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Abstract: Objectives: To study the prevalence and overlap between malnutrition, sarcopenia and frailty in a
selected group of nursing home (NH) residents. Design: Cross-sectional descriptive study. Setting: Nursing
homes (NH). Participants: 92 residents taking part in an exercise and oral nutritional supplementation study;
>75 years old, able to rise from a seated position, body mass index ≤30 kg/m2 and not receiving protein-rich oral
nutritional supplements. Measurements: The MNA-SF and Global Leadership Initiative on Malnutrition (GLIM)
criteria were used for screening and diagnosis of malnutrition (moderate or severe), respectively. Sarcopenia
risk was assessed by the SARC-F Questionnaire (0-10p; ≥4=increased risk), and for diagnosis the European
Working Group of Sarcopenia in Older People (EWGSOP2) criteria was used. To screen for frailty the FRAIL
Questionnaire (0-5p; 1-2p indicating pre-frailty, and >3p indicating frailty), was employed. Results: Average
age was 86 years; 62% were women. MNA-SF showed that 30 (33%) people were at risk or malnourished.
The GLIM criteria verified malnutrition in 16 (17%) subjects. One third (n=33) was at risk for sarcopenia by
SARC-F. Twenty-seven (29%) subjects displayed confirmed sarcopenic according to EWGSOP2. Around
50% (n=47) was assessed as pre-frail or frail. Six people (7%) suffered from all three conditions. Another five
(5%) of the residents were simultaneously malnourished and sarcopenic, but not frail, while frailty coexisted
with sarcopenia in 10% (n=9) of non-malnourished residents. Twenty-nine (32%) residents were neither
malnourished, sarcopenic nor frail. Conclusions: In a group of selected NH residents a majority was either (pre)
frail (51%), sarcopenic (29%) or malnourished (17%). There were considerable overlaps between the three
conditions.
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Introduction

then assessment for diagnosis and grading the severity of
malnutrition (5).
Sarcopenia, i.e. loss of muscle strength and mass, occurs
with aging and is accelerated by inactivity and disease.
Sarcopenia leads to impaired ability to perform activities
of daily living (ADL), i.e. walking, toileting, eating and
socializing, and subsequently results in increased dependence
(6). In addition, it increases the risk of falls and pressure
ulcers (7). According to a recently published systematic
review and meta-analysis, using the European Working Group
of Sarcopenia in Older People (EWGSOP) definition from
2010, the prevalence of sarcopenia was 41% in older NH
residents (8). The recent EWGSOP2 criteria (9) focuses on
low muscle strength as the key characteristic of probable
sarcopenia and uses detection of low muscle quantity and
quality to confirm the sarcopenia diagnosis. Subsequently, poor
physical performance indicates severe sarcopenia. The SARC-F

Malnutrition and sarcopenia, commonly occurring in
older adults, are associated with negative outcomes (1). Loss
of muscle mass and function combined with poor nutrition
contributes to an increased risk of frailty; i.e. a state of
vulnerability and decreased resilience against stressors (2).
Estimated prevalence of physical frailty in the community is
around 15% and 25% in adults aged >65 years and >85 years,
respectively (3). A review and meta-analysis found frailty to
be a significant predictor of all-cause mortality in older NH
residents (4).
The prevalence of malnutrition and risk of malnutrition
in NH residents depends on multiple factors, including the
tools and criteria for assessment used. Recently the Global
Leadership Initiative for Malnutrition (GLIM) suggested a
two-step process starting with screening for malnutrition and
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Table 1
Nutritional status, sarcopenia and frailty by gender in selected nursing-home residents

Age (years)

Body mass index (BMI; kg/m²)

MNA-SF (0-14p), median (IQR)
Normal

(12-14p) n (%)

At risk

(8-11p) n (%)

Malnourished

(0-7p) n (%)

Malnutrition according to GLIM(5)
Not malnourished

Moderate malnutrition, n (%)
Severe malnutrition, n (%)

Sarcopenia according to EWGSOP (9) n (%)
Not sarcopenic

Probable sarcopenia (only)

Confirmed sarcopenia (only)
Severe sarcopenia (only)

SARC-F (0-10p), median (IQR)

No risk of sarcopenia (<4p) n (%)
Risk of sarcopenia (≥4p) n (%)
FRAIL (0-5 p), median (IQR)

All
n = 92

Men
n =35 (38 %)

Women
n =57 (62%)

25.4±3.9

25.6±3.4

25.3±4.1

86.5±5.5

86.3±6.4

85.8± 4.9

12 (11-13)

12 (11-13)

12 (10-13)

29 (32)

9 (26)

20 (35)

62 (67)

25 (71)

1 (1)

1 (3)

37 (65)
0 (0)

76 (83)

29 (83)

47 (83)

4 (4)

1 (3)

3 (5)

12 (13)

5 (14)

25 (27)

10 (29)

3 (3)

1 (3)

40 (44)

14 (40)

7 (12)

15 (26)
26 (46)
2 (3)

24 (26)

10 (29)

14 (25)

59 (64)

22 (63)

37 (65)

2.5 (4)

3 (5)

33 (36)

13 (37)

1 (2)

1 (2)

2 (4)

20 (35)
0 (2)

Robust (0 p), n (%)

45 (49)

16 (46)

29 (51)

Frailty

12 (13)

5 (14)

7 (12)

Pre-frailty (1-2 p), n (%)

(3-5 p), n (%)

35 (38)

14 (40)

21 (37)

Mean ± SD, median (interquartile range, IQR). MNA-SF=Mini Nutritional Assessment-Short Form (0-14 points). GLIM=Global Leadership of Malnutrition. EWGSOP=European
Working Group on Sarcopenia in Older People. SARC-F is a screening tool for sarcopenia; 0-10 points, ≥4 points= increased risk. FRAIL is a screening tool for frailty; 5)Cederholm T
et al. GLIM criteria for the diagnosis of malnutrition – A consensus report from the global clinical nutrition community. 9)Cruz-Jentoft et al. Sarcopenia: revised European consensus on
definition and diagnosis.

participating in the OPEN study, 92 had complete data at
baseline regarding nutritional status, sarcopenia and frailty and
were analyzed in this cross-sectional study.

Questionnaire was developed to facilitate screening in clinical
practice, and it shows a strong capacity to predict poor physical
performance and muscle function in older adults (10).
Malnutrition, sarcopenia and frailty frequently interact and
coexist in older people. The main objectives of this study were
to determine the prevalence of these three catabolic conditions
in a selected group of NH residents, and to assess how they
overlap. Moreover, we wanted to apply the recently accepted
screening and diagnostic tools for sarcopenia and malnutrition
in a NH-setting.

Participants
Inclusion criteria for participation were age ≥75 years
and ability to rise from a seated position. Exclusion criteria
were BMI >30 kg/m 2, use of protein-rich oral nutritional
supplements, severe dysphagia, tube feeding, bedridden, severe
kidney disease, terminal stage of life, and inability to give
informed consent. Two clinically experienced physiotherapists
from the research group performed the data collection.

Material and methods
This report is based on baseline data from the Older People
Exercise and Nutrition (OPEN) study, a two-arm randomized
controlled trial performed in NH at two municipalities
in the Stockholm area (Sweden) (11). Out of 120 residents
2
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Study design and procedures
Occurrence of malnutrition was assessed in a two-step
procedure starting with screening as suggested by the GLIM
consortium (5). For screening, the Mini Nutritional Assessment
Short Form (MNA-SF) (0-14; 12-14 = normal nutritional
status; 8-11 = at risk for malnutrition; 0-7 = malnourished) was
used. The diagnosis of malnutrition was set according to the
GLIM format that requires at least one phenotypic criterion; i.e.
weight loss, underweight or low muscle mass, combined with at
least one etiologic criterion; i.e. reduced food intake or severe
disease burden. Severity of malnutrition grades as Stage 1
(moderate) or Stage 2 (severe) malnutrition (5) according to the
degree of aberration of the phenotypic criteria. Underweight
was indicated by BMI <22 kg/m2, and BMI <20 kg/m2 indicated
severe malnutrition.
Bioelectrical impedance analysis (BIA) (ImpediMed SFB7)
was performed to estimate body composition into fat free mass
index (FFMI in kg/m2) and fat mass index (FMI in kg/m2).
A FFMI of 17 kg/m2 for men and 15 kg/m2 for women were
thresholds for reduced muscle mass (5).
Sarcopenia was assessed by the EWGSOP2 algorithm
for case-finding, diagnosis and severity determination (9).
SARC-F Questionnaire was used in parallel to assess risk of
sarcopenia. The SARC-F questions reflect strength, assistance
with walking, rise from a chair, climb stairs and accidental
falls; (0-10p; ≥4=increased risk) (10). According to EWGSOP2
sarcopenia was diagnosed as probable by an impaired chair
stand test, and subsequently confirmed when combined with
low FFMI. The residents performed a modified timed chair
stand test with arms folded over the chest or with support from
the chair arms or walking aid (11), and considered impaired
when <10 chair stands in 30 sec (<85 years) or <8 chair stands
in 30 sec (≥85 years) (11). Severity of sarcopenia was graded
by using gait speed (in m/sec, measured over a distance of 10 m
indoors), with a gait speed below ≤0.8 m/sec as an indicator of
severe sarcopenia.
The FRAIL questionnaire (0-5p; 0=robust; 1-2= pre-frail and
3-5= frail) was used to screen for frailty (12).

One third of the residents was assessed by the MNA-SF
screening tool to be at risk of malnutrition or malnourished.
Subsequently, the GLIM criteria confirmed malnutrition in a
total of 16 (17%) of the participants; i.e. 12 and 4 were graded
as moderately and severely malnourished, respectively (Table
1).
The SARC-F Questionnaire depicted around 1/3 of the
residents to be at risk of sarcopenia. The EWGSOP2 criteria
indicated altogether 40 (44%) to have “probable” sarcopenia,
while three (3%) and 24 (26%) residents had confirmed and
severe sarcopenia, respectively (Table 1). One of four was not
sarcopenic. Nineteen out of the 33 residents assessed as at risk
by SARC-F were diagnosed as probable and 12 as confirmed
sarcopenia according to EWGSOP2.
Figure 1
Prevalence and overlaps of malnutrition, sarcopenia and frailty
in a selected group of nursing-home residents.

Statistical analyses
Data is presented using descriptive statistics, i.e. mean and
SD for continuous variables or median and interquartile range
(IQR). The Statistica® 10.0 software package (Statsoft) Tulsa,
OK, USA) was used for the statistical calculations.
Results

The FRAIL Questionnaire screening indicated a prevalence
of pre-frailty (only) and frailty of 38% and 13%, respectively
(Table 1).
The Venn diagram (Fig 1) shows how malnutrition,
sarcopenia and prefrail/frailty overlapped. Six (7%) residents
suffered from all three conditions. Malnutrition and sarcopenia
co-existed in five non-frail subjects (5%), and sarcopenia
and (pre-)frailty in nine (10%) non-malnourished subjects.
One of the 47 residents identified as pre-frail or frail was also

The residents were on average 86 years old (Table 1). A
majority suffered from an average of three diagnoses; cognitive
and cardiac disorders were most common (data not shown).
Table 1 shows that mean BMI was around 25 (kg/m2). BMI
<22 and <20 were found in 19 (21%) and seven (8%) of the
residents, respectively. BIA revealed a low FFMI (kg/m2) in 17
(49%) men and 22 (39%) women.
3
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malnourished, but not sarcopenic. Twenty-nine (32%) residents
were neither malnourished, sarcopenic nor frail.

catabolic conditions sarcopenia (confirmed or severe) (29%),
malnutrition (17%) and pre-frailty/frailty (51%). There were
substantial overlaps between malnutrition and sarcopenia and
between frailty and sarcopenia. We suggest that screening and
diagnosis of these three conditions should be integrated in NH
care and should be followed by intervention and monitoring.

Discussion
The aim of this paper is to present prevalence and overlap
of malnutrition, sarcopenia and frailty in a selected group of
NH residents and to apply the recently accepted criteria to
screen and diagnose sarcopenia (EWGSOP2) and malnutrition
(GLIM) in a NH setting. Almost one-third of the residents was
sarcopenic (confirmed or severe) (Table 1), one out of five
malnourished and half were pre-frail or frail. About one in five
displayed an overlap between sarcopenia and malnutrition, in
line with a recent report [8]. Frailty and sarcopenia showed
overlap in one of ten, also in line with a previous report (13).
Pre-frailty and frailty overlapped with malnutrition in seven
persons; i.e. six were also sarcopenic.
Regarding SARC-F, there was a good agreement between
the number of residents screened as at risk of sarcopenia,
and those diagnosed as probable and confirmed sarcopenia
according to EWGSOP2.
Among the one third (n=30) of the participants who were
assessed as being at least at risk of malnutrition according
to MNA-SF, about half were diagnosed as malnourished
according to the GLIM criteria. Thus, malnutrition was
confirmed in altogether 17% of the residents.
The FRAIL Questionnaire identified close to half of the
participants as pre-frail, but only 12 persons (13%) as frail. This
result may indicate that the study group was more robust than
the average NH population.
The ICFSR international expert group recently published
guidelines for identification and management of physical frailty
and sarcopenia. To treat sarcopenia it is recommended to use
resistance-based physical activity and to consider protein-rich
oral nutritional supplementation/or protein-rich diet even in
the older population living in NH (14). To manage frailty, a
multicomponent physical activity program including resistancebased training and protein/energy supplementation (in case of
weight loss or undernutrition) is recommended (3).
There are limitations of the study that need to be considered.
One is that the selection of NH-residents was based on the
capacity to take part in an intervention study, thus reducing
the generalizability of the results. Another potential limitation
is that we used a modified 30-s timed chair stand; e.g. the
participants were allowed to use the upper extremities for
support when rising from the chair. This modification may
ensure that individuals with low physical function can complete
the test and to eliminate the floor effect demonstrated with other
sit-to-stand protocols. This chair stand protocol also deviates
from the timed five chair stands that EWGSOP recommends,
and that is also affected by floor effects in frail sarcopenic older
people.
We may conclude that even among a group of fairly robust
NH residents, two thirds suffered from any of the three
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