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Background & aims: Malnutrition is widespread among older people and related to poor outcome. Re-
ported prevalences vary widely, also because of different diagnostic criteria used. This study aimed to
describe prevalences in several populations of older persons in different settings using harmonized
definitions.
Methods: Available studies within the Joint Programming Initiative (JPI) Knowledge Hub ‘Malnutrition in
the Elderly’ (MaNuEL) were used to calculate and compare prevalences of malnutrition indicators: low
BMI (<20 kg/m2; age-specific BMI <20 if age 65e<70 and <22 kg/m2 if age �70 years), previous weight
loss (WL), moderate and severe decrease in food intake, and combined BMI <20 kg/m2 and/or WL in
participants aged �65 years.
Results: Fifteen samples with in total 5956 participants (59.3% women) were included: 7 consisting of
community-dwelling persons, 2 studies in geriatric day hospitals, 3 studies in hospitalized patients and 3
in nursing homes. Mean age of participants ranged between 67 and 87 years. Up to 4.2% of community-
dwelling persons had a BMI <20 kg/m2, 1.6 and 9% of geriatric day hospital patients, 4.5e9.4% of hospital
patients and 3.8e18.2% of nursing home residents. Using age-specific cut-offs doubled these prevalences.
WL was reported in 2.3e10.5% of community-dwelling persons, 6% and 12.6% of geriatric day hospital
patients, 5e14% of hospitalized patients and 4.5e7.7% of nursing home residents. Severe decrease in food
intake was recorded in up to 9.6% of community-dwelling persons, 1.5% and 12% of geriatric day hospital
patients, 3.4e34.2% of hospitalized patients and 1.5e8.2% of nursing home residents. The criteria age-
rs).
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ActiFE Activity and Function in the E
BMI body mass index
CVD cardiovascular disease
ErnSiPP Ern€ahrungssituation von Sen

Senioren mit Pflegebedarf in
(Nutritional situation of senio
in private households)

ESPEN European Society for Clinical
Metabolism

FFMI fat-free mass index
GDH Geriatric Day Hospital
IQCODE Informant Questionnaire on C
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JPI Joint Programming Initiative
LASA Longitudinal Aging Study Am
LiLACS NZ Life and Living in Advanced A

New Zealand
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title)
MMSE Mini-Mental State Examinati
MNA Mini Nutritional Assessment
MNA-SF Mini Nutritional Assessment
NEADL Nottingham Extended Activit
ODCACS Optimal Dementia Care in Ac
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SCREENII ‘Seniors in the Community: R

Eating and Nutrition’ Version
WL weight loss
specific BMI and WL showed opposing prevalences across all settings. Compared to women, low BMI and
moderate decrease in food intake showed low prevalences in men but similar prevalences were observed
for weight loss and severe decrease in food intake. In half of the study samples, participants in a younger
age group had a higher prevalence of WL compared to those of an older age group. Prevalence of BMI
<20 kg/m2 and WL at the same time did not exceed 2.6% in all samples. The highest prevalences were
observed based on combined definitions when only one of the three criteria had to be present.
Conclusions: Prevalences for different criteria vary between and within the settings which might be
explained by varying functional status. The criteria used strongly affect prevalence and it may be pref-
erable to look at each criterion separately as each may indicate a nutritional problem.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Malnutrition is widespread among older populations and a
known risk factor for severe health and functional problems and
associated with increased health care costs [1,2]. As numerous
studies in older people have shown, malnutrition is associated with
a higher risk for morbidity (e.g. infections, pressure ulcers, and
hospital readmissions) and mortality [3,4]. Additionally, protein-
energy malnutrition is associated with functional impairment
that initiates a sequence of negative consequences. These range
from a decline in muscle mass and strength, to sarcopenia and
frailty at the expense of mobility and independence, which may
further aggravate nutritional problems [5e9].

Reported malnutrition prevalence varies widely between
different populations. Malnutrition is generally associated with
decreased health and functional status as well as increased de-
pendency and disability. While less than 10% of independently
living older persons in the community are affected, the prevalence
among nursing home residents, geriatric patients in hospitals and
in geriatric rehabilitation is increasing to 50% and more [10e13].
However, the reported prevalences vary not only due to differences
in study populations but also depend onwhich definition was used
to evaluate malnutrition. In a consensus statement of the European
Society for Clinical Nutrition and Metabolism (ESPEN), diagnostic
criteria for malnutrition were suggested based on body mass index
(BMI), or combined determination of unintentional weight loss
together with a reduced age-specific BMI or a low fat-free mass
index (FFMI) using sex-specific cut-offs [14]. However, the use of
these diagnostic criteria in practice has revealed limitations
because 20% of different populations showing both a low BMI and
low FFMI were not classified as malnourished as they had not re-
ported unintentional weight loss and also diagnostic concordance
of the ESPEN criteria with bioelectrical impedance vector analysis
was poor [10,15].

Thus, a harmonized malnutrition definition is required to pro-
vide more accuracy to reliably comparing prevalences between
studies, which was one of the primary objectives of the Joint Pro-
gramming Initiative (JPI) Malnutrition in the Elderly (MaNuEL)
Knowledge Hub. The establishment of the MaNuEL Knowledge
Hub, 2016e2018, initiated by the ‘Healthy Diet for a Healthy Life’
European Joint Programming Initiative comprised a consortium of
22 research groups from 7 countries (Austria, France, Germany,
Ireland, Spain, The Netherlands and New Zealand) [16].

The present work provides prevalences according to several
harmonized malnutrition criteria in older adults from the age of 65
years. Our study describes and compares the prevalences according
to (combinations of) low BMI, previous weight loss and reduced
food intake in several large samples of older persons in different
settings across Europe and New Zealand. By using single criteria as
well as different combinations of the three criteria, our study is able
to identify differences between the applied definitions. Another
reason to use these malnutrition definitions was that the assess-
ment is easily possible in various settings in order to enable a wide
use of the diagnostic criteria of malnutrition.
2. Materials and methods

2.1. Study design and included studies

The present study comprises secondary data analyses from 11
national and cross-country European studies (Austria, Belgium,
Czech, France, Germany, Italy, Ireland, The Netherlands, Poland,
Switzerland) and from New Zealand (for comparability with the
other studies only the non-M�aori population was included). Prev-
alences of malnutritionwere calculated by the respective local data
analysts represented in the MaNuEL consortium. Five cross-
sectional studies [17e21] and six longitudinal studies [22e27]
providing data for cross-sectional analyses were included.
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Data collection for our analysis samples was performed between
2008 and 2016. The number of included participants per study in our
analysis ranged from 114 to 1226. Participants were recruited from
different settings: Community-dwelling [22,23,26], community-
dwelling with home care [17], community including day hospital
[27,28] or nursing home [21], one primary care center [19], only
nursing homes [18] and long term institutionalized care hospitals
[27,28], one geriatric day hospital [20] and acute hospitals [24,25].
The following studies were included: The Longitudinal Aging Study
Amsterdam (LASA) investigates the impact of selected determinants
on measures of physical, cognitive, emotional and social functioning
in a representative sample of Dutch persons aged 55 years and above
[22]. The Activity and Function in the Elderly Ulm study (ActiFE)
investigated associations between objectively measured physical
activity and particular health-related endpoints, such as disability,
falls and cognitive function [23]. The Cork and Kerry Diabetes and
Heart Disease Study was a large population-based observational
study. The cohort study aimed to investigate the prevalence of key
risk factors for cardiovascular disease (CVD) in middle-aged people
(50e69 years in 1998) in Ireland [19]. The Life and Living in
Advanced Age: a cohort study in New Zealand (LiLACS NZ) investi-
gated the health, social, cultural and environmental status of octo-
genarians (indigenous M�aori and non-M�aori population) in order to
identify predictors of successful aging [26]. In the cross-sectional
study, Geriatric Day Hospital (GDH) in Germany, the prevalence of
malnutrition was assessed using the Mini Nutritional Assessment
Short Form (MNA-SF) and the complete MNA, and the relationship
between nutritional and functional status was determined [20]. The
ErnSiPP (Ern€ahrungssituation von Seniorinnen und Senioren mit Pfle-
gebedarf in Privathaushalten, Nutritional situation of seniors with
need of care in private households) project was aimed at describing
the nutritional and health situation of community-dwelling older
adults receiving home care in Germany [17]. The ELDERMET study
was conducted in Ireland and investigated longitudinal associations
between faecal microbiota composition, data on food consumption
frequency and markers of frailty, co-morbidity and nutritional status
in 178 older people [27,28]. In order to combat malnutrition and
increase appetite, the French project AUPALESENS (for improving
pleasure of elderly people for better aging and for fighting against
malnutrition) has tested the effectiveness of strategies regarding
sensory perception [21]. The Optimal Dementia Care in Acute Care
settings (ODCACS) project aimed at investigating the prevalence of
dementia among older people admitted to acute hospitals in Cork,
Ireland [25]. A longitudinal study (2011/2012) in Germany (Hip
Fracture) investigated the association between nutritional status and
the functional and clinical course up to 6 months after discharge
from hospital in geriatric patients with hip fracture [24]. Data from
European countries were included from the nutritionDay in nursing
homes which is an international 1-day cross-sectional study to in-
crease awareness of malnutrition [18]. While most studies were
restricted to one setting (or reported only the data of the predomi-
nant setting), AUPALESENS [21] and ELDERMET [27] involved older
people from different settings. Table 1 provides an overview of the
studies included indicating the year(s) of data collection, the set-
ting(s) as well as the number and main characteristics (age, sex,
cognitive impairment, mobility limitations, and dependence in ac-
tivities of daily living) of the participants included in our analyses.

Written informed consent from the participants and ethical
approval from the local competent Institutional Review Boards
were obtained prior to the start of each study.

2.2. Inclusion and exclusion criteria

Participants aged 65 years and over were included in the ana-
lyses. Individuals with missing data on age, sex or BMI were
excluded. Participants with self-reported height and/or weight
were also excluded if this information was available while partici-
pants with measurement by qualified personnel such as nurses,
care facility staff or physicians and those with height estimated
from knee height or arm length were included. For the latter, the
percentage of participants with estimated values was indicated. In
studies with previous weight loss assessment, participants with
missing weight loss data were excluded.

2.3. Definition criteria for malnutrition

Each study reported the prevalence of BMI <18.5, <20
and < 22 kg/m2 as well as age-specific prevalence for BMI <20 kg/
m2 in participants aged �65 to <70 years and BMI <22 kg/m2 in
participants�70 years. These different BMI cut-offs were applied as
they refer to or are part of common definitions of malnutrition, e.g.
according to the WHO (<18.5) and current ESPEN consensus defi-
nition [14]. Additionally, if available, prevalence of previous weight
loss (>3 kg in the past 3 months), prevalence of moderate decrease
in food intake and prevalence of severe decrease in food intake in
the past 3 months as reported in the Mini Nutritional Assessment
(MNA) [29e32] were calculated in all studies. Information collected
with the MNAwas self-reported either by participants or proxies. If
other weight loss definitions were used, these data were reported
instead (>5 kg in the past 6 months). Some studies (LASA, ErnSiPP
and GDH) also assessedwhether weight loss was intended. Herewe
restrict weight loss prevalence in these studies to participants with
unintended weight loss and report number of participants with
intended weight loss in the footnote of the respective tables.

In order to gain insight into the prevalence of different combi-
nations, low BMI defined as <20 kg/m2, weight loss (as described
above) and severe (not moderate) decrease in food intake were
combined and the prevalence of each of these combinations were
calculated as follows: a) low BMI and weight loss, b) low BMI and
weight loss and severe decrease in food intake, c) low BMI or
weight loss, d) low BMI or weight loss or severe decrease in food
intake.

2.4. Data analyses and presentation of results

The local data analysts prepared the dataset according to the
provided study protocol and calculated the number and percentage
of participants fulfilling the different malnutrition criteria. The
prevalences (%) of the harmonized criteria for malnutrition are
presented stratified by study sample and by setting, and addition-
ally stratified by setting and sex and by setting and age group.

3. Results

In total 5956 participants (59.3% women) from 11 studies were
included. The mean age of participants ranged between 67 and 87
years. The results cover 3507 community-dwelling older adults
(including primary care and day hospitals), 333 home care re-
ceivers, 648 hospitalized individuals including rehabilitation and
1468 residents of nursing home or institutionalized care homes.
The LASA and nutritionDay studies were the largest studies in their
respective setting. Participants of Cork and Kerry, ActiFE and LASA
were the youngest with a mean age below 75 years. The average
age of participants in all other studies was over 75 years of age, with
nutritionDay, LiLACS NZ and Hip Fracture including the oldest
participants (Table 1). ActiFE participants were in relatively good
physical condition as they had no mobility limitations or de-
pendencies. Nursing home residents (nutritionDay, ELDERMET)
and home care receivers (ErnSiPP) exhibited the most often severe
cognitive impairment and mobility limitations were most frequent



Table 1
Overview of the included studies and characteristics of the included participants of the respective analysis sample.

Study (year of data
collection)

Setting Country N Female
N (%)

Age group, %, All:
mean (SD), years

Cognitive
impairment, %
assessment
instrument

Mobility limitations, % assessment
instrument

Dependencies, % BMI, mean (SD),
kg/m2

Assessment of weight
loss (WL), instrument,
N with intended WL

LASA (2011/12) Community The
Netherlands

1087 592 (54.5) 65e<75: 56.2
75e<85: 33.6
�85: 10.2
All: 74.9 (7.19)

5.4
MMSE �23

Difficulties walking:
Some/much: 13.3
Only with help/unable: 5.0
Missing: 0.1

7 items
questionnaire:
4e6 wo diff: 40.4
1e3 wo diff: 14.8
All with diff: 3.5
Missing: 1.2

27.5 (4.28) >5 kg in the past 6
months, Two questions
on WL for calculation,
intended WL: N ¼ 7

ActiFE (2009e2013) Community Germany 791 325 (41.1) 65e<75: 63.1
75e<85: 32.1
�85: 4.8
All: 74.1 (5.90)

1.3
Missing: 8.0
MMSE �23

0
Persons with mobility limitations
were excluded

0
Persons with
dependencies were
excluded

27.6 (3.95) >3 kg in the past 3
months, MNA, intended
WL: unknown

LiLACS NZ (2010) Community New Zealand 360, only
non-M�aori

187 (51.9) 65e<75: none
75e<85: 41.9
�85: 58.1
All: 84.6 (0.58)

6.9
Don't know: 0.5
MMSE �23

5.3a

NEADL
Not available 26.8 (4.00) >5 kg in the past 6

months, SCREENII

Cork and Kerry
(Mitchelstown
cohort) (2010/11)

Primary Care
Centre

Ireland 386 193 (50.0) 65e<75: 100
All: 67.1 (1.63)

Not available 7.5
Questions on difficulties in walking,
climbing stairs, stooping etc.

2.8b 28.6 (4.54) Not available

GDH (2012) Geriatric Day
Hospital

Germany 191 138 (72.3) 65e<75: 24.6
75e<85: 53.9
�85: 21.5
All: 79.4 (6.3)

Moderate: 10.5
Severe: 1.0
Missing: 0
MMSE 17
e24 ¼ moderate, 0
e16 ¼ severe

Bed or chair bound: 0
Homebound: 11
Missing 0
MNA

31.4c 28.9 (5.6) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 3

ErnSiPP (2010) Community
with home care

Germany 333 212 (63.7) 65e<75: 21.3
75e<85: 42.3
�85: 36.3
All: 81.0 (7.70)

Moderate: 20.1
Severe: 20.7
Don't know: 1.5
MMSE 17
e24 ¼ moderate, 0
e16 ¼ severe

Bed or chair bound: 14.4
Homebound: 18.0
Missing: 0
MNA

94.6c 28.1 (6.16) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 6

ELDERMET (2008) All settings Ireland 438 254 (57.9) 65e<75: 32.8
75e<85: 44.5
�85: 22.6
All: 78.3 (7.63)

Moderate: 11.6
Severe: 11.6
Don't know: 8.7
MMSE 18
e23 ¼ moderate, 0
e17 ¼ severe

Bed or chair bound: 23.1
Homebound: 8.44
Missing: 0.23
MNA

44.9c 26.5 (5.45) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 0

Only
community

Ireland 198 108 (54.5) 65e<75: 55.1
75e<85: 36.4
�85: 8.60
All: 74.2 (6.38)

Moderate:5.5
Severe:1.5
Don't know: 0
MMSE 18
e23 ¼ moderate, 0
e17 ¼ severe

Bed or chair bound: 0
Homebound: 0.5
Missing: 0
MNA

8.08 27.6 (4.75) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 0

Only day
hospital

Ireland 67 32 (47.8) 65e<75: 16.4
75e<85: 59.7
�85: 23.9
All: 80.0 (5.84)

Moderate:11.9
Severe:1.5
Don't know: 4.5
MMSE 18
e23 ¼ moderate, 0
e17 ¼ severe

Bed or chair bound: 0
Homebound: 7.5
Missing: 1.5
MNA

26.9 27.4 (6.06) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 0

Only
rehabilitation

Ireland 63 33 (52.4) 65e<75: 11.1
75e<85: 60.3
�85: 28.6
All: 80.7 (6.20)

Moderate:15.8
Severe 15.8
Don't know: 3.2
MMSE 18
e23 ¼ moderate, 0
e17 ¼ severe

Bed or chair bound: 14.3
Homebound: 27.0
Missing: 0
MNA

84.1 26.5 (5.88) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 0
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Only long-term
institution-
alized care

Ireland 110 81 (73.6) 65e<75: 15.5
75e<85: 40.9
�85: 43.6
All: 83.2 (7.60)

Moderate: 20.9
Severe: 33.6
Don't know: 29.1
MMSE 18
e23 ¼ moderate, 0
e17 ¼ severe

Bed or chair bound: 83.6
Homebound: 12.7,
Missing: 0;
MNA

100 24.0 (5.17) >3 kg in the past 3
months, MNA, intended
WL: N ¼ 0

AUPALESENS (2011) All settings France 559 387 (63.2) 65e<75: 33.4
75e<85: 38.5
�85: 28.1
All: 79.0 (8.10)

Severe: 0
Only participants
with MMSE �20
included

Bed or chair bound: 4.7
Homebound: 15.6
Missing: 0
MNA

48.3d 27.8 (4.94) >3 kg in the past 3
months, MNA, intended
WL: unknown

Only
community

France 427 287 (67.2) 65e<75: 42.4
75e<85: 41.7
�85: 15.9
All: 76.7 (7.20)

Severe: 0
Only participants
with MMSE �20
included

Bed or chair bound: 2.1
Homebound: 7.0
Missing: 0
MNA

32.3d 27.7 (4.95) >3 kg in the past 3
months, MNA, intended
WL: unknown

Only nursing
home

France 132 100 (75.8) 65e<75: 4.5
75e<85: 28.0
�85: 67.4
All: 86.6 (6.30)

Severe: 0
Only participants
with MMSE �20
included

Bed or chair bound: 12.9
Homebound: 43.2
Missing: 0
MNA

100d 28.1 (4.89) >3 kg in the past 3
months, MNA, intended
WL: unknown

ODCACS (2012, 2013) Acute Hospital Ireland 471 246 (52.2) 65e<75: 27.8
75e<85: 49.7
�85: 22.5
All: 79.4 (6.48)

Moderate: 17.6
Severe: 11.9
Don't know: 6
MMSE 18
e23 ¼ moderate, 0
e17 ¼ severe

Bed or chair bound: 8.3
Homebound: 20.8
Not homebound: 70.7
Missing: 0.2
MNA

40.8,
Missing: 4.2c

28.1 (5.22) >3 kg in the past 3
months, MNA, intended
WL: unknown

Hip Fracture (2011
e2012)

Geriatric
patients with
hip fracture

Germany 114 87 (76.3) 65e<75: 0
75e<85: 50.9
�85: 79.1
All: 84.1 (5.40)

Moderate: 26.3
Severe: 10.5
Missing: 25.4
MMSE 17
e24 ¼ moderate, 0
e16 ¼ severe

Bed or chair bound: 92.1
Homebound: 7.9
Missing: 0
MNA

100c 26.5 (4.70) >3 kg in the past 3
months, MNA, intended
WL: unknown

nutritionDay (2016) Nursing home Austria,
Belgium,
Switzerland,
Czech Republic,
Germany, Italy,
Poland

1226 910 (74.2) 65e<75: 8.8
75e<85: 24.1
�85: 67.1
All: 86.7 (7.67)

Moderate: 40.4
Severe: 29.0
Don't know: 0.1
MNA

Bed or chair bound: 40.5
Homebound: 34.3
Missing: 0.6
MNA

96.4e 24.9 (5.33) >3 kg in the past 3
months, MNA, intended
WL: unknown

IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly; MMSE, Mini-Mental State Examination; MNA, Mini Nutritional Assessment; NEADL, Nottingham Extended Activities of Daily Living; wo diff, items without
difficulties; SMMSE standardized Mini-Mental State Examination, SCREENII, ‘Seniors in the Community: Risk Evaluation for Eating and Nutrition’ Version II.

a At least one of the following activities needing help: a. Do you walk around outside? b. Do you climb stairs? c. Do you get in and out of the car? d. Do you walk over uneven ground? e. Do you cross roads? f. Do you travel on
public transport? e based on NEADL questions on mobility.

b Dependent in at least one of the following activities: getting dressed, crossing a room, taking a bath or shower, eating, getting in/out of bed, using the toilet.
c Dependent in at least one activity of daily living (Barthel Index).
d People need help for meal or get prepared meal at least once per week for community and help for all meals for nursing home.
e Require at least 45 min of basic care every day.
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Fig. 1. Prevalences of malnutrition criteria based on low BMI, weight loss (WL) or both in older adults in different study samples by setting.

M. Wolters et al. / Clinical Nutrition 38 (2019) 2389e23982394
among long-term institutionalized care home residents of the
ELDERMET study and among Hip Fracture participants.

Figure 1 and Supplementary Table 1 present the prevalences of
the harmonized malnutrition criteria by setting. In terms of low
BMI, the prevalences were lowest among community-dwellers
including those recruited in a primary care center and day care
hospital. In contrast, the highest prevalences were observed in
nursing homes and long-term institutionalized care homes (with
the exception of AUPALESENS). Older people in the home care
setting had similar prevalences of low BMI as older people in acute
hospitals and rehabilitation. The prevalences of the weight loss
criterion varied across all settings without a marked trend showing
the highest prevalences in an acute hospital study (Hip Fracture),
one day hospital study (GDH) and in home-care receivers (ErnSiPP).
With few exceptions, the highest prevalences of the criterion severe
decrease in food intakewere recorded in the hospitals. Prevalence of
severe decrease in food intake was much lower than that of mod-
erate decrease in food intake (by a mean factor of 7, range 1.5e29).

When the combined criteria were applied, i.e. a BMI <20 kg/m2

and weight loss (and severe decrease in food intake) being present
at the same time, prevalences did not exceed 2.6% in any of the
studies or settings. The highest prevalences were found when
participants with at least one of the criteria were included. For
example, the highest prevalences were observed in nursing homes
(>20%) and in one acute hospital (39.5% in Hip Fracture).

Figure 2 and Supplementary Table 2 show the prevalences of the
harmonized malnutrition criteria by setting and sex. Women were
more likely to be categorized asmalnourished in terms of a low BMI
compared to men as 12 of 15 studies showed a higher prevalence of
a low age-specific BMI in women. In contrast, half of the studies
showed prevalences of weight loss higher in men than in women.
Accordingly, compared to BMI <20 kg/m2 the combination of low
BMI or weight loss increased the prevalences in men to the double
or more. While a severe decrease in men's food intake was more
prevalent in five study samples across all settings compared to
eight studies inwomen, a higher prevalence of a moderate decrease
in men's food intake was only seen in a single study (Hip Fracture).

Figure 3 and Supplementary Table 3 provide an overview of the
prevalences of the harmonized malnutrition criteria by setting and
age group. Prevalences varied within the same age groups across
different samples of the same setting. In terms of a low BMI, we
observed a trend of increased prevalences with increasing age, e.g.
the prevalence of age-specific BMI from the lowest to the highest
age group increased by a factor of 2e6 in most studies. A BMI
<22 kg/m2 was particularly common among those in the highest
age groups with about a quarter of the participants in community-
dwellers of ELDERMET and AUPALESENS, as well as hospital and
rehabilitation attenders of Hip Fracture and ELDERMET. Among the
nursing home residents 31.8% and 39.6% of the participants of
nutritionDay and ELDERMET, respectively, had a BMI <22 kg/m2.
Applying the combined definitions showed that adding severe
decrease in food intake to the combination of low BMI or weight
loss does not strongly increase prevalences except for Hip Fracture
hospital patients.

4. Discussion

In this study we applied widely accepted and harmonized
criteria to estimate the prevalences of malnutrition in almost 6000
older adults in different settings from 11 studies across 10 countries
in Europe and New Zealand. To our knowledge this is the first study
to compare prevalences of malnutrition according to several
harmonized definition criteria across different study samples and
across different strata of setting, sex, and age group. Previous large,



Fig. 2. Prevalences of malnutrition criteria based on low BMI, weight loss (WL) or both in older adults in different study samples and settings by sex.
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international analyses reported prevalences of malnutrition risk
based on only one single criterion applying the MNA [11,33].

The combined definition of low BMI and weight loss strongly
reduced the prevalence of malnutrition in our study as for most
study participants only one of the two criteria applied. A further
slight reduction was observed if severe decrease in food intake was
added to the definition. Accordingly, the highest prevalences were
observed when only one of the criteria from the combined defini-
tions had to be present. Adding ‘or severe decrease in food intake’
to the combined low BMI or weight loss criteria resulted in in-
creases of prevalences by a factor of 1.1e1.3 in most settings
showing that these additional participants only suffer from severe
decrease in food intake which may have not yet resulted in weight
loss or low BMI. Only in Hip Fracture patients prevalences more
than doubled indicating that the disease had a strong effect on food
intake in many patients.

A strong effect on prevalences was observed applying age-
specific BMI cut-offs of <20 kg/m2 if <70 years and <22 kg/m2 if
�70 years versus simply using <18.5 or <20 kg/m2 as a standard
cut-off: This even doubled the malnutrition prevalences in our
samples. Rojer et al. [10] reported prevalences from different Eu-
ropean studies of age-specific BMI in healthy older people of 13%
and in geriatric outpatients of 21% which were similar or slightly
higher than the respective prevalences observed in our older
community-dwellers and in our hospital attenders. In contrast,
much lower prevalences of 1% and 7%, respectively, were reported
in the same samples applying the ESPEN definition [10]. One of the
results of the latter study was a lower prevalence of unintended
weight loss compared to low BMI in geriatric outpatients
prompting the authors to suggest the investigation of the impor-
tance of the relative contribution of unintentional weight loss
versus low BMI based on the new ESPEN consensus definition of
malnutrition. Our study confirms that the combined use of BMI
<20 kg/m2 and weight loss results in a much lower prevalence of
<1% in community-dwellers although we used absolute but not
relative weight loss data. We do not know the true proportion of
malnourished participants in our study, however, our results
together with those of Rojer et al. may suggest that there could be
at least a risk of underestimation when the ESPEN definition of
malnutrition is applied. This assumption is supported by a) the
observation of the opposite trend of low BMI andweight loss and b)
the observation that in several studies a significant weight loss in
the past 3e6 months was least prevalent in the oldest age group,
the group with the highest prevalence of a low BMI.

With regard to the setting-specific differences, we observed a
high heterogeneity in the prevalence depending on the respective
criteria and characteristics of the study population. In general, there
was a positive trend between age (and also functional status) and
increase of the prevalence of low BMI. This positive trend cannot be
confirmed for weight loss as LASA and ActiFE showed similar or
even higher prevalences compared to studies with averagely older
and more dependent participants. It becomes evident that studies
with the lowest weight loss rates showed the highest prevalence of
low age-specific BMI and vice-versa. In this regard, community-
dwellers of AUPALESENS showed the lowest weight loss preva-
lence but the highest prevalence of low age-specific BMI among all
community-based studies. Using exclusively the BMI criterion or a
combination of a low BMI and weight loss does not identify older



Fig. 3. Prevalences of malnutrition criteria based on low BMI, weight loss (WL) or both in older adults in different study samples and settings by age group.
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adults (who had a higher former BMI) with a significant weight loss
who are at risk of malnutrition.

Our study confirms other findings based on malnutrition risk
assessment [12,34] indicating that residents in long term institu-
tionalized care/nursing homes have high prevalences of low BMI
except for the AUPALESENS study sample in which only those
without severe cognitive impairment (MMSE�20) were included. A
comparison of Dutch, Austrian and German nursing home residents
revealed that the prevalence of malnutrition differs according to
sex, age and care dependency [35] as also indicated by our study.

The highest percentage of older adults with weight loss was
noted in hospitals and rehabilitation units suggesting that the un-
derlying disease of the patients may have been a cause for their
weight loss. In one acute hospital study (Hip Fracture) the highest
prevalence of almost 40% was observed for the combined definition
of malnutrition including all participants with any of the three
single criteria. Among the acute hospital/rehabilitation attenders,
ODCACS participants had a lower prevalence of low BMI possibly
due to the lower percentage of participants with reduced mobility
and cognitive impairment compared to ELDERMET and Hip Frac-
ture participants.
The sex-dependent differences observed in our analyses suggest
that malnutrition among men may be underestimated by the BMI
criterion: Based on the same definition of a low BMI for both sexes,
men will be classified less often as malnourished as women. Also
the criterion of a moderate decrease in food intake was less
frequent among men than among women. However, given that a
severe decrease in food intake was more prevalent in males than in
females in five of the study samples across all settings, this may
indicate a risk of underestimation when not considering this item.
Furthermore, the higher prevalence of weight loss and of the
combined low BMI and weight loss definition in men compared to
women in half of the study samples indicates that taking into ac-
count BMI only can increase the risk of not being diagnosed as
malnourished in men. Thus, in terms of weight loss and severe
decrease in food intake men seem to be as vulnerable for malnu-
trition as women. In contrast, BMI may be less informative for
assessing nutritional status in men as it is mostly higher in men
than in women because of their physical build and higher muscle
mass [36]. Thus, focusing on BMI or on moderate decrease in food
intake men seem to be affected less often from malnutrition. Male
community-dwellers, particularly when living alone, may have an
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increased risk for malnutrition as the quality of their diet is often
less nutritious compared to that of women [37,38].

Our study results which are based on age-dependent differences
emphasize that older age is not automatically associated with any
of the included malnutrition criteria but that further aspects as
dependency or illness need to be considered. In half of the study
samples, participants in a younger age group had a higher preva-
lence of weight loss compared to those of an older age group.
Additionally, in five study samples the lowest prevalence of weight
loss was observed in the oldest age group, indicating that pace of
weight loss may decelerate with increasing age. This was seen in
ErnSiPP and in the community-dwelling and institutionalized
participants of AUPALESENS and ELDERMET. In the three
community-dwelling samples of AUPALESENS, ELDERMET and
ErnSiPP, a high proportion of participants of 22.1, 29.4 and 18.2%,
respectively, had a low age-specific BMI and 12.8% of ELDERMET
participants had a BMI <18.5 kg/m2 in the highest age group.
Among the institutionalized participants a high prevalence of low
age-specific BMI (39.6%) was seen in the highest age group in
ELDERMET. This might indicate that weight loss may have already
occurred in younger age which is reflected by a low BMI in older
age. Additionally, participants of AUPALESENS from all settings and
community-dwelling participants of ELDERMET had mostly no or
only mild cognitive impairment which may also have contributed
to avoid weight loss in the highest age group as in other studies
dementia may have occurred particularly in this group and may
have increased the weight loss risk. Thus, weight loss may play a
greater role in younger age groups. There is also no clear trend
towards increasing rates from the lowest to the highest age group
for the prevalence of moderate and severe decrease in food intake.

In order to enable a comparable standardized diagnosis, it is
important to establish a definition based on relatively easily
measurable criteria such as BMI, weight loss and decrease in food
intake. We applied these factors and their combinations as the BMI
and weight loss had proven to be among the most predictive and
widely recommended items for malnutrition diagnosis [34]. A
decrease in food intake often occurs as a result of loss of appetite or
of eating dependency both of which have been revealed to be
relevant predictors of malnutrition [39].

As our results show, prevalences vary widely between the
different criteria and in some categories there are even conflicting
trends such as for low BMI and weight loss among community-
dwellers. These variations probably resulted from the different
functional status of the included participants in the studies as
cognitive impairment, mobility limitations and dependencies may
contribute to the development of malnutrition (Table 1). Great
proportions of participants with severe cognitive impairment were
included in ErnSiPP, ELDERMET rehabilitation and institutions, and
nutritionDay. Further, a high proportion of participants were bed-
or chair-bound in Hip Fracture and nutritionDay as well as in
ELDERMET institutions. Participants of these study samples, i.e.
with high proportions of cognitive impairment and/or mobility
limitations also showed comparatively high prevalences of
malnutrition. Sex-specific differences are evident in our results and
should be considered by physicians, nutritionist, nursing staff and
staff from other disciplines entrustedwith health and nutrition care
for older people.

4.1. Limitations and strengths

As we included only cross-sectional data from longitudinal
surveys in our analyses, weight loss was not measured but reported
by the participants or institutional staff. We were unable to use the
relative weight loss data as percentage which may have been more
informative as weight loss was assessed via MNA categories in kg in
most of the included studies. Also, decrease in food intake was not
measured but taken from the MNA and was self-reported either by
participants or proxies. The reported prevalences were gathered
from longitudinal and cross-sectional studies with respective study
aim, hence these estimations are limited by selection bias. For
example, some studies excluded participants with severe cognitive
impairment which is a known predictor for malnutrition [40]. An
important strength of our study is that for the first time we applied
several easily measurable harmonized criteria for the diagnosis of
malnutrition risk in multinational study samples from different
settings, including a total of around 6000 older adults. We also used
fixed strata according to e.g. age to investigate whether prevalences
differed between these strata.

4.2. Conclusion

Applying harmonized definitions for malnutrition revealed that
the prevalences vary considerably between and even within the
settings which might be explained by differences in age and func-
tional status of included participants in the studies. Prevalences
double when using an age-specific BMI versus a BMI <20 kg/m2 as a
standard cut-off. The criteria age-specific BMI and weight loss
showed opposing prevalences across all settings. Because of their
physical build, menmay not be classified as malnourished based on
the BMI alone. Therefore, weight loss or severe decrease in food
intake may be considered in a malnutrition definition. However,
these latter two criteria may play a greater role in younger than in
higher age groups. Our results confirm that prevalences increase
from community-dwellers to residents of nursing homes. It should
be noted that the criteria used strongly affect prevalence and it may
be preferable to look at each criterion separately as each may
indicate a nutritional problem.
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