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Abstract

Background The capacity of malnutrition screening to predict the onset of sarcopenia is unknown.

Aim Our first objective is to explore the association between the screening of malnutrition and the incidence of sarcopenia
and then, to assess the added value of the diagnosis of malnutrition to predict sarcopenia over a 5-year follow-up.

Methods Malnutrition was screened at baseline according to the MNA short-form (MNA-SF) and long-form (MNA-LF) and
was diagnosed by the GLIM definition. Sarcopenia was defined using the European Working Group on Sarcopenia in Older
People (EWGSOP?2) criteria. Kaplan—Meier analysis and adjusted Cox regression were performed to explore the association
between nutritional status and the incidence of sarcopenia.

Results A total of 418 participants were analyzed (median age 71.7 years (67.7 — 76.8), 60% women) for our first objective.
Among them, 64 (15.3%) became sarcopenic during the follow-up period. In the adjusted model, the incidence of sarcopenia
was nonsignificantly associated with the risk of malnutrition for both forms of the MNA (MNA-SF: HR of 1.68 (95% CI 0.95
—2.99); MNA-LF: HR of 1.67 (95% C1 0.86 — 3.26)). However, among the 337 participants for which a GLIM assessment
was possible and in which 46 participants became sarcopenic, malnourished subjects had a higher risk than well-nourished
participants of developing sarcopenia after 5 years, with an adjusted HR of 3.19 (95% CI 1.56 — 6.50).

Conclusion A full diagnosis of malnutrition seems more useful than a simple malnutrition screening to predict the incidence
of sarcopenia over 5 years.
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Introduction

Skeletal muscles are crucial for maintaining physical abil-
ity and optimal health at every life stage [1]. However, a
natural progressive decline in skeletal muscles occurs with
age, with an age-related decline in muscle strength [2]. This
process is known as sarcopenia and is defined by the pres-
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ence of low muscle strength and low muscle mass according
to the newest consensus on the diagnostic criteria published
in 2019 by the European Working Group on Sarcopenia in
Older People [3].

Throughout the past decade, clinicians and researchers
have raised awareness of sarcopenia because it represents
a burden on the health of people and the economy in an
aging population. Sarcopenia has a worldwide prevalence
estimated at 10% [4] and is associated with serious adverse
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events such as a higher risk of falls and fractures because
of mobility disorders, a lower quality of life, a loss of inde-
pendence and higher morbidity and mortality rates [1, 5-7].
These health-related consequences lead to higher healthcare
costs for sarcopenic individuals compared to those without
sarcopenia [8]. Furthermore, sarcopenia is now recognized
as a geriatric disorder by the International Classification of
Disease, Tenth revision, Clinical Modification (ICD-10-CM)
[9].

Although the loss of muscle quantity and quality are a
normal part of aging, malnutrition is a common pathologi-
cal condition in older adults that can further influence and
aggravate muscle health decline [10]. Deficient nutrient
intake resulting from low dietary consumption, low nutri-
ent bioavailability, or high nutrient requirements can lead
to alterations in body composition that are characterized by
a loss of muscle mass and muscle function [1]. Therefore,
malnutrition augments the heavy burden of poor muscle
health for both individuals and the public health system
[11]. Furthermore, malnutrition is highly prevalent among
older adults, with a pooled estimated risk of malnutrition
ranging from 8.5% in community settings to 28% in hospital
settings [12].

There is growing evidence that indicates the role of
nutrition in the prevention and management of sarcopenia
[13-18], suggesting that malnutrition can be one of its main
risk factors. Given that nutrition and physical activity are
modifiable lifestyle factors that affect sarcopenia [19, 20],
it is important to promote research on these two factors and
their mechanisms to support preventive and therapeutic
measures, such as appropriate nutritional interventions [21].

In 2018, a new international definition of malnutrition
was launched by the Global Leadership Initiative on Malnu-
trition (GLIM), constituted by major clinical nutrition socie-
ties [22]. The definition revised and updated the previous
one from the European Society for Clinical Nutrition and
Metabolism (ESPEN). Each criterion is taken into account
separately in a two-step approach: first, individuals are
screened to identify those at risk of malnutrition; second,
a diagnosis of malnutrition requires the presence of at least
one phenotypic (i.e., nonintentional weight loss, low body
mass index or low muscle mass) and one etiologic criterion
(i.e., reduced food intake or inflammation).

In a previous study of the SarcoPhAge (for “Sarcopenia
and Physical Impairments with Advancing Age”) cohort,
a Belgian cohort composed of community-dwelling older
adults, we observed a more than threefold risk of developing
sarcopenia for malnourished individuals (as defined by the
GLIM criteria) compared to well-nourished individuals after
a 4-year follow-up [23]. However, in clinical practice, it is
necessary to first apply the screening part of the GLIM defi-
nition [22], as the screening procedure is easier and faster to
carry out. This avoids conducting the complete diagnostic
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assessment for individuals who are not at risk of malnutri-
tion. Therefore, the primary objective of the present study
was to analyze the capacity of the Mini Nutritional Assess-
ment (MNA) questionnaire (the most widely used and spe-
cifically designed nutritional screening tool for older adults
[10]) to predict the onset of sarcopenia in the SarcoPhAge
cohort. The long form of the MNA was the original version
developed to screen older adults in hospitals, nursing homes
or in the community, and the short form was developed after
to gain efficiency in the screening process [24]. As both ver-
sions are used in clinical practice and in research [25], we
used both of them in the present study to assess the risk of
malnutrition. In addition, since we had the data at 5-year of
follow-up, we could measure the association between the
diagnosis of malnutrition according to the GLIM criteria
and the 5-year incidence of sarcopenia and then compare the
capacity of the diagnosis and the screening of malnutrition
to predict sarcopenia over a 5-year follow-up.

Methods
Population

The present study included participants from the Sar-
coPhAge cohort, a Belgian cohort composed of community-
dwelling older adults over 65 years of age. The protocol
and the complete methodology of the SarcoPhAge study
have been detailed elsewhere [26]. Briefly, the SarcoPhAge
study was initiated in 2013 and included a total of 534 vol-
unteer older adults recruited from press advertisements
and from an outpatient clinic in Lie¢ge, Belgium. The only
exclusion criteria were those required for undergoing dual
X-ray absorptiometry (DXA), which were individuals with
an amputated limb or a BMI greater than 50 kg/m?. Physical
examinations and questionnaires were conducted annually
by a clinical research assistant from baseline (TO) to the fifth
year of follow-up (T5) and were completed in June 2019.
The ethics committee of the University of Liege Teaching
Hospital approved this study (reference 2012/277) with two
amendments in 2015 and 2018, and all participants gave
their written informed consent.

Nutritional status

First, the risk of malnutrition was assessed at baseline using
both the short and the long forms of the MNA, a nutritional
screening tool relevant for older adults [24, 27, 28]. The
long form of the MNA was the original version developed
to screen older adults in hospitals, nursing homes or in the
community, and the short form was developed to gain effi-
ciency in the screening process [24]:
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— The short version of the MNA (MNA-SF) consists of
six items [29]: involuntary weight loss, loss of appetite,
loss of mobility, psychological stress, neuropsychological
problems (i.e., dementia), and low BMI. The total score
classifies individuals as well nourished (> 12 points), at
risk of malnutrition (8 to 11 points) or malnourished (<8
points).

— The long version of the MNA (MNA-LF) comprises 18
components [29], including the 6 items of the short form
plus the following: autonomy, drug prescription, pressure
sores or skin ulcers, number of meals per day, protein
intake, fruit or vegetable consumption, fluid consump-
tion, mode of feeding, self-view of nutritional status,
self-view of health status in comparison to other people
of the same age, and mid-arm and calf circumferences.
The total score classifies individuals as well-nourished
(=24 points), at risk of malnutrition (17-23.5 points) or
malnourished (< 17 points).

The standard procedure recommended for practice [25]
was followed in the present study where only the individuals
identified as at least at risk of malnutrition by the MNA-SF
were then assessed by the MNA-LF. Therefore, individuals
identified as well nourished by the short form were consid-
ered as well by the long form of the MNA. The risk of mal-
nutrition was considered a dichotomous variable. Therefore,
the participants were identified as either well nourished or
at least at risk of malnutrition.

Second, the diagnosis of malnutrition was also performed
at baseline according to the GLIM criteria, which require the
presence of at least one phenotypic and one etiologic crite-
rion meeting the thresholds. The thresholds were defined in
this study in accordance with the guidance provided by the
GLIM core leadership committee [22]:

— The phenotypic criteria were (1) an unintentional
weight loss greater than 4.5 kg in the past year [27], (2)
a body mass index less than 20 kg/m? or 22 kg/m? for
those younger or older than 70 years, respectively [22],
and (3) a low muscle mass identified as a fat-free mass
index (FFMI) less than 17 kg/m? in men and 15 kg/m? in
women or an appendicular lean mass index (ALMI) less
than 7 kg/m? in men and 5.5 kg/m? in women [3, 22].

— The etiological criteria included (1) a reduced food intake
determined according to the first item of the MNA-SF
(moderate or severe loss of appetite in the past three
months) [28] and (2) inflammation evaluated by inter-
leukin-6 (IL-6) and insulin-like growth factor 1 (IGF-1)
[30], where the highest or the lowest quartiles for IL-6
and IGF1, respectively, calculated for our data set in
both sexes, was considered a sex-specific threshold (i.e.,
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).

Inflammation is considered to be present if the value
of IL-6 is above, or IGF-1 is below, these thresholds,
which are similar to previously published thresholds for
community-dwelling older adults [31, 32]. Addition-
ally, according to a comprehensive review conducted by
a panel of experts, the biomarkers used in the present
study were identified as robust, with a consistent ability
to predict clinical and functional outcomes, are respon-
sive to intervention, and can provide a reliable and feasi-
ble measurement [30].

A diagnostic assessment of malnutrition was performed
for all the included participants without taking into account
the results of the initial screening step. This was done to
follow the same methodology as in our previous study to be
able to compare the results of the two studies.

Sarcopenia

Sarcopenia was diagnosed according to the revised European
definition of the EWGSOP, which includes the presence of
both of the following criteria [3]:

— Low muscle strength was defined as <27 kg for men
and < 16 kg for women. Muscle strength was measured
with a handgrip hand-held dynamometer (Sachan Corpo-
ration, MSD Europe Bvba, Brussels, Belgium) calibrated
each year throughout the study. We followed the stand-
ardized procedures by asking participants to squeeze
it with maximum strength. The test was repeated three
times per hand, and the highest value of the six measures
was considered in our analyses [33].

— Low muscle mass was defined as FFMI < 17 kg/m? in
men and < 15 kg/m? in women or ALMI < 7 kg/m? in
men and<5.5 kg/m2 in women. Fat-free mass (i.e., total
body mass minus the fat mass) and the appendicular lean
mass (i.e., the sum of the muscle mass in both arms and
legs) were estimated from the whole body DXA scans
(Hologic Discovery A, USA) calibrated daily. The values
of these muscle parameters were then divided by height
squared to obtain their index values.

Covariates

Sociodemographic and anamnestic data were gathered
yearly through physical examinations and health question-
naires. The following variables were considered confound-
ing factors for their potential impact on nutritional status and
muscle health according to the literature and previous stud-
ies of the SarcoPhAge cohort [26, 34—40] (Locquet et al.,
in press): age, sex, number of comorbidities per individual,
number of medications consumed per individual, mini-
mental state evaluation (MMSE) [41], self-reported physical
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activity level measured by the Minnesota questionnaire [42]
and smoking status.

Statistical analysis

Sarcopenic participants diagnosed at baseline were excluded
from the analyses to be able to measure the cumulative inci-
dence of sarcopenia over time.

Binary variables were expressed as absolute (N) and
relative frequencies (%). The quantitative variables were
reported as the median (25th percentile — 75th percentile)
because they did not follow a Gaussian distribution as evalu-
ated by the difference between the mean and the median
values, the histograms, the quantile—quantile plot and the
Shapiro—Wilk test.

The malnutrition risk assessment was performed at base-
line, and the sociodemographic and health characteristics
of the participants at inclusion were compared according
to nutritional status using the Mann—Whitney U test for
continuous variables and the X? test for categorical binary
variables. Additionally, Cohen’s kappa was calculated (1) to
measure the agreement between the two forms of the MNA
for screening individuals at risk of malnutrition, and (2) to
measure the agreement between the screening (MNA) and
the diagnosis of malnutrition by the GLIM criteria. Cohen’s
kappa score can range between —1 and + 1. The agreement
is considered null when the score is lower than 0, slight
between 0 and 0.20, fair between 0.21 and 0.40, moderate
between 0.41 and 0.60, substantial between 0.61 and 0.80,
and almost perfect above 0.80 [43].

The number of new cases of sarcopenia was measured
each year (i.e., the cumulative incidence) in a sample popu-
lation who were free from the disease at baseline among
participants who were assessed at least once over the 5-year
follow-up period. This incidence rate was then compared
against the nutritional status using the X? test. For the sur-
vival analysis, a Cox proportional hazards model, giving
a hazard ratio (HR) and its 95% confidence interval (95%
CI), was applied to measure the risk of developing sarcope-
nia over a 5-year follow-up, according to nutritional status.
A crude and an adjusted hazard ratio were measured. The
adjusted model included the following covariates: age, sex,
number of comorbidities per individual, number of drugs
consumed per individual, MMSE score, self-reported physi-
cal activity level and smoking status. The Kaplan—-Meier
method was used to create survival curves to estimate the
impact of (the risk of) malnutrition on the incidence of sar-
copenia, and log-rank tests were performed to statistically
compare the survival curves according to nutritional status.

The results were considered statistically significant when
the p value was less than 0.05. The SPSS Statistics 24 (IBM
Corporation, Armonk, NY, USA) software package was used
for the analyses.
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Results

At baseline, the total SarcoPhAge population was com-
posed of 534 participants, and 510 were free from sar-
copenia. Among these 510 participants, 92 had no data
available throughout the 5-year follow-up because they
were unable to be contacted, were unable or refused to
participate or died. Therefore, 418 participants for which
we had data on the outcome “sarcopenia” constituted our
baseline population for our primary objective. To confirm
the association previously observed between malnutrition
diagnosis and the incidence of sarcopenia (i.e., our sec-
ondary objective), we performed the analyses on a total
sample of 337 participants for whom we had inflammation
marker data, which was needed to diagnose malnutrition
according to the GLIM criteria (Fig. 1).

The characteristics of the participants at inclusion are
presented in Table 1. Out of the 418 participants that con-
stituted our studied sample (median age of 71.7 years (67.7
—-76.8), 60% women), 75 (18%) were identified as at risk
of malnutrition according to the MNA-SF and 44 (10.5%)
according to the MNA-LF. Compared to the well-nour-
ished participants, those at risk of malnutrition according
to either MNA-SF or MNA-LF had a significantly lower
BMI, took more drugs per day, had more comorbidities
and had a slightly worse cognitive status, with all p values
less than 0.05. For the participants at risk of malnutrition
according to the MNA-SF specifically, they comprised
more smokers than the well-nourished ones (p value of
0.01).

Regarding the muscle parameters, compared to well-
nourished women, both the FFMI and the ALMI were sig-
nificantly lower in women at risk of malnutrition (both p
values of 0.004) while participants at risk of malnutrition
using the MNA-LF had significantly lower SPPB and gait
speed tests scores (p values of 0.001 and 0.003, respec-
tively), lower muscle strength but in men only (p value of
0.01) and lower FFMI and ALMI in both men and women
(all p values <0.05).

Throughout the 5-year follow-up period, 64 participants
(15.3%) were newly diagnosed with sarcopenia. The inci-
dence of sarcopenia was significantly higher in the par-
ticipants at risk of malnutrition than in the well-nourished
participants regardless of the screening tool used, with
log-rank p values of 0.008 for the MNA-SF and 0.003 for
the MNA-LF Kaplan—Meier curves (Fig. 2a and b).

When the MNA-SF was used, 18 of the 75 partici-
pants at risk of malnutrition (24%) developed sarcope-
nia compared to 13.4% of the well-nourished participants
(p value of 0.02), resulting in a crude HR of 2.05 (95%
CI 1.19 — 3.54) (Table 2). This means that participants
at risk of malnutrition had a more than twofold risk of
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Fig. 1 Flow chart of the
SarcoPhAge study. GLIM
global leadership initiative on
malnutrition

Total participants included in the SarcoPhAge study

N=534

Sarcopenic participants at baseline

v

v

N=24

Participants without sarcopenia at baseline

N=510

Participants who were lost to follow-up,
refused or were unable to participate, or died

v

v

N=92

Participants with data for the diagnosis of
sarcopenia throughout the 5-year follow-up

N=418

Blood sample unavailable for the
».| malnutrition diagnosis (GLIM criteria)

v

N=81

Participants with data for the diagnosis of
malnutrition at baseline (GLIM criteria)

N= 337

becoming sarcopenic over the follow-up period. In the
model adjusted for the included covariates (age, sex,
number of drugs per participant, number of comorbidities
per participant, MMSE score, level of physical activity,
and smoking status), the incidence of sarcopenia became
non significantly associated with the risk of malnutrition
according to the MNA-SF, with an HR of 1.68 (95% CI
0.95-2.99).

Regarding the long form of the MNA, 44 participants
were identified as at risk of malnutrition at baseline, and
13 (29.5%) of them were diagnosed with sarcopenia during
the 5-year follow-up compared to 13.6% of those with good
nutritional status. In the crude model, the impact of nutri-
tional status on the incidence of sarcopenia was significant,
with an HR of 2.44 (95% CI 1.32 — 4.49). However, after
adjusting for the covariates, the association was no longer
significant, with an HR of 1.67 (95% CI 0.86 — 3.26).

There was strong agreement between the two forms of
the MNA in the identification of participants who were at
risk of malnutrition, with a Cohen kappa of 0.70 (95% CI
0.60 — 0.80).

The association between the 5-year incidence of sarco-
penia and the diagnosis of malnutrition according to the
GLIM criteria is displayed in Table 2. At baseline, 59 of the
337 participants included in the secondary analysis were
diagnosed as malnourished. Among them, a total of 46

new events of sarcopenia were assessed after 5 years—20
events among the malnourished participants (34%) and 26
among the well-nourished participants (9.4%). The number
of new cases of sarcopenia was significantly higher among
the malnourished participants (p value <0.001) than among
the well-nourished participants, leading to an HR of 4.02
(95% CI 2.25-7.23). In the adjusted model, malnourished
participants had also a higher risk than well-nourished par-
ticipants of developing sarcopenia after 5 years, with an HR
of 3.19 (95% CI 1.56-6.50).

There was low agreement between the diagnosis of mal-
nutrition and the malnutrition screening for both versions
of the MNA, with Cohen kappa values of 0.38 (95% CI
0.25-0.51) and 0.36 (95% CI 0.22-0.50) for the short and
long versions, respectively.

Discussion

A significantly higher risk of developing sarcopenia for mal-
nourished older adults diagnosed according to the GLIM
criteria was observed in one of our previous studies [23].
The GLIM definition recommends that screening be con-
ducted before attempting to diagnose malnutrition because
the screening is easier and quicker to apply in clinical prac-
tice. Hence, the primary aim of the current study was to
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Table 1 Sociodemographic and health characteristics of participants at inclusion

Baseline character- Studied Sample Malnutrition risk according Malnutrition risk according
istics (n=418) to the MNA-SF to the MNA-LF
Yes (n="75) No (n=343) Pvalue Yes (n=44) No (n=374) P value
Age, years 71.7(67.7-176.8) 72.0(67.7-76.5) 71.7(67.6-76.9) 0.90 73.6 (69.9-71.7) 71.5(67.5-76.4) 0.05
Sex, women 252 (60.3) 52 (69.3) 200 (58.3) 0.08 32(72.7) 220 (58.8) 0.08
Body mass index, 26.3(23.8-29.8) 24.4(20.3-28.0) 26.8(242-299) <0.001 23.8(20.1-27.7) 26.6(24.1-29.9) <0.001
kg/m?
Smoking status, 39 (9.3) 13 (17.3) 26 (7.6) 0.01 8 (18.2) 31(8.3) 0.05
yes
Alcohol consump- 213 (51.0) 34 (45.3) 179 (52.2) 0.28 18 (40.9) 195 (42.1) 0.16
tion, yes
Number of drugs 5.0 (3.0-8.0) 6.0 (4.0-9.0) 5.03.0-7.0) 0.02 6.0 (4.0-10.0) 5.0(3.0-7.0) 0.007
Number of comor- 4.0 (2.0 -5.0) 4.0 (3.0-6.0) 4.0(2.0-5.0) 0.002  5.0(3.0-7.0) 35(2.0-5.0) <0.001
bidities
MMSE, max 30 29.0 (28.0-29.0) 28.0(27.0-29.0) 29.0(28.0-30.0) 0.002  28.0(25.3-29.0) 29.0(28.0-30.0) <0.001
points
Physical activity 791.0 (280.0 — 840.0 (112.0 — 779.5 (305.0 — 0.59 735.0 (0.0 — 815.5(320.3 - 0.08
level, kcal/day 1536.5) 1455.0) 1582.0) 1306.4) 1582.0)
SPPB, max 12 10.0 9.0-11.0) 10.0 (8.0-11.0) 10.0 (9.0-11.0) 0.12 9.0 (6.3 -10.0) 10.0(9.0-11.0)  0.001
points
Gait speed, m/s 1.0 (0.9-1.2) 1.0(0.8-1.2) 1.0(09-1.2) 0.09 09(0.6-1.1) 1.0(09-1.2) 0.003
Muscle strength, 40.3 (36.0-50.7) 38.0(30.0—43.0) 41.0(38.0-45.5) 0.05 32.0(29.9-42.0) 409(37.8-45.6) 0.01
kg 23.0(18.0-27.0) 22.0(18.0-27.0) 23.0(18.0-26.6) 0.52 22.0(18.0-25.5) 23.0(18.0-27.0) 0.26
Men
Women
FFMI, kg/m? 19.0(17.4-20.7) 17.8(16.1-20.8) 19.1(17.5-20.7) 0.11 17.0(15.7-18.7) 19.2(17.5-20.58) 0.01
Men 152(14.0-164) 14.6(13.5-16.2) 153(143-16.5) 0.004 14.0(13.2-15.8) 153(142-16.4) 0.002
Women
ALMI, kg/m? 8.0(7.3-8.8) 7.4 (6.8 -8.6) 8.1(7.4-8.8) 0.07 7.1(6.7-1.5) 8.1(7.4-8.9) 0.004
Men 6.0 (5.5-6.6) 5.6(5.1-6.5) 6.1 (5.6-6.6) 0.004 55(5.0-6.2) 6.0(5.6-6.6) 0.001
Women

MMSE mini mental state evaluation, SPPB short physical performance battery test, FFMI fat-free mass index, ALMI appendicular lean mass

index

investigate the ability of both the MNA-SF and MNA-LF
to predict sarcopenia during a 5-year follow-up using data
from the SarcoPhAge cohort. The results of neither MNA
form were found to be associated with the incidence of sar-
copenia over the follow-up period in the fully adjusted mod-
els. However, the previously observed association between
malnutrition diagnosis (according to the GLIM criteria)
and the incidence of sarcopenia after 4 years of follow-up
was confirmed at the 5-year follow-up in the present study,
even after adjusting for all potential confounding variables,
including smoking.

A growing number of studies have indicated that mal-
nutrition represents an essential component of sarcopenia.
Indeed, increasing evidence has highlighted the potential
mechanisms by which an unbalanced diet can impact muscle
health and lead to sarcopenia [14, 19, 44, 45]. Furthermore,
improved diet quantity and quality has been found to be ben-
eficial in the management of sarcopenia [46—48], and the
synergistic effect of combination nutritional interventions,
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such as protein supplementation and exercise, may be even
more effective in promoting muscle health by increasing
muscle protein synthesis [47, 49, 50]. Because malnutrition
likely plays a major role in the management of sarcopenia
[51], the early identification of individuals at risk of malnu-
trition can be key to preventing sarcopenia and reducing its
health burden. Thus, the screening part of the malnutrition
diagnosis is important because it is the first step in the iden-
tification of individuals at risk of malnutrition.

The link between sarcopenia and screening for malnu-
trition risk using the MNA has mostly been explored in
community-dwelling older adults in cross-sectional stud-
ies. The first study found a significant association between
sarcopenia (as defined by EWGSOP1) and the risk of mal-
nutrition as assessed by the MNA-SF [52]. In a second
study, the same results were observed using the MNA-
LF, but only for individuals identified as malnourished
according to the MNA-LF and not for those established as
simply at risk of malnutrition [53]. Their associations have
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Fig.2 a Incidence of sarcopenia in well-nourished participants and in those at risk of malnutrition according to the MNA-SF; b incidence of
sarcopenia in well-nourished participants and in those at risk of malnutrition according to the MNA-LF

Table 2 Association between malnutrition risk (n=418) and malnutrition diagnosis (n=337) at baseline and the 5-year incidence of sarcopenia

S-year incidence of sarcopenia p value Crude HR Adjusted HR (95% CI)*
(95% CI)
Malnutrition risk assessed according to the MNA short-form
Malnutrition risk Yes (n= 64) No (n= 354)
Yes (n=175) 18 (24.0) 57 (76.0) 0.02 2.05 (1.19-3.54) 1.68 (0.95-2.99)
No (n=343) 46 (13.4) 297 (86.6)
Malnutrition risk assessed according to the MNA long-form
Malnutrition risk Yes (n= 64) No (n= 354) 0.006 2.44 (1.32-4.49) 1.67 (0.86-3.26)
Yes (n=44) 13 (29.5) 31 (70.5)
No (n=374) 51 (13.6) 323 (86.4)
Malnutrition diagnosis according to the GLIM criteria
Malnutrition diagnosis Yes (n= 46) No (n=291)
Yes (n=159) 20 (33.9) 39 (66.1) < 0.001 4.02 (2.25-7.23) 3.19 (1.56-6.50)
No (n= 278) 26 (9.4) 252 (90.6)

MNA mini nutritional assessment, HR hazard ratio

*Adjusted for age, sex, number of drugs per participant, number of comorbidities per participant, MMSE score, and level of physical activity

(Minnesota) and smoking status

also been investigated quantitatively using the MNA score
in place of the nutritional status in the analyses, such as
Wu et al. and Liguori et al. who concluded that sarcope-
nia (according to EWGSOP1) was associated with lower
MNA-LF and MNA-SF scores, respectively [16, 54]. One
longitudinal study explored the association between the
MNA-LF score change and muscle parameters. The results
showed that a decrease in the MNA score was associated
with a decrease in physical performance (as assessed by
the Short Physical Performance Battery test) but was not

associated with muscle strength [55], which is considered
to be the main criteria of sarcopenia in the EWGSOP2 def-
inition [3]. However, these results are not comparable with
ours, as it is well known that different sarcopenia diagnosis
criteria (i.e., EWGSOP1 and EWGSOP2) will not identify
the same sarcopenic individuals [56, 57]. This research
used the newly formulated definition of sarcopenia as it
is needed to support appropriate nutritional interventions
and other relevant preventive measures for this pathology.
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There is currently a lack of longitudinal research about
the role of malnutrition in sarcopenia pathogenesis. The pre-
sent study indicated that screening for malnutrition using the
MNA could not predict the incidence of sarcopenia in the
SarcoPhAge cohort. This is in contrast to the established
diagnosis of malnutrition using the GLIM criteria, which
was associated with a higher risk of developing sarcopenia
after a 5-year follow-up. Risk screening is a process that
must be rapidly performed and therefore includes minimal
nutritional indicators [58]. Our results suggest that a more
in-depth assessment of nutritional status is required to antici-
pate adverse health outcomes. The higher risk of becoming
sarcopenic observed in malnourished individuals who are
diagnosed by the GLIM criteria can be partly attributed to
the overlap between the definitions of the two conditions—
a low muscle mass is a criterion of both. Moreover, this
overlap was also present with the previous definition of mal-
nutrition, the definition of the European Society of Clinical
Nutrition and Metabolism (EPSEN) [59]. Using this defini-
tion, a significantly higher risk of becoming sarcopenic was
found in our previous study (HR of 4.28). The risk was lower
than that found with the GLIM criteria, but we can assume
that this is because low muscle mass was not a systematic
criterion in the EPSEN definition.

The agreement between the two MNA forms was good
(Cohen kappa of 0.70), but the agreement between the GLIM
criteria and the MNA was poor, with Cohen kappas of less
than 0.40 for both forms of the MNA. Among the 59 par-
ticipants diagnosed as malnourished according to the GLIM
criteria, 32 (54%) and 39 (66%) were not identified even
as at risk of malnutrition by the MNA-SF and the MNA-
LF, respectively. This means that if we had first screened
the participants for being at risk of malnutrition and then
diagnosed only those who were at least at risk, this would
have led to an underestimation of the malnourished individu-
als. The MNA screening tool was used in the present study
because it is the most validated tool in geriatric settings,
but more than 30 validated screening tools exist [60] that
include various criteria and nutritional factors. These tools
could potentially lead to completely different populations
being identified as at risk of malnutrition, both in research
and in clinical practice. This highlights the importance of
the criteria used for malnutrition risk screening and their
validation in the targeted geriatric setting, as these could
impact the optimal identification of individuals who most
need early nutritional intervention.

Finally, the covariates included in the adjusted models
indeed had an impact on the association between the risk of
malnutrition and the incidence of sarcopenia, which became
nonsignificant when adjusted for these covariates. Further-
more, this covariate impacted the analyses on the malnutri-
tion risk but not those on the malnutrition diagnosis. This
highlights the necessity to consider the global health status
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of the patient during malnutrition screening, as well as the
hypothesis discussed earlier—that the association between
the malnutrition diagnosis using the GLIM criteria and the
incidence of sarcopenia was so strong owing to the over-
lap between the definitions (i.e., low muscle mass) that the
adjustment for major confounding variables did not impact
the association magnitude.

Strengths and limitations

This study is the first to investigate the capacity of both ver-
sions of the MNA screening tool to predict the incidence of
sarcopenia according to the newest definition after a 5-year
follow-up period. Nevertheless, there are several limitations
to the present study.

First, we did not carry out the screening portion of the
malnutrition diagnosis, as we had data to diagnose malnu-
trition according to the GLIM criteria for the entire popula-
tion included in the secondary analyses. This allowed us to
explore the agreement between the screening and the diag-
nosis of malnutrition and to compare the results obtained for
the two steps. Regarding the criteria and threshold values
used to diagnose malnutrition, we followed those recom-
mended by the GLIM consensus, except for the uninten-
tional weight loss criteria from the FRIED questionnaire, as
we did not have these data available. However, evidence on
how to assess each criterion and clear threshold values are
currently lacking [61]. For example, the GLIM consensus
report indicates that the thresholds for the “reduced food
intake” and “weight loss” criteria can vary according to the
malnutrition tool used [22]. This is also the case for inflam-
mation for which clear measurement methods or threshold
values are not communicated in the GLIM definition. This
could have a large impact on the proportion of malnourished
individuals identified across studies, e.g., a prevalence of
10.7% found in a study by Yeung et al. compared to 17.5% in
the present study in which different measures and thresholds
for the GLIM criteria were applied [62]. Therefore, a con-
sensus regarding the assessment of the various malnutrition
criteria is needed.

Second, our population study was composed of volunteer
community-dwelling older adults. This could have brought
a selection bias, as the included participants potentially had
a better health status than the global geriatric community-
dwelling population. Indeed, the prevalence of malnutrition
risk was approximately 18% and 10.5% using the MNA-
SF and MNA-LF, respectively, compared to a prevalence
of 37.7% in the community setting according to the review
by Kaiser et al. This could have impacted the statistical
power of our analyses, resulting in a nonsignificant associa-
tion. Additionally, no sample size or statistical power was
determined because the analyses were performed using data
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from a pre-existing database. We can assume that a greater
number of individuals at risk of malnutrition in the current
study could have influenced the significance of the results
observed for the MNA and induced a higher risk of develop-
ing sarcopenia when diagnosed as malnourished. In addi-
tion, the patients lost to follow-up could have experienced a
more severe health decline than those included in the analy-
ses, leading to an attrition bias. Indeed, the participants lost
to follow-up were older (75.2 years (71.1-78.6) versus 71.4
(67.5-76.5)), took more drugs per day (6 (4-8) versus 5
(3-7)), had a worse cognitive status according to the MMSE
(28 points (26-29) versus 29 (28-29)), had a lower physi-
cal activity level (517.5 kcal per day (0.0-1335.0) versus
840.0 (310.0-1554.0)) and had a lower grip strength (25 kg
(19.5-34.0) versus 28.0 (22.0-39.0)).

Finally, in addition to nutrition, resistance and aerobic
training can potentially play a significant role in myofibril-
lar protein synthesis and, therefore, in maintaining muscle
health [63]. Unfortunately, we could not adjust for types of
physical activity because we did not have this data. However,
a large number of confounding factors that could impact
nutritional status or muscle heath were taken into account,
including the level of physical activity [64].

Additional studies are needed to further explore and con-
firm our results because this is one of the first studies in this
area. Investigating the association between the incidence of
sarcopenia and other validated malnutrition screening tools
could also be highly relevant.

Conclusions

In conclusion, the risk of malnutrition as assessed by either
the MNA-SF or MNA-LF was not found to predict the inci-
dence of sarcopenia after a 5-year follow-up period in the
SarcoPhAge cohort. This suggests that the screening of the
malnutrition risk alone is not sufficient to identify individu-
als at higher risk of sarcopenia and highlights the necessity
of a more in-depth assessment using the GLIM criteria to
implement appropriate nutritional preventive actions.

Author contributions Conceptualization, O.B., C.B., and J.-Y.R.;
methodology, L.L., O.B., and M.L.; software, L.L.; validation, L.L.,
0.B., M.L,, C.B. and J.-Y.R.; formal analysis, L.L.; investigation,
L.L., M.L. and C.B.; resources, O.B. and J.-Y.R.; data curation, L.L.,
M.L., and C.B.; writing—original draft preparation, L.L.; writing—
review and editing, L.L., M.L., O.B., and C.B.; supervision, O.B. and
J.-Y.R. All authors have read and agreed to the published version of
the manuscript.

Funding M.L. is supported by a fellowship from the FNRS (Fonds
National de la Recherche Scientifique de Belgium—FRSFNRS—http://
www.frs-fnrs.be).

Availability of data and material The datasets generated and/or ana-
lyzed in the current study are not publicly available due to GDPR poli-
cies and restrictions because the information could compromise the
privacy of the participants. However, the data are available from the
corresponding author on reasonable request.

Declarations

Conflicts of interest The authors declare no conflict of interest.

Ethics approval The guidelines of the Declaration of Helsinki were
followed, and the present study was approved by the ethics committee
of the University of Liege Teaching Hospital (reference 2012/277),
with two amendments in 2015 and 2018.

Consent to participate and consent for publication Informed consent
was obtained from all participants involved in the study.

References

1. Landi F, Camprubi-Robles M, Bear DE et al (2019) Muscle loss:
The new malnutrition challenge in clinical practice. Clin Nutr
38:2113-2120. https://doi.org/10.1016/j.cInu.2018.11.021

2. Goodpaster BH, Park SW, Harris TB et al (2006) The loss of
skeletal muscle strength, mass, and quality in older adults: The
Health, Aging and Body Composition Study. J Gerontol Ser A
Biol Sci Med Sci 61:1059-1064. https://doi.org/10.1093/gerona/
61.10.1059

3. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Ceder-
holm T, Cooper C, Landi F, Rolland Y, Sayer AA et al (2019) Sar-
copenia: Revised European consensus on definition and diagnosis.
Age Ageing 48:16-31. https://doi.org/10.1093/ageing/afy 169

4. Shafiee G, Keshtkar A, Soltani A et al (2017) Prevalence of sar-
copenia in the world: A systematic review and meta- analysis of
general population studies. J Diabetes Metab Disord. https://doi.
org/10.1186/s40200-017-0302-x

5. Mijnarends DM, Luiking YC, Halfens RJG et al (2018) Muscle,
Health and Costs: A Glance at their Relationship. J Nutr Heal
Aging 22:766-773. https://doi.org/10.1007/s12603-018-1058-9

6. Ogawa S, Yakabe M, Akishita M (2016) Age-related sarcopenia
and its pathophysiological bases. Inflamm Regen. https://doi.org/
10.1186/541232-016-0022-5

7. Beaudart C, Zaaria M, Pasleau F et al (2017) Health Outcomes of
Sarcopenia: A Systematic Review and Meta-Analysis. PLoS ONE
12:¢0169548. https://doi.org/10.1371/journal.pone.0169548

8. Bruyere O, Beaudart C, Ethgen O et al (2019) The health eco-
nomics burden of sarcopenia: a systematic review. Maturitas
119:61-69. https://doi.org/10.1016/j.maturitas.2018.11.003

9. Cao L, Morley JE (2016) Sarcopenia Is recognized as an inde-
pendent condition by an international classification of disease,
tenth revision, clinical modification (ICD-10-CM) Code. J Am
Med Dir Assoc 17:675-677. https://doi.org/10.1016/j.jamda.2016.
06.001

10. Corcoran C, Murphy C, Culligan EP, Walton J, Sleator RD (2019)
Malnutrition in the elderly. Sci Prog 102:171-180. https://doi.org/
10.1177/0036850419854290

11. Hu X, Zhang L, Wang H et al (2017) Malnutrition-sarcopenia
syndrome predicts mortality in hospitalized older patients. Sci
Rep. https://doi.org/10.1038/s41598-017-03388-3

12. Leij-Halfwerk S, Verwijs MH, van Houdt S et al (2019) Preva-
lence of protein-energy malnutrition risk in European older adults
in community, residential and hospital settings, according to 22

@ Springer


http://www.frs-fnrs.be
http://www.frs-fnrs.be
https://doi.org/10.1016/j.clnu.2018.11.021
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1093/gerona/61.10.1059
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1186/s40200-017-0302-x
https://doi.org/10.1186/s40200-017-0302-x
https://doi.org/10.1007/s12603-018-1058-9
https://doi.org/10.1186/s41232-016-0022-5
https://doi.org/10.1186/s41232-016-0022-5
https://doi.org/10.1371/journal.pone.0169548
https://doi.org/10.1016/j.maturitas.2018.11.003
https://doi.org/10.1016/j.jamda.2016.06.001
https://doi.org/10.1016/j.jamda.2016.06.001
https://doi.org/10.1177/0036850419854290
https://doi.org/10.1177/0036850419854290
https://doi.org/10.1038/s41598-017-03388-3

1516

Aging Clinical and Experimental Research (2021) 33:1507-1517

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

malnutrition screening tools validated for use in adults >65 years:
A systematic review and meta-analysis. Maturitas 126:80-89.
https://doi.org/10.1016/j.maturitas.2019.05.006

Pierik VD, Meskers CGM, Van Ancum JM et al (2017) High
risk of malnutrition is associated with low muscle mass in older
hospitalized patients - a prospective cohort study. BMC Geriatr.
https://doi.org/10.1186/s12877-017-0505-5

Volkert D (2011) The role of nutrition in the prevention of sarco-
penia. Wien Med Wochenschr 161:409—415. https://doi.org/10.
1007/s10354-011-0910-x

Pourhassan M, Rommersbach N, Lueg G et al (2020) The impact
of malnutrition on acute muscle wasting in frail older hospitalized
patients. Nutrients. https://doi.org/10.3390/nu12051387

Liguori I, Curcio F, Russo G et al (2018) Risk of Malnutrition
Evaluated by Mini Nutritional Assessment and Sarcopenia in
Noninstitutionalized Elderly People. Nutr Clin Pract 33:879-886.
https://doi.org/10.1002/ncp.10022

Ramsey KA, Meskers CGM, Trappenburg MC et al (2020)
Malnutrition is associated with dynamic physical performance.
Aging Clin Exp Res 32:1085-1092. https://doi.org/10.1007/
s40520-019-01295-3

Reginster JY, Beaudart C, Al-Daghri N et al (2021) Update
on the ESCEO recommendation for the conduct of clinical
trials for drugs aiming at the treatment of sarcopenia in older
adults. Aging Clin Exp Res 33:3-17. https://doi.org/10.1007/
$40520-020-01663-4

Robinson S, Cooper C, Aihie Sayer A (2012) Nutrition and sar-
copenia: A review of the evidence and implications for preventive
strategies. J Aging Res. https://doi.org/10.1155/2012/510801
Tzeng PL, Lin CY, Lai TF et al (2020) Daily lifestyle behaviors
and risks of sarcopenia among older adults. Arch Public Heal.
https://doi.org/10.1186/s13690-020-00498-9

Sieber CC (2019) Malnutrition and sarcopenia. Aging Clin Exp
Res 31:793-798. https://doi.org/10.1007/s40520-019-01170-1
Cederholm T, Jensen GL, Correia MITD et al (2019) GLIM cri-
teria for the diagnosis of malnutrition — A consensus report from
the global clinical nutrition community. Clin Nutr 38:1-9. https://
doi.org/10.1016/j.cInu.2018.08.002

Beaudart C, Sanchez-Rodriguez D, Locquet M et al (2019) Malnu-
trition as a strong predictor of the onset of sarcopenia. Nutrients.
https://doi.org/10.3390/nu11122883

Vellas B, Villars H, Abellan G et al (2006) Overview of
the MNA® - Its history and challenges. J Nutr Heal Aging
10:456-463

Guigoz Y, Vellas B (2021) Nutritional assessment in older adults:
MNA® 25 years of a screening tool and a reference standard for
care and research; what next ? J Nutr Health Aging. https://doi.
org/10.1007/s12603-021-1601-y

Beaudart C, Reginster JY, Petermans J et al (2015) Quality of life
and physical components linked to sarcopenia: The SarcoPhAge
study. Exp Gerontol 69:103—-110. https://doi.org/10.1016/j.exger.
2015.05.003

Guigoz Y, Lauque S, Vellas BJ (2002) Identifying the elderly at
risk for malnutrition the mini nutritional assessment. Clin Geri-
atr Med 18:737-757. https://doi.org/10.1016/S0749-0690(02)
00059-9

Kaiser MJ, Bauer JM, Ramsch C et al (2009) Validation of the
mini nutritional assessment short-form (MNA®-SF): a practical
tool for identification of nutritional status. J Nutr Health Aging
13:782-788

Nestlé Nutrition Institute Nutrition screening as easy as MNA: a
guide to complete the Mini Nutiritonal Assessment (MNA) Avail-
able online: https://www.mna-elderly.com/forms/mna_guide_
english.pdf (Accessed on Feb 17, 2021)

Justice JN, Ferrucci L, Newman AB et al (2018) A framework
for selection of blood-based biomarkers for geroscience-guided

@ Springer

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

clinical trials: report from the TAME Biomarkers Work-
group. GeroScience 40:419-436. https://doi.org/10.1007/
s11357-018-0042-y

Adriaensen W, Mathei C, Vaes B et al (2014) Interleukin-6 pre-
dicts short-term global functional decline in the oldest old: results
from the BELFRAIL study. Age (Omaha) 36:9723. https://doi.org/
10.1007/s11357-014-9723-3

Doi T, Shimada H, Makizako H et al (2016) Insulin-like growth
factor-1 related to disability among older adults. J Gerontol Ser
A Biol Sci Med Sci 71:797-802. https://doi.org/10.1093/gerona/
glvl67

Roberts HC, Denison HJ, Martin HJ et al (2011) A review of the
measurement of grip strength in clinical and epidemiological stud-
ies: Towards a standardised approach. Age Ageing 40:423-429.
https://doi.org/10.1093/ageing/afr051

Vetrano DL, Landi F, Volpato S et al (2014) Association of sarco-
penia with short- and long-term mortality in older adults admitted
to acute care wards: Results from the CRIME study. J Gerontol
Ser A Biol Sci Med Sci 69:1154-1161. https://doi.org/10.1093/
gerona/glu034

Steffl M, Bohannon RW, Petr M et al (2015) Relation between
cigarette smoking and sarcopenia: Meta-analysis. Physiol Res
64:419-426. https://doi.org/10.33549/physiolres.932802
Dallongeville J, Maré N, Fruchart J-C et al (1998) Community
and international nutrition cigarette smoking is associated with
unhealthy patterns of nutrient intake: a meta-analysis. J Nutr
128:1450-1457

Zadak Z, Hyspler R, Ticha A et al (2013) Polypharmacy and mal-
nutrition. Curr Opin Clin Nutr Metab Care 16:50-55. https://doi.
org/10.1097/MCO.0b013e32835b612¢

Streicher M, van Zwienen-Pot J, Bardon L et al (2018) Deter-
minants of incident malnutrition in community-dwelling older
adults: A MaNuEL multicohort meta-analysis. ] Am Geriatr Soc
66:2335-2343. https://doi.org/10.1111/jgs.15553

Schueren MAE, Lonterman-Monasch S, de Vries OJ et al (2013)
Prevalence and determinants for malnutrition in geriatric outpa-
tients. Clin Nutr 32:1007-1011. https://doi.org/10.1016/j.clnu.
2013.05.007

Tangen GG, Robinson HS (2020) Measuring physical perfor-
mance in highly active older adults: associations with age and
gender? Aging Clin Exp Res 32:229-237. https://doi.org/10.1007/
$40520-019-01190-x

Locquet L, Bruyere O, Lengelé L et al (2021) Relationship
between smoking and the incidence of sarcopenia: the Sar-
coPhAge cohort. Public Health. https://doi.org/10.1016/j.puhe.
2021.01.017

Tombaugh TN, Mclntyre NJ (1992) The mini-mental state exami-
nation: a comprehensive review. ] Am Geriatr Soc 40:922-935.
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x

Taylor HL, Jacobs DR, Schucker B et al (1978) A questionnaire
for the assessment of leisure time physical activities. J Chronic
Dis 31:741-755. https://doi.org/10.1016/0021-9681(78)90058-9
McHugh ML (2012) Lessons in biostatistics interrater reliability:
the kappa statistic. Biochem Medica 22:276-282

Remelli F, Vitali A, Zurlo A et al (2019) Vitamin D deficiency and
sarcopenia in older persons. Nutrients. https://doi.org/10.3390/
nul1122861

Beaudart C, Locquet M, Touvier M et al (2019) Association
between dietary nutrient intake and sarcopenia in the SarcoPhAge
study. Aging Clin Exp Res 31:815-824. https://doi.org/10.1007/
$40520-019-01186-7

Rondanelli M, Faliva M, Monteferrario F et al (2015) Novel
insights on nutrient management of sarcopenia in elderly. Biomed
Res Int. https://doi.org/10.1155/2015/524948


https://doi.org/10.1016/j.maturitas.2019.05.006
https://doi.org/10.1186/s12877-017-0505-5
https://doi.org/10.1007/s10354-011-0910-x
https://doi.org/10.1007/s10354-011-0910-x
https://doi.org/10.3390/nu12051387
https://doi.org/10.1002/ncp.10022
https://doi.org/10.1007/s40520-019-01295-3
https://doi.org/10.1007/s40520-019-01295-3
https://doi.org/10.1007/s40520-020-01663-4
https://doi.org/10.1007/s40520-020-01663-4
https://doi.org/10.1155/2012/510801
https://doi.org/10.1186/s13690-020-00498-9
https://doi.org/10.1007/s40520-019-01170-1
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.3390/nu11122883
https://doi.org/10.1007/s12603-021-1601-y
https://doi.org/10.1007/s12603-021-1601-y
https://doi.org/10.1016/j.exger.2015.05.003
https://doi.org/10.1016/j.exger.2015.05.003
https://doi.org/10.1016/S0749-0690(02)00059-9
https://doi.org/10.1016/S0749-0690(02)00059-9
https://www.mna-elderly.com/forms/mna_guide_english.pdf
https://www.mna-elderly.com/forms/mna_guide_english.pdf
https://doi.org/10.1007/s11357-018-0042-y
https://doi.org/10.1007/s11357-018-0042-y
https://doi.org/10.1007/s11357-014-9723-3
https://doi.org/10.1007/s11357-014-9723-3
https://doi.org/10.1093/gerona/glv167
https://doi.org/10.1093/gerona/glv167
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1093/gerona/glu034
https://doi.org/10.1093/gerona/glu034
https://doi.org/10.33549/physiolres.932802
https://doi.org/10.1097/MCO.0b013e32835b612e
https://doi.org/10.1097/MCO.0b013e32835b612e
https://doi.org/10.1111/jgs.15553
https://doi.org/10.1016/j.clnu.2013.05.007
https://doi.org/10.1016/j.clnu.2013.05.007
https://doi.org/10.1007/s40520-019-01190-x
https://doi.org/10.1007/s40520-019-01190-x
https://doi.org/10.1016/j.puhe.2021.01.017
https://doi.org/10.1016/j.puhe.2021.01.017
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1016/0021-9681(78)90058-9
https://doi.org/10.3390/nu11122861
https://doi.org/10.3390/nu11122861
https://doi.org/10.1007/s40520-019-01186-7
https://doi.org/10.1007/s40520-019-01186-7
https://doi.org/10.1155/2015/524948

Aging Clinical and Experimental Research (2021) 33:1507-1517

1517

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Abiri B, Vafa M (2019) Nutrition and sarcopenia: A review of
the evidence of nutritional influences. Crit Rev Food Sci Nutr
59:1456-1466. https://doi.org/10.1080/10408398.2017.1412940
Cruz-Jentoft AJ, Kiesswetter E, Drey M et al (2017) Nutrition,
frailty, and sarcopenia. Aging Clin Exp Res 29:43—48. https://doi.
org/10.1007/s40520-016-0709-0

Nascimento CM, Ingles M, Salvador-Pascual A et al (2019) Sar-
copenia, frailty and their prevention by exercise. Free Radic Biol
Med 132:42-49. https://doi.org/10.1016/j.freeradbiomed.2018.08.
035

Robinson SM, Reginster JY, Rizzoli R et al (2018) Does nutrition
play a role in the prevention and management of sarcopenia? Clin
Nutr 37:1121-1132. https://doi.org/10.1016/j.clnu.2017.08.016
Mithal A, Bonjour JP, Boonen S et al (2013) Impact of nutri-
tion on muscle mass, strength, and performance in older
adults. Osteoporos Int 24:1555-1566. https://doi.org/10.1007/
s00198-012-2236-y

Simsek H, Meseri R, Sahin S et al (2019) Prevalence of sarcopenia
and related factors in community-dwelling elderly individuals.
Saudi Med J 40:568-574. https://doi.org/10.15537/smj.2019.6.
23917

Alexandre T, Duarte YA, Santos JLF (2018) Prevalence and asso-
ciated factors of sarcopenia, dynapenia, and sarcodynapenia in
community-dwelling elderly in sao paulo — sabe study. Rev Bras
Epidemiol. https://doi.org/10.1590/1980-549720180009.supl.2
Wu C-H, Chen K-T, Hou M-T et al (2014) Prevalence and associ-
ated factors of sarcopenia and severe sarcopenia in older Taiwan-
ese living in rural community: The Tianliao Old People study 04.
Geriatr Gerontol Int 14:69-75. https://doi.org/10.1111/ggi.12233
Conzade R, Phu S, Vogrin S et al (2019) Changes in nutritional
status and musculoskeletal health in a geriatric post-fall care plan
setting. Nutrients. https://doi.org/10.3390/nul1071551

Shafiee G, Heshmat R, Ostovar A et al (2020) Comparison of
EWGSOP-1and EWGSOP-2 diagnostic criteria on prevalence of
and risk factors for sarcopenia among Iranian older people: the

58.

59.

60.

61.

62.

63.

64.

Bushehr Elderly Health (BEH) program. J Diabetes Metab Disord
19:727-734. https://doi.org/10.1007/s40200-020-00553-w
Locquet M, Beaudart C, Petermans J et al (2019) EWGSOP2 ver-
sus EWGSOPI: Impact on the prevalence of sarcopenia and its
major health consequences. ] Am Med Dir Assoc 20:384-385.
https://doi.org/10.1016/j.jamda.2018.11.027

Cederholm T, Barazzoni R, Austin P et al (2017) ESPEN guide-
lines on definitions and terminology of clinical nutrition. Clin
Nutr 36:49-64. https://doi.org/10.1016/j.clnu.2016.09.004
Cederholm T, Bosaeus I, Barazzoni R et al (2015) Diagnostic
criteria for malnutrition - An ESPEN Consensus Statement. Clin
Nutr 34:335-340. https://doi.org/10.1016/j.cInu.2015.03.001
Power L, Mullally D, Gibney ER et al (2018) A review of the
validity of malnutrition screening tools used in older adults in
community and healthcare settings — A MaNuEL study. Clin Nutr
ESPEN 24:1-13. https://doi.org/10.1016/j.clnesp.2018.02.005
Schueren MAE, Keller H, Cederholm T et al (2020) Global Lead-
ership Initiative on Malnutrition (GLIM): Guidance on valida-
tion of the operational criteria for the diagnosis of protein-energy
malnutrition in adults. Clin Nutr 39:2872-2880. https://doi.org/
10.1016/j.cInu.2019.12.022

Yeung SSY, Chan RSM, Kwok T et al (2020) Malnutrition accord-
ing to GLIM criteria and adverse outcomes in community-dwell-
ing chinese older adults: a prospective analysis. ] Am Med Dir
Assoc. https://doi.org/10.1016/j.jamda.2020.09.029

McLeod JC, Stokes T, Phillips SM (2019) Resistance exercise
training as a primary countermeasure to age-related chronic dis-
ease. Front Physiol. https://doi.org/10.3389/fphys.2019.00645

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1080/10408398.2017.1412940
https://doi.org/10.1007/s40520-016-0709-0
https://doi.org/10.1007/s40520-016-0709-0
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
https://doi.org/10.1016/j.clnu.2017.08.016
https://doi.org/10.1007/s00198-012-2236-y
https://doi.org/10.1007/s00198-012-2236-y
https://doi.org/10.15537/smj.2019.6.23917
https://doi.org/10.15537/smj.2019.6.23917
https://doi.org/10.1590/1980-549720180009.supl.2
https://doi.org/10.1111/ggi.12233
https://doi.org/10.3390/nu11071551
https://doi.org/10.1007/s40200-020-00553-w
https://doi.org/10.1016/j.jamda.2018.11.027
https://doi.org/10.1016/j.clnu.2016.09.004
https://doi.org/10.1016/j.clnu.2015.03.001
https://doi.org/10.1016/j.clnesp.2018.02.005
https://doi.org/10.1016/j.clnu.2019.12.022
https://doi.org/10.1016/j.clnu.2019.12.022
https://doi.org/10.1016/j.jamda.2020.09.029
https://doi.org/10.3389/fphys.2019.00645

	Malnutrition, assessed by the Global Leadership Initiative on Malnutrition (GLIM) criteria but not by the mini nutritional assessment (MNA), predicts the incidence of sarcopenia over a 5-year in the SarcoPhAge cohort
	Abstract
	Background 
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Population
	Nutritional status
	Sarcopenia
	Covariates
	Statistical analysis

	Results
	Discussion
	Strengths and limitations
	Conclusions
	References




