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Abstract
Self-screening using an electronic version of the Malnutrition Universal Screening Tool (‘MUST’) has been developed but its implementation
requires investigation. A total of 100 outpatients (mean age 50 (SD 16) years; 57% male) self-screened with an electronic version of ‘MUST’
and were then screened by a healthcare professional (HCP) to assess concurrent validity. Ease of use, time to self-screen and prevalence
of malnutrition were also assessed. A further twenty outpatients (mean age 54 (SD 15) years; 55% male) examined preference between
self- screening with paper and electronic versions of ‘MUST’. For the three-category classification of ‘MUST’ (low, medium and high risk),
agreement between electronic self-screening and HCP screening was 94% (κ= 0·74, SE 0·092; P< 0·001). For the two-category classification
(low risk; medium+high risk) agreement was 96% (κ= 0·82, SE 0·085; P< 0·001), comparable with the previously reported paper-based self-
screening. In all, 15% of patients categorised themselves ‘at risk’ of malnutrition (5% medium, 10% high). Electronic self-screening took 3min
(SD 1·2min), 40% faster than previously reported for the paper-based version. Patients found the tool easy or very easy to understand (99%)
and complete (98%). Patients that assessed both tools found the electronic tool easier to complete (65%) and preferred it (55%) to the paper
version. Electronic self-screening using ‘MUST’ in a heterogeneous group of hospital outpatients is acceptable, user-friendly and has
‘substantial to almost-perfect’ agreement with HCP screening. The electronic format appears to be as agreeable and often the preferred format
when compared with the validated paper-based ‘MUST’ self-screening tool.
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Many national and international guidelines recommend nutrition
screening to identify patients at risk of malnutrition(1–5). This is not
only because treatment of malnutrition can produce clinical
benefits, but also because malnutrition is costly(6). It is estimated
that managing patients with malnutrition is over four times more
costly than managing those without malnutrition, and that treat-
ment of malnutrition produces a net cost-saving(6). Despite
widespread recognition of the importance of nutritional screening,
malnutrition remains under-detected and under-treated especially
in the community setting(7). This may be because healthcare
workers have limited time to screen for malnutrition and in the
case of the community setting, limited access to individuals at risk
of malnutrition. If people could effectively screen themselves, they
could reduce the workload of healthcare workers, while becom-
ing more engaged in their own care and management.
Nutritional screening, which may involve different criteria

within and between care settings, can be regarded as the first step

in the management of malnutrition. The Malnutrition Universal
Screening Tool (‘MUST’), the most commonly used malnutrition
screening tool in both hospital and community settings in the
UK(8–10), is based on three criteria: BMI, unintentional weight loss
and an effect of acute disease preventing oral nutritional intake
(>5d). In the first paper to examine the feasibility of self-screening
with ‘MUST’ our group reported that the procedure is acceptable
to patients, is user-friendly, reliable and has good agreement with
healthcare professional (HCP) screening(11). However, this study
used a paper version of the tool in which the calculation of BMI
and weight loss involved the manual use of a number of tables to
convert anthropometric measurements into a ‘score’. Although this
is a valid method, it can be both slow and prone to human error.

To overcome these difficulties self-screening using an electro-
nic system has been proposed because of its potential to
produce quicker, more reliable and more valid results. Indeed,
encouraging results have been produced in a pilot study using
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* Corresponding author: A. L. Cawood, email a.l.cawood@soton.ac.uk

British Journal of Nutrition (2018), 120, 528–536 doi:10.1017/S000711451800185X
© The Authors 2018

https://doi.org/10.1017/S000711451800185X  Published online by Cam
bridge U

niversity Press

mailto:a.l.cawood@soton.ac.uk
https://doi.org/10.1017/S000711451800185X
https://doi.org/10.1017/S000711451800185X


an electronic system(12), facilitated by modified equipment.
Unfortunately such tailor made self-screening machines are not
currently available for clinical use. Other studies have also inves-
tigated the use of automated malnutrition screening tools although
they have not involved patient self-screening(13,14). As further
investigations are warranted, this study was undertaken to extend
the evidence base for malnutrition self-screening. Specifically this
study in the outpatient setting examined (1) the concurrent validity,
and ease of use of self-screening using an electronic version of
‘MUST’ by patients compared with HCP and (2) patient preference
for electronic v. paper-based self-screening with ‘MUST’.

Methods

General

This study involves malnutrition screening with ‘MUST’. ‘MUST’ is
a five step tool, step 1 involves BMI, step 2 unintentional weight
loss and step 3 acute disease effect. From this data, malnutrition
scores can be calculated (step 4) and risk categories designated,
low risk (score 0), medium risk (score 1), high risk (score 2 or
more) which corresponds to management plans (step 5)(15,16).
‘MUST’ can be categorised with a three-category classification
(low, medium, high risk of malnutrition), and also a two-category
classification (low risk and at risk of malnutrition (medium+high
risk combined)) (see the ‘Results’ section).
The investigation was divided into two parts: study 1 involving

100 patients, which examined the agreement between electronic
self-screening with HCP screening and ease of use; and study 2
involving twenty patients, which examined preference between
self-screening using paper and electronic versions of ‘MUST’. In
an attempt to select a random sample of patients, the following
procedure was instituted. When the HCP undertaking the study
was ready to recruit, the next available person (last patient to be
checked into the clinic) was invited to participate. Participants
were excluded if they were <18 years of age, pregnant, inpa-
tients, unable to complete ‘MUST’ due to physical or mental
incapacity, unable to comprehend English, participating in
another nutrition study or were unable to give informed consent.
Reasons for non-participation were recorded.
This study was conducted according to the guidelines laid

down in the Declaration of Helsinki and all procedures invol-
ving subjects were approved by the Southampton and South
West Hampshire Research Ethics Committee B (08/H0504/49).
Written informed consent was obtained from all subjects. The
trial was registered on ClinicalTrials.gov (NCT00714324). Basic
information such as age, sex, type of clinic, highest qualification
achieved, current/former occupation, and self-rated computer
skills (advanced, competent, beginner, never) was also
obtained from each subject. Their occupations were grouped
using a UK standard occupation classification system(17). If help
was requested during self-screening, it was noted.

Study 1

This study of 100 patients examined the agreement between self-
screening and HCP screening, ease of use of self-screening, the
time to self-screen and the prevalence of malnutrition.

The electronic version of ‘MUST’ was available on a laptop
situated on a table in the outpatient waiting room, it included
simple instructions on how to use the screening tool using a
step by step process. The tool consisted of a maximum of eight
screens: (1) instructions; (2) basic details (name, sex, date of
birth); (3) height (entered in metric or imperial); (4) weight
(entered in metric or imperial); (5) weight approximately
3 months ago (entered in metric or imperial); (6) question
addressing if any weight loss was planned or unplanned (this
screen only shows if there was weight loss); (7) the presence of
acute disease effect on nutrition intake (no food intake for more
than 5 d); (8) summary showing risk category and advice on
next steps (Fig. 1).

All patients were made aware of the weighing scales (Mars-
den MS4202 medical digital grade 3), and portable height
measure (Seca Leicester stadiometer) which were available in
the waiting room. No additional verbal instructions were pro-
vided. All calculations were automated and the results of the
electronic version of ‘MUST’ were automatically saved in an
excel sheet on the laptop. The patients did not share their
results with the HCP.

Agreement between self-screening and healthcare profes-
sional screening. Following self-screening, the HCP also
screened the patient, using the same equipment and standar-
dised ‘MUST’ screening methodology (paper-based) as detailed
by Stratton et al.(18). Weight was measured to the nearest 0·1 kg
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Fig. 1. Example screenshots of the electronic Malnutrition Universal Screening
Tool used for self-screening by patients in the trial.
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and height to the nearest 0·1 cm. The HCP documented the
patients ‘MUST’ score and risk category (low, medium or high),
but did not disclose this to the patient. Any discrepancies
between the two sets of screening results were examined clo-
sely to identify the cause of the problem.

Ease of use and time taken to complete the electronic
version of the Malnutrition Universal Screening Tool. All
patients completed an ease of use questionnaire, comprising
of sixteen questions, rating the ease of use (very easy, easy,
difficult, very difficult), willingness to self-screen, computer
skills and areas for general comments (areas to improve,
aspects that were difficult). The time taken for each patient
to self-screen using the electronic version of ‘MUST’ was
recorded using a stop watch. The relationship between time
taken to self-screen and other factors (age, sex, occupation,
access to a computer, self-rated computer skills) were
assessed.

Prevalence of malnutrition. The prevalence of malnutrition
was assessed using both self-screening and HCP screening.

Study 2

This study involving twenty separate patients examined patient
preference between self-screening with paper and electronic
versions of ‘MUST’, the former having been previously vali-
dated(11). Patients were recruited from the same clinics using
the same procedures as in study 1, and a collection was made of
similar data, such as age, sex, weight, height, type of clinic,
highest qualification achieved, and current/former occupation.
In contrast to study 1, this sub-sample was not assessed by a
HCP, they were simply asked to assess ease of use and pre-
ference for the electronic v. paper version of ‘MUST’. Half (n 10)
completed the paper version first, followed by the electronic
version and the other half (n 10) in the reverse order. Time to
complete each version was recorded using a stop watch and
patients completed a preference questionnaire after they had
completed both versions.

Statistical analysis

Agreement and chance-corrected agreement (κ) of malnutri-
tion risk categorisation were assessed, the latter using the
grading system of Landis & Koch(19) (<0·00, poor; 0·00–0·20,
slight; 0·21–0·40, fair; 0·41–0·60, moderate; 0·61–0·80, sub-
stantial; 0·81–1·00, almost perfect). The binomial test was used
to examine systematic under- or over-categorisation (dis-
agreements) of malnutrition risk between tools (McNemar
test). Results are presented for both the two-category classifi-
cation of ‘MUST’ (low risk, medium + high risk), and the three-
category classification (low, medium, high risk). Power cal-
culations (Sample Power 2 SPSS), suggested that for a mal-
nutrition prevalence of 10%, a sample size of at least ninety-
two patients was needed to detect a chance-corrected agree-
ment of κ= 0·75 against a null hypothesis of κ= 0·45 with
80% power and P= 0·05 (two-tailed). Statistical analyses

(χ2, independent samples t test) were undertaken using SPSS
statistical software package (IBM; version 24.0). Results of con-
tinuous variables are presented as means and standard devia-
tions, unless otherwise stated. A P value of <0·05 (two-tailed) was
considered to be significant.

Results

Study 1

Recruitment and study population. After excluding four
subjects who met one of the exclusion criteria (<18 years,
pregnant, participation in another study), the study population
represented 63% of the total sample of subjects invited to
participate. The reasons for patients declining to participate
were as follows: not willing/no reason (37%), unable to use a
computer (36%), anxious/not feeling well (9%), poor English/
unable to read/no glasses (6%), inadequate time (patient asked
to see doctor) (6%) and other reasons (5%). No baseline
characteristics are available for those who declined to partici-
pate in the study.

Of the 100 subjects enrolled into the study (57% male) the
mean age was 50·4 years (19–85 years, SD 16·2 years) with 29%
older than 60 years. Table 1 shows the anthropometric char-
acteristics (weight, height, BMI, qualifications attained) all of
which did not differ significantly from those in study 2 (Table 1).
Patients had a range of occupations including; managerial and
professional (26%); technical and administrative (24%); skilled
trade (17%); and provision of sales and customer services (9%).
The patients attended a gastroenterology clinic (51%) and a
variety of other clinics (including other medical, oncology and
surgical clinics) which did not differ significantly from study 2.
The majority of the patients had access to a computer at home
(83%), used it daily/weekly (74%), and classified their com-
puter skills as competent or advanced (63%). In all, 37% of
participants classified themselves as beginners/novice or had
never used a computer before.

Agreement between self-screening and healthcare
professional screening

(a) Three-category ‘MUST’ classification (low, medium, high
risk). For the three-category classification of ‘MUST’ (low,
medium, high risk) agreement between patient ‘self-screening’
and HCP screening was 94%, and the chance-corrected
agreement 74% (κ= 0·74 (within the range of 0·61–0·80 indi-
cative of ‘substantial’ agreement; SE 0·092; P< 0·001)) (Table 2).
There were six discrepancies in categorisation between patient
self-screening and HCP screening (McNemar P= 0·261), of
which five were lower with HCP screening (Table 3). From the
six discrepancies, two were associated with the BMI score (step
1 of ‘MUST’), one with the weight loss score (step 2 of ‘MUST’),
two with the acute disease effect score (step 3 of ‘MUST’),
and one with both BMI and acute disease (steps 1
and 3) making a total of seven disagreements (due to one
discrepancy having two disagreements). The cause of these
disagreements are summarised below.
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BMI score (step 1 of the Malnutrition Universal Screening
Tool). There were a total of three discrepancies in this category.
The first patient recorded their height as 1·63m (weight
52·9 kg), whereas the HCP measured it as 1·55m (weight
52·6 kg). This difference of 8 cm resulted in a BMI of 19·9 kg/m2

(‘MUST’ score 1) according to patient self-screening compared
with 21·9 kg/m2 (‘MUST’ score 0) according to HCP screening.
The second patient recorded an unrealistic height of 2·13m
(weight 73 kg), whereas the HCP measured it as 1·7m (weight
73·7 kg), a difference of 43 cm, which resulted in a BMI of
16·1 kg/m2 (‘MUST’ score 2) during patient self-screening and
25·5 kg/m2 (‘MUST’ score 0) during HCP screening. The third
patient recorded a weight of 68 kg, which produced a BMI of
19·9 kg/m2 and a score of 1 (as BMI <20 kg/m2) (height 1·85m),
whereas the HCP recorded the weight as 68·7 kg which pro-
duced a BMI of 20·1 kg/m2 and a score of 0 (as BMI >20 kg/m2).

Weight loss score (step 2 of the Malnutrition Universal
Screening Tool). The single patient in this category recorded
their current weight as 96·4 kg and their previous weight
of 107 kg, which meant that the weight loss was 10·6 kg
(9·9% weight loss, score= 1). The HCP recorded a current
weight (measured) of 95·1 kg and a previous weight of 107 kg
and an associated weight loss of 11·9 kg (11·1% weight loss,
score= 2).

Acute disease effect score (step 3 of the Malnutrition
Universal Screening Tool). For the acute disease effect score,
three patients gave themselves a score of 2, whilst the HCP
scored them as zero.

When the acute disease effect (step 3) is excluded from the
‘MUST’ categorisation, the three-category classification of
‘MUST’ (low, medium, high risk) agreement between patient
self-screening and HCP screening was 95%, and the chance-
corrected agreement was 77% (κ= 0·77 (within the range of
0·61–0·80 indicative of ‘substantial’ agreement’; SE 0·095;
P< 0·001)) (Table 2).

Table 2. Agreement and chance-corrected agreement between electronic
‘self-screening’ and healthcare professional (HCP) screening
(Numbers and percentages; κ coefficients with their standard errors)

Agreement
Chance-corrected

agreement

n % κ SE P

‘MUST’ (full)
Patient v. HCP

Three-category ‘MUST’ 100 94 0·74 0·092 <0·001
Two-category ‘MUST’ 100 96 0·82 0·085 <0·001

‘MUST’ (step 3* removed)
Patient v. HCP

Three-category ‘MUST’ 100 95 0·77 0·095 <0·001
Two-category ‘MUST’ 100 96 0·81 0·092 <0·001

MUST, Malnutrition Universal Screening Tool.
* Step 3=acute disease effect score (no food intake for >5 d); three-category ‘MUST’

(low, medium, high risk); two-category ‘MUST’ (low, medium+high risk).

Table 1. Baseline characteristics of subjects participating in studies 1 and 2
(Mean values and standard deviations; numbers and percentages)

Study 1 Study 2

PMean SD Mean SD

Participants (n) 100 20
Sex 0·869*

Male (%) 57 55
Female (%) 43 45

Age (years) 50·4 16·2 54·5 15·3 0·302†
Weight (kg) 78·86‡ 16·22 76·53§ 18·44 0·567
Height (m) 1·71‡ 0·10 1·72§ 0·10 0·579
BMI (kg/m2) 27·10‡ 5·41 25·71§ 5·08 0·297
Qualification 0·234*

No qualification (left school 14–17 years, %) 31 15
Below degree level (%) 50 70
Degree/higher degree level (%) 19 15

Type of clinic 0·934*
Gastroenterology (%) 51 50
Other (%) 49 50

* χ2 Test (P values calculated using numbers and not percentages).
† Independent samples t test.
‡ Results obtained by healthcare professional using paper version.
§ Results obtained by patient using electronic self-screening version.

Table 3. Cross tabulation of malnutrition risk according to ‘electronic
patient self-screening’ and healthcare professional (HCP) screening using
the three-category Malnutrition Universal Screening Tool classification
(Numbers and percentages)

HCP (paper screening)

Low risk Medium risk High risk

Patient (electronic, self-screening) n % n % n %

Low risk 85 85 0* 0 0* 0
Medium risk 1* 1 3 3 1* 1
High risk 3* 3 1* 1 6 6

* Six discrepancies; McNemar test P=0·261.
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(b) Two-category ‘MUST’ classification (low risk; medium+
high risk). For the two-category classification of ‘MUST’ (low
risk; medium+high risk) agreement between patient self-
screening and HCP screening was 96% (κ= 0·82 (within the
range of 0·81–1·00 indicative of ‘almost-perfect’ agreement;
SE 0·085; P< 0·001)) (Table 2). There were four discrepancies
between ‘self-screening’ and HCP screening (McNemar
P= 0·125) (Table 4): two were associated with BMI score (step 1
of ‘MUST’), none with weight loss score (step 2 of ‘MUST’), one
with acute disease effect score (step 3 of ‘MUST’), and one with
both BMI score and acute disease effect score (steps 1 and 3)
(these are the same discrepancies as discussed above). With the
acute disease effect removed, agreement between patient self-
screening and HCP screening was 96% (κ= 0·81 (within the
range of 0·81–1·0 indicative of ‘almost-perfect’ agreement;
SE 0·092; P< 0·001)) (Table 2).

Ease of use of the electronic version of the Malnutrition
Universal Screening Tool and time taken to complete
self-screening. All patients (n 100) were able to screen them-
selves. Only 10% reported difficulties in undertaking the task
and asked for subsequent assistance, the main reasons being
problems with eye sight (not having their glasses with them)
(n 4) and lack of computer skills (n 3).
Patients found the tool easy or very easy to understand (99%)

and complete (98%). Most felt they were able to measure their
weight and height (86%) and complete the tool by themselves
(89%), whilst indicating that they had been provided with
adequate instructions (100%). All patients (100%) were happy
to answer questions about their nutrition and nearly all were
happy to screen themselves (99%).
Patients (n 100) took a mean of 3·0 (SD 1·2)min (range 0·5–

7·0min; n 94) to self-screen, with 80% taking <4min, 96%
<5min and 100% in ≤ 7min. Time to screen was not sig-
nificantly related to sex or occupational status. However, it was
significantly faster in the following groups: younger patients
(Fig. 2; <60 years 2·7 (SD 1·08)min v. >60 years 3·77
(SD 1·15)min (P< 0·001; n 94)); those who had access to a
computer and internet at home (2·82 (SD 1·08) v. 4·06
(SD 1·42)min (P< 0·001; n 88)); those who rated themselves as
being more competent in computer skills (advanced 2·07
(SD 0·67)min, competent 2·76 (SD 1·0)min, beginner/novice 3·78
(SD 1·17)min, never 4·01 (SD 1·53)min (P< 0·001; n 88)); those
who used the computer more frequently (daily 2·59 (SD 0·98)

v. 1–2/week 23·42 (SD 0·65)min v. beginner/novice 3·78
(SD 1·17) v. never 4·01 (SD 1·53)min (P< 0·001; n 88)); and those
who rated themselves as having better educational qualifica-
tions (no qualifications/left school 14–17 years 3·54
(SD 1·23)min v. qualification below degree level 2·90 (SD
1·14)min v. qualification to degree/higher degree level 2·43 (SD
1·09)min (P= 0·006; n 94)). When individual variables were
adjusted for age (time to screen remaining the independent
variable), there was a loss of significance associated with the
availability of computer and internet at home (P= 0·097) and
educational qualifications (P= 0·104), but frequency of com-
puter use (P< 0·001) and self-rated computer skills (P< 0·001)
remained highly significant (Fig. 3). Furthermore, those who
preferred to self-screen or had no preference between self-
screening and HCP screening took a shorter time to self-screen
(2·84 (SD 1·09) v. 4·10 (SD 1·44)min; P< 0·001, n 88) and were
younger than those who preferred HCP screening (48·0
(SD 14·7) v. 65·0 (SD 14·6) years; P< 0·001; n 90).

About 80% of patients were able to screen themselves in
<4min, and of these 76% were <60 years, 84·5% had a home
computer and internet access, and 91·5% were either <60 years
or older than 60 years with a home computer and access to the
internet. This last category of patients showed 93·8% agreement
with HCP screening (κ= 0·76) using the three-category classi-
fication of ‘MUST’ and 96·3% agreement (κ= 0·85) with HCP
screening using the two-category classification of ‘MUST’.

Most patients (89%) stated there were no aspects of the tool
that they felt could be improved. Five patients said improve-
ments could be made, mainly around automated number input.
Overall most of the participants (85%) said they would prefer to
use an electronic version of ‘MUST’ over a paper version. When
asked whether they would prefer a HCP to screen them only a
minority affirmed, as 86% were happy to self-screen or had no
preference.

Prevalence of malnutrition assessed by patient
self-screening (n 100). Prevalence of malnutrition in patients
was found to be 15% by self-screening and 11% by HCP
screening, with no significant difference between the two

Table 4. Cross tabulation of malnutrition risk according to ‘electronic
patient self-screening’ and healthcare professional (HCP) screening using
the two-category Malnutrition Universal Screening Tool classification
(Numbers and percentages)

HCP (paper screening)

Low risk Medium+high risk

Patient (electronic, self-screening) n % n %

Low risk 85 85 0* 0
Medium+high risk 4* 4 11 11

* Four discrepancies; McNemar test P= 0·125.
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estimates according to the McNemar test (Table 3). There was
some variation in malnutrition rates depending on type of clinic
attended (gastroenterology 15%, oncology 8%, surgical 20%
and ‘other’ medical 17%) although these were not significantly
different. There were no associations between malnutrition risk
established by patient self-screening and age categories (<65 v.
>65 years), sex, educational qualifications or type of clinic
attended.

Study 2

Preference between electronic and paper versions of the
Malnutrition Universal Screening Tool. The characteristics of
patients in this group of twenty outpatients are shown in
Table 1. These characteristics (age, sex, weight, height, BMI,
educational qualifications and type of clinic attended) did not
differ significantly from study 1.
Both tools were judged to be easy to use requiring limited

assistance; however more patients required some assistance
with the paper tool (4/20) v. the electronic version of ‘MUST’

(2/20) (difference not significant, P> 0·05). Although numbers
are small (n 20), the majority of patients found the electronic
tool easier to complete (65%), preferred it to the paper version
(55%) or had no preference (20%). Age, qualifications and type
of clinic attended had no impact on preference (between tools,
understanding of tools, person screening) with the one excep-
tion of age having an impact on preference of tools, those aged
<60 years significantly preferred the electronic version (χ2,
P= 0·016). The main reason for the preference was that the
electronic tool was quicker and easier to use.

In study 2, the mean time to for the same patient to self-
screen using the electronic version of ‘MUST’ was about 30%
quicker than the paper version, though not significant (2·1
(SD 1·3) v. 3·0 (SD 1·2)min).

Discussion

This study in outpatients demonstrates the feasibility of elec-
tronic self-screening using ‘MUST’, the most widely used vali-
dated malnutrition screening tool across hospital and
community settings in the UK(9,10,20,21). This study suggests that
outpatients were able to self-screen using an electronic version
of ‘MUST’. It has also identified the advantages and dis-
advantages of using the current electronic self-screening system
and suggests improvements that could be made to pave the way
towards routine self-screening in the hospital outpatient setting
and potentially into the wider community. Although a wide
variety of malnutrition tools are used in clinical practice across
the world, they may not be amenable to self-screening because
they require input from HCP (e.g. Nutrition Risk Screening (NRS)-
2002 and subjective global assessment). Other types of tools may
be used for self-screening, such as subjective self-administered
questionnaires lacking objective measurements of weight and
height, and the short form of the Mini Nutritional Assessment
(MNA), a modification of the lengthier, original MNA that was
developed for use only in older people in the community setting.

One of the encouraging aspects of the study was that nearly
all of the participants found the electronic version of ‘MUST’
easy to understand and complete, and were able to complete it
themselves. When asked if they would prefer a HCP to screen
them, 86% either had no preference or were happy to self-
screen, indicating that electronic self-screening is highly
acceptable and indeed just as, if not, more acceptable than HCP
screening.

The agreement between electronic self-screening and HCP
screening was found to be 94% (chance-corrected agreement
74%) for the three-category classification of ‘MUST’ and 96%
(82% chance-corrected agreement) for the two-category clas-
sification of ‘MUST’. The present results, are at least as good as
those obtained in our previous study using a paper version of
‘MUST’ to self-screen (90% agreement or 70% chance-corrected
agreement for three-category classification of ‘MUST’, and 93 or
77% chance-corrected agreement for the two-category classifi-
cation of ‘MUST’)(11), and represent ‘substantial’ to ‘almost-
perfect’ agreement(19). Another positive aspect of the present
study is that self-screening took on average 3·0 (SD 1·2)min
(n 100), which is 40% faster (P< 0·001) than that reported
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their standard errors represented by vertical bars.
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in our previous paper using a paper version of ‘MUST’
(5 (SD 1·9)min; n 205). Indeed, in the present study almost all
patients (96%) self-screened in 5min or less. Given that these
patients are ‘waiting’ in outpatient waiting rooms, the amount of
time needed to self-screen appears feasible and not over-bur-
densome, although sufficient resource (e.g. equipment) would
be needed in practice to prevent delays in large clinics if
patients are slow to self-screen or there are large numbers of
patients waiting. To reduce the risk of this possibility, clinics
could select groups of patients who are likely to self-screen
faster, such as those who are younger, have access to a com-
puter at home and have higher self-rated computer skills. For
example, the study found that those who were <60 years in
combination with having a home computer and internet access
accounted for 91.5% of those who were able to screen them-
selves in <4min with at least as good agreement with HCP
screening of the cohort as a whole.
There were six discrepancies out of 100 between self-

screening and HCP screening, which for practical reasons can
be divided into two categories. The first category, which
accounted for most of the discrepancies, are those that can
easily be identifiable by a clinic attendant, as in the case of an
erroneous entry by a patient who recorded an unrealistic height
at 2·13m (actual height 1·70m) or erroneous entries of an acute
disease score (no intake for >5 d), which are extremely unlikely
to apply to hospital outpatients. The second category involves
discrepancies in which the source of the discrepancy is more
difficult to identify in routine clinical practice because of
uncertainties as to whether the erroneous entries of weight or
height or weight loss were made by the HCP, the patient, or
both. It is also unclear if discrepancies were due to incorrect
measurements, or transcription errors, which could be due to
incorrect visualisation and/or memorisation of the information
displayed on the scales and/or stadiometer.
Some of these potential areas for error could be overcome by

development of an electronic system that integrates measures of
weight, weight loss and height, with transmitting the informa-
tion directly to a computer to calculate ‘MUST’ scores. Sonic
measurements of height may also prove to be useful for self-
screening as the patient does not have to operate the stadio-
meter, as height is recorded electronically while the subject
stands upright on the stadiometer, looking forward. McGurk
et al.(12) investigated one such system in which a modified
digital weight and height machine used Wi-Fi to transmit the
results directly to the computer (weight loss was manually
entered to enable a ‘MUST’ score to be calculated). They con-
cluded that this was ‘rapid, easy, reliable and feasible in a
clinical setting’, but it required the use of specialised equipment
which may have logistical and cost limitations. A separate issue,
that of an acute disease effect resulting in no food intake for
more than 5 d, is extremely unlikely to apply to the hospital
outpatient setting. Its exclusion from the ‘MUST’ scoring system
in this setting, would not only simplify and speed up self-
screening, it would also make it more accurate. This is in line
with the Malnutrition Action Group of the British Association for
Parenteral and Enteral Nutrition, which developed ‘MUST’, and
chose not to include step 3 in their electronic malnutrition
self-screening website http://www.malnutritionselfscreening.

org/(22). Finally, calculations of BMI and percentage weight loss
using an electronic system avoid potential errors that can arise
from manual calculations and use of paper versions with graphs
to indicate cut-off points between scores.

The prevalence of malnutrition was found to vary non-
significantly depending on the type of clinic and the overall
prevalence among hospital outpatients was 15% by self-
screening and 11% by health professional screening, with no
significant difference between them. Such results are compar-
able to those previously reported in similar clinics in the same
hospital (16%(23) and 19·6%(11) using ‘MUST’, although higher
values have been reported in specific gastroenterology clinics
(21·3%(12) and 30%(18)). In addition, the overall results are
comparable to those previously reported in the UK in free-living
older individuals in the community (12·5%)(24), those residing
in sheltered housing (approximately 13%)(25,26), and to the
prevalence of 15% in hospital outpatients used in a national
report on the cost of malnutrition in England(27).

Use of patient self-screening in an outpatient environment
could be a significant step forward in the treatment of com-
munity based malnutrition, and supports patients to play a role
in their own health and self-management, a key area for the
NHS. In England alone, the number of outpatient appointments
has nearly doubled since 2005–2006, rising from 60·6 million
appointment to 113·3 million in 2015–2016(28). Although
screening patients who are admitted into hospital remains
crucial, it cannot be the only strategy, given that in the same
time period (2015–2016) the number of patients admitted was
16·3 million, significantly less than the number seen in out-
patients(26,29). Of the outpatient attendances, 51% were referrals
from general medical practitioners (v. 27% from hospital con-
sultants following an inpatient episode or accident and emer-
gency visit)(28), highlighting that outpatient attendance is largely
community generated. Given that the majority of malnutrition
originates in the community(26), outpatient clinics offer a unique
opportunity to screen for malnutrition in a large group of
community based patients who may otherwise not be screened
or receive the nutritional support they require. Similarly there is
also the opportunity for self-screening to be rolled out wider
into other community settings such as general practice.

There are some limitations to this study. As many as 36% of
the outpatients declined to participate in the study, raising the
possibility of selection bias. Furthermore, the majority of study
participants were computer literate, having access to a home
computer and using it frequently, but approximately one third
of those who declined to participate in the study did so because
they lacked computer skills, questioning the presence of self-
selection bias (those who consented to participate in the study
may have agreed on the basis that they thought their computer
skills were sufficient to complete the tool). However, it is
encouraging to note that the third of patients who described
themselves as computer beginners/novices, still managed to
complete the tool with minimal help. This profile however may
change with time, older people are increasingly using a com-
puter to access information, advice, goods and services via the
internet and it has been reported that for the first time, the
number of people aged 65 years and over who have used
the internet has overtaken those who have never used it(30).
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The lag in technology adoption is likely to lessen between
younger and older adults(31), which may facilitate the adoption
of electronic tools, such as self-screening in older adults and
supports the desire for technology to become an integrated part
of healthcare.
Another limitation to the study is that its findings may not be

applicable to all types of clinics, as self-screening is likely to be
unreliable or impossible in certain patients with physical or
mental disability, such as those unable to stand or those who
are severely demented or confused. The use of self-screening in
other community settings, for example, sheltered housing,
general population requires evaluation.

Conclusion

This study of patients attending a variety of hospital outpatient
clinics shows that electronic self-screening involving ‘MUST’ is
acceptable to patients, is user-friendly, and has substantial to
almost-perfect agreement with HCP screening. Electronic self-
screening was found to be as agreeable and often preferred
by patients, compared with the validated paper-based self-
screening ‘MUST’ tool. Further work is required to understand
how electronic self-screening and subsequent management
could be more effectively and more completely implemented
into routine outpatient clinics, and the wider community.
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