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Summary
Background & aims: A valid, quick-and-easy screening tool to detect undernutrition, is an
essential requisite to treat undernutrition. In order to select quick-and-easy screening
tools with high analytical accuracy for the general hospital in-, and outpatient population,
a systematic review at sensitivity and specificity studies were performed.
Methods: The electronic databases MEDLINE, EMBASE, CINAHL and the Cochrane Library
(SR, DARE and the Central trail register) were searched. Additionally, ESPEN and ASPEN
congress posters and abstracts from 2000 till 2005, reference lists and review articles,
were hand-searched. There were no limitations made on language or publication date. To
finally include a study there were six criteria: The study (1) determined analytical
accuracy of a quick-and-easy screening tool in (2) adults with (3) the dichotomous
classification: disease-related undernutrition present or absent, versus (4) an acceptable
reference standard with (5) data available to abstract sensitivity and specificity.
Methodological quality was formally assessed using the QUADAS (checklist for quality
assessment in analytical accuracy studies) in those studies with (6) relevant sensitivity and
specificity.
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Results: The search yielded 1513 citations of which finally, nine studies were included.
After quality assessment, no studies for the general hospital outpatient population
remained. For the general hospital inpatient population only the Short Nutritional
Assessment Questionnaire (SNAQ) and the Malnutrition Screening Tool (MST) tool were
studied with a high rating to the criteria specified. The analytical accuracy of the
MST seemed slightly better than the SNAQ. However, the MST study had a lower QUADAS
‘score’ for blinding and the cut-off point of the MST for positive screening was defined
post-hoc.
Conclusion: Their high applicability combined with clinically relevant sensitivity and
specificity make the MST and the SNAQ the most accurate nutritional screening tools
ready to implement at the general hospital inpatient population found in our systematic
review.
& 2007 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd.
All rights reserved.
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Introduction

Disease-related undernutrition (DRU) is present in about 10%
of the general outpatient population and in 25% of patients
on hospital admission.1–3 During hospital stay DRU is even
found in up to 66% of patients.4 Despite this high prevalence
and overall understanding that DRU increases complications,
costs and length of hospital stay,5–8 still 50% of all
hospitalised undernourished patients remain unrecognised
by medical and nursing staff, and therefore untreated.2

Data suggest that recognition of DRU at the outpatient clinic
is even worse: Wilson et al.1 describes a recognition rate of
DRU in only 43% of the elderly malnourished patients and of
12% in young adult, malnourished patients. With even a
lower percentage of these patients receiving appropriate
nutritional treatment. To determine whether the patient is
malnourished and a nutritional intervention should be
started, ideally, the nutritional status should be assessed
in all in- and outpatients by specialists as dieticians.
However, this ‘ideal’, comprehensive diagnostic assessment
is considered time-consuming and requires a specialist, and
is thus expensive. It is also an unnecessary burden for those
patients which turn out to be well nourished. For these
reasons, it is desirable to have a quick-and-easy, non-
invasive screening method before comprehensive diagnostic
assessment takes place.9

Before a screening tool is considered for implementation,
it ideally fulfils, next to practical applicability, a large
number of criteria, as also mentioned by the ESPEN
guidelines on nutritional screening,10 such as (1) validity
(well established face validity, content validity, construct
validity, concurrent and predictive validity), (2) reliability
(good inter-rater agreement and test–retest agreement)
and (3) the tool has to be linked to specified protocols
of action.9–11 Our main interest was to select practical
(e.g. quick-and-easy among untrained users) nutritional
screening tools that can replace a comprehensive diagnostic
nutritional assessment by specialists in all patients. Then,
only after a patient is positively screened, a comprehensive
diagnostic assessment has to be performed. To determine
the capability of a screening tool to select the same patients
as under- and well-nourished as the ‘ideal’ comprehensive
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diagnostic assessment would, we examined the concurrent
validity of nutritional screening tools. To analyse concurrent
validity (further called ‘analytical accuracy’), the study
design has to contain an index test (e.g. quick-and-easy
screening tool) versus a reference standard (e.g. concurrent
criterion for DRU).12 The comparison between index test and
reference standard is expressed by the sensitivity and
specificity of a tool.

The reference standards in nutritional screening studies
are various because no ‘golden standard’ or universal
accepted definition for diagnosing DRU exists. This lack of
an accepted definition of DRU makes the comparison
between quick-and-easy screening tools, and therefore the
implementation of such tools, complex. Jones13 identified
44 nutritional tools to detect DRU. A rank order of most
accurate tools ready to implement could not be derived
from the Jones paper because not all important aspects
which influence bias and methodological flaws were
assessed. So, although many nutritional screening tools
have been developed the implementation of routine screen-
ing, necessary to offer optimal nutritional care, is for a large
part hampered by the impossibility for dieticians and other
caregivers, to have assess to those tool(s) that are
methodologically sound, clinically relevant and practically
to implement.

The aim of our study was to select and rank order, and
thereby create asses to accurate quick-and-easy nutritional
screening tool(s) to detect DRU (QE-ST-DRU) ready to
implement. Therefore, we performed a systematic review
including a formal critical appraisal of methodological study
quality of analytical accuracy studies as opposed by the
Cochrane Collaboration14 combined with a-priori defined
minimal criteria to define DRU and clinically relevant
sensitivity and specificity.
Table 1 Search strategy February 2005.

[MeSH] terms and Text Words used to identify articles on
the subject
‘Analytical accuracy of screening methods to detect DRU
in adults’

Patients
(Undernutrition OR malnutrition OR nutrition* OR
[Protein-Energy Malnutrition])
NOT (*child* OR *infant* OR *pregnant* OR *animal*)

Methodological filter
sensitivity OR specificity OR valid*

Test #
Screen* OR diagnos*

The topics Patients, Methodological Filter and Test were
combined with AND.

#Because concurrent validation studies of Nutritional Screen-
ing Tools were not consistently categorised in diagnostic
research, these text words instead of the official Medline
filter for diagnostic research, were used. The free text
words, screen* and diagnos* were searched because these
terms were used exchangeable in articles about the nutri-
tional screening topic.
Methods

Search strategy

To select those QE-ST-DRU with relevant analytical accuracy
(sensitivity and specificity), the electronic databases MED-
LINE (from 1966), EMBASE (from 1980), CINAHL (from 1982)
and the Cochrane Library (SR, DARE and the Central trail
register) were searched in February 2005 using medical
subject headings and free text words (Table 1). There were
no limitations made on language, publication date or (health
care) setting. Additionally, nutritional congress proceedings
from the European and American Society of Parenteral and
Enteral Nutrition (ESPEN, ASPEN) from 2000 till 2005,
reference lists from included studies and review articles,
were hand-searched.

Inclusion criteria

Studies were included if they met the following six criteria:
(1) intention to determine diagnostic value of a method
to detect DRU in (2) an adult population with (3) a dicho-
tomous classification: DRU present or absent, and (4) data
available to determine analytical accuracy (e.g. cross-
tabulations or at least calculated sensitivity and specificity).
Only studies with (5) a ‘quick-and-easy’ method versus
(6) an acceptable reference standard, were finally analysed.
A nutritional screening tool was defined as ‘quick’ if
the screening result was expected to be available in
o10min. Therefore, when a screening tool contained a
biochemical analysis, the tool was excluded because of a
waiting time 410min before available screening result. A
tool was defined as ‘easy’ if a general educated nurse was
expected to use the tool without special training. Tools
containing physical examinations like skin folds, mid arm
circumference measurements and bioelectrical impedance
analysis, were defined as methods for professionals
and therefore excluded. A reference standard was consi-
dered acceptable if it included at least (1) ‘weight loss or
another changing anthropometrics over time’ and (2) ‘an
estimate of current body composition as BMI’. This defini-
tion of an acceptable reference standard was based on
discussion with experts on the field and on the recently
most relevant parameters published (BMI and unintended
weight loss) capable of identifying those patients, benefiting
from nutritional intervention by improved clinical out-
come.15 We stated that next to body composition at a
given time, changes in time (within person variability)
are necessary to correct for the wide ranges of in-between
persons variability. Because there are no universally
agreed methods to measure DRU, we decided to accept all
methods that suggest to measure DRU with only the demand
that at least (1) ‘body composition’ at a given time and (2)
changes in ‘body composition’ over time, were taken into
account.

Selection

Process
Selection of titles, abstracts and studies were indepen-
dent by A.B. and L.V. Differences in the selection between
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Table 2 Flowchart of the selection process of QE-ST-DRU studies.

Inclusion Exclusion

 663

1513 

 155

1818 

59

75

68

39

27 

9

Electronic databases

MEDLINE 1150
EMBASE 446
CINAHL 94
COCHRANE 128

Hand search

Reference list 6
ASPEN 1

9ESPEN

305 Duplicates

850 Irrelevant titles

508 Irrelevant abstracts

57 Reviews,letters, editorials
39 Inclusion criteria not met

7 No sensitivity and specificity

29  No quick-and-easy tool

12 No acceptable reference
standard

18 No clinical relevant sensitivity
and specificity

(95% CI 65% or higher)

Spectrum bias in 9 studies for
the outpatient population and
in 5 studies for the inpatient

population 40

2 Insufficient overall study
quality (QUADAS) for the 
general inpatient population 

 2

k =0.62

L.M.W. van Venrooij et al.24
A.B. and L.V. were discussed and solved by consensus. Data
were abstracted from the papers by L.V. using an a-priori
specified collection form for diagnostic studies.14,16–18

Difficulties in abstracting data were discussed with the
second reviewer (R.V.). To evaluate the methodological
quality, H.K. and L.V. independently appraised each in-
cluded paper according the QUADAS checklist designed to
assess the methodological quality in screening and diagnos-
tic research of analytical accuracy studies19 (Appendix 1).
Item 1 of the QUADAS (spectrum bias) was answered
separately for the hospital in- and outpatients to account
for differences at the spectrum of these populations. If
essential data were missing, in the data extraction process,
as well as at the methodological assessment, additional
information was sought from the principal investigator of
the study concerned.

Inter-rater reliability
To assess the quality of the independent selection and
appraising process, the kappa statistics for agreement
between reviewers at in- and exclusion of studies, and for
all items of the QUADAS, were calculated (SPSS 11.0.). For
calculating the kappa, the answer ‘unclear’ on an item of
the QUADAS was recoded as a ‘no’.
Analysis

All included studies were tabulated and analysed after
stratification for (health care) setting, disease and age, to
account for possible spectrum differences. For the propor-
tions sensitivity and specificity, the 95% confidence intervals
(CI), were computed. Anticipating on small sample sizes, the
so-called ‘exact’ method based on binomial probabilities of
Clopper and Pearson, was used.20 If clinical and statistical
homogeny studies were present, the 95% CI were also
calculated after pooling these data.21 A QE-ST-DRU was
judged as clinically relevant, if the lower limit of the 95% CI
was 65% or higher for sensitivity and specificity. This cut-off
point is based on the fact that in current usual clinical
practice (without structured screening) the recognition of
DRU (e.g. sensitivity) by nurses and medical staff is only
50%.2 Although the specificity is, in screening perspective, of
less relevance to the clinical outcome of the patient,22 the
lower limit of the 95% CI of specificity, was defined to be at
least 65% or higher to account for the workload of the
dietician and/or to reduce the amount of over-treated
patients if patients at risk of DRU are given a standard
nutritional care plan without interference of the dietician
as, for instance advised by the ESPEN guidelines.10
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Have you lost weight recently without trying? 

No
Unsure
If yes, how much weight (kg) have you lost?
1-5
6-10
11-15
16-20
Unsure

Have you been eating poorly because of decreased appetite?

No
Yes

      Total ..

0

2

1
2
3
4
2

0
1

Score of 2 or more = patient at risk of malnutrition

Figure 1 Malnutrition Screening Tool.33

0 or 1 point well nourished

2 points  moderately malnourished  

3 points or more severely malnourished 

Did you lose weight unintentionally?
More than 6 kg in the last 6 months 3 
More than 3 kg in the last month 2 

Did you experience a decreased appetite over the last month? 1 

Did you use supplemental drinks or tube feeding over the last month? 1 

•
•

Figure 2 Short Nutritional Assessment Questionnaire.32

Screening tools to detect disease-related undernutrition 29
For the finally included QE-ST-DRU, the positive and
negative predictive values with 95% CI (‘exact’ method20)
and likelihood ratios with 95% CI were computed23 to assess
the clinical relevance of the QE-ST-DRU in practice. The
positive predictive value shows the percentage of patients
that are really malnourished when referred to the dietician
after positive screening. A relevant difference (diagnostic
gain) between the positive predictive value and the
prevalence (e.g. the amount of really malnourished patients
if all patients were referred) is a requisite before
implementing a test in practice (Bayes Theorem). The
positive likelihood ratio shows the odds to be screened as
malnourished in the truly malnourished patients versus the
odds of being screened positive at the truly not malnour-
ished patients (sensitivity/1�specificity).22

Results

Search

The search yielded initially 1513 citations omitting duplica-
tions (Table 2). Excluded were 850 irrelevant articles based
on title. Of the 663 articles left, 155 abstracts were included
with good agreement (kappa ¼ 0.62).24 After full text
assessment, 57 non-research publications as reviews, letters
and editorials and 39 studies who did not meet all inclusion
criteria, were excluded. Fifty-nine studies remained. The
hand-search resulted in 16 additional studies. During the data
extraction, three studies did not describe the test character-
istics at all and four studies described the test characteristics
partially. For the last four studies the principal investigators
were contacted to provide the missing data but this
information was not returned. From the remaining 68 studies,
39 fulfilled the criteria of a QE-ST-DRU of which 27 studies
included an acceptable reference standard (Table 3). See
Appendix 2 for the 12 studies with no acceptable reference
standards according to the criteria specified (two studies
overlap and were also included within the studies with an
acceptable reference standard because more than one
comparison was made per research paper22,26).

Analysis

Analytical accuracy: sensitivity and specificity
Before excluding studies with a QE-ST-DRU presenting
sensitivity and specificity with a lower limit of their 95% CI
of o65%, the possibility of pooling data was determined
because pooling of studies increases the precision and
reduces the width of the CI. In one study (Laporte et
al.27), it seemed justifiable to pool the results of the two
subgroups, adults and elderly. The pooled results were
added to Table 3 under the specific study. As no further
pooling was appropriate, we continued with the selection of
studies (Table 2). Only nine studies contained a QE-ST-DRU
with a lower limit of the 95% CI of 65% or higher for
sensitivity and specificity.

Quality assessment of analytical accuracy studies
(QUADAS)
Quality assessment according to the QUADAS was performed
on the nine studies (Appendix 3). No study was performed in
a representative sample concerning the general outpatient
population. The Malnutrition Screening Tool (MST)28 and Mini
Nutritional Assessment-Short Form (MNA-SF)29 were applied
in an outpatient clinic population but concerned respec-
tively cancer patients receiving radiotherapy and elective
preoperative elderly. For the general hospital inpatient
population, four studies were performed in a representative
population. The QE-ST-DRU in this studies were; the
Nutritional Assessment Score (NAS),30 the Rapid Screen
(RS),31 the Short Nutritional Assessment Questionnaire
(SNAQ)32 and the MST.33 Taking the overall study quality
into account, the NAS30 and RS31 studies were of insufficient
quality. Not only the total QUADAS ‘score’ was low, but very
essential parts for implementation were not described.
Detailed description of selection criteria, screening tool or
reference standard and explanation of withdrawals were
partially missing. Also, after requesting additional informa-
tion from the principal investigators this gap could not be
resolved. The SNAQ study32 had the highest methodological
quality. The MST study33 was sufficient but prone to bias as
the results of the QE-ST-DRU were interpreted with knowl-
edge of the results of the reference standard (e.g. no
blinding was performed). Thus, two tool studies (three
comparisons), containing the MST (Fig. 1) and the SNAQ
(Fig. 2) fulfilled all minimal criteria to ensure an accurate
QE-ST-DRU for the general hospital inpatient population.

As can be concluded from the kappa statistics (Appendix 3),
most items of the QUADAS were agreed with good to very
good inter-rater agreement.24 The items 10 and 11 (blinding
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Table 4 Analytical accuracy of the MST33 and SNAQ32: score cut-off point defined post hoc (A) and score cut-off point defined
before study was performed (B).

Tool Score Reference
standard

Prevalence Sensitivity
(95% CI)

Specificity
(95% CI)

LR+ (95% CI) LR� (95% CI) PPV (95%
CI)

NPV (95% CI)

MST
(A)

41 SGA 99 (92–100) 81 (77–85) 5.22 (4.18–6.52) 0.02 (0.00–0.13) 52 (43–60) 100 (98–100)
42 SGA 17 93 (84–98) 93 (90–95) 13.20 (8.86–19.38) 0.08 (0.03–0.18) 73 (62–82) 98 (96–99)

SNAQ
(A)

42 WL BMI 86 (77–92) 89 (84–93) 7.74 (5.18–11.58) 0.16 (0.10–0.26) 78 (69–86) 93 (89–96)
43 WL BMI 32 88 (80–94) 91 (86–95) 9.70 (6.21–15.16) 0.13 (0.08–0.23) 82 (74–89) 94 (90–97)

MST
(B)

SGA X X X X X X X

SNAQ
(B)

42 WL BMI 79 (69–87) 83 (77–88) 4.69 (3.39–6.48) 0.25 (0.17–0.38) 69 (59–77) 89 (84–93)
43 WL BMI 32 76 (66–84) 83 (77–88) 4.50 (3.25–6.24) 0.29 (0.20–0.42) 68 (58–77) 88 (82–92)

LR+ ¼ postive likelihood ratio, LR� ¼ negative likelihood ratio, PPV ¼ positive predictive value, NPV ¼ negative predictive value.

L.M.W. van Venrooij et al.30
procedure) were judged with less agreement (fair to
moderate) and the items 7 (independency index test of
the reference standard) and 8 (detailed description of the
index test) were primary judged with poor agreement.24

Diagnostic gain
When analytical accuracy of the MST with a score 42 and
the SNAQ with a score 42 were compared, both in the study
situation that the cut-off points of the tools were defined
post-hoc,32,33 then the analytical accuracy of the MST was
only slightly better than that of the SNAQ (Table 4). Only for
the SNAQ the analytical accuracy was also determined in
another general hospital inpatient sample than in which the
tool was developed. The analytical accuracy of the SNAQ in
this cross-study was less discriminative (Table 4). However,
the values of the positive and negative likelihood ratios
show for the MST, as well for the SNAQ in both study
situations, a moderate to strong increase of the likelihood of
DRU to be present or absent (LR+ 45 and LR�o0.2).21 The
difference between the a-priori probability (prevalence)
compared to the posterior probability (positive predictive
value) shows a diagnostic gain of roughly 50% (Fig. 3).

Discussion

In this systematic review, we found two QE-ST-DRU, the MST
and the SNAQ, which were studied with high quality in terms
of analytical accuracy. Both tools showed clinically relevant
sensitivity and specificity in the general hospital inpatient
population. No adequate study on a QE-ST-DRU for the
general hospital outpatient population was found.

The selection process of our search was performed with
good agreement between the reviewers. The comprehensive
search strategy included all relevant studies also mentioned at
the reviews of Jones13 and Green and Watson.34 Initially, we
identified 39 QE-ST-DRU studies from which sensitivity and
specificity could be derived. This is in contradiction to the
results of Jones13 and Green and Watson34 who reported less
than 10 studies with these data. This difference is mainly
caused by the fact that in the current review also studies were
included in which sensitivity and specificity were not
presented by the initial authors but could be reconstructed
from the data. Another reason is that QE-ST-DRU not
specifically aimed to be used by nurses were included as well.

Green and Watson34 mentioned in their review about
nutritional screening tools, that quality assessment would
have no additional value. This would result in many
unanswered quality items because of the insufficient style
of reporting by the study authors. This is not our view, we
applied the QUADAS, and there were only a few items scored
with ‘unclear’. This was, indeed because these aspects were
reported poorly (items 4, 10 and 11). In our study, the overall
quality assessment was performed with good to excellent
agreement. A few items were inconsistently rated by
different interpretation of the QUADAS items. After discus-
sion, the reviewers reached full consensus (Appendix 3).

The QE-ST-DRU found in our review did not correspond with
the tools advised by ASPEN or ESPEN.10,35 ASPEN opposed the
Subjective Global Assessment tool. This method was not found
quick-and-easy and was therefore excluded in our review.
ESPEN advised the Nutritional Risk Score (NRS) for the hospital
setting, the Malnutrition Universal Screening Tool (MUST) for
the adult community setting and the MNA-SF specific to
elderly. Our search did not include the NRS because no
analytical accuracy studies of this tool were found. The MUST
was initially included but did not meet the criterion of
clinically relevant sensitivity and specificity (lower limit of the
CI at 65% or higher). The MNA-SF was not performed at a
representative population as only (frail) elderly were included
in their diagnostic studies. What should be realised, when
interpreting our results, is that the evaluation of analytical
accuracy is limited, and only one way of assessing the clinical
value of a screening tool.21 Next to sensitivity and specificity,
no other important aspects of validity such as predictive
validity, i.e., that clinical outcome will improve, were directly
analysed within our systematic review. Indirectly, the im-
provement of clinical outcome was taken into account
because sensitivity and specificity are reflections of the
reference standard. The reference standard was considered
acceptable as the included parameters suggest to identify
those patients who benefit from nutritional intervention on
clinical outcome. However, the criteria used to define a
reference standard as acceptable are arbitrary and involve
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uncertain assumptions concerning the validity of our review.
Elia et al.36 did perform a systematic review that specifically
reported on clinical outcome after intervention initiated by
results of screening. Unfortunately, Elia had to conclude that
the overall study quality, of the finally left nine studies, was
poor. Overall, the studies suggest that nutritional screening
linked to a care plan, had benefit in specific conditions and
specific wards or hospitals. Our idea of comparing nutritional
screening tools to reference standards was intended to
organise and rank order, and thereby create assess to all
performed analytical accuracy studies on nutritional screen-
ing. Every dietician or caregiver can select from our results
(Table 3 and Appendix 2) their own population, their own
current used or preferred ‘ideal’ more comprehensive
diagnostic assessment and check if there is a methodological
sound QE-ST-DRU independent of our definitions.
Of the two tools we found, the MST suggest it has better
analytical accuracy than the SNAQ. However, in the MST
study more bias can be expected. The study was not only
vulnerable to review bias, since there was no blinding of the
reference standard, but also was the test performance only
assessed in the population in which the tool was developed
(no cross-validation).18 When the SNAQ was tested in a
subsequent population, the SNAQ showed a lower sensitivity
and specificity which is also expected to occur for the MST.
Although the SNAQ and MST seem very comparable with
regard to their items, they do differ in who is referred to the
dietician after being positively screened. The SNAQ score
is differentiated in a score of 42 receiving energy
and protein-enriched diet, and a score of 43 receiving
treatment by a dietician in addition to the energy and
protein-enriched diet. A score of 42 on the MST results
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Table A1 The QUADAS checklist: a tool for the quality
assessment of studies of analytical accuracy included in
systematic reviews.19

1. Was the spectrum of patient representative of the
patients who will receive the test in practice?�

2. Were selection criteria clearly described?
3. Is the reference standard likely to correctly classify

the target condition?
4. Is the time period between reference standard and

index test short enough to be reasonably sure that
the target condition did not change between the two
tests?

5. Did the whole sample or a random selection of the
sample, receive verification using a reference
standard of diagnosis?

6. Did patients receive the same reference standard
regardless of the index result?

7. Was the reference standard independent of the index
test (i.e. the index test did not form part of the
reference standard)?

8. Was the execution of the index test described in
sufficient detail to permit replication of the test?

9. Was the execution of the reference standard
described in sufficient detail to permit its replication?

10. Were the index test results interpreted without
knowledge of the results of the reference standard?

11. Were the reference standard results interpreted
without knowledge of the results of the index test?

12. Were the same clinical data available when the
results were interpreted as would be available when
the test is used in practice?
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invariantly to a referral to the dietician. A score 41 on the
MST seems comparable to a score of the SNAQ 42 which
suggests that a differentiated action plan can be impro-
vised. However, the positive predictive value of the MST
decreases dramatically if a score of 41, instead of 42, is
chosen for the MST. This suggests that many patients would
receive unnecessary diet modifications. Besides the influ-
ence of bias and the influence off chosen cut-off points on
analytical accuracy, it should be realised that sensitivity and
specificity are a reflection of the chosen reference standard.
The reference standard of the SNAQ and MST study were
both judged as acceptable, but they do differ. To really
compare the analytical accuracy, or any study result on the
DRU subject, a reference standard to diagnose DRU should
be universally agreed. To define QE-ST-DRU as clinically
relevant, we stated that the underlimit of the 95%
confidence interval of sensitivity and specificity at least
should be 65% or higher. If we defined this point at 70% or
75% the results of review would be slightly different. The
analytical accuracy of the cross-validation study of the SNAQ
would not withhold to be clinically relevant; e.g. the
underlimit of the 95% confidence interval of the sensitivity
is 69%. However, the analytical accuracy of the SNAQ
remains clinically relevant based on their initial study
compared to the MST study. The diagnostic gain of 50%
shows the clinical benefit of replacing a comprehensive
diagnostic assessment by a QE-ST-DRU in reducing the
workload of dieticians.

At last, it should be stressed that the tools recommended
by ESPEN could be viewed as an acceptable reference
standard as defined in our review. Thus, they, theoretically,
are preferred above the SNAQ and the MST. But, all the
ESPEN tools are considered too comprehensive to be used by
nurses and medical staff as routine nutritional screening.
Calculations as percentage weight loss and BMI are too time-
consuming for routine use in clinical practice. In contrast,
the SNAQ and the MST are very quick to fill in (o3min) and
easy to use (o3 questions without any calculations). The
MUST and the NRS, containing the four items: weight loss,
BMI, nutritional evaluation and disease severity, are to our
opinion much more useful as reference standard to diagnose
DRU in nutritional research and diagnostic assessment than
as a standard screening tool.

The high applicability of the MST and the SNAQ combined
with their clinically relevant sensitivity and specificity, make
them the most accurate tools ready to implement at the
general hospital inpatient population found in our systema-
tic review. Next to a high qualitative analytical accuracy
study, a cost-effectiveness study for the SNAQ was
performed: Implementing the SNAQ protocol was cost-
effective and resulted in a reduced length of hospital stay
compared to a historic control group with unstructured
nutritional care.37 This improvement in clinical outcome by
implementing the SNAQ protocol, together with clinically
relevant sensitivity and specificity, is compelling evidence to
implement this nutritional screening procedure.
13. Were not interpretable/intermediate test results
reported?

14. Were withdrawals from the studies explained?

�All questions are answered by yes, no or unclear.
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Table A3 Quality assessment (QUADAS) of all studies in which the QE-ST-DRU has clinically relevant sensitivity and specificity
and an acceptable reference standard.

First
author,
year

Setting Mean
age

2 3 4 5 6 7 8 9 10 11 12 13 14 Yes
(2–14)

1
IPC

1
OPC

Primary care
Ward,
199840

3 Home Care 74.0c n y n y y n y n y y y y y 9 n n

Secondary care: outpatient clinic
Specific subgroups
Ferguson,
199928

4 Oncology scheduled for radiotherapy 59.9c y y y y y n y y y y y y y 12 n n

General surgery
Cohendy,
200129

5 Elective surgery or exploration under
anaesthesia

72.0b y y y y y n y y n n n y y 10 n n

Secondary care: inpatient clinic
General surgery and internal medicine
Thorsdottir,
200547

15 83b y y ? y y n y y ? y y y y 10 n n

Oakley,
200030

20 Xc y y y y y n y n n y n y n 8 y n

Murtaugh,
199531

21 Xc n y y y y n n n y y y y n 8 y n

Kruizenga,
200532

22 58.4c y y y y y n y y y y y y y 12 y n

23 60.6c y y y y y n y y y y y y y 12 y n
Ferguson,
199933

25 57.7c y y y y y n y y n y n y y 10 y n

Mixed setting
Rubenstein,
200155

41 Community-dwelling (596) and hospital
geriatric inpatients (306) (Toulouse-91
database)

76.4b y y y y Y n y y y y y y y 12 n n

42 Internal medicine (105) and home-dwelling
elderly (50) (Toulouse-91 database)

78.3b y y y y Y n y y y y y y y 12 n n

43 y y y y Y n y n y y y y y 11 n n
Agreement QUADAS Kappa 0.609 1.0 1.0 1.0 1.0 0.174 0.125 0.609 0.526 0.400 1.0 1.0 1.0 1.0 1.0

a ¼ adults, no elderly, b ¼ elderly, c ¼ adults and elderly, d ¼ all ages, ? ¼ unclear, n ¼ no, y ¼ yes, X ¼ not available, IPC ¼ inpatient
clinic, OPC ¼ outpatient clinic.
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Appendix 1
See Table A1 for further details.

Appendix 2

See Table A2 for further details.

Appendix 3

See Table A3 for further details.
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