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Objective: Malnutrition is a nutritional disorder and common syndrome that
has a high incidence and is easily ignored in hospitalized older patients.
It can lead to multiple poor prognoses, such as frailty. Early identification
and correct evaluation of possible malnutrition and frailty are essential to
improve clinical outcomes in older patients. Therefore, our objective was to
explore the applicability and effectiveness of the Global Leadership Initiative
on Malnutrition (GLIM) criteria for identifying malnutrition in older patients.

Methods: In total, 223 participants aged >60 years were involved. Nutrition
was evaluated using the Mini Nutritional Assessment-Full Form (MNA-FF) and
GLIM criteria, which adopt a two-step procedure. The first step was to use
three different methods for the screening of nutritional risk: the Nutrition
Risk Screening 2002, the Mini Nutritional Assessment Short Form (MNA-SF),
and the Malnutrition Universal Screening Tool. The second step was to link a
combination of at least one phenotypical criterion and one etiological criterion
to diagnose malnutrition. The Clinical Frailty Scale was used to assess frailty.
Sensitivity, specificity, Youden index, kappa values, and positive and negative
predictive values were used to evaluate the validity of the GLIM criteria.
Logistic regression models were used to assess whether there was a correlation
between malnutrition, as defined by the GLIM criteria, and frailty.

Results: We found that 32.3-49.8% of our patient sample were at risk
of malnutrition based on the GLIM diagnosis and using the three different
screening tools; 19.3-27.8% of the patients were malnourished. GLIM criteria
with MNA-SF as a diagnostic validation and MNA-FF as a reference showed high
consistency (K = 0.629; p < 0.001), sensitivity (90.5%), and specificity (86.4%).
Logistic regression analysis showed that malnutrition, using MNA-SF with the
GLIM criteria, was relevant for a higher likelihood of frailty (OR = 1.887; 95%
Cl1.184-2.589).

Conclusions: The incidence of GLIM-defined malnutrition was 19.3-27.8%
using different screening tools. The consistency between the GLIM criteria
using the MNA-SF and the MNA methods was high. Malnutrition, as diagnosed
by the GLIM criteria with MNA-SF, was significantly correlated with frailty. GLIM
criteria with MNA-SF may be a more reliable malnutrition assessment process
in older inpatients.

malnutrition, frailty, GLIM criteria, nutritional screening tools, hospitalized older
patients
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Introduction

Various major internal and external risk factors, such
as physiological dysfunction, comorbidity, polypharmacy,
social isolation, economic factors, and lifestyle, can affect
the nutritional status of older patients and make them
more vulnerable to malnutrition (1-3). Malnutrition, which
frequently occurs in older patients, is associated with frailty,
sarcopenia, longer length of stay, and increased mortality (4-6).
These adverse outcomes impose a heavy social and economic
burden. Despite this, malnutrition in hospital settings cannot
be accurately diagnosed and treated over time (7). However,
there was a lack of global uniform diagnostic standards for
malnutrition until 2019, when the Global Leadership Initiative
on Malnutrition (GLIM) criteria were announced (8). There are
many difficulties in verifying the reliability and practicality of
the GLIM consensus due to the lack of a gold standard, which
requires substantial verification.

The guideline for the validation of the GLIM performance
standard recommends that the Mini Nutritional Assessment Full
Form (MNA-FF) can be adopted as a semi-gold standard. It is
stated that the correlation between malnutrition and frailty using
verification of the GLIM criteria in older adults is demonstrable
(9). The GLIM process consists of two steps: initial screening for
nutritional risk and subsequent evaluation of the diagnosis of
malnutrition. Step one uses a validated tool for risk screening.
However, it is impossible to use several nutritional screening
tools for older adults when they are admitted to hospital.
Therefore, it is crucial to find the most effective. Malnutrition
and frailty share common mechanisms and the same items in
screening tools, such as weight loss and impaired function (10).
Various recent reports have shown that the Clinical Frailty Scale
(CFS) can diagnose a population of older hospitalized patients
with a risk of a poor prognosis, such as prolonged hospital
stay, increased dependency and death (11-13). Therefore, we
believe the GLIM approach demonstrates a stronger association
between malnutrition and frailty and that this method is
more appropriate.

With the factors mentioned earlier, our objective was to
identify which screening tool can better assess malnutrition
as the first step of the GLIM process and to evaluate the
correlation between GLIM-defined malnutrition and frailty in
older Chinese inpatients.

Subjects and methods

Participants

Study data were gathered from the SMART database at
Xuanwu Hospital Capital Medical University. SMART is an
age-based patient cohort study that contains information from
comprehensive evaluations that include nutrition, physical
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performance, functional status, mental-psychological function,
frailty, quality of life. The study’s inclusion criteria was age
>60 years and the participants ability to voluntarily sign an
agreement. Participants, recruited from July 2019 to April
2022, were assessed for nutritional status and frailty by trained
researchers. Demographic, anthropometric, and hospital data,
such as comorbidities, medication, and laboratory indicators,
were also collected from patients and the electronic medical
record system.

Nutrition assessment

Different instruments and methods were used to evaluate
the nutritional status of the subjects. The MNA-FF was adopted
to assess nutritional status, which is composed of 18 questions
within four domains, anthropometry, general condition, dietary
status, and a self-evaluation (14). Participants were regarded
as well-nourished (>23.5 points), at risk of malnutrition (17—
23.5 points), or malnourished (<17 points). We used the
MNA-SE, a straightforward, six-question screening tool for food
intake, unintended weight loss, mobility, medical history, and
anthropometric measurements. Participants were identified as
malnourished (0-7 points), at risk of malnutrition (8-11 points),
and normal nutritional status (12-14 points) (15). Nutrition
Risk Screening 2002 (NRS-2002) was adopted to evaluate
nutritional risk and malnutrition in participants within 48h
after admission to hospital, as recommended by the guidelines
of the European Society for Clinical Nutrition and Metabolism
(ESPEN). It involves two categories: severity of the disease
and poor nutrition and is adjusted for >70 years according to
age. The scores for both categories ranged from 0 to 3 points.
An NRS-2002 score of >3 suggest that the patient is at risk
of malnutrition (16). We applied the Malnutrition Universal
Screening Tool (MUST) to determine older inpatients at risk
of malnutrition (17). It consists of three clinical parameters:
body mass index (BMI), weight loss within the last 3 to 6
months, and fasting or insufficient intake for more than 5
days due to an acute disease. Participants may be classified
as having a low risk of malnutrition (0 points), moderate
risk of malnutrition (1 point), or high risk of malnutrition
(>2 points) on the score criteria. Supplementary Table 1
shows in detail the different methods used for nutritional
assessment. Anthropometric measurements included weight,
height, mid-arm muscle circumference (MAMC) and calf
circumference (CC).

GLIM criteria

The GLIM criteria is a two-stage assessment tool to diagnose
adults who are malnourished (Supplementary Table 1). The
important first step in nutritional assessment is the screening
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for risk of malnutrition to determine the ’at risk’ status using
any verifiable screening tool. We used three different tools,
namely NRS-2002, MNA-SE, and MUST, to conduct the first
step in the investigation. The second step was to link at
least one phenotypical criterion and one etiological criterion.
Phenotypical criteria included unintentional weight loss, low
BMI, and decreased muscle mass. Reduced muscle mass is
defined as the appendicular skeleton muscle index (ASMI).
The specific threshold value for ASMI recommended by the
Asian Working Group for Sarcopenia (AWGS) was used. ASMI
<7 kg/m? in men and ASMI <5.7 kg/m? in women. The
value of ASMI is estimated using the formula verified by
the gold standard of the dual light energy X-ray absorption
method in the Asian population (18); the specific formula is
as follows:

ASMI = 0.193 xweight + 0.107 x height — 4.157 x gender
—0.037xage — 2.631

gender: 1 for men and 2 for women

Etiological criteria include decreased food intake, impaired
absorption, disease burden, and inflammation. For more details,
see Table 1. We adopted serum C-reactive protein (CRP) levels
>10 mg/L as a biomarker to assess inflammation (19).

We used “model A” to represent “NRS-2002 to GLIM”,
“model B” to represent “MNA-SF to GLIM”, and “model C” to
represent “MUST to GLIM”.

Frailty assessment

We used CFS, a nine-point frailty screening tool, and
verified it as a predictive factor of hospitalization and death
(20) to assess frailty in older patients. They may be classified
as fit and managing well (1-3 points), vulnerable or mild
frailty (4-5 points), moderate frailty (6 points), serious to very
serious frailty, and critically ill (9 points) according to the
standard score.

Statistical analysis

Data were analyzed using SPSS (version 25). Normally
distributed data were assessed using a one-way analysis of
variance (ANOVA) and mean =+ standard deviation to express
the results. Non-normally distributed data were assessed using
the Kruskal-Wallis test, and the Chi-square test was adopted
to classify the variables; the results are shown as numbers and
percentages. MNA is a semi-gold standard for malnutrition
in older adults (9); therefore, sensitivity (SE), specificity (SP),
Youden index, kappa values, positive predictive value (PPV) and
negative predictive value (NPV) were used for the consistency
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and effectiveness of the GLIM criteria. The receiver operating
characteristic (ROC) curves of NRS-2002, MNA-SFE, and MUST
were also analyzed to assess their ability to correctly identify
malnourished inpatients using MNA as a reference. To evaluate
the correlation between nutritional status and frailty, ordered
classification logistic regression models were used, the results
were expressed as odds ratios (OR) and coefficients with 95%
confidence intervals (CI); P < 0.05 was taken to indicate
statistical significance.

Sample size calculation

This study was a single-door design diagnostic study.
Diagnostic indicators were qualitative: good nutritional status,
risk of malnutrition, and malnutrition. PASS was adopted to
calculate the sample size. According to previous literature
reports, the prior probability is estimated to be 22% (95%
CI 18.9-22.5) (21). A systematic review illustrated that the
combined sensitivity of the GLIM criteria was 0.72 (95% CI
0.64-0.78), the specificity was 0.82 (95% CI 0.72-0.88) (22),
the sample size was estimated using a one-sided test, the class
I error was 0.025, and the assurance was 80%. In addition,
invalid sensitivity or specificity was set to 0.5. According to
the results of the PASS software, 222 samples are needed
in this study. At least 42 patients with malnutrition are
clearly diagnosed according to the MNA, semi-gold standard,
to achieve the statistical efficiency of the detection preset
sensitivity. Therefore, the sample size of this study was
considered sufficient.

Results

Baseline characteristics of the study
participants

A sample size of 223 subjects were included in the study.
The mean age was 74 years and 46.4% were women. Table |
illustrates the baseline demographic and clinical characteristics
for all patients based on the categorization of model B
(Supplementary Table 2 and Supplementary Table 3 show the
baseline characteristics reflect the categorization of model A
and model C). According to GLIM criteria following the
results of the MNA-SF screening, 49.8% of the subjects were
at risk of malnutrition and the malnutrition ratio was 27.8%.
Significantly, we reported older age, lower body weight, BMI,
ASMI, MAMC, CC, and higher CCI scores in the malnourished
group than in the group without malnutrition. Regardless of
the screening tool used to identify the risk of malnutrition,
we found that frailty, defined by CFS, worsened in the
malnourished group.
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TABLE 1 Baseline characteristics of study participants.

Variables

Age, years

Female (%)

Height (cm)

Weight (kg)

BMI (kg/m?)

ASMI (kg/m?)

MAMC (cm)

CC (cm)

Smoking history, n (%)
Drinking history, 7 (%)
CCI category, 1 (%)
No comorbidity (0)
Medium-low (1, 2)
High (>3)

CFS Score

Fit and managing well (1-3)
Vulnerable or mild frailty (4, 5)

Moderate frailty (6)

Severely to very severely frail (7, 8)

Terminally ill (9)

All patients
n =223 (100%)

74.74 4 10.00
104 (46.6%)
164.92 + 8.31
66.88 & 13.06
24.51 4 4.04
6.92 4 1.22
26.69 + 3.82
3337 +£4.52
84 (37.7%)
68 (30.5%)

33 (14.8%)
95 (42.6%)
95 (42.6%)

95 (42.6%)
69 (30.9%)
32 (14.3%)
22 (9.9%)
5(2.2%)

10.3389/fnut.2022.969666

Model B p
Well-nourished Malnutrition risk only Malnutrition

n =112 (50.2%) n =49 (22.0%) n =62 (27.8%)
70.84 £7.95 75.06 + 8.97 81.55 £ 10.50 e
47 (45.2%) 25 (24.0%) 32 (30.8%) ns
164.35 £ 8.16 166.08 == 8.47 165.05 = 8.48 ns.
70.07 £ 11.83 69.81 + 11.01 58.80 £ 13.37 e
25.8462 £ 3.25 2531£3.78 21.45 +3.94 o
711+ 1.14 7.33£0.94 626 £ 1.31 o
2822 £ 3.00 27.16 £ 3.46 23.54 4 3.58 o
35.22 4 3.45 33.53 4 3.29 29.92 4 5.08 o
44 (52.4%) 18 (21.4%) 22 (26.2%) ns
36 (52.9%) 15 (22.1%) 17 (25.0%) ns
21 (63.6%) 8(24.2) 4(12.1%) e

64 (67.4%)
27 (28.4%)

72 (75.8%)
32 (46.4%)

19 (20.0%)
22 (23.2%)

15 (15.8%)
18 (26.1%)

12 (12.6%)
46 (48.4%)

8 (8.4%)
19 (27.5%)

7 (21.9%) 13 (40.6%) 12 (37.5%)
1 (4.5%) 3 (13.6%) 18 (81.8%)
0(0.0%) 0(0.0%) 5 (100.0%)

Notes: Model B: MNA-SF to GLIM, patients at risk identified by the MNA-SF. BMI, Body Mass Index; ASMI, Appendicular Skeletal Muscle Index; MAMC, Mid-arm Muscle Circumference;

CC, Calf Circumference; CCI, Charlson Comorbidity Index; CFS, Clinical Frailty Scale.
**p < 0.001, **p < 0.01, *p < 0.05. n.s.: non-significant.

Agreement between GLIM and MNA

All participants received three nutritional screening
tools (NRS-2002, MNA-SE, and MUST) at admission. Cross-
tabulation of GLIM criteria after different screening tools and
MNA-FF is shown in Supplementary Table 4. The consistency
between MNA and model A or model C was regarded as
‘moderate’ (k = 0.493 and 0.526, respectively; p < 0.001);
however, the consistency between MNA and model B was
’substantial’ (k = 0.629; p < 0.001) (Table 2). SE was 71.4% with
model A, 90.5% with model B, and 85.7% with model C, while
specificity was 92.5, 86.4, and 90.3% with model A, model B,
and model C, respectively. The Youden index for model A was
0.638, while the Youden index was 0.769 for model B and 0.760
for model C (Table 2).

The PPVs with model A, model B and model C were 69.8,
61.3, and 67.9%, respectively, while the NPVs were 93.3, 97.5,
and 96.5%, respectively. Lastly, the area under the curve (AUC)
showed that three different screening tools may have great utility
value for diagnosing malnutrition in aged patients (AUC of
MUST, MNA-SE, and NRS-2002 were 0.817, 0.993, and 0.860,
respectively; Figure 1).
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Malnutrition and frailty

When estimating the relationship between malnutrition and
frailty, the CFS used, no matter which method was used to assess
nutritional status, a clear association was observed (Table 3).
However, there are some subtle differences observed in the
results with the intensity of correlation. In all situations (model
A, model B, and model C), participants at risk of malnutrition
showed an OR of 1.13, 1.55, and 1.24, respectively. For model 1
(model without adjustment) in the scenario of model A, model
B, and model C, respectively, offsetting for OR of 0.31, 1.38, and
1.13, and OR of 0.18, 1.31, and 1.01 for the adjusted models 2
and 3 (after adjusting for demographic and clinical parameters),
respectively. There was a positive correlation between frailty
and malnutrition when nutrition was the only independent
parameter (model 1). Whatever covariates were included in
models 2, 3, and 4, this significance was observed. Malnutrition,
adopted in model B, was associated with a higher risk of frailty
incidence, which increased by OR: 2.80 in the case of model 1,
by OR: 2.03 in model 2, by OR: 1.89 in model 3, and by OR: 1.91
in model 4 compared to other tools for risk assessment (model
A and model C).
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TABLE 2 Estimates of the GLIM models accuracy and precision using the MNA score as reference.

Diagnosis Model A

Well-nourished, 7 (%) 151 (67.7%)
Malnutrition risk, 7 (%) 72 (32.3%)

Malnutrition, n (%) 43 (19.3%)

SE (%) 71.4%
SP (%) 92.5%
Youden index 0.638

Kappa (P-value) 0.493 (<0.001)

PPV 69.8%
NPV

AUC? (95% CI)

93.3%
0.817 (0.748, 0.886)

Model B Model C

112 (50.2%) 140 (62.8%)
83 (37.2%)

53 (23.8%)

111 (49.8%)
62 (27.8%)

90.5% 85.7%
86.4% 90.3%
0.769 0.760

0.629 (<0.001) 0.526 (<0.001)
61.3% 67.9%
97.5% 96.5%

0.993 (0.986, 1) 0.860 (0.788,0.931)

SE, Sensitivity; SP, Specificity; PPV, Positive predictive value; NPV, Negative predictive value; AUC, Area Under Curve.
#Three screening tools were used to evaluate the ability to accurately distinguish malnourished patients using MNA as a reference.

2
=
[72]
c
/]
n —— NRS2002 (AUC=0817)
. —— MINA-SF (AUC=0.993)
0.2 —— MUST(AUC=0.860)
0.0 I 1 I I I 1
00 0.2 04 06 08 1.0
1 - Specificity
FIGURE 1

Evaluation of the efficacy of three different screening tools to
diagnose malnutrition in aged inpatients using the MNA score as
a reference.

Discussion

Based on what we know, few studies have adopted MNA-
FF as a semi-gold standard to verify the applicability of GLIM
criteria and to explore the association between malnutrition and
frailty in older patients. To our knowledge, this is the first study
to adopt MNA-FF as a reference to verify the reliability of GLIM
criteria using different nutrition screening tools for the diagnosis
of malnutrition and to analyze its correlation with frailty in
older Chinese inpatients. Compared to other screening tools
(NRS-2002 and MUST), the most accurate and reliable GLIM
diagnostic criteria were obtained using MNA-SF. The prevalence
of risk of malnutrition was 49.7% after screening for MNA-SF,
while GLIM-defined malnutrition as 27.8%. More importantly,

Frontiersin Nutrition

05

our results showed that nutritional status, defined by GLIM
criteria with MNA-SE, was closely correlated with frailty with a
higher OR.

We used three different nutritional screening tools to
determine the risk of malnutrition, among our participants.
NRS-2002 and MUST had similar risk rates of approximately
one-third, while nearly half of the patients were at risk
as determined by MNA-SF. However, a study from Greece
evaluated the predictive value of six different nutritional
screening tools for malnutrition in older patients and showed
that the malnutrition risk rate with NRS-2002, MNA-SE
and MUST were 97.6, 82.3, and 66.1%, respectively (23).
This is much higher than in our study. Possible variances
include different regions and different disease severity of the
participants. Our study showed that three screening tools could
be valid tools to adopt with older inpatients. This result was
consistent with a MaNuEL study (24). The incidence of GLIM-
defined malnutrition after screening for NRS-2002, MNA-
SE and MUST was 19.3, 27.8, and 23.8%, respectively. The
results are consistent with a Chinese study based on hospital
malnutrition in older adults by Xu et al. (25), who reported a
malnutrition ratio of 27.5% with GLIM using NRS-2002, 32.6%
using MNA-SE and 25.4% using MUST. It could be that this
study population was older than 70 years, so the rate will be
slightly higher than in our study. We found that the prevalence
of malnutrition based on the GLIM process varies with the
choice of nutrition screening tools. However, one purpose for
the GLIM process is that malnutrition rates can be directly
comparable in different studies. To achieve this goal, the GLIM
criteria must be further standardized. We need to determine a
more suitable screening method for older adults, otherwise it
may not be authentic.

Regarding the uniformity between the MNA and GLIM
criteria, the MNA-SF seems to have better consistency. In this
study, we identified that when MNA-SF was used as a screening
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TABLE 3 Association between nutritional status (defined by different screening tools to GLIM) and frailty according to the Clinical Frailty Scale.

Variables CFS
Model B (Odds Ratio) Model A (Odds Ratio) Model C (Odds Ratio)
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Nutrition status
At malnutrition risk 1,552 1,383 1.319%%¢ 1.306*% 1.129%%% 0.313 0.183** 0.175 1236 1.137%%% 1.013%%% 1.057%*
(0.915-2.188)  (0.730-2.037)  (0.660-1.977)  (0.647-1.965)  (0.409-1.849)  (-434-1.060)  (-0.571-0.936) (- 0.571-0.936) (0.517-1.956)  (0.402-1.873)  (0.267-1.759)  (0.308-1.807)
Malnourished 2.800%** 2.030%** 1.887%** 1.908%** 3.032%** 1.667*** 1.528%** 1.514%%* 2.754%%* 1.782%%* 1.678%** 1.739%%*
(2.146-3.454)  (1.344-2.715) (1.184-2.589) (1.204-2.612)  (2.307-3.757)  (0.902-2.432) (0.750-2.307) (0.735-2.294)  (2.092-3.416) (1.089-2.475) (0.971-2.384) (1.029-2.450)
Age 0.149%%* 0.137%%* 0.140*%* 0.146%%* 0.133%%* 0.135%%* 0.151%%* 0.137%%* 0.139%%*
(0.116-0.182) (0.103-0.172) (0.105-0.174) (0.112-0.180) (0.098-0.168) (0.100-0.170) (0.118-0.184) (0.103-0.172) (0.105-0.174)
Female -0.103 0.120 0.120 0.190 0.203 0.186 0.173 0.18 0.172
(-0.594-0.388)  (-0.374-0.615) (-0.377-0.616) (-0.298-0.678)  (-0.289-0.695)  (-0.308-0.680) (-0.317-0.0.662)  (0.314-0.673)  (-0.324-0.667)
CCI categories
Medium-low (1, 2) 0.393 0.275 0.350 0.209 0.435 0.283
(-0.365-1.152)  (-0.495-1.046) (-0.403-1.103)  (-0.557-0.974) (-0.323-1.194)  (-0.488-1.053)
High (=3) 1.059* 1.027* 1.175%* 1.145%* 1.175%* 1.093*
(0.227-1.891) (0.186-1.868) (0.348-2.001) (0.310-1.980) (0.308-1.967) (0.254-1.932)
Lifestyle
Smoking history -0.237 -0.292 -0.358
(~0.868-0.393) (~0.921-0.337) (~0.989-0.273)
Drinking history 0.717* 0.700* 0.839*

(0.047-1.386)

(0.033-1.367)

(0.167-0.152)

Model A: NRS-2002 to GLIM, patients at risk identified by the NRS2002. Model B: MNA-SF to GLIM, patients at risk identified by the MNA-SF. Model C: MUST to GLIM, patients at risk identified by the MUST. CFS, Clinical Frailty Scale; CCI, Charlson

Comorbidity Index.
95% confidence intervals in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05.
Reference categories: well-nourished, men, no comorbidity.

Model 1 includes being at malnutrition risk or malnourished. Model 2 adds to Model 1 sociodemographic characteristics (age and gender). Model 3 adds to Model 2 the comorbidity according to the CCI. Model 4 adds to Model 3 the lifestyle (smoking

and drinking history).
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tool, we observed the best consistency and applicability between
the GLIM criteria and MNA-FF. Our findings are in good
agreement with previous studies (25-27). A Chinese study on
hospitalized patients over 70 years of age found that when MNA-
SF was used as a screening tool, the odds ratio of in-hospital
mortality was significantly related to the malnutrition defined
by GLIM (25). Munoz et al. showed that GLIM criteria with
MNA-SF may be a suitable method for diagnosing malnutrition
in older adults in the emergency department (26).

Poor nutritional condition is widely known to be often
considered one of the potential mechanisms resulting in
frailty in older adults (28). Guidelines on the validation of
GLIM criteria recommend that protein-energy malnutrition
determined by GLIM criteria related to valid and reliable
measures of frailty can be considered an acceptable verification
method (9). Our results showed a significant cross-sectional
association between frailty and malnutrition, as determined by
the GLIM criteria. Similarly, in a study of Spanish older adults
living in the community, Rodriguez-Manas et al. (29) revealed
that there was not only a significant horizontal association
between GLIM-defined malnutrition and frailty, but also that
during the 3-year follow-up period, nutritional condition was
a related factor that contributed to the risk of frailty and
death. There two studies have also found that malnutrition,
based on GLIM criteria, is associated with frailty, and has
predictive value among community residents (30, 31). This
finding is clinically significant and suggests it can improve
nutritional status and prevent or treat frailty. Among the
different screening tools, the GLIM criteria adopting MNA-SF
as a screening tool may have a better correlation. Contrary
to our findings, Yeung et al. (31) found no correlation
between malnutrition and frailty in institutionalized older
adults. However, Yeung et al. did not choose parameters
(e.g., validated body composition measures and inflammatory
markers) as part of GLIM criteria. It may not be possible to draw
a clearer conclusion about the effectiveness of the predictive
validity of the GLIM criteria.

The main strength of this study is the first to adopt MNA-
FF as a reference, as recommended by the GLIM validation
guide, to verify the reliability of the GLIM criteria using different
nutrition screening tools for the diagnosis of malnutrition
and to analyze the correlation between malnutrition and
frailty in older Chinese inpatients. Moreover, we adopted
standardized diagnostic methods for malnutrition based on
the GLIM process and rigorous statistical analysis. Our study
had limitations. First, it was a single center, small sample
retrospective investigation, which can increase bias and lead
to restricted subgroup analysis and imprecision. Moreover, we
used a formula instead of dual-energy X-ray absorptiometry
or bioelectrical impedance analysis to measure muscle mass.
Although this formula has been verified, we admit that imprecise
muscle mass estimates might fail to guarantee the validity of
the results. A further limitation of the study is that we did
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not compare anthropometric indexes (e.g., ASMI, MAMC, and
CC) to verify our results, and we will try to use this method
to verify in future research. Furthermore, we did not use a
complete nutritional assessment, as a gold standard, to assess
the nutritional status of older adults. Because participants with
serious diseases in this study may not be able to cooperate with
this assessment. We will adopt a complete nutritional assessment
of participants in our ongoing study (the 3M study) (32).
Finally, this study found a cross-sectional correlation between
poor nutritional condition and frailty, and it is impossible to
make causal inferences, which must be verified in a larger
prospective study.

In this single-center cross-sectional
hospitalized patients, the incidence
19.3-27.8%
tools. The consistency between the GLIM criteria using the
MNA-SF and the MNA methods was high. Malnutrition, as
defined by the GLIM criteria with MNA-SF, was significantly
correlated with frailty. GLIM criteria with MNA-SF could
identify malnutrition more accurately and reliably in older

study of older
of GLIM-defined
using different

malnutrition was screening

patients. In the future, aim to bring older, malnourished
patients, diagnosed by GLIM criteria and with the MNA-
SE into the medical insurance scheme, so that patients
can benefit.
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