Draft: Systematic review of
nutritional screening tools for adult
patients in acute hospital settings –
Nutrition screening and use of oral nutrition support
for adults in the acute care setting

February 2019

This research was funded by the Health Research Board HRB-CICER-2016-1871.

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

Acknowledgements
The Health Research Board-Collaboration in Ireland for Clinical Effectiveness Reviews (HRBCICER) would like to thank all of the individuals and organisations who provided their time,
advice and information in supporting the development of this report.
Particular thanks are due to the following members of the Guideline Development Group
who provided advice and support in the development of this report:

Professor John
Reynolds

Co-Chair of Guideline Development Group on Prevention and
Treatment of Undernutrition in the Acute Care Sector
Co-Chair of Guideline Development Group on Prevention and
Treatment of Undernutrition in the Acute Care Sector

Ms Carmel O’Hanlon

Project Dietitian for National Clinical Guideline

Mr Paul Murphy

Librarian, Royal College of Surgeons Dublin

Professor Clare
Corish

Systematic Review Subgroup

Dr Declan Byrne

The following authors provided data and clarification on studies included in this review:
Dr. Saman Khalatbari-Soltani, The University of Sydney
Dr. Khursheed Jeejeebhoy, Dr Keller, Dr Teterina and Dr Allard, University of Toronto
Dr. Ángela Martín-Palmero, San Pedro Hospital in La Rioja
Prof. Suzana Shahar, The National University of Malaysia

Page 3 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

About HRB-CICER
In 2016, the Department of Health requested that the Health Research Board (HRB) fund an
evidence synthesis service called HRB-CICER (Collaboration in Ireland for Clinical
Effectiveness Reviews) to support the activities of the Ministerial appointed National Clinical
Effectiveness Committee (NCEC). Following a competitive process, the Health Information
and Quality Authority (HIQA) was awarded the contract for the five-year period from 2017 to
2022. The HRB-CICER team comprises a dedicated multidisciplinary research team
supported by staff from the Health Technology Assessment (HTA) team in HIQA and the HRB
Centre for Primary Care Research at the Royal College of Surgeons in Ireland (RCSI), as well
as national and international clinical and methodological experts.
With regard to clinical guidelines, the role of the HRB-CICER team is to independently review
evidence and provide scientific support for the development, by guideline development
groups, of National Clinical Guidelines for the NCEC. The HRB-CICER team undertakes
systematic reviews of the clinical effectiveness and cost-effectiveness of interventions
included in the guidelines as well as estimating the budget impact of implementing the
guidelines. The HRB-CICER team also works closely with the guideline development groups;
provides tailored training sessions; assists in the development of clinical questions and
search strategies; performs systematic reviews of international clinical guidelines and
supports the assessment of their suitability for adaption to Ireland; and supports the
development of evidence-based recommendations informed by the evidence produced by
HRB-CICER within the National Clinical Guidelines.

Membership of the Evaluation Team
The members of the HRB-CICER Evaluation Team were Barrie Tyner (project lead), Dr Barbara
Clyne, Michelle O’Neill, Mahdiye Philips, Liam Marshall, Professor Susan Smith and Dr Máirín
Ryan.

How to cite this report:
Tyner B, Clyne B, O’Neill M, Philips M, Marshall L, Smith S, Ryan M. Systematic review of
nutritional screening tools for adult patients in acute hospital settings. Cork: HRB-CICER,
HIQA, 2018
Page 4 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

Table of Contents
Contents
Acknowledgements .............................................................................................................. 3
About HRB-CICER .................................................................................................................. 4
Table of Contents ................................................................................................................. 5
List of Tables ......................................................................................................................... 8
List of Figures........................................................................................................................ 9
Executive summary ............................................................................................................ 12
1 Introduction ................................................................................................................... 24
1.1 Description of condition ............................................................................................... 24
1.2 Description of the intervention .................................................................................... 25
1.3 How the intervention may work ................................................................................... 25
1.4 Purpose of this systematic review ................................................................................ 25

2 Methodology ................................................................................................................. 26
2.1 Review questions and criteria for inclusion .................................................................. 26
2.1.1

Review question one:..................................................................................... 26

2.1.2

Review question two:..................................................................................... 27

2.1.3

Review question three: .................................................................................. 28

2.2 Types of interventions .................................................................................................. 29
2.3 Reference review ......................................................................................................... 29
2.4 Exclusion criteria .......................................................................................................... 31
2.5 Search strategy............................................................................................................. 31
2.6 Study selection ......................................................................................................... 3332
2.7 Data extraction and management ............................................................................ 3332
2.7.1

Description of accuracy measures .............................................................. 3332

2.7.2

Reanalysing data ........................................................................................ 3534

2.7.3

Evidence synthesis ..................................................................................... 3534

2.7.4

Quality assessment .................................................................................... 3635

2.8 Assessing the certainty of the body of evidence using the GRADE approach ............ 3635
Page 5 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

3 Search results............................................................................................................. 3736
3.1 Search results for all review questions ..................................................................... 3736
3.2 Presentation of results according to review question ............................................... 3736
4 Results: Diagnostic accuracy of nutritional screening tools ....................................... 3938
4.1 Characteristics of included studies ........................................................................... 3938
4.1.1

Nutritional screening tools included........................................................... 4039

4.1.2

Nutritional assessment (reference tests) included ..................................... 4039

4.2 Primary and secondary outcome results for diagnostic accuracy according to NST... 4645
4.2.1

British Nutrition Screening Tool ................................................................. 4645

4.2.2

Imperial Nutritional Screening System ....................................................... 4746

4.2.3

Malnutrition Screening Tool ....................................................................... 4847

4.2.4

Malnutrition Universal Screening Tool ....................................................... 4948

4.2.5

Minimal Eating Observation Form – Version II ........................................... 5352

4.2.6

Mini Nutritional Assessment – Short Form ................................................. 5352

4.2.7

Modified Malnutrition Screening Tool ........................................................ 5453

4.2.8

Nutritional Screening of the High Specialty Medical Unit 1......................... 5554

4.2.9

Nutritional Risk Index ................................................................................. 5655

4.2.10 Nutritional Risk Score ................................................................................. 5756
4.2.11 Nutritional Risk Score 2002 ........................................................................ 5857
4.3 Diagnostic accuracy for pairwise comparisons of NSTs ............................................. 6059
4.3.1

MUST versus NRS 2002 .............................................................................. 6261

4.3.2

MUST versus MST ...................................................................................... 6362

4.3.3

MUST versus Mod-MST .............................................................................. 6463

4.3.4

MUST versus NRI........................................................................................ 6463

4.3.5

NRS 2002 versus NRI .................................................................................. 6564

4.3.6

NRS 2002 versus MNA-SF ........................................................................... 6665

4.3.7

MUST versus MNA-SF ................................................................................ 6665

4.3.8

MUST versus TN-UMAE1 ............................................................................ 6766

4.3.9

NRS 2002 versus MEONF-II ........................................................................ 6766

4.4 Methodological quality............................................................................................. 7170
Page 6 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

4.5 Certainty of the evidence ......................................................................................... 7372
4.6 Discussion and conclusion ........................................................................................ 7877
4.7 Future research ........................................................................................................ 7978
5 Results: Accuracy of NSTs to identify adverse outcomes ........................................... 8180
5.1 Characteristics of included studies ........................................................................... 8180
5.1.1

Nutritional screening tools included in question two ................................. 8281

5.1.2

Reporting of nutritional interventions ........................................................ 8281

5.2 Primary and secondary outcomes for accuracy of NSTs in identifying adverse outcomes
8685
5.2.1

Mortality .................................................................................................... 8685

5.2.2

Length of stay ............................................................................................ 9492

5.2.3

Complications ........................................................................................ 106103

5.3 Methodological quality......................................................................................... 111108
5.4 Certainty of the evidence ..................................................................................... 115112
5.5 Discussion and conclusion .................................................................................... 120117
5.6 Future research .................................................................................................... 121118
References .................................................................................................................. 122119
Appendix 1: Sample search strategy .......................................................................... 132129
Appendix 2: Excluded studies ..................................................................................... 133130

Page 7 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

List of Tables
Table 0.1 Summary of findings table for diagnostic accuracy of nutritional screening tools . 16
Table 2.1 PICOS for question one - diagnostic accuracy of nutritional screening tools ......... 26
Table 2.2 PICOS for question two – accuracy of nutritional screening tools in identifying
adverse outcomes ............................................................................................................... 27
Table 2.3 PICOS for question three - cost-effectiveness of nutritional screening tools ......... 28
Table 2.4 Changes to the review methodology from original reference review (1) ................ 30
Table 2.5 Cut-off points applied to rate the validity of the screening tool (1)..................... 3534
Table 4.1 Nutritional screening tools included in review question one ............................ 4039
Table 4.2 Characteristics of included studies in review question one .............................. 4241
Table 4.3 Primary and secondary diagnostic accuracy outcome results for BNST............. 4746
Table 4.4 Primary and secondary diagnostic accuracy outcome results for INSYST .......... 4847
Table 4.5 Primary and secondary diagnostic accuracy outcome results for MST .............. 4948
Table 4.6 Primary and secondary diagnostic accuracy outcome results for MUST ........... 5150
Table 4.7 Primary diagnostic accuracy outcome results for MEONF-II ............................. 5352
Table 4.8 Primary and secondary diagnostic accuracy outcome results for MNA-SF ........ 5453
Table 4.9 Primary diagnostic accuracy outcome results for Mod-MST ............................. 5554
Table 4.10 Primary and secondary diagnostic accuracy outcome results for TN-UMAE1 . 5554
Table 4.11 Primary and secondary diagnostic accuracy outcome results for NRI ............. 5655
Table 4.12 Primary diagnostic accuracy outcome results for NRS .................................... 5756
Table 4.13 Primary and secondary diagnostic accuracy outcome results for NRS 2002 .... 5958
Table 4.14 Pairwise comparisons of diagnostic accuracy for two or more NSTs ............... 6160
Table 4.15 Diagnostic accuracy results for pairwise comparisons of NSTs ....................... 6867
Table 4.16 Quality assessment according to QUADAS II by study ..................................... 7372
Table 4.17 Summary of findings table for diagnostic accuracy of NSTs ............................ 7574
Table 4.18 Summary of findings table for evidence relating to diagnostic accuracy of NSTs
continued ........................................................................................................................ 7675
Table 5.1 Characteristics of included studies for review question two ............................. 8382
Table 5.2 Primary outcome results for mortality in studies directly comparing two or more
NSTs ................................................................................................................................ 8987
Table 5.3 Primary outcome results for mortality for 3-MinNS ......................................... 8987
Table 5.4 Primary outcome results for mortality for MNA-SF .......................................... 9088
Table 5.5 Primary outcome results for mortality for MUST.............................................. 9189
Table 5.6 Primary outcome results for mortality for NRS 2002 ........................................ 9391
Table 5.7 Primary outcome results for length of stay in studies that directly compare two or
more NSTs....................................................................................................................... 9593
Table 5.8 Primary outcome results for length of stay for MNA-SF ................................... 9996
Page 8 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

Table 5.9 Primary and secondary outcome results for length of stay for MUST ............. 10097
Table 5.10 Primary outcome results for length of stay for NRI ....................................... 10299
Table 5.11 Primary and secondary outcome results for length of stay for NRS 2002.... 105102
Table 5.12 Secondary outcome result for length of stay for SNAQ............................... 106103
Table 5.13 Primary outcome results for complications in studies that directly compare two
or more NSTs .............................................................................................................. 107104
Table 5.14 Primary and secondary outcome results for complications for NRS 2002 ... 108105
Table 5.15 Primary outcome results for complications for MNA-SF ............................. 109106
Table 5.16 Primary outcome results for complications for MUST ................................ 110107
Table 5.17 CASP Checklist results for included studies................................................. 113110
Table 5.18 Summary of findings table for NSTs for identifying patients at increased risk of
mortality ..................................................................................................................... 115112
Table 5.19 Summary of findings table for NSTs for identifying patients at increased risk of
longer length of stay ................................................................................................... 117114
Table 5.20 Summary of findings table for NSTs for identifying patients at increased risk of
complications .............................................................................................................. 119116

List of Figures
Figure 3.1 PRISMA flow chart of article selection for the systematic review .................... 3837
Figure 4.1 Global risk of bias according to QUADAS II assessment ................................... 7170
Figure 4.2 Applicability according to QUADAS II assessment ........................................... 7271

Page 9 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

List of abbreviations that appear in this report
3-MinNS
AUC
BNST
CASP

Three Minute Nutritional Screening
Area under the receiver operator curve
British Nutrition Screening Tool
Critical Appraisal Skills Programme

CHEC-list
CCI
CI

Consensus Health Economic Criteria list
Charlson Comorbidity Index
confidence interval

GDG

Guideline development group

HR
HIV
HIQA
HRB

hazard ratio
human immunodeficiency virus
Health Information and Quality Authority
Health Research Board

HRB-CICER

Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

HTA
ICU
INSYST
ISPOR

health technology assessment
intensive care unit
The Imperial Nutritional Screening System
International Society for Pharmacoeconomics and Outcomes Research

IQR

interquartile range

Κ

Cohen’s kappa coefficient

LOS
LR+
LRMNA

length of stay
positive likelihood ratio
negative likelihood ratio
Mini Nutritional Assessment

MNA-SF
Mod-MST
MST
MUST
NCEC
NCG
NI

Mini Nutritional Assessment – Short Form
Modified Malnutrition Screening Tool
Malnutrition Screening Tool
Malnutrition Universal Screening Tool
National Clinical Effectiveness Committee
National Clinical Guideline
nutritional intervention

NPV
NR
NRS
NRS 2002
NST

negative predictive value
not reported
Nutritional Risk Score
Nutritional Risk Score 2002
Nutritional Screening Tool
Page 10 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

NRI
OR
PICOS
PPV

Nutritional Risk Index
odds ratio
population, intervention, comparison, outcomes and study design
positive predictive value

RR
SD
Se
SGA
SNAQ
Sp

relative risk
standard deviation
sensitivity
Subjective Global Assessment
Short Nutritional Assessment Questionnaire
specificity

TB
UTI

tuberculosis
urinary tract infection

Page 11 of 134

Draft Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

Executive summary
Background and objectives
Undernutrition affects a significant proportion of adult patients in hospital with nearly one
in three patients having clinically relevant signs of undernutrition on admission.
Undernutrition is associated with significant adverse events such as depression of the
immune system, impaired wound healing, and muscle wasting, which can result in longer
hospital stay, higher treatment costs and increased mortality.
Nutritional screening is a rapid and simple procedure usually completed when a patient is
admitted to hospital, which aims to identify patients at risk of undernutrition.
The purpose of this systematic review was to identify and evaluate clinical and economic
evidence on nutritional screening tools (NSTs) used in adult patients in acute hospital
settings for the detection of patients at risk of undernutrition. This systematic review will be
used to inform the proposed National Clinical Guideline (NCG), Nutrition screening and use
of oral nutrition support for adults in the acute care setting.
Three separate research questions were included:


What is the diagnostic accuracy of NSTs compared with a reference test in assessing
the nutritional status of adults at risk of undernutrition in acute settings?



What is the accuracy of NSTs in identifying adverse outcomes in adults at risk of
undernutrition in acute hospital settings?



What is the cost-effectiveness, of using NSTs for the identification of adult (nonpregnant) patients at-risk of undernutrition in acute settings?

Methods
The systematic review of the literature was carried out as follows:


A suitable systematic review (van Bokhorst-de van der Schueren et al., 2014)
identified by the GDG that had high relevance to question one and two was updated.



Comprehensive searches of OVID Medline, Embase, Web of Science, CINAHL and the
Cochrane Library from 2 February 2012 for studies relating to review question one
and two, and from 1 June 2008 for review question three, were conducted on 20
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June 2018.


Studies were assessed against inclusion and exclusion criteria. For all questions, the
population was adult (≥16 years, non-pregnant) patients at risk of undernutrition in
acute hospital settings. The following categories of studies and reports were
included:
- Review question one: cohort, cross-sectional and case-control studies
- Review question two: cohort and case-control studies
- Review question three: systematic reviews of economic evaluations, full
economic evaluation studies (cost-effectiveness analysis, cost-utility analysis
and cost-benefit analysis), costing studies and comparative resource use
studies.



Two review authors independently assessed studies for inclusion, conducted data
extraction and assessed methodological quality.



The quality of the evidence was assessed using the GRADE approach.



A narrative summary of included studies was conducted.

Results
From 2,595 citations assessed for eligibility, 29 studies were included. Fourteen studies were
relevant to question one (diagnostic accuracy of nutritional screening tools), 17 were
relevant to question two (accuracy of NSTs in identifying adverse outcomes) and there were
no identified studies relevant to question three (an economic evaluation of the costeffectiveness of NSTs).
Review question one
Fourteen studies were included in this review that assessed the accuracy of at least one
validated nutritional screening tool in identifying adult patients at risk of undernutrition in
hospital settings. In total, eleven unique NSTs were included in the review. There was large
heterogeneity across the included studies, including variation in age, disease severity,
prevalence levels of undernutrition and the reference test used as the ‘gold standard’. As a
result no meta-analysis was performed.
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The most frequently assessed NSTs in the included studies were the MUST and NRS 2002, in
eight and six studies respectively. Reported point estimates and associated confidence
intervals for both NSTs varied considerably between studies. In the four studies where they
were directly compared, a similar level of accuracy was observed. This may be due to both
NSTs sharing very similar parameters. The NRS 2002 contains the nutritional components of
the MUST, and in addition the NRS 2002 requires a graded response relating to the severity
of disease experienced by the patient, as compared to the MUST which requires a yes/no
indication of the presence of an acute illness likely to restrict a patient’s access to food for
more than five days.
Although the study quality was generally good there were some concerns across several
studies where insufficient details were reported to allow accurate assessment of the risk of
bias. When the body of evidence was assessed using the GRADE approach each NST
received a rating of very low quality highlighting the low level of certainty in the estimated
accuracy of the NSTs.
Review question two
Seventeen studies were included that assessed the accuracy of one or more validated NSTs
in identifying adverse outcomes in adults at risk of undernutrition in acute hospital settings.
One of these studies was the subject of two separate published analyses. There was large
variation in the methods used, the definition of the outcomes selected and the age and
disease severity of the populations included. As a result, meta-analysis was not performed.
Instead a narrative review was conducted.
Six NSTs in total were assessed in the included studies, NRS 2002, the MUST, the MNA-SF,
the NRI, SNAQ and the 3-minNS.
For the three outcomes of interest (mortality, length of stay and complications) all NSTs
showed positive associations. The NRS 2002 was most frequently assessed and a score of
three or more appears to consistently demonstrate a positive association between mortality,
length of stay and complications. MUST scores of one or more were also associated with
mortality and length of stay, however no study assessed the association between the MUST
and complications.
There were concerns relating to the quality of the included studies. Five studies did not
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report measuring appropriate confounders and six studies did not sufficiently take into
account confounding factors in the analysis. Only one study controlled for nutritional intake
(quantity of food intake).

Review question three
No eligible studies were identified for inclusion in the review.

Conclusion
This review highlighted that are -there are a large number of validated NSTs in existence,
which appear able to identify patients who are at a higher risk of suffering an adverse
outcome. It is not clear, if any of the NSTs are superior or if they can be considered
equivalent, as few studies included direct comparisons of more than two NSTs. The majority
of the published evidence relates to the MUST, and the NRS 2002. In the four studies where
they are directly compared the limited evidence would suggest that they have similar
accuracy levels in identifying patients at risk of undernutrition. However, the conduct and
reporting of these studies is generally poor with a high risk of bias and the findings need to
be interpreted with caution.
Future research should focus on high-quality studies that directly compare a number of NSTs
within the same cohort using an agreed core outcome set. Additionally health economic
studies should be conducted to allow for more robust analysis to inform decision making.
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Table 0.1 Summary of findings table for diagnostic accuracy of nutritional screening tools
Nutritional screening test compared to reference in identifying patients at risk of undernutrition
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Target condition: At risk of undernutrition

Index tests: Externally validated nutritional screening
tests
Reference standards: Assessment by a nutritionally
trained professional (NTP) or Mini Nutritional
Assessment (MNA) or Subjective Global Assessment
(SGA)

Nutritional Summary
screening
tool

MUST

NRS 2002

NRI

MST

NRS

№ of participants
(studies)

Sensitivity range: 61.2% to 96.6%, Specificity range: 60.7% to
2,914
93.5% (8/8 studies)
(8 cross-sectional
PPV range: 55.7% to 95.4%, NPV range: 73.9% to 98.8% (8/8
studies)
studies)
LR+ range: 5.47 to 12.52, LR- range: 0.08 to 0.19 (2/8 studies)
Reference tests ( SGA 7 studies, NTP 1 study), Index thresholds (
MUST ≥1 6 studies, MUST ≥2 1 study)
Validity* reported as poor (n=1) to fair (n=7)
Sensitivity range: 37% to 88%, Specificity range: 82% to 97.4%
2,388
(6/6 studies)
(6 cross-sectional
PPV range: 62.3% to 97.2%, NPV range: 47.0% to 92.4%
studies)
(6/6 studies)
LR+ range: 17.18 to 21.28, LR+ range: 0.17 to 0.45 (2/6 studies)
Reference test (SGA 4 studies, MNA 1 study, NTP 1 study), Index
thresholds ( NRS 2002 ≥3 6 studies)
Validity* reported as poor (n=2), fair (n=3) to good (n=1)
Sensitivity range: 43.1% to 55.1%, Specificity range: 68.1% to
1,354
89.3% (2/2 studies)
(2 cross-sectional
PPV range: 21.4% to 76.2%, NPV range: 66.3% to 90.6% (2/2
studies)
studies)
LR+: 1.73, LR-: 0.66 (1/2 studies)
Reference test (SGA 1 study, NTP 1 study), Index thresholds (NRI
<97.5 2 studies)
Validity* reported as poor (n=2)
Sensitivity range: 75.6% to 93.3%, Specificity range: 80.9% to
95% (2/2 studies)
PPV range: 54.9% to 86.7%, NPV range: 90% to 98% (2/2
studies)
Reference test (SGA 1 study, NTP 1 study), Index thresholds
(MST ≥2 2 studies) Validity* reported as fair (n=2)

436
(2 cross-sectional
studies)

Sensitivity 79% (95%CI 66.8-88.3), Specificity 66.9% (95%CI
62.7-70.9) (1/1 study)
PPV: 21.8% (95%CI 18.9-24.9), NPV: 96.5% (95%CI 94.4-97.8)
(1/1 study)

594
(1 cross-sectional
study)
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Certainty
of the
evidence
(GRADE)

⨁◯◯◯
VERY LOW
a,b,c,

⨁◯◯◯
VERY LOW
a,b,c,

⨁◯◯◯
VERY LOW
a,b

⨁◯◯◯
VERY LOW
a,b,c

⨁◯◯◯
VERY LOW
a,d
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LR+: 2.39 (95%CI 2.00-2.85), LR-: 0.31 (95%CI 0.19-0.51) (1/1
study)
Reference test (NTP 1 study), Index thresholds ( NRS ≥4, 1 study)
Validity* reported as fair
Key: LR+ – positive likelihood ratio; LR- – negative likelihood ratio; MST – Malnutrition Screening Tool; MUST - Malnutrition
Universal Screening Tool; NPV - negative predictive value; NRI – Nutritional Risk Index; NRS - Nutritional Risk Score; NRS
2002 – Nutritional Risk Score 2002; PPV – positive predictive value.
*validity rating based on framework used in van der Schueren (2014)
Explanations: a. Risk of bias, b. Inconsistency in reference test and/or threshold, c. Small sample sizes, d. Single study not
generalisable
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Summary of findings table for diagnostic accuracy continued
Nutritional screening test compared to reference in identifying patients at risk of undernutrition
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Target condition: At risk of undernutrition

Index tests: Externally validated nutritional screening tests
Reference standards: Assessment by a nutritionally trained
professional (NTP) or Mini Nutritional Assessment (MNA)
or Subjective Global Assessment (SGA)

Nutritional Summary
screening
tool

BNST

Mod-MST

Sensitivity: 87.7% (95%CI 83.9-90.3), Specificity: 61.7% (95%CI
57.5-66.5) (1/1 study)
PPV: 79.0% (95%CI 68.9-77.1). NPV: 73.1% (95%CI 75.1-82.9)
(1/1 study)
Reference test (NTP 1 study), Index threshold (1 x BNST ≥4, 1
study)
Validity* reported as fair

Sensitivity: 77.1% (95%CI 65.6-86.3), Specificity: 83.3%
(95%CI77.3-88.3) (1/1 study)
PPV: 62.8% (95%CI 54.5-70.4), NPV: 90.9% (95%CI 86.6-93.9)
(1/1 study)
Reference test (SGA 1 study), Index threshold (Mod-MST ≥2, 1
study)
Validity* reported as fair

№ of participants
(studies)

Certainty
of the
evidence
(GRADE)

414
(1 cross-sectional
study)

⨁◯◯◯
VERY LOW

262
(1 cross-sectional
study)

⨁◯◯◯
VERY LOW

Sensitivity 70% (95%CI 57.5-79.8), Specificity 53.5% (95%CI
33.9-72.5) (1/1 study)
PPV 79.6% (95%CI 71.5-85.5), NPV 41.6% (95%CI 29.5-52.7)
100
(1/1 study)
TN-UMAE1
(1 cross-sectional
Reference test (SGA, 1 study), Index threshold (TN-UMAE1 ≥4, 1
study)
study)
Validity*reported as poor

MEONF-II

INSYST

Sensitivity: 61% (95%CI 46-74), Specificity 79% (95%CI 62-91)
(1/1 study)
PPV: 82% (95%CI 66-92). NPV 57% (95%CI 42-72) (1/1 study)
Reference test (MNA 1 study), Index threshold (MEONF-ll ≥3 1
study)
Validity* reported as poor

INSYST: Sensitivity 95.2% (95%CI 76.2-99.9), Specificity 65%
(95%CI 48.3-79.4) (1/1 study)
PPV 58.8% (95%CI 48.1-68.8), NPV 96.3% (95%CI 79.1-99.4)
(1/1 study)
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a,d

a,c,d

⨁◯◯◯
VERY LOW
a,c,d

87
(1 cross-sectional
study)

⨁◯◯◯
VERY LOW

61
(1 cross-sectional
study)

⨁◯◯◯
VERY LOW

a,c,d

a,e
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Reference test (MNA 1 study), Index threshold (INSYST ll ‘at risk’
and ‘high risk’ combined, 1 study)
Validity* reported as poor
Key: INSYST - The Imperial Nutritional Screening System; PPV – positive predictive value; NPV – negative predictive value;
LR+ – positive likelihood ratio; LR- – negative likelihood ratio; Mod-MST – Modified Malnutrition Screening Tool; MEONF-II Minimal Eating Observation and Nutrition Form - Version II; BNST – British Nutritional Screening Tool; TN-UMAE1 - Tamizaje
Nutricional de la Unidad Médica de Alta Especialidad (Nutritional Screening of the Unit. High Specialty Medical) 1
*validity rating based on framework used in van der Schueren (2014)
Explanations: a. Risk of bias, b. Inconsistency in reference test and/or threshold, c. Small sample sizes, d. Single study not
generalisable
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Table 0.2 Summary of findings table for NSTs for identifying patients at increased risk of mortality
NSTs compared to other validated NST for identifying patients at increased risk of mortality
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening tests
Target condition: Mortality
Comparison: none or other externally validated NST
Nutritional
screening
tool

Summary

№ of participants
(studies)

Certainty
of the
evidence
(GRADE)

NRS 2002

NRS 2002 (≥3) and in-hospital mortality:
OR range: 1.57 to 17.05 (4/6 studies). Validity* rating
ranging from poor (n=2) to good (n=1).
AUC 0.7948 (1/6 studies). Validity* fair.
NRS 2002 (≥3) and 30-day mortality:
OR 4.76 (95% CI 3.60–6.30) (1/6 studies). Validity* good.
NRS 2002 (≥3) and 1-year mortality:
OR 4.07 (95% CI 2.90-5.70) (1/6 studies). Validity* fair.
NRS 2002 (≥3) and fatal outcome
OR 6.18 (95% CI 3.45-11.07) (1/6 studies). Validity*
good.

28,913‡
6 studies
(4 prospective cohort
studies, 2 retrospective
cohort studies)

⨁◯◯◯
VERY LOW

MUST (≥2) and in-hospital mortality:

1,705
2 studies
(1 prospective cohort
study, 1 retrospective
cohort study)

⨁◯◯◯
VERY LOW

MNA-SF (≤7) and 30-day mortality:
HR: 1.6 (95% CI 1.02-2.6) (1/2 studies) Validity* poor.
MNA-SF (≤7) and in-hospital mortality:
HR: 2.7 (95% CI 1.3-5.9) (1/2 studies) Validity* poor.
MNA-SF (≤11) and mortality (undefined):
AUC: 0.758 (1/2 studies) Validity* fair.

1,023
2 studies
(2 prospective studies)

⨁◯◯◯
VERY LOW

3-MinNS (≥3) and 1-year mortality: RR: 4.33 (95% CI

818
1 study
(1 prospective study)

⨁◯◯◯
VERY LOW

MUST

OR 5.9 (95% CI 3.4–10.4) (1/2 studies) Validity* good.
AUC: 0.77 (1/2 studies) Validity* fair.
MUST (≥1) and in-hospital mortality:
AUC: 0.636 (1/2 studies) Validity* fair.
MNA–SF

3-MinNS

2.23-8.40) (1 study) Validity* fair.
3-MinNS (≥3) and 2-year mortality:
RR: 2.55 (95% CI 1.58-4.14) (1 study) Validity* poor.
3-MinNS (≥3) and -year mortality:

a,b

a,c

a,c,d

b,c,d,e,

RR: 2.40 (95% CI 1.58-3.65) (1 study) Validity* poor.
Key: 3-MinNS – Three Minute Nutritional Screening; AUC – area under the curve; CI – confidence interval; LR+ – positive
likelihood ratio; LR- – negative likelihood ratio MNA-SF – Mini Nutritional Assessment – Short Form; MUST – Malnutrition
Universal Screening Tool; NPV – negative predictive value; NRS 2002 – Nutritional Risk Score 2002; OR – odds ratio PPV –
positive predictive value.
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NSTs compared to other validated NST for identifying patients at increased risk of mortality
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening tests
Target condition: Mortality
Comparison: none or other externally validated NST
‡1 study reported hospitalisations (n=8541); *validity rating based on framework used in van der Schueren (2014).
Explanations: a. Confounding factors were not taken into account, b. Cohort was not recruited in an acceptable way, c.
Small sample sizes and wide confidence interval, d. May not be applicable to local setting, e. Only one study

Table 0.3 Summary of findings table for NSTs for identifying patients at increased risk of longer
length of stay
NSTs compared to other validated NST for identifying patients at increased risk of length of stay
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening
tests

Target condition: Length of stay
Comparison: none or other externally validated NST

Nutritional
Summary
screening tool

№ of participants
(studies)

NRS 2002

17,408
⨁◯◯◯
a,
7 studies
VERY LOW
(6 prospective cohort b, c
studies, 1
retrospective study)

NRS 2002 (≥3) and being discharge-free over time
HR range: 0.55 to 0.61 (2/7 studies)
NRS 2002 (≥3) and LOS ≥16 days
OR 1.5 (95% CI 0.8-2.5) (1/7 studies) Validity* poor.
AUC 0.651 (1/6 studies) Validity* poor.
NRS 2002 (≥5) and LOS ≥11 days
OR 2.9 (95% CI 1.7–4.9) (1/7 studies) Validity* poor.
NRS 2002 (3-4) and LOS ≥11 days
OR 2.2 (95% CI 1.4–3.5) (1/7 studies) Validity* poor.
NRS 2002 (≥3) and LOS ≥7 days
OR: 1.45 (95% CI 1.04-2.01) (1/7 studies) Validity*
poor.
NRS 2002 (≥3) and >90th percentile of LOS
OR range: 0.86 to 1.13 (1/7 studies) Validity* poor.
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MUST

MUST (≥1) and LOS ≥16 days
AUC 0.611 (1/4 studies) Validity* fair
MUST (≥2) and LOS ≥11 days

2,677
4 studies
(4 prospective
studies)

⨁◯◯◯

NRI (<83.5) and LOS ≥11 days
OR range: 2.4 to 2.9 (2/2 studies) validity* poor.
NRI (83.5 to 97.5) and LOS ≥11 days
OR range: 1.5-1.9 (2/2 studies) validity* poor.

2,268
2 studies
(2 prospective
studies)

⨁◯◯◯
VERY LOW

MNA-SF (≤11)
AUC 0.612 (1 study) validity* fair.

705
1 study
(1 prospective study)

⨁◯◯◯
VERY LOW

OR 3.1(95% CI 2.1–4.7)(1/4 studies) Validity* fair
MUST (=1) and LOS ≥11 days

VERY LOW

b,c

OR 1.1 (95% CI 0.4–3.2) (1/4 studies) Validity* poor.
MUST and LOS ≥7 days
OR 2.42 (95% CI 1.52–3.84) (1/4 studies) Validity*
poor.
MUST (≥2) and being discharge-free over time
HR 0.67 (95% CI 0.55-0.81) (1/4 studies)
MUST (=1) and being discharge-free over time
HR 0.75 (95% CI 0.60-0.95) (1/4 studies)
NRI

MNA-SF

a, b, c

a, b

Key: AUC - Area under the curve; HR - Hazard ratio; OR - Odds ratios; MNA-SF – Mini Nutritional Assessment – Short Form;
MUST - Malnutrition Universal Screening Tool; NRI – Nutritional Risk Index; NRS 2002 - Nutritional Risk Score 2002; SNAQ Short Nutritional Assessment Questionnaire.
* validity rating based on cut-offs by van der Schueren (2014)

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different
from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be
substantially different from the estimate of effect
Explanations: a. Confounding factors were not taken into account, b. Cohort was not recruited in an acceptable way, c.
Small sample sizes and wide confidence interval, d. May not be applicable to local setting, e. Only one study
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Table 0.4 Summary of findings table for NSTs for identifying patients at increased risk of
complications
NSTs compared to other validated NST for identifying patients at increased risk of
complications
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening tests
Target condition: Complications
Comparison: none or other externally validated NST
Nutritional Summary
screening
tool

№ of
participants
(studies)

Certainty
of the
evidence
(GRADE)

NRS 2002

NRS 2002 ≥3 and moderate or severe complication
OR 1.9 (95% CI 1.1-3.5) (1/2 studies) validity* poor
NRS 2002 ≥3 and severe complication
OR 2.6 (95% CI 1.1-6.4)(1/2 studies) validity* poor
NRS 2002 ≥3 and disease complications
AUC 0.653 (1/2 studies) validity* fair
NRS 2002 ≥3 and complication
AUC 0.768 (1/2 studies) validity* fair

762
2 studies
(2 prospective
cohort studies)

⨁◯◯◯
VERY LOW

MNA-SF ≤11
AUC: 0.650 (1 study) validity* fair

705
1 study
(1 prospective
cohort study)

⨁◯◯◯
VERY LOW

705
1 study
(1 prospective
cohort study)

⨁◯◯◯
VERY LOW

MNA-SF

MUST

MUST ≥1
AUC 0.604 (1 study) validity* fair

a,b,c

a, b,c,e

a, b,c,e

Key: AUC - Area under the curve; OR - Odds ratios; NRS 2002 - Nutritional Risk Score 2002; MNA-SF – Mini
Nutritional Assessment – Short Form; MUST - Malnutrition Universal Screening Tool;
* validity rating based on cut-offs by van der Schueren (2014)
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different
from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be
substantially different from the estimate of effect
Explanations: a. Confounding factors were not taken into account, b. Cohort was not recruited in an acceptable way, c.
Small sample sizes and wide confidence interval, d. May not be applicable to local setting, e. Only one study
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1 Introduction
The development of evidence-based clinical guidelines requires a holistic approach to
evidence identification and appraisal. Accordingly, the National Clinical Effectiveness
Committee (NCEC) recommends inclusion of evidence on both the clinical- and costeffectiveness of health technologies in the development of all National Clinical Guidelines.(2)
Additionally, the evidence should be identified by a systematic search that is thorough,
reproducible and transparent.
This systematic review was conducted to support the Undernutrition guideline development
group (GDG), who are preparing the clinical guideline, Nutrition screening and use of oral
nutrition support for adults in the acute care setting, for the Irish healthcare system.

1.1 Description of condition
Undernutrition denotes insufficient intake of energy and nutrients to meet an individual's
needs to maintain good health. Nearly one in three patients entering Irish hospitals have
been found to have clinically relevant signs of undernutrition. (3, 4)
Within the literature, undernutrition is used synonymously with malnutrition, although in
the broader context malnutrition covers both undernutrition and overnutrition. For this
systematic review it is undernutrition that is of interest only.
In developed countries, causes of undernutrition include acute and chronic diseases, drugrelated side effects, and socioeconomic factors, while in-hospital causes include factors such
as nil by mouth, patients not being fed by other routes, multiple episodes of fasting before
investigations and lack of feeding assistance for patients who may require it. (5)
Unidentified undernutrition heightens the risk of adverse complications for patients, such as
depression of the immune system, impaired wound healing and muscle wasting, which can
result in longer lengths of hospital stay, higher treatment costs and increased mortality.(6)
The annual cost of adult in-patient care attributable to disease-related undernutrition in
Ireland has been estimated to be €720 million. (7)
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1.2 Description of the intervention
Nutritional screening is a rapid and simple procedure usually completed when a patient is
admitted to hospital, with the purpose of identifying patients at risk of undernutrition.
Nutritional screening tools (NSTs) have been developed for use in a variety of settings
including adult acute settings. (1, 8-10) However, there is wide variation in the characteristics,
application and validity of these NSTs.(11)
Nutritional screening tools have been developed for different aims, applications and
processes. For example, the Malnutrition Universal Screening Tool (MUST) was designed to
identify the need for nutritional support as well as establishing nutritional risk (status),
whereas the Subjective Global Assessment (SGA) is mostly used to predict adverse clinical
outcomes including the incidence of infection, use of antibiotics and length of stay. (12) There
is no agreed definition of undernutrition or a gold standard assessment tool.

1.3 How the intervention may work
A nutritional screening tool is used to identify patients at risk of undernutrition. Once
identified further nutritional assessment is needed.(13) In the Irish context, the Food and
Nutritional Care in Hospitals: Guidelines for Preventing Under-Nutrition in Acute Hospitals
recommends “identification of a patient at nutritional risk must be followed by a nutritional
assessment by a clinical nutritionist/dietitian, and a locally agreed care plan, implemented as
a result of the screening process, should be used to allocate specific diets to the patient”. (14)

1.4 Purpose of this systematic review
Undernutrition affects a significant proportion of adult acute patients and is associated with
significant adverse events. As it is relatively quick and easy to identify and treat, failure to
establish systems for the detection and appropriate treatment of undernutrition places
service users at increased avoidable risk.
The purpose of the systematic review was to identify and evaluate clinical and economic
evidence on nutritional screening tools used in adult patients in acute hospital settings for
the detection of patients at risk of undernutrition. This systematic review will be used to
inform the proposed National Clinical Guideline, Nutrition screening and use of oral nutrition
support for adults in the acute care setting.
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2 Methodology
This systematic review presents the available national and international evidence on the
clinical effectiveness and cost-effectiveness of NSTs in acute hospital settings to detect
adults at risk of undernutrition.
The reporting of this systematic review follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses of Diagnostic Test Accuracy Studies (PRISMA-DTA).(15) The review
also follows the national guidelines for the retrieval and interpretation of economic
literature.(16) This proposed methodology for the systematic review was outlined in a
protocol that was agreed by the Undernutrition GDG in July 2018 and was registered on the
PROSPERO database of systematic reviews and meta-analyses: CRD42018102358.
(link: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=102358)

2.1 Review questions and criteria for inclusion
The systematic review was developed to answer three research questions. Each review
question was formulated in line with the PICOS (population, intervention, comparator,
outcome, study design) framework(17) and is presented in Tables 2.1 to 2.3.
2.1.1 Review question one:


What is the diagnostic accuracy of nutritional screening tools compared with a
reference test in assessing the nutritional status of adults at risk of undernutrition in
acute settings?

Table 2.1 PICOS for question one - diagnostic accuracy of nutritional screening tools

Population
Intervention

Comparator

Adult (≥16 years, non-pregnant) patients at risk of undernutrition in acute
hospital settings admitted to an adult ward or single rooms.
Nutritional screening tool (e.g. MUST)
- only include if NST was externally validated or if the study is an external
validation study using a different population
- unmodified
- for general hospital population (i.e. not specific risk groups e.g. cancer
patients or for specific age groups)
Reference standard (as listed in section 2.2)
- assessment by nutritionally-trained professional i.e. trained dietitian or
a clinician who had been nutritionally trained
- assessment tools MNA or SGA
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Outcome

Study design

Primary outcomes:
- sensitivity and specificity
- positive predictive values, negative predictive values and likelihood ratios
Secondary outcomes:
- correlations coefficients
- area under the receiver operator curve
- kappa
Cohort, cross-sectional and case-control studies

Key: MUST - Malnutrition Universal Screening Tool; MNA - Mini Nutritional Assessment; NST Nutritional screening tool; SGA - Subjective Global Assessment.

2.1.2 Review question two:


What is the accuracy of nutritional screening tools in identifying adverse outcomes in
adults at risk of undernutrition in acute hospital settings?

Table 2.2 PICOS for question two – accuracy of nutritional screening tools in identifying adverse
outcomes

Population
Intervention

Comparison
Outcomes

Adult (≥ 16 years, non-pregnant) patients at risk of undernutrition in acute
hospital settings admitted to an adult ward or single rooms.
Nutritional screening tool (e.g. MUST)
- only include if NST was externally validated or if the study is an external
validation study using a different population
- unmodified
- for general hospital population (i.e. not specific risk groups e.g. cancer
patients)
None or other nutritional screening tool that has been externally validated
Primary outcomes:
The accuracy in identifying the clinical outcomes:
- length of stay
- mortality
- (Postoperative) complications (e.g. depression of the immune system,
impaired wound healing, and muscle wasting)
As measured by:
- hazard ratios
- odds ratios
- relative risks
- area under the receiver operator curve
Secondary outcomes:
- sensitivity and specificity
- positive predictive values, negative predictive values and likelihood ratios
- standardised regression coefficient
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Study design

- correlations
Cohort, case-control

Key: MUST - Malnutrition Universal Screening Tool; NST - Nutritional screening tool

2.1.3 Review question three:


What is the cost-effectiveness, of using nutritional screening tools for the
identification of adult (non-pregnant) patients at-risk of undernutrition in acute
settings?

This review question is concerned with the cost-effectiveness of nutritional screening tools.
Effectiveness refers to the early detection of patients with undernutrition that can trigger
nutritional support which leads to clinical benefits in terms of the prevention of adverse
outcomes. As such, the cost-effectiveness of the NSTs is determined by the clinical benefits
(from receiving treatment) associated with early detection of undernutrition relative to the
associated costs of using the screening tool.
Table 2.3 PICOS for question three - cost-effectiveness of nutritional screening tools

Population
Intervention

Comparison
Outcomes

Adult (≥16 years, non-pregnant) patients at risk of undernutrition in
acute hospital settings admitted to an adult ward or single rooms.
Nutritional screening tool (e.g. MUST)
- only include if externally validated
- unmodified
- for general hospital population (i.e. not specific risk groups e.g. cancer
patients)
Usual care or another validated nutritional screening tool
Primary outcomes:
Cost utility analysis:
-QALYs
-HYE
-DALYs
Cost-effectiveness analysis:
-Cost per unit of effect (cost per LYG)
-Effects per unit cost (LYG per Euro spent)
Cost-benefit ratios:
-ICERs
-Incremental cost-per QALY
Secondary outcomes:
Any measure of economic outcomes:
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1. Resource use
-Length of stay (hospital or ICU/HDU), including percentage differences
-Average time take to conduct
-Time taken for dietary assessments and the protocols used (including
criteria used within the nutritional screening programme for accessing
dietitians).

Study design

2. Costs
-Implementation costs (including disaggregation by time use and by
grade of staff implementing)
-Escalation costs
-Service utilisation costs
-Direct medical costs (e.g. cost of the consultations and subsequent oral
nutritional supplement, disaggregate all contributing elements and
describe treatment and screening protocols)
-Indirect medical costs
-Education costs and cost savings
-Data on savings dues to reduced complications
Systematic reviews of economic evaluations, full economic evaluation
studies (cost-effectiveness analysis, cost-utility analysis and cost-benefit
analysis), costing studies and comparative resource use studies.

Key: DALY - disability adjusted life year; HDU - high dependency unit; HYE - health year
equivalent; ICER - incremental cost-effectiveness ratio; ICU - intensive care unit; LYG - life year
gained; MUST - Malnutrition Universal Screening Tool; QALY - quality-adjusted life year.

2.2 Types of interventions
Nutritional screening tools were included if they were externally validated in a different
population or clinical setting to which they were developed and if they were validated
against one or more reference tests considered to be gold standards. In the absence of a
gold standard for nutritional screening, three types of assessment were considered as valid
reference tests, this was informed by previous systematic reviews:(1, 18-20)


assessment by nutritionally-trained professional i.e. trained dietitian or a clinician
who had been nutritionally trained



the assessment tool MNA (Mini Nutritional Assessment)(21)



the assessment tool SGA (Subjective Global Assessment).(22)

2.3 Reference review
A systematic review was identified by the GDG that had high relevance to the first two
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clinical questions. This systematic review, by van Bokhorst-de van der Schueren et al., (1)
included all known NSTs, validated or otherwise, for adults and older people. It included
hospital, care home and community settings, and searched all major databases up to
February 2012. It was selected to inform this review, hereafter referred to as the reference
review.(1)
The methodology to address review questions one and two was informed by the reference
review. Specifically, the choice of ‘valid’ reference standards in the absence of an agreed
gold standard, the search strategy and language limitations used by van Bokhorst-de van der
Schueren et al. were adapted for use in this review. A number of changes were made. These
included a more restrictive inclusion criteria to only include externally validated NSTs in
adult hospital settings, quality appraisal of included studies using validated tools and the
exclusion of studies reporting p values only. See Table 2.4 for a complete list of the changes.
In addition, pre-defined cut-off points to rate the validity of the screening tools that were
used by the reference review(1) are reported in this review (see Table 2.4).
Table 2.4 Changes to the review methodology from original reference review (1)

Changes

Rationale

Quality appraisals tools were used: QUADAS 2, CASP,
CHEC-list, ISPOR checklist
Systematic reviews were excluded but reference lists
were checked to identify potentially relevant studies
for inclusion
Studies that report insufficient data were excluded
(e.g. only p-values)
Only studies which compared an NST against one of
the three defined reference tests were included (see
section 2.2)
Studies only concerning elderly populations were
excluded
“Objective assessment by professional as reference
test” and “Nutritional assessment and
anthropometry” was replaced with: “Assessment by
nutritionally-trained professional i.e. trained dietitian
or a clinician who had been trained in nutritional
measurement”.

To assess risk of bias and
applicability of included studies
To improve the comprehensiveness
of the search
Would not provide robust evidence
for decision making
Comparisons against other
methods/reference tests were
considered to be less valid
Scope of guideline is for adults
(≥16)
To provide further clarity on the
meaning of professional in this
context.

Key: CASP - Critical Appraisal Skills Programme; CHEC-list - Consensus health economic criteria
list; ISPOR - International society for pharmacoeconomics and outcomes research; NST nutritional screening tool; QUADAS 2 - Quality assessment of diagnostic accuracy studies
checklist version 2.
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2.4 Exclusion criteria
Exclusion criteria were informed by the reference review (1) and are as follows:


For review question one and two, studies published before 2 February 2012.



For review question three, studies before June 2008 were not considered. Economic
studies published more than ten years ago are not considered to be relevant to
informing clinical guideline recommendations.



NSTs that were not externally validated.



Systematic reviews, although if identified, their reference lists were reviewed for
studies that met the eligibility criteria and if appropriate these were included within
the review.



Studies including less than 25 patients.



Modified versions of a NST, e.g. A modified Mini Nutritional Assessment without
BMI.



NSTs that are only applicable to specific risk groups, e.g. NSTs specifically developed
for haemodialysis patients.



NSTs exclusively consisting of laboratory values as the first step, e.g. Prognostic
Nutritional Index, CONUT, INFONUT, Maastricht Index.



Studies using the same set of questions in the NST and in the reference test.



Certain publication types: editorials, letters, conferences abstracts, commentaries
etc.



Studies that did not report sufficient data (e.g. only report p-values)



Articles not available in English, French, German, Spanish, Portuguese or Dutch.

2.5 Search strategy
Electronic searches were performed on 20 June 2018 by Paul Murphy, Information Specialist,

Formatted: Justified, Line spacing: 1.5 lines

RCSI. Databases searched included Medline, Embase, Web of Science, CINAHL and the
Cochrane Library from 2 February 2012 for studies relating to review question one and two
and from 1 June 2008 for review question three. A sample search strategy is provided in
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Appendix 1: Sample search strategy
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Appendix 1: Sample search strategy.

2.6 Study selection
All potentially eligible citations identified in the searches were exported to Endnote X7©
where duplicates were identified and removed. The titles and abstracts of the remaining
citations were reviewed independently by two people as per the inclusion and exclusion
criteria to eliminate clearly irrelevant citations. The full texts for the remaining citations were
obtained and together with the full texts from the reference review (1) were independently
evaluated by two members of the team for inclusion. Any disagreements were resolved by
discussion, or if necessary, a third reviewer (team members or members of the GDG with
clinical and subject matter expertise).

2.7 Data extraction and management
Data extraction was performed independently by two people with any disagreements
resolved by discussion. Data extraction forms were drafted and piloted using three included
articles per review question. Following minor changes the data extraction forms were
standardised and used by both reviewers.
For review questions one and two, where true positives (TP), false positives (FP), true
negatives (TN) and false negatives (FN) were not directly reported in the papers, efforts were
made to calculate these values using the data provided, and when necessary the
corresponding authors were contacted. Where sensitivity and specificity, positive and
negative predictive values, likelihood ratios and their corresponding 95% confidence
intervals were not presented, these were calculated based on the reported data using an
online calculator.(23)
2.7.1 Description of accuracy measures
The primary and secondary outcomes for review question one included a range of accuracy
measures. These were sensitivity and specificity, positive and negative predictive value,
positive and negative likelihood ratios, area under the receiver operator curve and Cohen’s
kappa coefficient. Below are short descriptions for each of these accuracy measures.
Sensitivity (Se) is the ability of a screening test to accurately identify those who have the
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disease, that is, the proportion of people with the disease who have a positive test result. A
more sensitive test will result in fewer people receiving a false negative result. Specificity
(Sp) of a screening test is its ability to correctly identify those who do not have the disease,
that is, the proportion of people without the disease who have a negative test result. A test
with a high specificity will result in fewer people receiving a false positive result. While it is
obviously desirable to have a test that is both highly sensitive and highly specific, usually this
is not possible, and there is a trade-off to be made between sensitivity and specificity.
According to cut-offs used in the reference review(1) screening tests where both sensitivity
and specificity estimates were above 80% were considered to be good. See Table 2.5 for a
list of these cut-off points.
Another way to consider the accuracy of a screening test is to look at the positive predictive
value (PPV): the proportion of patients with a positive test who actually have the disease;
and negative predictive value (NPV): the proportion of patients with a negative test who are
actually free of the disease. These predictive values vary according to the underlying
prevalence of the disease; as prevalence of disease in a population approaches zero, the PPV
of a test approaches zero. Conversely, as prevalence approaches 100%, the NPV of a test
approaches zero (that is all negative results will be false negatives). The more sensitive a test
is, the higher its NPV will be, while the more specific it is, the higher its PPV will be.
Positive and negative likelihood ratios (LR+ and LR-) are both ratios of the probability that a
result is correct to the probability that the result is incorrect. They provide information on
how many times more (or less) likely patients with the disease are to have that particular
result than patients without the disease. A likelihood ratio of 1 indicates a poor test where
there is no difference in test results between those that do and do not have the disease. A
likelihood ratio of greater than 1 indicates the test result is associated with the disease. A
likelihood ratio less than 1 indicates that the result is associated with absence of the disease.
The receiver operator curve plots sensitivity against 100-specificity, the area under the curve
(AUC) measures the area underneath this curve on a scale of 0 to 1. A test with a value of 1
is a perfect test, with all individuals correctly identified as having or not having the condition
of interest. A test result of 0.5 can be considered no better than chance. Screening tests with
higher AUCs are preferred over those with lower AUCs. As the AUC value is a global value it
does not tell us about the individual parameters i.e. sensitivity and specificity. Thus tests
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with identical or similar AUC values can have significantly different sensitivity and specificity
estimates. This can have clinical significance not captured by comparing AUC values only.
AUC is not influenced by the underlying prevalence of the condition of interest. A screening
test with an AUC value greater than 0.8 was considered to be good according to the cut-offs
used in the reference review (see Error! Reference source not found.).
Cohen's kappa coefficient (κ) measures agreement between the NST and reference test
values. A kappa value can range from -1 to 1, with 1 representing prefect agreement and
zero representing the amount of agreement expected by chance. According to cut-offs used
in the previous review,(1) Kappa values greater than 0.6 were considered good (see Table
2.5).

Table 2.5 Cut-off points applied to rate the validity of the screening tool (1)

Good

Fair

Poor

Sensitivity/Specificity

Se AND Sp
>80%

Se OR Sp <80%, but both
>50%

Se OR Sp
<50%

AUC

>0.8

0.6–0.8

<0.6

Correlation Coefficient

>0.75

0.40–0.75

<0.40

Kappa

>0.6

0.4–0.6

<0.4

Odds Ratio/Hazard
Ratio

>3

2–3

<2

Key: AUC - area under the receiver operator curve; Se – sensitivity; Sp – specificity.

2.7.2 Reanalysing data
Where appropriate, when overall sample means and standard deviations were not reported,
sum of means with standard deviations were calculated using the reported subgroup means,
and corresponding standard deviations using an online calculator.(24)
2.7.3 Evidence synthesis
For all review questions a narrative review was performed due to the heterogeneity of the
included studies, the lack of comparable index test thresholds, and the lack of comparable
references tests in review question one and the lack of comparable outcomes for review
question two.
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2.7.4 Quality assessment
The methodological quality for studies included in question one was assessed using the
Quality Assessment of Diagnostic Accuracy Studies checklist (QUADAS-2).(25) As
recommended when using this checklist, it was tailored for scoring items, and piloted by two
reviewers independently on four included studies before being applied throughout. For
studies included in question two, risk of bias and applicability was assessed using The Critical
Appraisals Skills Programme (CASP) checklist.(26) Assessment of the quality of all included
studies was performed by two people independently with any disagreement being resolved
through discussion.

2.8 Assessing the certainty of the body of evidence using the GRADE
approach
Summary of findings tables using the GRADE pro software were generated for the primary
outcomes for review question one and two. The certainty of the evidence for each outcome
was assessed using the GRADE approach as outlined in the GRADE handbook.(27) There are
four levels in total. These are high, moderate, low, and very low. In contrast to questions of
effectiveness, in which the GRADE approach specifies that a body of randomized controlled
trials begins as high quality evidence and a body of observational evidence as low quality, for
studies of diagnostic accuracy (review question one) a body of cross sectional or prospective
cohort studies begins as high quality.(28) For prognostic studies (review question two) a body
of longitudinal cohort studies begins as high quality evidence.(29) Evidence was downgraded
by one level for serious (or by two levels for very serious) limitations, depending on the
assessments of the risk of bias, indirectness of evidence, serious inconsistency, imprecision
of effect estimates, or potential publication bias. (30)
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3 Search results
3.1 Search results for all review questions
The search strategy for all review questions identified 3,353 potentially relevant records
through searching the listed electronic databases. After the exclusion of duplicates, 2,595
remaining records were screened independently by two reviewers, with a further 2,469
references excluded based on titles and abstracts. A total of 126 full-text articles were
assessed for eligibility. Of these, 97 references were excluded according to the inclusion and
exclusion criteria (Appendix 2). This resulted in 29 studies being included in the review of
which nine were from the reference review.(31-39) Manual checking of the reference lists of
included studies identified one further eligible study.(40) Bringing the total number of studies
included in this review to 30, with two studies included in both question one and two. The
breakdown of eligible studies for each review question is:


N=14 studies for question one (diagnostic accuracy of nutritional screening tools
(NSTS))



N=17 studies for question two (accuracy of NSTs in identifying adverse outcomes)



N=0 studies for question three (economic evaluation of the cost-effectiveness of
NSTs)

This process is shown in Figure 3.1 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow chart.

3.2 Presentation of results according to review question
The results and quality appraisal and summary of the evidence for review questions one and
two are presented in chapters 4 and 5 respectively. For review question three, no studies
were identified that met the eligibility criteria and this review question is not reported in
subsequent chapters.
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Identification

Figure 3.1 PRISMA flow chart of article selection for the systematic review

Records identified through reference
review(1) and database searching
(n =3,353)

Screening

Duplicates removed
(n = 758)

Included

Eligibility

Records screened
(n = 2,595)

Full-text articles assessed
for eligibility
(n = 126)

Additional studies
identified through
hand-searching
reference lists
(n = 1)

Records excluded
(n = 2,469)

Full-text articles excluded (n = 97)
Irrelevant study design (n=23)
NST not externally validated (n=8)
Irrelevant population (n=25)
Irrelevant reference test (n=11)
Outcome not available (n=22)
Not an NST (n=8)

Studies included
(n = 30)

Total studies included in review (n=30*)
Question one (n=14)
Question two (n=17)
Question three (n=0)

*Note some studies are eligible for inclusion in more than one review question and therefore the
total number of studies across all questions does not sum to n=30.
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4 Results: Diagnostic accuracy of nutritional screening tools
This chapter focusses on the literature relevant to question one of the review. “What is the
diagnostic accuracy of nutritional screening tools compared with a reference test in
assessing the nutritional status of adults at risk of undernutrition in acute settings?” The
characteristics of the included studies and the diagnostic accuracy results are presented in
section 4.1. The primary outcomes (sensitivity, specificity, positive and negative predicative
values, and positive and negative likelihood ratios) and secondary outcomes (correlations
coefficients, area under the curve and kappa) are presented in section 4.2. Evidence from
studies that performed pairwise comparisons of two NSTs are presented in section 4.3. The
results of the quality assessment of the included studies are presented in section 4.4.

4.1 Characteristics of included studies
There were 14 studies(31, 35-47) eligible for inclusion. These studies were conducted across 11
different countries including four in Spain,(42-44,

46)

and one each in Ireland,(31) Turkey,(41)

Australia,(40) Brazil,(37) Iran,(36) Malaysia,(45) Mexico,(47) Sweden,(39) Switzerland(35) and the
UK.(38) Twelve studies(31, 35-41, 43-46) were published in English and two(42, 47) in Spanish. See
Table 4.2 for a list of included studies and their characteristics.
All fourteen studies were cross-sectional studies.(31, 35-47)
Eleven studies(31, 35-42, 44, 46) reported recruiting patients from a mix of medical and surgical
settings, one study also included patients from outpatient clinics(45) and one included only
patients from internal medicine and nephrology departments.(47) Castro–Vega et al.(43)
reported that the study setting was a hospital with no further details provided. Nor Azian et
al.(45) excluded patients who were already receiving parenteral nutrition or enteral nutrition.
There was variation across the studies in terms of participants’ age, the sample size and the
prevalence of undernutrition. Castro-Vega et al.(43) restricted the inclusion of patients to
those aged 30 years or older, Corish et al.(31) included patients aged 16 or older, with all
other studies including patients aged 18 years or older. Mean age was reported in twelve
studies(31, 35-37, 39-41, 43-47) and ranged from 45.2(45) to 74.8,(39) while median age was reported
in one study(42) and one study(38) did not report an age statistic. Sample size ranged from
61(38) to 995.(35) The prevalence of undernutrition, as measured by one of the three
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reference standards, was reported by thirteen studies.(31,

35-40, 42-47)

One study(41) only

reported the prevalence level measured by a nutritional screening tool. Prevalence ranged
from 13.6%(31) to 72%.(47) See Table 4.2 for further information.
4.1.1 Nutritional screening tools included
In total, 11 unique NSTs were included in review question one; these are listed in Table 4.1.
Four studies(36-38,

41)

compared a single eligible NST to an eligible reference test. Eight

(31, 39, 40, 42-45, 47)

studies

(35, 46)

studies

compared two eligible NSTs to an eligible reference test. While two

compared three eligible NSTs to an eligible reference test. In the studies that

compared more than one NST, all patients were evaluated with each NST and the same
reference test.
Table 4.1 Nutritional screening tools included in review question one

Nutritional screening tool (abbreviation)
British Nutritional Screening Tool (BNST)(38)
Imperial Nutritional Screening System (INSYST)(38)
Malnutrition Screening Tool (MST) (43, 45)
Malnutrition Universal Screening Tool (MUST)(35, 40, 42-47)
Mini Nutritional Assessment – Short Form (MNA-SF)(46)
Minimal Eating Observation Form – Version II (MEONF-II)(39)
Modified Malnutrition Screening Tool (Mod-MST)(40)
Nutritional Risk Index (NRI)(31, 35)
Nutritional Risk Score (NRS)(31)
Nutritional Risk Screening 2002 (NRS 2002)(35, 37, 39, 41, 42, 44, 46)
Nutritional Screening of the High Specialty Medical Unit 1 (TN-UMAE1)(47)

4.1.2 Nutritional assessment (reference tests) included
Subjective Global Assessment (SGA) was used as the reference test in eight studies,(35, 37, 40,
42, 44-47)

assessment by a nutritionally trained professional (NTP) in four studies(31, 36, 41, 43) and

Mini Nutritional Assessment (MNA) in two.(38, 39) The SGA, categorises individuals into three
groups A, B and C, where A indicates a person is not at risk of undernutrition, B indicates the
person is mildly undernourished or suspected of undernutrition and C indicates the person is
severely undernourished.(22) In all included studies categories B and C were combined and
used to indicate when a patient was at risk of undernutrition.(22) For the MNA, a score below
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17 is indicative of undernutrition, patients scoring 17 to 23.5 are at risk for undernutrition,
and patients with a score of 24 or more are considered well-nourished.(21) In all included
studies in this review a score ≤23.5 was used to indicate that a patient was at risk of
undernutrition.
Of the four studies that reported using a nutritionally trained professional as their reference
standard, all used published criteria to inform their assessment. Corish et al.(31) used criteria
published by McWhirter and Pennington.(48) Castor-Vega et al.(43) used the Consensus of the
Spanish Society of Parenteral and Enteral Nutrition (SENPE) and the Spanish Society of
Medical Documentation (SEDOM). Bolayir et al.(41) was based on a comprehensive
assessment including medical history, anthropometric measurements (height weight, midupper arm and calf circumference and hand-grip strength), biochemical markers, bio
impedance analysis (to assess body composition), dietary record and a comprehensive
geriatric assessment (for patients >65). While Mirmiran et al. (36) used a standardised range of
measures to define the risk of undernutrition based on Weekes et al.(49) and Kruizenga et
al.(50) See Table 4.2 for a list of these studies.
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Table 4.2 Characteristics of included studies in review question one
Author, study design, country

Setting and recruitment, sample size, patient characteristics

(language if not English)

Nutritional

Reference test

screening
tool(s)
Patients consecutively admitted to medical and surgical ward in a
university hospital from December 2013 to March 2014 (n = 271).

(41)

Bolayir (2018),

Cross-sectional study,

NRS 2002

anthropometric measurements (height, weight,

Mean age 59.2 SD (16.3).

Turkey

NTP- which included medical history,

mid-upper arm and calf circumference and hand-

Prevalence of undernutrition 39.1% (measured by NRS 2002).

grip strength), biochemical markers, bio impedance
analysis, dietary record and a comprehensive
geriatric assessment (for patients >65).
(42)

Calleja Fernández (2015)

Method of recruitment not reported, from medical services,

MUST

Cross-sectional study,

general surgery, orthopaedics, other surgical wards, and oncology-

NRS 2002

Spain (Spanish)

haematology in a tertiary hospital. Data collection period not

SGA

reported (n = 201).
Median age 71.6 (IQR 21.4).
Prevalence of undernutrition 62.1% (measured by SGA).
(43)

Castro-Vega (2018),

Referral hospital from April 2015 to April 2016, hospital setting not

MST

NTP - based on the Consensus of the Spanish

Cross-sectional study,

reported (n = 285).

MUST

Society of Parenteral and Enteral Nutrition (SENPE)

Spain

Mean age 64 SD (16.2). Only patients ≥30 years were eligible

and the Spanish Society of Medical Documentation

Prevalence of undernutrition 30.2% (measured by NTP).

(SEDOM)
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Author, study design, country

Setting and recruitment, sample size, patient characteristics

(language if not English)

Nutritional

Reference test

screening
tool(s)

(31)

th

Corish (2004),

Every 10 patient admitted to medical and surgical wards at two

NRI

Cross-sectional study,

teaching hospitals over an 8-month period,(n = 594 [235 missing

NRS

Ireland

cases NRS]).

NTP - based on McWhirter & Pennington(48)

Mean age 56.2 (range 16–95) for NRI group and 54.4 (range 16-95)
for NRS group.
Prevalence of undernutrition 13.6% (measured by NTP).
(40)

Gibson (2012),

Consecutively admitted patients to medical and surgical wards in a

Mod-MST

Cross-sectional study,

public hospital from December 2008 to January 2009 (n = 262 [1

MUST

Australia

missing case Mod-MST]).

SGA

Mean age 70.8 SD (16.3).
Prevalence of undernutrition 26.7% (measured by SGA).
(35)

th

Kyle (2006),

Every 10 patient admitted to an admission centre for medical

NRI

Cross-sectional study,

and surgical wards over a 3-month period (n = 995).

MUST

Switzerland

Mean age 52.5 SD (21.2).‡

NRS 2002

SGA

Prevalence of undernutrition 38.9% (measured by SGA).
(44)

Martín-Palmero (2017)

Randomly selected patients admitted to medical and surgical

MUST

Cross-sectional study,

wards in a tertiary university hospital from February to June 2011

NRS 2002

Spain

(n = 384 [66 missing cases]).
Mean age 64.6 SD (16.5).
Prevalence of undernutrition 54% (measured by SGA).
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Author, study design, country

Setting and recruitment, sample size, patient characteristics

(language if not English)

Nutritional

Reference test

screening
tool(s)

(36)

Mirmiran (2011)

Patients consecutively admitted to medical and surgical wards in a

Cross-sectional study,

tertiary teaching general hospital from August 2004 to January

Iran

2005 (n = 414).

BNST

NTP - using standardised measurements based on
Weekes et al.(49) and Kruizenga et al.(50)

Mean age 49.5 SD (16.3).
Prevalence of undernutrition 53.6% (measured by NTP).
(45)

Nor Azian (2014),

Convenient sample recruited from medical and surgical wards and

MUST

Cross-sectional study,

outpatient clinics in a public tertiary referral hospital from

MST

Malaysia

September to November 2012 (n = 151). Patients who were

SGA

receiving parenteral nutrition or enteral nutrition were excluded.
Mean age 45.2 SD (13.7).
Prevalence of undernutrition 19.9% (measured by SGA).
(46)

Olivares (2014),

Patients consecutively admitted to medical and surgical

MNA-SF

Cross-sectional study,

departments in a tertiary care hospital from March-June 2010 (n =

NRS 2002

Spain

537).

MUST

SGA

Mean age 61.3 SD (17.7).
Prevalence of undernutrition 19.5% (measured by SGA).
(47)

Padilla Romo (2015)

Method of recruitment not reported, from internal medicine and

TN-UMAE1

Cross-sectional study,

nephrology departments in a high specialty regional hospital. Data

MUST

Mexico (Spanish)

collection period not reported (n = 100).
Mean age 49 SD (NR).
Prevalence of undernutrition 72% (measured by SGA).
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Author, study design, country

Setting and recruitment, sample size, patient characteristics

(language if not English)

Nutritional

Reference test

screening
tool(s)

(37)

th

Raslan (2011),

Every 5 patient admitted to internal medicine and surgery

Cross-sectional study,

departments in a public tertiary general university hospital from

Brazil

February to August 2007 (n = 705).

NRS 2002

SGA

INSYST

MNA

MNA

Mean age 56.6 SD (15.3).
Prevalence of undernutrition 38.9% (measured by SGA).
(38)

Tammam (2009),

Convenient sample recruited from medical, surgical and oncology

Cross-sectional study,

wards in an urban acute general teaching. Data collection period

UK

not reported (n = 61).
Age NR.
Prevalence of undernutrition 34.4% (measured by MNA).
(39)

Westergren (2011),

Method of recruitment not reported, from stroke, surgery,

NRS 2002

Cross-sectional study,

orthopaedic, internal medicine. Data collection period not

MEONF-II

Sweden

reported. (n = 85).
Mean age 74.8 SD (15.1).

Prevalence of undernutrition 60% (measured by MNA).
Key: BNST – British Nutrition Screening Tool; INSYST - The Imperial Nutritional Screening System; IQR – interquartile range; MEONF-II - Minimal Eating Observation and
Nutrition Form - version II; MNA – Mini Nutritional Assessment; MNA-SF - Mini Nutritional Assessment – Short Form; Mod-MST - Modified Malnutrition Screening Tool;
MST - Malnutrition Screening Tool; MUST - Malnutrition Universal Screening Tool; NR - not reported; NRI - Nutritional Risk Index; NRS - Nutritional Risk Score; NRS 2002
- Nutritional Risk Screening 2002; NTP – assessment by nutritionally trained professional; SD – standard deviation; SGA – Subjective Global Assessment; TN-UMAE1 Tamizaje Nutricional de la Unidad. Médica de Alta Especialidad 1 (Nutritional Screening of the High Specialty Medical Unit 1); UK – United Kingdom

‡ calculated based on reported mean and SD for subgroup samples (sub groups compared length of stay 1–10 days with ≥11 days)
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4.2 Primary and secondary outcome results for diagnostic accuracy
according to NST
Thirteen(31, 35, 36, 38-47) out of fourteen studies reported at least one primary outcome. Primary
outcomes measures included: sensitivity and specificity, positive and negative predictive
value, positive and negative likelihood ratios. Nine(35-38, 42-44, 46, 47) studies reported at least
one secondary outcome, assessing the MUST,(35, 42-44, 46, 47) NRS 2002,(35, 37, 42, 44, 46) MNA-SF,(46)
MST,(43) BNST,(36) TN-UMAE1,(47) NRI(35) and INSYST.(38) The secondary outcome measures
include correlation coefficient, area under the curve and Cohen's kappa coefficient. The
primary and secondary outcomes results are presented for each NST, where applicable, in
sections 4.2.1 to 4.2.11.
4.2.1 British Nutrition Screening Tool
One study(36) considered the British Nutrition Screening Tool (BNST) with a cut-off point of
≥2 indicating being at risk of undernutrition. See Table 4.3 for results.
Mirmiran et al.(36) conducted a cross-sectional study in a tertiary teaching general hospital in
Iran. Over a six month period from August 2004 to January 2005, 414 patients consecutively
admitted to medical and surgical wards were included in the study. Assessment by a
nutritionally trained professional using standardised objective measurements based on
Weekes et al.(49) and Kruizenga et al.(50) was used as the reference test. The assessment was
undertaken on all patients within 24 hours of admission. Also within 24 hours of admission a
nurse, blinded to the results of the nutritional assessment, completed the BNST. According
to the nutritional assessment, prevalence of patients at risk of undernutrition was 53.6%.
The authors estimated the BNST as having a sensitivity of 87.7% (95% CI 83.9-90.3),
specificity of 61.7% (95% CI 57.5-66.5), PPV of 73.1% (95% CI 68.9-77.1) and a NPV of 79.0%
(95% CI 75.1-82.9). This was rated as having fair validity.(1) They also estimated an AUC of
0.74 (95% CI 0.69–0.79), rated as having good validity.(1)
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Table 4.3 Primary and secondary diagnostic accuracy outcome results for BNST
Author
Nutritional
Reference
Primary outcomes
(Year)
screening tool test
(cut-off)
Mirmiran BNST (≥2)
NTP
Primary outcomes
(2011)(36)
Se: 87.7% (95% CI 83.9-90.3)
Sp: 61.7% (95% CI 57.5-66.5)
PPV: 73.1% (95% CI 68.9-77.1)
NPV: 79.0% (95% CI 75.1-82.9)
Validity(1) based on Se and Sp: Fair
Secondary outcomes
AUC: 0.74 (95% CI 0.69–0.79)
Validity(1) based on AUC : Good
Key: AUC – area under the curve; CI - confidence interval; BNST – British Nutritional Screening
Tool; NTP - nutritionally trained professional; PPV - positive predictive value; NPV - negative
predictive value; Se – sensitivity; Sp – specificity.

4.2.2 Imperial Nutritional Screening System
One study(38) assessed the Imperial Nutritional Screening System (INSYST) in a hospital
setting. The INSYST is a two tier test used in sequential order. The first part is pre-screen test
(INSYST I) used to provide an initial indication of undernutrition. Following the INSYST I, if
the patient is shown to be at risk then the INSYST II is performed to indicate whether the
patient is not at risk (green), at risk (amber) or at high risk (red). However in this study both
parts of the INSYST were applied to all patients regardless of the outcome from the INSYST I.
See Table 4.4Table 4.4 for results.
For this cross-sectional study, Tamman et al.(38) recruited a sample of 61 patients admitted to
medical, surgical and oncology wards in an urban acute general hospital in the UK.
Convenience sampling method was used. Prevalence of patients at risk of undernutrition
according to the MNA was 34%. The NST and the reference test were both performed by the
same researcher in one consultation. The INSYST had a sensitivity of 95.2% (95% CI 76.299.9), specificity of 65% (95% CI 48.3-79.4) a PPV of 58.8% (95% CI 48.1-68.8) and a NPV of
96.3% (95% CI 79.1-99.4). This was rated as having poor validity.(1) The authors reported a
Cohen’s kappa coefficient of 0.53 (CI 95% [0.34–0.72], p<0.001). This was rated as having
poor validity.(1)
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Table 4.4 Primary and secondary diagnostic accuracy outcome results for INSYST
Author
Nutritional Reference
Primary and secondary outcomes
(Year)
screening
test
tool
(cut-off)
(cut-off)
Tammam
INSYST
MNA
Primary outcomes
(2009)(38)
(amber or
(≤23.5)
Se: 95.2% (95% CI 76.2-99.9)
red)
Sp: 65% (95% CI 48.3-79.4)
PPV: 58.8% (95% CI 48.1-68.8)
NPV: 96.3% (95% CI 79.1-99.4)
Validity(1) based on Se and Sp: Poor
Secondary outcomes
κ: 0.53 (CI 95% [0.34–0.72], p<0.001)
Validity(1) based on κ : Poor
Key: CI - confidence interval; INSYST - The Imperial Nutritional Screening System; κ - Cohen's
kappa coefficient MNA - Mini Nutritional Assessment; NPV - negative predictive value; PPV positive predictive value; Se – sensitivity; Sp – specificity.

4.2.3 Malnutrition Screening Tool
The Malnutrition Screening Tool (MST) was evaluated in two studies (43, 45) using the MST cutoff point of ≥2 to indicate risk of undernutrition. However, different references tests (NTP
and SGA) were used. See Table 4.5 for results.
Castro-Vega et al.(43) conducted a sub-analysis of a cross-sectional study(51) based on a
nationally representative sample of hospitals in Spain. Biweekly, between April 2015 to April
2016, the first ten patients admitted to different clinical services in the selected hospitals
were recruited. The final sample included 285 patients. Two dietitians performed the
evaluations within 48 hours of admission. For the reference test, a complete nutritional
assessment was performed based using the Consensus of the Spanish Society of Parenteral
and Enteral Nutrition (SENPE) and the Spanish Society of Medical Documentation (SEDOM).
According to this reference test prevalence of undernutrition was 30.2%. The authors
reported an estimated sensitivity of 75.6% (95% CI 65.1-84.2), specificity of 95% (95% CI
91.0-97.6), PPV of 86.7% (95% CI 77.8-92.3) and a NPV of 90% (95% CI 86.1-92. 9). This was
rated as having fair validity.(1) Agreement between the MST and reference test resulted in an
AUC of 0.853. This was rated as having good validity. (1) The authors also estimated a Cohen’s
kappa coefficient of 0.732, which was also rated as having good validity. (1)
In the second study, Nor Azian et al.(45) conducted a cross-sectional study in a public tertiary
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referral hospital in Malaysia using the SGA as reference test. Prior to commencing the study,
all tools were translated to Malay language using reverse translation. Using convenience
sampling, 151 patients were prospectively recruited during the period of September to
November 2012. This included patients admitted to medical and surgical wards and also
outpatients who were receiving treatment at the clinics, which represented 28% of the final
sample. A single trained dietitcian performed both tests. According to the SGA prevalence of
patients at risk of undernutrition was 19.9%. The authors report an estimated sensitivity of
93.3% (95% CI 77.9-99.2) and a specificity of 80.9% (95% CI 72.9-87.6), PPV of 54.9% (95% CI
45.4-64.0) and a NPV of 98% (95% CI 92.8-99.5). This was rated as having fair validity.(1)
Table 4.5 Primary and secondary diagnostic accuracy outcome results for MST
Nutritional
Author
Reference test Primary and secondary outcomes
screening tool
(Year)
(cut-off)
(cut-off)
CastroMST (≥2)
NTP
Primary outcomes
Vega
Se: 75.6% (95% CI 65.1-84.2)
(2018)(43)
Sp: 95% (95% CI 91.0-97.6)
PPV: 86.7% (95% CI 77.8-92.3)
NPV: 90% (95% CI 86.1-92. 9)
Validity(1) based on Se and Sp: Fair
Secondary outcomes
AUC: 0.853
Validity(1) based on AUC: Good
κ: 0.732
Validity(1) based on AUC: Good
Nor Azian
MST (≥2)
SGA (B+C)
Se: 93.3% (95% CI 77.9-99.2)
(2014)(45)
Sp: 80.9% (95% CI 72.9-87.6)
PPV: 54.9% (95% CI 45.4-64.0)
NPV: 98% (95% CI 92.8-99.5)
Validity(1) based on Se and Sp: Fair
Key: AUC – area under the curve; CI – confidence interval; κ - Cohen's kappa coefficient MST Malnutrition Screening Tool; NTP – nutritionally trained professional; SGA - Subjective Global
Assessment; PPV positive predictive value; NPV - negative predictive value; Se – sensitivity; Sp –
specificity.

4.2.4 Malnutrition Universal Screening Tool
The Malnutrition Universal Screening Tool (MUST) was assessed in eight studies. (35, 40, 42-47)
Seven studies(35, 40, 42-44, 46, 47) used ≥1 cut-off point, with six of these studies(35, 40, 42, 44, 46, 47)
comparing against the SGA as the reference standard, and one (43) comparing against NTP.
While one study(45) used MUST cut-off point of ≥2 to indicate risk of undernutrition and the
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SGA as the reference standard. See Table 4.6.
Six studies(35, 40, 42, 44, 46, 47) compared MUST, using a cut-off point of ≥1, to SGA. Four studies
were set in tertiary or specialist hospitals,(42, 44, 46, 47) three in Spain(42, 44, 46) and one each in
Switzerland(35) Australia(40) and Mexico. (47) The prevalence of patients at risk of
undernutrition, according to the SGA varied considerably across the six studies ranging from
19.5%.(46) to 72%.(44) All six studies estimated the sensitivity, specificity of MUST with
estimates ranged from 61.2% (95% CI 56.2-66.1)(35) to 93.0% (95% CI 88.1-96.3)(44) for
sensitivity and from 60.7% (95% CI 40.6-78.5)(47) to 93.4% (95% CI 87.2-99.7)(42) for
specificity. All six studies also reported the PPV and NPV with estimates varying from 64.6%
(95% CI 59.5-69.5)(35) to 95.4% (95% CI 90.9-99.8)(42) for PPV, and from 73.9% (95% CI 55.586.6)(47) to 92.1% (95% CI 88.0-94.9)(40) for NPV. Two studies(42)(12) estimated the LR+ and LR-,
with estimates ranging from 5.47 (95% 3.82-7.83)(44) to 12.52 (95% CI 5.35-29.33)(42) for LR+,
and from 0.08 (95% CI 0.05-0.15)(44) to 0.19 (95% CI 0.13-0.28)(42) for LR-. The validity(1) of
MUST was rated as poor(47) to fair(35, 40, 42, 44, 46) in the six studies.(4-7, 12, 14)
Five studies(35, 42, 44, 46, 47) reported secondary outcomes, used the MUST cut-off of ≥1 and the
SGA as reference test. Four studies were set in tertiary or specialised hospitals,(42, 44, 46, 47) of
which three were carried out in Spain(42, 44, 46) and one in Mexico.

(47)

The remaining study

was set in a large public university hospital in Switzerland. (35) Prevalence according to the
SGA of patients at risk of undernutrition ranged from 19.5%(46) to 72%.(47) Four studies report
a Cohen’s kappa coefficient when assessing agreement between the MUST and SGA ranging
from 0.26(35) to 0.564.(46) These were rated as having poor(35) to fair validity. (1) While the fifth
study reported an AUC of 0.879, which was rated as having good validity. (1)
One study(45) compared MUST, using a cut-off point of ≥2, to SGA. Nor Azian et al.(45)
conducted a cross-sectional study in a public tertiary referral in Malaysia. From September
to November 2012, 151 patients were prospectively recruited. This included patients
admitted to medical and surgical wards and outpatients, with, outpatients representing 28%
of the final sample. A single trained dietician performed both tests. According to the SGA
prevalence of patients at risk of undernutrition was 20%. The authors reported an estimated
sensitivity of 96.6% (95% CI 82.8-99.9), a specificity of 80.9% (95% CI 72.9-87.6), a PPV of 55.7%
(95% CI 46.5-64.7) and a NPV of 98.8% (95% CI 93.4-99.9). This was rated as having fair
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validity.(1)
One study(43) compared MUST, using a cut-off point of ≥1, to NTP. Castro-Vega et al.(43)
conducted a cross-sectional study based a nationally representative sample of hospitals in
Spain. Biweekly, between April 2015 to April 2016, the first ten patients admitted to
different clinical services in the selected hospitals were recruited. The final sample included
285 patients. Two dietitians performed the evaluations within 48 hours of admission. For the
reference test, a complete nutritional assessment was performed based on the Consensus of
the Spanish Society of Parenteral and Enteral Nutrition (SENPE) and the Spanish Society of
Medical Documentation (SEDOM). According to this reference test prevalence of
undernutrition was 30.2%. The authors reported an estimated sensitivity of 80.2% (95% CI
70.3-88.0), specificity of 93.5% (95% CI 89.1- 96.5), PPV of 84.1% (95% CI 75.6-90.1) and NPV
of 91.6% (95% CI 87.7-94.4) for the MUST. This was rated as having fair validity. (1) The
authors reported two secondary outcomes. An AUC of 0.868 was reported, this was rated as
having good validity.(1) Agreement between the index and reference was estimated with a
Cohen’s kappa coefficient of 0.732. This was rated as having good validity. (1)
Table 4.6 Primary and secondary diagnostic accuracy outcome results for MUST
Author
Nutritional
Reference Test
Primary and secondary outcomes
(Year)
screening tool
(cut-off)
(cut-off)
Calleja
MUST (≥1)
SGA (B+C)
Primary outcomes
Fernández
Se: 82.4% (95% CI 75.3-89.5)
(2015)(42)
Sp: 93.4% (95% CI 87.2-99.7)
PPV: 95.4% (95% CI 90.9-99.8)
NPV: 76.3% (95% CI 67.2-85.5)
LR+: 12.52 (95% CI 5.35-29.33)
LR-: 0.19 (95% CI 0.13-0.28)
Validity(1) based on Se and Sp: Fair

Gibson
(2012)(40)

MUST (≥1)

SGA (B+C)

Kyle
(2006)(35)

MUST (≥1)

SGA (B+C)
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Secondary outcomes
AUC 0.879
Validity(1) based on AUC: Good
Primary outcomes
Se: 79.7% (95% CI 68.3-88.4)
Sp: 85.4% (95% CI 79.6-90.1)
PPV: 66.3% (95% CI 57.8-73.8)
NPV: 92.1% (95% CI 88.0-94.9)
Validity(1) based on Se and Sp: Fair
Primary outcomes
Se: 61.2% (95% CI 56.2-66.1)
Sp: 78.6% (95% CI 75.1-81.8)
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PPV: 64.6% (95% CI 59.5-69.5)
NPV: 76.1% (95% CI 72.6-79.4)
Validity(1) based on Se and Sp: Fair

MartínPalmero
(2017)(44)

Olivares
(2014)(46)

Padilla
Romo
(2015)(47)

MUST (≥1)

MUST (≥1)

MUST (≥1)

SGA (B+C)

SGA (B+C)

SGA (B+C)

Nor Azian
(2014)(45)

MUST (≥2)

SGA (B+C)

CastroVega
(2018)(43)

MUST (≥1)

NTP
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Secondary outcomes
κ: 0.26, p <0.001
Validity(1) based on κ: Poor
Primary outcomes
Se: 93.0% (95% CI 88.1-96.3)
Sp: 83.0% (95% CI 75.9-88.7)
PPV: 86.4% (95% CI 81.6-90.1)
NPV: 91.0% (95% CI 85.4-94.6)
LR+: 5.47 (95% CI 3.82-7.83)
LR-: 0.08 (95% CI 0.05-0.15)
Validity(1) based on Se and Sp: Fair
Secondary outcomes
κ: 0.422
Validity(1) based on κ: Fair
Primary outcomes
Se: 64.1% (95% CI 54.5-72.7)
Sp: 91.9% (95% CI 89.0-94.1)
PPV: 65.3% (95% CI 55.7-73.9)
NPV: 91.5% (95% CI 88.5-93.8)
Validity(1) based on Se and Sp: Fair
Secondary outcomes
κ: 0.564
Validity(1) based on κ: Fair
Primary outcomes
Se: 91.6% (95% CI 82.7-96.9)
Sp: 60.7% (95% CI 40.6-78.5)
PPV: 85.7% (95% CI 79.0-90.5)
NPV: 73.9% (95% CI 55.5-86.6)
Validity(1) based on Se and Sp: Poor
Secondary outcomes
κ: 0.554
Validity(1) based on κ: Fair
Primary outcomes
Se: 96.6% (95% CI 82.8-99.9)
Sp: 80.9% (95% CI 72.9-87.6)
PPV: 55.7% (95% CI 46.5-64.7)
NPV: 98.8% (95% CI 93.4-99.9)
Validity(1) based on Se and Sp: Fair
Primary outcomes
Se: 80.2% (95% CI 70.3-88.0)
Sp: 93.5% (95% CI 89.1- 96.5)
PPV: 84.1% (95% CI 75.6-90.1)
NPV: 91.6% (95% CI 87.7-94.4)
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Validity(1) based on Se and Sp: Fair
Secondary outcomes
AUC: 0.868
Validity based on AUC: Good
κ: 0.732
Validity(1) based on κ: Good
Key: AUC – area under the curve; CI - confidence interval; κ - Cohen's kappa coefficient; LR+ positive likelihood ratio; LR- - negative likelihood ratio; MUST - Malnutrition Universal Screening
Tool; NTP – nutritionally trained professional; NR – not reported; PPV - positive predictive value;
NPV - negative predictive value; SGA – Subjective Global Assessment; Se – sensitivity; Sp –
specificity.

4.2.5 Minimal Eating Observation Form – Version II
The Minimal Eating Observation Form – Version II (MEONF-II) was assessed in one study(39)
using the cut-off of ≥3 to indicate that a patient was at risk of undernutrition. See Table 4.7
for results.
In this study, Westergren et al.(39) compared the MEONF-II in a cross-sectional study which
included patients (n = 87) admitted to stroke, surgery, orthopaedic and internal medicine
wards in a Swedish hospital. Data collection period or the method of sampling were not
reported. The reference test was first performed followed by the NST by the same nurse.
According to the reference test, MNA, the prevalence of patients at risk of undernutrition in
the study sample was 60%. The authors reported an estimated sensitivity of 61% (95% CI 4674), specificity of 79% (95% CI 62-91), PPV of 82% (95% CI 66-92) and a NPV of 57% (95% CI
42-72). This was rated as having poor validity.(1)
Table 4.7 Primary diagnostic accuracy outcome results for MEONF-II
Author (Year)
Nutritional
Reference
Primary outcomes
screening tool
test
(cut-off)
(cut-off)
Westergren
MEONF-II (≥3)
MNA
Se: 61% (95% CI 46-74)
(2011) (39)
(≤23.5)
Sp: 79% (95% CI 62-91)
PPV: 82% (95% CI 66-92)
NPV: 57% (95% CI 42-72)
Validity(1) based on Se and Sp: Poor
Key: CI - confidence interval; MEONF-II - Minimal Eating Observation and Nutrition Form - version
II; MNA - Mini Nutritional Assessment; PPV - positive predictive value; NPV - negative predictive
value; Se – sensitivity; Sp – specificity.

4.2.6 Mini Nutritional Assessment – Short Form
One study(46) compared the Mini Nutritional Assessment – Short Form (MNA-SF) using the
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cut-off point of ≤11 to indicate when a patient is at risk of undernutrition (see Table 4.8).
In a cross-sectional study between March and June 2010, Olivares et al.(46) recruited 537
patients who were consecutively admitted to medical and surgical departments in a Spanish
tertiary care hospital. Trained dietitians conducted both tests during the same consultation.
According to the reference test, SGA, prevalence of patients at risk of undernutrition was
19.5%. An estimated sensitivity of 69.9% (95% CI 60.5-77.9), specificity of 94.7% (95% CI
92.2-96.4), PPV of 75.8% (66.3-83.3) and NPV of 93.0% (90.2-95.0) was reported. This was
rated as having fair validity.(1) The authors reported a Cohen’s kappa coefficient of 0.666.
This was rated as having good validity.(1)
Table 4.8 Primary and secondary diagnostic accuracy outcome results for MNA-SF
Author
Nutritional
Reference
Primary and secondary outcomes
(Year)
screening tool
test
(cut-off)
(cut-off)
Olivares
MNA-SF (≤11)
SGA (B+C)
Primary outcomes
(2014)(46)
Se: 69.9% (95% CI 60.5-77.9)
Sp: 94.7% (95% CI 92.2-96.4)
PPV: 75.8% (95% CI 66.3-83.3)
NPV: 93.0% (95% CI 90.2-95.0)
Validity(1) based on Se and Sp: Fair
Secondary outcomes
κ: 0.666
Validity based on κ: Good
Key: CI - confidence interval; κ - Cohen's kappa coefficient MNA-SF - Mini Nutritional Assessment
– Short Form; SGA - Subjective Global Assessment; PPV - positive predictive value; NPV - negative
predictive value; Se – sensitivity; Sp – specificity

4.2.7 Modified Malnutrition Screening Tool
One study(40) compared the Modified Malnutrition Screening Tool (Mod-MST) using the cutoff point of ≥2 to indicate when a patient is at risk of undernutrition. See for Table 4.9
results.
Gibson et al.(40) conducted a cross-sectional study set in an acute metropolitan public
hospital in Australia. From December 2008 to January 2009, 262 patients consecutively
admitted to medical and surgical wards were recruited. According to the reference test
(SGA) prevalence of undernutrition in the sample was 27%. The Mod-MST had an estimated
sensitivity of 77.1% (95% CI 65.6-86.3), specificity of 83.3% (95% CI 77.3-88.3), PPV of 62.8%
(95% CI 54.5-70.4) and NPV of 90.9% (95% CI 86.6-93.9). This was rated as fair validity.(1)
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Table 4.9 Primary diagnostic accuracy outcome results for Mod-MST
Author
Nutritional
Reference test Primary outcomes
(Year)
screening tool
(cut-off)
(cut-off)
Gibson
Mod-MST (≥2)
SGA (B+C)
Se: 77.1% (95% CI 65.6-86.3)
(2012)(40)
Sp: 83.3% (95% CI 77.3-88.3)
PPV: 62.8% (95% CI 54.5-70.4)
NPV: 90.9% (95% CI 86.6-93.9)
Validity(1) based on Se and Sp: Fair
Key: CI – confidence interval; Mod-MST – Modified Malnutrition Screening Tool; SGA - Subjective
Global Assessment; PPV - positive predictive value; NPV - negative predictive value; Se –
sensitivity; Sp – specificity.

4.2.8 Nutritional Screening of the High Specialty Medical Unit 1
The Nutritional Screening of the High Specialty Medical Unit 1 (TN-UMAE1) was evaluated in
one study using the cut-off score of ≥4 to indicate risk of undernutrition. See Table 4.10 for
results.
Padilla Romo et al.(47) conducted a cross-sectional study assessing the validity of TN-UMAE1
compared with SGA, in a high specialty regional hospital in Mexico. One hundred patients
admitted to internal medicine and nephrology departments were included. The index and
reference tests were both completed within 36 hours of admission. According to the SGA
prevalence of patients at risk of undernutrition was 72%. Sensitivity was reported to be
estimated at 70% (95% CI 57.5-79.8) and specificity 53.5% (95% CI 33.9-72.5). Also reported
were predictive values, with a PPV of 79.6% (95% CI 71.5-85.5) and a NPV of 41.6% (95% CI
29.5-52.7). This was rated as having poor validity.(1) In measuring the agreement between
the TN-UMAE1 and the SGA the authors reported a Cohen’s kappa coefficient of 0.224. This
was rated as having poor validity.(1)
Table 4.10 Primary and secondary diagnostic accuracy outcome results for TN-UMAE1
Author
Nutritional
Reference test
Primary and secondary outcomes
(Year)
screening tool
(cut-off)
(cut-off)
Padilla
TN-UMAE1 (≥4) SGA (B+C)
Primary outcomes
Romo
Se: 70% (95% CI 57.5-79.8)
(2015)(47)
Sp: 53.5% (95% CI 33.9-72.5)
PPV: 79.6% (95% CI 71.5-85.5)
NPV: 41.6% (95% CI 29.5-52.7)
Validity(1) based on Se and Sp: Poor
Secondary outcomes

κ: 0.224
Validity(1) based on κ: Poor
Page 55 of 134

Draft: Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

Key: AUC - area under the receiver operator curve; CI – confidence interval; TN-UMAE1 Nutritional Screening of the High Specialty Medical Unit 1; SGA - Subjective Global Assessment;
PPV - positive predictive value; NPV - negative predictive value; NR – not reported.

4.2.9 Nutritional Risk Index
The Nutritional Risk Index (NRI) was assessed in two studies.(31,

35)

Both studies reported

using the cut-off of NRI <97.5 to indicate when a patient is at risk of undernutrition. See
Table 4.11
Table 4.11 for results.
Corish et al.(31) in a cross-sectional study recruited 594 patients from two teaching hospitals
in Dublin over an eight month period. One in every ten patients admitted to medical and
surgical wards were selected for inclusion. In the study, the two cut-off point, <97.5 , for the
NRI tool was compared to the results of a nutritional assessment carried out by a
nutritionally trained profession based on published criteria.(48) The prevalence of
undernutrition according to assessment by NTP was 13.6%. For NRI cut-off point of <97.5 it
was estimated that the sensitivity was 55.1% (95% CI 40.2-69.3), specificity was 68.1% (95%
CI 62.6-73.2), PPV was 21.4% (95% CI 16.8-26.9) and NPV was 90.6% (95% CI 87.5-93). A
positive likelihood ratio (LR+) of 1.73 (95% CI 1.28-2.33) and negative likelihood ratio (LR-) of
0.66 (95% CI 0.48-0.91) was also estimated. The NRI was rated as having poor validity.(1)
Kyle et al.(35) in a cross-sectional study compared the NRI <97.5 to the SGA. Over a three
month period, every tenth patient admitted to medical or surgical wards in a Swiss hospital
was prospectively selected for inclusion. In total, 995 patients were recruited. Two trained
members of the Nutritional Unit performed all evaluations. Prevalence of undernutrition
was 38.9%. A sensitivity of 43.1% (95% CI 37.3-49.0) and specificity of 89.3% (95% CI 85.692.3) were estimated. An estimated PPV of 76.2% (95% CI 67.1-82.5) and NPV of 66.3% (95%
CI 61.9-70.4) were also reported. This was rated as having poor validity.(1) The authors
reported a Cohen’s kappa coefficient of 0.26 (p <0.001). This was rated as having poor
validity.(1)
Table 4.11 Primary and secondary diagnostic accuracy outcome results for NRI

Author
(Year)

Nutritional
screening tool

Reference
Test

Primary and secondary outcomes
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(cut-off)

(cut-off)

Corish
(2004)(31)

NRI (<97.5)

NTP

Kyle
(2006)(35)

NRI (<97.5)

SGA (B+C)

Primary outcomes
Se: 55.1% (95% CI 40.2-69.3)
Sp: 68.1% (95% CI 62.6-73.2)
PPV: 21.4% (95% CI 16.8-26.9)
NPV: 90.6% (95% CI 87.5-93.0)
LR+: 1.73 (95% CI 1.28-2.33)
LR-: 0.66 (95% CI 0.48-0.91)
Validity(1) based on Se and Sp: Poor
Primary outcomes
Se: 43.1% (95% CI 37.3-49.0)
Sp: 89.3% (95% CI 85.6-92.3)
PPV: 76.2% (95% CI 67.1-82.5)
NPV: 66.3% (95% CI 61.9-70.4)
Validity(1) based on Se and Sp: Poor

Secondary outcomes
κ 0.26, p <0.001
Validity(1) based on κ: Poor
Key: CI - confidence interval; κ - Cohen's kappa coefficient; LR+ - positive likelihood ratio; LR- negative likelihood ratio; NRI - Nutritional Risk Index; NTP – nutritionally trained professional; PPV positive predictive value; NPV - negative predictive value; Se – sensitivity; Sp – specificity

4.2.10 Nutritional Risk Score
The Nutritional Risk Score (NRS) was assessed in one study that compared a cut-off point of
≥4 to indicate risk of undernutrition. See Table 4.12 for results.
Corish et al.(31) conducted a cross-sectional study in two teaching hospitals in Dublin over an
eight month period. One in every ten patients admitted to medical and surgical wards were
selected to be included. The authors compared NRS cut-off point of four or more to an
assessment by a NTP, which was based on published criteria.(48) Prevalence of undernutrition
according to the NTP was 13.6%. Data was available for 594 patients. A sensitivity of 79%
(95% CI 66.8-88.3) and specificity of 66.9% (95% CI 62.7-70.9) were estimated. Predictive
values and likelihood ratios were also estimated: a PPV of 21.8% (95% CI 18.9-24.9) and a
NPV of 96.5% (95% CI 94.4-97.8) and a LR+ of 2.39 (95% CI 2.00-2.85) and LR- of 0.31 (95% CI
0.19-0.51). The validity was rated as fair.(1)
Table 4.12 Primary diagnostic accuracy outcome results for NRS
Author
Nutritional
Reference
Primary outcomes
(Year)
screening
test
tool
(cut-off)
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Corish
(2004)(31)

NRS (≥4)

NTP

Se: 79.0% (95% CI 66.8-88.3)
Sp: 66.9% (95% CI 62.7-70.9)
PPV: 21.8% (95% CI 18.9-24.9)
NPV: 96.5% (95% CI 94.4-97.8)
LR+: 2.39 (95% CI 2.00-2.85)
LR-: 0.31 (95% CI 0.19-0.51)
Validity(1) based on Se and Sp: Fair

Key: CI - confidence interval; LR+ - positive likelihood ratio; LR- - negative likelihood ratio; NRS Nutritional Screening Score; NTP – nutritionally trained professional; PPV - positive predictive
value; NPV - negative predictive value; Se – sensitivity; Sp – specificity.

4.2.11 Nutritional Risk Score 2002
The Nutritional Risk Score 2002 (NRS 2002) was considered in six studies which all used the
cut-off point of ≥3 to indicate risk of undernutrition. See Table 4.13 for results.
Five of these studies(35, 37, 42, 44, 46) compared NRS 2002 to SGA. Four(35, 42, 44, 46) reported
primary outcomes while five(35,

37, 42, 44, 46)

reported secondary outcomes. Prevalence of

patients at risk of undernutrition varied considerably, from 19.5%(46) to 62%.(42)
For primary outcomes, sensitivity ranged from 56.0% (95% CI 46.9-65.1)(42) to 84.2% (95% CI
77.9-89.3)(44) and specificity from 90.1% (95% CI 86.9-92.6)(46) to 97.4% (95% CI 93.1100),(42) PPV was reported to range from 62.3% (95% CI 53.1-70.6)(46) to 97.2% (95% CI 92.7100)(42) and NPV from 57.4% (95% CI 48.4-66.3)(42) to 92.4% (95% CI 89.5-94.6).(46) These
were rated from poor(42) to fair(35, 44, 46) validity. Two of the studies also estimated likelihood
ratios, with a LR+ values of 21.28 (95% CI 5.37-84.28)(42) and 12.38 (95% CI 6.78-22.60)(44)
and LR- values of 0.45 (95% CI 0.37-0.55)(42) and 0.17 (95% CI 0.12-0.24)(44) being reported.
For the five studies reporting secondary outcomes, four studies(35, 37, 44, 46) reported Cohen's
kappa coefficients ranging from 0.48(35) to 0.758.(44) These were rated from fair(35, 37, 46) to
good(44) validity.(1) While one study(42) reported an estimated AUC of 0.766, which was rated
as having fair validity.(1)
One study(41) compared the NRS 2002 to NTP. Bolayir et al.(41) performed a cross-sectional
study between December 2013 to March 2014, recruiting a total of 271 patients
consecutively admitted to surgical and medical wards at a university hospital in Turkey. The
NRS 2002 was performed by a clinician within 48 hours. Nutritional assessment by
geriatricians trained in undernutrition was used as the reference standard. Based on the NRS
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2002, 39% were nutritionally at risk. The authors reported an estimated sensitivity of 88%
(95% CI 84-92), specificity of 92% (95% CI 89-95), PPV of 87% and NPV of 92% (Confidence
intervals for PPV and NPV were not reported). This was rated as having good validity.(1)
One study(39) compared the NRS 2002 to MNA.
Westergren et al.(39) evaluated the diagnostic performance of the NRS 2002 in a crosssectional study in a Swedish hospital. Eighty five patients admitted to stroke, surgery,
orthopaedic and internal medicine wards were selected for inclusion. Evaluations were
performed by one nurse on each ward, each having responsibility for nutrition at their
respective wards, during one set day in November 2010. Prevalence of patients at risk of
undernutrition, according to the MNA, was estimated to be 62%. Sensitivity was reported to
be 37% (95% CI 24-52) and specificity 82% (95% CI 65-93). Predictive values were also
reported, with the NRS 2002 estimated to have a PPV of 76% (95% CI 55-91) and a NPV of
47% (95% CI 34-60). This was rated as poor validity. (1)
Table 4.13 Primary and secondary diagnostic accuracy outcome results for NRS 2002
Author
Nutritional
Reference
Primary and secondary outcomes
(Year)
screening tool
test
(cut-off)
(cut-off)
Calleja
NRS 2002 (≥3)
SGA (B+C)
Primary outcomes
Fernández
Se: 56.0% (95% CI 46.9-65.1)
(2015)(42)
Sp: 97.4% (95% CI 93.1-100)
PPV: 97.2% (95% CI 92.7-100)
NPV: 57.4% (95% CI 48.4-66.3)
LR+: 21.28 (95% CI 5.37-84.28)
LR-: 0.45 (95% CI 0.37-0.55)
Validity(1) based on Se and Sp: Poor

Kyle
(2006)(35)

MartínPalmero

NRS 2002 (≥3)

NRS 2002 (≥3)

SGA (B+C)

SGA (B+C)

Secondary outcomes
AUC: 0.766
Validity(1) based on AUC: Fair
Primary outcomes
Se: 62.0% (95% CI 57.0-66.9)
Sp: 93.1% (95% CI 90.8-94.9)
PPV: 85.1% (95% CI 80.4-89.1)
NPV: 79.4% (95% CI 76.2-82.3)
Validity(1) based on Se and Sp: Fair
Secondary outcomes
κ: 0.48 (p <0.001)
Validity(1) based on κ: Fair
Primary outcomes
Se: 84.2% (95% CI 77.9-89.3)
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(2017)(44)

Olivares
(2014)(46)

Sp: 93.2% (95% CI 87.9-96.7)
PPV: 93.5% (95% CI 88.8-96.3)
NPV: 83.5% (95% CI 78.2-87.8)
LR+: 12.38 (95% CI 6.78-22.60)
LR-: 0.17 (95% CI 0.12-0.24)
Validity(1) based on Se and Sp: Fair

NRS 2002 (≥3)

SGA (B+C)

Secondary outcomes
κ: 0.758
Validity(1) based on κ: Good
Primary outcomes
Se: 68.9% (95% CI 59.4-77.1)
Sp: 90.1% (95% CI 86.9-92.6)
PPV: 62.3% (95% CI 53.1-70.6)
NPV: 92.4% (95% CI 89.5-94.6)
Validity(1) based on Se and Sp: Fair

Secondary outcomes
κ: 0.567
Validity(1) based on κ: Fair
Bolayir
NRS 2002 (≥3)
NTP
Primary outcomes
(2018)(41)
Se: 88% (95% CI 84-92)
Sp: 92% (95% CI 89-95)
PPV: 87% (95% CI NR)
NPV: 92% (95% CI NR)
Validity(1) based on Se and Sp: Good
Westergren NRS 2002 (≥3)
MNA (≤23.5)
Primary outcomes
(2011b)(39)
Se: 37% (95% CI 24-52)
Sp: 82% (95% CI 65-93)
PPV: 76% (95% CI 55-91)
NPV: 47% (95% CI 34-60)
Validity(1) based on Se and Sp: Poor
Raslan
NRS-2002 (≥3)
SGA (B+C)
Secondary outcomes
(2011)(37)
κ: 0.56
Validity(1) based on κ: Fair
Key: AUC – area under the curve; CI - confidence interval; κ - Cohen's kappa coefficient; LR+ positive likelihood ratio; LR- - negative likelihood ratio; MNA - Mini Nutritional Assessment; NR not reported; NRS 2002 - Nutritional Risk Score 2002; PPV - positive predictive value; NPV negative predictive value; NTP - nutritionally trained professional; SGA - Subjective Global
Assessment; Se - sensitivity; Sp - specificity.

4.3 Diagnostic accuracy for pairwise comparisons of NSTs
Ten pairwise comparisons, where two NSTs were compared using the same reference
standard within the same study population, were included in this review. The advantage of
direct pairwise comparisons is that it removes issues of heterogeneity of diverse
populations.
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The pairwise comparisons include: MUST vs. NRS 2002 (n=4),(35,
(43, 45)

(n=2),

(31)

NRI vs. NRS (n=1),

(40)

Mod-MST vs. MUST (n=1),

42, 44, 46)

MUST vs. MST

NRI vs. MUST (n=1),(35) NRI vs.

NRS 2002 (n=1),(35) MNA-SF vs. NRS 2002 (n=1),(46) MNA-SF vs. MUST (n=1),(46) TN-UMAE1 vs.
MUST (n=1),(47) NRS-2002 vs. MEONF-II (n=1).(39) See Table 4.14.
In the subsections 4.3.1 to 4.3.9 results for each pairwise comparison are described. The
results for pairwise comparisons are presented in Table 4.15.
Table 4.14 Pairwise comparisons of diagnostic accuracy for two or more NSTs
Pairwise comparison
Study reference Study reference Study reference
test (cut-off)
test (cut-off)
test (cut-off)
MUST vs. NRS 2002
Calleja
Kyle
Martín-Palmero
Fernández
(2006)(35)
(2017)(44)
(42)
(2015)
SGA (B+C)
SGA (B+C)
SGA (B+C)
MUST vs. MST
Castro-Vega
Nor Azian
(2018)(43)
(2014)(45)
NTP
SGA (B+C)
NRI vs. NRS
Corish (2004)(31)
NTP
(40)
Mod-MST vs. MUST
Gibson (2012)
SGA (B+C)
NRI vs. MUST
Kyle
(2006)(35)
SGA (B+C)
NRI vs. NRS 2002
Kyle
(2006)(35)
SGA (B+C)
MNA-SF vs. NRS 2002 Olivares
(2014)(46)
SGA (B+C)
MNA-SF vs. MUST
Olivares
(2014)(46)
SGA (B+C)
TN-UMAE1 vs. MUST
Padilla Romo
(2015)(47)
SGA (B+C)
NRS-2002 vs. MEONF- Westergren
II
(2011)(39)
MNA (≤23.5)

Study reference
test (cut-off)
Olivares
(2014)(46)
SGA (B+C)

-

-

-

-

-

-

Key: MEONF-II - Minimal Eating Observation and Nutrition Form - version II; MNA – Mini Nutritional
Assessment; MNA-SF - Mini Nutritional Assessment – Short Form; Mod-MST - Modified Malnutrition
Screening Tool; MUST - Malnutrition Universal Screening Tool; NRI - Nutritional Risk Index; NRS Nutritional Risk Score; NRS 2002 - Nutritional Risk Screening 2002 tool; NST - Nutrition Screening Tool; NTP
– assessment by nutritionally trained professional; SGA – Subjective Global Assessment; TN-UMAE1 Tamizaje Nutricional de la Unidad. Médica de Alta Especialidad 1 (Nutritional Screening of the High
Specialty Medical Unit 1).
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4.3.1 MUST versus NRS 2002
Four studies(35,

42, 44, 46)

compared the MUST with the NRS 2002 using the SGA as the

reference test. Each study reported primary and secondary outcomes and used the cut-offs
points of ≥1 for the MUST and ≥3 for the NRS 2002. See Table 4.15.
Large heterogeneity in study characteristics existed across the four studies. The prevalence
of patients at risk of undernutrition according to the SGA ranged from 19.5%(46) to 62.1%(42)
and the average age of patients ranged from a median of 52.5 years(35) to a mean of 71.6
years.(42) Patients for all studies were recruited from a mix of medical and surgical wards
with the proportion of surgical patients ranging from 28.5% to 55% in three studies (42, 44, 46)
and not reported in one.(35)
All four of the studies(35, 42, 44, 46) reported sensitivity and specificity. In two of the studies(42,
44)

the sensitivity of MUST was higher than NRS 2002, although this was only statistically

significantly higher in one study.(42) In the remaining two studies(35,

46)

the estimated

sensitivity of MUST was lower than NSR 2002 although this was not statistically significant
for either. In three of the studies(35, 42, 44) the estimated specificity of MUST was lower than
NRS 2002. In two of these studies(35,

42)

the specificity estimates were statistically

significantly lower. In the remaining one study(46) the specificity estimate was higher for
MUST compared with NRS 2002 but this was not statistically significant.
According to cut-offs used in the previous review(1) the MUST tool demonstrated fair validity
in all four studies(35,
study

(42)

42, 44, 46)

compared to the NRS 2002 which ranged from poor in one

to fair in three studies.(35, 44, 46)

Positive and negative predictive values were available in the four studies.(35, 42, 44, 46) Three of
the four studies reported estimated PPVs that were lower for the MUST compared to the
NRS 2002, however this was only statistically significantly lower in one study.(35) The fourth
study(46) reported an estimated PPV which was higher for MUST but again this was not
statistically significant.
Two of the studies(42, 44) reported likelihood ratios. In both studies the NRS 2002 had higher
estimated values for both LR+ and LR- compared to MUST. These were significantly lower in
once study each.
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Three of the studies(35, 44, 46) reported Cohen’s kappa coefficients. The NRS 2002 had higher
kappa values in all studies. The kappa value for NSR 2002 ranged from 0.48 to 0.758
compared to the MUST which ranged from 0.26 to 0.564. For the NRS 2002 these were rated
as having fair(35, 46) to good(44) validity.(44) The MUST was rated as having poor(35) to fair(44, 46)
validity.(44)
One of the paired comparisons(42) reported results for AUC. The MUST had a larger AUC than
the NRS 2002, with 0.879 compared to 0.766. For the MUST this was rated as having good
validity.(44, 46) For the NRS 2002 this was rated as fair validity. (44, 46)
4.3.2 MUST versus MST
Two studies(43, 45) performed pairwise comparison of the MUST and MST. Both studies used a
cut-off point of ≥2 for the MST, different cut-offs however were used for the MUST, ≥1(43)
and ≥2.(45) One study(43) reported primary and secondary outcomes, while the other (45)
reported primary outcomes only. See Table 4.15 for results.
Castro-Vega et al(43) used MUST with a cut-off ≥1 in a cross-sectional study(51) based a
nationally representative sample of hospitals in Spain. Biweekly, between April 2015 to April
2016, the first ten patients admitted to different clinical services were selected for
recruitment. The final sample included 285 patients. Two dietitians performed the
evaluations within 48 hours of admission. For the reference test, a complete nutritional
assessment based on the Consensus of the Spanish Society of Parenteral and Enteral
Nutrition (SENPE) and the Spanish Society of Medical Documentation (SEDOM) was
conducted. According to this assessment prevalence of undernutrition was 30.2%. The
MUST had a higher sensitivity and NPV, with the MST having a higher specificity and PPV.
However, these differences were not statistically significant. Both NSTs were rated as having
fair validity.(1) The MUST (≥1) had a larger area under the receiver operator curve of 0.868
compared to 0.853 for MST; both rated as having good validity.(1) The MUST (≥1) also had a
higher Cohen’s kappa coefficient of 0.747 compared to 0.732 for the MST; again both were
rated as having good validity.(1)
Nor Azian et al.(45) used MUST cut-off ≥2 in a public tertiary referral hospital in Malaysia and
employed a cross-sectional study design. Using convenience sampling, 151 patients were
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recruited during the period of September to November 2012. This included patients
admitted to medical and surgical wards, and also outpatients (representing 28% of the final
sample) who were receiving treatment at the clinics. A single trained dietician performed
both tests. According to the reference test SGA, prevalence of patients at risk of
undernutrition was 19.9%.The MUST was estimated to have a higher sensitivity, PPV and
NPV than the MST, however these differences were not statistically significant. In addition
they both were reported to have the same specificity, 80.9% (95% CI 72.9-87.6). Both NSTs
were rated as having fair validity.(1)
4.3.3 MUST versus Mod-MST
One study(40) conducted a pairwise comparison between the MUST cut-off ≥1 and Mod-MST
cut-off ≥2. The authors reported results for primary outcomes only. See Table 4.15.
Gibson et al.(40) conducted a cross-sectional study in an acute metropolitan public hospital in
Australia. Between December 2008 and January 2009, 262 patients consecutively admitted
to medical and surgical wards were prospectively recruited to the study. According to the
SGA, prevalence of patients at risk of undernutrition was 26.7%. A nutritional technician
performed the MUST and Mod-MST, immediately followed by a trained dietitian who
performed the SGA.
The MUST and Mod-MST reported similar sensitivity and specificity estimates, with
sensitivities of 79.7% and 77.1% and specificities of 85.4% and 83.3%, respectively. These
were not statistically significantly different. PPV and NPV were also very similar, with the
MUST having a slightly higher PPV and NPV than the Mod-MST but these differences were
not statistically significant. Both NSTs were rated as having fair validity.(1)
4.3.4 MUST versus NRI
One study(35) conducted a pairwise comparison between the MUST cut-off ≥1 and NRI cutoff <97.5 with SGA as the reference standard. This study reported results for primary and
secondary outcomes. See Table 4.15 for results.
Kyle et al.(35) conducted a cross-sectional study, over a three month period in a Swiss
hospital. Every tenth patient admitted to medical or surgical wards was selected for
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inclusion. In total, 995 patients were recruited. Two trained members of the Nutritional Unit
performed all evaluation. According to the assessment using the SGA, prevalence of patients
at risk of undernutrition was 38.9%.
The MUST had a statistically significantly higher sensitivity (61.2% [95% CI 56.2-66.1]
compared with 43.1% [95% CI 37.3-49.0]) and statistically significantly lower specificity
(78.6% [95% CI 75.1-81.8] compared with 89.3% [95% CI 85.6-92.3]) than the NRI. The MUST
had a lower estimate for PPV although this was not significantly different, and the MUST had
a higher NPV (76.1% [95% CI 72.6-79.4] compared with 66.3 [95% CI 61.9-70.4]) which was
statistically different. The MUST was rated as having fair validity and the MST as having poor
validity.(1)
Agreement with the reference test was very similar, with the MUST reported to have a
Cohen’s kappa coefficient of 0.26 compared with 0.24 for the MST. Both were rated as
having poor validity.(1)
4.3.5 NRS 2002 versus NRI
One study(35) conducted a pairwise comparison between the NRS 2002 cut-off ≥3 and NRI
cut-off <97.5. This study reported results for primary and secondary outcomes. See Table
4.15 for results.
Kyle et al.(35) conducted a cross-sectional study, over a three month period in a hospital.
Every tenth patient admitted to medical or surgical wards was selected for inclusion. In total,
995 patients were recruited. Two trained members of the Nutritional Unit performed all
evaluations. According to the SGA, prevalence of patients at risk of undernutrition was
38.9%.
The NRS 2002 had higher estimated sensitivity, specificity, PPV and NPVs when compared to
the NRI, however this difference was only significant for sensitivity (62.0% [95% CI 57.0-66.9]
compared with 43.1% [95% CI 37.3-49.0]) and NPV (79.4 [95% CI 76.2-82.3] compared with
66.3% [95% CI 61.9-70.4]). The NRS 2002 was rated as having fair validity and the NRI as
having poor validity.(1)
When comparing using Cohen’s kappa coefficients, the NRS 2002 is considerably higher with
a k statistic of 0.48 compared with a 0.26 for the NRI. This resulted in the NRS receiving a
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rating of fair and the NRI of poor.(1)
4.3.6 NRS 2002 versus MNA-SF
One study(46) conducted a pairwise comparison between the NRS 2002 cut-off ≥3 and MNASF using cut-off ≤11. This study reported results for primary and secondary outcomes. See
Table 4.15 for results.
Olivares et al.(46) conducted a cross-sectional study in a tertiary care hospital in Spain. From
March to June 2010, 537 patients admitted to medical and surgical departments were
randomised to be selected for inclusion. According to the SGA, prevalence of patients at risk
of undernutrition was 19.5%. Index and reference test evaluations were performed within
24 hours of hospital admission by trained dietitians.
In this study, the NRS 2002 was estimated to have lower sensitivity, specificity, PPV and NPV
than the MNA-SF, however, these differences were not statistically significant. Both NSTs
received a rating of fair.(1) It was also reported that the MNA-SF had a higher Cohen’s kappa
coefficient of 0.666 compared with 0.567 for the NRS 2002. The MNA-SF was rated as having
good validity, while the NRS 2002 was rated as fair.(1)
4.3.7 MUST versus MNA-SF
One study(46) conducted a pairwise comparison between the MUST cut-off ≥1 and MNA-SF
cut-off ≤11. This study reported results for primary and secondary outcomes. See Table 4.15
for results.
Olivares et al.(46) conducted a cross-sectional study in a tertiary care hospital in Spain. From
March to June 2010, 537 patients admitted to medical and surgical departments were
randomised to be selected for inclusion. According to the SGA prevalence of patients at risk
of undernutrition was 19.5%. Index and reference test evaluations were performed within
24 hours of hospital admission by trained dietitians. The MNA-SF had higher sensitivity,
specificity, PPV and NPV than the MUST, however these differences were not statistically
significant. Both NSTs were rated as having fair validity.(1) The MNA-SF also had a higher
Cohen’s kappa coefficient of 0.666 compared with 0.564 for the MUST. The MNA-SF was
rated as having good validity while the MUST was rated as having fair validity.(1)
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4.3.8 MUST versus TN-UMAE1
One study(47) conducted a pairwise comparison between the MUST cut-off ≥1 and TNUMAE1 cut-off ≥4. This study reported results for primary and secondary outcomes (see
Table 4.15).
Padilla Romo et al.(47) conducted a cross-sectional study in a high specialty regional hospital
in Mexico. One hundred patients admitted to internal medicine and nephrology
departments were recruited. Sampling method was not reported. All index and reference
tests were completed for each patient, within 36 hours of their admission. According to the
SGA prevalence of patients at risk of undernutrition was 72%.
The MUST had a higher sensitivity (91.6% [95% CI 82.7-96.9] versus 70.0% [95% CI 57.579.8]) and higher NPV (73.9 [95% CI 55.5-86.6] versus 41.6% [95% CI 29.5-52.7]) compared
to the TN-UMAE1. Differences in specificity and PPV were not statistically significant. Both
NSTs were rated as having poor validity.(1) The MUST had a higher Cohen’s kappa coefficient
of 0.554 compared with 0.224 for the TN-UMAE1. The MUST was rated as having fair validity
and the TN-UMAE1 as having poor validity.(1)
4.3.9 NRS 2002 versus MEONF-II
One study(39) conducted a pairwise comparison between the NRS 2002 cut-off ≥3 and the
MEONF-II cut-off ≥3. This study reported results for primary outcomes only (see Table 4.15).
Westergren et al.(39) conducted a cross-sectional study in a Swedish hospital, recruiting 87
patients admitted to stroke, surgery, orthopaedic and internal medicine wards. Evaluations
were performed by one nurse responsible for nutrition on each ward.
The NRS 2002 had a lower sensitivity and PPV, and a higher specificity and NPV than the
MEONF-ll. However, these differences were not statistically significant. Both NSTs were rated
as having poor validity.(1)
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Table 4.15 Diagnostic accuracy results for pairwise comparisons of NSTs
Author
NST
Reference
Primary outcomes
(Year)
pair-wise
Test
Se (%)
comparison
PPV (%)
LR+
Calleja
MUST (≥1)
SGA (B+C)
Se: 82.4 (95% CI 75.3-89.5)
Fernández
PPV: 95.4 (95% CI 90.9-99.8)
(2015)(42)
LR+: 12.52 (95% CI 5.35-29.33)
NRS 2002 (≥3)
Se: 56.0 (95% CI 46.9-65.1)
PPV: 97.2 (95% CI 92.7-100)
LR+: 21.28 (95% CI 5.37-84.28)
Kyle
MUST (≥1)
SGA (B+C)
Se: 61.2 (95% CI 56.2-66.1)
(2006)(35)
PPV: 64.6 (95% CI 59.5-69.5)
NRS 2002 (≥3)
Se: 62.0 (95% CI 57.0-66.9)
PPV: 85.1 (95% CI 80.4- 89.1)
MartínMUST (≥1)
SGA (B+C)
Se: 93 (95% CI 88.1-96.3)
Palmero
PPV: 86.4 (95% CI 81.6-90.1)
(2017)(44)
LR+: 5.47 (95% CI 3.82-7.83)
NRS 2002 (≥3)
Se: 84.2 (95% CI 77.9-89.3)
PPV: 93.5 (95% CI 88.8-96.3)
LR+: 12.60 (95% CI 6.78-22.60)
Olivares
MUST (≥1)
SGA (B+C)
Se: 64.1 (95% CI 54.5-72.7)
(2014)(46)
PPV: 65.3 (95% CI 55.7-73.9)
NRS 2002 (≥3)
Se: 68.9 (95% CI 59.4-77.1)
PPV: 62.3 (95% CI 53.1-70.6)
NTP
CastroMUST (≥1)
Se: 80.2 (95% CI 70.3- 88.0)
Vega
PPV: 84.1 (95% CI 75.6-90.1)
(2018)(43)
MST (≥2)
Se: 75.6 (95% CI 65.1-84.2)
Nor Azian
(2014)(45)

MUST (≥2)

SGA (B+C)

Sp (%)
NPV (%)
LRSp: 82.4 (95% CI 75.3-89.5)
NPV: 76.3 (95% CI 67.2-85.5)
LR-: 0.19 (95% CI 0.13-0.28)
Sp: 97.4 (95% CI 93.1-100)
NPV: 57.4 (95% CI 48.4-66.3)
LR-: 0.45 (95% CI 0.37-0.55)
Sp: 78.6 (95% CI 75.1-81.8)
NPV: 76.1 (95% CI 72.6-79.4)
Sp: 93.1 (95% CI 90.8-94.9)
NPV: 79.4 (95% CI 76.2-82.3)
Sp: 83.0 (95% CI 75.9-88.7)
NPV: 91.0 (95% CI 85.4-94.6)
LR-: 0.08 (95% CI 0.05-0.15)
Sp: 93.2 (95% CI 87.9-96.7)
NPV: 83.5 (95% CI 78.2-87.8)
LR-: 0.17 (95% CI 0.12-0.24)
Sp: 91.9 (95% CI 89.0-94.1)
NPV: 91.5 (95% CI 88.5-93.8)
Sp: 90.1 (95% CI 86.9-92.6)
NPV: 92.4 (95% CI 89.5-94.6)
Sp: 93.5 (95% CI 89.1- 96.5)
NPV: 91.6 (95% CI 87.7-94.4)

Validity rating(1)
for sensitivity
and specificity
only
Validity: Fair

Secondary
outcomes

Validity(1)

AUC: 0.879

Validity: Good

Validity: Poor

AUC: 0.766

Validity: Fair

Validity: Fair

κ: 0.26

Validity: Poor

Validity: Fair

κ: 0.48

Validity: Fair

Validity: Fair

κ: 0.422

Validity: Fair

Validity: Fair

κ: 0.758

Validity: Good

Validity: Fair

κ: 0.564

Validity: Fair

Validity: Fair

κ: 0.567

Validity: Fair

Validity: Fair

AUC: 0.868
κ: 0.747
AUC: 0.853
κ: 0.732
NR

Validity: Good
Validity: Good
Validity: Good
Validity: Good

Sp: 95 (95% CI 91.0-97.6)
NPV: 90 (95% CI 86.1-92.9)

Validity: Fair

PPV: 86.7 (95% CI 77.8-92.3)
Se: 96.6 (95% CI 82.8-99.9)
PPV: 55.7 (95% CI 46.5-64.7)

Sp: 80.9 (95% CI 72.9-87.6)
NPV: 98.8 (95% CI 93.4-99.9)

Validity: Fair
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Author
(Year)

NST
pair-wise
comparison
MST (≥2)

Gibson
(2012)(40)

MUST (≥1)
Mod-MST (≥2)

Kyle
(2006)(35)

MUST (≥1)
NRI (<97.5)

Kyle
(2006)(35)

NRS 2002 (≥3)
NRI (<97.5)

Olivares
(2014)(46)

NRS-2002 (≥3)
MNA-SF (≤11)

Olivares
(2014)(46)

MUST (≥1)
MNA-SF (≤11)

Padilla
Romo
(2015)(47)
Westergren
(2011)(39)

MUST (≥1)
TN-UMAE1
(≥4)
NRS 2002 (≥3)

Reference
Test

Primary outcomes
Se (%)
PPV (%)
LR+
Se: 93.3 (95% CI 77.9-99.2)
PPV: 54.9 (95% CI 45.4-64.0)
SGA (B+C)
Se: 79.7 (95% CI 68.3-88.4)
PPV: 66.3 (95% CI 57.8-73.8)
Se: 77.1 (95% CI 65.6-86.3)
PPV: 62.8 (95% CI 54.5-70.4)
SGA (B+C)
Se: 61.2 (95% CI 56.2-66.1)
PPV: 64.6 (95% CI 59.5-69.5)
Se: 43.1 (95% CI 37.3-49.0)
PPV: 76.2 (95% CI 67.0-82.5)
SGA (B+C)
Se: 62.0 (95% CI 57.0-66.9)
PPV: 85.1 (95% CI 80.4- 89.1)
Se: 43.1 (95% CI 37.3-49.0)
PPV: 76.2 (95% CI 67.0-82.5)
SGA (B+C)
Se: 68.9 (95% CI 59.4-77.1)
PPV: 62.3 (95% CI 53.1-70.6)
Se: 69.9 (95% CI 60.5-77.9)
PPV: 75.8 (95% CI 66.3-83.3)
SGA (B+C)
Se: 64.1 (95% CI 54.5-72.7)
PPV: 65.3 (95% CI 55.7-73.9)
Se: 69.9 (95% CI 60.5-77.9)
PPV: 75.8 (95% CI 66.3-83.3)
SGA (B+C)
Se: 91.6 (95% CI 82.7-96.9)
PPV: 85.7 (95% CI 79.0-90.5)
Se: 70.0 (95% CI 57.5-79.8)
PPV: 79.6 (95% CI 71.5-85.5)
MNA (≤23.5) Se: 37 (95% CI 24 to 52)
PPV: 76 (95% CI 55-91)

Sp (%)
NPV (%)
LRSp: 80.9 (95% CI 72.9-87.6)
NPV: 98.0 (95% CI 92.8-99.5)
Sp: 85.4 (95% CI 79.6-90.1)
NPV: 92.1 (95% CI 88-94.9)
Sp: 83.3 (95% CI 77.3-88.3)
NPV: 90.9 (95% CI 86.6-93.9)
Sp: 78.6 (95% CI 75.1-81.8)
NPV: 76.1 (95% CI 72.6-79.4)
Sp: 89.3 (95% CI 85.6-92.3)
NPV: 66.3 (95% CI 61.9-70.4)
Sp: 93.1 (95% CI 90.8-94.9)
NPV: 79.4 (95% CI 76.2-82.3)
Sp: 89.3 (95% CI 85.6-92.3)
NPV: 66.3 (95% CI 61.9-70.4)
Sp: 90.1 (95% CI 86.9-92.6)
NPV: 92.4 (95% CI 89.5-94.6)
Sp: 94.7 (95% CI 92.2-96.4)
NPV: 93.0 (95% CI 90.2-95.0)
Sp: 91.9 (95% CI 89.0-94.1)
NPV: 91.5 (95% CI 88.5-93.8)
Sp: 94.7 (95% CI 92.2-96.4)
NPV: 93.0 (95% CI 90.2-95.0)
Sp: 60.7 (95% CI 40.6-78.5)
NPV: 73.9 (95% CI 55.5-86.6)
Sp: 53.5 (95% CI 33.9-72.5)
NPV: 41.6 (95% CI 29.5-52.7)
Sp: 82 (95% CI 65-93)
NPV: 47 (95% CI 34-60)

Page 69 of 134

Validity rating(1)
for sensitivity
and specificity
only
Validity: Fair

Secondary
outcomes

Validity: Fair

NR

Validity: Fair

NR

Validity: Fair

κ: 0.26

Validity: Poor

κ: 0.24

Validity: Fair

κ: 0.48

Validity: Poor

κ: 0.24

Validity: Fair

κ: 0.567

Validity: Fair

κ: 0.666

Validity: Fair

κ: 0.564

Validity: Fair

κ: 0.666

Validity: Poor

κ: 0.554

Validity: Poor

κ: 0.224

Validity: Poor

NR

Validity(1)

NR

Validity:
Poor
Validity:
Poor
Validity:
Fair
Validity:
Poor
Validity:
Fair
Validity:
Good
Validity:
Fair
Validity:
Good
Validity:
Fair
Validity:
Poor
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Author
(Year)

NST
pair-wise
comparison
MEONF-II (≥3)

Reference
Test

Primary outcomes
Se (%)
PPV (%)
LR+
Se: 61 (95% CI 46-74)
PPV: 82 (95% CI 66-92)

Sp (%)
NPV (%)
LRSp: 79 (95% CI 62-91)
NPV: 57 (95% CI 42-72)

Validity rating(1)
for sensitivity
and specificity
only
Validity: Poor

Secondary
outcomes

Validity(1)

NR

Key: AUC - area under the receiver operator curve; κ - Cohen's kappa coefficient; LR+ - positive likelihood ratio; LR- - negative likelihood ratio; MEONF-II - Minimal Eating
Observation and Nutrition Form - Version II; MNA – Mini Nutritional Assessment; MNA-SF – Mini Nutritional Assessment – Short Form; Mod-MST – Modified
Malnutrition Screening Tool; MUST - Malnutrition Universal Screening Tool; NPV - negative predictive value; NR- not reported; NRS 2002 - Nutritional Risk Score 2002;
NRI – Nutritional Risk Index; NTP – nutritionally trained professional; PPV - positive predictive value; TN-UMAE1 - Nutritional Screening of the High Specialty Medical
Unit 1; SGA - Subjective Global Assessment; Se – sensitivity; Sp – specificity.
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4.4 Methodological quality
All included studies were appraised using the QUADAS II risk of bias and applicability tool.
The quality of the included studies is presented both narratively and graphically (see Figure
4.1 and Figure 4.2Figure 4.2).
Figure 4.1 Global risk of bias according to QUADAS II assessment

QUADAS-2 Domain

Flow and timing

Reference standard

Index test

Patient selection
Low
High

0%
20%
40%
60%
80%
Proportion of studies with low, high or unclear
risk of bias

Unclear

100%

Risk of bias - Patient selection
Two studies were at high risk of bias.(38, 45) One study(45) did not report using a consecutive or
random method of enrolling patients and excluded patients who were already receiving
parenteral or enteral nutritional support. The other study(38) used a convenient sampling
method for patient recruitment and excluded patients who were demented, unconscious or
deemed too frail for participation.
Four studies were categorised as unclear due to the unavailability of information on patient
enrolment (39, 42, 47) or exclusion criteria.(39, 40)
Risk of bias - Index test
Eights studies(31, 37, 38, 42, 43, 45-47) were categorised as unclear for risk of bias for the index test.
All of these studies failed to report information relating to the blinding of the assessment.(31,
37, 38, 42, 43, 45-47)
(43, 47)

specified,

It was also unclear in a number of studies whether thresholds were pre-

whether all predictive variables were measured adequately,(42, 43, 47) whether

the test was applied as originally designed(38) and if appropriate methods of measurement
Page 71 of 134

Draft: Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

were used.(42, 43, 47)
Risk of bias - Reference test
Five studies(37, 39, 45-47) were categorised as unclear for risk of bias. In all of these studies(37, 39,
45-47)

although the same person conducted both index and reference tests, it is unclear

whether the results of the index were calculated and known before the reference test was
performed.
Risk of bias - Flow and timing
Six studies(37, 39, 40, 44, 45, 47) were categorised as unclear for risk of bias relating to flow and
timing. In four of these studies(37, 40, 45, 47) it was not clear if all patients were included within
the analysis. Two studies(39, 44) did not perform nutritional screening and assessment within
48 hours.
Figure 4.2 Applicability according to QUADAS II assessment
Low

High

Unclear

Reference standard

Index test

Patient selection

0%

20%
40%
60%
80%
Proportion of studies with low, high, or unclear
concerns regarding applicability

100%

Applicability – Patient selection
Two studies(39, 45) are considered have a high risk of lack of applicability to the context of this
review in terms of patient selection. One study recruited 27% of their sample from
outpatient settings.(45) The other study (39) consisted of mainly of patients over 65 with only
17% (n = 15/87) under 65.
One study(47) was unclear of its applicability to this review question due to a narrow
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selection of wards i.e. general and nephrology.
Applicability – Index test
Padilla Romo et al.(47) study was unclear in terms of applicability as there was a concern that
the index test, its conduct, or interpretation differed from the review question. This is due to
lack of details on how the tool TN-UMAE1 was developed and validated.
Applicability – Reference test
One study(47) was unclear in terms of applicability as there was a concern that the target
condition as defined by the reference standard does not match the review question. This
study did not reporting sufficient details on the training of the individual conducting the
nutritional assessment.
Table 4.16 Quality assessment according to QUADAS II by study
Risk of Bias

Bolayir 2018(41)
Calleja Fernandez
(42)
2015
(43)
Castro Vega 2017

Patient
selection

Index
test

Reference
standard

Low

Low

Unclear

Applicability
Patient
selection

Index
test

Reference
standard

Low

Flow
and
timing
Low

Low

Low

Low

Unclear

Low

Low

Low

Low

Low

Low

Unclear

Low

Low

Low

Low

Low

Corish 2004(31)

Low

Unclear

Low

Low

Low

Low

Low

Gibson 2012(40)

Unclear

Low

Low

Unclear

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Unclear

Low

Low

Low

(35)

Kyle 2006

Martin Palmero 2017
Mirmiran 2011(36)
Nor Azian 2014

(45)

(46)

Olivares 2014

Padilla Romo 2015(47)
Raslan 2011(37)
(38)

Tammam 2009

Westergren 2011

(39)

(44)

Low

Low

Low

Low

Low

Low

Low

High

Unclear

Unclear

Unclear

High

Low

Low

Low

Unclear

Unclear

Low

Low

Low

Low

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Low

Unclear

Unclear

Unclear

Low

Low

Low

High

Unclear

Low

Low

Low

Low

Low

Unclear

Low

Unclear

Unclear

High

Low

Low

4.5 Certainty of the evidence
We assessed the overall certainty of the evidence where appropriate for question one of the
review (What is the diagnostic accuracy of nutritional screening NSTs compared with a
reference test in assessing the nutritional status of adults' at risk of undernutrition in acute
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settings?). A narrative summary of findings table was created using GRADEpro software for
the following primary outcomes: Sensitivity and specificity, positive and negative predictive
values, and positive and negative likelihood ratios. See Table 4.17 to 4.18
Overall the certainty of the evidence is ‘very low’ for all NSTs, owing to a high risk of bias,
inconsistency of reference test and thresholds used, small sample sizes, and that for some
NSTs evidence was from a single study only. (see Table 4.2).
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Table 4.17 Summary of findings table for diagnostic accuracy of NSTs
Nutritional screening test compared to reference in identifying patients at risk of undernutrition
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Target condition: At risk of undernutrition

Index tests: Externally validated nutritional screening
tests
Reference standards: Assessment by a nutritionally
trained professional (NTP) or Mini Nutritional
Assessment (MNA) or Subjective Global Assessment
(SGA)

Nutritional Summary
screening
tool

MUST

NRS 2002

NRI

MST

NRS

№ of participants
(studies)

Sensitivity range: 61.2% to 96.6%, Specificity range: 60.7% to
2,914
93.5% (8/8 studies)
(8 cross-sectional
PPV range: 55.7% to 95.4%, NPV range: 73.9% to 98.8% (8/8
studies)
studies)
LR+ range: 5.47 to 12.52, LR- range: 0.08 to 0.19 (2/8 studies)
Reference tests ( SGA 7 studies, NTP 1 study), Index thresholds (
MUST ≥1 6 studies, MUST ≥2 1 study)
Validity* reported as poor (n=1) to fair (n=7)
Sensitivity range: 37% to 88%, Specificity range: 82% to 97.4%
(6/6 studies)
PPV range: 62.3% to 97.2%, NPV range: 47.0% to 92.4%
(6/6 studies)
LR+ range: 17.18 to 21.28, LR+ range: 0.17 to 0.45 (2/6 studies)
Reference test (SGA 4 studies, MNA 1 study, NTP 1 study), Index
thresholds ( NRS 2002 ≥3 6 studies)
Validity* reported as poor (n=2), fair (n=3) to good (n=1)

2,388
(6 cross-sectional
studies)

⨁◯◯◯
VERY LOW
a,b,c,

⨁◯◯◯
VERY LOW
a,b,c,

Sensitivity range: 43.1% to 55.1%, Specificity range: 68.1% to
1,354
89.3% (2/2 studies)
(2 cross-sectional
PPV range: 21.4% to 76.2%, NPV range: 66.3% to 90.6% (2/2
studies)
studies)
LR+: 1.73, LR-: 0.66 (1/2 studies)
Reference test (SGA 1 study, NTP 1 study), Index thresholds (NRI
<97.5 2 studies)
Validity* reported as poor (n=2)
Sensitivity range: 75.6% to 93.3%, Specificity range: 80.9% to
95% (2/2 studies)
PPV range: 54.9% to 86.7%, NPV range: 90% to 98% (2/2
studies)
Reference test (SGA 1 study, NTP 1 study), Index thresholds
(MST ≥2 2 studies) Validity* reported as fair (n=2)

436
(2 cross-sectional
studies)

Sensitivity 79% (95%CI 66.8-88.3), Specificity 66.9% (95%CI
62.7-70.9) (1/1 study)
PPV: 21.8% (95%CI 18.9-24.9), NPV: 96.5% (95%CI 94.4-97.8)

594
(1 cross-sectional
study)
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Certainty
of the
evidence
(GRADE)

⨁◯◯◯
VERY LOW
a,b

⨁◯◯◯
VERY LOW
a,b,c

⨁◯◯◯
VERY LOW
a,d
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(1/1 study)
LR+: 2.39 (95%CI 2.00-2.85), LR-: 0.31 (95%CI 0.19-0.51) (1/1
study)
Reference test (NTP 1 study), Index thresholds ( NRS ≥4, 1 study)
Validity* reported as fair
Key: LR+ – positive likelihood ratio; LR- – negative likelihood ratio; MST – Malnutrition Screening Tool; MUST - Malnutrition
Universal Screening Tool; NPV - negative predictive value; NRI – Nutritional Risk Index; NRS - Nutritional Risk Score; NRS
2002 – Nutritional Risk Score 2002; PPV – positive predictive value.
*validity rating based on framework used in van der Schueren (2014)
Explanations: a. Risk of bias, b. Inconsistency in reference test and/or threshold, c. Small sample sizes, d. Single study not
generalisable

Table 4.18 Summary of findings table for evidence relating to diagnostic accuracy of NSTs
continued
Nutritional screening test compared to reference in identifying patients at risk of undernutrition
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Target condition: At risk of undernutrition

Index tests: Externally validated nutritional screening tests
Reference standards: Assessment by a nutritionally trained
professional (NTP) or Mini Nutritional Assessment (MNA)
or Subjective Global Assessment (SGA)

Nutritional Summary
screening
tool

BNST

Mod-MST

TN-UMAE1

Sensitivity: 87.7% (95%CI 83.9-90.3), Specificity: 61.7% (95%CI
57.5-66.5) (1/1 study)
PPV: 79.0% (95%CI 68.9-77.1). NPV: 73.1% (95%CI 75.1-82.9)
(1/1 study)
Reference test (NTP 1 study), Index threshold (1 x BNST ≥4, 1
study)
Validity* reported as fair
Sensitivity: 77.1% (95%CI 65.6-86.3), Specificity: 83.3%
(95%CI77.3-88.3) (1/1 study)
PPV: 62.8% (95%CI 54.5-70.4), NPV: 90.9% (95%CI 86.6-93.9)
(1/1 study)
Reference test (SGA 1 study), Index threshold (Mod-MST ≥2, 1
study)
Validity* reported as fair

Sensitivity 70% (95%CI 57.5-79.8), Specificity 53.5% (95%CI
33.9-72.5) (1/1 study)
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(studies)

Certainty
of the
evidence
(GRADE)

414
(1 cross-sectional
study)

⨁◯◯◯
VERY LOW

262
(1 cross-sectional
study)

⨁◯◯◯
VERY LOW

100
(1 cross-sectional

⨁◯◯◯
VERY LOW

a,d

a,c,d
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PPV 79.6% (95%CI 71.5-85.5), NPV 41.6% (95%CI 29.5-52.7)
study)
(1/1 study)
Reference test (SGA, 1 study), Index threshold (TN-UMAE1 ≥4, 1
study)
Validity*reported as poor

MEONF-II

INSYST

Sensitivity: 61% (95%CI 46-74), Specificity 79% (95%CI 62-91)
(1/1 study)
PPV: 82% (95%CI 66-92). NPV 57% (95%CI 42-72) (1/1 study)
Reference test (MNA 1 study), Index threshold (MEONF-ll ≥3 1
study)
Validity* reported as poor

87
(1 cross-sectional
study)

INSYST: Sensitivity 95.2% (95%CI 76.2-99.9), Specificity 65%
(95%CI 48.3-79.4) (1/1 study)
PPV 58.8% (95%CI 48.1-68.8), NPV 96.3% (95%CI 79.1-99.4)
61
(1/1 study)
(1 cross-sectional
Reference test (MNA 1 study), Index threshold (INSYST ll ‘at risk’ study)
and ‘high risk’ combined, 1 study)
Validity* reported as poor

a,c,d

⨁◯◯◯
VERY LOW
a,c,d

⨁◯◯◯
VERY LOW
a,e

Key: INSYST - The Imperial Nutritional Screening System; PPV – positive predictive value; NPV – negative predictive value;
LR+ – positive likelihood ratio; LR- – negative likelihood ratio; Mod-MST – Modified Malnutrition Screening Tool; MEONF-II Minimal Eating Observation and Nutrition Form - Version II; BNST – British Nutritional Screening Tool; TN-UMAE1 - Tamizaje
Nutricional de la Unidad Médica de Alta Especialidad (Nutritional Screening of the Unit. High Specialty Medical) 1
*validity rating based on framework used in van der Schueren (2014)
Explanations: a. Risk of bias, b. Inconsistency in reference test and/or threshold, c. Small sample sizes, d. Single study not
generalisable
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4.6 Discussion and conclusion
Fourteen studies were included that assessed the accuracy of at least one validated
nutritional screening tool in identifying adult patients at risk of undernutrition in hospital
settings. There was large heterogeneity in the included studies, with variation in age, disease
severity, prevalence of patients at risk of undernutrition and the reference test used. As a
result meta-analysis was not performed.(52)
Only two NSTs were considered in more than two studies, these were the MUST (in eight
studies) and NRS 2002 (in six studies). The estimates of the diagnostic accuracy measures
for the MUST and NRS 2002 varied considerably across the studies. In four studies the MUST
and NRS 2002 were directly compared, the results from these studies were conflicting with
the majority showing no difference in the estimated accuracy of the NSTs. This may be due
to both NSTs sharing similar parameters. For instance the NRS 2002 contains the nutritional
components of MUST. Additionally the NRS 2002, includes a grading of severity of disease as
a reflection of increased nutritional requirements. By comparison the MUST includes a
binary parameter which is used to indicate the presence of an acute illness likely to restrict a
patient’s access to food.
Overall, the studies were poorly reported leading to an unclear risk of bias, (37, 39, 40, 42, 45-47)
especially when reporting how the NSTs and references tests were performed. There were
also concerns in some studies that patient selection may have resulted in an increased risk
for selection bias.(38, 45) When the body of evidence was assessed using the GRADE approach
each NST received a rating of very low quality highlighting the low level of certainty in the
estimated accuracy of the NSTs.
The strengths of this review in terms of this research question are: a comprehensive search
strategy; including only NSTs that have been externally validated using a referenced test that
is considered close to gold standard; not disease or condition specific and focused on
hospital settings only. This resulted in gathering all available published evidence relating to
NST accuracy for detecting undernutrition in adult patients in acute hospital settings to best
inform this guideline Nutrition screening and use of oral nutrition support for adults in the
acute care setting, for the Irish healthcare system.
Limitations include the lack of evidence that directly compares a range of NSTs in the same
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population. Another limitation is the lack of an agreed gold standard. In consultation with
clinical experts on the guideline development group, we used nutritional assessment by a
nutritionally trained professional, SGA (Subjective Global Assessment) or MNA (Mini
Nutritional Assessment) as eligible reference standards. These have been considered ‘semigold standards’ in the literature.(1, 18-20) However there were differences between included
studies on what a nutrition assessment involves. For the studies that used SGA or MNA,
there was a lack of information on who performed these assessments and what the level of
training was. Furthermore, the SGA has been criticised for being subjective relying on the
investigator’s experience(35, 37, 53) and the MNA, which as well as being developed for older
populations(54) and as a result is questionable in populations <65 also uses serum albumin
values that are associated with many non-nutritional factors e.g. infection and
cardiovascular disease.(55) When assessing the accuracy of a screening tool by comparing it
to an imperfect reference standard, there is a risk that any imperfections in the reference
test are inherited into the new tool. Until a consensus has been agreed this limitation will
continue to present challenges.
The majority of NSTs(35, 37, 40, 42, 44-47) were compared to the SGA, which has some limitations
as a reference assessment tool. These include its reliance on subjectivity,(53) the need for
examiner training to improve competency in making an assessment using the SGA,(56-58) and,
although developed to assess nutrition-associated complications, it has been suggested that
it may represent an index of sickness rather than nutrition.(59)
One additional study(60) was identified after databases searches were complete. This was a
cross-sectional study set in an Indonesian general hospital, comparing the accuracy of four
validated screening tools (NRS-2002, MST, MUST and SNAQ). The study findings agree with
the findings of this review, which is that the MUST and NRS 2002 appear to have similar but
variable accuracy in detecting patients at risk of undernutrition.

4.7 Future research
Future research is needed to address limitations highlighted in this review.
Studies that directly compare a number of NSTs in the same sample are needed. This form of
direct evidence avoids the issues of heterogeneity experienced across different studies, due
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in part to the large variation of patient characteristics and reference tests used. These
should be reported following a standardised approach e.g. STARD reporting guidelines.(61)
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5 Results: Accuracy of NSTs to identify adverse outcomes
This chapter focusses on the literature pertinent to question two of the review “What is the
accuracy of nutrition screening tools (NSTs) in identifying adverse outcomes in adults at risk
of undernutrition in acute hospital settings?” The characteristics of the included studies are
first described and the included nutritional screening tools are then listed. The results are
presented separately for each adverse outcome. Finally the results of the quality assessment
of the included studies are presented.

5.1 Characteristics of included studies
Seventeen cohort studies were eligible and included in review question two,(32-35, 37, 57, 62-73)
of which 13 were prospective(33-35, 37, 57, 62, 64-66, 69-73) and four retrospective.(32, 63, 67, 68) Sample
sizes ranged from 57(70) to 419,086.(68) One study was reported in two different papers,(34, 37)
both papers reported on the same study population with the same intervention and
comparison, however different outcome measures were reported, these papers have been
considered as one study in this review.
Included studies were conducted in 15 countries including Brazil,(34, 37) Canada,(57) Croatia,(71)
Greece,(73) Israel,(32) Netherlands,(68) Norway,(72) Poland,(63) Portugal,(66) Singapore,(69)
Spain,(70) Switzerland,(35, 64, 67) Turkey,(65) Uganda,(62) with one study (33) conducted across two
countries (Germany and Switzerland). All but one study were published in English(70); this
was translated from Spanish.
Studies reported recruiting patients from: medical wards;(62) internal medicine;(32, 67) medical
and surgical wards;(33-35, 37, 57, 66, 70) medical wards including intensive care unit (ICU); medical,
surgical wards and ICU;(62, 65, 72) all wards;(63,

68)

all wards except surgery(64) and all wards

except ICU.(73) While one study(69) recruited from 16 wards with no further details reported.
There was large heterogeneity across all studies for age and prevalence of undernutrition.
Age ranged from a median of 37(62) to a mean of 73.(67) Prevalence levels of undernutrition
ranged from 6%(63) to 63%.(67) See Table 5.1 for details on the characteristics of included
studies.
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5.1.1 Nutritional screening tools included in question two
Six unique NSTs in total were considered in the included studies. Eleven studies included the
Nutrition Risk Screening 2002 (NRS 2002),(34, 35, 37, 57, 63-67, 70-72) six included the Malnutrition
Universal Screening Tool (MUST),(32,

34, 35, 66, 68, 73)

two included the Mini Nutritional

Assessment – Short Form (MNA-SF),(34, 62) two included the Nutrition Risk Index (NRI),(33, 35)
one included the 3-Minute Nutrition Screening (3-minNS)(69) and one study included the
Simplified Nutritional Assessment Questionnaire (SNAQ).(68) Fourteen studies assessed one
NST,(32, 33, 37, 57, 62-65, 67, 69-73) one study(66) directly compared two NSTs in the same sample,
while one study indirectly compared two NSTs in different hospital(68) and two studies
directly compared three NSTs using the same sample.(34, 35)
5.1.2 Reporting of nutritional interventions
Nine out of the 17 studies(34, 37, 57, 64-67, 69, 71, 73) reported using nutritional interventions (NIs)
with only limited information provided.
Three studies(64, 67, 73) reported the type of interventions received. Felder et al.

(64)

reported

that 10% of patients received an NI, with patients identified as at risk of undernutrition (NRS
≥3) four times more likely to receive some sort of intervention (including counselling, oral,
enteral or parental therapy). This equated to 23% of those at risk of undernutrition receiving
either oral therapy (15%), (5%) enteral nutrition and (2%) parental nutrition. KhalatbariSoltani et al. (67) reported less than one in two patients at risk for undernutrition (NRS ≥3)
received NI while one in six patients not at risk of undernutrition received an NI. In this
study, the most common NI was enteral nutrition followed by dietary regimen alone and
parental nutrition. The last study to report details on NI was by Tsaousi et al.,(73) which
reported that one in three patients had received a special diet and one in fourteen had
received enteral or parental nutrition. No further details were reported. Gökcan et al.(65)
reported that a nutritional care plan was initiated for patients at risk of undernutrition (NRS
scores ≥3) with no further details reported. Two other studies,(34, 37, 69) reported patients had
received NI but by referral of the physician or doctor and not by indication of the NST.
Jeejeebhoy et al.(57) reported that the presence or absence of NI was recorded, but no
further details. Guerra et al.(66) only reported that they did not record who received a NI. All
remaining studies did not mention NIs. (32, 33, 35, 62, 63, 68, 70, 72)
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Table 5.1 Characteristics of included studies for review question two
Author (year),
study design,
country (language if not English)
Prospective cohort studies
Asiimwe (2015),(62)
Prospective cohort study
Uganda
(64)
Felder (2015),
Prospective cohort study
Switzerland
(65)

Gökcan (2014),
Prospective cohort study
Turkey
Guerra (2015),(66)
Prospective cohort study
Portugal
Jeejeebhoy (2015),(57)
Multi-centre prospective cohort
study
Canada
Kyle (2004),(33)
Multi-centre prospective cohort
study
Germany and Switzerland
Kyle (2006),(35)
Prospective cohort study
Switzerland
Lim (2014),(69)
Prospective cohort study
Singapore

Study description (setting and recruitment, nutritional intervention use, data collection period, sample size, age,
prevalence of undernutrition)

Nutritional
screening tool

Patients consecutive admitted to medical wards between April and May 2011, the use of NIs was reported. (n = 318).
Median age 37 (IQR 27, 56).Prevalence 59% (MNA-SF).

MNA-SF

Acutely ill patients consecutively admitted to all medical wards except surgery in a tertiary hospital between March 2013
and February 2014. 10% of patients received an NI, with those at risk of undernutrition (NRS ≥3) 4 times more likely to
receive NI interventions (included counselling, oral, enteral or parental therapy). 23% of those at risk of undernutrition
received NI; (15%) oral therapy, (5%) enteral nutrition or (2%) parental nutrition. (n = 3,186).
Median age 71 (IQR 58, 80), Prevalence 27.8% (NRS 2002 ≥3).
Patients admitted to medical and surgical wards and ICU in a tertiary referral university hospital between October and
December 2005. A nutritional care plan was initiated for patients at risk of UN (NRS ≥3). (n = 2,566).
Mean age 57.6 SD (16.9), Prevalence 11% (NRS 2002 ≥3).
Patients consecutively admitted to medical and surgical wards in a university hospital between July 2011 and June 2013. It
was reported that the use of NI was not recorded. (n = 682).
Mean age 58.3 SD (21.6). Prevalence 37.2% (NRS 2002 ≥3), 24.8% (MUST ≥2).
Patients consecutively and non-consecutively (depending on site) admitted to medical and surgical wards in 18 acute care
hospitals from eight provinces between July 2010 and 28 February 2013 the presence or absence of NI was recorded. (n =
733).
Median age 66 IQR (54, 77). Prevalence 47.1% (SGA).
Patients recruited from medical and surgical services located in two hospitals, method of enrolment and data collection
period not reported, use of NI not reported. (n= 1,273) (n = 621 Germany, n = 652 Switzerland).
Mean age 59.1 SD (15.7) Germany and 55.5 SD (21.9) Switzerland. Prevalence 24% (NRI ≥2), 27.6% (Switzerland), 20.9%
(Germany).
Every 10th patient admitted to medical or surgical wards in a university general hospital over a 3-month period, use of NI
not reported. (n = 995).
Mean age 52.5 SD (21.2).‡ Prevalence 39% (SGA).
Six consecutive patients per day admitted to 16 wards in an acute tertiary hospital over a 10-month period, patients had
received NI but by referral of the physician or doctor and not by indication of the NST (n = 818).
Mean age 51.9 SD (15.4). Prevalence 37% (3-MinNS ≥3).

NRS 2002
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Author (year),
study design,
country (language if not English)
(70)
Ocón Bretón (2012),
Prospective cohort
Spain (Spanish)
Pavić (2012),(71)
Prospective cohort study
Croatia
Raslan (2010),(34, 37)
Prospective cohort study
Brazil
Tangvik (2014),(72)
Prospective cohort
Norway
Tsaousi (2014),(73)
Prospective cohort study
Greece
Retrospective cohort studies
Budzynski (2016),(63)
Retrospective cohort study
Poland
(30)
Khalatbari-Soltani (2016),
Retrospective cohort study
Switzerland
Koifman (2012),(32)
Retrospective cohort study
Israel
(68)
Kruizenga (2016),
Retrospective cohort study
Netherlands

Study description (setting and recruitment, nutritional intervention use, data collection period, sample size, age,
prevalence of undernutrition)

Nutritional
screening tool

Patients from medical and surgical departments in a university hospital, data collection period not reported, use of NI not
reported (n = 57).
Mean age 70.5 SD (16). Prevalence 49.1% (MNA).
Patients consecutively admitted to general medical departments which included intensive care units in a teaching hospital
between 1 October and 31 December 2010, Patients with NRS2002 ≥ 3 were eligible for NI, 32.8% of patients with an
apparent indication for NI received support. (n = 1,696).
Mean age 63.9 SD (15.7). Prevalence 19.4% (NRS 2002 ≥3).
One in five patients were systematically selected from internal medicine and surgery departments in a university hospital
between February and August 2007, patients had received NI but by referral of the physician or doctor and not by
indication of the NST (n = 705). This study was reported in two papers.
Mean age 56.6 SD (15.3). Prevalence 39% SGA.
Patients admitted to medical and surgical departments and ICU were included in eight surveys conducted between
January 2008 and 2009, use of NI not reported (n = 3,279).
Median age 66 IQR (18, 99). Prevalence 29% (NRS 2002 ≥3).
Patients admitted to different wards excluding intensive care in a university hospital on 8 November 2014 European
Nutrition Day 2012, 1/3 patients received a special diet and 1/14 received enteral or parental nutrition, (n = 295).
Mean age 63.6 SD (17.2). Prevalence 21.4% (MUST ≥2).

NRS 2002

Data collected for patients consecutively admitted to all wards in a university hospital between July 2014 and 30 June
2015, use of NI not reported (n= 14,785).
Mean age 59.4 SD (18.2)‡. Prevalence 6.4% (NRS 2002 ≥3).
Patients admitted to internal medicine wards in a university hospital between 1 January 2013 to 31 December 2014, NI
use reported in less than 50% patients at risk for undernutrition (NRS 2002 ≥3), while 1/6 patients not at risk of
undernutrition received a NI. NI most frequently enteral nutrition followed by dietary regimen alone and parental
nutrition.(n = 8,541 hospitalisations).
Mean age 72.8 SD (16.5). Prevalence 63.2% (NRS 2002 ≥3).
Patients consecutively admitted to internal medicine wards in a tertiary hospital between 2008 and 2009, use of NI not
reported (n = 1,000).
Mean age 67.6 SD (17.4). Prevalence 25.4% (MUST ≥2).
Patients admitted to all wards in two university hospitals, three teaching hospitals, and eight general hospitals between
2007 and 2014 (n= 144,977 for MUST, n = 419,086 for SNAQ, different populations), use of NI not reported.
Mean age 62.3 SD (18.0) for MUST and mean age 61.8 SD (18.1) for SNAQ. Prevalence 14.9% (MUST ≥2); 13.7% (SNAQ ≥3).

NRS 2002
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Key: 3-MinNS- Three Minute Nutritional Screening; ICU - intensive care unit; IQR – interquartile range; MNA-SF - Mini Nutritional Assessment - Short Form; MUSTMalnutrition Universal Screening Tool; NI- nutritional intervention; NR - not reported; NRS 2002 - Nutritional Risk Score 2002; NRI- Nutritional Risk Index; SD – standard
deviation; SGA – Subjective Global Assessment; SNAQ- Short Nutritional Assessment Questionnaire
Note: Prevalence of undernutrition is reported according to ‘gold standard’ of SGA or MNA where available.‡ mean and standard deviation was calculated based on reported
(24)
subgroup data (Guerra 2015 <7 days vs. ≥ 7 days Budzynski 2016 NRS 2002 ≥3 vs. <3, Kyle 2006 1–10 days vs. ≥11 days).
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5.2 Primary and secondary outcomes for accuracy of NSTs in identifying
adverse outcomes
Results for this review question “What is the accuracy of nutritional screening tools in
identifying adverse outcomes in adults at risk of undernutrition in acute hospital settings?”
are presented by outcome. Any direct comparison evidence is presented first which is
followed by results by NST. Primary outcomes include mortality, length of stay and
complications as measured using odds ratios (OR), hazard ratios (HR), relative risks (RR) and
area under the curve (AUC). Secondary outcomes include mortality, length of stay and
complications as measured using sensitivity (Se), specificity (Sp), positive predictive values
(PPV), negative predictive values (NPV), likelihood ratios, standardised regression coefficient
or correlations.
5.2.1 Mortality
Nine studies(32, 34, 37, 62-64, 67, 69, 71, 72) reported outcomes relating to mortality. One of the
studies published two separate articles based on analyses of the same dataset, in the first
(34)
three NSTs were directly compared while in the second just one NST was considered.(37)
All other studies assessed a single NST. Across all studies four NSTs are featured: 3-MinNS,
MNA–SF, MUST and NRS 2002. (see
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Table 5.2).
5.2.1.1 Direct comparison evidence
Raslan et al.,(34) in a prospective cohort study set in a public hospital in Brazil aimed to
identify the most appropriate nutritional screening tool for predicting in-hospital mortality.
From February to August 2007, one in every five patients (n=705) were systematically
selected to participate in the study. For the NRS 2002 (≥3), MNA-SF (≤11) and MUST (≥1),
area under the curves for in-hospital mortality were compared. The NR2 2002 (AUC 0.795)
and MNA-SF (AUC 0.758) had very similar results, whereas the MUST demonstrated a lower
AUC of 0.636. All NSTs were rated as having fair validity, using cut-off by van Bokhorst-de van
der Schueren.(1)
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Table 5.2 Primary outcome results for mortality in studies directly comparing two or more NSTs
Author
Nutritional
Variables included
Primary outcomes
(year)
screening tool
within the model
Study
(cut-off)
design
NRS 2002 (≥3)
Unadjusted analysis
Raslan
In-hospital mortality
(2010)(34)
Prospectiv
e cohort

AUC 0.7948
Validity(1): Fair
MNA-SF (≤11)

In-hospital mortality
AUC: 0.7583
Validity(1): Fair

MUST (≥1)

In-hospital mortality
AUC: 0.6363

Validity(1): Fair
Key: AUC - area under the curve; MNA-SF – Mini Nutritional Assessment – Short Form; MUST Malnutrition Universal Screening Tool; NRS 2002 - Nutritional Risk Score 2002.

5.2.1.2 3-MinNS
A prospective cohort study by Lim et al.(69) examined the association between 3-MinNS, at
cut-off ≥3, and mortality after one, two and three years following discharge from hospital.
Six consecutive patients per day, from 16 wards, were recruited over a ten month period in a
single acute tertiary hospital in Singapore. After adjusting for age, ethnicity and gender
patients identified as at risk (3-MinNS ≥3) were four times more likely to die within one year
than those not at risk of undernutrition. This association was also statistically significant for
two years and three years post discharge mortality but with decreasing effect sizes. Overall,
the 3-MinNS was rated as having fair to poor validity.(1) See Table 5.3.
Table 5.3 Primary outcome results for mortality for 3-MinNS
Author
Nutritional
Variables included Primary outcomes
(year)
screening tool within the model
Study
(cut-off)
design
Lim
3-MinNS (≥3)
Age, gender,
Cumulative mortality:
(2014)(69)
ethnicity
1-year: RR 4.33 (95% CI 2.23-8.40, p<0.001)
Prospectiv
Validity(1): Fair
e cohort
2-year: RR 2.55 (95% CI 1.58-4.14, p<0.001)
Validity(1): Poor
3-year: RR 2.40 (95% CI 1.58-3.65, p<0.001)
Validity(1): Poor
Key: 3-MinNS - Three Minute Nutritional Screening; CI – confidence interval; RR – relative risk.
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5.2.1.3 MNA-SF
Two studies measured the association between MNA-SF and mortality, using two different
cut-off points (MNA-SF ≤11 and MNA-SF ≤7). See Table 5.4 for results.
Asiimwe et al.(62) in a prospective cohort study based in a government teaching hospital in
Uganda, evaluated association between malnutrition and 30 day and in-hospital mortality,
using the MNA-SF at cut-off ≤7. Three hundred and eighteen consecutive patients were
prospectively recruited over a two month period from April to May 2011. The complete
sample included a large proportion of subjects presenting with human immunodeficiency
virus (HIV) (45%) and a similar proportion with suspected tuberculosis (TB) (42%). After
adjusting for demographics, HIV status, suspected TB and a number of other variables (see
Table 5.4), associations between undernutrition and both mortality outcomes were
statistically significant. Patients with a MNA-SF score of seven or less reported to have a 1.6
fold higher risk of 30 day mortality (HR 1.6, 95% CI [1.02-2.6], p = 0.039) and a 2.7-fold
higher risk of in-hospital mortality (HR 2.7, 95% CI [1.3-5.9], p = 0.011) when compared with
those with a MNA-SF score of eight or more. For both outcomes validity was rated as poor.(1)
Raslan et al., (34) in a prospective cohort study set in a public hospital in Brazil aimed to
identify the most appropriate nutritional screening tool for predicting unfavourable clinical
outcomes including in-hospital mortality. One in every five patients were systematically
selected to participate in the study, resulting in a total sample of 705. Prevalence was
reported to be 73%. In an unadjusted analysis, the authors reported an AUC of 0.758. This
was rated as having fair validity.(1)
Table 5.4 Primary outcome results for mortality for MNA-SF
Author
Nutritional
Variables included within
Primary outcomes
(year)
screening tool
the model
study
(cut-off)
design
Asiimwe MNA-SF (≤7)
Age, sex, education status,
30-day mortality
(2015)(62)
HIV status, suspected TB,
HR 1.6 (95% CI [1.02-2.6], p=0.039)
prospectiv
temperature, haemoglobin
Validity(1): Poor
e cohort
and admission mean arterial In-hospital mortality
pressure
HR 2.7 (95% CI [1.3-5.9], p=0.011)
Validity(1): Poor
Raslan
MNA-SF (≤11)
(2010)(34)
Prospectiv

Unadjusted analysis
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e cohort
Key: AUC – area under the curve; CI – confidence interval; HIV - human immunodeficiency virus;
HR – Hazard ratio; MNA-SF – Mini Nutritional Assessment – Short Form; TB – tuberculosis.

5.2.1.4 MUST
Two studies(32, 34) assessed the MUST for associations with in-hospital mortality using two
different cut-off points (MUST ≥2 and MUST ≥1). See Table 5.5 for results.
Koifman et al.(32) in a retrospective cohort study used computerised hospital records to
estimate the impact of being nutritionally at-risk on in-hospital mortality. Between 2008 and
2009, 1,000 consecutively admitted patients to internal medicine wards in a single tertiary
hospital in Israel were recruited. Prevalence of undernutrition using MUST (cut-off ≥ 2) was
reported to be 25%. Using multivariate analysis, adjusting for age (>70), different disease
conditions and comorbidity (Charlson Comorbidity Index), patients identified with a MUST
score of two or more were six times more likely to die in hospital than patients with a MUST
score of less than two (OR 5.9, 95% CI [3.4–10.4], p<0.001). This was rated as having good
validity.(1) The authors also reported an AUC of 0.77, rated as having fair validity.(1)
Raslan et al.(34) systematically recruited one in every five patients admitted between
February and August 2007 from a single Brazilian university hospital resulting in a total
sample size of 705. Prevalence of undernutrition using the SGA was 39%. The authors
reported the MUST as having an AUC of 0.636 for predicting in-hospital mortality. This was
rated as having fair validity.(1)
Table 5.5 Primary outcome results for mortality for MUST
Author
Nutritional Variables included within
Primary outcomes
(year)
screening
the model
Study
tool
design
(cut-off)
Koifman
MUST (≥2) Age >70 years, admission
In-hospital mortality
(2012)(32)
due to pneumonia, UTI,
OR 5.9 (95% CI [3.4–10.4], p <0.001)
Retrospecti
acute renal failure, or
Validity(1): Good
ve cohort
shock; dementia, diabetes
mellitus, and metastatic
AUC 0.77
cancer at background;
Validity(1): Fair
higher CCI scores
Raslan
MUST (≥1) Unadjusted analysis
In-hospital mortality
(2010)(34)
AUC: 0.636
Prospective
Validity(1): Fair
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cohort
Key: AUC - area under the receiver operator curve; CCI - Charlson Comorbidity Index; CI confidence interval; OR - odds ratio; MUST – Malnutrition Universal Screening Tool; UTI – urinary
tract infection.

5.2.1.5 NRS 2002
Six studies(34, 37, 63, 64, 67, 71, 72) measured the association between the NRS 2002 and mortality;
all used the cut-off NRS 2002 ≥3. How mortality was defined varied across studies with three
considering in-hospital mortality,(34,

37, 63, 67)

one study 30-day mortality,(64) one study

mortality at one year,(72) and one study reporting an additional mortality outcome of in
hospital mortality per hospitalisation. (63) See Table 5.6 for results.
Of the three studies(34, 37, 63, 67) which defined mortality as in-hospital, two were retrospective
cohort studies(63, 67) and one was prospective.(34, 37) The prevalence varied from 6.4%(63) to
63%.(67) The estimated OR ranged from 1.57 (95% CI [0.65-3.79], p=0.30)(67) to OR 17.05,
(95% CI [13.75-22.30])(63) for patients with a NRS 2002 (≥3) in comparison with patients with
an NRS 2002 (<3). All three studies found a statistically significant association between NRS
2002 (≥3) and in-hospital mortality, however in one(67) of these studies this was only
apparent for one year of the data. Two of these studies adjusted the analysis for
confounders.(67, 71) The validity rating was poor(37, 67) and good.(63)
Pavić et al.,(71) in a prospective cohort study, from 1 October to 31 December 2010,
examined the association between the NRS 2002 scores and the likelihood of a fatal
outcome (no definition given). All patients (n=1,696) were recruited consecutively from
general medical departments which included intensive care units. Prevalence of
undernutrition was 19.4% according to the NRS 2002 (≥3). In a logistic regression model
adjusted for age, LOS, malignancy, emergency admission and BMI, it was reported that a NRS
2002 (≥3) had a significant association with a fatal outcome (OR 6.18, 95% CI [3.45-11.07], p
< 0.001). The validity was rated as good.(1)
In a prospective cohort study with a sample of 3,186 patients, with a diverse range of
comorbidities, Felder et al.(64) examined the association between NRS 2002 ≥3 and 30 day
mortality. Patients admitted to all medical wards except surgery in a Swiss tertiary care
hospital over a 12 month period, between March 2013 and February 2014, were
consecutively recruited. In a logistic regression model, after adjusting for demographic
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characteristics, comorbidities and medical diagnoses, it was reported that patients identified
by the NRS 2002 (≥3) had close to a fivefold increased risk of 30 day mortality (OR 4.76 95%
CI [3.60–6.30], p<0.001). This was rated as having good validity. (1)
Tangvik et al.(72) prospectively recruited 3,963 patients from medical and surgical
departments and intensive care between 2008 and 2009 in a university hospital in Norway.
As patients already admitted to wards were included, patients with shorter hospital stays
were given more weight in the final analysis to correct for over-sampling of patients with
longer length of stay. The authors adjusted for age, sex, number of diagnoses and other
potential confounders in a logistic regression model. It was reported that patients identified
using the NRS 2002 (≥3) were associated with a four-fold increase in mortality after one year
of follow up from discharge (OR 4.07, 95% CI [2.90-5.70]) compared to patients with a NRS
2002 <3. The validity was rated as fair.(1)
Table 5.6 Primary outcome results for mortality for NRS 2002
Author (year) Nutritional Variables included Primary outcomes
Study design screening
within the model
tool
(cut-off)
Budzynski
NRS 2002
Unadjusted analysis In-hospital mortality per patient
(2016)(63)
(≥3)
OR 17.05 (95% CI 13.75-22.30)
Retrospective
Validity(1): Good
cohort
In-hospital mortality per hospitalisation
OR 13.95 (95% CI 11.36-17.11)
Validity(1): Good
Felder
NRS 2002
Age, sex,
30-day mortality
(2015)(64)
(≥3)
comorbidities and
OR 4.76 (95% CI [3.60–6.30], p<0.001)
Prospective
main diagnosis
Validity(1): Good
cohort
KhalatbariNRS 2002
Sex, age, year,
In-hospital mortality
Soltani
(≥3)
coming from home (2013): OR 1.57 (95% CI [0.65-3.79], p=0.30)
(2016)(67)
and main diagnosis Validity(1): Poor
Retrospective
(2014): OR 3.67 (95% CI [1.91-7.03], p=0.001)
cohort
Validity(1): Poor
Pavić
NRS 2002
Age, LOS,
Fatal outcome
(2012)(71)
(≥3)
malignancy,
OR 6.18 (95% CI [3.45-11.07], p<0.001)
Prospective
emergency
Validity(1): Good
cohort
admission and BMI
Raslan
NRS 2002
Unadjusted analysis In-hospital mortality
(2010)(34)
(≥3)
OR 3.9 (95% CI [1.2-13.1], p=0.03)
and Raslan
Validity(1): Poor
(37)
(2011)
Prospective
AUC 0.7948
cohort
Validity(1): Fair
Page 93 of 134

Draft: Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

Tangvik
(2014)(72)
Prospective
cohort

NRS 2002
(≥3)

Age, gender,
1-year mortality
height, emergency
OR 4.07 (95% CI [2.90-5.70])
admissions, month Validity(1): Fair
for inclusion,
number of days
from admission to
inclusion and
number of
diagnoses
Key: AUC - area under the receiver operator curve; CI - confidence interval; OR - odds ratio; NRS
2002 - Nutritional Risk Score 2002.

5.2.2 Length of stay
Thirteen studies(33-35,

37, 57, 64-68, 71-73)

reported primary and secondary outcome measures

relating to length of stay. Five NSTs were assessed: MNA-SF, MUST, NRS 2002, NRI and SNAQ.
Three studies(34, 35, 66) directly compared two or more NSTs in the same population and are
described first (see Table 5.7). One study(68) assessed two NSTs but in different populations.
All others assessed one NST.
5.2.2.1 Direct comparison evidence
Three studies(34, 35, 66) directly compared the association with length of stay and two or more
NSTs in the same population. All three studies used a different definition of length of stay.
Guerra et al.,(66) conducted a prospective observational study over a two year period
between July 2011 and June 2013, 682 patients consecutively admitted to medical and
surgical wards in a university hospital in Portugal were recruited. Prevalence of
undernutrition was 37% for NRS 2002 (≥3) and 25% for MUST (≥2). Within this sample, the
associations between patients at risk of undernutrition, as identified using the NRS 2002 and
the MUST NSTs, and length of stay were assessed. Length of stay was assessed as a
probability of being discharge free over time. This was compared between those at risk of
undernutrition and those not at risk identified using either NST. The authors adjusted for
age, education, Katz Index (a measure of ability to perform activities of daily living
independently) and the Charlson Comorbidity Index. It was demonstrated that patients
identified as at risk of undernutrition, using either tool, were less likely to be discharged
from hospital earlier than those identified as not at risk. For NRS 2002 (≥3), a hazard ratio of
0.61 (95% CI [0.52-0.73]) was reported. Similar hazard ratios were observed for the MUST.
For MUST (=1), representing medium risk, a hazard ratio of 0.75 (95% CI [0.60-0.95]) was
Page 94 of 134

Draft: Systematic review of nutritional screening tools for adult patients in acute hospital settings
Health Research Board – Collaboration in Ireland for Clinical Effectiveness Reviews

reported and for MUST (≥2), representing high risk, a hazard ratio of 0.67 (95% CI [0.550.81]) was reported.
The second study, by Kyle et al.,(35) was set in a large university general hospital in
Switzerland and measured the association between the NRI, MUST and NRS 2002 and LOS
greater or equal to 11 days, while adjusting for age. This prospective cohort study recruited
every tenth consecutively admitted patient to medical and surgical wards over a three
month period. Prevalence of undernutrition measured by the SGA (cut-off B+C) was 39%.
Two cut-off points were reported for each tool, representing medium or moderate risk and
high risk. No significant association was found between LOS and NRI scores of 83.5 to 97.5 or
MUST score of one, representing moderate and medium risk of undernutrition, respectively.
All other cut-offs reported a statistically significant association. Patients identified using NRI
(<83.5) were 2.4 times more likely (OR 2.4, 95% CI [1.1–5.3], p=0.0032) to have a LOS greater
or equal to eleven days. Patients identified using MUST (≥2) had a three-fold increase in risk
(OR 3.1, 95% CI [2.1-4.7], p<0.001). While patients identified using the NRS 2002 (3-4) were
just over twice more likely (OR 2.2, 95% CI [1.4-3.5], p<0.001) and using the NRS 2002 (≥5)
were three times more likely (OR2.9, 95% CI [1.7-4.9], p<0.001) to have a longer length of
stay (≥11 days). The MUST (≥2) was rated as having fair validity (1) while all other NSTs and
cut-off points were rated as having poor validity. (1)
The third study, a prospective cohort design by Raslan et al.(34) assessed the association
between three NSTs (NRS 2002, MUST and MNA-SF) and a long length of stay (defined as 16
days or more) in a Brazilian public university hospital. One in every five admitted patients
over a period from February to August 2007 was systematically selected to participate in the
study. Total sample size was 705. The cut-offs used were NRS 2002 score three or more,
MNA-SF score of eleven or less and MUST score of one or more. In an unadjusted analysis,
the authors reported very similar averages for area under the curves, AUC 0.651 for NRS
2002, AUC 0.620 for MNA-SF and AUC 0.611 for MUST, in identifying patients who had a
very long length of stay. All were rated as having fair validity.(1)
Table 5.7 Primary outcome results for length of stay in studies that directly compare two or more
NSTs
Author
Nutritional Variables
Primary outcomes
(year)
screening
included
Study
tool
within the
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design
Guerra
(2015)(66)
Prospective
cohort

(cut-off)
NRS 2002
(≥3)
MUST

model
Age,
education,
Katz index and
CCI

LOS (probability of being discharge-free over time)
HR 0.61 (95% CI 0.52-0.73)
LOS (probability of being discharge-free over time)
MUST =1: HR 0.75 (95% CI [0.60-0.95])
MUST ≥2: HR 0.67 (95% CI [0.55-0.81])
Kyle
NRI
Age
LOS (<11 days vs. ≥ 11 days)
(2006)(35)
NRI =83.5-97.5: OR 1.5 (95% CI [ 0.9–2.5], p =0.087)
Prospective
Validity(1): Poor
cohort
NRI <83.5: OR 2.4 (95% CI [1.1–5.3], p =0.0032)
Validity(1): Poor
MUST
LOS (<11 days vs. ≥ 11 days)
MUST =1: OR 1.1 (95% CI [0.4–3.2], p =0.889)
Validity(1): Poor
MUST ≥2: OR 3.1 (95% CI [2.1–4.7], p <0.001)
Validity(1): Fair
NRS 2002
LOS (<11 days vs. ≥ 11 days)
NRS 2002 =3-4: OR 2.2 (95% CI [1.4–3.5], p<0.001)
Validity(1): Poor
NRS 2002 ≥5: OR 2.9 (95% CI [1.7–4.9], p<0.001)
Validity(1): Poor
NRS 2002
Unadjusted
LOS (≥16 days)
Raslan
(34)
(≥3)
analysis
AUC: 0.651, Validity(1): Fair
(2010)
LOS (≥16 days)
Prospective MNA-SF
(≤11)
AUC 0.620, Validity(1): Fair
cohort
MUST
LOS (≥16 days)
(≥1)
AUC 0.611, Validity(1): Fair
Key: AUC - area under the receiver operator curve; CCI – Charlson Comorbidity Index; CI confidence interval; HR – Hazard ratio; LOS – length of stay; NRI – Nutritional Risk Index; NRS
2002 - Nutritional Risk Score 2002; MUST – Malnutrition Universal Screening Tool; OR - odds
ratio.

5.2.2.2 MNA-SF
In a prospective cohort study by Raslan et al. (34) the association between the MNA-SF and
long length of stay (16 days or more) was assessed in a Brazilian public university hospital.
One in every five patients admitted between February and August 2007 were systematically
selected to participate in the study. Total sample size was 705. The authors performed an
unadjusted analysis using the MNA-SF (≤11) to identify patients with a long length of stay
(greater or equal to 16 days), reporting an area under the curve of 0.620 (see
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Table 5.8). This was rated as having fair validity.(1)
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Table 5.8 Primary outcome results for length of stay for MNA-SF
Author (year) Nutritional
Variables included
Primary outcomes
Study design screening tool within the model
(cut-off)
Raslan
MNA-SF
Unadjusted
LOS (≥16 days)
(≤11)
AUC 0.620, Validity(1): Fair
(2010)(34)
Prospective
cohort
Key: AUC - area under the receiver operator curve; MNA-SF - Mini Nutritional Assessment – Short
Form; LOS – Length of stay.

5.2.2.3 MUST
Five studies examined the association between the MUST tool and LOS (see Table 5.9). How
LOS was defined varied across studies, with all five considering it in a different way, in four of
these studies a statistically significant association was observed. All but one study(34)
adjusted for confounders.
In a prospective cohort study, 295 patients, admitted to different wards excluding intensive
care, in a university hospital in Greece, were recruited in November 2012. Prevalence of
undernutrition was reported as 21%. Tsaousi et al.(73) adjusted for food intake and other
potential confounders. The authors reported patients with a poor nutritional status (where
the MUST cut not reported) were 2.4 times more likely to have a length of stay longer than
seven days (OR 2.42, 95% CI [1.52–3.84], p<0.001). This was rated as having poor validity.(1)
Kruizenga et al.(68) examined the association between undernutrition and length of stay.
They analysed retrospective data, from 144,977 patients, collected between 2007 to 2014,
consecutively admitted to two university hospitals, three teaching hospitals and eight
general hospitals in the Netherlands. Using the MUST (≥2) the reported prevalence of
undernutrition was 15%. After adjusting for age and sex, patients identified using the MUST
as being at risk of undernutrition were associated with an increased length of stay of 1.47
days (95% CI [1.45-1.49], p < 0.001) when compared to those not at risk of undernutrition.
Guerra et al.,(66) in a prospective observational study over a two year period, recruited 682
patients, consecutively admitted to medical and surgical wards, in a university hospital in
Portugal. Prevalence of undernutrition was 25% according to the MUST (≥2). The authors
adjusted for age, education, Katz Index (a measure of ability to perform activities of daily
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living independently) and Charlson Comorbidity Index. It was reported that patients
identified as medium risk MUST (=1) and at high risk MUST (≥2) of undernutrition were less
likely to be discharged earlier from hospital than patients at normal risk MUST (=0). For
MUST (=1), a hazard ratio of 0.75 (95% CI [0.60-0.95]) was reported and for MUST (≥2), a
hazard ratio of 0.67 (95% CI [0.55-0.81]).
A study, by Kyle et al.,(35) set in a large university general hospital in Switzerland, examined
the association between patients having a MUST score of two or more and LOS greater or
equal to 11 days, while adjusting for age. Over a three month period this prospective cohort
study recruited every tenth consecutive patient admitted to either a medical or surgical
ward. Prevalence of undernutrition as measured by the SGA (cut-off B+C) was 39%. Patients
identified as at high risk for undernutrition (MUST ≥2) had a 3 fold increased association
with a long LOS (≥11 days) OR 3.1 (95% CI [2.1–4.7], p <0.001) compared to those with a
score of less than two. This was rated as having fair validity.(1) The association for medium
risk (MUST =1) and long LOS was not statistically significant (OR 1.1, 95% CI [0.4–3.2],
p=0.89). This was rated as having poor validity.(1)
In a prospective cohort study set in a public university hospital in Brazil, Raslan et al.(34)
assessed the ability of the MUST to identify patients who would have a long length of stay
(16 days or more). One in every five consecutive admitted patients were systematically
selected to participate in the study, resulting in a total sample size of 705. The authors
reported an AUC of 0.611 for the MUST. This was rated as having fair validity.(1)
Table 5.9 Primary and secondary outcome results for length of stay for MUST
Author
Nutritional Variables included
Primary outcomes
(year)
screening
within the model
Study design tool
(cut-off)
Tsaousi
MUST
Deteriorated
LOS (≤7 days vs. >7 days)
(2014)(73)
(cut-off not appetite, quantity of
OR 2.42 (95% CI [1.52–3.84], p < 0.001)
Prospective defined)
food intake, limited
Validity(1): Poor
cohort
autonomy, artificial
diet, recent weight
loss, arm perimeter
Kruizenga
MUST
Sex and age
LOS
(2016)(68)
(≥2)
An increase of 1.47 days (95% CI [1.45-1.49],
Retrospectiv
p<0.001)
e cohort
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Guerra
(2015) (66)
Prospective
cohort
Kyle
(2006)(35)
Prospective
cohort

MUST

Age, education, Katz
index and CCI

MUST
(≥2)

Age

LOS (probability of being discharge-free over
time)
MUST = 1: HR 0.75 (95% CI [0.60-0.95])
MUST ≥2: HR 0.67 (95% CI [0.55-0.81])
LOS (<11 days vs. ≥ 11 days)
MUST =1: OR 1.1 (95% CI [0.4–3.2], p =0.89)
Validity(1): Poor
MUST ≥2: OR 3.1 (95% CI [2.1–4.7], p<0.001)
Validity(1): Fair
LOS (≥16 days)
AUC 0.611
Validity(1): Fair

Raslan
MUST
Unadjusted analysis
(2010)(34)
(≥1)
Prospective
cohort
Keys: AUC – area under the curve; CCI – Charlson comorbidity index; CI – confidence interval; HR
– hazard ratio; LOS – length of stay MUST - Malnutrition Universal Screening Tool ; OR – odds
ratio.

5.2.2.4 NRI
Two studies(33, 35) looked at the association between the NRI and LOS, both examined cutoffs representing moderate (83.5 to 97.5) and severe (<83.5) risk of undernutrition and both
used the same definition of LOS of greater than or equal to 11 days. See Table 5.10 for
results.
A prospective multi-centre cohort study by Kyle et al.(33) recruited patients from medical and
surgical services located in two hospitals in Geneva and Berlin. Associations between
patients identified as at moderate or severe risk of undernutrition and length of hospital stay
of 11 days or more were examined. Adjusting for age and hospital centre, the authors
reported statistically significant results for both cut-offs. Ranging from two times more likely
(OR 1.9, 95% CI [1.4-2.7], p<0.005) if identified as moderate risk (NRS 83.5 to 97.5) to three
times more likely (OR 2.9, 95% CI [1.6-5.3], p<0.005) if identified as at severe risk (NRS
<83.5) of undernutrition, when compared to NRI scores of more than 97.5 (no or low risk of
undernutrition). These were both rated as having poor validity. (1)
In a prospective cohort study set in a large general hospital in Switzerland, Kyle et al.

(35)

examined the association between patients identified as moderate risk (NRI 83.5 to 97.5)
and severely at risk (NRI <83.5) of undernutrition and LOS greater or equal to 11 days. Every
tenth patient consecutively admitted into medical and surgical wards was recruited over a
three month period. Prevalence of undernutrition measured using the SGA (B+C) was 39%.
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After adjusting for age, only patients severely at risk of undernutrition demonstrated a
statistically significant association with an OR of 2.4 (95% CI [1.1–5.3], p= 0.0032). This was
rated as having fair validity.(1)
Table 5.10 Primary outcome results for length of stay for NRI
Author
Nutritional Variables
Primary outcomes
(year)
screening
included
Study
tool
within the
design
(cut-off)
model
Kyle
NRI
Age and
LOS (<11 days vs. ≥ 11 days)
(2004)(33)
hospital
NRI =83.5 to 97.5: OR 1.9 (95% CI [1.4-2.7], p <0.005)
Prospective
centre
Validity(1): Poor
cohort
NRI <83.5: OR 2.9 (95% CI [1.6-5.3], p <0.005)
Validity(1): Poor
Kyle
NRI
Age
LOS (<11 days vs. ≥ 11 days)
(2006)(35)
NRI =83.5 to 97.5: OR 1.5 (95% CI [0.9–2.5], p= 0.087)
Prospective
Validity(1): Poor
cohort
NRI <83.5: OR 2.4 (95% CI [1.1–5.3], p= 0.0032)
Validity(1): Poor
Keys: CI – confidence interval; LOS – length of stay OR – odds ratio; NRI – Nutritional Risk Index.

5.2.2.5 NRS 2002
Nine studies(34, 35, 37, 57, 64-67) examined the association between patients identified as at risk
of undernutrition using the NRS 2002 tool and LOS. One of these studies published two
different analyses using the same dataset.(34, 37) The definition of LOS varied across studies,
with four studies considering it as a continuous outcome and two of these studies
considering discharge free time. The remaining five studies all created a threshold to
represent a long length of stay, and this was defined differently in each study (including ≥ 7
days, ≥ 10 days, ≥11 days, ≥16 days, and the 90th percentile). Seven studies adjusted for at
least one known confounder while two performed univariate analyses. In five of these
studies a statistically significant association was observed. See Table 5.11 for results.
A prospective cohort study by Felder et al.(64) recruited patients consecutively admitted to
all medical wards except surgery in a single Swiss tertiary care hospital, over a 12 month
period between March 2013 and February 2014. In this study, the authors examined the
association between NRS 2002 (≥3) and being discharged from the hospital earlier than
patients identified with a score of less than three. After adjusting for demographic
characteristics, comorbidities and medical diagnoses (see Table 5.11), it was reported that
patients with a NRS 2002 (≥3) were significantly less likely to be discharged from hospital
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earlier than patients with a score of less than three (HR 0.55, 95% CI [0.50, 0.60,] p<0.001).
Guerra et al.,(66) in a prospective observational study over a two year period, recruited 682
consecutively admitted patients to medical and surgical wards in a university hospital in
Portugal between July 2011 and June 2013. Prevalence of undernutrition was 37%. The
authors examined the association between NRS 2002 (≥3) and earlier discharge from
hospital than patients identified with a score of less than three. Adjusting for age, education,
Katz Index (a measure of ability to perform activities of daily living independently) and
Charlson Comorbidity Index. It was demonstrated that patients identified as having a NRS
2002 (≥3) were less likely to be discharged from hospital earlier than patients with a score of
less than three, with a hazard ratio of HR 0.61 (95% CI 0.52-0.73).
Jeejeebhoy et al. (57) conducted a prospective multi-centre cohort study involving 18 acute
care hospitals from eight provinces across Canada between July 2010 and February 2013.
Depending on the hospital, patients were recruited using either consecutive or nonconsecutive sampling methods. Prevalence of undernutrition according to the SGA (B+C)
was 47%. Adjusting for age (≥65), sex and number of diagnoses, patients identified as having
a NRS 2002 score of three or higher had a significant association with a length of stay of
seven days or longer, odds ratio of 1.45 (95% CI [1.04, 2.01]), compared to patients with a
score of less than three. This was rated as having poor validity.(1)
In a retrospective cohort study using data collected over a two 12 month periods (2013 and
2014), Khalatbari-Soltani et al. (67) examined the association of being identified as at risk of
undernutrition by the NRS 2002 (≥3) and length of stay. A multivariate analysis was
performed assessing association of having a NRS 2002 score of three or more and having a
LOS higher than 90% of the sample. After adjusting for sex, age, year, coming from home and
main diagnosis, no statistically significant association was found in either year with an
estimated OR 0.86 (95% CI [0.46-1.61], p=0.64) for 2013 and an OR of 1.13 (95% CI [0.801.60], p= 0.50) for 2014.
Kyle et al.(35) measured the association between patients identified using the NRI tool and a
LOS greater or equal to 11 days. They adjusted for age only in their analysis. This prospective
cohort study recruited every tenth patient, consecutively admitted to medical and surgical
wards, over a three month period, in a general hospital in Switzerland. Prevalence of
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undernutrition as measured by the SGA (B+C) was 39%. The authors reported that patients
identified as having an NRS 2002 score of three or four were twice as likely to have a LOS
greater or equal to eleven days (OR 2.2, 95% CI [1.4–3.5], p<0.001) than those with a score
of less than three. Patients with a NRS 2002 score of five or more were three times as likely
(OR 2.9, 95% CI [1.7–4.9], p<0.001) compared to patients with a score of less than three.
These were both rated as having poor validity. (1)
Gökcan et al.(65) in a prospective cohort study, recruited 2,566 patients from a tertiary
referral university hospital in Turkey, admitted to medical and surgical wards and ICU over a
three month period. Prevalence of undernutrition was reported as 11% (NRS 2002 ≥3). In an
unadjusted analysis they reported patients with an NRS 2002 score of three or more were
associated with a length of stay greater than eleven days (OR 1.27, 95% CI [0.79-1.92], p =
0.37), however this was not statistically significant.
Raslan et al., (34, 37) conducted a prospective cohort study set in a university hospital in Brazil.
Over a seven month period, one in every five patients, consecutively admitted, were
systematically selected to participate in the study (n=705). Prevalence of undernutrition
using the NRS 2002 ( ≥ 3) was 28%. The authors performed an unadjusted analysis examining
the association between patients identified as having an NRS 2002 score of three or more
and a length of stay of 16 days or longer. They reported an odds ratio of 1.5 (95% CI [0.82.5], p = 0.19) which was not statistically significant. In another analysis using the same
dataset, Raslan et al. (34, 37)reported that the NRS 2002 scores of three or more had an area
under the receiver operator curve of 0.651, for identifying patients with a length of stay of
16 days or more. This was rated as having poor validity. (1)
Pavić et al.,(71) performed a prospective cohort study, over a three month period in 2010
(n=1,696). All patients were consecutively recruited from general medical departments
which included ICUs. According to the NRS 2002 (≥3) prevalence of undernutrition was
19.4%. Using a linear regression model, adjusted for age, BMI, malignancy and emergency
admission, nutritional risk according to the NRS 2002 (≥3) and its association with length of
hospital stay was assessed. A statistically significant association was reported with an
estimate 95% CI for the increase in LOS of 1.11 to 5.98 days (p = 0.027).
Tangvik et al.(38) prospectively recruited 3,279 patients from medical and surgical
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departments between 2008 and 2009 in a university hospital in Norway. The authors
accounted for age, sex, number of diagnoses and other confounders in a multiple linear
regression model (see Table 5.11). NRS 2002 (≥3) was identified as having an association
with an increase LOS of 1.30 days (95% CI [1.13-1.48]).
Table 5.11 Primary and secondary outcome results for length of stay for NRS 2002
Author (year) Nutritional
Variables
Primary outcomes
Study design screening tool included within
(cut-off)
the model
Felder
NRS 2002
Age, sex,
LOS (being discharge-free over time)
(2015)(64)
(≥3)
comorbidities
HR 0.55 (95% CI [0.50-0.60], p<0.001)
Prospective
and main
cohort
diagnosis
Gökcan
NRS 2002
Univariate
LOS ( ≥10 days)
(2014)(65)
(≥3)
analysis
OR 1.27 (95% CI [0.79- 1.92], p =0.37)
Prospective
Validity(1): Poor
cohort
Guerra
(2015)(66)
Prospective
cohort
Jeejeebhoy
(2015)(57)
Prospective
cohort
KhalatbariSoltani
(2016)(67)
Retrospective
cohort
Kyle
(2006)(35)
Prospective
cohort

NRS 2002
(≥3)

Age, education,
Katz index and
Charlson index

LOS (being discharge-free over time)
HR 0.61 (95% CI [0.52-0.73])

NRS 2002
(≥3)

Age (≥65), sex,
and number of
diagnoses

NRS 2002
(≥3)

Sex, age, year,
coming from
home and main
diagnosis

NRS 2002

Age

Pavić
(2012)(71)
Prospective
cohort
Raslan
(2010)(34)
(2011)(37)
Prospective
cohort

NRS 2002
(≥3)

BMI, Age,
Malignancy and
emergency
admission

LOS: (<7 days vs. ≥7 days)
OR 1.45 (95% CI [1.04-2.01])
Validity(1): Poor
Wald test p= 0.03
>90th percentile of LOS
2013: OR 0.86 (95% CI [0.46-1.61], p=0.64)
Validity(1): Poor
2014: OR 1.13 (95% CI [0.80-1.60], p= 0.50)
Validity(1): Poor
LOS (<11 days vs. ≥11 days)
NRS 2002 =3-4: OR 2.2 (95% CI [1.4–3.5], p
<0.001)
Validity(1): Poor
NRS 2002 ≥5: OR 2.9 (95% CI [1.7–4.9], p <0.001)
Validity(1): Poor
LOS
NRS (≥3) 95% CI [1.12, 5.99] days, p = 0.027) only
confidence interval reported

NRS 2002
(≥3)

Unadjusted
analysis

LOS (≥16 days)
OR 1.5 (95% CI [0.8-2.5], p = 0.19)
Validity(1): Poor
AUC 0.651Validity(1): Poor
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Tangvik
(2014)(72)
Prospective
cohort

NRS 2002 (≥3) Age, gender,
LOS
height,
1.30 days (95% CI [1.13-1.48])
emergency
admissions,
month for
inclusion,
number of days
from admission
to inclusion and
number of
diagnoses
Keys: BMI – body mass index; CI – confidence interval; LOS – length of stay MUST - Malnutrition
Universal Screening Tool ; OR – odds ratio; NRS 2002– Nutritional Risk Score 2002.

5.2.2.6 SNAQ
Kruizenga et al.(68) examined the association between undernutrition and length of stay.
They analysed retrospective data, from 419,086 patients, collected between 2007 to 2014,
consecutively admitted to two university hospitals, three teaching hospitals and eight
general hospitals in the Netherlands. Using the SNAQ (≥2) the reported prevalence of
undernutrition was 14%. After adjusting for age and sex, patients identified using the SNAQ
as being at risk of undernutrition were associated with an increased length of stay of 1.43
days (95% CI [1.42-1.44], p < 0.001) when compared to those not at risk of undernutrition.
Table 5.12 Secondary outcome result for length of stay for SNAQ
Author (year) Nutritional Variables
Primary outcomes
Study design screening
included
tool
within the
(cut-off)
model
Kruizenga
SNAQ
sex and age
LOS
(2016) (68)
(≥3)
+1.43 days (95% CI [1.42-1.44], p < 0.001)
Retrospective
cohort
Key: AUC - area under the receiver operator curve; CI - confidence interval; HR – Hazard ratio; LOS
– length of stay; NRI – Nutritional Risk Index; NRS 2002 - Nutritional Risk Score 2002; MUST –
Malnutrition Universal Screening Tool; OR - odds ratio; SNAQ - Short Nutritional Assessment
Questionnaire.

5.2.3 Complications
Two studies(34,

37, 70)

reported outcome measures for complications. One of these studies

published two different analyses using the same dataset. (34, 37) Three NSTs were included in
these studies, which were the NRS 2002,(34, 37, 70) MNA-SF(34) and the MUST.(34)
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5.2.3.1 Direct comparison evidence
Raslan et al., (34) in a prospective cohort study set in a university hospital in Brazil, examined
the ability of three NSTs to identify patients that will experience complications.
Complications included mild (cutaneous, catheter, and urinary infections; cellulitis; oral and
oesophageal candidiasis; lobar atelectasis; and infectious diarrhoea), moderate (pulmonary
infection; extra- and intra-abdominal abscesses; spontaneous bacterial peritonitis; venous
thrombosis; liver dysfunction; cardiac arrhythmia; pancreatic or biliary gastrointestinal
fistula; renal and congestive heart failure; wound dehiscence; gastrointestinal bleeding;
decubitus ulcers; postoperative bleeding; and empyema), or severe (sepsis or bacteremia;
septic shock; coagulopathy or septic coagulopathy; cholangitis; cardiac arrest; rejection of
transplanted organ; respiratory failure; myocardial infarction; pancreatitis; osteomyelitis;
and pulmonary embolism). Over a seven month period, one in every five patients,
consecutively admitted, were systematically selected to participate in the study (n=705).
Prevalence of undernutrition according to the SGA was 39% All three NSTs demonstrated
similar results, with the NRS 2002 (AUC 0.653) reported as superior, followed by MNA-SF
(AUC 0.650) and then MUST (AUC 0.604). They were all rated as having fair validity.(1) See
Table 5.13
Table 5.13.
Table 5.13 Primary outcome results for complications in studies that directly compare two or more
NSTs
Author (year) Nutritional
Variables included
Primary outcomes
Study design screening tool within the model
(cut-off)
Raslan
NRS 2002
Unadjusted analysis
Disease complications
(2010)(34)
(≥3)
AUC 0.653,Validity:(1) Fair
Prospective
MNA-SF
Disease complications
cohort
(≤11)
AUC 0.650,Validity:(1) Fair
MUST
Disease complications
(≥1)
AUC 0.604,Validity:(1) Fair
Keys: AUC – area under the curve; MNA-SF – Mini Nutritional Assessment – Short Form; MUST Malnutrition Universal Screening Tool ; NRS 2002– Nutritional Risk Score 2002.

5.2.3.2 NRS 2002
Two studies(34, 70) reported assessing the association between NRS 2002 and complications.
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One of the studies(70) performed adjusted analysis.
In the adjusted analysis, Ocón Bretón et al.(70) performed a prospective cohort study,
recruiting 57 patients from medical and surgical wards in a Spanish university hospital.
Complications included infection of the surgical wound, urinary infection, respiratory
infection, sepsis and death. Prevalence of undernutrition as measured by the NRS 2002 (≤3)
was 39%. The authors did not demonstrate a statistically significant association between
undernutrition, as detected by NRS 2002 ≤3, and the risk of complications in multivariate
analysis (OR 10.74, 95% CI [0.65-176], p = 0.096). They also calculated the area under the
receiver operator curve to be 0.768, which was rated as having fair validity. (1) The NRS 2002
had a sensitivity of 81.8% (95% CI 48.2-97.7), specificity of 71.7% (95% CI 56.5-84), a positive
predictive value of 40.9% (95% CI 20.7-63.6) and a negative predictive value of 94.3% (95%
CI 80.6-99.3) in detecting those patients who will develop complications. This was rated as
having poor validity.(1)
Raslan et al., (34) conducted a prospective cohort study set in a public hospital in Brazil. One
in every five patients were systematically selected to participate in the study (n=705) over a
seven month period. Prevalence using the NRS 2002 (≥3) was 27.9%. The authors measured
the association between NRS 2002 (≤3) and two categories of complications (moderate or
severe, and severe only) using a modified criteria by Buzby et al.(74) Statistically significant
associations were reported for both outcomes. Patients identified having an NRS 2002 (≥3)
were twice as likely (OR 1.9, 95% CI [1.1-3.5], p = 0.03) to experience a moderate or severe
complication and 2.6 times as likely (OR 2.6 (95% CI [1.1-6.4], p = 0.04) to experience a
severe complications. These were both rated as having poor validity. (1) In addition, the
authors(34) reported an area under the receiver operator curve for predicting clinical
outcomes of disease complications of 0.653, (no definition given but included infectious and
non-infectious) which was rated as having fair validity.(1)
Table 5.14 Primary and secondary outcome results for complications for NRS 2002
Author
Nutritional
Variables included
Primary outcomes
(year)
screening tool within the model
Study
(cut-off)
design
Ocón
NRS 2002
Age, BMI, albumin
Complications
Bretón
(≥3)
and length of stay
Primary outcomes
(2012)(70)
OR 10.74 (95% CI [0.65-176], p = 0.096)
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Prospectiv
e cohort
study

Validity:(1) Poor
AUC = 0.768,Validity:(1) Fair
Secondary outcomes
Se: 81.8% (95% CI 48.2-97.7)
Sp: 71.7% (95% CI 56.5-84)
Validity:(1) Poor

PPV: 40.9% (95% CI 20.7-63.6)
NPV: 94.3% (95% CI 80.6-99.3)
Raslan
NRS 2002
Unadjusted analysis
Moderate or severe complications
(2010)(34)
(≥3)
OR 1.9 (95% CI [1.1-3.5], p = 0.03)
Raslan
Validity:(1) Poor
(37)
(2011)
Severe complication
OR 2.6 (95% CI [1.1-6.4], p = 0.04)
Prospectiv
Validity:(1) Poor
e cohort
Disease complications
study
AUC 0.653, Validity:(1) Fair
Keys: AUC – area under the curve; BMI – body mass index; MNA-SF – Mini Nutritional Assessment
– Short Form; MUST - Malnutrition Universal Screening Tool; OR – odds ratio; NRS 2002–
Nutritional Risk Score 2002.

5.2.3.3 MNA-SF
Raslan et al., (34) in a prospective cohort study set in a public hospital in Brazil aimed to
identify the most appropriate nutritional screening tool for predicting unfavourable clinical
outcomes including disease complications (no definition given but included infectious and
non-infectious). One in every five patients were systematically selected to participate in the
study (n=705) over a seven month period. Prevalence using the MNA-SF (≤11) was reported
to be 73%. The authors reported an AUC of 0.650. This was rated as having fair validity.(1)
Table 5.15 Primary outcome results for complications for MNA-SF
Author (year) Nutritional
Variables included
Primary outcomes
Study design screening tool within the model
(cut-off)
Raslan
MNA-SF
Unadjusted analysis
Disease complications
(2010)(34)
(≤11)
AUC 0.650
Prospective
Validity:(1) Fair
cohort
Keys: AUC – area under the curve; MNA-SF – Mini Nutritional Assessment – Short Form.

5.2.3.4 MUST
Raslan et al., (34) in a prospective cohort study set in a public hospital in Brazil aimed to
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identify the most appropriate nutritional screening tool for predicting unfavourable clinical
outcomes including disease complications (no definition given but included infectious and
non-infectious). One in every five patients was systematically selected to participate in the
study (n=705) over a seven month period. Prevalence of undernutrition assessed using the
MUST (≥1) was 40%. The authors reported an area under the receiver operator curve for
predicting clinical outcomes of disease complications of 0.604. This was rated as having fair
validity.(1)
Table 5.16 Primary outcome results for complications for MUST
Author (year) Nutritional
Variables included
Primary outcomes
Study design screening tool within the model
(cut-off)
Raslan
MUST
Unadjusted analysis
Disease complications
(2010)(34)
(≥1)
AUC 0.604Validity:(1) Fair
Prospective
cohort
Keys: AUC – area under the curve; MUST - Malnutrition Universal Screening Tool.
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5.3 Methodological quality
Methodological quality of all included studies were appraised using the CASP Checklist.(26)
The results are shown in Table 5.17 and summarised here.
All studies address a clearly focused issue.
Seven lacked sufficient information on the recruitment of the cohort,(33-35, 65, 69, 70, 73) with
one study failing to recruit the cohort in an acceptable way as the majority were not
screened and no details were provided on how they selected those for inclusion. (67)
The exposure was measured accurately in the studies included within the review, with only
Budzynski et al.(63) not providing sufficient information, listing patient records but with no
further details reported.
One study did not provide sufficient information on the measurement of complications and
the risk of bias for outcome measurement was unclear.(70)
Five studies did not identify all important confounders.(33, 35, 68-70) However, eight studies(33-35,
37, 57, 63, 65, 70)

did not sufficiently take into account confounding factors in the analysis. Both

age and the underlying medical condition are considered potential confounders.(75) Tsaousi
et al. (73) was the only study to include nutritional interventions in their analysis when
assessing an NST for identifying adverse outcomes.
Five studies did not provide sufficient information on missing data to adequately assess the
risk of bias due to incomplete follow-up.(64, 67, 70, 71, 73) However, in all included studies all
endpoints were clearly detailed and long enough for reported outcomes to emerge.
For five studies(33, 35, 63, 67, 70) the results should be considered with caution. This was due to
performing univariate analysis(63) or missing known confounders,(33, 35) not reporting missing
data(63) or not sufficiently detailing the recruitment process, small sample size
(67)

describing how they dichotomized LOS for logistic regression.

(70)

and not

For six studies it was agreed

it was difficult to tell if the results are believable.(57, 62, 65, 68, 69, 71)
Twelve out of seventeen studies were considered applicable to the context of this review. (3234, 37, 57, 64, 66-68, 70, 72, 73)

Four studies lacked sufficient information and thus their applicability

was unclear.(35, 63, 65, 71) Two studies were not applicable, Asiimwe et al.,(62) was set in Uganda
with nearly half the subjects infected with HIV (45%) and a similar proportion diagnosed
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with suspected TB (42%). Lim et al.(69) was set in Singapore and possibly different population
characteristics, with 93% of the study population of Chinese, Indian or Malay ethnicity.
All studies(32-35, 37, 57, 62-73) reported results which generally fitted with the other available
evidence, showing similar effect size and direction.
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Table 5.17 CASP Checklist results for included studies
Study
Year

Are the
results of
the study
valid?

Was the
cohort
recruited in
an
acceptable
way?

Was the
exposure
accurately
measured to
minimise
bias?

Was the
outcome
accurately
measured to
minimise
bias?

Have the
authors
identified
All
important
confounding
factors?

Have they
taken
account of
the
confounding
factors in
the design
and/or
analysis?

Was the
follow up of
subjects
complete
enough?

Was the
follow up of
subjects
long
enough?

Do you
believe the
results?

Can the
results be
applied to
the local
population?

Do the
results of
this study fit
with other
available
evidence?

Asiimwe
(2015)(62)
Budzynski
(2016)(63)
Felder
(2015)(64)
Gökcan
(2014)(65)
Guerra
(2015)(66)
JeeJeebhoy
(2015)(57)
KhalatbariSoltani
(2016)(67)
Koifman
(2012)(32)
Kruizenga
(2016)(68)
Kyle
(2004)(33)
Kyle
(2006)(35)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Can’t tell

No

Yes

Yes

Yes

Can’t tell

Yes

Yes

No

Yes

Yes

No

Can’t tell

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Can’t tell

Yes

Yes

Yes

Yes

Yes

Can’t tell

Yes

Yes

Yes

No

Yes

Yes

Can’t tell

Can’t tell

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Can’t tell

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Can’t tell

Yes

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Can’t tell

Yes

Yes

Can’t tell

Yes

Yes

Yes

Can’t tell

Yes

Yes

No

No

Yes

Yes

No

Yes

Yes

Yes

Can’t tell

Yes

Yes

No

No

Yes

Yes

No

Can’t tell

Yes
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Lim
(2014)(69)
Ocón
Bretón
(2012)(70)
Pavić
(2012)(71)
Raslan
(2010)(34)
Raslan
(2011)(37)
Tangvik
(2014)(72)
Tsaousi
(2014)(73)

Yes

Can’t tell

Yes

Yes

No

Yes

Yes

Yes

Can’t tell

No

Yes

Yes

Can’t tell

Yes

Can’t tell

No

No

Can’t tell

Can’t tell

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Can’t tell

Can’t tell

Can’t tell

Can’t tell

Yes

Yes

Can’t tell

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Can’t tell

Yes

Yes

Yes

Yes

Can’t tell

Can’t tell

Yes

Yes

Yes
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5.4 Certainty of the evidence
We assessed the overall certainty of the evidence where appropriate for question two of the
review (What is the accuracy of nutrition screening tools (NSTs) in identifying adverse
outcomes in adults at risk of undernutrition in acute hospital settings?). A narrative
summary of findings table was created using GRADEpro software for the following primary
outcomes: mortality, length of stay and complications. See Table 5.18 to 5.20
Overall the certainty of the evidence is ‘very low’ for all NSTs for all outcomes, owing to
confounding factors not taken into account, which includes a near complete lack of
adjustment for nutritional interventions, small sample sizes and wide confidence intervals,
recruitment not conducted in an acceptable way, as well as the variety of single centre
settings in various countries where the findings may not be applicable to other health care
settings and that for some NSTs evidence was from a single study only.

Table 5.18 Summary of findings table for NSTs for identifying patients at increased risk of mortality
NSTs compared to other validated NST for identifying patients at increased risk of mortality
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening tests
Target condition: Mortality
Comparison: none or other externally validated NST
Nutritional
screening
tool

Summary

№ of participants
(studies)

Certainty
of the
evidence
(GRADE)

NRS 2002

NRS 2002 (≥3) and in-hospital mortality:
OR range: 1.57 to 17.05 (4/6 studies). Validity* rating
ranging from poor (n=2) to good (n=1).
AUC 0.7948 (1/6 studies). Validity* fair.
NRS 2002 (≥3) and 30-day mortality:

28,913‡
6 studies
(4 prospective cohort
studies, 2 retrospective
cohort studies)

⨁◯◯◯
VERY LOW

OR 4.76 (95% CI 3.60–6.30) (1/6 studies). Validity* good.
NRS 2002 (≥3) and 1-year mortality:
OR 4.07 (95% CI 2.90-5.70) (1/6 studies). Validity* fair.
NRS 2002 (≥3) and fatal outcome
OR 6.18 (95% CI 3.45-11.07) (1/6 studies). Validity*
good.

a,b
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NSTs compared to other validated NST for identifying patients at increased risk of mortality
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening tests
Target condition: Mortality
Comparison: none or other externally validated NST
MUST

MNA–SF

MUST (≥2) and in-hospital mortality:
OR 5.9 (95% CI 3.4–10.4) (1/2 studies) Validity* good.
AUC: 0.77 (1/2 studies) Validity* fair.
MUST (≥1) and in-hospital mortality:
AUC: 0.636 (1/2 studies) Validity* fair.

1,705
2 studies
(1 prospective cohort
study, 1 retrospective
cohort study)

⨁◯◯◯
VERY LOW

MNA-SF (≤7) and 30-day mortality:

1,023
2 studies
(2 prospective studies)

⨁◯◯◯
VERY LOW

818
1 study
(1 prospective study)

⨁◯◯◯
VERY LOW

HR: 1.6 (95% CI 1.02-2.6) (1/2 studies) Validity* poor.
MNA-SF (≤7) and in-hospital mortality:

a,c

a,c,d

HR: 2.7 (95% CI 1.3-5.9) (1/2 studies) Validity* poor.
MNA-SF (≤11) and mortality (undefined):
AUC: 0.758 (1/2 studies) Validity* fair.
3-MinNS

3-MinNS (≥3) and 1-year mortality: RR: 4.33 (95% CI

2.23-8.40) (1 study) Validity* fair.
3-MinNS (≥3) and 2-year mortality:
RR: 2.55 (95% CI 1.58-4.14) (1 study) Validity* poor.
3-MinNS (≥3) and -year mortality:

b,c,d,e,

RR: 2.40 (95% CI 1.58-3.65) (1 study) Validity* poor.
Key: 3-MinNS – Three Minute Nutritional Screening; AUC – area under the curve; CI – confidence interval; LR+ – positive
likelihood ratio; LR- – negative likelihood ratio MNA-SF – Mini Nutritional Assessment – Short Form; MUST – Malnutrition
Universal Screening Tool; NPV – negative predictive value; NRS 2002 – Nutritional Risk Score 2002; OR – odds ratio PPV –
positive predictive value.
‡1 study reported hospitalisations (n=8541); *validity rating based on framework used in van der Schueren (2014).
Explanations: a. Confounding factors were not taken into account, b. Cohort was not recruited in an acceptable way, c.
Small sample sizes and wide confidence interval, d. May not be applicable to local setting, e. Only one study
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Table 5.19 Summary of findings table for NSTs for identifying patients at increased risk of longer
length of stay
NSTs compared to other validated NST for identifying patients at increased risk of length of stay
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening
tests

Target condition: Length of stay
Comparison: none or other externally validated NST

Nutritional
Summary
screening tool

№ of participants
(studies)

NRS 2002

NRS 2002 (≥3) and being discharge-free over time
HR range: 0.55 to 0.61 (2/7 studies)
NRS 2002 (≥3) and LOS ≥16 days
OR 1.5 (95% CI 0.8-2.5) (1/7 studies) Validity* poor.
AUC 0.651 (1/6 studies) Validity* poor.
NRS 2002 (≥5) and LOS ≥11 days
OR 2.9 (95% CI 1.7–4.9) (1/7 studies) Validity* poor.
NRS 2002 (3-4) and LOS ≥11 days
OR 2.2 (95% CI 1.4–3.5) (1/7 studies) Validity* poor.
NRS 2002 (≥3) and LOS ≥7 days
OR: 1.45 (95% CI 1.04-2.01) (1/7 studies) Validity*
poor.
NRS 2002 (≥3) and >90th percentile of LOS
OR range: 0.86 to 1.13 (1/7 studies) Validity* poor.

17,408
⨁◯◯◯
a,
7 studies
VERY LOW
(6 prospective cohort b, c
studies, 1
retrospective study)

MUST

MUST (≥1) and LOS ≥16 days
AUC 0.611 (1/4 studies) Validity* fair
MUST (≥2) and LOS ≥11 days

2,677
4 studies
(4 prospective
studies)

⨁◯◯◯

NRI (<83.5) and LOS ≥11 days
OR range: 2.4 to 2.9 (2/2 studies) validity* poor.
NRI (83.5 to 97.5) and LOS ≥11 days
OR range: 1.5-1.9 (2/2 studies) validity* poor.

2,268
2 studies
(2 prospective
studies)

⨁◯◯◯
VERY LOW

MNA-SF (≤11)
AUC 0.612 (1 study) validity* fair.

705
1 study

⨁◯◯◯
VERY LOW

OR 3.1(95% CI 2.1–4.7)(1/4 studies) Validity* fair
MUST (=1) and LOS ≥11 days

Certainty of
the evidence
(GRADE)

VERY LOW

OR 1.1 (95% CI 0.4–3.2) (1/4 studies) Validity* poor.
MUST and LOS ≥7 days
OR 2.42 (95% CI 1.52–3.84) (1/4 studies) Validity*
poor.
MUST (≥2) and being discharge-free over time
HR 0.67 (95% CI 0.55-0.81) (1/4 studies)
MUST (=1) and being discharge-free over time
HR 0.75 (95% CI 0.60-0.95) (1/4 studies)
NRI

MNA-SF
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(1 prospective study)

a, b

Key: AUC - Area under the curve; HR - Hazard ratio; OR - Odds ratios; MNA-SF – Mini Nutritional Assessment – Short Form;
MUST - Malnutrition Universal Screening Tool; NRI – Nutritional Risk Index; NRS 2002 - Nutritional Risk Score 2002; SNAQ Short Nutritional Assessment Questionnaire.
* validity rating based on cut-offs by van der Schueren (2014)

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different
from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be
substantially different from the estimate of effect
Explanations: a. Confounding factors were not taken into account, b. Cohort was not recruited in an acceptable way, c.
Small sample sizes and wide confidence interval, d. May not be applicable to local setting, e. Only one study
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Table 5.20 Summary of findings table for NSTs for identifying patients at increased risk of
complications
NSTs compared to other validated NST for identifying patients at increased risk of
complications
Participants: Adults (≥ 16), non-pregnant
Setting: Acute settings
Index tests: Externally validated nutritional screening tests
Target condition: Complications
Comparison: none or other externally validated NST
Nutritional Summary
screening
tool

№ of
participants
(studies)

Certainty
of the
evidence
(GRADE)

NRS 2002

762
2 studies
(2 prospective
cohort studies)

⨁◯◯◯
VERY LOW

705
1 study
(1 prospective
cohort study)

⨁◯◯◯
VERY LOW

705
1 study
(1 prospective
cohort study)

⨁◯◯◯
VERY LOW

NRS 2002 ≥3 and moderate or severe complication
OR 1.9 (95% CI 1.1-3.5) (1/2 studies) validity* poor
NRS 2002 ≥3 and severe complication
OR 2.6 (95% CI 1.1-6.4)(1/2 studies) validity* poor
NRS 2002 ≥3 and disease complications
AUC 0.653 (1/2 studies) validity* fair
NRS 2002 ≥3 and complication
AUC 0.768 (1/2 studies) validity* fair

MNA-SF

MUST

MNA-SF ≤11
AUC: 0.650 (1 study) validity* fair

MUST ≥1
AUC 0.604 (1 study) validity* fair

a,b,c

a, b,c,e

a, b,c,e

Key: AUC - Area under the curve; OR - Odds ratios; NRS 2002 - Nutritional Risk Score 2002; MNA-SF – Mini
Nutritional Assessment – Short Form; MUST - Malnutrition Universal Screening Tool;
* validity rating based on cut-offs by van der Schueren (2014)
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different
from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be
substantially different from the estimate of effect
Explanations: a. Confounding factors were not taken into account, b. Cohort was not recruited in an acceptable
way, c. Small sample sizes and wide confidence interval, d. May not be applicable to local setting, e. Only one
study
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5.5 Discussion and conclusion
Seventeen studies(32-35, 37, 57, 62-73) were included that assessed the accuracy of one or more
validated NSTs in identifying adverse outcomes in adults at risk of undernutrition in acute
hospital settings. One of these studies performed two separate published analyses. (34,

37)

There was large variation in the methods used, the definition of the outcomes selected and
the age and disease severity of the populations included. As a result, meta-analysis was not
performed. Instead a narrative review was conducted.
Six NSTs in total are used in the included studies, NRS 2002 ,(34, 35, 37, 57, 63-67, 70-72) the MUST,(32,
34, 35, 66, 68, 73)

the MNA-SF,(34, 62) the NRI, (33, 35) SNAQ(68) and the 3-minNS.(69)

There were concerns relating to the quality of the included studies. Five studies did not
report measuring appropriate confounders(33, 35, 68-70) and seven studies(33-35, 37, 57, 63, 65, 70) did
not sufficiently take into account confounding factors in the analysis. For this research
question age and disease severity are viewed as confounders.(75) Only one study controlled
for nutritional intake (quantity of food intake);(73) therefore the results reported in the other
studies were considered to be at high risk of measurement bias. These concerns were
reported in previous systematic reviews.(1, 76)
For the three outcomes of interest (mortality, length of stay and complications) all NSTs
showed positive associations. The NRS 2002 was most frequently assessed and scores of
three or more appear to be consistently associated with mortality, increased length of stay
and complications. Higher MUST scores were also associatiated with mortality and increased
length of stay, however no study assessed the association between patients identified using
the MUST and complications.
The strength of this review in answering this research question is the strict inclusion criteria
where only externally validated NSTs were included and that the search was comprehensive
with the inclusion of eight different languages. Limitations include large variation across the
studies for average age,(42) prevalence of undernutrition, outcome definitions, and disease
severity, and the lack of adjustment for confounders in the analysis including the presence
of a nutritional intervention.
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5.6 Future research
There is a need to conduct high-quality studies comparing a range of NSTs in the same
cohort using an agreed core outcome set. This will allow for comparisons between NSTs and
pooling of results. As one of the main risk factors of undernutrition in the hospital settings is
health status deterioration,(77) studies will need to sufficiently adjust for disease severity as
well as food intake, nutritional interventions and age.
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Appendix 1: Sample search strategy
Conducted by Paul Murphy, Information Specialist, RCSI.

Database
Set
1

2

3

EMBASE (20/06/2018)
Search
'malnutrition'/exp OR 'protein deficiency'/exp OR 'nutritional status'/exp OR
'nutritional assessment'/exp OR malnutrition:ti,ab OR undernutrition:ti,ab OR
malnurishment:ti,ab OR underfeeding:ti,ab OR undernourishment:ti,ab
OR (nutritional NEXT/1 deficiency):ti,ab OR (nutrition NEXT/1 deficiency):ti,ab
OR (nutrition NEXT/1 depletion):ti,ab) OR (protein NEXT/1 deficiency):ti,ab OR
(energy NEXT/1 deficiency):ti,ab OR (nutritional NEXT/1 risk):ti,ab OR
(nutritional NEXT/1 status):ti,ab
'screening'/exp OR 'questionnaire'/exp OR screen:ti,ab OR screening:ti,ab OR
questionnaire*:ti,ab OR assessment*:ti,ab OR inventory:ti,ab OR scale:ti,ab OR
scales:ti,ab OR checklist*:ti,ab OR tool:ti,ab OR tools:ti,ab
'hospital patient'/mj OR 'aged hospital patient'/exp OR inpatient:ti,ab OR
hospitalized:ti,ab OR hospitalised:ti,ab

4

'adult'/exp OR 'aged'/exp OR adult:ti,de OR adults:ti,ab OR aged:ti,ab OR
elderly:ti,ab OR geriatric:ti,ab

5

(English OR French OR German OR Spanish OR Portuguese OR Dutch):la

6

1 AND 2 AND 3 AND 4 AND 5
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Appendix 2: Excluded studies
Table App 1 Excluded studies for review questions one and two
Reason for exclusion
Study references
Inappropriate study design
Ballesteros-Pomar 2016,(78) Ruiz 2017,(79) Türkoğlu 2015,(80) Tangvik
2015,(81) Pohju 2015 (82) Platek 2015,(83) Konturek 2015,(84) da Silva Fink
2015,(85) Campos del Portillo 2015,(86) Pham 2014,(87) Niţescu 2014,(88)
Parsons 2013,(89) Omidvari 2013,(90) Skipper 2012,(91) Paxlevanidou
2012,(92) Calleja-Fernández 2012,(93) Asiimwe 2012,(94)
NST not externally validated Silva 2017,(95) Laporte 2015(96) Susetyowati 2014,(97) Llanos 2014,(98) Lee
2012,(99) Aquino 2012,(100) Alfonso Garcia 2012,(101)
Inappropriate population

Inappropriate reference test

Outcome not available

Inappropriate index tool

Lim 2013,(102) Dos Santos 2015,(103) Verghese 2018,(104) Torres 2018,(105)
Silva 2018,(106) Ruiz 2018,(107) Agarwal 2018,(108) Yuruyen 2017,(109) Sharma
2017,(110) Rabito 2017,(111) Cruz 2017,(112) Lim 2016,(113) Gultekin 2016,(114)
Sun 2015,(115) Fontes 2014,(116) Dent 2014,(117) Soysal 2013,(118) Karateke
2013,(119) Campbell 2013,(120) Boaz 2013,(121) Bell 2013,(122) Mercadal-Orfila
2012,(123) Lim 2012,(124) Gregorio 2012,(125) Bauer 2012,(126)
Tran 2018,(127) Poulia 2017,(128) Guerra 2017,(129) Smith 2016,(130) Roller
2016,(131) Chen 2015,(132) Duarte 2014(133) Donini 2014,(134) GomezCandela 2013,(135) Agarwal 2013,(136) Kyle 2012,(137)
Westergren 2011,(138) Zhu 2017,(139) Guerra 2016,(140) Giraldo Giraldo
2015,(141) Gastalver-Martin 2015,(142) Hershkovich 2017,(143) Fragas
2016,(144) Felder 2016(145) Castillo Pineda 2016,(146) Asiimwe 2016,(147)
Tailliere 2015,(148) Pla 2015,(149) Burden 2014,(150) Argente 2014,(151)
Olveira 2013(152) Fernández-Juárez 2013,(153) Fang 2013,(154) Meireles
2012,(155) Lisboa da Silva 2012,(156) Burgos 2012,(157) Álvarez-Hernández
2012,(158)
Moriana 2014,(159) Kang 2018,(160) Allard 2016,(161) Allard 2016,(162) Kissova
2015,(163) Ordoñez 2013(164) Vidal 2008,(165) Curtis 2017,(166) GonzálezMadroño 2012,(167)

Table App 2 Excluded studies for review question three
Reason for exclusion
Study references
Inappropriate study design
Leon-Sanz 2015,(168) Meehan 2016,(169) Rice 2012,(7) Alvarez-Hernandez
2012,(170) Ballesteros-Pomar 2016,(171) Guerra 2016,(140) Khalatbari-Soltani
2016,(67) Lim 2014,(69) Tangvik 2014(72)
Inappropriate population
Gastalver-Martin 2015,(142) Zhang 2017,(172)
Outcome not available
Inappropriate index tool

Giraldo Giraldo 2015,(173) Moran Lopez 2016,(174)
Curtis 2017,(166) Konturek 2015,(84) Lim 2012,(175)
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