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s u m m a r y

Background & aims: The Norwegian Directorate of Health has identified a need to harmonize and
standardize the malnutrition screening practice in Norwegian hospitals and primary health care settings,
in order to provide a seamless communication of malnutrition screening along the patient pathway. Our
aim was to perform a systematic review of the validity and reliability of screening tools used to identify
risk of malnutrition across health care settings, diagnoses or conditions and adult age groups, as a first
step towards a national recommendation of one screening tool.
Methods: A systematic literature search for articles evaluating validity, agreement, and reliability of
malnutrition screening tools, published up to August 2020, was conducted in: MEDLINE, Embase, APA
PsycInfo, Cinahl, Cochrane Databases, Web of Science, Epistemonikos, SveMedþ, and Norart. The sys-
tematic review was registered in PROSPERO (CRD42022300558). For critical appraisal of each included
article, the Quality Criteria Checklist by The Academy of Nutrition and Dietetics was used.
Results: The review identified 105 articles that fulfilled the inclusion and exclusion criteria. The most
frequently validated tools were Mini Nutritional Assessment short form (MNA), Malnutrition Universal
Screening Tool (MUST), Malnutrition Screening Tool (MST), and Nutritional Risk Screening 2002 (NRS-
2002). MNA, MST and NRS-2002 displayed overall moderate validity, and MUST low validity. All four
tools displayed low agreement. MST and MUST were validated across health care settings and age groups.
In general, data on reliability was limited.
Conclusions: The screening tools MST and NRS-2002 displayed moderate validity for the identification of
malnutrition in adults, of which MST is validated across health care settings. In addition, MNA has
moderate validity for the identification of malnutrition in adults 65 years or older.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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1. Introduction

Malnutrition is a common condition and can be both a cause and
a consequence of disease. Malnutrition also negatively affects the
prognosis of disease. The Global Leadership Initiative on Malnu-
trition (GLIM) criteria are international consensus-based diagnostic
criteria for malnutrition [1]. The first step in diagnosing malnutri-
tion in GLIM is screening to identify individuals at risk of
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malnutrition using a validated screening tool [1]. Thus, tools used
for screening are not diagnostic tools, but identifies persons at risk
of becoming malnourished or persons who already are malnour-
ished. Several malnutrition screening tools are available, but with a
large variation in level of validity, reliability, and generalizability,
that will affect the ability to accurately identify adults who are
malnourished and in need of nutritional treatment [2].

Internationally, a wide array of screening tools are used to
identify the risk of malnutrition. Since 2009, the Norwegian
Directorate of Health has recommended the use of Malnutrition
Universal Screening Tool (MUST), Nutritional Risk Screening 2002
(NRS-2002), Mini Nutritional Assessment Long form (Full MNA),
Subjective Global Assessment (SGA) or “Ernæringsjournal”
[translates to “Nutrition journal”] depending on the health care
setting [3]. The use of various screening tools complicates the
comparison of both clinical evaluations and research results on
malnutrition. Additionally, the use of several screening tools may
lead to miscommunication between health care providers and
may pose a risk to patient safety. Discontinuities of care in the
transition between different levels in the health care systems
have been identified as risk factors for increased readmission
rates and adverse medical events [4]. A harmonization and stan-
dardization of the screening method may lead to more accurate
screening practice and comparison of the risk of malnutrition [5]
during the patients' journey from one health care setting to
another [6]. The harmonization and standardization of the
malnutrition screening may also facilitate a national overview of
the burden of malnutrition and its distribution across care set-
tings and regions [6].

The Norwegian Directorate of Health has therefore identified a
need to harmonize the malnutrition screening practice across
health care settings, diagnoses or conditions and adult age groups.
Such a harmonization is in line with former work in other coun-
tries. The British Association for Parenteral and Enteral Nutrition
(BAPEN) has since 2003 implemented MUST as the recommended
screening tool [7,8] providing comparable data across care settings
[8]. The American Academy of Nutrition and Dietetics [9] recom-
mended the Malnutrition Universal Screening tool (MST) to screen
adults for malnutrition regardless of their age, medical history or
setting [2,10]. However, one specific malnutrition screening tool
with outstanding validity, reliability, and strong supportive evi-
dence across all care settings among adults has not yet been
identified.

As a first step towards a national recommendation of one
screening tool for the risk of malnutrition in the entire Norwegian
health care system, we conducted a systematic review as an update
and extension of the systematic review performed by Skipper et al.
[10], by adding more recent literature, revising the comparison
standard (including GLIM), and expanding with a Scandinavian
literature search. The aim of this systematic review was to sum-
marize the validity of commonly used screening tools to identify
risk of malnutrition across health care settings, diagnoses or con-
ditions, and adult age groups.
2. Materials and methods

The PRISMA (Preferred reporting Items for Systematic Reviews
and Meta-Analysis) statement was used as the guideline for the
review and reporting [11] to ensure objectivity, transparency, and
reproducibility of the process. The systematic review has been
registered in PROSPERO (CRD42022300558). For critical appraisal
of each included article, the Quality Criteria Checklist [12] by The
Academy of Nutrition and Dietetics [9] was used.
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2.1. Research question and eligibility criteria

The research question was formed using the population, inter-
vention, comparison intervention and outcome (PICO) format, to
ensure specificity and relevance to the aim of the project (Table 1).
The population criteria for eligibility of studies were adults 18 years
or older, any health care settings, and any diagnoses or conditions.
The inclusion criteria for studies were quantitative validation
studies, published in peer-reviewed journals, written in English,
Norwegian, Swedish or Danish language, and at least 20 partici-
pants for each comparison. Exclusion criteria were studies using
country-specific or modified versions of a tool, tools exclusively
consisting of laboratory values and studies only published as
abstracts.

The intervention included the 15 common screening tools used
in relevant care settings, listed in Table 1. There is no agreed upon
gold standard in order to compare the validity of screening tools [6].
Therefore, a set of comparison standards for the validation of
screening tools were used, as listed in Table 1. The comparison
standards were defined based on well validated “semi-gold stan-
dards”, and as defined by Skipper et al. [10] in order to facilitate
comparison. Furthermore, the GLIM criteria [1] were added as a
“semi-gold standard” during the literature review. When used as
the sole criterion, BMI was not considered an acceptable gold
standard for malnutrition.

The usefulness of a malnutrition screening tool can bemeasured
as the ability to measure the important dimensions of malnutrition
in the population at quest (content validity), test-retest and inter-
observer variation (reliability), and ability to measure the agree-
ment between the screening tool and the gold-standard or semi-
gold-standard (concurrent validity) [6]. Concurrent validity refers
to the ability of the screening tool to identify malnutrition, and can
be quantified through: sensitivity (the probability of a positive
screening result given that the person is malnourished), specificity
(the probability of a negative screening result given that the person
is not malnourished), positive predictive value (PPV) (the propor-
tion of true positive screening tests among all positive tests),
negative predictive value (NPV) (the proportion of true negative
tests among all negative tests), and kappa values (the agreement
between tools using Cohen's kappa coefficient). In addition, reli-
ability (consistency of results when using the screening tool) was
included in the search. All relevant outcomes are listed in Table 1,
and in the complete search strategies in Supplementary Table 1.

To be able to harmonize and standardize the malnutrition
screening practice for all adults, the tool needed to be validated
across adult age groups, health care settings, and diagnoses or
conditions.

2.2. Systematic literature search

A systematic literature search was performed in: Ovid MED-
LINE(R) and Epub Ahead of Print, Embase, APA PsycInfo, Cinahl,
Cochrane Database of Systematic Reviews, Cochrane Central Reg-
ister of Controlled Trials, Web of Science, Epistemonikos, SveMedþ,
and Norart. The searches were performed by a librarian (RAT) at the
Library for the Healthcare Administration, Norwegian Institute of
Public Health, Oslo, Norway, after peer-internal review by another
librarian from the same library. The search strategies combined
search terms for the screening tools and comparison standards for
the validation of screening tools (in Table 1) with search terms to
identify validation studies. Synonyms with appropriate truncations
and abbreviations combined with search terms for malnutrition
was used for searching title, abstract, and author keywords. The
search strategy was tailored to each database's search interference.
The strategies were limited to English, Swedish, Danish, and



Table 2
Interpretation of performance indicators for overall validity and reliability of
screening tools based on Neelemaat et al. and McHugh et al. [13,14].

Validity High Moderate Low

Sensitivity �90% 70%e89% <70%
Specificity �90% 70%e89% <70%
Negative predictive value �90% 70%e89% <70%
Positive predictive value �90% 70%e89% <70%
Agreement (Cohen's kappa) �0.8 0.6e0.79 <0.6
Reliability
Correlation coefficient �0.8 0.6e0.79 <0.6
Reliability (Cohen's kappa) �0.8 0.6e0.79 <0.6
Gwet's AC1 �0.8 0.6e0.79 <0.6
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Norwegian languages. No further limits were applied. The searches
were performed for articles published from the earliest published
articles in the databases, and up until the search dates of the 17th-
19th of August 2020. In August of 2022, an expanded search was
performed where also GLIM was included among the search terms.
In this expanded search, 33 additional records were identified, of
which all were excluded during literature review. The complete
search strategies can be found in Supplementary Table 1.

All identified records were added, sorted, screened for dupli-
cates (using different combinations of fields in preferences), and
organized in the EndNote �9 software by Clarivate Analytics, Web
of Science TM. The list of records was independently screened
based on title and abstract, and on eligibility criteria identified by
the PICO, by two reviewers (THT, IP) blinded for each other's de-
cisions. In the case of disagreement on screening status, consensus
was reached between the two reviewers through a third common
review.

One additional record was identified through the reviews of
relevant literature. The tools Nutritional Risk Index (NRI) and
Prognostic Nutritional Index (PNI) were excluded during the review
process (after the literature search) since both tools exclusively
assess laboratory values. There were no articles validating the tool
“Ernæringsjournal” (Norwegian) [translates to “Nutrition journal”].
2.3. Review of the evidence and data extraction

The identified records that met the eligibility criteria were sys-
tematically reviewed full-text by both reviewers (independently
and blinded) according to inclusion and exclusion criteria, quality
of evidence, and outcome of interest. One reviewer (IP) extracted
the data, and another reviewer (THT) double checked the extracted
data. The following data was retrieved from each eligible research
article: reference, publication year, quality of evidence, sample size,
country, setting, condition/ward/diagnosis, mean/median age,
lower age limit for inclusion, intervention tool, comparison tool,
and relevant results of sensitivity, specificity, PPV, NPV, correlation
coefficient (CC) and concordance (Cohen's kappa values) (Table 2).
Each separate performance indicator (sensitivity, specificity, PPV,
NPV, agreement (Cohen's kappa)) was evaluated based on pre-
defined cut-off values as listed in Table 2 [13,14], while overall
validity of each screening tool was determined using an algorithm
based on the algorithm developed by Skipper et al. [10].
Table 1
PICO.

Population Intervention

� Patients admitted to hospitals or
other health institutions within
secondary care

� Persons living in nursing home or
long term care facilities within the
primary health care

� Persons receiving home based care
within the primary health care
system

� Persons with high risk of
malnutrition who are in contact
with the primary health care system

� Malnutrition Screening Tool (MST)
� Malnutrition Universal Screening

tool (MUST)
� Mini Nutritional Assessment short

form (MNA)
� Nutritional Form for the Elderly

(NUFFE)
� Nutritional Risk Index (NRI)
� Nutritional Risk Screening 2002

(NRS-2002)
� Patient generated subjective global

assessment short form (PG-SGA-SF)
� Prognostic Nutritional Index (PNI)
� Short nutritional assessment

questionnaire (SNAQ)
� Simplified nutrition appetite

questionnaire (SimplifiedNAQ)
� Subjective global assessment (SGA)
� Nutriscore
� Ernæringsjournal [Nutrition journal]
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2.4. Quality of evidence

The quality of articles was critically appraised independently by
both reviewers for each of the included articles, using the Aca-
demy's Quality Criteria Checklist of The Academy of Nutrition and
Dietetics [12]. The reviewers were blinded for the results of the
other reviewer. The critical appraisal includes issues of inclusion/
exclusion, bias, and data collection and analysis. When there was
initial disagreement between the researchers on the quality
assessment, consensus was reached through a third common re-
view. Each article was graded as positive (þ) indicating that the
report has clearly addressed the issues, negative (�) indicating that
these issues have not been adequately addressed, and neutral (ø)
indicating that the report is neither exceptionally strong nor
exceptionally weak in quality.

2.5. Reliability

Studies reporting on the reliability of Mini Nutritional Assess-
ment Short Form (MNA), MST, MUST or NRS-2002 were summa-
rized in Supplementary Table 2 either with test-retest or inter-rater
reliability of the respective tools. One reviewer (THT) extracted the
data from each eligible research article, and the other reviewer (IP)
checked the extracted data. The following data were extracted:
reference, publication year, sample size, country, setting, condition/
ward/diagnosis, mean/median age, lower age limit for inclusion,
intervention tool, observer comparison, comparison period, and
relevant results of CC, intraclass correlation coefficient (ICC), and
agreement coefficients (Gwet's AC1 and Cohen's kappa values). To
Comparison Outcome

� Mini Nutritional Assessment Long form
(Full MNA) [35]

� Subjective Global Assessment (SGA)
[36,37]

� Patient-Generated Subjective Global
Assessment (PG-SGA) [38,39]

� McWhirter and Pennington Criteria [40]
� A nutrition assessment including at least

body composition and change in body
weight over time [10]

� Malnutrition Inflammation Score (MIS)
(when used for nutrition assessment)
[10,41]

� The GLIM criteria [1] (added after the
original search)

� Sensitivity
� Specificity
� Validity
� Reliability
� Agreement
� Generalization
� Positive predictive value
� Negative predictive value
� Kappa
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summarize the evidence only agreement coefficients were com-
parable and were interpreted as described in Table 2.

3. Results

The inclusion of records is summarized in a PRISMA diagram
(Fig. 1). The literature search provided 12,882 records as well as 33
additional records in an updated search including GLIM, and one
record identified through other sources resulting in 7042 records
after the removal of duplicates. After the exclusion of 6564 through
the initial screening rounds, 485 full-text records were screened for
the eligibility of inclusion. Of these, 380 records were excluded
based on the given inclusion and exclusion criteria, resulting in the
inclusion of 105 records for the summary of results (Supplementary
Table 3).

The validity (sensitivity, specificity, PPV, and NPV) and agree-
ment (Cohen's kappa) is summarized in Table 3. In addition,
Fig. 1. PRISMA
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validity, agreement, quality, and characteristics of all included
studies can be found in the following tables: MNA (Table 4), MST
(Table 5), MUST (Table 6), NRS-2002 (Table 7), and Nutritional Form
for the Elderly (NUFFE), Nutriscore, Patient generated subjective
global assessment short form (PG-SGA-SF), Short nutritional
assessment questionnaire (SNAQ), and Simplified nutritional
appetite questionnaire (SimplifiedNAQ) (Table 8). A list of the 105
included studies can be found in Supplementary Table 3, and the
completed Quality Check List for all included studies is presented in
Supplementary Table 4. For each tool a summary and a conclusion
is presented in alphabetical order below:

3.1. Mini Nutritional Assessment short form (MNA)

MNA was validated in 34 articles and with a total of 44 com-
parisons of which 34 were against Full MNA, eight against SGA, and
one each for Malnutrition Inflammation Score (MIS) and Patient
flow chart.



Table 3
Summary of validity.

Sensitivity
Median (range)

Specificity Median
(range)

PPV Median
(range)

NPV Median
(range)

Agreement (Cohen's kappa)
Median (range)

MNA (n ¼ 34)
Against all comparisons 85.9 (64e100) 86.3 (44e100) 77.7 (16e100) 90.5 (58e100) 0.62 (0.14e0.92)
Against other comparisons than Full-MNA 84.3 (70e100) 77.9 (53e95) 57.0 (20e76) 98.4 (93e100) 0.52 (0.14e0.92)

MST (n ¼ 26) 72.9 (32e100) 84.4 (25e98) 69.9 (36e98) 87.1 (49e100) 0.59 (0.23e0.9)
MUST (n ¼ 35) 69.7 (16e100) 87.3 (45e100) 80.5 (30e100) 88.7 (34e100) 0.52 (0.16e0.91)
NUFFE (n ¼ 1) 69.8 75.7 80.8 30.3 e

NRS-2002 (n ¼ 35) 70.4 (37e97) 90.1 (30e98) 85.0 (32e99) 77.5 (35e100) 0.53 (0.13e0.89)
Nutriscore (n ¼ 1) 97.3 95.6 84.8 99.0 0.88
PG-SGA-SF (n ¼ 3) 89.0 (78e94) 72.3 (62e94) 41 (31e91) 98.0 (84e98) 0.39 (0.31e0.49)
SNAQ (n ¼ 5) 79.0 (51e92) 90.3 (81e100) 80.0 (29e100) 86.9 (56e100) e

SimplifiedNAQ (n ¼ 6) 69.3 (28e87) 78.9 (77e94) 89.0 (78e90) 57.1 (44e88) 0.27 (0.18e0.36)

Abbreviations: MNA: Mini Nutritional Assessment (short form); MST: Malnutrition Screening Tool; MUST: Malnutrition Universal Screening Tool; NRS-2002: NPV: negative
predictive value; Nutritional Risk Screening 2002; (PG-)SGA(-SF): (Patient Generated) Subjective Global Assessment (short form); PPV: positive predictive value; Sim-
plifiedNAQ: Simplified nutrition appetite questionnaire; SNAQ: Short nutritional assessment questionnaire.
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Generated Subjective Global Assessment (PG-SGA) (Table 4). Me-
dian sample size was 250. Table 3 lists the median sensitivity,
specificity, PPV, NPV, and agreement against all references, and
against other references than Full MNA. The majority of compari-
sons (37 comparisons) were done in older adults, and the most
common setting was community-dwelling [12], nursing homes [9]
or inpatients [10] within a variety of conditions/wards. Risk of bias
was summarized as quality of primary research in 34 articles of
which 16 was graded as positive (þ) and 18 was graded as neutral
(ø). One article was found to report on reliability of the MNA tool,
with an inter-rater reliability of 0.31 [15]. In conclusion, MNA ob-
tained moderate validity, low agreement and validation studies
limited to the older adult population across health care settings and
conditions or wards. The quality of research was positive in 47% of
the articles, and data on reliability was limited.

3.2. Malnutrition screening tool (MST)

MST was validated in 26 articles and with a total of 31 com-
parisons, of which 16 against SGA, nine against PG-SGA, three
against Full MNA, two against GLIM, and one against McWhriter
(Table 5). Median sample size was 134. Table 3 lists the median
sensitivity, specificity, PPV, NPV, and agreement. Of the compari-
sons,15were in populations of 18 years or above, and seven in older
adults. The most common comparison setting was inpatients [15],
outpatients [12], within a variety of conditions or wards. The
quality of primary research was graded as positive (þ) in 17 of the
articles and neutral (ø) in nine articles. Six articles were found to
report on reliability of MST [16,18e22], with a total of 10 compar-
isons. The mean inter-rater reliability between comparisons was
0.64 (0.28e0.93) measured in kappa values and 0.8 (0.6e0.9) with
Gwet's AC1. In conclusion, MST obtained moderate validity, low
agreement, and validated across age groups, health care settings,
and conditions or wards. The quality of researchwas positive in 65%
of the articles, and data on reliability was moderate.

3.3. Malnutrition Universal Screening tool (MUST)

MUSTwas validated in 35 articles with a total of 41 comparisons
of which 21 against SGA, six against PG-SGA, 11 against Full MNA,
two against GLIM, and one against a nutrition assessment including
body composition and change in body weight over time (Table 6).
Table 3 lists the median sensitivity, specificity, PPV, NPV, and
agreement. Most of the comparisons were performed in inpatients
[26] or outpatients [9], within a variety of conditions or wards. Of
the comparisons, 19 were in adult populations, and 15 in older
36
adults. Quality of primary research was graded as positive (þ) in 19
articles and neutral (ø) in 16 articles. Reliability was reported in
three studies [16e18], with a mean inter-rater reliability between
two studies of 0.68 (0.58e0.78). In conclusion, MUST obtained low
validity, low agreement, and validity across age groups, health care
settings, and conditions or wards. The quality of research was
positive in 56% in of the articles, and data on reliability was limited.
3.4. Nutritional Form for the elderly (NUFFE)

NUFFE was validated in one article and with one comparison
against Full MNAwith a sensitivity of 70, specificity of 76, PPV of 81,
and NPV of 30 (Tables 3 and 8). The validation was performed in 97
older adults in a nursing home setting. Quality of primary research
was graded as positive (þ) in the included article.
3.5. Nutritional Risk Screening 2002 (NRS-2002)

NRS-2002 was validated in 36 articles and with a total of 46
comparisons of which 26 against SGA, three against PG-SGA, 12
against Full MNA, three against GLIM, one against McWhriter, and
one nutrition assessment including body composition and change
in body weight over time (Table 7). Table 3 lists the median
sensitivity, specificity, PPV, NPV, and agreement. Median sample
size was 210, and the majority of comparisons (23 comparisons)
were done in populations 18 years or above and in older adults (14
comparisons). Most of the comparisons were performed in in-
patients [42], within a variety of conditions or wards. Quality of
primary research was graded as positive (þ) in 27 articles and
neutral (ø) in nine articles. Reliability was reported in three studies
with five comparisons [23e25]. The median inter-rater reliability
between comparisons was 0.78 (0.65e0.96). In conclusion, NRS-
2002 obtained moderate validity, low agreement, and validation
studies limited to inpatients within a variety of wards. The quality
of researchwas positive in 75% of the articles, and data on reliability
was moderate.
3.6. Nutriscore

Nutriscore was validated in one article and with comparison
against PG-SGA, with a sensitivity of 97, specificity 96, PPV 85,
NPV 99, and kappa 0.88 (Tables 3 and 8). The validation was
performed in a population of 394 oncology outpatients. Quality of
primary research was graded as positive (þ) in the included
article.



Table 4
Validation of MNA.

Reference Quality Publication
year

Sample
size

Country Setting Condition/ward/
diagnosis

Mean/Median
age

Lower age
limit for
inclusion

Validated
tool

Comparison Sensitivity Specificity PPV NPV AUC CC Kappa

Albay et al. [42] Ø 2020 75 Turkey Outpatient Parkinson's Disease 67 45 MNA Full MNA 87.1 70.5 88.6 77.3
Borowiak et al. [43] Ø 2003 160 Poland Community-dwelling Older adults 74 65 MNA Full MNA 73.6 93 82

2003 151 Poland Nursing home Older adults 79 65 MNA Full MNA 64.4 100 58
Charlton et al. [44] Ø 2007 220 South Africa Community-dwelling

and nursing home
Older adults 72 60 MNA Full MNA 100.0 94.6 16.3 62.9

Charlton et al. [45] þ 2010 1615 Australia Rehabilitation Rehabilitation 81 65 MNA Full MNA 77 44 72.8 77.5 0.532
Christner et al. [46] þ 2016 201 Germany Inpatient Geriatric 83 65 MNA Full MNA 0.7
Cohendy et al. [47]. Ø 2001 408 France Day care Surgery 70 60 MNA Full MNA 89 86 79 93
Cuervo, et al. [48] þ 2009 22,007 Spain Community-dwelling Older adults 75 65 MNA Full MNA 85.2 76.4 93.4 0.942
De La Montana et al.

[49]
Ø 2011 728 Spain Community-dwelling Older adults 81 65 MNA Full MNA 81 93 96 68

Dent et al. [50] þ 2017 100 Australia Inpatients Geriatric 85 70 MNA Full MNA 0.93 0.87
Donini et al. [51] Ø 2016 246 Italy Nursing home Older adults women 82;

men 77
60 MNA Full MNA 96.4 55.8 89 80.6 0.588

Duran Alert et al. [52] Ø 2012 40 Spain Inpatients Geriatric Female: 85;
male 83

75 MNA Full MNA 0.81

Garcia-Meseguer,
et al. [53]

Ø 2013 895 Spain Nursing home Older adults 82 65 MNA Full MNA 86.1 87.9 82.6 90.4 0.95 0.685

Holvoet et al. [54] Ø 2020 216 Belgium Dialysis 67 18 MNA Full MNA 0.909
Isenring et al. [55] Ø 2012 127 Australia Nursing home 83 55 MNA Full MNA 100 56.4 0.257

2012 127 Australia Nursing home 83 55 MNA SGA 85.7 62 0.377
Joaquin et al. [56] þ 2019 151 Spain Outpatient Heart failure 69 adult MNA Full MNA 71 93.8 79.4 90.5 0.67

2019 151 Spain Outpatient Heart failure 69 adult MNA SGA 79.1 88.1 55.8 95.7 0.66
Kaiser et al. [57] Ø 2011 657 Germany Community-dwelling Older adults 81 MNA Full MNA 0.586

2011 657 Germany Nursing home Older adults 86 MNA Full MNA 0.775
2011 657 Italy Rehabilitation Older adults 75 MNA Full MNA 0.626

Keller et al. [58] Ø 2019 638 Canada Nursing home Older adults ? 65 MNA PG-SGA 83.99 70.22
Kiesswetter et al. [59] Ø 2014 309 Germany Community-dwelling home care 81 65 MNA Full MNA 0.62
Kostka et al. [60] þ 2014 932 Poland Community-dwelling Older adults 72 65 MNA Full MNA 82.7 88.9

2014 812 Poland Community-dwelling Older adults 73 65 MNA Full MNA 89.3 87.9
2014 859 Poland Nursing home Older adults 79 65 MNA Full MNA 85.7 91.6

Lei Z [61] þ 2009 184 China Inpatients 68 60 MNA Full MNA 89.6 88 0.932
Lilamand et al. [62] þ 2015 267 France Day care Frail 82 65 MNA Full MNA 0.954
Lomivorotov et al. [63] Ø 2013a 441 Russia Inpatients Cardio-vascular

disease
58 18 MNA SGA 84.6 77.9 27.1 98.1

Lomivorotov et al. [64] þ 2013b Russia Inpatients Cardio-vascular
disease

59 18 MNA SGA 81.8 80.7 20.4 98.6

Martín et al. [65] Ø 2016 591 Spain Inpatients Diabetes 78 65 MNA Full MNA 90.6 85.1
Montejano Lozoya

et al. [66]
þ 2017 660 Spain Community-dwelling Older adults 74 65 MNA Full MNA 73.4 86.6 62.4 91.4 0.88 0.78 0.54

Olivares et al. [67] þ 2014 537 Spain Inpatients Medical and surgery 61 adult MNA SGA 69.9 94.7 75.8 93 0.666
Rubenstein et al. [68] Ø 2001 155 France Inpatients and

community-dwelling
Older adults 79 MNA Full MNA 98 100 0.961

Santin et al. [69] þ 2016 137 Brazil Dialysis 70 60 MNA MIS 0.14
2016 137 Brazil Dialysis 70 60 MNA SGA 0.24

Schrader et al. [70] þ 2016 190 Germany Day care Geriatric 80 65 MNA Full MNA 0.53
Sheard et al. [71] Ø 2013 125 Australia Community-dwelling Parkinson's disease 70 18 MNA SGA 94.7 78.3 58.1 98.8 0.92
Sheean et al. [72] þ 2013 253 USA ICU Medical and surgery 65 MNA Full MNA 72 98 0.76

(continued on next page)
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3.7. Patient generated subjective global assessment short form (PG-
SGA-SF)

PG-SGA-SF was validated in three articles and with a total of five
comparisons, all against PG-SGA (Table 8). The median sample size
was 246, of which all validations were performed in populations 18
years or above. Table 3 lists the median sensitivity, specificity, PPV,
NPV, and agreement. The setting for four comparisons were in
oncology and one nephrology ward. It should be noted that three of
the comparisons were performed with different cut-off values for
risk of malnutrition in the same population. Quality of primary
research was graded as positive (þ) in all three articles.

3.8. Short nutritional assessment questionnaire (SNAQ)

SNAQ was validated in five articles and with a total of six
comparisons of which four against SGA, one against GLIM, and one
against Full MNA (Table 8). The median sample size was 170, and
four validations were performed in inpatients, and one in out-
patients. Four of the comparisons were in populations 18 years or
above, and two in populations 65 years or above. Table 3 lists the
median sensitivity, specificity, PPV, NPV, and agreement. Quality of
primary research was graded as positive (þ) in three articles and
neutral (ø) in two articles.

3.9. Simplified nutritional appetite questionnaire (SimplifiedNAQ)

SimplifiedNAQ was validated in six articles and with a total of
eight comparisons of which six against Full MNA and two against
SGA (Table 8). Median sample size was 180, and all validations were
performed in populations above 55, 60 or 65 years of age within
different health care settings. Table 3 lists the median sensitivity,
specificity, PPV, NPV, and agreement. Quality of primary research
was graded as positive (þ) in three articles and neutral (ø) in three
articles.

3.10. Overall validity

For each screening tool, the overall validity was based on the
algorithm as shown in Fig. 2.

4. Discussion

In this systematic review, we summarized the validation of
malnutrition screening tools for adults (18 years or older) in any
setting and independent of medical diagnoses or conditions. The
four screening tools MNA, MST, MUST, and NRS-2002 were the
most frequently validated against “semi-gold standards” for
malnutrition screening.

This systematic review was initiated by the Norwegian Direc-
torate of Health as a first step towards choosing one malnutrition
screening tool to be used in the entire health care system. The main
objective for choosing one tool was to facilitate seamless commu-
nication of malnutrition screening along the patient pathway.

Screening for malnutrition is the first step in the approach of
diagnosing malnutrition suggested in the GLIM framework [1].
Thus, it is of great importance that the screening tool used can
identify those at risk of malnutrition in an accurate and timely
manner. The European Society of Parenteral and Enteral Nutrition
(ESPEN) guidelines for nutrition screening states that the purpose
of nutritional screening is to “predict the probability of a better or
worse outcome due to nutritional factors, and whether nutritional
treatment is likely to influence this” [26]. The screening tools MNA,
MST, and NRS-2002 all displayed overall moderate validity for the
identification of malnutrition. MUST had low validity due to a



Table 5
Validation of MST.

Reference Quality Publication
year

Sample
size

Country Setting Condition/ward/
diagnosis

Mean/Median
age

Lower age
limit for
inclusion

Validated
tool

Comparison Sensitivity Specificity PPV NPV AUC CC Kappa

Abbott et al. [101] Ø 2014 300 Australia Outpatient Oncology 59 18 MST PG-SGA 70.6 69.5 0.77
Abe Vicente et al. [76] Ø 2013 75 Brazil Outpatient Oncology 60 MST PG-SGA 52 84

2013 62 Brazil Outpatient Oncology 61 MST PG-SGA 61.5 91.8
Arribas et al. [102] þ 2017 394 Spain Outpatient oncology 62 18 MST PG-SGA 84 85.6 57.7 95.7 0.84 0.59
Byrnes et al. [103] þ 2018 75 Australia Inpatient surgery 74 65 MST PG-SGA 86 80 50 96 0.83
Clark, et al. [104] þ 2020 444 Australia Hospital Geriatric rehabilitation 82 MST GLIM 56.7 69 66.5 59.5 0.63 0.26
De Groot et al. [105] þ 2020 246 Australia ? oncology 62 18 MST PG-SGA 100 90 0.737
Ferguson et al. [19] þ 1999 408 Australia inpatients medical and surgery 58 18 MST SGA 93 93 98.4 72.7
Ferguson, et al. [106] þ 1999 106 Australia Outpatient oncology 60 ? MST SGA 100.00 81.00 40 100
Fiol-Martinez et al. [82] þ 2017 73 Spain inpatients hematology 64 18 MST SGA 72.7 65.4 72.70 90.9 0.691
Fiorindi, et al. [83] Ø 2020 53 Italy Inpatients GI surgery 51 MST GLIM 63.6 96.8 0.878
Gabrielson et al. [107] þ 2013 90 Canada Outpatient oncology 55 18 MST PG-SGA 81.3 72.4 0.823
Georgiou et al. [84] þ 2019 170 Greece Outpatient hepatology 59 18 MST SGA 51.3 97.7 87 87.1 0.814
Hogan et al. [108] Ø 2017 29 Vietnam Outpatient pulmonary disease 70 MST SGA 38 94 83 65
Isenring et al. [109] Ø 2006 50 Australia Outpatient oncology 59 18 MST PG-SGA 100.00 92.00 80.00 100.00
Isenring et al. [55] Ø 2012 127 Australia nursing home 83 55 MST Full MNA 94.1 80.9 0.501

2012 127 Australia nursing home 83 55 MST SGA 88.6 93.5 0.806
Isenring et al. [110] þ 2009 346 Australia nursing home 84 MST SGA 83.60 65.6 65 84
Joaquin et al. [56] þ 2019 151 Spain Outpatient heart failure 69 adult MST Full MNA 31.5 91.1 54.5 79.8 0.26

2019 151 Spain Outpatient heart failure 69 adult MST SGA 33.3 88.9 36.3 87.5 0.23
Lawson et al. [16] þ 2012 145 UK inpatients nephrology 65 ? MST SGA 48.7 85.5 78.7 60.2 0.335
Leipold et al. [111] þ 2018 160 Australia rehabilitation rehabilitation 74 18 MST SGA 72.2 83.8 69.6 85.4
Morris et al. [112] Ø 2018 608 Australia inpatients medical 62 18 MST SGA 84 70.7 66.7 86.3 0.81
Mour~ao et al. [113] þ 2004 100 Portugal inpatients surgery 55 18 MST McWhirter 0.72

2004 100 Portugal inpatients surgery 55 18 MST SGA 54 25 0.9
Nor Azian et al. [18] Ø 2014 151 Malaysia inpatients and

outpatient
medical 45 18e65 MST SGA 93.3 80.9 54.9 98

Shaw et al. [114] þ 2015 126 UK inpatients oncology 59 18 MST PG-SGA 66 83 91.00 49.00 0.83
Ulltang et al. [115] Ø 2013 65 Australia inpatients medical 62 MST SGA 73 76 38 93
Wu et al. [116] þ 2012 157 Australia inpatients rehabilitation 78 65 MST SGA 94.00 89 70 98 0.74
Young et al. [75] þ 2013 134 Australia inpatients medical 80 65 MST Full MNA 67.7 88.3 92.4 56.7 0.87

2013 134 Australia inpatients medical 80 65 MST SGA 90.3 84.7 83.6 91 0.92

Abbreviations: AUC: area under the curve; CC: correlation coefficient; Full MNA: Full Mini Nutritional Assessment; GI: Gastrointestinal; GLIM: Global Leadership Initiative on Malnutrition; MST: Malnutrition Screening Tool;
NPV: negative predictive value; (PG-)SGA: (Patient Generated) Subjective Global Assessment; PPV: positive predictive value.
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Table 6
Validation of MUST.

Reference Quality Publication
year

Sample
size

Country Setting Condition/ward/
diagnosis

Mean/Median age Lower age
limit for
inclusion

Validated
tool

Comparison Sensitivity Specificity PPV NPV AUC CC Kappa

Abe Vicente
et al. [76]

Ø 2013 75 Brazil Outpatient Oncology 60 MUST PG-SGA 72 48.9

2013 62 Brazil Outpatient Oncology 61 MUST PG-SGA 72 73.4
Almeida et al.

[77]
þ 2012 300 Portugal Inpatient Surgery 60 18 MUST SGA 85 93 89 99 0.912 0.912

Bellanti, et al.
[78]

þ 2020 152 Italy Hospital Internal and aging
medicine

78/79 65 MUST GLIM 64.3 81.7 75 72.8 0.89

Bob�cíkov�a et al.
[79]

Ø 2020 103 Czech Republic Inpatient Cardio-vascular
disease

76 65 MUST Full MNA 0.44

Boleo-Tome
et al. [80]

þ 2012 450 Portugal Outpatient Oncology 62 MUST PG-SGA 80 89 87 100 0$86

Diekmann et al.
[81]

þ 2013 200 Germany Nursing home Older adults 86 65 MUST Full MNA 0.16

Donini et al.
[51]

Ø 2016 246 Italy Nursing home Older adults women 82;
men 77

60 MUST Full MNA 47.9 98.1 98.8 33.6 0.27

Fiol-Martinez
et al. [82]

þ 2017 73 Spain Inpatients Hematology 64 18 MUST SGA 90.9 75 43.5 97.5 0.83

Fiorindi, et al.
[83]

Ø 2020 53 Italy Inpatients GI surgery 51 MUST GLIM 63.6 96.8 0.878

Georgiou et al.
[84]

þ 2019 170 Greece Outpatient Hepatology 59 18 MUST SGA 59 96.9 85.2 88.8 0.777

Gibson et al.
[85]

Ø 2012 262 Australia Inpatients Medical 71 ? MUST SGA 80 85

Hettiarachchi
et al. [86]

Ø 2018 100 Sri Lanka Outpatient Oncology 59 18 MUST PG-SGA 86.7 94.5 92.9 89.7 0.79

Holst et al. [87] þ 2013 233 Denmark and
Sweden

Inpatients Gastroenterology
and Geriatric

81 65 MUST Full MNA 0.38

Isenring et al.
[55]

Ø 2012 127 Australia Nursing home 83 55 MUST Full MNA 76.5 87.3 0.51

2012 127 Australia Nursing home 83 55 MUST SGA 68.6 96.7 0.703
Jackson et al.

[88]
Ø 2019 141 UK Inpatients Nephrology 64 18 MUST SGA 44.4 100 100 69.0 0.47

Joaquin et al.
[56]

þ 2019 151 Spain Outpatient Heart failure 69 Adult MUST Full MNA 34.2 95.5 72.2 81.2 0.36

2019 151 Spain Outpatient Heart failure 69 Adult MUST SGA 62.5 97.6 83.3 93.2 0.65
Kosters et al.

[89]
þ 2020 123 Netherlands Inpatients and

outpatients
Nephrology 18 MUST PG-SGA 24 94 76 61

Kozakova et al.
[90]

Ø 2014 470 Czech Republic Community-
dwelling

Home care 77 65 MUST Full MNA 0.451

2014 470 Czech Republic Community-
dwelling

Home care 77 65 MUST SGA 0.522

Kyle et al. [91] þ 2006 995 Switzerland Inpatients Medical and
surgery

LOS 1e10 days 51;
LOS >11 d 65;
LOS unknown 44

Adult MUST SGA 61 76 65 76 0.26

Lawson et al.
[16]

þ 2012 147 UK Inpatients Nephrology 65 ? MUST SGA 53.8 78.3 73.7 60 0.316

Lomivorotov
et al. [63]

Ø 2013 441 Russia Inpatients Cardiovascular
disease

58 18 MUST SGA 100 82.3 35.5 100

Lomivorotov
et al. [64]

þ 2013 894 Russia Inpatients Cardiovascular
disease

59 18 MUST SGA 97.9 87.1 29.7 99.9

Martin Palmero
et al. [92]

Ø 2017 384 Spain Inpatients Medical and
surgery

65 18 MUST SGA 0.422

Naik et al. [93] Ø 2018 331 India Outpatient Older adults ? 60 MUST Full MNA 15.79 44.71
Ø 2014 151 Malaysia Medical 45 18e65 MUST SGA 96.6 80.9 55.7 98.8
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Nor Azian et al.
[18]

Inpatients and
outpatient

Olivares et al.
[67]

þ 2014 537 Spain Inpatients Medical and
surgery

61 Adult MUST SGA 64.1 91.9 65.3 91.5 0.564

Pereira Borges
et al. [94]

Ø 2009 144 Brazil Inpatients Oncology 56 Adult MUST SGA 0.799

Raupp et al.
[95]

Ø 2018 577 Brazil Inpatients Emergency 54 18 MUST SGA 0.67

Sharma et al.
[96]

þ 2017 132 Australia Inpatients Medical 80 60 MUST PG-SGA 69.70 75.80 75.40 70.10 0.73 0.45

Stratton et al.
[7]

Ø 2004 50 UK Inpatients Medical 45 Under 65 MUST SGA 0.783

Tripathy et al.
[97]

þ 2015 111 India ICU Medical and
surgery

75 65 MUST “Standard”
based
on low
BMI AND
unplanned
weight loss

96.5 72.3 80.9 94.4 0.65

Tu et al. [98] þ 2012 45 Taiwan Inpatients Oncology 62 ? MUST SGA 96 75 82.7 93.8 0.724
Vallen et al.

[99]
þ 2011 100 Sweden Inpatients Orthopedics,

cardiovascular
disease

80 65 MUST Full MNA 57.00 93.00 86 75

Velasco et al.
[100]

þ 2011 400 Spain Inpatients Medical and
surgery

67 18 MUST Full MNA 0.388

2011 400 Spain Inpatients Medical and
surgery

67 18 MUST SGA 71.6 90.3 80.1 85.4 0.635

Young et al.
[75]

þ 2013 134 Australia Inpatients Medical 80 65 MUST Full MNA 67.8 93 95.3 58 0.82

2013 134 Australia Inpatients Medical 80 65 MUST SGA 87.1 86.1 84.4 88.6 0.89

Abbreviations: AUC: area under the curve; BMI: Body Mass Intex; CC: correlation coefficient; Full MNA: Full Mini Nutritional Assessment; GLIM: Global Leadership Initiative on Malnutrition; ICU: Intensive Care Unit; GI:
Gastrointestinal; LOS: Length of stay; MUST: Malnutrition Universal Screening Tool; NPV: negative predictive value; (PG-)SGA: (Patient Generated) Subjective Global Assessment; PPV: positive predictive value.

T.H
.Totland,H

.W
.K

rogh,G
.B.Sm

edshaug
et

al.
Clinical

N
utrition

ESPEN
52

(2022)
32

e
49

41



Table 7
Validation of NRS-2002.

Reference Quality Publication
year

Sample
size

Country Setting Condition/ward/
diagnosis

Mean/Median
age

Lower age
limit for
inclusion

Validated
tool

Comparison Sensitivity Specificity PPV NPV AUC CC Kappa

Almeida et al. [77] þ 2012 300 Portugal Inpatient Surgery 60 18 NRS-2002 SGA 80 89 87 100 0.854 0.853
Badia-Tahull et al.

[117]
þ 2014 45 Spain Inpatient Digestive surgery

patients
on parenteral
nutrition

65 18 NRS-2002 PG-SGA 0.31

2014 45 Spain Inpatient Digestive surgery
patients
on parenteral
nutrition

65 18 NRS-2002 SGA 0.53

Bauer et al. [118] þ 2005 121 Germany Inpatient Geriatric 80 65 NRS-2002 Full MNA 39.3 83.3 84.6 37
2005 121 Germany Inpatient Geriatric 80 65 NRS-2002 SGA 70.4 84.6 79.2 77.5

Bellanti et al. [78] þ 2020 152 Italy Inpatient Internal and Aging
Medicine clinic

Malnourished 78,
not malnourished
80

65 NRS-2002 GLIM 47.1 75.6 62.3 62.6 0.62

Boulhosa et al.
[119]

þ 2020 166 Brazil Inpatient Advanced chronic
liver disease

58 18 NRS-2002 GLIM 54.7 91 90 60 0.43

Chavez-Tostado
et al. [120]

þ 2020 196 Mexico Inpatient Gastro-enterology 46 18 NRS-2002 SGA 0.53

Cunha et al. [32] Ø 2015 173 Brazil Inpatient Oncology 70 18 NRS-2002 PG-SGA 0.322
2015 173 Brazil Inpatient Oncology 70 18 NRS-2002 SGA 0.345

Demirel et al. [121] þ 2018 124 Turkey Inpatient and
outpatients

Oncology 52 ? NRS-2002 Full MNA 96.5 92.1 96.5 92.1 0.886

2018 124 Turkey Inpatient and
outpatients

Oncology 52 ? NRS-2002 SGA 67.5 92.9 97.7 68.4 0.713

Diekmann et al.
[81]

þ 2013 200 Germany Nursing home Older adults 86 65 NRS-2002 Full MNA 0.13

Donini et al. [51] Ø 2016 246 Italy Nursing home Older adults Women 82; men 77 60 NRS-2002 Full MNA 50.5 98.1 99 34.7 0.291
Fiorindi, et al. [83] Ø 2020 53 Italy Inpatients GI surgery 51 NRS-2002 GLIM 81.1 90.3 0.919
Georgiou et al. [84] þ 2019 170 Greece Outpatient Hepatology 59 18 NRS-2002 SGA 46.2 87 51.4 84.4 0.747
Hartz et al. [122] þ 2019 594 USA Inpatients Medical and

surgery
63 18 NRS-2002 Assessment

incl. NFPE
63.5 94.3 93.3 67.6 0.56

Holst et al. [87] þ 2013 233 Denmark and
Sweden

Inpatients Gastroentero-logy
and geriatric

81 65 NRS-2002 Full MNA 0.52

Javid
Mishamandani
et al. [123]

Ø 2018 1311 Iran ICU ? 16 NRS-2002 SGA 0.691 0.226

Juntao Chi et al.
[124]

þ 2017 280 China Inpatients Oncology 63 18 NRS-2002 SGA 0.54

Kyle et al. [91] þ 2006 995 Switzerland Inpatients Medical and
surgery

LOS 1e10 days 51;
LOS >11 d 65;
LOS unknown 44

adult NRS-2002 SGA 62 93 85 79 0.48

Leandro-Merhi
et al. [125]

þ 2015 210 Brazil Inpatients Gastroenterology ? 20 NRS-2002 SGA 0.461

2015 290 Brazil Inpatients Oncology ? 20 NRS-2002 SGA 0.526
Leandro-Merhi

et al. [126]
Ø 2017 79 Brazil Inpatients Oncology 72 65 NRS-2002 Full MNA 0.528

2017 79 Brazil Inpatients Oncology 72 65 NRS-2002 SGA 0.239
Lomivorotov et al.

[63]
Ø 2013 441 Russia Inpatients Cardiovascular

disease
58 18 NRS-2002 SGA 43.6 93.5 39.5 94.5

Lomivorotov et al.
[64]

þ 2013 894 Russia Inpatients Cardiovascular
disease

59 18 NRS-2002 SGA 38.3 95.4 31.6 96.5

Martin Palmero
et al. [92]

Ø 2017 384 Spain Inpatients Medical and
surgery

65 18 NRS-2002 SGA 0.758

Martins et al. [127] þ 2005 143 Portugal Inpatients Orthopedic 74 65 NRS-2002 Full MNA 81.7 84.6 92.1 67.9 0.62
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2005 143 Portugal Inpatients Orthopedic 74 65 NRS-2002 SGA 85.9 69.2 85.9 69.2 0.55
Meireles et al. [128] þ 2012 124 Brazil Inpatients Surgery 52 19 NRS-2002 SGA 0.49
Miao et al. [129] þ 2019 425 China Inpatients Geriatric 81 70 NRS-2002 Full MNA 0.521
Mour~ao et al. [113] þ 2004 100 Portugal Inpatients Surgery 55 18 NRS-2002 McWhirter 0.29

2004 100 Portugal Inpatients Surgery 55 18 NRS-2002 SGA 96 30 0.39
Olivares et al. [67] þ 2014 537 Spain Inpatients Medical and

surgery
61 adult NRS-2002 SGA 68.9 90.1 62.3 92.4 0.567

Orell-Kotikangas
et al. [130]

þ 2015 65 Finland Outpatient Oncology 61 ? NRS-2002 PG-SGA 77.3 97.7 94.4 89.4 0.784

Raslan et al. [131] þ 2011 705 Brazil Inpatients Medical and
surgery

57 18 NRS-2002 SGA 0.56

Raupp et al. [95] Ø 2018 577 Brazil Inpatients Emergency 54 18 NRS-2002 SGA 0.62
Ryu et al. [132] Ø 2010 80 South-Korea Inpatients Oncology subtotal

gastrecto-my: 58,5;
total gastrecto-my:
56,5

NRS-2002 SGA 80 96 0.685

Sheean et al. [72] þ 2013 232 USA ICU Medical and
surgery

Medical ICU 75;
surgical ICU 74

65 NRS-2002 Full MNA 87 44 0.78

Velasco et al. [100] þ 2011 400 Spain Inpatients Medical and
surgery

67 18 NRS-2002 Full MNA 0.392

2011 400 Spain Inpatients Medical and
surgery

67 18 NRS-2002 SGA 74.4 87.2 76.1 86.2 0.62

Wang et al. [133] þ 2016 332 China Inpatients Gastroenterology 53 18e90 NRS-2002 SGA 0.514
Westergren, et al.

[134]
þ 2011 85 Sweden Inpatients Medical and

surgery
75 65 NRS-2002 Full MNA 37 82 76 47

Young et al. [75] þ 2013 134 Australia Inpatients Medical 80 65 NRS-2002 Full MNA 72.2 95.3 97 62.1 0.9
2013 134 Australia Inpatients Medical 80 65 NRS-2002 SGA 90.3 83.3 82.4 90.9 0.89

Abbreviations: AUC: area under the curve; CC: correlation coefficient; Full MNA: Full Mini Nutritional Assessment; GLIM: Global Leadership Initiative on Malnutrition; ICU: Intensive Care Unit; LOS; Length of stay; NFPE:
Nutritional Focused Physical Exam; NPV: negative predictive value; NRS-2002: Nutritional Risk Screening 2002; (PG-)SGA: (Patient Generated) Subjective Global Assessment; PPV: positive predictive value.
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Table 8
Validation of NUFFE, Nutriscore, PG-SGA-SF, SNAQ and SimplifiedNAQ.

Reference Quality Publication
year

Sample
size

Country Setting Condition/ward/
diagnosis

Mean/Median
age

Lower age
limit for
inclusion

Validated
tool

Comparison Sensitivity Specificity PPV NPV AUC CC Kappa

Sharifi et al.
[135]

þ 2018 97 Iran Nursing home Older adults 74 60 NUFFE Full MNA 69.8 75.7 80.8 30.30 0.796

Arribas et al.
[102]

þ 2017 394 Spain Outpatient Oncology 62 18 Nutriscore PG-SGA 97.3 95.6 84.8 99 0.95 0.88

De Groot et al.
[105]

þ 2020 246 Australia ? Oncology 62 18 PG-SGA-SF (�3) PG-SGA 94 62 31 98 0.311

2020 246 Australia ? Oncology 62 18 PG-SGA- SF
(�4):

PG-SGA 92 71 37 98 0.387

2020 246 Australia ? Oncology 62 18 PG-SGA- SF
(�5)

PG-SGA 89 80 45 98 0.493

Abbott et al.
[136]

þ 2016 300 Australia Outpatient Oncology 59 PG-SGA-SF PG-SGA 80.4 72.3 0.85

Kosters et al.
[89]

þ 2020 123 Netherlands Inpatients and
outpatients

Nephrology ? 18 PG-SGA-SF (�6) PG-SGA 78 94 91 84

Yaxley et al.
[137]

þ 2015 185 Australia Community-dwelling Rehabilitation 78 60 Simplified NAQ Full MNA 28 94 89 44 0.176

Akin et al.
[138]

Ø 2019 871 Turkey Community-dwelling Older adults 71 65 Simplified NAQ Full MNA 0.725

Young et al.
[75]

þ 2013 134 Australia Inpatients Medical 80 65 Simplified NAQ Full MNA 69.3 83.7 89.7 57.1 0.83

2013 134 Australia Inpatients Medical 80 65 Simplified NAQ SGA 86.9 78.9 77.9 87.5 0.87
Rolland et al.

[139]
Ø 2012 175 France Inpatients and

outpatients
Older adults 78 65 Simplified NAQ Full MNA 0.767 0.48

Isenring et al.
[55]

Ø 2012 127 Australia Nursing home 83 55 Simplified NAQ Full MNA 70.6 77.3 0.32

2012 127 Australia Nursing home 83 55 Simplified NAQ SGA 45.7 77.2 0.225
_Ilhan et al.

[140]
þ 2018 442 Turkey Outpatient Older adults 77 60 Simplified NAQ Full MNA 0.355

Young et al.
[75]

þ 2013 134 Australia Inpatients Medical 80 65 Short NAQ Full MNA 62.2 100 100 55.8 0.89

2013 134 Australia Inpatients Medical 80 65 Short NAQ SGA 79 90.3 87.5 83.3 0.93
Lomivorotov

et al. [63]
Ø 2013 441 Russia Inpatients Cardio-vascular

disease
58 18 Short NAQ SGA 92.3 81.3 32.4 99.1

Lomivorotov
et al. [64]

þ 2013 894 Russia Inpatients Cardiovascular
disease

59 18 Short NAQ SGA 91.5 87.5 28.9 99.5

Georgiou et al.
[84]

þ 2019 170 Greece Outpatient Hepatology 59 18 Short NAQ SGA 51.3 96.2 80 86.9 0.81

Wojteczek
et al. [141]

Ø 2020 56 Poland SYSTEMIC sclerosis 54 18 Short NAQ GLIM 0.52

Abbreviations: AUC: area under the curve; CC: correlation coefficient; Full MNA: Full Mini Nutritional Assessment; GLIM: Global Leadership Initiative on Malnutrition; MNA: Mini Nutritional Assessment (short form); NUFFE:
Nutritional Form for the Elderly; NPV: negative predictive value; (PG-)SGA: (Patient Generated) Subjective Global Assessment; SNAQ: Short nutritional assessment questionnaire; SimplifiedNAQ: Simplified nutrition appetite
questionnaire; PPV: positive predictive value.
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Fig. 2. Summary of overall validity for MNA, MST, MUST, and NRS-2002. The figure is based on the algorithm developed by Skipper et al. [10]. The overall validity is given as the
median for all validation studies for the respective malnutrition screening tools. *MNA against other comparisons than Full MNA.
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sensitivity below the cut-off value of 70% sensitivity, however, the
sensitivity of MST and NRS-2002 was only slightly higher. Of the
four most validated screening tools, the NRS-2002 had the highest,
while the MNA had the lowest percentage of high-quality studies.

The validation across age groups, settings and diagnoses or
conditions varied for MNA, MST, MUST, and NRS-2002. The tools
MNA,MST, andMUSTwere validated in a broader variety of settings
as compared to NRS-2002, which was almost exclusively validated
in hospital settings. MST, MUST, and NRS-2002 were validated in
both all adults (18 years or older) and separately for older adults,
while the MNAwas mostly validated for the use in older adults (65
years and older) reflecting the target population of the MNA.

According to national quality indicators in Norway, malnutri-
tion screening is inadequate among older adults in the primary
health and care service [27]. Lack of time, resources and knowl-
edge are identified as barriers to malnutrition screening and
follow-up by community nurses [28] and in hospitals [29,30].
Given the same validity, it will therefore be of interest if the
screening tool is quick and easy to carry out in order to meet some
of the barriers to conduct screening. The four tools MNA, MST,
MUST, and NRS-2002 differ in time for completion and ease of use
as the number of items range from two (MST) to fourteen (MNA)
for initial screening, and time to complete varies from less than
2 min to about 10 min [31,32].

In total, our systematic review and the systematic review by
Skipper et al. [10] includes 126 studies of which only 47 are
included in both reviews. Even with a substantially different se-
lection of articles, our findings are in line with the results pre-
sented in the systematic review performed by Skipper et al. [10],
which summarized the findings from 67 studies published until
July of 2017. We identified 58 additional studies included in our
summary of which 30 were published after July of 2017. Thus, our
review includes 156% more studies as compared to the review
published by Skipper et al. [10]. The main reason for exclusion of
45
studies in our review, of those included in the review by Skipper
et al. [10], was the use of BMI as the sole reference standard for
malnutrition. We do not consider BMI alone as sufficient and
adequate to identify disease-related malnutrition in adults. This
decision is supported by the fact that BMI is only one of three
possible phenotypic criteria in the recently proposed GLIM diag-
nostic criteria for malnutrition [1], and in the diagnostic criteria for
malnutrition by American Society for Parenteral and Enteral
Nutrition (ASPEN) BMI is not even included [33]. In addition, if BMI
alone was appropriate for the diagnosis of malnutrition, we do not
see the need for a screening tool.

Strengths of this publication is the ability to update and extend
on previous work in the field, by including the GLIM criteria as a
comparison standard, by adding articles from the Scandinavian
countries (databases) and by adding additional years of publica-
tions. The literature search identified records that were in corre-
spondence to previous work. Additionally, 30 of the included
validation studies were published after July of 2017. The present
review used systematically methods to ensure objectivity, trans-
parency, and reproducibility of the process.

Possible limitations of the review process are related to the
ability to select relevant inclusion and exclusion criteria, as well as
relevant reference standards. Such bias may have been reduced by
involving a working group appointed by the Norwegian Directorate
of Health in discussing the selected inclusion and exclusion criteria.
This systematic review is an extension to previous reviews in the
field. Although most of the selected screening tools reported in
relevant literature were included, there is a possibility that un-
identified instruments capable of accurately predicting malnutri-
tion have been excluded. Reference standards for the validation of
screening tools were chosen on the basis of previous work [10], the
newly introduced GLIM criteria for diagnosingmalnutrition, as well
as well-known validated tools for identification of malnutrition.
Missing available data in the included studies may have excluded
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some studies from comparison with others, however the extension
of such is not known.

Comparison between subgroups were limited due to lack of
standardization in the reported description of age (range), setting,
diagnosis or condition. In order to recommend one screening tool
across health care settings, the instrument should be validated
within different age groups, settings and/or conditions or wards
where the tool will be implemented. This was only true in a
reasonable range for two of the screening tools e MST and MUST.

Risk of bias was considered for all the included studies, of which
44 studies scored neutral indicating neither exceptionally strong
nor weak data. None of the included studies were scored as nega-
tive. The reminding 61 studies scored positive, indicating clearly
addressing risk of bias related issues. The most frequent negative
scoreswere related to the lack in description of handlingwithdraws
of study participants. The most unclear scores were related to
whether blinding was used to prevent introduction of bias, as well
as some uncertainty regarding the likelihood of bias due to relevant
funding or sponsorship. Reports on the inter-rater reliability were
available for MNA, MST, MUST, and NRS-2002, although only one
article reported reliability for the MNA tool.

This systematic review was not able to identify one outstanding
screening tool for malnutrition with high validity, agreement, and
reliability for use across health care settings, diagnoses or condi-
tions, and adult age groups. The MST was supported by a consid-
erable amount of evidence, had a moderate ability to predict
malnutrition in the adult population, had supportive evidence of
reliable results, was validated across health care settings, and a
limited risk of bias. This evidence may guide decision-making for
the choice of one tool for screening of malnutrition in all levels of
the health care system in order to minimize discontinuities of care
in the transition between them. The Norwegian Directorate of
Health utilized the results of this review in the process of revising
the Norwegian guideline for prevention and treatment of malnu-
trition from 2009. The revised guidelinewas published in 2022 [34].
The decision-making process for the screening recommendation is
co-published in this number of Clinical Nutrition ESPEN [142].

As such, these results have the potential to improve communi-
cation and optimalization of nutritional care along the patient
pathway, and thus ultimately reduce the burden of malnutrition.
The results can contribute to the process of establishing a national
overview of the burden and distribution of malnutrition across
health care settings and regions, and may set an example for a
standardized, systematic malnutrition screening practice as the
first step in the implementation of GLIM in clinical practice. This
may be a starting point towards a harmonization of screening and
diagnosing for malnutrition also in other countries.

5. Conclusions

The screening tools MST and NRS-2002 display moderate con-
current validity for the identification of malnutrition in adults, of
which MST is validated across health care settings. In addition,
MNA has moderate validity for the identification of malnutrition in
adults 65 years or older.
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