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Background: The proposal of the global leadership initiative in malnutrition (GLIM)
criteria has received great attention from clinicians. The criteria are mainly used in
the research environment and have the potential to be widely used in the clinic in
the future. However, the prevalence of malnutrition and risk of future malnutrition
based on a current diagnosis of malnutrition are worth exploring.

Methods: A systematic search of PubMed, Embase, and the Cochrane Library was
performed from the earliest available date to 1 February 2023. According to the
diagnostic criteria of the GLIM, we analysed the prevalence of malnutrition by
directly adopting the GLIM criteria for diagnosis without a previous nutritional risk
screening (one-step approach) and by adopting the GLIM criteria for diagnosis
after a nutritional risk screening (two-step approach). The main outcome was
the prevalence of malnutrition based on the one-and two-step approaches.
Secondary outcomes were the future risk of malnutrition based on the GLIM
diagnosis, including mortality within and beyond lyear. primary outcomes were
pooled using random-effects models, and secondary outcomes are presented as
hazard ratios (HRs) and 95% confidence intervals (Cls).

Results: A total of 64 articles were included in the study, including a total of 47,654
adult hospitalized patients and 15,089 malnourished patients based on the GLIM
criteria. Malnutrition was diagnosed by the one-step approach in 18 studies and
by the two-step approach in 46 studies. The prevalence of malnutrition diagnosed
by the one-and two-step approaches was 53% (95% Cl, 42%—-64%) and 39% (95%
Cl, 0.35%—-0.43%), respectively. The prevalence of malnutrition diagnosed by the
GLIM criteria after a nutritional risk screening was quite different; the prevalence
of malnutrition diagnosed by the Nutritional Risk Screening 2002 (NRS2002)
GLIM tool was 35% (95% ClI, 29%—-40%); however, the prevalence of malnutrition
diagnosed by the Mini Nutrition Assessment (MNA) GLIM tool was 48% (95% Cl,
35%—-62%). Among the disease types, the prevalence of malnutrition in cancer
patients was 44% (95% Cl, 36%—52%), while that in acute and critically ill patients
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was 44% (95% Cl, 33%—-56%). The prevalence in patients in internal medicine
wards was 40% (95% Cl, 34%—-45%), while that in patients in surgical wards was
47% (95% Cl, 30%—-64%). In addition, the mortality risk within lyear (HR, 2.62; 95%
Cl,1.95-3.52; 1> =77.1%) and beyond lyear (HR, 2.04; 95% Cl, 1.70-2.45; > =59.9%)
of patients diagnosed with malnutrition by the GLIM criteria was double that of
patients with normal nutrition.

Conclusion: The prevalence of malnutrition diagnosed by the GLIM criteria
after a nutritional risk screening was significantly lower than the prevalence of
malnutrition diagnosed directly by the GLIM criteria. In addition, the mortality
risk was significantly greater among malnourished patients assessed by the GLIM
criteria.

Systematic review registration: identifier CRD42023398454.

malnutrition, GLIM criteria, nutritional risk, systematic review, meta-analysis

Introduction

Malnutrition is a global problem, and studies have shown that
malnutrition can lead to adverse clinical outcomes, including
increased morbidity and mortality (1). Previous malnutrition
screening tools, such as the Nutritional Risk Screening 2002
(NRS2002) tool, Mini Nutrition Assessment (MNA), and Malnutrition
Universal Screening Tool (MUST), can only be used in certain patient
populations, and the risk of malnutrition obtained from these
screening tools varies widely. The global leadership initiative in
malnutrition (GLIM) criteria launched by nutrition experts from
various countries in 2018 have been verified to have high diagnostic
sensitivity and specificity (2, 3), demonstrating important progress in
the diagnosis of malnutrition. Related studies have reported the
prevalence of malnutrition in adult hospitalized patients diagnosed by
the GLIM criteria, ranging from 19% to 69.7% (4-8).

Currently, the prevalence of malnutrition in adult hospitalized
patients based on the GLIM criteria is unclear, and the future
malnutrition risk based on a current malnutrition diagnosis is also
unknown. This study mainly explored the prevalence of malnutrition
based on the GLIM criteria and the future risk of malnutrition based
on a current malnutrition diagnosis.

Methods
Search strategy

The meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) list, the Guidelines for Meta-Analysis of Observational
Epidemiological Studies, and the study protocol (9). We performed
a systematic literature search of PubMed, Embase, and the Cochrane
Library (up to 10 February 2023) using a combination of MeSH/
Emtree terms and title/abstract keywords. The keywords were
“malnutrition” and “GLIM criteria”. Supplementary material shows
the detailed search strategy. Figure 2 illustrates the complete search
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strategy. The titles and abstracts of all identified studies were
screened by two junior researchers, and articles irrelevant to the
research question were excluded. Subsequently, all remaining
articles were comprehensively reviewed according to the selection
criteria. References were also reviewed to identify other relevant
studies. Any discrepancies were negotiated between two
senior researchers.

Inclusion and exclusion criteria

The following inclusion criteria were adopted in this study: (1) the
study was a randomized controlled trial, cohort study, case-control
study, or cross-sectional study. (2) Based on the complete GLIM
diagnostic criteria (Figure 1), there were clear phenotypical and
aetiological criteria, including the one-step approach and two-step
approach to analyse the prevalence of malnutrition; the one-step
approach consisted of directly adopting the GLIM criteria for
diagnosis without a previous nutritional risk screening, and the
two-step approach consisted of adopting the GLIM criteria for
diagnosis after first conducting a nutritional risk screening, with the
GLIM criteria for the diagnosis of malnutrition including at least one
phenotypical and one aetiological criterion. (3) The research
population was hospitalized adults, with no limitations on the type of
disease. The exclusion criteria were as follows: (1) the GLIM diagnostic
criteria were incomplete, i.e., phenotypical or aetiological criteria were
not evaluated or unclear. (2) Patients were nonhospitalized patients,
including outpatients, those in nursing homes, and those in other
related groups. (3) The study was a review article or case report.

Data extraction

Two junior researchers independently collected data via
preestablished forms. Disagreements were resolved through
discussion. The collected information mainly included author,
year of publication, country or region, one-or two-step approach,
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Phenotypical Criteria Aectiological Criteria
Weight Loss | Low Body Mass | Reduced Muscle Mass | Reduced ~ Food Inflammation
(%) Index (kg/m2) Intake or
Assimilation
Nonvolition | Body mass index | Fat-free mass index | Reduction of | Severe  inflammation
al  weight | (BMI) cut-offs | (FFMI, kg/m2) | <50% of energy | may be associated with
loss  >5% | for malnutrition | determined by dual- | requirement severe infection, burns,
within  the | risk are <20 if | energy absorptiometry | (ER) >1 week, or | trauma, or closed head
last 6 | <70 years, or <22 | (DXA), bioelectrical | any  reduction | injury. Chronic mild to
months, if >70 years; | impedance  analysis | for >2 weeks, or | moderate inflammation
or  >10% | Asia: <18.5 if | (BIA), computed | any chronic | may be associated with
beyond the | <70 years, or <20 | tomography (CT), or | gastrointestinal chronic obstructive
last 6 | if >70 years circumference of calf | (GI)  condition | pulmonary disease,
months or mid-arm muscles that  adversely | congestive heart failure,
impacts food | chronic kidney disease,
assimilation  or | or any condition with
absorption chronic or relapsing
inflammation
FIGURE 1

Global leadership initiative in malnutrition (GLIM) phenotypical and aetiological criteria for the diagnosis of malnutrition.

Exclude based on abstract and/or title

(n=569)

v

- ™
Pubmed(243) Emabse(440)Cochrane
(12)
4
SR y
Eligible Articles(n=126)
4

Excluded articles (n=62)
1. GLIM criteria without complete
diagnosis (n=56)
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FIGURE 2
Flow diagram of the search strategy and study selection process.

initial nutritional risk screening tool, disease type, research design,
and nutritional risk (survival and death) of malnourished patients.

Assessment of study quality

A total of 64 articles were included in the study. We assessed
nonrandomized studies using the Newcastle-Ottawa Quality

Frontiers in Nutrition

Assessment Scale. Studies were assessed using three categories: study
group selection (0-4 points); comparability (0-2 points); and exposure
(0-3 points). A total score of <3 was considered to indicate low
quality; 4-6, medium quality; and >7, high quality. These scores were
used only to facilitate the interpretation of the meta-analysis results
and not as criteria for the inclusion or exclusion of studies.
Supplementary Table S2 shows the bias and quality of the
included studies.
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Data analysis

The primary objective of this meta-analysis was to investigate the
prevalence of malnutrition and the nutritional risk in adult hospitalized
patients based on the GLIM criteria. We calculated heterogeneity among
studies using Cochrans Q test and the I statistic. All p-values were
two-tailed, and the results of all analyses were considered statistically
significant at p<0.05, except the results of the heterogeneity and
publication bias tests. If I*>50%, indicating large heterogeneity among
different studies, we applied a random-effects model to calculate the
pooled effect value and 95% confidence interval (CI). We also performed
subgroup analysis by nutritional diagnostic tool, region and disease type.
All statistical analyses were performed using STATA 17.0.

Results
Search results
The relevant characteristics of the included literature are shown in

Figure 5. There were a total of 64 studies with a total of 47,654 subjects.
A total of 18 articles directly adopted the GLIM criteria for diagnosis

10.3389/fnut.2023.1174945

without a previous nutritional risk screening, and the remaining 46
articles performed a nutritional risk screening first and then followed
the GLIM criteria for diagnosis. The nutritional screening tools used
included the NRS2002 tool, MUST, MNA, Subjective Global
Assessment (SGA), or other risk screening tools and groups of several
nutritional screening tools. The types of diseases included cancer,
critical illness, COVID-19, stroke, dialysis, and inflammatory bowel
disease. Among the 64 articles, 34 were from Asia (10-42), 20 were
from Europe (4, 43-61), 9 were from America (62-70), and 1 was
from Oceania (71). Of these, 16 studies reported on the future risk of
malnutrition diagnosed based on the GLIM criteria (death of
malnourished patients in <1year), and 11 studies reported on the
future risk of malnutrition diagnosed based on the GLIM criteria
(death of malnourished patients in >1year).

Outcomes
Primary outcomes

Figures 3, 4 show the prevalence of malnutrition based on the
GLIM criteria as determined by random-effect model analysis.

Prevalence %
study year case n diseasese (95% CI) Weight
Allepaerts 2020 21 79 mixed disease * 1 0.27 (0.17,0.36) 1.97
Balci 2021 83 231 emergency el 0.36 (0.30,042) 2.16
Bellanti 2020 70 152 mixed disease I 0.46 (0.38,0.54) 2.07
Cruz 2022 107 252 mixed disease : * 0.42(0.36,0.49) 2.16
Shimizu 2022 245 443 stroke 1 * 0.55(0.51,060) 222
Martin 2020 192 1015 mixed disease - 1 0.19(0.17,021) 228
Huang 2022 43 73 1BD 1 = 0.59 (0.48,0.70) 1.88
IJmker-Hemink 2022 160 574 mixed disease » 1 0.28(0.24,032) 225
Kootaka 2021 174 921 cardiovascular diseases . 1 0.19(0.16,0.21) 2.28
Lauwers 2021 26 110 DFU . ! 0.24 (0.16,0.32) 2.07
Li 2021 464 877 cancer ! » 0.53 (0.50,0.56) 2.26
Xu 2020 2282 10184 mixed disease * : 0.22(0.22,023) 230
Matsumoto 2020 162 430 emergency L 0.33(0.29,037) 224
Fernande 2021 83 165 emergency 1 . 0.50 (0.43,0.58) 2.09
Nozoe 2021 33 115 stroke i3 1 0.29 (0.20,0.37) 2.06
Ohta 2022 28 60 mixed disease [ 0.47 (0.34,059) 1.80
Li 2022 76 118 CcD ! . 0.64 (0.56,0.73) 2.04
SanzUParis 2020 83 159 diabete ! L) 0.52 (0.44,060) 2.08
Shimizu 2020 224 335 mixed disease : . 0.67 (0.62,0.72) 221
Shimizu 2019 122 188 dysphagia . B 0.65(0.58,0.72) 2.13
Tan 2022 400 1115 abdominal surgery - 0.36(0.33,039) 227
Wang 2021 143 199  cancer ' - 0.72 (0.66,0.78) 2.16
Wang 2022 2035 8725 mixed disease * 1 0.23(0.22,0.24) 2.30
Xu 2022 343 895 cancer . 0.38 (0.35,042) 227
Yilmaz 2020 31 120 cancer —— | 0.26 (0.18,0.34) 2.08
Yin 2021 292 1219 cancer * ! 0.24 (0.22,0.26) 2.28
Yin 2021 1120 3998 cancer * : 0.28 (0.27,0.29) 2.30
Yu 2021 25 139 Covid-19 - 1 0.18(0.12,0.24) 2.15
Zhang 2021 180 637 cancer L] 1 0.28 (0.25,0.32) 2.26
Ji 2022 62 223 mixed disease * 1 0.28 (0.22,0.34) 217
Zou 2022 374 963 cancer . 0.39(0.36,0.42) 227
Zhang 2022 66 182 cancer -4 0.36(0.29,043) 212
Zhou 2022 86 269 cancer Ol 0.32(0.26,0.38) 2.19
Trollebe 2022 114 328 mixed disease * : 0.35(0.30,0.40) 2.20
Ren 2022 956 2526 mixed disease ] 0.38 (0.36,0.40) 229
Song 2022 217 918 cancer . : 0.24 (0.21,026) 2.28
Kobayashi 2022 116 157 fracture 1 . 0.74 (0.67,0.81) 2.13
Bannert 2023 96 187 gastroenterology 1 » 0.51(0.44,059) 211
da Silva Couto 2023 44 191 cancer = | 0.23(0.17,029) 217
Huang 2022 138 488 cancer L I 0.28(0.24,032) 224
Liu 2022 162 861 cardiac surgery * ! 0.19(0.16,0.21) 2.28
Xie 2022 762 1135 mixed disease : * 0.67 (0.64,0.70) 2.28
Hiraike 2023 146 386 mixed disease L 0.38(0.33,043) 221
Yang 2023 111 387 cirrhosis = 0.29(0.24,033) 2.23
Sousa 2023 71 126 liver transplantation 1 3 0.56 (0.48,0.65) 2.03
Avesani 2022 128 290 hemodialysis 1. 0.44 (0.38,0.50) 2.18
Overall (l-squared = 98.4%, p < 0.001) <> 0.39 (0.35,0.42)  100.00
NOTE: Weights are from random effects analysis :

| | I I
0 25 5 75 1
FIGURE 3
Prevalence of malnutrition diagnosed according to the GLIM criteria after a nutritional risk screening (two-step approach).

Frontiers in Nutrition

04 frontiersin.org


https://doi.org/10.3389/fnut.2023.1174945
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Bian et al.

Figure 4 shows the prevalence of malnutrition based on directly
adopting the GLIM criteria for diagnosis (one-step approach), with a
summarized prevalence of malnutrition of 53% (95% CI, 42%-64%).
Figure 3 shows the prevalence of malnutrition based on the GLIM
criteria for diagnosis after first conducting a nutritional risk screening
(two-step approach), with a prevalence of 39% (95% CI, 0.35%-0.43%).

Secondary outcomes

Figure 6 shows the mortality risk of malnourished patients
diagnosed based on the GLIM criteria within 1year (HR, 2.62; 95%
CI, 1.95-3.52; I* =77.1%). Figure 7 shows the mortality risk of
malnourished patients diagnosed based on the GLIM criteria beyond
Lyear (HR, 2.04; 95% CI, 1.70-2.45; I> =59.9%).

Subgroup analysis

The rates of malnutrition according to different screening tools
cannot be compared equally as different tools were used in different
cohorts. We simply report the malnutrition risk across cohorts, in
each of which a different screening tool was used. As shown in Table 1,
the prevalence of malnutrition obtained by the GLIM criteria after a
nutritional risk screening was quite different; the prevalence of
malnutrition diagnosed by the NRS2002 GLIM tool was 35% (95% CI,
29%-40%); however, the prevalence of malnutrition diagnosed by the
MNA GLIM tool was 48% (95% CI, 35%-62%). The prevalence of
malnutrition varied little by region. Among the disease types, the

10.3389/fnut.2023.1174945

prevalence of malnutrition in cancer patients was 44% (95% CI,
36%-52%), while that in acute and critically ill patients was 44% (95%
CI, 33%-56%). The prevalence in patients in internal medicine wards
was 40% (95% CI, 34%-45%), while that in patients in surgical wards
was 47% (95% CI, 30%-64%).

Discussion

We diagnosed malnutrition as a complete diagnosis based on the
GLIM criteria and excluded relevant studies without a complete
diagnosis. In fact, the results show that the current diagnosis of
malnutrition based on the GLIM criteria is confusing and that most
studies do not report a complete diagnosis. Usually, according to the
GLIM diagnostic criteria, the diagnosis of malnutrition first requires
a nutritional risk screening, followed by a diagnosis according to the
GLIM criteria (two-step approach) (3); however, some studies directly
used the GLIM criteria to diagnose malnutrition (one-step approach).
The prevalence of malnutrition diagnosed by the one-step approach
was 53%, while that diagnosed by the two-step approach was 39%. The
rate of a positive diagnosis by the one-step approach is higher than
that by the two-step approach, possibly because the two-step approach
considers not only the symptoms of malnutrition but also the adverse
clinical outcomes of nutritional risk (72, 73). Due to the uncertainty
of the phenotypical and aetiological components of the GLIM criteria,
such as BMI, the criteria for elderly and young individuals are
different, and differences may exist among different races (74). In
addition, individual studies have used different nutritional risk
screening tools and then used the GLIM criteria to obtain different

Prevalence %

study year case n diseasese (95% Cl) Weight

1
Brito 2021 250 601 mixed disease L} 1 0.42(0.38, 0.46) 5.65
Burgel 2021 250 600  mixed disease = i 0.42 (0.38, 0.46) 565
Aratjo 2022 115 241 COPD —.—: 0.48 (0.41, 0.54) 5.58
Kakavas 2020 70 218 cancer — E 0.32(0.26, 0.38) 5.58
Mitani 2021 155 177  mixed disease : | 0.88(0.83, 0.92) 5.62
Sanchez-Torralvo 2022 216 282  cancer : | | 0.77 (0.72,0.82) 562
Sanchez-Torralvo 2021 183 208  cancer i —— 0.88 (0.84, 0.92) 5.64
Shahbazi 2021 66 109 emergency :—F 0.61(0.51,0.70) 5.46
Thomas 2023 64 224 vascular surgery unit = : 0.29 (0.23,0.34) 5.59
Verstraeten 2021 257 506  mixed disease ]:L 0.51(0.46, 0.55) 5.64
Orell 2022 24 65 cancer —— : 0.37 (0.25, 0.49) 5.32
Miwa 2022 86 406 liver disease = i 0.21(0.17,0.25) 5.65
Landgrebe 2023 57 120  cancer = : 0.47 (0.39, 0.56) 547
Gémez-Uranga 2022 50 101 Covid-19 | : 0.50 (0.40, 0.59) 543
Song 2023 46 103  haemodialysis —.—E- 0.45(0.35, 0.54) 544
Maeda 2020 93 107  cancer : —— 0.87 (0.81, 0.93) 5.58
Soria-Utrilla 2022 116 215 cancer I. 0.54 (0.47,0.61) 5.57
Boulhosa 2020 95 166  liver disease E = 0.57 (0.50, 0.65) 5.53
Overall (I-squared = 98.4%, p <0.001) <> 0.53 (0.42, 0.64) 100.00

i
NOTE: Weights are from random effects analysis !

T T T T
o 25 5 75 1
FIGURE 4
Prevalence of malnutrition diagnosed directly using the GLIM criteria without a nutritional risk screening (one-step approach).
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A: Disease typ

>

3%
28%
= Cancer = Emergency
Covid-19 Mixed dieases
= Haemodialysis = |BD
= Others = stroke

C: Study type

= Retrospective = Cross-sectional

= Prospective

FIGURE 5

Baseline characteristics of the studies in the meta-analysis (see Supplementary Table S1 for details).

i

§

= Asia

= Furope = America = Oceania

D: Diagnostic tools .
= GLIM = MNA-GLIM
= NRS2002-GLIM = MUST-GLIM
= SGA-GLIM = Others-GLIM

prevalence rates of malnutrition. However, since the tools were not
used in the same cohort, it is not yet possible to judge which screening
tool is more efficient. For the diagnosis of malnutrition based on the
GLIM criteria, a nutritional risk screening is performed first, and
different screening tools have been used in different cohorts. The
MUST is applicable to all adults but is recommended to be used in
community settings (75); the MNA is more suitable for elderly
populations (>65years old) (76); the NRS2002 tool is applicable to
adults aged 18 to 90 years, but its main role is to identify patients with
nutritional risk, not to assess the existing nutritional status (77).
We pooled the prevalence of malnutrition across the cohorts, and the
results showed that the prevalence of malnutrition diagnosed using
the MNA GLIM tool was higher than that diagnosed by the NRS2002
GLIM tool, which is consistent with the related research results
reported by Xu et al. (17). One reason may be that the MNA GLIM

Frontiers in Nutrition

tool is mostly used in elderly patients, and the prevalence of
malnutrition due to long-term chronic underlying diseases is high
(76). However, the prevalence of malnutrition based on region showed
little variation. It is speculated that this result may be due to the body
fat content and corresponding BMI cut-off values being higher in
European regions than in Asian regions (74, 75). In addition,
we analysed the prevalence of malnutrition by disease type, including
oncology, emergency, internal medicine, surgery, and COVID-19, and
the results showed that the prevalence of malnutrition in surgical
wards was slightly higher than that in internal medicine wards. There
was also a small difference in the prevalence of malnutrition between
oncology and emergency patients, but this analysis was simply based
on an aggregation of different cohorts, and the results may be biased.

Involuntary weight loss, which is the most definitive diagnostic
indicator of malnutrition, topped the GLIM framers vote. BMI is also
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%
study year disease HR (95% CI) Weight
T
Brito 2021 mixed disease - e > 3.66(1.91,7.00) 6.88
1
Marti 2020  mixed disease : 59.69 (7.76, 459.28) 174
IImker-Hemink 2022  mixed disease E 2.68(1.33,541) 6.52
1
Kakavas 2020 cancer ! 1.97 (1.28, 2.63) 894
1
Lauwers 2021  DFU 10} : 1.08 (0.21,5.72) 244
u 2021  cancer . - 1.49 (1.15, 1.92) 957
1
Xu 2020  mixed disease . F 1.23(1.02, 1.48) 9.91
Fernande 2021  emergency é » 2,60 (0.87,7.76) 427
1
Nozoe 2021  stroke . > 13.95 (5.04, 38.61) 464
!
Sanchez-Torralvo 2021  cancer E: 2.47 (1,07, 5.68) 566
Shahbazi 2021 emergency : » 4,83 (209, 11.15) 564
1
Yilmaz 2020 cancer : » 3.55(1.99,6.34) 7.38
Zou 2022 cancer . . 2.30 (141, 3.76) 8.03
1
Landgrebe 2023  cancer A 2.00 (1.20, 3.40) 7.81
1
da Silva Couto 2023 cancer B 2.11(1.13,3.92) 7.08
1
Sousa 2023 liver transplantation ! B > 3.79(1.05, 13.70) 3.50
Overall (I-squared = 77.1%, p < 0.001) 0 2.62(1.95,3.52) 100.00
1
1
NOTE: Weights are from random effects analysis [
L
T T T T Tersl
8 1 2 3 4 5 6
FIGURE 6
Mortality risk within lyear of malnourished patients diagnosed by the GLIM criteria.
%
study year disease HR (95% CI) Weight
1
1
Balci 2021 emergency e 3.09 (1.96, 4.86) 8.21
1
1
Kootaka 2021 cardiovascular diseases :—g— 2.96 (2.06, 4.24) 10.07
1
Sanz-Paris 2020  diabete - 1.96 (1.20, 3.20) 757
1
1
Xu 2022 cancer ——— 1.85 (1.34, 2.53) 11.03
1
1
Yin 2021 cancer - - 1.36 (1.12, 1.63) 14.06
1
Zou 2022 cancer S E— 1.82 (1.27, 2.59) 1047
1
1
Orell 2022 cancer -~ 2.53 (1.14, 5.47) 411
1
1
Song 2022 cancer —_— 1.65 (1.05, 2.59) 8.25
1
Miwa 2022 liver disease — = 1.95(1.37, 2.81) 10.10
1
1
da Silva 2023 cancer —_— 2.37(1.49,3.77) 8.02
1
1
Liu 2022 cardiac surgery e 2.34 (1.50, 3.64) 8.40
Overall (I-squared = 59.9%, p = 0.005) 0 2.04 (1.70, 2.45) 100.00
‘
NOTE: Weights are from random effects analysis :
i T
2 6
FIGURE 7
Mortality risk beyond lyear in malnourished patients diagnosed by the GLIM criteria.
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a relatively clear quantitative index, and it is easy to obtain and
convenient to apply. However, when the GLIM criteria were released,
it was also pointed out that there are substantial regional differences

07

in using BMI as a diagnostic standard for malnutrition (3). Reduced
body mass index and body composition analysis can objectively and
accurately measure body composition. The common methods are the
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TABLE 1 Relevant subgroup analyses.

10.3389/fnut.2023.1174945

Covariates Subgroup Number of studies Prevalence Heterogeneity /2
Random-effects
model

NRS2002 GLIM 15 0.35 (0.29-0.40) 97.4%
MNA GLIM 12 0.48 (0.35-0.62) 99.3%
MUST GLIM 2 0.23 (0.14-0.32) 93.6%
SGA GLIM 2 0.31 (0.16-0.46) 94.9%
Area Asia 34 0.41 (0.37-0.46) 99.0%
Europe 20 0.47 (0.37-0.56) 97.8%
America 9 0.42 (0.32-0.53) 97.3%
Disease type Oncology 20 0.44 (0.36-0.52) 98.9%
Emergency 4 0.44 (0.33-0.56) 92.9%
Internal medicine 26 0.40 (0.34-0.45) 98.7%
Surgery 5 0.47 (0.30-0.64) 98.8%
COVID-19 2 0.34 (0.03-0.64) 96.4%

dual energy X-ray absorptiometry method (DEXA) and bioelectrical
impedance method. The DXA method mainly uses detectors to detect
the absorption of X-rays by the tested parts, thereby calculating body
fat composition, non-body fat composition and bone mineral content.
These two methods are involved in the literature included in this
study. In addition, some studies also use calf circumference for
simplified measurement of muscle mass (6, 17). In the burden of
disease/inflammation, albumin/prealbumin is one of the commonly
used indicators to evaluate liver function, but it is often affected by
exogenous infusion, so it cannot accurately evaluate nutritional status,
and serum C-reactive protein (CRP) can be compared with good for
assessing inflammatory status. Notably, some studies have compared
the prevalence of malnutrition between GLIM and ESPEN, and the
GLIM criteria have a higher detection rate of malnutrition than the
ESPEN criteria (5, 34, 57), possibly because the GLIM criteria add
aetiological diagnosis items (3).

In the relevant studies included in this paper, malnourished
patients diagnosed according to GLIM criteria may have reported
discharge or five-year mortality risk, and we extracted pooled effect
values directly from the original papers and pooled them. In addition,
in the relevant studies included in this article, most of the mortality
rates of malnourished patients diagnosed based on the GLIM criteria
were reported using the HR, but a few studies used the odds ratio
(OR) to indicate the effect size. Considering that the HR includes the
time factor, we partially replaced the ORs reported in the studies with
HRs, which may have caused minor bias.

It has been reported that malnutrition diagnosed by the GLIM
criteria is significantly associated with a poor prognosis (6, 15, 78); it
will not only increase the complications of patients (79) and prolong
the length of hospital stay (80) but also increase the mortality rate
(73). Our results also showed that malnutrition based on the GLIM
criteria was associated with significantly increased mortality within
and beyond 1year, but there was large heterogeneity, which may
be due to the use of different screening tools in different patient
populations (81). However, although the pooled heterogeneity was
large, the pooled effect size was significant. Therefore, the diagnosis of
malnutrition by the GLIM criteria can better predict the mortality risk
of patients and requires timely nutritional support to improve
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long-term survival (3). In conclusion, our preliminary findings
validate the ability of the “minimum criteria” (at least one phenotypical
and one aetiological criterion) for the diagnosis of malnutrition using
the GLIM criteria to predict adverse clinical outcomes.

Limitations

The results of this systematic review and mate-analysis need to
be interpreted with caution. First, the GLIM criteria were mainly
studied based on a complete diagnosis; although the included articles
had clear phenotypical and aetiological criteria, the results may have
been biased due to differences in the assessment of BMI and muscle
mass loss among studies. Second, regarding the assessment of
mortality, most studies reported mortality data using the HR, while a
few articles used the OR. We used the HR to indicate the pooled effect
size for the articles, which may introduced a small bias. Finally, most
articles were from Asia, and these conclusions may not apply to other
geographic regions and populations.

Conclusion

The prevalence of malnutrition diagnosed by the GLIM criteria
after a nutritional risk screening was significantly lower than the
prevalence of malnutrition diagnosed directly by the GLIM criteria.
In addition, the risk of mortality was significantly higher in
malnourished patients assessed by the GLIM criteria. In the future, it
is necessary to explore the effectiveness of the combination of different
nutritional screening tools and the GLIM criteria for the nutritional
diagnosis of relevant groups in a large cohort.
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