute diseases like pancreatitis 
and trauma were associated with acute disease/injury-related 
inflammation. Chronic disease-related inflammation is found in 
chronic obstructive pulmonary disease, congestive heart failure, 
chronic renal disease, cancer and any disease with chronic 
or recurrent inflammation. Transient inflammation of a mild 
degree does not meet the criteria like minor operation.

After screening and assessment, both nutritional risk and 
malnutrition could be diagnosed. The patients could be divided 
into four cohorts depending on the pathway of diagnosing 
malnutrition (Figure 2): GLIM defined malnutrition using 
NRS2002 cohort, GLIM defined malnutrition using MNA-SF 
cohort, GLIM defined malnutrition using MUST cohort, and 
total GLIM defined malnutrition cohort.
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Figure 2
Flow chart of study 2 

Laboratory, Anthropometric Parameters and Outcomes
Lymphocyte count, neutrophil/lymphocyte ratio (NLR), 

proteins (total protein and albumin) were recorded within 72 
hours after admission. The reference ranges were compiled 
according to the relevant provisions of the Clinical Laboratory 
Center, the Ministry of Health, China.

The anthropometric parameters included height, weight, 
and calf circumference. Standard methods of measurement 
were defined as follows: (1) height: measured without shoes 
at admission (using a scale that was corrected to ±0.5 cm); (2) 
weight: measured under fasting conditions wearing a hospital 
gown without shoes and with a corrected scale (corrected to 0.2 
kg); (3) calf circumference (CC): the patient was instructed to 
sit to make a supine position with 90 degrees of knee flexion. 
The calf was measured at its strongest position using a ruler on 
the right leg (accurate to 0.1 cm).

Clinical outcomes were extracted from medical records 
including in-hospital mortality, total complications, infectious 
complications, length of hospital stay (LOS) and total 
hospital cost. Complication were defined according to the 
Claviene-Dindo classification system (10) and the definition 
of infectious complication was followed American College of 
Chest Physicians/Society of Critical Care Medicine Consensus 
Conference (11). 

Statistical Analyses
SPSS21.0 software (SPSS Inc., Chicago, IL, USA, 2012) 

was used for the statistical analyses. The quantitative data with 
a normal distribution were described using means±standard 
deviations and tested by using t-test or Wilcoxon rank sum 
test. The count and the ranked data were described by using 
the number of cases and percentages and tested using χ2 test or 
Fisher’s exact test. Multivariate logistic regression models were 
designed. The dependent variable was in-hospital mortality 
and the confounding variables were different nutritional status 
(malnutrition determined by GLIM criteria using NRS2002, 
MNA-SF, MUST and that in total), diagnosis and NLR. Since 
BMI was a part of all tools, CC was a part of MNA-SF and 

GLIM, and age was a part of NRS2002, we did not treat them 
as confounding variables in order to prevent incorporation bias. 
All of the tests were two-sided, and p<0.05 was considered to 
indicate statistical significance.

Ethics
The original study was approved by the ethics committee 

of Beijing Hospital which was the leader hospital of this study 
(approve number: LLKYPJ2012002A), and the researcher 
obtained a written informed consent before the trial from every 
participant, and in the consent they were informed that their 
data could have been used for subsequent trails. The ethical 
principles stated in the latest revision of the Declaration of 
Helsinki and good clinical practice standards were applied.

Results

Study 1

Step 1 - Estimation of the Cut-off Values of CC
Totally, 10,184 cases from 10 major hospitals in China were 

enrolled between March to May 2012, among which 7,311 were 
over 70 years old. According to recruited date, the first 1,000 
consecutive males and the first 1,000 consecutive female cases 
were selected to form estimation groups. In the male group, 23 
(2.3%) cases had no records of CC and in the female group, 
the number was 21 (2.1%). So the effective cases were 977 
in male group and 979 in female group, respectively. Table 1 
and Figure 3 displayed the results of ROC analysis that a CC 
of 29.6cm for male patients and 27.5cm for female patients 
aged≥70 years were the optimal cut-off points for predicting 
in-hospital mortality with statistical significance. 

 
Figure 3

Receiver operating characteristic curves of calf circumference 
for mortality. (A) for male. (B) for female

Step 2 - Validation of the Cut-off Values of CC
We validated the estimated cut-off values in the total 

database containing 7,311 cases over 70 years old. In the male 
group, 283 (6.4%) cases had no records of CC and in the female 
group, the number was 198 (6.8%). So the effective cases were 
4,134 in male group and 2,696 in female group, respectively. 
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Table 2 displayed the validation of the values. We used clinical 
and financial measurements and found that the newly estimated 
cut-off values of CC were effective to distinguish subjects with 
and without adverse outcomes. So, the cut-off values of CC 
were accepted and used in the following study.

Table 1
Estimation of the cut-off values of calf circumference

Male (n = 977) Female (n = 979)

In-hospital mortality, n(%) 25 (2.6) 15 (1.5)

Estimated cut-off value in CC, cm 29.6 27.5

Area under the ROC curve 0.751, 95%CI 
(0.633, 0.869)

0.741, 95%CI 
(0.608, 0.874)

Sensitivity 0.72 0.6

Specificity 0.765 0.835

Youden Index 0.485 0.435

p 0.000 0.001

CC, calf circumference; ROC, receiver operating characteristic

Study 2

Basal Data of Study 2
According to the inclusion criteria of study 2, 6,519 

cases were selected from the original database and figure 3 
showed the detailed flow chart. Their mean age was of 78.0 
± 5.7 years, and 60.8% were male. A total of 974 (14.9%) 
were malignancies, among which 690 (70.8%) cases were 
malignance in digestive system and 195 (20.2%) cases of 
pulmonary cancer. The other were benign (85.1%), listing as 
follows: 1,113 (17.1%) were digestive diseases, 1,044 (16.0%) 
were respiratory diseases, 1,489 (22.8%) were cardiovascular 
diseases, 1,184 (18.2%) were neurologic diseases, 348 (5.3%) 
were orthopedic diseases, 243 (3.7%) were renal and urinary 
diseases, and 124 (1.9%) were other diseases. 1,448 (22.2%) 
cases underwent operation during their hospital stay. 

Nutritional screening was performed at admission according 
to three different tools and different results of risks were 
diagnosed. Then patients at risk were assessed by GLIM. The 
prevalence of nutritional risk and malnutrition was displayed 

in table 3. The cohort that was not at risk by any screening tool 
contained 2,371 cases (36.4%).

Comparisons between Different Cohorts in Study 2
The comparisons of basal data, laboratory parameters, and 

outcomes between study groups and relative control groups 
were displayed in table 4. Neutrophil/lymphocyte ratio, rate 
of infectious and total complication, length of stay and total 
hospital cost were significantly higher and BMI, total protein, 
albumin, and CC were significantly lower in malnutrition 
groups. In-hospital mortality was significantly higher in the 
groups of GLIM defined malnutrition using NRS2002 and 
MNA-SF, but not in the MUST group. 

 
Logistic Regression in Study 2
The univariate and multivariate logistic regression results for 

the risk of in-hospital mortality were shown in table 5. After 
adjusting for confounding variables like diagnosis and NLR, the 
odds ratio of in-hospital mortality was significantly associated 
with GLIM defined malnutrition by using MNA-SF [OR = 
1.231, 95%CI (1.022, 1.484), P = 0.029] and NLR [OR = 1.052, 
95%CI (1.037, 1.067), P = 0.000]. 

Discussion

In this research, we designed two studies. One was about 
the reference value of CC and the other was about GLIM. We 
discussed in details as follows.

Discussion of study 1
In the GLIM criteria, the assessment of muscle mass played 

an important role. The methods varied from radiologic test to 
anthropometry. Since the DXEA and BIA are not commonly 
available in hospital, we need some simple and validated 
methods in the clinical practice (12). CC is a good choice as 
it not only presents muscle mass but also bone, subcutaneous 
adipose, and skin. CC was proved to associate with malnutrition 
(13), but no cut-off value was published in Chinese inpatients. 
In this study, we analyzed a prospective database and estimated 
the reference values of CC in 2000 Chinese hospitalized elderly 
patients over 70 years old. Cut-off values of CC≤27.5 cm for 

Table 2
Validation of the estimated cut-off of calf circumference

Male, n = 4,134 Female, n = 2,696

CC, cm ≤29.6 (n = 938) >29.6 (n = 3196) P ≤27.5 (n = 487) >27.5 (n = 2209) P

In-hospital mortality, n(%) 60 (6.4) 48 (1.5) 0.000 16 (3.3) 23 (1.0) 0.000

infectious complications, n(%) 128 (13.6) 286 (8.9) 0.000 64 (13.1) 185 (8.4) 0.001

LOS, days 17.7±13.6 13.7±9.5 0.000 15.9±11.0 12.9±8.9 0.000

total hospital cost, USD 4345.8±4015.2 3767.0±3854.2 0.000 3864.3±4088.1 3426.9±3512.1 0.021

CC, calf circumference; LOS, length of stay; USD, United State dollar
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females and ≤29.6 cm for males were determined. They were 
a little higher than the Japanese values, which were ≤26 cm for 
females and ≤28 cm for males (14) and lower than the European 
value in MNA-SF, which is 31cm (15). Maybe this is due to the 
difference between races which was emphasized in the GLIM 
criteria. As in a published Japanese study, we also confirmed 
the predictive validity against in-hospital mortality (14). What’s 
more, we validated the values in 7,311 consecutive cases of 
inpatients over 70 years old by comparing several clinical and 
financial outcomes between groups fulfilling the values or not. 
The results showed significant difference in rate of infectious 
complication, length of stay and total hospital cost. Therefore, 
we propose that the cut-off values of CC determined in study 
1 would be used in Chinese hospitalized patients over 70 years 
old and we took it as the method to assess the muscle mass in 
the further research of GLIM in study 2.

Table 3
Prevalence of different risks and malnutrition, n=6,519

Pathway Risk, n(%) Malnutrition, n(%)
NRS2002 to GLIM 3,393 (52.0) 1,790 (27.5)
MNA-SF to GLIM 3,299 (50.6) 2,128 (32.6)
MUST to GLIM 2,752 (42.2) 1,659 (25.4)
total risk to GLIM 4,148 (63.6) 2,282 (35.0)

Discussion of Study 2
As far as we know, this is the first research focused on the 

malnutrition defined by GLIM in Chinese population. In this 
study, we got the prevalence of malnutrition in the Chinese 
elderly inpatients over 70 years old which were 25.4% to 32.6% 
depending on different screening tools. The prevalence was 
similar with a Japanese cohort over 70 years old, which was 
25.7% and also assessed by GLIM using MNA-SF but different 
CC values (16). 

This is also the first research discussing the value of different 
screening tools in GLIM criteria. GLIM criteria consists of 
two steps: screening and assessment. Screening is the initiative 
step of nutrition support and solve the problem of whether 
to start nutrition care (17). The ESPEN guidelines advised 
to use any validated tool as the first step of GLIM but did 
not provide the further recommendation (2). Many studies 
were published to discuss the difference, indication, and 
effectiveness of the tools but no consensus were reached (18). 
In current published paper, MNA-SF and MUST were used (6, 
16, 19), no one used NRS2002 and even some paper skipped 
the step of screening (20, 21). However, in our opinion, the 
nutrition assessment using GLIM should be implemented in 
the patients at nutritional risk screened by any tool in order to 
solve the problem of how to provide nutrition care and whether 
malnutrition exist and need to be treated (22, 23).

So in this study, we used three screening tools respectively. 
The rate of nutritional risk by NRS2002 was the highest among 
the three tools and MUST was the lowest. Meanwhile, the rate 
of malnutrition was highest in the MNA-SF cohort and the 
MUST cohort was still the lowest. By analyzing the items in 

Table 4
Comparisons in four malnutrition cohorts

GLIM defined malnutrition using 
NRS2002

GLIM defined malnutrition using 
MNA-SF

GLIM defined malnutrition using MUST total GLIM defined malnutrition

malnutrition 
(n=1790)

normal 
(n=4729)

p malnutrition 
(n=2128)

normal 
(n=4391)

p malnutrition 
(n=1659)

normal 
(n=4860)

p malnutrition 
(n=2282)

normal 
(n=4237)

p

age, years 78.4±6.0 77.8±5.5 0.001 78.7±6.1 77.7±5.4 0.000 78.2±5.8 77.9±5.6 0.067 78.6±6.0 77.7±5.4 0.000

sex (F/M) 1108/682 2858/1871 0.280 1326/802 2640/1751 0.090 1030/629 2936/1924 0.228 1420/862 2546/1691 0.092

BMI, kg/m2 20.5±3.7 24.2±3.4 0.000 20.7±3.6 24.3±3.4 0.000 20.6±3.8 24.2±3.4 0.000 20.9±3.7 24.3±3.4 0.000

Total protein, g/L 63.7±14.1 65.3±11.7 0.000 63.8±13.1 65.4±12.1 0.000 63.7±14.4 65.2±11.6 0.000 63.8±12.9 65.4±12.2 0.000

Albumin, g/L 34.5±5.3 37.2±4.4 0.000 34.7±5.2 37.4±4.4 0.000 34.7±5.3 37.1±4.5 0.000 34.8±5.2 37.4±4.3 0.000

Lymphocyte, ×109 1.22±0.62 1.43±0.65 0.000 1.24±0.64 1.45±0.65 0.000 1.24±0.63 1.43±0.66 0.000 1.25±0.64 1.45±0.65 0.000

NLR 5.71±6.95 4.16±5.03 0.000 6.14±7.27 4.39±5.44 0.000 5.95±7.11 4.63±5.75 0.000 6.02±7.12 4.40±5.48 0.000

CC, cm 29.4±3.9 32.7±3.6 0.000 29.2±3.8 33.1±3.3 0.000 29.9±3.9 32.5±3.7 0.000 29.4±3.9 33.1±3.3 0.000

infectious complication, 
n(%)

262 (14.6) 401 (8.5) 0.000 311 (14.6) 352 (8.0) 0.000 232 (14.0) 431 (8.9) 0.000 325 (14.2) 338 (8.0) 0.000

total complication, 
n(%)

388 (21.7) 673 (14.2) 0.000 464 (21.8) 597 (13.6) 0.000 353 (21.3) 708 (14.6) 0.000 487 (21.3) 574 (13.5) 0.000

In-hospital mortality, 
n(%)

68 (3.8) 78 (1.6) 0.000 79 (3.7) 67 (1.5) 0.000 47 (2.8) 99 (2.0) 0.059 83 (3.6) 63 (1.5) 0.000

LOS, day 15.4±10.5 14.1±10.0 0.000 16.1±11.3 13.6±9.5 0.000 15.1±9.8 14.3±10.3 0.006 15.9±11.1 13.7±9.5 0.000

total hospital cost, USD 4258.0±4291.6 3630.8±3617.4 0.000 4275.6±4244.0 3573.9±3581.5 0.000 4164.9±4133.4 3679.4±3705.5 0.002 4210.9±4175.4 3583.7±3603.2 0.000

BMI, body mass index; NLR, neutrophil/lymphocyte ratio; CC, calf circumference; LOS, length of stay; USD, United State dollar 
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the tools, MUST contains only three items: BMI, weight loss 
and intake reduction. Since GLIM was designed for adults in 
the clinical settings, we must emphasize the pathophysiology 
of malnutrition and the core role of disease burden and 
inflammation (24, 25). So no wonder MUST fail to show 
association with in-hospital mortality in logistic regression. 

Besides weight loss, declined intake and low BMI, both 
NRS2002 and MNA-SF possess the items of disease burden and 
inflammation. In NRS2002, age more than 70 years contributed 
one extra score to the final result. As all the cases recruited 
in this study were beyond 70 years old, it was easy to reach 
three score of NRS2002 and the prevalence of risk looked 
higher. MNA-SF seemed to be more comprehensive when 
considering the nutrition problem in the elderly, because it 
contained anthropometry (calf circumference) and function 
evaluation like disability of daily activity and psychological 
problems. So it might detect more malnourished patients after 
GLIM assessment. 

No one screening tool could pick out all cases at risk and 
every tool is defective (18, 26). There were overlap between 
cohorts and there were patients meeting all three screening 
criteria, meeting two criteria and meeting only one criteria. So 
the total malnutrition cohort was larger than any one cohort of a 
single screening tool. All the tools classified malnutrition were 
associated with worse values (BMI, total protein, albumin, and 
neutrophil/lymphocyte ratio), more complications, prolonged 
length of stay and higher hospital cost. So all the three tools 
could be treated as the validated tools measuring up to the 
GLIM recommendations. But when considering all outcomes 
especially in-hospital mortality in the hospitalized elderly 
over 70 years old, the best tool was GLIM criteria using 
MNA-SF, which might also find out more patients who were 
undernutrition. 

There are some limitations in our study. (1) It was 
a multicentre observational study, so the difference among 
centres, inclusion of patients with a variety of departments 
and diagnosis may contribute to the heterogeneity of the 
study population; (2) though the original database was set up 
prospectively in 2012, not all the criteria of GLIM were directly 
contained. Our study group retraced the original data and took 

the items in the screening tools as reference. It may lead to 
some subjective bias. 

In conclusion, the Chinese reference values of CC for 
inpatients over 70 years old were validated by in-hospital 
mortality, which could be implemented in GLIM criteria. And 
this population possessed a high prevalence of nutrition risk and 
malnutrition. GLIM criteria with MNA-SF seems to be the first 
choice to diagnose malnutrition.
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