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Abstract

Background The Global Leadership Initiative on Malnutrition (GLIM) criteria have been recently launched by consensus of
the major nutrition societies. GLIM criteria are partly constructed on the previous definition of malnutrition developed by
the European Society of Clinical Nutrition and Metabolism (ESPEN). We aimed to assess malnutrition according to the ESPEN
and GLIM criteria at baseline and to determine the corresponding risk of mortality during a 4-year follow-up in
community-dwelling older adults from the SarcoPhAge (Sarcopenia and Physical Impairment with advancing Age) study. The
relationship between malnutrition and incidence of 4-year adverse health consequences (institutionalization, hospitalization,
falls, and fractures) was assessed.
Methods This prospective population-based cohort was part of SarcoPhAge, which included 534 older adults in Belgium,
followed up from 2013 to 2019. Community-dwelling healthy volunteers ≥65 years old were recruited. Mortality and adverse
health consequences were collected annually by interview or phone call. Baseline malnutrition was defined according to the GLIM
and ESPEN criteria. Agreement between the two definitions was reported by Cohen’s kappa coefficient. Adjusted Cox regression
and Kaplan–Meier survival curves were performed for malnutrition. Logistic regression was used for the other outcomes.
Results From 534 subjects in SarcoPhAge, the records for 411 participants (73.2 ± 6.05 years old; 55.7% women) had all the var-
iables needed to apply the GLIM criteria. Prevalence of baseline malnutrition was 23.4% for GLIM and 7% for ESPEN criteria
(k = 0.30, low agreement). The adjusted Cox regression showed a significant increased mortality risk according to malnutrition status
as defined by the GLIM [adjusted hazard ratio = 4.41 (95% confidence interval: 2.17–8.97)] and ESPEN [adjusted hazard ratio = 2.76
(95% confidence interval: 1.16–6.58)] criteria. Survival curves differed significantly between malnourished and non-malnourished
groups, regardless of the definition used (log rank P < 0.001 for both). No association was found between baseline malnutrition
according to these two criteria and 4-year risk of institutionalization, hospitalization, falls, or fractures (all P > 0.05).
Conclusions Malnutrition according to the GLIM criteria was associated with a 4.4-fold higher mortality risk, double that of
the ESPEN criteria, during a 4-year follow-up. No association was found between malnutrition according to these two criteria
and incidence of other health adverse consequences. GLIM criteria anticipate mortality and might guide interventions, with
important implications for clinical practice and research.
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Introduction

Malnutritionis a major cause of adverse health consequences
in community-dwelling older people: excess mortality, disabil-
ity, reduced physical performance, falls, institutionalization,
and hospitalization.1–3 Despite the severe adverse conse-
quences of the disease and its reversibility when early
targeted therapeutic approaches are applied, a unified, ac-
knowledged malnutrition definition had been lacking until re-
cent times,1,4,5 with three consequences. First, the
prevalence of malnutrition varied widely depending on the
definition applied6; a recent systematic review showed that
there was no evidence to recommend any of the existing pre-
vious definitions of malnutrition.7 Second, differences be-
tween the definitions hindered the development of
effective therapeutic interventions for malnutrition and
nutrition-related diseases.8,9 Finally, the latest findings in
malnutrition and nutrition-related diseases, the International
Classification of Disease (ICD-10), and the approaches used in
clinical practice are not well-aligned.5

The World Health Organization Global strategy and action
plan towards a decade of optimal ageing, 2020–2030
(https://www.who.int/ageing/en/), includes among its goals
to provide better nutritional care worldwide. Aligned with
this objective, the Society of Sarcopenia, Cachexia, and
Wasting Disorders has joined its efforts with the American So-
ciety for Parenteral and Enteral Nutrition, European Society
of Clinical Nutrition and Metabolism (ESPEN), the Latin Amer-
ican Federation of Nutritional Therapy, Clinical Nutrition and
Metabolism (FELANPE), and the Parenteral and Enteral Nutri-
tion Society of Asia (PENSA), to develop the Global Leadership
Initiative on Malnutrition (GLIM) in 2016.

As a first step to meet World Health Organization goals on
improving nutritional care, GLIM focused on providing a com-
mon definition of the disease that should be linked and co-
herent with the nutrition-related conditions; as a second
step, the definition should be acknowledged by the ICD and
implemented in clinical practice. This process is underway.
GLIM has launched the first consensus-based universal defini-
tion of malnutrition, suitable for every adult, healthcare set-
ting, and medical specialty, which is intended to be cost-
effective, feasible worldwide for coding and reimbursement
purposes, and incorporated into the ICD revision process.10

The GLIM criteria have a three-step diagnostic structure: (i)
screening by any validated screening tool; (ii) diagnosis, which
requires at least one phenotypic criterion [unintentional
weight loss, low body mass index (BMI), and reduced muscle
mass] AND at least one aetiologic criterion (reduced food in-
take or assimilation and disease burden or inflammatory con-
ditions); and (iii) severity grading. The phenotypic criteria are
the three anthropometric measures that composed the previ-
ous internationally acknowledged definition of malnutrition,
which was the ESPEN consensus,1 launched in 2015.11–13

The ESPEN consensus was the first effort of the largest

societies on clinical nutrition and metabolism to obtain an in-
ternational consensus, and it was found to be related with a
4.4-fold higher mortality risk in community-dwelling older
people11 and 2.7-fold higher risk in the hospitalized diabetic
older population14; however, the GLIM criteria are recent
and have not yet been tested in a lot of studies.

We propose to assess the relationship between adverse
health consequences and malnutrition according to the GLIM
and ESPEN criteria in the SarcoPhAge (Sarcopenia and Physi-
cal Impairment with Advancing Age) cohort, a population of
older adults followed up during 4 years. Our primary hypoth-
esis is that malnutrition according to the GLIM and ESPEN
criteria at baseline increases the 4-year risk of death, and
the risk is higher when the disease is identified by the GLIM
criteria. Our secondary hypothesis is that malnutrition ac-
cording to these two definitions at baseline increases the
number of institutionalizations, hospitalizations, falls, and
fractures in community-dwelling older people during this
follow-up period.

Our primary objective is to assess the association between
GLIM and ESPEN criteria at baseline and the risk of mortality
in community-dwelling older adults from the SarcoPhAge
study during a 4-year follow-up. As secondary objectives,
we will assess the relationships between institutionalization,
hospitalization, falls, and fractures in this population.

Methods

Population

Prospective cohort study of community-dwelling older adults
followed up for 4 years in the SarcoPhAge study, which ini-
tially aimed to assess the health and functional consequences
of sarcopenia. SarcoPhAge was conducted in Belgium and in-
cluded 534 older volunteers at baseline, with annual
follow-up from June 2013. The 5-year follow-up is still in pro-
cess. The blood samples needed to assess inflammation in
our study were available for only 411 (77%) of SarcoPhAge
participants. Data collection and procedures have been de-
scribed in detail elsewhere.15 The Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE)16 statement was followed.

Volunteers were recruited from press advertisements and
general, geriatrics, osteoporosis, rehabilitation, and rheuma-
tology outpatient clinics led by the clinicians involved in
SarcoPhAge.15 The assessment was conducted in a university
research unit in Liège (Belgium) that has the interdisciplinary
team, facilities, and technical devices needed to ensure the
proper assessments and the administration of proposed tests
(precision weighbridge, measuring tape, dual X-ray absorpti-
ometry (DXA), outpatient clinics, laboratories, centrifuges,
�80° freezers, etc.), as previously described.15 Blood samples
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were collected at recruitment and analysed in standardized
conditions.

Community-dwelling healthy volunteers ≥65 years old
were included, with no selection criteria related to health or
demographic characteristics, except the exclusion of subjects
with an amputated limb or with a BMI above 50 kg/m2.

Main outcome measure

Main outcome measure: Deaths during a 4-year follow-up in
the SarcoPhAge study. Secondary outcome measures: Falls
(yes/no), fractures (yes/no), institutionalization (yes/no),
and hospitalization (yes/no) during the 4-year follow-up pe-
riod. Data were collected annually by direct interview or
assessed by a phone call if the participant did not attend
the annual visit.

Diagnosis of malnutrition according to the GLIM
criteria

Diagnosis of malnutrition according to the GLIM criteria10 is
composed of a three-step diagnostic structure:

1 Screening: The Mini-Nutritional Assessment–Short Form
(MNA-SF) was used. Scores between 12 and 14 points
were considered ‘normal nutritional status’; from 8 to
11, ‘at risk of malnutrition’; and 7 to 0, ‘malnutrition’.17

The GLIM criteria were later applied for purpose of
analysis.

2 Diagnosis: requires at least one phenotypic criterion and at
least one aetiologic criterion

Phenotypic criteria.
Weight loss (%): Body weight (kg) was measured to the
nearest 0.1 kg on a precision weighbridge. Unintentional
weight loss was obtained by clinical interview at baseline. A
weight loss >4.5 kg in the past year was reported and used
as a threshold.18

Reduced body mass index (kg/m2): Height was measured in
meters (m), and BMI was calculated (kg/m2). BMI was consid-
ered reduced if <20 or <22 kg/m2 in subjects younger and
older than 70 years, respectively.10

Reduced muscle mass: DXA (Hologic Discovery A, USA), daily
calibrated, was used to determine the sum of muscle mass
(fat-free mass) and muscle mass of the four limbs [appendic-
ular lean mass (ALM)]. Fat-free mass and ALM were divided
by squared height (kg/m2) to obtain fat-free mass index
(FFMI) and appendicular lean mass index (ALMI) values, re-
spectively. Thresholds for reduced muscle mass recom-
mended by GLIM were used: FFMI < 17 in men and <15 kg/
m2 in women or ALMI < 7 kg/m2 in men and <5.5 kg/m2 in
women.10,19 For purpose of analysis, either a reduced ALMI
or FFMI was used to construct the GLIM criteria.

Etiologic criteria
Reduced food intake or assimilation: The first MNA-SF17 item
was used to determine reduced food intake: "Has food intake
declined over the past 3 months due to loss of appetite, di-
gestive problems, chewing or swallowing difficulties?" Severe
and moderate decrease was considered positive answers.17

Chronic gastrointestinal conditions that adversely impact
food assimilation or absorption of nutrients were also consid-
ered.
Disease burden and inflammation: Interleukin-6 (IL-6) and
insulin-like growth factor 1 (IGF-1) were selected as bio-
markers to assess inflammation, following recommendations
by the Targeting Aging with MEtformin Biomarkers
Workgroup for the selection of blood-based biomarkers for
geroscience-guided clinical trials.20 Quartiles for IGF-1 and
IL-6 in our own data were calculated in both sexes, and the
lowest quartile was considered as a sex-specific threshold
(IGF-1: ≤88 ng/mL in men and ≤82 ng/mL in women and IL-
6: >3.84 pg/mL in men and >2.99 pg/mL in women).21,22

These thresholds were very close to previously published
criteria for community-dwelling older people.21,22 Disease
burden was not assessed, and the number of diseases was
recorded.

3 Severity grading: It was not calculated in our study. Diag-
nosis of malnutrition was considered as a dichotomous
variable for purpose of analysis (yes/no): e.g. individuals
that met GLIM criteria were diagnosed of malnutrition
and those who did not meet them were considered as
not malnourished.

Diagnosis of malnutrition according to the ESPEN
criteria

Diagnosis of malnutrition according to the ESPEN criteria1 has
a two-step diagnostic structure:

1 Screening: MNA-SF was administered (see previous
discussion).17 The ESPEN criteria were then applied for
purpose of analysis.

2 Diagnosis: The ESPEN definition proposes two ways to di-
agnose malnutrition. Alternative 1: BMI < 18.5 kg/m2. Al-
ternative 2: Unintentional weight loss combined with
age-related BMI (<20 kg/m2 in <70 years or <22 kg/m2 in
≥ 70 years) or FFMI < 17 kg/m2 in men and <15 kg/m2 in
women.

Covariate data collection

Demographic and clinical data were collected during inter-
views and phone calls and used as covariates. The number
of concomitant diseases and drugs taken was recorded.
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Cognitive status was assessed by the Mini-Mental State Ex-
amination (maximum score: 30 points) and considered de-
creased if <24 points.23 Instrumental activities of daily living
(maximum score: 8 points) were recorded and considered de-
creased if <5 points in men and <8 points in women.24 Level
of physical activity was not assessed.

Diagnosis of sarcopenia according to the revised European
consensus on definition and diagnosis

Muscle strength, expressed in kilograms, was measured by
a handgrip with a hand-held dynamometer (Saehan Corpora-
tion, MSD Europe Bvba, Belgium) following standardized
methods: Southampton protocol26 and the European Society
for Clinical and Economic Aspects of Osteoporosis, Osteoar-
thritis and Musculoskeletal Diseases position paper.25 The
highest value of three reproducible voluntary isometric con-
tractions of finger flexor muscles was selected. Values were
considered decreased if <26 kg in men and <16 kg in women,
as recommended by the EWGSOP2.19

Muscle mass was assessed by DXA to calculate ALM (see
previous discussion). ALM was divided by height2 to calculate
ALMI, and the cut-off points recommended by the EWGSOP2
for ALMI were followed (<7 kg/m2 in men and <5.5 kg/m2 in
women).19

Physical performance was assessed by the Short Physical
Performance Battery (SPPB) test through assessment of bal-
ance, walking speed, and chair-and-stand test. A score ≤8
points (max. 12) was considered a decreased
performance.19,27 Gait speed was part of the SSPB and was
measured by the 4 m walking test. A threshold at 0.8 m/s
was set.19

Quality of life was assessed by the Short Form 36 Physical
Component Summary score, the Short Form 36 Mental
Health Component Summary score (maximum: 100 points),28

and EuroQol 5D that ranged from 0 (the worst possible health
status) to 1 (the best possible health status).29

Statistical method

The data were processed using the SPSS Statistics 24 (IBM
Corporation, Armonk, NY, USA) software package. The nor-
mality of the variables was checked by examining the histo-
gram, the quantile–quantile plot, the Shapiro–Wilk test, and
the difference between the mean and the median values.
Quantitative variables following a Gaussian distribution were
expressed as mean ± standard deviation; quantitative vari-
ables not following a Gaussian distribution were expressed
as median (25th percentile–75th percentile); qualitative vari-
ables were described by absolute and relative (%)
frequencies.

The number of participants diagnosed with malnutrition
according to either GLIM or ESPEN criteria was measured.
To assess agreement between the criteria, we reported the
Cohen kappa coefficient (overall concordance rate). A

coefficient less than 0 indicates disagreement, a coefficient
between 0 and 0.20 reflects very slight agreement, 0.20–0.4
reflects low agreement, 0.4–0.6 reflects moderate agree-
ment, 0.6–0.8 reflects strong agreement, and the agreement
is almost perfect when the value is between 0.81 and 1.30

A global evaluation of all subjects’ baseline characteristics
was then performed. Characteristics of subjects diagnosed
with malnutrition with either ESPEN criteria or GLIM criteria
were compared against subjects with no malnutrition through
a logistic regression. For well-known sex-specific variables (gait
speed, muscle strength, fat-free mass, FFMI, and ALMI), sex
was also introduced as a covariate in the regression.

Lastly, the links between malnutrition and outcomes were
investigated. If survival data were available (death), we ap-
plied the Cox proportional hazards model, giving the hazard
ratio (HR) and 95% confidence interval (CI). Survival curves
were evaluated using the Kaplan–Meier method to explore
the influence of malnutrition on survival. Log-rank tests were
performed. If survival data were not available (i.e. falls, frac-
ture, hospitalization, and institutionalization), we used a lo-
gistic regression model, giving the odds ratio (OR). Crude
and adjusted HR/OR was computed. The first multivariable
model took into account age and sex as confounding factors,
while a second model included also the number of concomi-
tant diseases, number of drugs, and cognitive status as covar-
iates. The results were considered statistically significant at
the 5% critical level.

Results

Participants

The total baseline SarcoPhAge population is composed of 534
subjects. Among these participants, blood tests were only
available for 411 participants (77% of the total sample). Be-
cause GLIM criteria required the assessment of inflammation
as one of the aetiologic criteria, the total population for this
manuscript is composed with those 411 subjects with blood
test available. Analyses on 4-year follow-up incidence of
deaths were performed on 402 subjects because nine of the
participants were lost to follow-up. This means that it was im-
possible to contact them during the last year of follow-up pe-
riod and, therefore, impossible to be sure about their
dead/alive status. Analyses on the other outcomes (hospital-
izations, institutionalizations, falls, and fractures) after 4-year
of follow-up included 366 participants. Indeed, it was impos-
sible to collect these data either by phone or by postal survey
for 45 of the participants (19 died, 9 were lost to follow-up,
and 17 refused to participate to the follow-up assessments
and/or refused to reply to phone calls or postal survey)
(Figure 1). The 45 participants not included in the analyses
were significantly older (P = 0.002), presented significantly
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more co-morbidities (P = 0.009), had a worst cognitive status
(P < 0.001), lower SPPB score (P < 0.001), and lower gait
speed (P < 0.001). Moreover, among those 45 participants
not included in the analyses of outcomes, we observed a
higher prevalence of deaths (19/45 (42.2%) vs. 16/366
(4.37%), P < 0.001) and malnutrition according to the GLIM
criteria (20/45 (44.4%) vs. 76/366 (20.8%), P < 0.001) com-
pared with the 366 others analysed.

A total of 411 individuals (55.7% women) with a median
age of 73.2 ± 6.05 years were assessed. Malnutrition accord-
ing to the ESPEN criteria was present in 30 (7.3%) individuals
and in 96 (23.4%) if the GLIM criteria were applied. Baseline
clinical characteristics of the sample are detailed in Table 1.
Malnourished individuals, regardless of the criteria, pre-
sented significantly lower BMI, lower fat-free mass, lower
FFMI, lower ALMI, lower muscle strength (all sex-adjusted P
values < 0.001), more co-morbidities (P = 0.008, ESPEN;
P < 0.001, GLIM), worse cognitive status (P = 0.027, ESPEN;
P = 0.015, GLIM), and worse quality of life (EuroQol:
P = 0.001, ESPEN; P = 0.02, GLIM).

Malnourished women had significantly worse instrumental
activities of daily living than women with good nutritional sta-
tus (P = 0.015, ESPEN; P = 0.02, GLIM); in men, this difference
was only observed for those who met the GLIM criteria
(P < 0.001).

A Cohen kappa coefficient of 0.30 (asymptote standard er-
ror: 0.054; P < 0.001) between both definitions was found,
meaning low concordance between ESPEN and GLIM criteria,
meaning that the two definitions do not identify the same
subjects; that is, from the 30 subjects who met the ESPEN
criteria, 20% were not malnourished according to the GLIM.
Supporting Information, Figure S3 showed the overlap of
the malnourished subjects according to the two criteria. The
specific components of the ESPEN (Table 2) and the GLIM
criteria (Table 3) have been determined.

Figure 2 depicts the 4-year survival analysis for subjects
with baseline malnutrition according to the (A) GLIM and
(B) ESPEN criteria, which differed significantly according to
malnutrition status, regardless of the definition used (log rank
P < 0.001 for both). Table 4 shows a more detailed analysis by

FIGURE 1 Flow chart of the SarcoPhAge follow-up. ESPEN, European Society of Clinical Nutrition and Metabolism; GLIM, Global Leadership Initiative
on Malnutrition; IGF-1, insulin-like growth factor 1; IL-6, interleukin-6.
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proportional HRs. Subjects who met the ESPEN criteria had a
significant increase in mortality risk, HR: 4.16 (95% CI: 1.89–
9.16), and that increase was consistent in the adjusted model
for age, sex, number of concomitant diseases, number of
drugs, and cognitive status as covariates: HR 2.76 (95% CI:
1.16–6.58). For GLIM criteria, the crude analysis showed a
significant increase in mortality risk: HR 5.14 (95% CI: 2.61–
10.1), and mortality differences were also consistent in the
adjusted model for covariates: HR 4.41 (95% CI: 2.17–8.97).

Other outcomes associated with malnutrition were
assessed (Supporting Information, Table S2) in the 366 sub-
jects with available data about adverse health outcomes dur-
ing the 4-year follow-up (Figure 1). Eleven subjects (3%) were

Table 1 Baseline characteristics

Studied sample
(n = 411)

Malnutrition according to the
ESPEN consensus

Malnutrition according to the
GLIM criteria

Yes (n = 30) No (n = 381) P value Yes (n = 96) No (n = 315) P value

Age, years 73.2 ± 6.05 74.3 ± 8.08 73.1 ± 5.87 0.29 73.9 ± 6.83 72.9 ± 5.80 0.19
Sex
Women 229 (55.7) 21 (70) 208 (54.6) 0.11 62 (64.5) 167 (53) 0.046

Body mass index, kg/m2 26.8 ± 4.68 20.9 ± 2.72 27.2 ± 4.48 <0.001 23.9 ± 3.96 27.7 ± 4.53 <0.001
Fat-free mass, kg 46.9 ± 11.7 36.7 ± 9.06 47.7 ± 11.5 <0.001* 40.3 ± 9.81 48.9 ± 11.5 <0.001*

FFMI, kg/m2 17.1 ± 2.93 13.9 ± 2.95 17.4 ± 2.78 <0.001* 15.2 ± 2.64 17.7 ± 2.77 <0.001*

ALMI, kg/m2 6.92 ± 1.39 5.69 ± 0.83 7.01 ± 1.38 <0.001* 6.03 ± 1.18 7.18 ± 1.36 <0.001*

Number of concomitant
diseases per subject

4 (2–6) 5 (3–7.25) 4 (2–6) 0.008 4 (3–7) 4 (2–5) <0.001

Number of drugs
per subject

5 (3–8) 5.5 (4.0–8.25) 5 (3–8) 0.57 6 (4–8) 5 (3–8) 0.06

MNA (/14)
Well-nourished 357 (86.9) 10 (33.3) 347 (91.1) <0.001 58 (60.4) 299 (94.9) <0.001
Risk of malnutrition 47 (11.4) 15 (50) 32 (8.4) <0.001 31 (32.3) 16 (5.1) <0.001
Malnutrition 7 (1.7) 5 (16.7) 2 (0.5) <0.001 7 (7.3) 0 (0) <0.001

MMSE (/30) 29 (28–29) 28 (26.75–29) 29 (28–29) 0.027 28 (27–29) 29 (28–29) 0.015
IADL Lawton
/8 for women 8 (8–8) 8 (6–8) 8 (8–8) 0.015 8 (7–8) 8 (8–8) 0.02
/5 for men 5 (5–5) 5 (4–5) 5 (5–5) 0.42 5 (4–5) 5 (5–5) 0.002

Gait speed, m/s 0.99 ± 0.28 0.96 ± 0.34 0.99 ± 0.28 0.77* 0.90 ± 0.31 1.02 ± 0.27 <0.001*

SPPB (/12) 10 (8–11) 9.5 (6–12) 10 (9–11) 0.23 9 (6.25–11) 10 (9–11) <0.001
Muscle strength (kg) 29.5 ± 11.6 22.1 ± 6.73 30.1 ± 11.7 <0.001* 24.3 ± 9.52 31.1 ± 11.7 <0.001*

Sarcopenia EWGSOP2
(n, %)

16 (3.9) 7 (23.3) 9 (2.4) <0.001 14 (14.6) 2 (0.6) <0.001

Insulin-like growth
factor 1 (ng/mL)a

104.9
(84.5–131.6)

101.5
(86.2–133.3)

105.3
(84.4–131.5)

0.70 89.1
(73.8–119.1)

109.2
(89.6–134.1)

<0.001

Interleukin-6 (pg/mL)b 1.78
(0.72–3.38)

1.39
(0.7–4.9)

1.77
(0.74–3.26)

0.85 3.16
(1.28–6.63)

1.46
(0.7–2.67)

0.01

Quality of life
SF-36 MCS score (/100) 45.2 (35.4–53.3) 38.4 (32.7–50.1) 45.4 (36.2–53.4) 0.056 41.2 (33.7–51.9) 46 (36.5–53.5) 0.064
SF-36 PCS score (/100) 44.9 (37.1–51.4) 42.3 (32.0–51.9) 45.2 (37.4–51.3) 0.18 40.7 (34.9–47.3) 46.1 (38.8–52.1) <0.001
EuroQol 5D 0.81 (0.71–0.82) 0.54 (0.46–0.81) 0.83 (0.76–0.83) 0.001 0.80 (0.50–0.83) 0.83 (0.76–0.83) 0.02

ALMI, appendicular lean mass index; ESPEN, European Society of Clinical Nutrition and Metabolism; EWGSOP2, European Working Group
on Sarcopenia in Older People 2; FFMI, fat-free mass index; GLIM, Global Leadership Initiative on Malnutrition; IADL, instrumental activ-
ities of daily living (Lawton); MMSE, Mini-Mental State Examination; MNA, Mini-Nutritional Assessment; MCS, Mental Component Sum-
mary; PCS, Physical Component Summary; SF, Short Form; SPPB, Short Physical Performance Battery
Age, BMI, fat-free mass, fat-free mass index, ALMI, muscle strength (sex specific), and gait speed (sex specific) had a normal distribution
and were expressed by mean and standard deviation. All the other ones were not normal and expressed by median + (P25–P75).
aIGF-1 levels were divided into sex-specific quartiles (C1–C4) calculated in our sample, and the lowest quartile was selected as a cut-off
point for our study. Men: C1: ≤88 ng/mL, C2: 89–106 ng/mL, C3: 107–134 ng/mL, C4: ≥135 ng/mL; women: C1: ≤82 ng/mL, C2: 83–
103 ng/mL, C3: 104–127 ng/mL, C4: ≥128 ng/mL.

bIL-6 levels were divided into sex-specific quartiles (C1–C4) calculated in our sample, and the lowest quartile was selected as a cut-off point
for our study: >3.84 pg/mL in men and >2.99 pg/mL in women.

*A logistic regression with sex as covariate in the model was run in those variables marked with an asterisk, because these variables are
well known to be sex-dependent and therefore need a multivariate logistic regression.

Table 2 Prevalence of malnutrition according to the ESPEN criteria in
community-dwelling older population from the SarcoPhAge study at
baseline (n = 411)

Diagnosis First option: Body mass index < 18.5 kg/m2 7 (1.7)
OR
Second option: Unintentional weight
loss + low body mass index
(<20 kg/m2 if <70 years,
or <22 kg/m2 if ≥70 years)

13 (3.2)

or
Unintentional weight loss + low fat-free
mass index (<17 kg/m2 in men and
15 kg/m2 in women)

24 (5.8)

Total number of participants meeting the ESPEN criteria 30 (7.3)

ESPEN, European Society of Clinical Nutrition and Metabolism
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institutionalized, 189 (51.6%) were hospitalized at least once,
149 (40.7%) fell at least once, and 35 (9.6%) had at least one
fracture during the 4-year follow-up. However, no significant
differences between subjects with and without malnutrition
according to none of the criteria in the analysis by propor-
tional ORs were found.

Additionally, to the study objective, two additional new ex-
ploratory aetiology-based approaches of GLIM criteria were
calculated: Option 1 (at least one phenotypic criterion AND
reduced food intake) and GLIM criteria Option 2 (at least
one phenotypic criterion AND reduced food intake and in-
flammation) (Supporting Information, Table S3). The preva-
lence of malnutrition with GLIM Option 1 was n = 36 (8.8%)
and with GLIM Option 2 was n = 22 (5.4%). For GLIM criteria
Option 1, the crude analysis showed a significant increase in
mortality risk: HR 3.13 (95% CI: 1.42–6.9), and mortality dif-
ferences were also consistent in the adjusted model for co-
variates: HR 3.33 (95% CI: 1.44–7.73). For GLIM criteria
Option 2, the crude analysis showed a significant increase in

mortality risk: HR 3.96 (95% CI: 1.64–9.56), and mortality dif-
ferences were also consistent in the adjusted model for co-
variates: HR 3.20 (95% CI: 1.27–8.01). The combination of
food intake and inflammation as aetiologic criteria reduced
the prevalence of malnutrition, of course, but did not seem
to impact the results in a different way as compared with in-
take only. Based on these results, the original version of GLIM
criteria had better predictive validity for the prediction of
mortality than two exploratory options based on combina-
tions of the aetiologic criteria.

Discussion

Our study showed that malnutrition according to both ESPEN
and GLIM criteria was related to mortality in
community-dwelling older people in a 4-year follow-up. The
4.4-fold mortality risk associated to GLIM criteria almost

Table 3 Prevalence of malnutrition according to the GLIM criteria in community-dwelling older adults from the SarcoPhAge study at baseline (n = 411)

Diagnostic (at least one phenotypic criterion AND one aetiologic criterion) Phenotypic criteriona

Non-volitional weight loss 55 (13.4)
Low body mass index 46 (11.2)
Reduced muscle mass 141 (34.3)

Aetiologic criterionb

Reduced food intake or assimilation 52 (12.7)
Disease burden/inflammatory condition 102 (24.8)

Total number of participants meeting the GLIM criteria 96 (23.4)

GLIM, Global Leadership Initiative on Malnutrition
aPhenotypic criterion: Non-volitional weight loss: ≥4.5 kg last year (Fried phenotype); low body mass index: <20 kg/m2 if <70 years or
<22 kg/m2 if ≥70 years; reduced muscle mass: FFMI < 17 in men and <15 kg/m2 in women; ALM/height2 < 7 in men and <5.5 kg/m2

in women (EWGSOP2).
bAetiologic criterion: Reduced food intake or assimilation: that is, as recorded in MNA; disease burden or inflammation: Insulin-like growth
factor 1 levels were divided into sex-specific quartiles (C1–C4) calculated in our sample, and the lowest quartile was selected as a cut-off
point for our study. Men: C1: ≤88 ng/mL, C2: 89–106 ng/mL, C3: 107–134 ng/mL, C4: ≥135 ng/mL; women: C1: ≤82 ng/mL, C2: 83–
103 ng/mL, C3: 104–127 ng/mL, C4: ≥128 ng/mL. Interleukin-6 levels were divided into sex-specific quartiles (C1–C4) calculated in our
sample, and the lowest quartile was selected as a cut-off point for our study: >3.84 pg/mL in men and >2.99 pg/mL in women.

FIGURE 2 Four-year survival analysis for subjects with baseline malnutrition according to the (A) Global Leadership Initiative on Malnutrition criteria
and not malnourished subjects and according to the (B) European Society of Clinical Nutrition and Metabolism criteria and not malnourished subjects.
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doubled the risk obtained by assessing malnutrition with the
ESPEN criteria, independently of the socio-demographic and
clinical characteristics of participants. Results of the present
study showed a 4-times higher prevalence of malnutrition
when using GLIM instead of ESPEN criteria. This prevalence
is similar to the 18% for adults older than 40 and 25.7% in
the individuals older than 70 years reported in a
cross-sectional study in community-dwelling Japanese older
people,31 which is, to authors’ knowledge, the only study
where GLIM criteria have been applied; therefore, further re-
search would be needed to compare our findings. The au-
thors consider that the close relationship found between
malnutrition and mortality might be explained by the
evidence-based close relationship between any of the five
criteria that compose the new definition, which were se-
lected due to their strong relationship with mortality, as de-
scribed by Cederholm et al.32 The nature of the link
between malnutrition and mortality is mediated by oxidative
stress, altered micronutrient balance, catabolic changes, and
inflammation (present in the definition as aetiologic criteria),
and this damage in intracellular homeostasis leads to tissue
dysfunction, organ failure, altered body composition, and
weight loss (phenotypic criteria). In the absence of adequate
therapeutic approaches, the overall process leads to the on-
set of nutrition-related diseases and the end of individual’s
physiological ageing.33,34

Low concordance between GLIM and ESPEN criteria was ob-
served; a possible hypothesis is that all criteria considered in
ESPEN are included in GLIM, and, in addition, GLIM also con-
siders the aetiologic criteria. This low concordance and the
lower prevalence obtained by applying ESPEN are in conso-
nance with previously reported rates: The prevalence of mal-
nutrition identified by the ESPEN definition (20.2%) was
much lower than that reported using the American Society
for Parenteral and Enteral Nutrition and Academy of Nutrition
and Dietetics definition (63.2%) in older patients in post-acute
care.6 Although it is possible that GLIM criteria were extremely
sensitive and might over diagnose malnutrition in our study,
this cannot be deduced from our observations, as GLIM criteria
identified the individuals at higher risk of mortality. The GLIM
proposed different measurements (ALMI, FFMI, etc.), technical
devices (DXA, bioimpedanciometry, etc.), and cut-off points for
muscle mass. Further studies about GLIM criteria that compare
the predictive validity for health adverse consequences of the
options proposed by GLIM and include pragmatic approaches
should be a priority.

The low concordance between the two criteria found and
the higher prevalence found for GLIM has several implica-
tions in clinical practice. First, more patients would be suit-
able to be treated for a reversible disease34; second,
meeting their needs would not necessarily involve an in-
crease in the prescription of artificial supplements. As far as
we know, there is not a systematic review or meta-analysis
that provides evidence to recommend commercial formulasTa
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in comparison with home-made enriched diets in
community-dwelling otherwise healthy older adults. Finally,
in those patients whose clinical characteristics indicate the
prescription of nutritional therapies, they have been shown
to be cost-effective in terms of efficacy and safety.34 Imple-
mentation of the GLIM criteria in clinical practice might pro-
vide overall benefits from an individual point of view and
from a public health perspective.9

Sarcopenia was present in 16 (3.9%) individuals in
SarcoPhAge, and this nutrition-related disease was present
in 14 of the 96 (14.6%) subjects who met the GLIM criteria.
The relationship between malnutrition and mortality in our
study was found to be closer than the three-fold higher mor-
tality for sarcopenia previously reported in SarcoPhAge.35

Moreover, the relationship among sarcopenia and a dietary
intake below the reference values from the Nutritional Bel-
gian Recommendations of 2016 (https://www.health.bel-
gium.be/sites/default/files/uploads/fields/fpshealth_theme_
file/css_9285_avis_rec_nutr.pdf) with lower intake of
micronutrients (potassium, magnesium, phosphorus, iron,
and vitamin K) and macronutrients (lipids and proteins) has
been recently published in SarcoPhAge.36

The coherency between malnutrition according to GLIM
and sarcopenia by the EWGSOP has been ensured by shar-
ing a reduced muscle mass as a criterion for both. More-
over, different diagnostic cut-off points for muscle mass
can produce variations in the prevalence of sarcopenia
from 9.25% to 18% within the same population37; this issue
has been avoided for GLIM by the recommendation of the
same thresholds as the EWGSOP2. This coherence might be
an advantage for the development of therapeutic ap-
proaches and design of trials that could benefit both
diseases.38,39 Data from our research group indicate that
GLIM criteria are also strong predictors of the onset of
sarcopenia, as they were associated with an approximately
four-fold higher risk of developing sarcopenia and severe
sarcopenia during a 4-year follow-up.40

Surprisingly, no association was found between malnutri-
tion and institutionalization, hospitalization, falls, and frac-
tures. This lack of association might be a bias due to the 45
subjects lost to follow-up, who were not included in the anal-
yses; those individuals who were more likely to present ad-
verse health consequences might have been lost for the
analysis. A negative effect of sarcopenia on physical disabil-
ities and institutionalization has been reported in a prior anal-
ysis of SarcoPhAge data.35 Further studies are needed in
order to shed light about these outcomes.

Strengths and limitations

The challenge of accurate weight assessment in older people
has been widely reported11; the objective assessment of sub-
jects’ weight could be considered a strength of our study.

Weight loss, as defined by one of the Fried phenotype crite-
rion in our study, has been shown to be a strong predictor
for mortality and disability in the elderly in the Cardiovascu-
lar Health Study, among others.18 However, this is not ex-
actly the amount of weight loss over time recommended
by GLIM (def. >5% in 6 months or >10% beyond), it did
not allow the calculation of the severity grading, and this
could be considered a limitation of our study. The other
two phenotypic criteria were applied succinctly, and the au-
thors do not consider this issue to be a source of important
differences in prevalence of malnutrition at baseline in our
study.

The DXA has been claimed to be the most accurate assess-
ment of body composition41; its use is a strength of our
study. The ALM/height2 cut-off point that appears in the
EWGSOP2 and the original paper with the GLIM criteria pub-
lished in Journal of Cachexia, Sarcopenia and Muscle10 was
updated 5.5 kg/m2 and published as a corrigendum,19 follow-
ing values obtained by Studenski et al.42 The use of the up-
dated cut-off point could be considered a strength of our
study. However, muscle mass is closely related to physical
activity, exercise, and sedentary behaviour,43 and they were
not reported in our study, which could be considered a
limitation.

The food intake measurement we used as the first pheno-
typic criterion of our study involves a slightly longer time
frame than the one recommended by GLIM (3 months vs.
1–2 weeks); this difference might be considered more of a
strength than a limitation in our study. MNA is the specific
tool recommended by experts to better assess food intake
and anorexia of ageing in older people,44 as it is effective to
detect the onset of nutrition-related diseases (i.e. frailty).45

Moreover, MNA has been recently validated as a tool to de-
tect the onset of nutrition-related diseases (frailty) in a similar
population of community-dwelling older people.46 The use of
MNA, a validated tool widely in use,47,48 might be a strength
of our study.

Other strengths of our study are the use of the recom-
mended biochemical markers for geroscience-guided clinical
trials,20 the sex-specific cut-off points calculated specifically
for our own population data, and values close to those
previously published in a similar population of
community-dwelling older adults from the BELFRAIL study
for IL-621 and IGF-1.22 IGF-1 has neurotrophic action and is in-
volved in the maintenance of cognitive status and musculo-
skeletal health. Lower levels IGF-1 are related to cognitive
and physical impairment, disability, and frailty.22 Additionally,
to the study objective, two new exploratory aetiology-based
approaches of GLIM criteria were calculated and included in
the Supporting Information; the original version of GLIM
criteria had better predictive validity for the 5-year prediction
of mortality than the two exploratory options. These addi-
tional findings might be interesting for further discussion
and to gain knowledge about GLIM criteria.
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Our study participants were recruited volunteers, which
mean they were already aware and concerned about
nutritional-related syndromes, and might involve a better
health status than those individuals who refused joining a re-
search cohort. This could be a selection bias, as it has been
previously pointed out in SarcoPhAge.35 Moreover, voluntary
subjects were relatively young, able to walk, and free of cog-
nitive impairments. They are probably healthier than the Bel-
gian representative population of the same age. Food
assimilation and disease burden were not assessed in the
study, and it could be a limitation of our study. These possible
biases could have affected the observed prevalence of malnu-
trition, which could be higher in the general older population.

Conclusions

Malnutrition according to the GLIM criteria was first applied
in a longitudinal study and associated with a 4.4-fold higher
mortality risk, double that of the ESPEN criteria, during a
4-year follow-up. Further research will shed light on the rela-
tionships between malnutrition according to the GLIM criteria
and other adverse health consequences. Applying GLIM
criteria might be helpful to better identify malnutrition, apply
targeted early therapeutic approaches, and provide better
care for community-dwelling older adults.
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