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Background & aim: The Global Leadership Initiative on Malnutrition (GLIM) has suggested a process for
the diagnosis of malnutrition. The process consists of applying an existing screening tool for malnutrition
screening, followed by malnutrition diagnostics, and finally categorization of malnutrition severity
(moderate or severe) according to specific GLIM criteria. However, it is not known how well the GLIM
process agrees with other diagnostic tools used in the current clinical practice. The aim of this study was
to validate the GLIM process against the Patient Generated-Subjective Global Assessment (PG-SGA) when
different screening tools were applied in the screening step of the GLIM process.
Methods: Colorectal cancer (CRC) patients from the ongoing CRC-NORDIET study were included. For the
GLIM process, the patients were first screened for malnutrition using either 1) Nutritional risk screening,
first 4 questions (NRS-2002-4Q), 2) Malnutrition Screening Tool (MST), 3) Malnutrition Universal
Screening Tool (MUST) or 4) the PG-SGA short form (PG-SGA-SF). The GLIM malnutrition diagnosis was
then based on combining the result from each of the screening methods with the etiological and
phenotypic GLIM-criteria including weight loss, BMI and fat free mass. In parallel, the patients were
diagnosed using the PG-SGA methodology categorizing the patients into either A: well nourished, B:
moderately malnourished or C: severely malnourished. The four different GLIM based diagnoses were
then validated against the diagnosis obtained by the PG-SGA tool. Sensitivity, specificity and positive
predictive value (PPV) were calculated to evaluate validity.
Results: In total, 426 patients were included (mean age: 66, ±8 years) at a mean time of 166 (±56) days
after surgery. The GLIM diagnosis based on the four different screening tools identified 10e24% of the
patients to be malnourished, of which 3e8% were severely malnourished. The PG-SGA method catego-
rized 15% as moderately malnourished (PG-SGA: category B) and no patients as severely malnourished
(PG-SGA: category C). The agreement between the PG-SGA and GLIM process was in general low, but
differed according to the tools: PG-SGA SF (sensitivity 47%, PPV 71%), MST (sensitivity 56%, PPV 47%),
NRS-2002-4Q (sensitivity 63%, PPV 53%) and MUST (sensitivity 53%, PPV 34%).
Conclusion: In this cross-sectional study of patients with CRC, the concordance between the GLIM-
criteria and PG-SGA depended on the screening tool used in the GLIM process. Malnutrition frequency
based on the GLIM process schould be reported with and without the use of a screening tool.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Malnutrition, which frequently occurs in patients with cancer
diagnoses, is associated with increased morbidity and mortality
[1e3]. There is currently no gold standard for the diagnosis of
malnutrition, and numerous methods are applied in clinical- and
research settings. The lack of consensus on diagnostic criteria
makes it problematic to compare results from different studies
around the world. Therefore, based on a consensus process the
Global Leadership Initiative onMalnutrition (GLIM) has suggested a
method, hereafter termed the GLIM-process, for diagnosing
malnutrition including diagnostic criteria [4]. However the opera-
tional criteria of the GLIM-process need to be validated [5].

The GLIM-process suggests a step-wise approach for diagnosing
malnutrition [4]. Step 0 is screening for the risk of malnutrition, for
which GLIM suggests to use one of the existing, validated screening
tools. In step 1, GLIM introduces the new criteria for malnutrition
diagnostics in which both etiology (reduced intake, malabsorption
and increased energy needs) and symptoms/signs (low BMI, weight
loss and lowmuscle mass) are included. In the final step, step 2, the
severity of malnutrition is determined based on two sets of cut-off
values for the GLIM-criteria in step 1. However, it is not known how
well the GLIM method agrees with the current clinical practice.

The Patient Generated-Subjective Global Assessment (PG-SGA)
[6,7] is a nutritional assessment tool recommended for oncology
practice and research [8]. The PG-SGA is one of only few nutritional
assessment tools that cover all domains of the definition of
malnutrition [9]. The PG-SGA form includes two pages, inwhich the
patient completes the first page and the health care professionals
completes the second page. The first page includes four patient-
generated components (weight history, food intake, nutritional
impact symptoms and activity level and function) and the second
page three professional components (diagnosis and age, metabolic
stress and nutrition focused physical examination). The physical
examination, (part of page 2) performed by the health care pro-
fessionals, consists of visual inspection and palpation of muscles,
subcutaneous fat and edema. Based on an evaluation of the patient-
generated components and the physical examination, the patients
are categorized as well-nourished (PG-SGA A), moderately
malnourished (PG-SGA B) or severely malnourished (PG-SGA C).
The first page can be used as a stand-alone screening tool and is
then referred to as “PG-SGA short-form” (PG-SGA SF).

The evaluation of weight loss, energy intake, altered energy
needs and muscle mass is included in both GLIM and PG-SGA. It is
well recognized that the loss of fat-free mass (FFM) is linked to
adverse outcomes in cancer patients. Progressive loss of skeletal
muscle, the major constituent of FFM, is shown to be an indepen-
dent predictor of chemotherapy toxicity [10], post-operative com-
plications [11] and mortality [12e14] in cancer patients. Depletion
of FFM may occur with or without loss of fat mass, and may
therefore be masked by obesity or a stable body weight [15]. The
clinical consequences of low FFM overlap with the consequences of
malnutrition [16], and thus low FFM seem to be a key component
for the malnutrition diagnosis.

According to the GLIM-process, any existing, validated screening
tool could be applied in order to screen for the risk of malnutrition.
Several screening tools are recommended and used in clinical
practice [17], e.g. Malnutrition Screening Tool (MST), Malnutrition
Universal Screening Tool (MUST), and Nutritional Risk Screening
(NRS-2002) in which the first four questions (NRS-2002-4Q) have
also been suggested as a separate screening tool [18e21]. The short
form of PG-SGA (PG-SGA SF), including only the first page
completed by the patient, can also be used as screening tool. In
previous publications using the GLIM process, malnutrition prev-
alence is presented with or without initial screening. It is, however,
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not known how the use of different screening tools affects the
result of the GLIM process.

The aim of the present study was to investigate the agreement
between the GLIM process and PG-SGA for diagnosing malnutrition
in patients with colorectal cancer (CRC) when different screening
tools are applied in step 0 of the GLIM process.

2. Subjects and methods

2.1. Participants

The participants included in this cross-sectional study were
recruited from the ongoing randomized clinical trial (RCT) “The
Norwegian Dietary Guidelines and Colorectal Cancer Survival
study” (CRC-NORDIET) [22]. Detailed information on the CRC-
NORDIET study including recruitment, measurements, methods,
exclusion and inclusion criteria have been published elsewhere
[22,23]. Briefly, eligible participants were women and men (50e80
years) with a confirmed primary CRC (ICD-10 C18-20), and staged
IeIII according to the tumor node staging (TNM) system [24]. All
patients had undergone surgery at Oslo University Hospital or
Akershus University Hospital in Norway, and were enrolled be-
tween 2012 and 2020. The current study is a cross-sectional study
from the inclusion time point (baseline), 2e9 months after curative
surgery, meaning that all measurements were performed prior to
the one-year intensive dietary intervention of the CRC-NORDIET
study. Information about site and classification of the malignant
tumors (TNM stage) were obtained from electronic patient records.

2.2. Ethics

The CRC-NORDIET study was carried out in accordance to the
Helsinki Declaration and informed consent was obtained from all
participants. The study was approved by the Regional Committees
for Medical and Health Research Ethics in Norway (REC Protocol
Approval 2011/836) and by the data protection officials at Oslo
University Hospital and Akershus University Hospital. The CRC-
NORDIET study is registered at the National Institutes of Health
Clinical Trials (www.ClinicalTrials.gov; Identifier: NCT01570010).

2.3. The GLIM approach

In step 0 of the GLIM approach (Fig. 1), we used four different
tools to screen for risk of malnutrition; 1) Malnutrition Universal
Screening tool (MUST), 2) Malnutrition Screening Tool (MST), 3)
NRS-2002-4Q or 4) the Patient-Generated Subjective Global
Assessment Short Form (PG-SGA SF). Screening with NRS-2002,
MST and MUST were conducted retrospectively, based on data
collected at the study visit.

Nutritional risk screening (NRS 2002) was developed in
Denmark [17,18]. The procedure has two steps and is more complex
compared to the other mentioned tools, as the patient has to be
scored in different components: malnutrition and disease severity
[18]. The NRS first 4 questions (NRS-2002-4Q) have however been
used as a separate screening tool, and have shown to predict
morbidity and mortality [19]. Malnutrition risk was defined as �1
(out of 4) for NRS-2002-4Q in the present study.

MST was originally developed in Australia, and consists of only
two questions regarding appetite and recent unintentional weight
loss [20]. In the present study, this information was self-reported.
MST scores �2 (out of 5) was defined as malnutrition risk, ac-
cording to the developer's guidelines.

MUST is a risk screening tool developed by The British Associ-
ation for Parenteral and Enteral Nutrition (BAPEN) [21]. In the
present study, MUST scores were calculated from anthropometric

http://www.ClinicalTrials.gov


Fig. 1. Overview of the GLIM process. In Step 0 of the GLIM approach, we used four different screening tools 1) Nutrition Risk screening first 4Q (NRS-2002-4Q), 2) Malnutrition
Screening tool (MST), 3) Malnutrition Universal Screening Tool (MUST) or 4) the Patient-Generated Subjective Global Assessment Short Form (PG-SGA SF). In step 1 diagnosis was
performed based on ethology and phenotype, and step 2 the severity was graded into severe malnutrition or moderate malnutrition.
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measurements performed at the center and weight loss was self-
reported by the patient on the first page of PG-SGA. Malnutrition
risk was defined by MUST score �1 out of 3, as recommended [21].

PG-SGA SF consists of four patient generated items: weight
history, nutrition impact symptoms, food intake and activity level,
and is the first page of the full PG-SGA [7]. As the PG-SGA SF is
designed to be completed by the patient, most patients manage to
do this without problems [25]. However, in the present study, a
dietitian or master student provided assistance if needed. As there
are currently no official guidelines for how to define risk of
malnutrition based on the PG-SGA SF, we selected a cut-off value of
�3 based on own receiver operating characteristic curve (ROC
curve) analyses with PG-SGA category as outcome variable in a
subsample of the CRC-NORDIET study (data not shown).

For step 1 and 2 of the GLIM process; diagnosis and severity
grading of malnutrition, the GLIM criteria as defined by the
consensus report from the global clinical nutrition community [4]
were applied.

Anthropometric measurements as part of step 1, were per-
formed as previously described [22]. In short, body weight was
measured on a Marsden M-420 Digital Portable Floor Scale
(Marsden, Rotherham, South Yorkshire, United Kingdom) or a
digital wireless measuring station for height and weight, Seca 285
(Seca, Birmingham, United Kingdom). Height (cm) was measured
with a mechanical height rod (Kern MSF- 200) or a digital wireless
stadiometer (Seca 285). For the phenotypic criteria of step 1, BMI
was calculated based on measured values, and categorized as:
moderately low if BMI <20 kg/m2 (<22 if more than 70 years) and
severely low if BMI <18.5 kg/m2 (<20 if more than 70 years).
Weight loss the last six months were self-reported, and the cut off
10% were used.

Bioelectrical impedance analysis (BIA) was used for assessment
of FFM. A single frequency whole-body BIA (BIA 101, SMT Medical,
Würzburg, Germany) was used from 2012 to 2018. The device ap-
plies a current of 400 mA at a constant frequency of 50 kHz. From
2018, this device was replaced by a multi-frequency, segmental
Seca mBCA515 (Seca, Birmingham, United Kingdom). Both in-
struments have previously been validated against Dual-energy X-
ray Absorptiometry (Lunar iDXA, GE Healthcare software enCORE
version 16) in a subgroup of CRC patients included in the CRC-
NORDIET study [26]. All measurements were performed under
standardized conditions according to the manufacturer's protocol
and FFM was calculated by the included regression equations
incorporated in the BIA software. Cut-off values for low muscle
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mass were set to FFMI (FFM (kg)/height (m2)) <15 kg/m2 for
women and <17 kg/m2 for men for moderate malnutrition, ac-
cording to cut-off values for FFMI proposed for sarcopenia by ESPEN
[27,28]. No additional cut-offs for FFMI were used for defining se-
vere malnutrition, as this is not specified in the original GLIM
publication [4].

All participants were a priori defined as having at least one
etiologic criteria (chronic disease), because of their recent cancer
diagnosis. Other etiological criteria were self-reported by the PG-
SGA SF (information on dietary intake, diarrhea or vomiting).

For step 2 of the GLIM process the severity of malnutrition was
categorized as moderate if BMI <20 kg/m2 (<22 if more than 70
years) and/or weight loss 5e10%. Participants were graded as
severely malnourished if BMI <18.5 kg/m2 (<20 if more than 70
years) and/or weight loss >10%. No additional cut-offs for FFMI
were used for defining severe malnutrition, as this is not specified
in the original GLIM publication [4].

2.4. The PG-SGA

A validated Norwegian version of the scored PG-SGA (15-004
v10.13.16) was used as a reference method for malnutrition
assessment [29]. A detailed description of the PG-SGA procedure
has been published previously [23]. Briefly, the PG-SGA assessment
was carried out by either registered clinical dietitians or trained
master students in clinical nutrition in accordance with the
guidelines [30]. All personnel underwent training in the PG-SGA
procedure, as training has been shown to increase comprehensi-
bility [31]. Permission for use was obtained by the copyright holder
of the instrument. The results are presented both as total score and
the global rating. According to the procedures for global rating, the
patients were classified as well-nourished (PG-SGA A), moderately
malnourished (PG-SGA B) or severely malnourished (PG-SGA C)
based on the first page of the PG-SGA form and the physical ex-
amination [7].

2.5. Statistical analyses

The statistical analyses recommended by van der Schueren for
validation of the GLIM criteria were used [5]. For the malnutrition
diagnosis according to GLIM, we used subjects with any combina-
tions of phenotype and etiologic criteria. Sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV)
were calculated for each combination of screening tool with the



Table 1
Baseline characteristics of the study population.

All subjects Women Men

n ¼ 426 n ¼ 195 n ¼ 231

Age, years, mean (SD) 65.9 (7.6) 65.4 (7.7) 66.3 (7.5)
Anthropometric measures, mean (SD)
Height, cm 172.9 (8.7) 166.1 (5.8) 178.6 (6.2)
Body weight, kg 80.5 (16.3) 71.8 (14.6) 87.9 (13.9)

Body composition (BIA), mean (SD)
FFM, kg 53.7 (11.3) 44.1 (5.1) 61.9 (8.3)
FM, kg 26.3 (9.6) 27.2 (10.9) 25.5 (8.3)

BMI, kg/m2, mean (SD) 26.9 (4.7) 26.1 (5.3) 27.5 (4.0)
Time since surgery, days, mean (SD) 166 (56) 166 (57) 167 (55)
Tumor localization, n (%)
C 18 Colon 260 (61) 132 (68) 128 (56)
C 19 Rectosigmoid 22 (5) 10 (5) 12 (4)
C 20 Rectum 144 (34) 53 (27) 91 (40)

TNM-stage, n (%)
I 116 (27) 47 (24) 69 (30)
II 143 (34) 68 (35) 75 (32)
III 118 (28) 63 (32) 55 (24)
Not specified 49 (12) 17 (9) 32 (14)

Treatment, n (%)
Neoadjuvant 40 (9) 15 (8) 25 (11)
Adjuvant 99 (23) 49 (25) 50 (22)

Number of comorbidities, n (%)
0 151 (35) 58 (30) 93 (40)
1 144 (34) 70 (36) 74 (32)
�2 131 (31) 67 (34) 64 (28)

Highest completed education, n (%)
Primary school 42 (10) 17 (9) 25 (11)
Vocational school 122 (30) 51 (27) 71 (32)
Secondary school 47 (11) 26 (13) 21 (10)
University or college 202 (49) 98 (50) 104 (47)
Other/not answered 13 (3)

Ability to work, n (%)
Working (fulltime or parttime) 126 (30) 47 (24) 79 (34)
Not working 71 (17) 38 (19) 33 (14)
Retired 218 (51) 108 (55) 110 (48)
Other/not answered 11 (3) 2 (1) 9 (4)

BIA: Bioelectrical impedance analysis, SD: Standard deviation, TNM: Tumor Nodes
Metastasis Classification of Malignant Tumors.

Table 2
The results for the screening tools to be applied in step 0 of GLIM.

Step of the GLIM process Positive screening by: n %

Step 0 NRS-2002-4Q (�1 point) 157 37
MST (�2 points) 113 27
MUST (�1 point) 101 24
PG-SGA SF (�3 points) 94 22

N ¼ 426. NRS-2002-4Q: Nutritional risk screening (NRS 2002) first four questions,
MST: Malnutrition Screening Tool, MUST: Malnutrition Universal Screening Tool.
PG-SGA SF: The short form of Patient Generated-Subjective Global Assessment.
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GLIM criteria against PG-SGA (global rating) as referencemethod as
follows:

Sensitivity ¼ malnourishedboth methods/malnourishedPG-SGA

Specificity ¼ not malnourishedboth methods/not malnourishedPG-SGA

PPV ¼ malnourishedboth methods/malnourishedGLIM

NPV ¼ not malnourishedboth methods/not malnourishedGLIM

In accordance with the recommendations for validation of the
GLIM criteria [5] sensitivity and specificity of >80% was interpreted
as acceptable for the diagnosis of malnutrition. Since PG-SGA is a
“semi-gold standard” for malnutrition, we also calculated the
agreement between the tools using Cohens kappa. Level of agree-
ment was interpreted as almost perfect if Cohens kappa (k) was
>0.91, strong if k ¼ 0.81e0.90, moderate if k ¼ 0.60e0.80, week if
k ¼ 0.40e0.59 and minimal if k < 0.40 [32]. All statistical analyses
were performed using SPSS (IBM SPSS Statistic v.27).

2.6. Sample size calculation

A post hoc sample size calculation was performed on sensitivity
and specificity as recommended by de van der Schureren [5] using
the method described by Jones [33]. Using a sensitivity and speci-
ficity of 70%, and a malnutrition rate of 36% (corresponding to the
actual results in the present study) we are 95% confident that the
value of sensitivity obtained from our sample was within a distance
of ±5 percent points from the true value, and the specificity within
a distance of ±4 percent points from the true value.

3. Results

Five hundred and three patients were included in the study. Of
these, 77 patients were excluded from the current analysis due to
missing PG-SGA or lack of data needed to determine FFMI. Char-
acteristics of the 426 eligible patients are described in Table 1. The
mean age was 66 years and mean BMI was 26.9 kg/m2. Sixty-one
percent of the patients had colon cancer, 34% had rectum cancer
and 5% patients had rectosigmoid cancer. The median time from
CRC surgery to assessments was 166 days.

The results of the screening tools to be applied in step 0 of the
GLIM assessment is described in Table 2. Depending on the
screening tool, 22e37% of patients were found to be at risk of
malnutrition. NRS-2002-4Q detected more subjects at risk of
malnutrition compared to the other screening tools.

The number of patients fulfilling the GLIM criteria in step 1 and
2 of the GLIM process (without applying step 0) is shown in Table 3.
The GLIM criteria in step 1 and 2 identified 36% as malnourished,
whereof 28% were moderately malnourished and 8% severely
malnourished. The different combinations of etiology and pheno-
type leading to the malnutrition diagnoses sums up to more than
100% because one person can fullfit several of the six combinations
of criteria. Low FFMI and inflammation was the most frequent
combination leading to the malnutrition diagnosis, followed by
weight loss and inflammation. The combination of low BMI with
reduced food intake was least frequent.

The result of the total GLIM process is described in Fig. 2.
Depending on the screening tool in step 0, the GLIM process
identified 10e24% as malnourished. In step 2, no cut-off values for
FFMI for severe malnutrition are suggested by GLIM. Thus, cut-off
values for FFM were only applied for moderate malnutrition, and
the commonly used 15 kg/m2 for women and 17 kg/m2 for menwas
used. Again, depending on the screening tool applied in step 0,
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7e16% of the participants were categorized as moderately
malnourished and 3e8% of the participants were categorized as
severely malnourished.

The results of the PG-SGA assessment are described in
Table 4. According to PG-SGA, 15% were categorized as moderately
malnourished (PG-SGA B) and no patients were severely
malnourished (PG-SGA C).

The agreement between GLIM and PG-SGA is shown in Table 5.
The GLIM process identified more subjects compared to PG-SGA for
3 out of 4 screening tools applied in step 0 of GLIM. When
considering the PG-SGA as the reference method, the sensitivity of
GLIM did not reach acceptable levels, neither with nor without
screening, irrespective of the tool used. The specificity increased to
an acceptable level with all screening tools compared to without
screening. The agreement between the PG-SGA and GLIM criteria
was minimal using MUST (kappa 0.28), weak using the MST (kappa



Table 3
The results for step 1 and 2 of the GLIM process without applying step 0.

Step of the GLIM process Criteria n %

Malnourished, any combination: 154 36
Step 1: Diagnosis Weight loss >5% last 6 months and reduced food intake/assimilation 38 25

Weight loss >5% last 6 months and inflammation 88 57
BMI <20 kg/m2 and reduced food intake/assimilation 9 6
BMI <20 kg/m2 and reduced food intake/assimilation 31 20
Low FFMI and reduced food intake/assimilation 23 15
Low FFMI and inflammation 84 55

Step 2: Severity Moderately malnourished, total: 121 28
BMI 18.5e20 kg/m2 22 5
Weight loss 5e10% last 6 months 62 15
Low FFMI 84 20
Severe malnourished, total: 33 8
KMI <18.5 kg/m2 9 2
Weight loss >10% last 6 months 26 6

N ¼ 426. FFMI: Fat free mass index. BMI: Body Mass Index. GLIM: Global Leadership Initiative on Malnutrition.

Fig. 2. Result of the total GLIM process showing the amount of patients diagnosed with malnutrition when different screening tools were used in step 0 of the GLIM process. The
amount of patients diagnosed with malnutrition without applying any screening tool and by PG-SGA is shown for comparison. NRS-2002-4Q: Nutritional risk screening (NRS 2002)
first four questions, MST: Malnutrition Screening Tool, MUST: Malnutrition Universal Screening Tool. PG-SGA SF: The short form of Patient Generated-Subjective Global Assessment.
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Table 4
Malnutrition based on PG-SGA.

n %

Global rating*, n (%)
Well nourished (A) 362 85
Moderately malnourished (B) 64 15
Severely malnourished (C) 0 0

Total PG-SGA score
PG-SGA score <4, n (%) 271 64
PG-SGA score 4e8, n (%) 127 30
PG-SGA score �9, (%) 28 6
Median (range) 3 (1e20)

N ¼ 426. PG-SGA: Patient Generated-Subjective Global Assessment *Based on page
1 of PG-SGA and the physical examination.
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0.42) and NRS-2002 first 4 questions (kappa 0.49) and moderate
using PG-SGA SF (kappa 0.60). Negative predictive values (NPV)
were acceptable for all screening tools.

4. Discussion

This cross-sectional study, conducted in CRC patients about 5
months after surgery, shows that the percentage of patients with
malnutrition varied from 10 to 24% depending on which screening
tool used during the step 0 of the GLIM process. When applying the
GLIM process without the use of screening, as many as 36% were
identified as malnourished. In comparison, the PG-SGA detected
only 15% as malnourished and did not identify any patients to be
severely malnourished. The agreement between the PG-SGA and
GLIM methods was in general low, but varied according to the
screening tool used in step 0.

4.1. Agreement between GLIM and PG-SGA

Few other studies have compared the GLIM process with that of
PG-SGA. We found that GLIM, without previous screening as step 0,
identified more than twice the number of malnourished partici-
pants (36%) compared to PG-SGA (15%). The results are in accor-
dance with an Australian study by De Groot et al. [34] who reported
35% malnourished patients with GLIM compared to 16% with PG-
SGA in patients with mixed cancer diagnosis (breast, gynecologi-
cal and colorectal). Compared to our study, this study did not use
fat-free mass as a GLIM criteria. In contrast to the findings by De
Groot et al. [34], Zhang et al. [35] reported that the malnutrition
prevalence was lower with GLIM (28%) compared to PG-SGA (43%)
in a Chinese adults with cancer stage IeIV (gastrointestinal-, head&
neck and lung cancer). This was also the case in a recent Norwegian
study from a nutrition outpatient clinic, where the malnutrition
prevalence was 36% by GLIM and 69% by PG-SGA [36]. The
discrepancy may partly be explained by different populations, as
these studies included patients with higher risk of malnutrition
Table 5
Agreement between GLIM and PG-SGA.

Malnourished

PG-SGA GLIM Sensitivit

Screening tool used in step 0 of GLIM n n %

Without screening 64 154 69
MST 64 77 56
MUST 64 101 53
NRS-2002-4Q 64 75 63
PG-SGA SF 64 42 47

N¼ 426. NRS-2002-4Q: Nutritional risk screening (NRS 2002) first four questions, MST:M
The short form of Patient Generated-Subjective Global Assessment, PPV: positive predic
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because of a high number of nutrition impact symptoms and high
severity of the disease. PG-SGAweigh symptoms high compared to
phenotypic changes and BMI is not included at all. The subjects
with low FFMI contributed to about 30% of those diagnosed as
malnourished by GLIM.We recognize that the GLIM criteria include
low FFMI as an aspect of malnutrition e but of course, one can
discuss if these subjects are truly malnourished. If not, this can
explain why the GLIM process identifies more subject as
malnourished compared to the PG-SGA in our patient group.
Another explanation may be that the PG-SGA is not sensitive
enough for identifying low muscle mass because of the subjective
aspect of the physical examination and that obesity can mask low
muscle mass. Because of the conceptual differences between the
GLIM criteria and the PGS-SGA, a 100% agreement cannot be ex-
pected, but the agreement need to be acceptable, for GLIM to fullfit
its purpose.

In contrast to our finding, Allard et al. [37] detected a lower
proportion of malnutrition by GLIM, without step 0 screening,
(33%) than using SGA (45%) (a previous version of the PG-SGA) in a
retrospective study of 784 patients with mixed diagnosis in Cana-
dian hospitals. However, because Allard et al. did not measure and
include fat-free mass as part of the GLIM process, the studies might
not be directly comparable. Also, different populations of cancer
patients may also have contributed to the discrepancies in preva-
lence of malnutrition, as the participants in the present study only
included patients with CRC stage 1e3.

In the present study, the sensitivity of GLIM was 69% without
step 0 screening and reduced to 47e63%, when a screening tool was
applied as recommended in the full GLIM process. The sensitivity,
without previous screening, was in between the results from Allard
(sensitivity of 61%) and De Groot (sensitivity of 76%) [34,37]. In the
present study, the PPV was only 29%, also in line with the De Groot
study (PPV: 34%), but surprisingly low compared to the PPV of 83%
reported by Allard. Our result cannot be directly compared with the
Zhang study, as they used the GLIM process as a reference method
for the other screening and assessment tools (i.e. did the opposite
calculations for sensitivity and specificity). The kappa value for
GLIM step 1 and 2 only in the present study (0.24) indicated a
minimal agreement between GLIM and PG-SGA, which alsowas the
case in the De Groot study (kappa: 0.32). Zhang found kappa: 0.45,
and noted that the agreement increased in subgroups with higher
malnutrition prevalence [35].

4.2. Effect of screening tool

In the present study, the specificity, PPV and kappa value when
comparing the GLIM process to that of PG-SGA increased when a
screening tool was applied as step 0. The kappa value was only 0.24
when comparing the PG-SGA method to the GLIM method without
screening as part of step 0. Our findings demonstrate that screening
reduces the number of patients in need of a full assessment, and
Specific agreement

y Specificity Kappa PPV % NPV %

% (95% CI) % %

70 0.24 (0.16e0.33) 29 93
89 0.42 (0.30e0.53) 47 92
81 0.28 (0.17e0.39) 34 91
90 0.49 (0.38e0.60) 53 93
97 0.60 (0.49e0.70) 71 91

alnutrition Screening Tool, MUST:Malnutrition Universal Screening Tool. PG-SGA SF:
tive value, NPV: negative predictive value.
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increases the agreement with the reference method (PG-SGA). The
sensitivity of the GLIM process, however decreased as a result of the
screening. With the low sensitivity, we are worried that
the screening process may eliminate patients that are truly
malnourished. This may be supported by the fact that none of the
existing screening tools are capable of detecting low muscle mass,
as described in an earlier publication from a subsample of the
present study population [23].

We have showed that both absolute prevalence and the accor-
dance with a reference method, depends upon the screening tool
used in step 0 of GLIM. As expected, the best agreement was
observed when the PG-SGA SF was used as the screening tool,
however even with this screening tool, the sensitivity was rather
low. NRS-2002-4Q, on the other hand, identified a relatively high
proportion of patients “at risk of malnutrition”, while at the same
time having the highest sensitivity and showing fair agreement
with PG-SGA. Taken together, this is pointing to PG-SGA SF and
NRS-2002-4Q being the most suitable as step 0 screening tool in
the GLIM process. Still, using any of those two screening tools,
implicates that a high number of malnourished patients will not be
identified, as recently also illustrated at a nutrition outpatient clinic
[36]. We speculate that the high proportion of malnourished pa-
tients not detected by the screening in our population is due to the
presence of many overweight and obese patients. MUST differed
from the other screening tools and gave similar result for screening
and assessment. This can be explained by the fact that MUST uses
the same questions and cut-off points as the GLIM diagnose step 1.
These results indicate that screening with MUST may be inter-
changeable with the diagnostic step 1 of GLIM even though the
sensitivity towards PG-SGA is low in our population. For choosing a
specific screening tool to a clinical or research setting, resources for
training and conducting the screening, available dietitian resources
for doing full assessments as well as the characteristics of the
specific patient group have to be considered.

4.3. Strengths & limitations

The strength of the present study is that we have followed the
GLIM process, exact as described by Cederholm [4] and used the
recommendations for validation of the GLIM-process suggested by
van der Schueren [5]. In contrast to other publications, we have
tested several commonly used screening tools, and included mea-
surement of fat-free mass by bioimpedance. The population in-
cludes participants with a range of BMI values, weight loss and gain,
in a post therapy situation were monitoring of malnutrition is
especially important and relevant. A possible limitation is the
double use of the PG-SGA first page (both as a screening tool and
included in the reference method) and use of two different BIA-
devices, but they are both validated and found suitable to classify
subjects as having low vs normal fat free mass [26]. Another limi-
tation is that the global PG-SGA ¼ B can be interpreted as both
“moderately malnourished” as well as “risk of malnutrition”.
Consequently, interpreting PG-SGA B as “malnutrition” may
therefor may overestimate the true malnutrition prevalence.

4.4. Implications

Caution should be used when comparing the results from
studies using different screening tools as step 0 of the GLIM process,
as both the proportion of malnourished as well as the agreement
with the reference method depend on the choice of screening tool.
Since different screening tools will continue to exist, it is important
for clinicians and researchers to be aware of this fact, and malnu-
trition frequency by GLIM should be reported with and without
previous screening procedures. One of the intentions with GLIM
335
was to enable comparison of malnutrition rates in different studies.
To achieve this goal, it is essential to further standardize the GLIM
process. In our opinion, the screening should be part of good clinical
nutrition practice, but should be kept out of the diagnostic pro-
cedure in GLIM. This would be more in line with other medical
diagnosis were screening is often performed, but in not mandatory
for diagnosis.

The agreement between GLIM and PG-SGA was not very strong,
and one explanation could be that the PG-SGA does not detect low
fat free mass in the same way as the full GLIM process when a
measurement of body composition is included. Although PG-SGA is
suitable for cancer patients with nutrition impact symptoms and
ongoing weight reduction, the GLIM process may be better to
detect hidden malnutrition, such as obesity sarcopenia.

5. Conclusion

In this cross-sectional study of patients with CRC, 10e24% were
malnourished depending on the screening tool used as step 0 of the
GLIM process. The agreement between the GLIM and PG-SGA
method was low. Our results indicate that PG-SGA SF and NRS-
2002-4Q are the most suitable screening tools, but this may vary
according to patient group. The discrepancies between the GLIM
criteria and PG-SGA with all screening tools tested, call for further
standardization of the diagnostic criteria for malnutrition. PG-SGA
and GLIM are not interchangeable as diagnostic criteria, as they
probably detect different aspects of malnutrition. Malnutrition
frequency based on the GLIM criteria should be reported with and
without the use of a screening tool.
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