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10 Key Points
1. Malnutrition, used here to mean under-nutrition, affects at least 2 million people
in the UK, detrimentally affecting their health, wellbeing, and ability to work.
2. Malnutrition is under-recognised and under-treated. It leads to disease, delays
recovery, increases visits to GP and increases the frequency and length of
hospital stay.
3. Nutritional care would improve with adoption of a screening tool which could
detect malnutrition and guide action in all care settings.
4. ‘MUST’ can detect over-nutrition (overweight and obesity) as well as
under-nutrition and is linked to a flexible care plan, which varies according to
healthcare setting, patient group, and local resources.
5. Such a tool has been developed by the Malnutrition Advisory Group (MAG) of
BAPEN. It is called the ‘Malnutrition Universal Screening Tool’ (‘MUST’) to
indicate that it can be applied to all types of adult patients in all care settings.
6. ‘MUST’ is valid, reliable, and easy to use, and, with cautious interpretation, can
be applied to all adult patients, even those who cannot have their weight or
height measured, who have fluid disturbances, amputations, plaster casts, or who
are pregnant and lactating.
7. ‘MUST’ has been made user friendly through extensive field testing by a wide
range of professionals in different health care settings.
8. ‘MUST’ promotes multidisciplinary care and responsibility, with consequent
improvements in clinical outcome.
9. ‘MUST’ could be appropriately used to implement the nutritional screening that
is recommended or required by key initiatives in the UK, such as the National
Framework for Older people, Essence of Care, Care Homes for Older People
(Care Standards Act), and Food, Fluid and Nutritional Care in Hospitals
(Scotland).
10. ‘MUST’ would be most effective if deployed in a healthcare system that
prioritised nutrition strategies, training, and implementation.
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Executive summary

Executive summary
This report examines the need to screen for malnutrition in clinical practice, sets out
the criteria that need to be fulfilled, and describes the development and use of the
‘Malnutrition Universal Screening Tool’ (‘MUST’) for adults, which takes these
criteria into account. The tool primarily aims to identify risk of poor protein-energy
status, rather than status of individual nutrients. It is linked to a care plan, which
can vary according to healthcare setting, local policies, and resources. Guidance on
undertaking measurements using ‘MUST’ is provided.

A: Nutritional screening
1. Malnutrition (undernutrition) and overweight/obesity as major clinical and
public health problems in the UK
1.1 Malnutrition (undernutrition): Underweight (BMI <20 kg/m2) is typically
present in 10-40% of patients admitted to hospital, but malnutrition risk, established
using the ‘MUST’, is even greater. In the general population, it is estimated that one
in seven subjects aged 65 years and over has a medium or high risk of malnutrition,
but the prevalence is higher in subjects who are institutionalised than those who are
free living (i.e. living in their own homes). Malnutrition predisposes to disease,
delays recovery from illness, and adversely affects body function, well-being and
clinical outcome. There is no formal economic evaluation of disease-related
malnutrition but it is estimated that the cost is greater than that of obesity.
1.2 Obesity: The incidence of obesity (body mass index (BMI) >30 kg/m2) is
increasing in both adults and children, and currently affects one in five adults. It
predisposes to many health problems, including heart disease, diabetes, high blood
pressure and osteoarthritis, with an estimated annual cost to the economy of over £2
billion, of which £0.5 billion represents a direct cost to the National Health Service.
2. Malnutrition (undernutrition): under-recognised and undertreated
Malnutrition is often unrecognised and untreated in hospitals (both in-patients and
out-patients), nursing homes and in the community, causing concern among a wide
range of health professionals, national organisations and colleges, UK government
departments, and the Council of Europe. Despite this, there are no national
guidelines for commissioners and planners of healthcare.
3. Inadequate nutritional care
Nutritional care is frequently inadequate because of diffuseness of responsibility,
lack of an integrated infrastructure for dealing with nutritional problems within and
between different healthcare settings, poor education, and lack of consistent criteria
to identify and treat malnutrition. There are well over 50 published nutrition
screening tools and many more unpublished tools in clinical use, taking anything
from two minutes to over thirthy minutes to complete. These differ in the criteria
they use, the weighting factors applied to the criteria, the scoring systems, the
intended users (who are sometimes not specified), and the tool’s practical
acceptability in routine clinical practice. Many have not been tested for reliability or
validity, and many lack an evidence base. Furthermore, several different tools may
be in use in the same hospital and in the community, contributing to confusion
about how to recognise and manage malnutrition.
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4. Common principles of nutritional screening and care
The problems and principles of nutritional screening are illustrated by examining
the common threads that apply to underweight and overweight children and adults,
including pregnant and lactating women. The section on children is also included
because nutritional problems in children become nutritional problems in adults,
especially if there is inadequate continuity of care.
5. Nutritional screening and assessment
Nutritional screening, which is the focus of this report, refers to a rapid, general,
often initial evaluation undertaken by nurses, medical or other staff, to detect
significant risk of malnutrition and to implement a clear plan of action, such as
simple dietary measures or referral for expert advice. Nutritional assessment is a
more detailed, more specific, and more in-depth evaluation of nutritional status by
an ‘expert’, so that specific dietary plans can be implemented, often for more
complicated nutritional problems. This difference is often misunderstood,
contributing to confusion.
6. Recommendations
6.1 Routine use of a nutritional screening tool: A nutritional screening tool
should be used routinely for patients admitted to hospitals and care homes. It should
also be used with new patients attending general practitioner (GP) surgeries, in
those aged 75 years and over undertaking routine annual health assessments, in
vulnerable groups, and in those for whom there is clinical concern (e.g. those who
are frail and elderly, the poor and socially isolated, and those with severe diseases
and disabilities). Screening should be repeated at intervals depending on the
healthcare setting and clinical condition. The same tool should be used to screen
patients at risk of malnutrition as they move from one healthcare setting to another.
6.2 Characteristics of the nutrition screening tool: (i) The screening tool should
be: practical (easy to understand, easy and quick to complete, and acceptable to
patients/subjects and healthcare workers), reliable, valid and evidence based. It
should also incorporate a scoring system that is applicable and relevant to different
clinical conditions and care settings, and be linked to a care plan. (ii) The screening
tool should address the following: current weight status (e.g. underweight or obesity
using BMI), as well as recent past and likely future change in weight, both of which
are related to food intake and disease severity. Objective measures should be used
whenever possible, and less objective measures when necessary. (iii) The screening
tool should aid rather than replace clinical judgment.
6.3 The nutritional screening programme: After application of the screening test,
which aims to identify patients at risk of malnutrition, it is often necessary to
undertake more detailed and more specific assessment (e.g. by referral to a dietitian
or nutritional support team) as part of a care plan. The policy for the entire
screening programme - from the initial test to assessment, treatment, monitoring,
documentation, communication and evaluation - should be established by a
multidisciplinary group of healthcare workers, according to recommended
procedures for screening and guideline development, and according to local
resources.
6.4 Weighing scales and stadiometers: Accurate and reliable weighing scales and
stadiometers, for measuring weight and height respectively, should be available to
all hospital wards, outpatient clinics, care homes, GP surgeries, and other healthcare
settings.
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6.5 Consistent framework and principles for nutritional screening programmes:
Screening programmes for malnutrition in children and obesity in adults and
children should follow the same principles as screening for malnutrition in adults.
Unintentional weight loss in obese individuals should be taken seriously since it
may suggest the presence of an underlying disease. In contrast, persistent weight
gain in children may be inadequate to sustain normal growth. Adult malnutrition
screening programmes should note obesity when it exists, link with childhood
nutritional programmes, and cater for individuals in different healthcare settings
using the same sound principles and procedures operating through an appropriate
infrastructure. Screening tests and programmes should be evaluated with respect to
their application and effectiveness.
6.6 Infrastructure and clinical governance: Commissioners, planners and
providers of healthcare should be part of a coherent and integrated infrastructure,
extending through all levels of the health and care service from Government
departments, regional and local services, to individual health and care workers. This
continuum should foster the development of nutrition strategies and the
establishment of responsibilities and policies for the prevention and treatment of
malnutrition across conditions and healthcare settings. The effectiveness of such
policies, including nutritional screening programmes, education, training and
personal development plans, should be monitored and evaluated.

B: Validity, reliability and practicality of using the ‘Malnutrition
Universal Screening Tool’ (‘MUST’)
7. The acronym ‘MUST’
Although it is recognised that the ‘Malnutrition Universal Screening Tool’ for adults
may not effectively screen for deficiencies or toxicities of certain micronutrients, it
can be readily applied to all types of patient groups in different healthcare settings.
These include those with eating disorders, mental health problems and critical
illness, as well as those with fluid disturbances, pregnancy, or lactation. It uses the
same conceptual framework for all adults, employing more subjective criteria
(e.g. when there are fluid disturbances) or modified criteria (e.g. weight changes
during pregnancy) in some circumstances. The acronym, which is presented in
inverted commas to indicate these caveats, is also used as a means of encouraging
screening for malnutrition in a range of care settings where this is currently not
carried out routinely.
8. Development of the evidence base
‘MUST’ was developed for use in adults in response to the criteria set out in section
A of this report. It provides a theoretical and practical framework for the clinical
detection and management of nutritionally responsive conditions, caused by
physical and psychosocial problems. The tool is simple, valid, and reliable, and is
suitable for practical use by a range of healthcare workers operating in different
healthcare settings.
9. The tool and its components
‘MUST’ was developed by a multi-disciplinary group of health professionals and
patients to detect both undernutrition (poor protein-energy status, referred to as
malnutrition in this document) and obesity in adults of different ages and diagnoses
in different healthcare settings. The tool involves assessment of weight status
(BMI), change in weight, and the presence of an acute disease resulting in no
3
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dietary intake for more than 5 days (or likely to result in no dietary intake for more
than 5 days). It can also be viewed as tracing the clinical journey of the patient,
from the past (history of unintentional weight change) to the present (current weight
status or BMI) and into the future (likely effect of underlying condition). All three
components can independently influence clinical outcome. In situations where
weight and height cannot be measured, self-reported measurements, other surrogate
measurements, and clinical judgment can be used to reliably estimate underweight,
obesity and overall malnutrition risk. The tool categorises subjects into low,
medium, or high risk of malnutrition and identifies the obese. It provides guidance
on the interpretation of measurements, and suggests appropriate care plans, which
can be modified to take into account local policy and resources.
10. Validity
The tool has face validity, content validity, concurrent validity with a range of other
screening tools, and predictive validity. In hospitals (medical, elderly and
orthopaedic wards), ‘MUST’ predicts length of stay (e.g. up to 2-4 times longer in
high than low risk patients in elderly medical wards), discharge destination (e.g. to
nursing homes and other hospitals from orthopaedic wards), and mortality after
controlling for age. In the community, ‘MUST’ predicts rates of hospital admissions
and GP visits, and shows that appropriate nutritional intervention improves
outcome.
11. Reliability and internal consistency
The tool is internally consistent and reliable. It has very good to excellent
reproducibility when different observers assess the same patients in hospitals (inpatients and out-patients), GP surgeries, and care homes (kappa values between 0.8
and 1.0).
12. Practicality
The tool has been found to be easy and quick to use and acceptable to both
patients/subjects and healthcare workers.
13. Further evidence based consideration
Justification is provided for the use of an acute disease effect in ‘MUST’, equal
weightings of the three component categories of ‘MUST’ (BMI, weight loss and
acute disease effect), and the lower boundary BMI of 20 kg/m2 for the elderly.

C: Guidance on undertaking measurements and using ‘MUST’
14. Measurements
Procedures for measuring weight, height, and establishing BMI and weight loss are
described, together with methods for estimating them (from ulna length, knee
height, demispan, mid-upper arm circumference (MUAC)) when they cannot be
measured directly.
15. Interpretation and use of the tool
Guidance is provided on how to use the tool in a range of situations, particularly
those in which confounding factors influence the interpretation of weight change
and BMI. Considerations and alternative measures relevant to these situations are
summarised below.
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15.1 Fluid disturbances: (i) BMI A low BMI is more significant if underweight is
present with than without oedema. In the presence of barely detectable oedema, a
correction can be applied by subtracting 2-3 kg from the measured weight.
MUAC can also be used as an indicator of underweight when there is oedema or
excess fluid in the legs or trunk (including ascites) but not in the arms. Alternative
strategies are to re-measure weight after correcting disturbances in hydration status,
and to classify subjects as thin, acceptable weight, or overweight by inspecting
them, noting if they are obviously wasted (very thin) or very overweight (obese).
(ii) Weight change When there are large and fluctuating fluid shifts, a history of
changes in appetite and presence of conditions likely to lead to weight change can
be used as part of an overall subjective evaluation of malnutrition risk, which
categorises patients into low or medium/high risk categories.
15.2 Lactation: (i) BMI Use measured BMI. (ii) Weight change As for oedema.
15.3 Pregnancy: (i) Pre-pregnancy BMI Measurements of weight and height before
pregnancy (or during early pregnancy, which is associated with little change in body
weight) or recalled values can be used to estimate pre-pregnancy BMI; MUAC
changes little during pregnancy and can be used to establish approximate prepregnancy BMI categories. (ii) Weight change Weight gains <1kg (<0.5kg in the
obese) or >3kg per month during the 2nd and 3rd trimester generally require further
evaluation.
15.4. Critical illness: Acute disease effect (no or unlikely dietary intake
for >5 days) Most patients in typical intensive care units are at risk of
malnutrition.
15.5 Plaster casts: Synthetic and Plaster of Paris casts for upper limbs weigh <1kg;
those for the lower leg and back weigh 0.9 - 4.5kg depending on the material and
site (see section C.3.2.6).
15.6 Amputations: Weight adjustments can be made from knowledge of the weight
of missing limb segments: upper limb 4.9% of body weight (upper arm 2.7%;
forearm 1.6%; hand 0.6%); lower limb 15.6% (thigh 9.7%; lower leg 4.5%; foot
1.4%).
16. The overall risk of malnutrition
This is linked to a care plan, but the operational pathways can vary from centre to
centre to take into account specific groups of patients and the available resources.
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A.1 Definitions
A.1.1 Malnutrition
Surprisingly, there is no universally accepted definition of malnutrition. The term
literally means ‘bad nutrition’, but it is difficult to define the boundaries between
normal and abnormal nutrition. For nutrition to be ‘bad’, it must have some shortterm or long-term detrimental effects on the function of the body, such as
susceptibility to disease and outcome of disease. The following definition has been
suggested1:
Malnutrition is a state of nutrition in which a deficiency, excess or imbalance of
energy, protein, and other nutrients causes measurable adverse effects on
tissue/body form (body shape, size, and composition) and function, and clinical
outcome.
Malnutrition arises when nutrient intake is deficient, excessive, or otherwise
imbalanced relative to demands. The adverse consequences of malnutrition often
respond to nutritional intervention, although certain long-term effects may be
irreversible, such as short adult stature resulting from prolonged childhood
malnutrition, or blindness due to long-standing vitamin A deficiency. Malnutrition
can be subdivided in different ways. One way is to divide it into undernutrition,
which is due to a deficiency of nutrients, and overnutrition (e.g. obesity), which is
due to an excess of nutrients. Another way is to subdivide it into nutritional
problems due to micro-nutrients (trace elements and vitamins) and macronutrients
(protein, fat carbohydrate). Yet another way is to divide it into clinical and subclinical (or pre-clinical) malnutrition, which implies that it is possible to use
biochemical or other sensitive tests of tissue or body function to identify
malnutrition before it becomes clinically detectable. However, the term malnutrition
is commonly used to refer to under-nutrition rather than overnutrition, and it is in
this sense that malnutrition is used in this report.
In this report, emphasis is given to clinically identifiable protein-energy malnutrition
(poor protein-energy status). A useful epidemiological and clinical indicator of chronic
protein-energy status is body mass index (BMI), a reproducible weight-for- height index
(weight/height2) that is related to both mortality and body function. There are of course
difficulties in identifying cut-off points, due to constitutional differences between
individuals, but the classification shown in Table A.1 is widely accepted in the UK and
elsewhere. Obesity is generally defined as a BMI > 30 kg/m2, and underweight by a BMI
<20 kg/m2 (<18.5 kg/m2 according to some classification systems).
Whereas BMI reflects chronic protein-energy status, a recent change in BMI or weight
reflects acute changes in protein-energy status. The cut-off points for recent proteinenergy malnutrition are difficult to establish, and there are no internationally accepted
standards, either for adults or children. However, unintentional weight loss outside the
normal intraindividual range suggests the presence of underlying disease processes or
psychological problems that predispose to malnutrition.
8
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Table A.1 Categories of BMI for identifying risk of chronic protein-energy
malnutrition in adults

BMI
category
(kg/m2)

Weight
category

Interpretation of status

<18.5

Underweight

chronic undernutrition probable

18.5-20

Underweight

chronic undernutrition possible

20-25

Desirable weight

chronic under- or overnutrition unlikely (low risk)

25-30

Overweight

increased risk of complications associated with
chronic overweight

>30

Very overweight
(obesity)

moderate (30-35 kg/m2), high (35-40 kg/m2) and
very high risk (>40 kg/m2) of obesity-related
complications

(i) The adult BMI categories apply to both men and women of different ages. The categorisation
can be overridden by clinical judgment e.g. the presence of oedema can be misleading,
producing a higher BMI; and some perfectly healthy adults, especially young adults, with a BMI
of 18.5-20 kg/m2.
(ii) The categories provide a simple but approximate indication of malnutrition risk, which is also
influenced by other factors, such as the presence of diseases/disabilities, family history of
diseases, diet, physical activity, and body composition. It is also influenced by a change in body
weight.
(iii) BMI also gives an indication of body composition (% fat and fat free mass), but at a given BMI
body composition varies with gender (more % fat in women than men), age (more % fat in older
than younger adults, especially in men), muscularity (less % fat in muscular individuals), fluid
status (oedema, dehydration) and race.
(iv) The cut-off values for overweight and obesity are largely based on risk of premature death in
initially healthy individuals, but they are related to morbidity. The cut-off values for malnutrition
are largely based on loss of pathophysiological function in individuals with and without disease,
but they are also related to mortality in previously healthy individuals. They may be affected by
race. There is general international consensus for choosing cut-off values of 18.5-20 kg/m2 for
underweight. Amongst the considerations are the following: reduced work capacity and muscle
strength; the effect of low maternal BMI in producing low birth weight babies, who are more
prone to neonatal problems and mortality, and increased risk of cardiovascular disease in adult
life; and response to nutritional therapy.

It has been suggested that unintentional weight loss greater than 5% of body weight
over a 3-6 month period, represents a cut-off for malnutrition1. Unintentional weight
loss of more than 10% of body weight over 3-6 months is generally considered to
be clinically significant, partly because it suggests the presence of an underlying
disease or psychological condition, and partly because it causes loss of body
function1, 2. In the absence of disease, lean subjects begin to develop adverse
physiological effects after about 5% weight loss. These become more marked by
10% weight loss and severe by 20% weight loss. Unintentional weight loss of 5%
or more over a period of 6 months in adults of various ages, who were followed up
9
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either as hospital outpatients or in-patients, was found to have an identifiable,
treatable physical cause in the majority of cases3. Another study of elderly subjects
investigated in hospital found that a more than 5% weight loss over 12 months was
also associated with an underlying physical problem in the majority of cases4.
A.1.2 Risk
Although severe malnutrition and obesity are clinically obvious, there is some
uncertainty about recognising lesser degrees of malnutrition. In the absence of
universally accepted criteria for identifying malnutrition with high sensitivity and
specificity, the concept of risk or probability is invoked.
Risk is a measure of the likelihood that malnutrition or obesity is present or
likely to develop. Since malnutrition, by definition, is related to function and
clinical outcome, risk is also related to these detrimental outcomes. These may
relate to poor wound healing after effective surgery, delayed recovery from
illness, or complications related to obesity such as type 2 diabetes,
cardiovascular disease, and premature death5, 6.

A.1.3 Screening
The UK National Screening Committee has provided two definitions for screening.
These definitions, which appeared in the first7 and second8 reports of the National
Screening Committee respectively, are set out below.
Screening (definition 1) The systematic application of a test or inquiry to
identify individuals at sufficient risk of a specific disorder that warrants further
investigation or direct preventive action, amongst persons who have not sought
medical attention on account of symptoms of that disorder.
Screening (definition 2) A public health service in which members of a defined
population, who do not necessarily perceive they are at risk of, or are already
affected by a disease or its complications, are asked a question or offered a test
to identify those more likely to be helped than harmed by further tests or
treatment to reduce the risk of disease and its complications.
Although both definitions have common themes, the second definition incorporates
two additional elements. First, since the test is offered, individuals have the
opportunity to make a choice about being screened. Second, informed consent
implies that the individual should appreciate the risks and benefits of the screening
programme. However, the distinction between a ‘screening procedure’ and a routine
clinical procedure, such as taking a pulse, blood pressure, or weighing a patient is
not always clear.
Screening can be divided into proactive and opportunistic screening.
Proactive screening refers to the application of a screening programme to the
10
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Table A.2 Screening programmes in England, where guidance exists7

Type of screening

Target population

Breast cancer

all women aged 50-64 y invited once every 3 y
women over 65 y on request
all women aged 20-60 y invited once every 5 y
all neonates
all neonates
all neonates
General Medical Service regulations
General Medical Service regulations: newly
registered patients and patients not
seen within 3 years
General Medical Service regulations
General Medical Service regulations:Patients
aged 75 years and over assessed every 12
months
occupational exposure
all women receiving antenatal care

Cervical cancer
Phenylketonuria
Physical examination
Congenital hypothyroidism
Child health screening
Cardiovascular risk factor screening

Child health screening
Elderly - general assessment

Bladder cancer
HIV antibody

whole of a target population. An example is the National Breast Screening
programme, in which all known women aged 50-65 years are invited to be
screened over a three year period. Other examples are shown in Table A.27.
Opportunistic screening refers to the opportunity taken to screen individuals
during routine contacts with health professionals. An example is blood pressure
screening, which aims to identify and treat hypertension at an early stage to
reduce the risk of cardiovascular complications, such as stroke or heart failure.
Nutritional screening for chronic protein-energy status in free-living subjects
(e.g. using BMI) is opportunistic, but for those in nursing homes and hospitals,
proactive screening is recommended.
It is important to distinguish between a screening test and a screening programme.
Screening test refers to the application of a test to identify a disease or a
condition.
Screening programme refers to the full range of activities from identification of
risk using a screening test or tool, to definitive diagnosis and treatment of the
disease or condition. The ‘Malnutrition Universal Screening Tool’ involves the
use of a screening test, as part of a screening programme.
A.1.4 Nutritional screening versus assessment
Screening is generally regarded as an initial brief evaluation, which often precedes
an in-depth and more accurate evaluation of those considered to be at risk of a
11
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particular disease or condition. The term ‘nutritional screening’ is used loosely by
various workers around the world, so that some ‘screening tools’ involve a lengthy
and detailed enquiry into the nutritional status of individuals9 rather than a brief
initial enquiry. For the purposes of this document, which is primarily concerned
with nutritional care of patients in the UK, a distinction is made between nutritional
screening and assessment.
Nutritional screening is a rapid, simple and general procedure used by nursing,
medical or other staff, often at first contact with the patient, to detect those with
significant risk of nutritional problems, so that clear guidelines for action can be
implemented, e.g. simple dietary measures or referral for expert help. The
screening process may be repeated at intervals.
Nutritional assessment is a more detailed, more specific, and in-depth evaluation
of a patient's nutritional state, typically by an individual with nutritional expertise
(e.g. a dietitian, clinician with an interest in nutrition, or nutrition nurse
specialist) or by a nutritional support team. This will usually be conducted in the
case of serious nutritional problems identified by the screening process or when
there is uncertainty about the appropriate course of action. The assessment
process allows more specific nutritional care plans to be developed for the
individual patient. It can also be used to identify micronutrient status, although
confirmation may depend on laboratory investigations.
These definitions of screening and assessment are important, since blurring the
distinction between them can lead to misunderstandings and lack of compliance
with both processes.

A.2 Aims
The overall aim of this section of the ‘MUST’ report is to make recommendations
about the principles of nutritional screening, with a view to establishing more
coherent, more consistent screening procedures that are intimately linked to
pathways of prevention and treatment, even when they span more than one
healthcare setting. The focus is on malnutrition (used synonymously with
undernutrition in this report (see section A.3)), which is less well recognised than
overweight/obesity. This report complements another recent report ‘Tackling
Obesity in England’10. Section A of the ‘MUST’report aims to use a consistent
integrated approach to consider both under- and overnutrition. Objectives are:
(i) To identify patients with significant malnutrition, who need immediate
nutritional care (e.g. appropriate food, help with eating, oral nutritional
supplements, or artificial nutrition by the enteral or parenteral route).
(ii) To identify patients who may be well-nourished initially, but who are at risk of
becoming malnourished unless intervention is taken (e.g. critical care patients
and those who have recently developed difficulties in swallowing or other
problems with eating).
(iii) To identify overweight and obese patients, who have an increased risk of
12
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mortality and morbidity from a variety of conditions (e.g. cardiovascular
disease, cancer, osteoarthritis).
(iv) To provide baseline information for reference in any future episodes of illness,
to detect trends in individuals that may predict future health problems and to
facilitate or improve health promotion programmes.
(v) To facilitate better nutritional care leading to improved clinical outcome and
reduced burden on healthcare resources.
(vi) To provide a common healthcare framework across the community, hospital,
and other healthcare settings, and to encourage continuity of information and
care during the patient journey between these settings.

Table A.3 Percentage of underweight adult patients (BMI < 20 kg/m2) admitted to
hospital in the UK and Ireland*

Number of
Subjects
Dundee
London
Manchester
London
Glasgow
Cambridge
Cambridge
London
Dublin
Glasgow
Manchester
Leicester
Southampton

500
65
326
186
219
100
57
692
569
70
100
69
402

% with BMI
<20 kg/m2
37.5
29.3
>24
22
18
21
21
17
13.5
21.4
23
>19
13

Hospital
Sector*
M, S, R, E, O
E
M, S, O
M
S, M
E
M, S
M, S, O
M, S, R, E, O
E (day hospital)
M, S, E
M
M, S, E, O

M = Medicine; S = Surgery; R = Respiratory; E = Elderly; O = Orthopaedic
* update of Stratton & Elia11

A.3 The need for nutritional screening programmes
A.3.1 Major public health and clinical problems
Nutritional problems are major clinical and public health problems in the UK. The
incidence of malnutrition is most common in the elderly, who represent the fastest
growing segment of the population. Between 10-40% of adult patients admitted to
hospital are underweight (BMI <20 kg/m2) (Table A.3)11, but further loss of weight
frequently occurs before patients are discharged back into the community12, where
more than 95% of underweight individuals are found. Patients living in institutions,
especially nursing homes, are also frequently underweight, as are free-living
individuals with disease (Table A.4)13-18,20.
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Table A.4 Proportion of underweight adults (BMI<20 kg/m2) living freely in the
community and in hospital and residential accommodation in the UK

Population group

Underweight adults (%)

General population
England
Scotland
Wales

5.213
5.515
5.018

Subjects in the community
Major surgery in previous 6 weeks
Chronic diseases of the lung, gastrointestinal tract
and central nervous system

>10.614
12.216

Subjects in institutions
Institutions in the UK (>65 years)*
Institutions in Scotland (>65 years)**

1620
2917

Subjects in Hospital

13-40 (Table A.3)

* 57% registered residential homes, 30% nursing homes, 9% dual registration homes, and 4%
other facilities
** mainly nursing homes and some long term hospital wards; patients not terminally ill and in care
for >3 months

Recent unintentional weight loss beyond the normal range of variability also
indicates an increased risk of developing malnutrition. A secondary analysis19 of the
National Diet and Nutrition Survey (NDNS) data20 has been undertaken to assess
the prevalence of malnutrition risk in individuals aged 65 years and over. The risk
was assessed using criteria similar to those in ‘MUST’, which incorporates both
BMI and weight loss (see case study 1a in Annexe). It suggests that about 14%19 of
all such individuals (those who are free-living and in care homes) are at
medium/high risk of malnutrition, with a significantly greater proportion at risk in
residential than in free living conditions (20.5% v 12.4 %) and in the North versus
the South of England (19.4 %v 11.8%), mirroring and perhaps contributing to the
distribution of other health inequalities21. The prevalence of malnutrition in
hospitals is even greater (18-60%; see section B for results using ‘MUST’).
Malnutrition is both a cause and consequence of disease; it delays recovery from
illness, and adversely affects clinical outcome (section A.5.3.1).
The incidence of obesity in adults (BMI >30 kg/m2) has increased 3 fold in the last
20 years and is set to increase further10. It now affects one in five adults10, 13, and
predisposes to heart disease, type 2 diabetes, hypertension, cancer, and arthritis. It
also reduces survival and increases complications after blunt trauma22, increases risk
of nosocomial infections23 and post-operative critical respiratory events (in the case
of gross obesity24). Childhood obesity, which tends to result in adult obesity, is also
increasing25 and is expected to continue increasing at a rapid rate.
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A.3.2 Under-recognition and under-treatment
At present both extremes of the nutritional spectrum are under-treated through lack
of any formal screening programme that links effective recognition to effective
treatment. There is now considerable evidence in the literature to suggest that
nutritional interventions can be effective, although this is not always appreciated. In
the case of obesity, a sustained weight loss of as little as 10% of body weight is
associated with as much as a 50% reduction in health risks26 (section A.6).
However, there is a need to demonstrate that nutritional programmes are effective in
producing sustained weight loss or in preventing weight gain. Conversely, treatment
of malnutrition is associated with both improved clinical outcome and decreased
costs of care27, 28, 29. There is particular concern about the frequent failure to
recognise malnutrition in different healthcare settings (section A.4.2.1), as well as
the lack of continuity of nutritional care when this spans across healthcare settings
(section A.4.2.3). As many as 8 million patients are admitted and discharged from
hospitals each year in England30 and failure to recognise common treatable
nutritional conditions represents a missed opportunity for addressing important
clinical and public health problems. The lack of a consistent and coherent
framework for dealing with these problems throughout the UK reflects a degree of
uncertainty and confusion about the principles and processes involved in the
development of nutritional screening tests and programmes. There is also
uncertainty about the responsibilities of different healthcare workers (A.4.1.1).
A.3.3 Financial issues
Both malnutrition and obesity place heavy demands on the health service. The
National Audit Office report10 estimated that the direct annual cost of obesity to the
National Health Service (NHS) in England in 1998 was £0.5 billion, and the
indirect costs, due to sickness, absence or death of workers was another £2 billion.
Much of this cost could be saved through effective treatments involving lifestyle
changes to reduce the prevalence of obesity. The cost of malnutrition is difficult to
estimate but the following considerations provide an insight into the magnitude of
this cost and the potential savings associated with appropriate prevention and
treatment:
• Up to £266 million (1992 figures) could be saved by the NHS every year if
malnourished patients in hospital were identified and treated adequately31.
• A reduction in the length of hospital stay by one day, through appropriate
nutritional support of malnourished patients, corresponds to a cost saving of
£23332, and to an even greater saving if the treatment of expensive complications
could be avoided.
• Malnutrition in patients aged 65 years and over probably costs £2-4 billion
annually more than caring for an equal number of well nourished individuals.
This is mainly due to the increased rates of hospital admission and longer
hospital stays (calculations based on a secondary analysis of data obtained by the
National Diet and Nutrition Survey20). Every 1% cost reduction produced by
interventions corresponds to a saving of £20-40 million annually. Several reports
have summarised the benefits of controlled clinical trials involving nutritional
support in both hospital and community settings29 (section A.5.3).
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In the NHS, disease-related malnutrition places significant pressure on healthcare
resources.
Home healthcare: Patients who are malnourished when discharged from hospital
are two and a half times more likely to require healthcare at home33.
GP services: Underweight patients (BMI <20 kg/m2) visit their GPs more frequently
(6%) and require more prescriptions (9%) than those with more desirable weight
(BMI 20-25 kg/m2)34.
Hospital admissions and discharges: Malnourished elderly patients are more likely
to be admitted to hospital than normally nourished elderly patients19. In addition
malnourished patients discharged from hospital are more likely to be admitted to
nursing homes35, and readmitted to hospital36 than normally nourished patients.
Length of hospital stay: Malnutrition increases the length of hospital stay, which
can be reduced by nutritional intervention27, 29.
A formal economic evaluation that takes into account the benefits produced by
nutritional intervention is lacking. One estimate of the annual cost of disease-related
malnutrition to the NHS is as high as £15-20 billion37. In addition, the medico-legal
costs associated with withholding and withdrawing nutritional support38, 39 in
patients with disease-related malnutrition may be considerable.

A.3.4 Widespread demand for malnutrition screening
Nutritional screening is not just advocated by a few enthusiasts, but by a wide range
of health professionals, professional organisations, the Department of Health, the
Royal College of Physicians and the Council of Europe. Table A.51, 17, 31, 40-49, 51
indicates a number of recent reports from multiple sources that reflect this need, in
relation to health care settings17, 41, 48, 49, 50, 51, types of individuals43, and types of
health professionals44, 49. For example, The National Service Framework for Older
People43 and Essence of Care are two key documents which set out the fundamental
aspects of care from which nurses work in relation to nutrition. They aim to
improve basic but essential nursing care across wide areas of the NHS.
The widespread need for action is clear, but such action must be structured and
effectively integrated into the overall care of the patient, which frequently spans
more than one healthcare setting. With so many different screening tools available
both in hospitals and the community, there is potential for obtaining different
results, generating different workloads, and instituting different treatments in
patients with similar characteristics. The situation would be improved dramatically
if screening was undertaken using the same sound nutritional principles. This would
establish a consistent overarching approach for detecting and managing underweight
and overweight/obesity in individuals with acute and chronic conditions, in both
primary and secondary care. Such an approach would offer the following
advantages:
• The use of the same screening programme for patients moving from one
healthcare setting to another avoids confusion and establishes continuity of
nutritional care
• Differences in prevalence of malnutrition across geographic regions and health16
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Table A.5 Reports that indicate the need for nutritional screening
‘Food & Healing’ Conference (2003) A Department of Health/NHS Estates report of a
conference held in Queen Elizabeth II Conference Centre (Westminster, London) on 21st
January 2003, emphasises the need for routine use of nutritional screening in clinical
practice.
Improving Health in Wales Nutrition and Catering Framework (2002) This document,
produced by the All-Wales Catering/ Nutrition Group for the Welsh Assembly Government
(May 2002), recommends that nutritional screening should be undertaken on all patients
admitted to hospital.
Food, Fluid and Nutritional Care (2003)51, produced by NHS Quality Improvement
Scotland, recommends nutritional screening as a routine procedure for all patients
admitted to hospital and plans to make this a standard (mandatory procedure).
Nutrition in Medicine: a doctor's responsibility (2002)40, produced by the Royal
College of Physicians, emphasizes the doctor's responsibility in preventing and managing
nutritional problems, as part of an integrated, multidisciplinary programme that begins
with nutritional screening.
Food and Nutritional Care in Hospitals: how to prevent undernutrition (2002)41.
Evaluation of a report by the Council of Europe which sets out a strategy for treating
malnutrition which affects up to 30% of patients admitted to hospital throughout Europe.
It emphasizes that the first step in management is nutritional risk assessment.
Care Homes for Older People (2001)42, published by the Department of Health,
provides minimum national standards for care homes, as part of the Care Standards Act
2000. The report recommends that nutritional risk screening in care homes should be
undertaken on admission, and subsequently on a periodic basis. It also recommends that
the findings should be recorded, and appropriate action implemented.
The National Service Framework (NSF) for Older People (2001)43, published by the
Department of Health, recommends that routine nutritional screening should be
undertaken and appropriate action plans implemented. It refers to Essence of Care44 for
more specific standards on nutritional screening. The NSF for Older people also
advocated a single integrated assessment framework rather than multiple independent
assessment procedures. The Single Assessment Process for Older People
(http://www.doh.gov.uk/scg/sap), provides recommendations for implementing a single
assessment process with a scale and depth according to needs, so that assessments
converge in an effective way without duplication.
Essence of Care (2001)44, published by the Department of Health, provides a
benchmarking toolkit to support professionals in working with patients to get the basics
right. One of the aspects of care considered is nutrition, which includes two benchmarks
on screening and ongoing assessment of nutritional status.
Acute Hospital Portfolio: Hospital Catering Report (2001)45, by the Audit Commission,
raised concern that many Trusts did not systematically screen patients for malnutrition.
National Nutritional Audit of Elderly Individuals in Long-term Care (2001)17, published
by the Clinical Resource and Audit Group (CRAG) by the Scottish Executive,
recommends that high priority should be given to decrease the high prevalence of
malnutrition in long-term care facilities. It also recommends that all residents should be
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Table A.5 continued
screened for risk of malnutrition within one week of admission and at monthly intervals
thereafter.
Managing nutrition in hospital: a recipe for quality (2000)46, produced by the Nuffield
Trust, stresses the importance of recognizing nutrition as part of routine clinical
management.
Detection and Management of Malnutrition (2000)1, produced by the Malnutrition
Advisory Group of the British Association for Parenteral and Enteral Nutrition (BAPEN),
reported on the high prevalence of unrecognised and untreated malnutrition and
produced a screening tool linked to a care plan to combat the problem in the community.
Eating matters (1997)47, produced by the Centre for Health Services Research and the
Institute for Health of the Elderly, University of Newcastle, was funded by the DH in
response to nurses to improve standards of dietary care in hospital. It was developed for
use by a variety of ward staff, but particularly nurses and doctors, and stresses the
importance of nutritional screening and assessment, and provides practical guidelines.
Hungry in Hospital (1997)48, produced by the Community Health Councils, as part of
their role in monitoring the Health Service on behalf of the public, has raised serious
concerns about 'hunger' in hospital and has compiled a series of reasons why this
occurs. It recommends that the nutritional state of patients should be established on
admission to hospital.
Malnutrition in Hospital (1996)49, produced by the British Dietetic Association, states
that healthcare workers, such as registered nurses or clinicians should detect most
nutritional problems on admission to hospital and refer appropriate patients to the
dietitian. It also emphasises the need for increased awareness of malnutrition in the
community setting, so that continuity of care can be established.
The Kings Fund report, 'A positive approach to nutrition as treatment' (1992)31, which
has helped raise the profile of clinical nutrition in the UK during the last decade,
concluded that the full benefits of nutritional treatment will only be realised when the
assessment of every patient's status has become routine.

care settings can be established and attention directed to areas with particularly
high needs
• Policy makers and health planners are able to use internally consistent and
comparable benchmarks for judging performance. In this way meaningful audits
can be carried out, as part of clinical governance, both within and outside
institutions.
Before such an integrated and overarching approach can be implemented effectively
in the UK, it is necessary to establish the minimum essential criteria for nutritional
screening in light of the recommendations made by the National Screening
Committee7, 8, and to be clear about terminology (section A.1).
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A.4 Malnutrition: barriers to implementing effective nutritional
screening programmes and their consequences
A.4.1 Barriers
A.4.1.1 Diffuseness of responsibility: Since nutrition crosses clinical discipline
lines, it is understandable that responsibility sometimes falls between disciplines,
making effective policies and integrated care plans difficult to implement. It is
important to guard against such diffuseness of responsibility at all levels. This
particularly applies to the interface between primary and secondary care, and
between clinical and public health nutrition. Unfortunately, there are no national
guidelines about how commissioners and planners of healthcare should address the
problems of malnutrition and obesity, so Hospital and Primary Care Organisations
do not usually operate effectively to combat these problems. There is also
diffuseness of responsibility between different health workers, including those
working in the same hospital (or ward) or Primary Care Trust (or general practice).
It is of course necessary to have indicators of the quality of care, such as those
recently produced by the Welsh Assembly Government These indicators, which
include a section on ‘Eating,’ refer to the quality of care which may be expected by
those being cared for in any health or social setting52.
A.4.1.2 Inadequate infrastructure: Inadequate nutritional care frequently results
from uncertainty about professional responsibility, which may be thought to rest
with the catering service alone, rather than being an integral part of patient care.
For example, a survey53 of all nurses in a general hospital reported that less than
half considered that they were responsible for the nutrition of patients, despite
explicit statements by the United Kingdom Central Council for Nursing, Midwifery
and Health Visiting (UKCC) to the contrary54. Similar confusion exists among
other health professionals, including doctors, dietitians and those involved in
catering. There is also inadequate coordination and cooperation between different
types of health professionals, and absence of policies to cover nutritional care
across healthcare settings. Most Health Trusts in the UK do not have a nutrition
team55 or a nutrition steering committee. A nutritional steering committee,
comprising a multi-disciplinary group of health professionals and administrators,
sets nutritional policy within a Trust, but this may not extend to an integrated policy
between hospital and community. Therefore, a coherent infrastructure for dealing
with nutritional problems within health authorities is often lacking or inadequate.
A.4.1.3 Lack of consistent criteria or weightings to identify malnutrition/risk of
malnutrition using screening tests: A large number of screening tests have been
developed for identifying individuals with malnutrition or increased risk of
developing malnutrition1, 56-58. For example, the Malnutrition Advisory Group of the
British Association for Parenteral and Enteral Nutrition (BAPEN) reviewed 23
community tools1, and while 44 hospital and community tools58 were assessed in a
recent review paper. There are well over 50 published tools and many more
unpublished tools that are used in clinical practice, but they may give widely
different results for a variety of reasons.
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(i) The number and type of criteria used to detect malnutrition may vary
considerably. ‘Screening’ tools frequently rely on anthropometric measurements,
such as weight and BMI, but others rely on laboratory tests, or on dietary intake,
or combinations of these. Certain screening tools rely entirely on current
anthropometric criteria, such as BMI59, others rely entirely on changes in
anthropometric criteria, such as arm circumference60, and many others on a
combination of the two1, 61. Some rely entirely on questions and no
measurements62. The number of criteria in different screening tools varies from 3
to more than 15, frequently with several components to each criterion. The
weightings and cut-off points applied to components of the screening tools are
also variable and are often entirely based on subjective elements. This means
that interpretation and assignment of malnutrition risk category may differ
considerably between various types of health professionals63, 64, and potentially
between different individuals within the same discipline. Furthermore, various
nutrition screening tools were developed for different purposes. The Nutrition
Risk Index was initially developed to predict high use of health services by
patients in the community65, although it has subsequently been applied to
hospitalised patients. Its focus is on the future risk of developing nutrition
related conditions that utilise healthcare resources, rather than on nutritional
status per se. The Subjective Global Assessment tool was originally developed
to predict complications after gastro-intestinal surgery (infections, use of
antibiotics and length of hospital stay)66, although it has subsequently been
applied to a variety of other patient groups. Many other tools were developed to
recognise and treat established malnutrition, without considering or placing
emphasis on utilisation of healthcare resources as the primary end point.
(ii) Cut-off points for malnutrition vary even when the same criteria are used. For
example, the lower cut-off points for BMI, which suggest increased risk of
malnutrition, have varied from less than 18.5 to 24 kg/m2. Similarly, the extent
of weight loss signifying increased risk of malnutrition has varied considerably
from less than 5% to more than 10% over 3-6 months.
(iii) Many tools have not been developed according to recommended procedures
for guideline development67-69, and so may not have been adequately tested for
validity and reliability, or formulated according to evidence-based criteria. The
tests may also be heavily biased towards a profession which may have
developed the tool without adequate consultation with other types of health
workers and potential users.
(iv) Some tools have been primarily developed for use by nurses57 or dietitians70, 71
and others for clinicians66 and a variety of health professionals1. The original
Malnutrition Advisory Group (MAG) tool and the subsequent ‘MUST’ (see
sections B and C) were developed for those health professionals who routinely
come into contact with patients, including nurses, healthcare assistants, and
doctors1.
(v) Some tools are more user-friendly and more acceptable to health workers than
others. For example, the time taken to apply different screening tools can vary
from a couple of minutes to more than half an hour72. It is impractical to
implement some of the lengthier screening tests in routine clinical practice,
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especially when there are already heavy demands on health professionals and/or
their assistants. Some of the screening tests have been modified so that they can
be undertaken over a shorter period of time, but even these may be too timeconsuming for routine clinical practice.
(vi) Several screening tools incorporate objective and reproducible components,
such as measurements of BMI. However, such tools have been criticised because
they cannot be used with individuals whose weight and height are not readily
measurable. One study in an acute hospital did not establish BMI in as many as
35% of patients because of a failure to measure height and/or weight59. Other
studies involving patients admitted to medical, surgical and orthopaedic wards
have reported even higher figures73, 74 although a study75 of patients admitted to
general medical wards reported that only 10% of patients' measurements could
not be readily obtained when the staff were motivated to obtain the
measurements.
Taken together, the above issues can cause confusion about the most appropriate
tool to use. For example, a Nursing Nutrition Screening Tool applied to a geriatric
ward in Sheffield identified 20% of patients as being at moderate/high risk of
malnutrition compared to 79% using the Nutrition Risk Index in the same group of
patients. Furthermore, only 1% of individuals were classified as being at high risk
using the Nursing Nutrition Screening Tool compared to 24% using the Nutrition
Risk Index. Differences in the incidence of malnutrition assessed using different
criteria or nutritional indices have also been emphasised elsewhere75. Added to this
there may be poor agreement when the same tool is applied to the same patients by
different types of health professionals (e.g. nurse and dietitian)63, 64, particularly in
the case of tools based largely on subjective components. Obviously, identification
of individuals at risk requires an action plan and adequate resources to implement it.
The difficulties of choosing an appropriate nutrition tool is emphasised by an
analysis of community tools, which was reported previously by the Malnutrition
Advisory Group1, and a separate analysis of hospital tools, which is reported here. A
preliminary evaluation of 28 tools used in hospitals is summarised below. The tools,
most of which originated from North America and the United Kingdom, were
identified through literature searches, cross referencing and by contact with experts
in the field. They were published between 1979 and 2001, and reviewed
independently by two individuals.
• About a quarter of tools were used, and in some cases specifically developed for
doctors, dietitians and dietetic assistants. The majority were used by nurses.
Some tools were used (and probably developed) for particular patient groups,
such as surgical, trauma and elderly medical groups, whilst others were used for
multiple patient groups.
• The tools varied considerably with respect to type and number of criteria, which
included anthropometric, clinical, and laboratory criteria. Some tools
incorporated past events (e.g. previous changes in weight or anthropometry),
with little consideration of current status (e.g. current weight or BMI) and vice
versa. Furthermore, little attention was given to likely future events. The tools
contained 2-18 (mean 6) categories and 2-83 items, with about a quarter of tools
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having 15 or more items. Some tools had long lists of diagnostic or therapeutic
items. The time taken to complete the nutritional screen ranged from a few
minutes to more than 30 minutes, although the latter would probably represent
nutritional assessment rather than screening, a distinction that was not usually
made.
Evidence of a care plan, which in some cases was simply a referral to a dietitian,
was lacking from the majority of tools.
Evidence that two or more types of health professional were involved in the
development of tools was found for only about 10% of tools. Most tools were
developed by dietitians.
Most of the publications did not provide the source or the reason/evidence for the
choice of the criteria incorporated in the tools, and none provided information on
the strength of recommendations. There was also little or no evidence of field
testing and independent peer review prior to publication of the tools.
Intra- or inter-observer reproducibility was provided for only about half the tools,
and validity - admittedly difficult to assess - was lacking from a number of them.
No evidence was found of plans to review the tools in the light of new
information. There was also a lack of information as to whether the tools were
amenable to modification according to local resources, particular clinical needs,
or economic considerations.

A.4.1.4 Lack of education: Inadequate nutrition education amongst health
professionals contributes to many of the above problems. For example, a MORI
survey undertaken in 1998 found that 74% of GPs had no undergraduate training in
nutrition, and 61% stated that they would welcome advice and training about how
to manage their malnourished patients. Most general practices (67%) did not have a
dietitian and most GPs (85%) did not follow protocols or guidelines for the
treatment of disease-related malnutrition. A recent report suggested that education
and training of GPs and community nurses, using a Nutritional Screening Tool, was
effective in reducing total prescriptions, resulting in what the authors considered to
be more appropriate prescription of supplements76. A different survey in a UK
teaching hospital concluded that knowledge about the assessment and management
of malnutrition among doctors, medical students, nurses and pharmacists was
poor77. There is also concern about the lack of a minimum essential level of
nutrition education among health care assistants and other health workers78, who
may undertake nutritional screening tests or be involved in the nutritional care of
patients in hospitals and the community. The Federation of European Societies has
also been concerned about the patchy or absent nutrition education in medical
faculties in Europe79. In the UK this is at least partly due to inadequate nutrition
education at the undergraduate level80.
A.4.2 Consequences
A.4.2.1 Under-recognition and under-treatment: The frequent failure to recognise
treatable or preventable malnutrition is unacceptable in a modern health service.
However, this will not be remedied until nutritional screening and appropriate
action becomes part of routine clinical practice. In turn, this is unlikely to happen
until there is implementation of educational programmes for health professionals on
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the role of nutrition in determining quality of life. Three independent studies in
British hospitals were consistent in reporting that most malnourished patients (82%,
71% and 76%)12, 59, 81 were not recognised/referred for further assessment and
treatment. A further survey involving 70 hospitals in the UK and 771 hospital staff
found that 66% of doctors did not know if weight had been measured, and 60% of
doctors and 63% of nurses thought that questions about nutrition were
unimportant82. There are also reports in the UK and elsewhere suggesting a frequent
failure to recognise malnutrition in hospital outpatients (45-100%)83, nursing homes
(up to 100%)84 and in the community (15-50% of children with failure to thrive) 85, 86.
The Clinical Resource and Audit Group (CRAG), on behalf of the Scottish
Executive, reported that 50% of elderly residents in long-term care settings were not
recognised as being underweight17. Less than half were nutritionally screened on
admission, and less than a quarter were subsequently screened at monthly intervals.
In some of these residential homes weighing scales were not working (15% at the
end of the audit). Many hospital wards also lack adequate instruments for
measuring weight and/or height. It is obvious that no effective treatment can be
implemented when there is either lack of recognition or inadequate recognition of
the problem.
A.4.2.2 Failure to link a screening tool to a care plan: Some screening tests
identify patients at risk of malnutrition, but they are not linked to a care plan. For
example, the Malnutrition Advisory Group, a Standing Committee of the British
Association for Parenteral and Enteral Nutrition (BAPEN), reported that only 7 out
of 13 published community malnutrition screening tools incorporated a care plan1.
Without this, no effective nutritional programme can be implemented.
A.4.2.3 Failure to establish continuity of care: Patients identified as being
malnourished or at risk of becoming malnourished in one healthcare setting are
often not followed up when they are transferred into another healthcare setting.
This may be due to lack of continuity of information, or communication of
confusing information. For example, the results of a nutrition screening tool in one
care setting may be difficult to interpret in another care setting, where different
criteria and scoring systems for malnutrition are used. An effective screening
programme should be internally consistent and valid in different care settings. Since
the average length of hospital stay in England is only 7 days (secondary analysis by
M Elia using Department of Health data for 2000), some workers feel that there
may be too little time to implement nutritional support in hospital for a sufficient
period of time to improve nutritional status adequately. However, in the absence of
screening, many malnourished patients, among the 8-10 million who are discharged
from hospital each year30, will not be detected or given the benefit of nutritional
support in the community.

A.5 Malnutrition: criteria for screening
A.5.1 Natural history
Since malnutrition can arise at all ages from a wide range of acute and chronic
diseases, as well as psychosocial factors (e.g. social isolation, bereavements), its
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natural history also varies. A mild, acute illness may produce trivial nutritional
effects that are of little or no concern. With severe acute diseases, there is rapid loss
of appetite, weight and body function. It may take weeks or months for full
recovery, partly because of inadequate nutrition. With chronic conditions, nutritional
problems often arise insidiously and either persist in a relatively stable state, as in
some individuals with chronic obstructive pulmonary disease (COPD) or chronic
depression, or progress, as in certain types of aggressive cancer. Nutritional
problems may also arise episodically, for example when infections complicate
chronic diseases such as AIDS. Disease-related malnutrition may be identified and
managed in the community, hospital or both. A typical pathway is illustrated in
Figure A.1. Deterioration in health may progress for months before admission to
hospital, partly because of delays in seeking medical advice and partly due to delays
associated with administrative pathways. Weight loss begins before admission,
frequently continues in hospital, possibly because of surgical or other procedures,
and even persists for a period after discharge. The proportion of an illness spent in
hospital is often well below 5%. With acute illness, admission to hospital is rapid,
but it may take a considerable time to recover, so that again only about 5% of the
total illness may be spent in hospital. Therefore, there is a need to establish a
coherent and structured approach to detect and manage malnutrition, which takes
into account acute and chronic diseases, as well as healthcare setting. Figure A.1
(Page 26) also helps to illustrate the need for an integrated approach to malnutrition,
during a typical journey between community and hospital settings.
A.5.2 The test (nutritional screening tool)
A.5.2.1 General considerations based on existing tools: A large number of
screening tests are available, which use a variety of criteria to detect malnutrition.
These criteria, which are shown in Table A.6, can be grouped into the following
categories: anthropometric indices, diagnoses, history (general and dietary), clinical
examination, treatment, and laboratory tests. The number of items and combination
of items vary considerably, so that some tests are simple and brief, while others are
lengthy and more complicated. Some tools aim to identify diseases, disabilities,
symptoms (e.g. loss of appetite, nausea, vomiting), or treatments (e.g. chemotherapy, radiotherapy or drugs) likely to have caused or to cause weight loss.
Assessment of dietary intake also aims to identify individuals not consuming
enough to meet their needs. Most acute and chronic diseases do not cause an
increase in energy expenditure29. Drugs, especially multiple drug use, reflect the
number or severity of the underlying conditions, and may cause anorexia, nausea
and/or other gastro-intestinal problems that predispose to malnutrition. The
laboratory markers may be misleading, because they are non-specific and many of
them are more directly influenced by the disease rather than the nutritional status.
For example, more than a 10% change in albumin level may occur acutely as a
result of surgery or changes in hydration, even in those in good health with good
nutritional status. Starvation or semi-starvation, uncomplicated by disease, produces
little if any change in albumin87, 88, and in anorexia nervosa, albumin, prealbumin,
transferrin, and other proteins that have been labeled as ‘nutritional proteins’,
remain within the normal range89. However, investigations which include some of
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Table A.6 Items that have been used in nutritional 'screening' tools in varying
numbers and combinations

Anthropometric indices

Weight
% ideal weight
BMI
Weight loss
Mid-upper arm circumference
Skinfold thickness

Diagnoses

Large lists of diagnoses

History
General

Dietary

Appetite and change of appetite
Height, weight and weight change
Diarrhoea and vomiting, nausea
Number of drugs
Current diet
Diet prior to recent event or hospital admission

Clinical examination

Muscle and adipose tissue wasting
Fluid retention (ascites, ankle and sacra oedema)
Other (e.g. jaundice)

Treatment

Radiotherapy
Chemotherapy
Surgery
Parenteral nutrition
Enteral nutrition

Laboratory or other tests

Albumin
Prealbumin
Retinol binding protein
Transferrin
Haemoglobin, haematocrit, white cell count
N balance, blood urea
Delayed cutaneous hypersensitivity

the tests indicated in Table A.6 may be of use in the overall management of the
patient, although these are not generally considered necessary for the initial
nutritional screening procedure in busy NHS settings. They are more appropriate as
part of nutritional assessment.
For a variety of other reasons, laboratory tests and skin tests are also not generally
recommended as part of the routine initial screening procedure. There may be
considerable delay between taking the sample (or initiating the test) and obtaining
the result. For example, the delayed cutaneous hypersensitivity test takes 2 or 3
days to produce a result. The individual undertaking screening in different care
settings may not be able to take blood or have ready access to laboratory facilities.
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length of hospital stay

Home

Health

(primary care)

Outpatients

outpatient threshold

Hospital
discharge threshold

(secondary care)

Weight

admission threshold

Time (months)

Fig A.1 Change in health status and weight during a patient journey (From ref19)
Table A.7 Important characteristics of a nutritional screening tool

Practical
- Easy and quick to complete
- Easy to understand
- Acceptable to patients and health workers
- Can be used on all adults
Reliable, valid and evidence based
Linked to care plan
Scoring systems applicable to different care settings
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the laboratory tests may take longer to perform than the screening test and may be
difficult to interpret due to confounding variables. Table A.7 itemises the desirable
characteristics of a nutritional screening tool.
A.5.2.2 Fundamental considerations: The screening test should attempt to
establish:
• current weight status (e.g. BMI) as well as recent and likely future changes in
status (e.g. weight change)
• disease or condition likely to have produced the changes in nutritional status, so
that the underlying problem can be treated
The screening tool should attempt to encapsulate these key elements using the most
objective procedures and generally accepted cut-off values. BMI and weight loss are
objective measurements which are discussed in more detail below. When it is not
possible to obtain objective measurements, or there is concern about their
interpretation (e.g. oedema, dehydration), alternative less objective measures can be
used. The three nutritional elements of the tool, which also apply to overnutrition in
adults (section A.6) and children (section A.8), are presented below separately,
although they should be regarded as part of the same overall screening
infrastructure.
a) Define current status
• Where possible, height and weight should be measured and BMI (weight (kg)/
height2 (m2)) calculated as an index of chronic protein-energy status. In the UK,
a BMI <20 kg/m2 is commonly used to indicate underweight (more severe if
<18.5 kg/m2), and a BMI >30 kg/m2 to indicate obesity (Table A.5). The
presence of oedema or ascites, or pregnancy should be noted, since they inflate
weight and may give a false impression of normality.
• When measurements of height and/or weight are not possible, alternative
measures can be used and interpreted with the aid of age and sex specific tables.
For example, knee height90 and demispan91 (distance between supraclavicular
(sternal) notch and root of middle finger with an outstretched arm) are useful
surrogate measures of height, which have been used in nutritional screening.
‘MUST’, which is described in sections B and C of this report, also suggests the
possible use of ulna length, because it is usually easier than the other
measurements. It has also been suggested that waist circumference and midupper arm circumference, measured mid-way between the olecranon and
acromial process, can be used as surrogate measures for weight and BMI59, but
experience and validity in routine clinical practice is more limited. Some patients
may be able to recall very recent measurements of height and/or weight, which
may be more accurate than those established using the surrogate measures. When
the more objective measurements cannot be undertaken initially, they should be
undertaken when it becomes possible to do so.
• An alternative and additional measure is a clinical impression about whether the
patient is thin, of acceptable weight or overweight (including obese), and this
impression should also be recorded.

27

Nutritional screening

The ‘MUST’ Report

b) Define recent change
Recent changes in protein - energy status are again established by the more
objective procedures when possible and less objective measures when necessary.
• Previous weight may be recorded in the patient's notes, allowing objective
changes in weight to be calculated. Frequently these measurements are not
available, and therefore it is necessary to use less objective measurements.
• The subject is asked about weight and recent unintentional weight change. A
reasonable period to make useful clinical judgments is 3-6 months, which is the
most commonly used period in several screening tools, although others have
employed time intervals ranging from 1 week to one year.
• In the absence of information about weight change (e.g. with elderly or confused
patients), the patients and/or their relatives may be asked about whether their
clothes or jewellery (rings on fingers) have recently seemed looser or tighter.
This may also be confirmed by simple inspection.
c) Define probable direction of change
The patient is asked about appetite and food intake and whether this is improving or
deteriorating. Diminished food intake predicts risk of worsening malnutrition,
whereas enhanced intake suggests greater likelihood for recovery. Appetite and food
intake can also be predicted by the disease and its severity. Examples include
patients with prolonged unconsciousness, persistent or progressive swallowing
difficulties, or severe illness, with extreme examples being major burns and
multiple injuries, which are often treated in intensive care units. Patients who eat
virtually nothing for more than 5 days, even in the absence of disease, lose 5-10%
body weight. It is obvious that the direction of change (recovery or deterioration) is
important in making predictions. Formal food charts and subjective impressions of
intake can give an indication of likely change.
• It is suggested that locally developed screening tools should incorporate the
above minimum principles. It is also suggested that these parameters are scored
numerically using a rational evidence-based procedure. In difficult cases, where
no objective measurements can be made about items a, b and c above, an overall
single subjective score can be made by noting thinness (item a), recent weight
loss (item b), and likely future trends (item c).
• Locally developed screening tools or tests should embody the above principles,
but they may need to be adapted and linked to treatment according to the patient
population and healthcare setting. The 'Malnutrition Universal Screening Tool'
(‘MUST’) incorporates the common principles indicated above, but the general
management guidelines vary according to healthcare setting.
• The screening test for malnutrition should also note the presence of obesity (BMI
>30 kg/m2), and any special diets required or being followed by the patient,
which can be considered according to local policy.
• The screening test incorporating the above minimum elements should be
acceptable to the population being screened, and linked to an agreed policy on
further action.
• The result should be recorded in the patient's notes at the earliest opportunity,
together with the action taken. The findings should be communicated to relevant
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Table A.8 Recommended maximum error allowance of weighing scales
(range 0-100 and 50-200 kg)* for specific medical purposes (based on UK Weighing
Federation and Directive 90/384/EEC on non-automated weighing instruments**)

Hospitals
Hospital associated medical centres
Ante/post natal clinics
Medical practice treatment rooms

Monitoring
Diagnosis
Treatment

0.2 kg
0.2 kg
0.2 kg

General practice consulting rooms
Mobile/visiting healthcare
Nursing homes

2.0 kg
0.2 kg
0.2 kg

* The maximum error allowance of a weighing scale is related to its resolution (division scale; e.g.
a division size of 0.2 kg is associated with an error allowance of 0.2 kg).
** Directive 90/384/EEC about non-automatic weighing scales came into effect on 1st January
2003. A non-automatic weighing instrument is one where an operator is involved in the weighing
process. Metric units became legal for controlled purposes from 1st January 2003, although
instruments that have both metric and imperial (lb & oz) units can continue to be used. Medical
weighing instruments purchased and in use before 1st January 2003 can continue to be used
even though they do not meet the criteria of the Directive. It is recommended that
establishments ensure that their instruments are calibrated at yearly intervals so that they hold
their accuracy to the required standards. Further details can be obtained form the UK Weighing
Federation (www.ukwf.org.uk) and National Weights and Measures Laboratory
(www.nwml.gov.uk). Regulations may be found on HMSO website (www.legislation.hmso.gov.uk).

health professionals involved in the care of the patient (see also section A.5.3.2).
• To undertake the nutritional screening test it is essential that hospital wards,
outpatient facilities, nursing homes, GP surgeries, and other healthcare settings
have accurate and reliable clinical weighing scales (see Table A.8) and
stadiometers for measuring height (see section A.5.4.5).
• This report has focused on poor protein-energy status, although it is recognised
that micronutrient deficiencies can occur independently. For example, iron
deficiency anaemia from heavy menstrual losses, thiamine deficiency in
alcoholics, and pernicious anaemia in elderly patients may occur in subjects with
an acceptable BMI and no history of significant weight loss. Specific nutrient
deficiencies may be recognised during nutritional assessment following referral
from a screening procedure, but this will miss deficiencies in those who are not
referred. Since nutritional problems have multiple causes and manifestations,
doctors and other healthcare professionals need to consider the manifestations of
nutrient deficiencies when making a differential diagnosis.
A.5.3 The treatment
A.5.3.1 Evidence of effective treatment: A screening programme has limited value
if it identifies patients with (or at risk of developing) a particular condition, without
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Table A.9 Physical and psychosocial effects of malnutrition (based on reference1)

Adverse effect

Consequence

Reference

Physical
Impaired immune responses

Predisposes to infection

130

Reduced muscle strength and fatigue

Inactivity, inability to work
effectively, and poor self care.
Abnormal muscle (or neuromuscular)
function may also predispose to falls
or other accidents

87, 131-133

Reduced respiratory muscle strength

Poor cough pressure, predisposing
to and delaying recovery from
chest infection

87, 134-136

Inactivity, especially in
bed bound individuals

Predisposes to pressure ulcers and
thrombo-embolism

133

Impaired thermoregulation

Hypothermia, especially in
the elderly

132, 137

Impaired wound healing

Failure of fistulae to close, un-united
fractures, increased risk of wound
infection resulting in prolonged
recovery from illness, increased
length of hospital stay and delayed
return to work

138, 139

Fetal and infant programming

Predisposes to common chronic
diseases, such as cardiovascular
disease, stroke and diabetes in
adult life

5, 6, 140

Even when uncomplicated by
disease, malnutrition causes
apathy, depression, self neglect,
hypochondriasis, loss of libido
and deterioration in social
interactions. It also affects
personality and impairs
mother- child bonding

87, 131, 141

Psychosocial
Impaired psycho-social function
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Table A.10 A summary of results obtained from clinical trials involving oral
nutritional supplementation in hospital and the community28, 29

Community*
108 trials (3747 patients)
44 (41%) randomised controlled trials
64 (59%) non randomised controlled trials
Measurements of functional outcomes
63% of randomised controlled trials reported benefit, of which 73% were significant
74% of non-randomised trials reported benefit, of which 65% were significant
0% reported significant detriments
Functional benefits (randomised controlled trials)†
Chronic obstructive pulmonary disease: improved ventilatory capacity
Elderly: improved functional status, increased activity and activities of daily living
Liver disease: improved markers of liver function
Orthopaedics: retention of bone mineral density in femoral shaft
Surgery: preservation of skeletal (hand-grip) muscle strength, and improved physical
and mental health/quality of life
Food intake
The supplemental energy largely added to oral food intake in patients with a BMI <20
kg/m2 and largely replaced energy intake in those with a BMI >20 kg/m2

Hospital**
58 trials (3873 patients)
34 (59%) randomised controlled trials
24 (41%) non-randomised controlled trials
Measurements of functional outcomes
65% of randomised controlled trials reported benefit, of which 71% were significant
All non-randomised trials reported benefit, of which 71% were significant
0% reported significant detriments
Clinical benefits (randomised controlled trials)†
Reduced mortality (19% v 25%; p < 0.001; odds ratio 0.61; 95% confidence interval
0.40-0.78; 11 trials, 1965 patients)
Reduced complications (18% v 41%; p<0.001; odds ratio 0.31; 95% confidence interval
0.17-0.56; 7 trials, 384 patients)
Reduced length of hospital stay (9 out of 9 trials)+
* update of review by Stratton & Elia28
** based on Stratton, Green & Elia29
+ Formal meta-analysis was not possible because some results were reported as means or medians
without standard deviations or range. However, in all 9 trials the mean or median values for length
of hospital stay were lower in the supplemented than unsupplemented groups (p < 0.002; binomial test).
† In community patients with chronic conditions, benefits are more likely in patients with a BMI
< 20 kg/m2 than a BMI > 20 kg/m2. In hospitalised patients with acute conditions, benefits are
often less dependent on BMI.
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offering effective treatment or prevention. For malnutrition, the evidence of benefit
comes from two main sources: experimental human studies of nutritional depletion
followed by repletion87; and controlled clinical trials involving dietary advice,
nutritional supplements, and artificial nutritional support. Reviews and metaanalyses of such studies are available29, 92-97. Some of the generally accepted
physical and psychological effects of malnutrition, derived from a large body of
evidence, are shown in Table A.95, 6, 87, 130, 141. The table illustrates how malnutrition
can detrimentally affect many body systems. Various randomised controlled studies
or meta-analyses suggest that nutritional support of malnourished individuals or
those at risk of malnutrition can reduce mortality, complications after illness, and
length of hospital stay, and improve well-being. The functional benefits vary with
the illness. As an illustration, Table A.1028, 29 summarises the largest analysis so far
undertaken of clinical trials assessing the effect of mixed micronutrient and
macronutritent nutritional supplements in hospital and the community. An increase
in the energy density of food and/or feeding frequency has been found to increase
energy/nutrient intake in healthy and underweight adults and children both in and
outside hospital98-104. The eating environment has also been shown to have an
important effect on food intake, for example in long-term care wards105. Although
formal trials linking these interventions to significant improvements in clinical
outcome measures are lacking, increased food intake and increased body weight are
considered to be part of the causal pathway between treatment and clinical benefit.
A change in catering services in hospital has recently been implemented with a view
to improving the quality and increasing the availability and intake of food106.
However, in some cases the change in dietary intake may increase the intake of
protein and energy and not micronutrients.
The scores of screening tools, like all symptoms, signs and tests, should be
interpreted with sound judgment, and treatment should be appropriate to the
patient's circumstances. For example, a patient whose death is imminent may have
high nutritional risk, but aggressive nutritional support may be inappropriate and
counter-productive. Therefore, the screening test should aid rather than replace
overall judgment.
A.5.3.2 Policies: There should be agreed policies about the course of action,
including which individuals should be offered treatment and the type of treatment
offered. There should also be policies about professional responsibilities, education
and training.
• Population to be screened There should be an agreed policy on the types of
individuals who should be screened. It is suggested that a simple nutritional
screening procedure is carried out as an integral part of clinical care in patients
admitted to hospital and care homes. It is also suggested that this procedure be
carried out on new patients attending GP surgeries, during the routine annual health
assessment of patients aged 75 years and over, in vulnerable groups, and in those
for whom there is clinical concern (e.g. in those with swallowing problems). The
screening test should be repeated at intervals, depending on the clinical condition,
resources available, and healthcare setting. For example, in nursing homes,
weighing patients once a month may be adequate, whereas in acute hospitals it is
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more appropriate to weigh patients once a week or even more frequently.

• Link of screening test to care plan The plan may in the first instance involve

•

•

•

•
•

•

observations to assess whether the patient's appetite, food intake and weight are
improving or deteriorating. Food charts may be used in hospitals or nursing
homes to obtain more objective measures of the changes in food intake. The
course of action may also involve referral of patients to dietitians, who are able
to assess patients in more detail and provide more specific therapy. Similar
policies should exist with regard to specialised forms of treatment, such as
enteral and parenteral nutrition, which are given to a relatively small group of
individuals. In all these situations the goal of the intervention should be
established and the underlying disease treated appropriately.
Documentation There should be a policy that nutritional screening results are
recorded in the patient's notes, or electronic patient records, and should include
height and routine measurements of weight and weight change. There should be
a concluding statement describing nutritional risk, treatment, and goals of
treatment.
Communication All health workers involved in the nutritional screening
programme should communicate appropriately, just as they should in routine
clinical practice. The recent introduction into some hospital wards of
collaborative care notes, which may be electronic or paper versions, provides an
important opportunity of simultaneously documenting and communicating
patient nutritional information, so that multidisciplinary care can proceed in an
effective manner. It is particularly important to communicate results of
nutritional screening, as well as the treatment plans and their goals when an
individual's care changes from one health setting to another (e.g. from hospital to
the community).
Health worker responsibilities It is also necessary to establish policies about the
role of different health professionals. Screening is often undertaken by those
most likely to interact with patients in routine clinical practice, typically nurses
or health care assistants. The doctor normally establishes the aims of treatment,
and takes overall responsibility for coordinating the care of the patient. The role
of different health workers involved in the management of the patient may vary,
depending on local resources, skills, policies, and the type and severity of the
underlying conditions. Suggested roles of different health workers are shown in
Table A.11.
Education Policies of best practice are dependent on continuing education and
training (section A.9), which encompasses the clinical governance framework.
Integration The nutritional screening programme should be regarded as an
integral part of routine clinical care. Similarities in pathways and interaction
between the nutritional screening programme and routine clinical care are
illustrated in Figure A.2. In addition, the screening programme is more likely to
be effective if it operates in a coherent operational infrastructure that covers
different healthcare settings, using the same screening test, management
structure, and quality assurance (Figure A.3).
Development of screening test and programme There should be guidelines and a
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Table A.11 Suggested roles of different health workers involved in a nutrition screening programme
Health worker

Screening
test

Treatment

Underlying conditions

Monitoring
documentation
communication
Malnutrition

Registered nurse

Ö

Help with a variety of physical
and psychological problems.
Encourage eating. Receive
general guidance from
dietitians.

Reinforce dietary advice and
assess compliance, and in some
cases establish care plan in conjunction with doctor and other
health professionals. Help with
feeding and monitor food intake.

Ö

Healthcare assistant
(e.g. assistant
to nurse or
dietitian)

Ö

Assist health professionals in
treatment of underlying conditions.

Dedicate a great deal of time and
inordinate patience to maintain
sound nutrition in severely disabled individuals, especially
those with feeding problems.

Ö

Doctor

Ö

Overall responsibility. Initiate
treatments and refer to other
health professionals.

Advise on overall care plan and
prescribe supplements (on
advice of dietitian).

Ö

Dietitian

Ö

Special nutritional problems and
provide advice about special
diets. Assess suitability of adult
food supplements. Train professional and support staff, identify
dietary idiosyncrasies potentially
leading to deficiencies.

Expert on many nutritional
issues, deal with more formal
and detailed assessment of
specific management issues
(referral from doctor/nurse).
Advise on food and supplements, enteral and parenteral
nutrition, and special diets.

Ö

Health visitor

Ö

Detect problems, assess family
dynamics, monitor growth, initiate
weighing when there is concern,
and refer to other health workers.

Refer for expert advice if concerned about nutritional care.

Ö

Occupational therapist

*

Help feeding practice by advising on specialised cutlery and
crockery and seating, and functional ability to prepare food.

Refer for expert advice if concerned about nutritional care.

Ö

Pharmacist

*

Aware of malnutrition induced by
side effects of drugs, such as loss
of appetite, nausea, gastrointestinal disturbances and confusion.

Refer for expert advice if concerned about nutritional care.

Ö

Physiotherapist

*

Help with mobility, muscular
coordination, breathing.

Refer for expert advice if concerned about nutritional care.

Ö

Psychologist/
Psycho-therapist

*

Deal with specific psychological/
psychiatric problems and eating
disorders.

Refer for expert advice if concerned about nutritional care.

Ö

Social worker

Ö

Help with living conditions and
social problems.

Benefit entitlement, support
from carers, 'meals on wheels'
and lunch clubs.

Ö

Speech & language
therapist

Ö

Help with swallowing, texture modification of food, and communication.

Refer for expert advice if concerned about nutritional care.

Ö

Dentist

∗

Deal with oral and dental
hygiene.

Refer for expert advice if concerned about nutritional care.

Ö

Midwife

Ö

Detect malnutrition in expectant
mothers and families, refer to
doctors.

Refer for expert advice if concerned about nutritional care.

Ö

Voluntary services

Carers and patients associations
to deal with a variety of practical
issues and provide psychological support and companionship.

Ö(Communication)

* These health workers may be involved in screening, especially when they are the first to come in contact with patients in primary, intermediate,
or secondary care. For establishment of training and competency of health care workers, see section A.9.2 (and C.5)
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NUTRITION

GENERAL CLINICAL

Screening
(e.g. nurse/doctor)

Initial evaluation

Assessment
(doctor/dietitian/±others
e.g. speech therapist)

More detailed evaluation

Treatment
(multidisciplinary especially
with complex problems)

Treatment

Monitoring/Evaluation
(often multidisciplinary)

Monitoring/Evaluation

Documentation &
Communication
(multiple health workers)

Documentation &
Communication

Fig A.2 Similarity in management pathways and interaction between
general clinical care and nutritional care.

Free Living
Integrated nutritional screening
using the same test, management
structure, and quality assurance

Residential
accommodation
and care homes

*

Hospital

* Intermediate care may be involved

Fig A.3 Integrated nutritional screening programme spanning different care settings

35

Nutritional screening

The ‘MUST’ Report

policy about how to develop and apply a screening test and programme (see
section A.5.4.7).
A.5.3.3 Optimisation prior to full implementation of screening programme: The
clinical management of malnutrition and overall patient care should be optimised by
a multidisciplinary group of health workers prior to implementation of the full
screening programme. This includes establishment of an efficient recording and
referral system, checking that adequate resources are available, and ensuring that
care is continued from one health setting to another.
It is essential that staff involved in nutritional screening should be properly trained
and motivated, and that regular audits of the use of screening tests are carried out.
A.5.3.4 Monitoring: GPs, and community health professionals involved with
management: Hospital health professionals also have a role in managing patients
outside the hospital environment, by liaising with community health professionals,
providing up-to-date information about patients after discharge from hospital or
after outpatient attendance, and advice about specific management issues. To ensure
continuity of care, it is essential that there is prompt and effective communication
between primary and secondary care, particularly for malnourished patients who
have a short hospital stay. Hospital and community health professionals can also
improve care by establishing an agreed care plan based on common principles.
A.5.4 The screening programme
In implementing screening programmes, consideration of the following issues is
generally recommended:
A.5.4.1 Evidence: Health professionals should aim to establish evidence, which
includes high quality randomised controlled trials, that a screening programme is
effective in reducing mortality or morbidity. This may be easier to undertake for a
specific disease than ‘disease-related malnutrition’. This is partly because diseaserelated malnutrition includes a wide range of diseases, both physical and
psychiatric, partly because malnutrition is both a cause and consequence of disease,
and partly because nutritional care is currently a variable component of routine
clinical care. Nevertheless, health professionals should aim to examine the overall
effectiveness of an opportunistic nutritional screening programme that spans the
community, hospital, and other care settings.
A.5.4.2 Acceptability: There should be evidence that the complete screening
programme, including screening test and treatment, are clinically and ethically
acceptable to health professionals and the public. It is almost certain that very timeconsuming screening tools will not be generally accepted by busy health
professionals working in the NHS.
A.5.4.3 Benefits versus possible harm: The benefits of the screening programme
should outweigh the possible physical and psychological harm caused by the
screening tool, and the procedures and treatment that follow.
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A.5.4.4 Health economics: Attempts should be made to evaluate the screening
programme economically in relation to the overall costs of medical care.
A.5.4.5 Equipment, resources and quality assurance: There should be adequate
resources for managing the screening programme using agreed quality assurance
standards. For example, audits can be undertaken to ensure that nutritional
screening is carried out, that staff are adequately trained to use the screening test
appropriately, and that the overall programme is effective. In addition, since
nutritional screening is recommended as an integral part of routine clinical practice,
it is necessary to have close access to reliable and accurate weighing scales and
stadiometers (see A.10 Annexe, case study 1). Different types of weighing scales
may be necessary for the grossly obese (extended weight range) and those who
cannot stand (chair or harness weighing scales). It may also be possible to use
electronic bed scales to measure body weight as the difference between the weight
of the bed and bed plus patient. Portable but reliable lightweight stadiometers (or
simple reliable electronic instruments for measuring height1) and weighing scales
are available for home visits. The instruments should be calibrated regularly (e.g.
annually for clinical weighing scales in institutions; see A.10 Annexe, case study 1).
If possible, equipment intended for domestic use should not be used for clinical
monitoring of patients, because it is less accurate, less reliable and less amenable to
appropriate calibration procedures. The recommended criteria for weighing scales
are shown in Table A.8.
A.5.4.6 Other options: Other options for managing malnutrition should be
considered, (as well as the timing and type of nutritional care) in the context of
other medical treatments. For example, in critically ill patients it is important to
resuscitate to ensure haemodynamic and metabolic stability before aggressive
nutritional therapy is started. The similarity of nutritional care to overall clinical
care is illustrated in Figure A.2.
A.5.4.7 Development of a nutritional screening test and programme: In
developing nutritional screening tools and programmes that are integrated into
routine clinical practice, it is advisable to follow recommendations for guideline
development. The following are some of the recommendations:
• The nutritional screening test and programme should be evidence based, practical,
and established by a multidisciplinary group. It is advisable to develop the
programme using experts in nutrition, individuals involved in guideline/screening
development, and potential users. Development by a single profession without
appropriate consultation could result in the programme being unbalanced and
biased towards that profession, and impractical for patients. It is also valuable to
obtain constructive criticism from independent referees (especially those who
can provide an expert opinion about the clinical content), from those involved in
large or multidisciplinary screening programmes or guideline development, and
from potential users68. Any national screening programmes should be assessed by
the National Screening Committee.
37

Nutritional screening

The ‘MUST’ Report

• Establish validity, reproducibility and practicalities of using the tool.
• Provide a source of scientific evidence to back up each recommendation and a
grading for the strength of recommendations in both the screening test and
programme.
The following is a widely used grading system for the strength of supporting
research107:
A: requires at least one randomised controlled trial as part of the body of
literature of overall good quality and consistency addressing the specific
recommendation,
B: requires availability of well-conducted clinical studies but no
randomised clinical trials on the topic of recommendation,
C: requires evidence from expert committee reports or opinions and/or
clinical experience of respected authorities. Indicates absence of directly
applicable studies of good quality.
A grade of the overall evidence for the screening programme, provided by the
National Screening Committee, is as follows:
A: robust evidence that benefit outweighs harm
B: evidence that benefit outweighs harm
C: evidence of both benefit and harm
D: evidence that harm outweighs benefit
E: robust evidence that harm outweighs benefit
F: insufficient or inadequate evidence about benefit and harm.
A.5.5 Overall organisational infrastructure and clinical governance
Since nutrition is linked to general health and wellbeing and affects every system of
the body, and since it is used to prevent and treat a range of diseases and disabilities,
it involves a wide spectrum of health professionals. Therefore it is important to
define responsibilities, especially during multidisciplinary care, so that quality of
care can be improved. The following are recommended to achieve this aim:
A.5.5.1 Organisational infrastructure:
• Individual health workers An infrastructure should exist to establish personal
development plans for those working for the NHS. This involves identifying
individual needs, through reflections on personal portfolio and through appraisal,
in the context of the strategic direction of the Trust. The Audit Commission has
strongly recommended the establishment of such an infrastructure because it has
identified significant numbers of staff whose training and development needs are
unidentified, either because these needs have not been explored, or the
identification process is poor50. Since nutrition affects every branch of medicine,
Trusts should encourage incorporation of a nutritional education and training
component in personal development plans.
• NHS Hospital Trusts Each NHS Trust should have a multidisciplinary Nutrition
Steering Committee to establish, integrate and implement coordinated nutritional
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policies within the Trust. The Nutrition Steering Committee should have wide
representation from the different divisions of the Trust, and have power to make
changes and initiate audit. Each Trust should have a Nutrition Support Team or
access to such a team to deal with special or difficult problems, such as those
involving parenteral nutrition.
• Commissioners and planners of healthcare Each health region should establish
overarching policies for prevention and treatment of malnutrition, with a
consistent practice that operates across different healthcare settings. All NHS
Trusts should be familiar with one common policy so that integrated care, which
includes social services, can be implemented. A case study illustrating the
nutrition policy of a former Health Authority is shown in the Annexe (A.10, case
study 2).
• Health service departments Health service governmental departments should
encourage and facilitate the above developments, ensure that appropriate
resources are available to establish the infrastructure and undertake audit at local,
regional and national levels.
A.5.5.2 Performance assessment, audit, and resource implications: Like other
initiatives, those involving nutrition need to be audited and assessed, and adequate
resources made available for this process. Since there are a large number of
potential audits it is necessary to prioritise them.

A.6 Screening for obesity in adults
A.6.1 Benefits of weight loss in obesity
The same general principles about screening programmes indicated above apply to
overweight and obesity, where the aim is to establish weight control and weight
reduction. Sustained weight loss will reduce the risk of obesity-related morbidity
and mortality. A report by the Royal College of Physicians in 199826 suggested that
the following benefits can result from a 10% weight loss in a 100kg individual with
obesity related co-morbidities:
• 30-40% reduction in diabetes related deaths
• 40-50% reduction in cancer deaths
• 20-25% reduction in total mortality
• 10% fall in total cholesterol
• clinically significant fall in diastolic and systolic blood pressure.
A.6.2 Lack of effective screening programmes for obesity
• The National Audit report on obesity in England10 concluded that there is little
NHS activity related to the management of obesity apart from that in general
practice. Even here, obesity management is not widely practised, rarely
represents a comprehensive framework for the management of patients, and has
not been independently evaluated for effectiveness. There are also no national
guidelines about how health planners should address the obesity problem, and
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none have been set centrally for the development of local policies. However,
since the recent ‘epidemic’ of obesity is probably largely due to behavioural
changes involving reduced physical activity and altered eating habits, there is a
need to address these lifestyle changes at national and local levels through
integrated public health and clinical approaches. From a clinical perspective, the
following are relevant to the development of a screening programme:
(i) Although obesity is usually easily recognised both by the patient and health
professionals, there are opportunities in routine clinical practice for identifying
those at high risk of complications (e.g. high BMI, high waist circumference,
rising weight, and family history of co-morbidities, such as diabetes).
(ii) Patients may be unaware of the risks and complications associated with
obesity, and there are opportunities for education, especially in primary care,
where 95% of the interactions with health workers occur.
(iii) Patients seek medical help about a wide range of medical and/or psychosocial
problems, which may or may not be related to their obesity. If their problems
are identified as being obesity-related, then attempts to educate and motivate
patients to participate in a weight control or reducing programme are likely to
be more successful.
(iv) Experience suggests that appropriate follow up by health professionals can
encourage patients to remain motivated, provides an opportunity to reinforce
advice about the role of diet and exercise to promote weight control, and
ensures that co-morbidities are kept under control.
(v) The National Audit Report on Obesity10 suggested that hospital admissions
provide an important opportunity to undertake screening for obesity, and that
there is a need to ensure that patients are referred and followed up with
appropriate treatment after discharge. Patients are likely to become more
motivated and more responsive to medical advice about weight control
following a severe obesity-related illness, especially if this is life threatening.
A.6.3 General considerations for screening for obesity
• The screening test for overnutrition should consider the same general issues that
apply to malnutrition, namely defining current status (BMI), as well as recent
changes in weight or BMI and the likely direction of future changes. As with
malnutrition, conditions likely to have contributed to obesity and its
complications need to be identified, so that appropriate advice and treatment can
be offered. Although obesity is generally defined as BMI >30 kg/m2, cut-off
points to signal concern about weight increase over defined periods of time need
to be established. The screening test should be linked to a weight control
programme, which may have as its first aim prevention of weight increase,
followed by weight reduction. There should be evidence of efficacy.
• A screening test that involves measurement of BMI will identify individuals who
are underweight as well as overweight or obese. Conversely, if a screening tool
for malnutrition identifies an obese patient, there should be a policy advocating
referral to other screening programmes or health professionals.
• Apart from the general similarities in the principles of screening for malnutrition
and overnutrition, and the need to establish an integrated programme across
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healthcare settings for each of these, it is recommended that the screening
programmes interact in a coherent and mutually beneficial manner. This is not only
because lean individuals can become obese and obese individuals can become
malnourished, but also for practical reasons that minimise duplication of work.
• Since obese patients may develop weight loss due to disease, it is necessary to
distinguish between intentional and unintentional weight loss, so that any
underlying pathology can be detected and treated early.

A.7 Nutritional screening during pregnancy and lactation
A.7.1 Pregnancy
Screening during the reproductive cycle (from before conception to the post-natal
period) can be used for detecting and treating underweight and overweight/obesity
before pregnancy has occurred (e.g. in GP surgeries or gynaecology clinics), as well
as preventing morbidity and mortality in mother and offspring during gestation and
after childbirth. Weight measurements during pregnancy should be taken early to
allow sufficient time for appropriate intervention. Therefore, it is recommended that
screening to identify those who may need nutritional supplements containing microand macro-nutrients should be done during early pregnancy108.
Screening/assessment later on in pregnancy can help identify mothers eligible for
referral to special healthcare facilities, where pre-term and small for gestational age
babies can be delivered. Attained body weight at any time during pregnancy appears
to be the most valuable indicator of small for gestational age. Evidence also clearly
indicates that pregnant women who are clinically undernourished and whose intake
is particularly low respond to mixed dietary supplements containing energy, protein,
and other nutrients, by increasing their body weight. The effects of these
supplements on the body weight of other women who are not clinically
undernourished are less pronounced and depend on type of supplement, the timing
of supplement administration and pre-pregnancy weight109.
Nutritional screening during pregnancy is unique in that it aims to reflect not only
the nutritional status of the mother, but also the growth/nutritional status of the
baby. A prognostic marker of lactation performance will also provide valuable
information about the potential growth of the baby after birth. Therefore, the
rationale for undertaking nutritional screening during the reproductive cycle is to
identify both short-term and long-term reproductive-related problems in the mother
(e.g. mortality, pregnancy related complications, lactation performance, and
development of chronic disease) and fetus/baby (e.g. mortality, morbidity, intra- and
extra-uterine growth retardation, and development of chronic diseases later in life),
particularly those likely to respond to interventions. Anthropometric indices are
related more strongly to fetal growth than complications of pregnancy and labour108.
However, retardation in fetal growth can occur as a consequence of low availability
of nutrients from a malnourished mother as well as from poor transfer of nutrients
across the placenta of a well nourished mother. In the latter situation anthropometry
is likely to be normal. Therefore, measurements of placental function and
ultrasound measurements of intrauterine growth can provide important
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complementary information to maternal anthropometry.
Nutritional screening during pregnancy and lactation is also unusual in that it is
applied at a time when there are substantial physiological changes in body weight.
For example, during pregnancy the increase in body weight may amount to more
than 20% of the pre-pregnant weight, especially in underweight women, who often
gain more weight than ‘normal’ or overweight women. In contrast to non-pregnant
women, failure to gain weight can indicate a serious underlying problem.
Unfortunately, the variability in normal weight gain during pregnancy and lactation
is also substantial, which makes effective nutrition screening during the
reproductive cycle more challenging than usual. At present only tentative cut-off
points can be provided to identify deviations in weight and weight gain that are
likely to indicate increased risk of adverse outcomes108, 110, 111. Nevertheless, the
principles of nutritional screening during the reproductive cycle are similar to those
in other situations, and these are considered sequentially below.
A.7.1.1 Pre-pregnancy BMI and weight change: These may signal the presence of
an underlying problem that needs attention. A low pre-pregnancy BMI is associated
with increased risk of low birth weight babies110. This effect appears to be
independent and additive to the effects produced by low weight gain during
pregnancy112. Obesity is associated with menstrual disorders, infertility and
miscarriage113. It also increases the risk of hypertensive and diabetic pregnancy,
induced and assisted labour, caesarean section and postpartum haemorrhage. Babies
born to obese mothers are more likely to have neural tube defects (two-fold
increase), independently of folic acid intake114, have low Apgar scores associated
with greater neonatal morbidity and mortality, and increased risk of childhood
obesity115, 116. Overweight and obesity are also associated with an increased
probability of unsuccessfully initiating breast feeding117 and appear to have a
deleterious effect on in vitro fertilization outcome118. For these reasons,
opportunities should be taken (e.g. in ante-natal clinics) for identifying and treating
underweight and overweight/obesity before pregnancy.
A.7.1.2 Weight change during pregnancy: Slow weight gain during pregnancy,
especially during the second and third trimesters, is associated with intrauterine
growth retardation, which can have detrimental effects on subsequent growth and
perhaps neuro-cognitive development and behaviour. There is also a link between
low gestational weight gain and risk of infant mortality108, 110. Excessive weight gain
can also be detrimental. It can signal pre-eclampsia (retention of water), or excessive
gain of fat, which can contribute to the development of obesity later. The relationship
between changes in maternal weight during the first trimester of pregnancy and fetal
growth is less clear, partly because the magnitude of the weight change is small, and
partly because most studies have not measured weight changes during this period.
However, even for the second and third trimesters, definitive studies to determine the
optimal rates and patterns of weight gain are surprisingly lacking. The effect of
protein-energy supplementation in increasing maternal body weight has only been
unequivocally demonstrated in starving women and to a lesser extent in those who
are clinically undernourished108. For other women, the effects have been more much
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more limited, and related to pre-pregnancy weight, type of diet in early pregnancy,
and type of supplement109. It has been estimated that food supplementation in
malnourished pregnant women may reduce the incidence of low birthweight
infants by as much as 35%119, even in the absence of an impact on maternal
anthropometry120, 121. In a systematic review of balanced protein supplementation in
pregnant women from different parts of the world122, 6 out of 13 trials were found to
report on the incidence of small for gestational age, and all showed a protective
effect of supplementation, although in only one trial was the effect significant. The
overall effect was to reduce the incidence of small for gestational age by 32%123. In
11 trials that reported birth weight, the overall effect was small and not
significant123. It is beyond the scope of this report to review the effects of other
types of supplements.
A.7.1.3 Disease effect: Diseases during pregnancy, especially severe acute diseases,
can have adverse effects on the fetus. Hyperemesis gravidarum can also lead to
failure of the mother to nourish and hydrate herself. Weight loss can be rapid and
result in abortion. In a study in which intravenous fluid therapy was initiated at
home as well as in hospital, the mean percent weight loss at initiation of therapy
was about 5% (sd 6%)124.
A.7.2 Lactation
Post-partum nutritional screening/assessment provides an opportunity to identify
undernourished or overnourished women so that counselling can be given and
specific treatment initiated where appropriate. It may also identify undernourished
individuals with poor lactation function and overweight/obese individuals, who have
a greater risk of failure to breast feed117. Here, special consideration is given to the
role of nutritional screening in relation to lactation performance and the weight/BMI
changes that occur during lactation, since these confound the use of standard
nutritional screening tools in this situation. However, it should be remembered that
malnutrition typically produces adverse effects on various body functions (e.g.
muscle function) before significantly affecting lactational performance.
A.7.2.1 BMI and lactation: Lactation is the most energy demanding phase of the
reproductive cycle, with an estimated energy cost of producing milk of about
3MJ/day, during the first 6 months (and ~2MJ/day, if lactation is continued for the
next 18 months)125 . Therefore, a link between lactation performance and nutritional
status might be expected. Although lactation seems to be well preserved in
underweight women, even in those with a BMI as low as 18.5 kg/m2126, lactation
performance has been reported to be poor in depleted individuals ingesting an
inadequate diet. Furthermore, despite substantial variation in milk composition, low
nutrient content in breast milk has usually been found in undernourished women108.
There appears to be no relationship between lactation performance and
anthropometric indices in well nourished populations. Furthermore, a report
published by the World Health Organization108 concluded that anthro-pometric
measurements could not be used effectively to assess lactation performance because
cut-off points had not been adequately defined, either for predicting an undesirable
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outcome or for response to interventions. In addition, weight gain during pregnancy
also appears to have little effect on the quality and quantity of milk produced during
lactation110. In the face of limited information, only provisional anthropometric
recommendations can be made. It has been suggested that the upper limit for BMI
in lactating women should be the same or very similar to that for non-pregnant nonlactating women e.g. BMI 25 and 30 kg/m2 for overweight and obese women108.
This is not only because very few studies have attempted to establish upper levels
of BMI during lactation, but also because the recommended weight increments in
overweight and obese individuals are relatively small (see section C.3.2.4).
Establishing a lower BMI cut-off point has also proved problematic, even after the
first 4-6 weeks of lactation. One approach is to use the same value as for nonpregnant non-lactating women or adjust it to take into account the weight increase
above that normally gained with age. It has been estimated in a World Health
Organization report108 that a typical 4 kg increment in weight, one month after
delivery compared to pre-pregnancy weight, would elevate the recommended cutoff point from 18.5 kg/m2 to between about 18.5 and 20 kg/m2, depending on the
height of the individual. Since some of this excess weight at one month may not be
lost subsequently (particular groups of women may actually increase their body
weight)127, even in malnourished women not given mixed nutritional
supplements120, and since BMI is typically used to estimate current weight status
rather than a variable and uncertain future status, an argument can be made for
retaining the same BMI cut-off as in non-pregnant, non-lactating women to indicate
current weight status.
A.7.2.2 Weight changes during lactation After delivery, weight loss is generally
most rapid during the first month, (when fluid and tissues accrued during pregnancy
are lost), continues more slowly until 3-4 months, and stabilises at about 4-6
months. The overall final mean weight gain may only be about 1 kg above that
normally gained with age110. However, the pattern of weight change is variable127
and depends on the amount of weight gained during pregnancy110, dietary intake,
physical activity128, and the extent, if any, of breast feeding108, 129. Weight loss during
the first 3 months post-partum, is generally higher in mothers who breast feed,
especially those who exclusively breast feed108, although exceptions occur127. Weight
changes (typically weight loss) during the first 6 months post-partum are generally
greater in affluent populations (0.8kg/month) than underprivileged populations (0.1
kg/month). However, these mean values hide considerable variation which may
even result in weight gain in some populations, and large weight gains in some
individuals128. This normal but variable physiological change in weight means that
the usual criteria of body weight changes that are used to detect malnutrition risk in
non-pregnant non-lactating women should not be applied to lactating women.
Alternative ways for dealing with this problem, within the framework of ‘MUST’,
are indicated in section C.3.2.5.

A.8 Nutritional screening in children
A.8.1. Nutritional screening in adults and children
Although ‘MUST’ is intended for adults only, this section is included for three
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reasons. First as children become adults, they carry with them any pre-existing
nutritional problems. These problems can be reduced if they are identified and
understood at an early stage, and continuity of care is established between childhood
and adulthood. Second, the section illustrates that the overarching principles of
nutritional screening in children are similar to those in adults. Third, the section
indicates the type of information that still needs to be established before a more
complete link can be made between nutritional screening in children and adults.
A.8.2 Benefits of recognising and treating malnutrition in children
Malnutrition in children affects every system of the body, as in adults (Table A.9).
It may also impair cognitive development, although this appears to be strongly
affected by intellectual stimulation and socio-economic status142. It may reduce
exploratory behaviour143 and delay puberty or reproductive competence. In addition,
chronically malnourished children tend to become short adults, with reduced muscle
strength and capacity to work144, and small pelvic diameters, which in the case of
women may increase the risk of obstetric complications. Small birth weight children
are more likely to suffer infective complications in childhood145, and cardiovascular
disease, diabetes and hypertension in adult life6. For obvious reasons, there are no
lifelong intervention trials in humans to directly examine the effects of nutrition,
although animal studies indicate that these morbidities can be modulated by
nutrition. Since obese children, especially those aged over 10 years, tend to become
obese adults, largely as a result of lifestyle factors, preventive strategies are
probably better initiated at an early age, and should involve the whole family. As in
adults, a wide range of outcome measures have been used to evaluate the effects of
nutritional interventions, and these are discussed elsewhere29, 107, 108.
A.8.3 Lack of effective screening programmes for children
The establishment of effective screening programmes to detect malnutrition in
children has been hindered by:
• the existence of different screening tools employing different criteria, or different
cut-off values for the same criteria.
• inadequate information about intraindividual variation in growth of children of
different ages and different initial anthropometric indices.
• inadequate information about the short-term (weeks), medium-term (months), and
long-term (years or decades) benefits of nutritional intervention.
• No agreement about what constitutes ‘catch-up’ growth119.
A.8.4 General considerations for screening children
The nutritional screening test should aim to establish current status, and both recent
and likely future changes in growth. Although the same nutritional screening
principles apply to children as to adults, childhood growth adds another dimension. A
persistent weight gain in healthy adults will lead to obesity, but in children a persistent
weight gain may be associated with malnutrition, when it is not sufficiently large to
sustain adequate growth and function. Therefore, the anthropometric indices may be
more difficult to interpret in children than adults. For example, BMI increases during
the first 6 months, then decreases, and begins to increase again, usually by 4-7
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years146. Although BMI can be used to identify obesity and nutritional risk in adults,
there is no agreement about cut-off values in childhood. Furthermore, three other
anthropometric indices are widely used for detecting malnutrition or obesity (weightfor-age, height-for-age, and weight-for-height).
• weight-for-age: underweight if low, overweight if high
• height-for-age: shortness if low (stunting when pathological), tallness if high
• weight-for-height: thinness if low (wasted when pathological), fatness if high
Weight-for-age depends on both the height (height-for-age) and weight (weight-forheight) of the child. It can be argued that wasting (low weight-for-height) is a
feature of relatively recent malnutrition (recent or continuing current weight loss),
but even this can take a considerable time to develop. Low weight-for-height
generally reflects a severe manifestation of malnutrition, since wasting often occurs
after stunting.
A.8.5 General considerations for screening in children
A.8.5.1 Malnutrition: The WHO classification of chronic malnutrition in children,
which uses the National Centre for Health statistics (USA)/World Health
Organization standards (NCHS/WHO), is based on standard deviation scores (z
scores). Thus, children with a z score of less than -2 (2 standard deviations below the
median - corresponding to the 2.3 centile) can be regarded as being at high risk of
malnutrition108, 147. However, in the UK, NCHC/WHO standards have not been
adopted for routine use, partly because more specific UK reference standards exist148,
and partly because some workers feel that different cut-off values should be used. In
addition, although some information exists about intraindividual changes in growth
over specific age ranges, such as infancy149, 150, such information is not available
throughout childhood, at least in relation to different initial positions on the centile
charts. (The UK reference charts were based on cross-sectional measurements.) In
the absence of a national screening programme for detection and management of
malnutrition in the UK, the following extreme anthropometric indices on the UK
1990 Child Growth Foundation charts148 suggest a cause for concern1:
a) First measurement
• Weight is <0.4th centile for age
• Height is <0.4th centile for age
• BMI <0.4th centile for age
A weight-for-age centile that is three or more spaces below the height-for-age
centile has also been used as a criterion to indicate concern, although the use of this
index to express risk of malnutrition is not a good one, at least statistically151.
Similar extreme anthropometric indices at the upper end of the scale are obviously
also a cause for concern.
b) Sequential measurements that also suggest risk of malnutrition
• unintentional weight loss in previously growing children, especially young
children
• sustained unintentional weight loss through three or more centile spaces, or more
than two centiles over 6 months, in children less than 2 years
• sustained unintentional fall through two or more weight centile spaces over a year
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in children more than 2 years.
Rapid reductions in weight can occur in acute situations due to poor dietary intake
as well as the catabolic effects of disease and inactivity. These reductions should be
taken into account in conjunction with the preceding and likely future changes in
weight. The screening test should be linked to a care plan, which may involve more
detailed assessment of eating disorders and quality of care. The underlying
condition should also be identified and treated, and every effort made to ensure
continuity of care and information across healthcare settings.
A.8.5.2. Obesity: Similar issues apply to screening for obesity as underweight. For
example corresponding cut-off points used for underweight at the lower end of the
centile charts can apply to obesity at the other end of the charts. The need to
document past, current and future trends in anthropometric indices applies to both
adults and children. It is also obvious that the screening test should be linked to a
care plan.
A.8.5.3. Integration: Apart from the need to integrate under- and overnutrition
screening programmes, as in adults, there is a need to establish continuity of
healthcare as children become adults. Finally, some nutritional problems are
probably better managed by dealing simultaneously with adults and children of the
same family, as for example in the management of obesity (section A.6), especially
when these are due to behavioural problems, which represent one of the commonest
causes of malnutrition in childhood86.

A.9 Education and training
A.9.1 Inadequate training and education
Education and guidelines for nutritional management of patients, including
nutritional screening, are required (section A.4.1.4.) for both under- and
overnutrition, especially since there is confusion about the efficacy of different
treatments and about professional responsibility10. For example, in a survey of GPs
and practice nurses about management of obesity and overweight in primary care,
guidance was requested on a variety of topics. These included: the type of patients
to target for advice and treatment; a protocol for deciding the most appropriate
treatment pathway for each patient; a protocol for deciding the most appropriate
referral option for each patient; guidance on the appropriate intervals between
consultations for monitoring treatment and follow-up; protocols for follow-up
weight maintenance; and case examples of good practice.
The working group considers that nutrition education is inadequately addressed
within professions, including medical and nursing professions. Since there is a
nutritional component to most diseases, teaching and training should benefit from
multi-professional input.
A.9.2 Recommendations
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• The Nutrition Task Force Project Team on Nutrition Education and Training has

•

•
•
•

•

•

•

provided specific guidelines for areas of nutritional competence that should be
acquired by a range of health professionals, including doctors, nurses, dentists,
pharmacists, physiotherapists, speech and language therapists, and other health
promotion specialists78, and adequate funding and resources allocated. Health
workers should appreciate the importance of nutrition in both the prevention and
treatment of disease. Nutritional screening has a role to play in both of these.
Education should begin with undergraduate training and be continued or updated
into post-graduate training. The commitment to nutrition education should be
demonstrated by including nutrition related questions in examinations. Weight
and height measurements are often carried out in clinical practice, and - like
pulse, blood pressure and temperature measurements, - they require an initial
training programme to ensure that they are undertaken in a competent, safe, and
effective manner using appropriate equipment (see table A.8 for weighing
scales).
Adequate resources need to be allocated to training and education of health care
professionals to develop these skills and remain competent to practise.
Nutritional screening should be considered as a basic skill in the routine
assessment of patients by doctors and nurses.
Professional organisations and Royal Colleges that run educational courses
should incorporate nutritional education, including nutritional screening. A
course dedicated to nutrition education and training of doctors, The
Intercollegiate Course in Nutrition, is recommended (A.10 Annexe, case study 3).
There is a need to monitor progress in education and training among the
professions. It is suggested that this role is undertaken by the Educational
Committee of the General Medical Council, in the case of doctors, and the
Nursing and Midwifery Council, in the case of nurses, midwives and health
visitors. The Health Professions Council also has a role in setting and managing
standards of education and training.
The Department of Health should also promote nutrition education, particularly
with respect to nutritional screening. For example, following a recent Clinical
Resource and Audit Group (CRAG) report17, the Scottish Office invested in an
educational programme using interactive learning units developed by
‘Partnership in Active Continuous Education (PACE)’, a joint initiative between
Queen Margaret University College, Edinburgh, and Nutricia Ltd152, 153. This
programme, which ultimately results in a certificate for learners, involves
distribution of educational material by Health Boards, and workshops that are
facilitated by dietitians. This training has been targeted at health care assistants
and trained staff involved in the care of the elderly.
A variety of cross-governmental initiatives should also be integrated for nutrition
education, especially with respect to the prevention and treatment of obesity. To
initiate lifestyle changes, there is a need to educate and train the public and
health professionals. Amongst the bodies that should play a role in this process
are the Educational Council, Department of Health, and the Food Standards
Agency, which has as one of its core activities, the production of up-to-date
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A.10 Annexe
Case study 1. Procurement and maintenance of equipment for nutritional
screening (Luton & Dunstable Hospital)
The Luton and Dunstable Hospital conducted an audit of weighing scales and
stadiometers in 1998. This was in response to reports of large fluctuations in weight
when patients were transferred from one ward to another and the inability to
measure height on many wards.
• The audit showed that the type of weighing scales varied from domestic scales
donated by relatives to obsolete clinical scales that could not be serviced. Other
scales were not serviced or adequately maintained because they did not appear
on an asset register. Furthermore, the maintenance contract covered only cleaning
and balancing, and so, with a single exception, the Trust’s scales were never
calibrated. The provision of stadiometers was sporadic. A business case was
submitted to the Trust’s Charitable Fund Committee, and, in December 1998,
funding was secured to replace all inappropriate scales, provide portable
stadiometers, and upgrade the maintenance contract to include calibration and a
certificate of calibration.
• Staff education is provided to ensure the most effective use of the equipment.

Case study 2. Nutrition specifications by the previous Lambeth, Southwark &
Lewisham Health Authority (LSLHA)
The LSLHA was concerned that malnutrition affects one in four patients admitted to
hospital, that it is often unrecognized and that there may be poor continuity of care
across healthcare settings. In response to this, and government reports emphasising
the importance of nutrition, LSLHA developed specifications for nutrition in
1997/1998, which have subsequently been updated. The specifications, which are
included as part of Service Agreements with Trusts, are outlined in all contracts it
commissions with providers.
The specifications fall into five key areas:
• Awareness: All staff should be aware of the role of nutrition in their client group
and how it can be improved. To this end, LSLHA wish to see a nutrition
education programme for staff, targeting key issues for their client group.
• Screening for malnutrition: Nutritional screening should be part of routine
clinical care, in the community and in hospital. Nutrition risk assessment should
be developed appropriate to the client group, to be used routinely. In the
community, the LSLHA Nutrition and Dietetics Reference and Advisory Group
recommends the use of the British Association for Parenteral and Enteral
Nutrition (BAPEN) and Malnutrition Advisory Group's (MAG’s) Guidelines for
Detection and Management of Malnutrition1.
• Care Planning: Optimal nutrition is important for the health of every individual
and as such must be considered when any healthcare intervention is planned.
Appropriate nutrition goals/interventions should be included in the treatment/care
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plan for each client/patient.

• Monitoring: Ongoing monitoring of changes in nutritional status and progress
allows appropriate and timely support to be given. Progress against the care plan
and outcome should be monitored and recorded.
• Audit: Guidelines to be audited in the year 2002 in all Hospital and Community
Trusts.
Case Study 3. The Intercollegiate Course in Nutrition
There has been increasing concern within the medical profession that doctors do not
receive adequate nutrition education during their undergraduate and postgraduate
careers. The result is failure to recognise malnutrition, especially treatable
malnutrition, uncertainties about how to manage common nutritional problems, and
uncertainties about responsibilities.
These problems were recognised by 11 Colleges (Royal Colleges of Anaesthetics,
General Practitioners, Obstetricians and Gynaecologists, Paediatrics and Child
Health, Pathologists, Physicians (London, Edinburgh) and Physicians and Surgeons
(Glasgow), Psychiatrists, and Surgeons (England, Edinburgh). They responded by
establishing the Intercollegiate Course in Nutrition, in collaboration with the British
Dietetic Association.
• The overall aim of the 5 day residential course is to provide an understanding of
the relevance of human nutrition to the practice of medicine, across all the
specialities and disciplines. It has three specific aims:
(i) Enable doctors to extend their knowledge of nutritional principles
(ii) Bring together sub-specialties to study nutrition across the boundaries
of care and in relation to disease processes
(iii) Encourage the application of effective nutrition in relation to the
promotion of health and the treatment of disease.
• The course is recommended for:
(i) Trainees with an interest in nutrition, usually at Specialist Registrar
level, from any medical or surgical specialty (for whom this will be
their first formal post-graduate nutrition training). Senior House
Officers may also be interested in attending.
(ii) Consultants or GPs who are developing a special interest in nutrition.
(iii) Other professional groups with a special interest in nutrition with back
ground knowledge, equivalent to the standard expected from the aver
age medical school in the UK.
• The course, which began in 1999, has been evaluated and generally found to be
very successful by those who have attended it. Details of this course, which
currently runs three times a year, can be found at: www.icgnutrition.org.uk.
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B.1 Background and aims
B.1.1 The need for a new tool
Section A of this report highlighted the lack of a consistent framework for
identifying malnutrition and its treatment. This was one of the major barriers to the
implementation of effective nutritional screening programmes, which could be
monitored using consistent benchmarks. Multiple reasons have contributed to this
situation. Some malnutrition screening tools have been developed for hospitals
whilst others are for the community, and some are concerned primarily with
malnutrition (undernutrition) whilst others with overweight and obesity.
Furthermore, the screening procedures sometimes involve widely different criteria
to detect malnutrition, several of which cannot be applied to all patients in different
healthcare settings, or even different patients with the same diagnosis in the same
healthcare setting. In addition, some screening procedures have been developed for
particular groups of patients and not others. Many tools (see section A.4.1.3) do not
appear to have adequate reliability or validity. Others were not developed according
to recommended procedures for tool development, or are not practical in routine
clinical practice. There is therefore a need to develop a simple, internally consistent
and comparable screening procedure that can be used as a first step to aid detection
and management of malnutrition in a wide range of patient groups in different
healthcare settings. This section of the report deals with the validity, reliability and
practicalities of using the tool, whilst section C provides guidance on undertaking
measurements using ‘MUST’. The work reported in these sections was initiated
solely by the Malnutrition Advisory Group (MAG). General aspects of the report,
which are presented in section A, also arose from MAG, and were discussed within
the Department of Health (organised by NHS Estates).
B.1.2 The term ‘Malnutrition Universal Screening Tool’ (‘MUST’)
The quest to establish a malnutrition tool for adults that could fulfill the criteria
indicated below led to the acronym ‘MUST’:
• Appropriate for different care settings e.g. hospital inpatients and outpatients, care
homes, and GP surgeries
• Appropriate for different groups of patients e.g. elderly, surgical, medical and
orthopaedic patients, those requiring intensive care and mental healthcare, and
with adaptation even for pregnant and lactating women
• Appropriate for detecting malnutrition due to different causes e.g. psychosocial
and physical causes, including patients with social and learning disabilities, and
those with eating and mental health problems
• Appropriate for use by different health workers e.g. nurses, doctors, dietitians,
health care assistants, social workers, and students
• Appropriate for identifying disturbances in protein-energy status (both underand over-nutrition) even when weight or height cannot be measured
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• Appropriate for clinical and public health purposes
• Adaptation according to local policy
There was encouragement to adopt this acronym after the successful practical
application of the tool to all patients in different types of hospital wards (medical,
surgical, elderly, and orthopaedic wards, and intensive care units), in care homes, a
GP practice and in the community. It was also found that it could readily be applied
to patients with a wide range of diagnoses, including those suffering from fluid
disturbances, with the more subjective components of the tool coming into play in
some of the more difficult situations. However, there are situations where the use of
the acronym may be criticised. One of these concerns identification of specific
nutrient deficiencies or excesses. Multiple nutrient deficiencies often occur in
association with poor protein-energy status, which is identified clinically by weight
status (BMI categories - see Table A.1) and unintentional change in weight.
Although ‘MUST’ primarily aims to determine the presence or the likely future
presence of poor protein-energy status, it may miss specific nutrient deficiencies,
such as an isolated iron deficiency due to menorrhagia (the tool was not primarily
developed for this purpose). In this respect, the ‘U’ in ‘MUST’- indicating
‘Universal’ - does not apply to all the nutrients. These nutrient deficiencies may be
detected through more detailed nutritional assessment/clinical test but mainly
through the laboratory. In other situations, there may be large or unusual changes in
body weight, such as those due to fluid disturbances, pregnancy, and lactation.
Clearly, the standard cut-off points for weight change do not apply to these
situations. They were therefore replaced by alternative special criteria (pregnancy)
or more subjective criteria (fluid disturbances, lactation), using a consistent
framework. In this respect, ‘MUST’ for adults does not differ from some other
tools, which also use subjective criteria for application to a wide range of different
circumstances. In all cases the aim is to detect abnormal changes that warrant
further attention. The tool was primarily developed and validated in the UK, but
similar general principles should apply to other countries. However, it is
recommended that further validation is undertaken before use in other countries and
that further consideration be given to anthropometric measurements, the magnitude
of the malnutrition problem in the population, and local resources/policies,
especially in developing countries. Despite the above caveats, the committee
decided to adopt the acronym ‘MUST’, not only because of the tool's versatility, but
also to remind healthcare workers of the need to undertake nutritional screening. It
is hoped that the acronym is received in this spirit. The acronym is retained in
inverted commas to remind the reader of the caveats.
B.1.3. General layout
This section (section B) of the report describes the development of ‘MUST’ from
the original community tool1, the establishment of an evidence base, and fulfillment
of many of the requirements for identification and treatment of malnutrition
indicated in section A. The new tool includes all the key criteria of the original
community tool, as well as some additional features. Even before the original tool
was applied to the hospital setting it was clear that additional features had to be
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taken into account, such as the effects of acute diseases, management plans in
different care settings, and the need to consider the reproductive cycle. Section C of
this report describes how to use the tool in these difficult circumstances. The
general philosophy is to use objective measures where possible, but to include
subjective criteria, especially when the objective measures cannot be undertaken.

B.2 Development of ‘MUST’ from the original community tool
The key features of the original MAG community tool are weight loss and BMI
categories, and subjective criteria when these could not be obtained by objective
measurements. The following new items are incorporated into ‘MUST’ (Fig B1).
B.2.1 Acute disease effect
Although free-living patients with a desirable BMI and no history of weight loss
would normally be classified as having a low risk of malnutrition, they could
suddenly develop a high risk if admitted to hospital with severe acute illnesses that
lead to prolonged lack of dietary intake (e.g. multiple injuries, conditions requiring
major surgery, extensive burns, prolonged unconsciousness, post-operative ileus, or
persistent inability to swallow as a result of a stroke). Therefore, it is necessary to
consider the likely course of the disease and whether rapid weight loss associated
with severe starvation, either alone or in association with catabolic disease,
produces more detrimental effects than when the same weight is lost more slowly.
‘MUST’ classifies a patient as being at high risk of malnutrition if there has been,
or is likely to be, no nutritional intake for more than five days (see section B.8.1 for
rationale). This criterion will generally only apply to a small proportion of all
patients admitted to General Hospitals (although a high proportion in some units,
such as intensive care, gastrointestinal or certain surgical/neuro-surgical units), and
rarely to free-living individuals.
B.2.2 Variations in care plan and resources
To deal with severe acute diseases in hospital and more chronic diseases in the
community, each healthcare setting is equipped with different resources and
expertise. For example, treatment in hospital may require artificial nutrition, which
is often implemented by nutrition teams that are only based there. In addition, since
changes in nutritional status are likely to occur much more rapidly during a severe
acute illness in hospital than in chronic illness in the community, it is reasonable to
re-assess nutritional status more frequently in hospitalised patients.
‘MUST’ recommends that nutritional screening should generally be repeated more
frequently in hospitals (e.g. at weekly intervals) than in nursing homes (e.g. at
monthly intervals) and general practice (from less than one month to more than six
months) depending on the circumstances and nutritional risk. The tool is amenable
to adaptation according to local resources and policy.
B.2.3 Other items
2.3.1 Obesity: Although the original community tool incorporated the measurement
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Step 1

Step 2
Weight loss Score

BMI Score
BMI kg/m2
>20(>30 Obese)
18.5 - 20
<18.5

+

+

Acute disease effect Score

Unplanned
weight loss in
past 3-6 months
%
Score
<5
=0
5 -10
=1
>10
=2

Score
=0
=1
=2

If unable to obtain height and weight,
see reverse for alternative
measurements and use of subjective
criteria

Step 3
If patient is acutely ill and
there has been or is likely
to be no nutritional
intake for >5 days
Score 2

Step 4
Overall risk of malnutrition

Add Scores together to calculate overall risk of malnutrition
Score 0 Low Risk. Score 1 Medium Risk. Score 2 or more High Risk

Step 5
Management guidelines

0
Low Risk
Routine clinical care

•

Repeat screening
Hospital – weekly
Care Homes – monthly
Community – annually
for special groups
e.g. those >75 yrs

1
Medium Risk

•

Observe

Treat*

Document dietary intake
for 3 days if subject in
hospital or care home

improved or adequate
• Ifintake
– little clinical
concern; if no improvement
– clinical concern: follow
local policy

•

2 or more
High Risk

Repeat screening
Hospital – weekly
Care Home – at least monthly
Community – at least
every 2-3 months

Refer to dietitian, Nutritional
•Support
Team or implement
local policy
Improve and increase
•overall
nutritional intake
Monitor
review care plan
•Hospitaland
– weekly
Care Home – monthly
Community – monthly
* Unless detrimental or no benefit
is expected from nutritional
support e.g. imminent death.

All risk categories:

• Treat underlying condition and provide help and advice on food
choices, eating and drinking when necessary.
• Record malnutrition risk category.
• Record need for special diets and follow local policy.

Obesity:
Record presence of obesity. For those with underlying conditions,
•these
are generally controlled before the treatment of obesity

Re-assess subjects identified at risk as they move through care settings

Fig 3.1 The ‘MUST’ flowchart
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of BMI, it did not specifically highlight the presence of obesity when it was
identified (BMI >30 kg/m2).
2.3.2 Surrogate measures for BMI and percent change in body weight:
a) BMI When it is not possible to measure weight and height and use them to
calculate BMI, realistic values of recalled weight and height can be used. When
only a weight measurement is available, surrogate measures of height, such as
knee height and demispan can be used. Although these are probably the two most
widely used surrogate measures of height, they have not always been easy to
perform, particularly on patients with difficulties in moving their limbs to the
correct measurement positions. Therefore, it was considered necessary to assess
alternative surrogate measures of height, such as ulna length.
b) % change in body weight (or percent change in BMI) In the original community
tool it was suggested that, when BMI cannot be established through direct
measurement of weight or height, clinical judgment should be used to identify
obvious malnutrition (presence of wasting, history of loosely fitting clothes and
jewellery, and loss of appetite). However, it was felt that the potential use of
additional more objective surrogate measures of BMI and change in BMI (or
weight) should be explored e.g. by measuring mid-upper arm circumference
(MUAC). ‘MUST’ includes charts and tables to facilitate identification and
recording of obesity, and surrogate measures for establishing height, weight,
BMI and weight change, when it is not possible to measure these directly.
c) Surrogate measures of BMI i) Height When height cannot be measured (but
weight is available), BMI can be calculated using realistic measurements of selfreported (recalled) height or other surrogate measures of height, such as knee
height, demispan or ulna length, which is usually easier to undertake than the
other measurements, particularly in bed-ridden patients. (refer to section C)
ii) Body weight When body weight cannot be measured, recently documented
weight or recalled weight can be used to calculate BMI. iii) Measured or
recalled weight When measured weight, or a realistic recalled value of weight, is
not available, the risk of underweight and obesity can be established, albeit with
some uncertainty, using single cut-off values for MUAC for men and women, as
follows:
- BMI < 20 kg/m2 is likely when MUAC is <23.5 cm
- BMI > 30 kg/m2 is likely when MUAC is >32.0 cm
Since these criteria are only approximate, MUAC should only be used to
establish tentative BMI categories e.g. low risk or medium/high risk (or obesity)
in association with subjective categorisation (see below).
d) Surrogate measures for change in body weight A change in body weight (or
BMI) of 10% or more is likely to have occurred when the MUAC has changed
by more than 10%. Repeat measurements may be possible in some
institutionalised patients, such as those in long-term care facilities, but since this
surrogate measure is only an approximate index of weight change, it should only
be used to tentatively establish a high risk category (preferably by the same
observer using duplicate measurements on each occasion), in association with a
single overall subjective assessment of malnutrition risk.
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B.3 Validity of ‘MUST’
B.3.1 Face validity and content validity
In the absence of a ‘gold’ reference standard for malnutrition, it is difficult to
establish the validity of nutrition screening tools. Nevertheless, ‘MUST’, developed
by a multidisciplinary group after reviewing a wide range of physiological and
clinical literature on malnutrition, appears to have content validity
(comprehensiveness of the tool) face validity (issues which are relevant to the
purpose of the test), and internal consistency.
A large body of information was used to support the choice of the BMI and weight
loss cut-off points that were used in the original community tool1. However, it did
not formally incorporate the acute disease effect (no dietary intake for more than 5
days), which generally applies to acutely/critically ill patients, who are most likely
to be managed in hospital and not the community. This issue is considered in some
detail in B.8 Annexe 1.
B.3.2 Concurrent (correlational) validity
The tool has concurrent or correlational validity since it shows good to excellent
agreement with many other tools and with a dietitian's assessment of malnutrition
risk82, 154-159, 160. Table B.1 summarises these results using the kappa statistic, which is
a chance corrected measure of agreement, with a value of 1 denoting perfect
agreement, and a value of 0, no agreement (see B.9 Annexe 2 for interpretation). In
general, ‘MUST’ did not significantly or systematically over- or under-categorise
patients’ nutritional risk relative to other tools, even when the disagreements were
large. One exception to this (see Table B.1) involved the comparison of the British
Association for Parenteral and Enteral Nuntrition (BAPEN) tool, which categorises
patients into 2 categories (BAPEN2) using four questions82, and a simplified twocategory ‘MUST’ tool, in which low risk formed one category and a combination of
medium/high risk formed the other category (‘MUST’2, see footnote to Table B.1).
The BAPEN tool placed significantly more patients into the higher risk category
than ‘MUST’ in medical/elderly hospital wards. A reason for this is that ‘MUST’
allocates a score on the basis of the amount of weight loss, whereas the BAPEN
tool allocates a score on the basis of only qualitative changes in weight, with the
result that subjects with little or minimal weight loss (<5%) were placed in the
higher risk category by BAPEN2. Another exception concerned the comparison of
the Mini Nutritional Assessment (MNA) tool (short version - screening procedure),
which categorised significantly more elderly patients in medical wards into higher
risk categories than ‘MUST’. Systematic over-categorisation of malnutrition risk by
MNA relative to other screening tools has been reported by other workers161.
In a study157 involving the same group of free-living patients, ‘MUST’ was
compared with the Medical Resource Centre’s (MeReC) tool162 and Hickson & Hill
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tool156 (adapted from Reilly et al163), which also have three categories. The
agreement was found to be better with the MeReC tool (kappa, 0.893) than with the
Hickson & Hill tool (kappa, 0.711). This may be because ‘MUST’ and the MeReC
tool use similar and simpler criteria (BMI and weight loss) than the Hickson and
Hill tool, which employs a greater number of criteria and more subjective criteria (5
versus 3) (or 2 criteria since the acute disease effect of ‘MUST’ did not apply to the
community patients involved in this study).
The number and type of criteria used to assess malnutrition risk varies substantially
between different tools, with some employing only indices of chronic proteinenergy status (e.g. ref12, 59), or changes in protein-energy status, e.g. ref60, and others,
including ‘MUST’, a combination of both. Therefore, the extent to which different
tools agree with each other depends on the initial choice of criteria for comparison,
as well as on their simplicity and objectivity. Poorer agreement might occur when
‘MUST’ is compared to tools based on different principles, using complicated items
and predominantly subjective or poorly validated criteria.
B.3.3 Predictive validity
‘MUST’ has some predictive validity in hospital and community settings.
B.3.3.1. Hospital (Table B.2):
i) Length of hospital stay Table B.2 shows that malnutrition risk calculated by
‘MUST’ predicts length of hospital stay in trauma patients admitted to
orthopaedic wards. The length of stay was two-fold longer in those with high
risk of malnutrition than in those with low risk (median, 12 v 6 days; mean 13.8
v 7.9 days). It was also found to be two-fold greater in medical/elderly wards154
in one hospital (median 8 v 4 days; mean 13.3 v 5.8 days) and two-fold greater
in elderly wards in another hospital164.
ii) Mortality In an elderly care ward, mortality was found to be four-fold higher in
patients with high risk of malnutrition than low risk of malnutrition using
‘MUST’, with a significant linear trend across the three malnutrition risk
categories164.
iii) Discharge destination Malnutrition risk with ‘MUST’ predicted discharge
destination of orthopaedic patients, so that a smaller proportion of high risk
patients were discharged to their own homes and a greater proportion to other
destinations, such as care homes165.
B.3.3.2. Community (Table B.3): A secondary analysis of data from the National
Diet and Nutrition Survey for subjects aged 65 years and over20 was carried out
using similar malnutrition risk categories as ‘MUST’. Malnutrition risk predicted
the rate of hospital admissions and GP visits (Table B.3)19.
i) Hospital admissions The rate of hospital admissions were significantly greater in
the high risk group than in low and medium risk groups, both with respect to the
number of patients admitted (% within the categories) as well as the number of
admissions per patient.
ii) GP visits GP visits were also more frequent in those with medium/high risk of
malnutrition than low risk.
59
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* Length of hospital stay (LOS) was calculated after excluding 28 patients who died. The excluded patients in different ‘MUST’ categories had similar LOS (NS by
Kruskal-Walllis ANOVA). Application of the Kaplan-Meier procedure, to take into account mortality up to the time of death, and Cox
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Table B.3 Predictive validity of the 'MUST' tool in the community:utilisation of
healthcare resources (based on Stratton & Elia19)

'MUST' risk category

Hospital inpatient in previous 12 months (%)
Hospital stays (number/patient)†
GP visits in previous 3 months (%)
GP visits in previous 3 months (number/
patient)†

Low

Medium

19
1.02
57
1.55

24
1.39
72
1.78

p value

High
55
1.47
84
2.34

<0.001¶
<0.04*+
<0.001¶
<0.001*+

¶ Pearson Chi squared
* Univariate ANOVA (+ with linear contrasts)
† Refers only to patients who visited outpatients or GP

B3.3.3. Response to treatment (hospital and community): Large scale intervention
trials based on ‘MUST’ risk categories have not yet been carried out. However,
clinical response to nutritional supplements (morbidity, tissue/body function) in
community patients is more likely to occur in underweight individuals with a
BMI<20 kg/m2 than in those with a BMI >20 kg/m2. In hospitalised patients,
benefits following nutritional support - including a reduction in mortality, disease
complications and length of hospital stay - were also more likely to occur when
recent dietary intake was substantially reduced e.g. before and after major surgery
and other serious illnesses, regardless of BMI in some circumstances29.
B3.3.4 Relative importance of weight loss, acute disease, and BMI categorisation
in predictive validity: This topic is discussed in section B.8.2. Equal weightings of
weight loss, acute disease effect, and BMI categorisations in ‘MUST’.
B.3.4 Criterion validity and internal consistency (internal validity)
Weight loss and BMI, obtained from measurements of weight and height, are key
components of ‘MUST’. These items can be used as reference criteria to validate
surrogate indices (criterion validity). The appropriate application of indices that
accurately reflect the measurement, and therefore the final malnutrition risk, ensures
that internal consistency (internal validity) is established. These indices are
considered below under the BMI and weight loss categories, which form two of the
three components of ‘MUST’
B.3.4.1 BMI category: The choice of surrogate measure (Tables B.4 and 5) depends
on whether the missing measurement is height, or weight, or a combination of both.
However, simple clinical observation (subjective assessment) can also be valuable.
a) When standing height cannot be measured: In this situation the following can
be used to estimate standing height.
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62

26.93
26.34
26.76
26.18
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BMI(recalled ht)
BMI(recalled wt)
BMI(recalled wt &ht)
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25.95
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26.88

+
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+
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+
+
+
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5.45
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4.61
4.58
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0.59 + 1.01*
0.17 + 1.72
0.76 + 2.01*

1.12 + 0.95*
0.26 + 2.16
1.37 + 2.38*

0.31 + 0.92*
0.13 + 1.44
0.44 + 1.71*

(kg/m2)

Measured recalled
measurement

BMI(measured) = 0.891 + 0.989 BMI(recalled ht)
BMI(measured) = 0.710 + 0.980 BMI(recalled wt)
BMI(measured) = 1.776 + 0.961 BMI(recalled wt & ht)

BMI(measured) = 1.125 + 0.948 BMI(recalled ht)
BMI(measured) = 1.834 + 0.939 BMI(recalled wt)
BMI(measured) = 3.601 + 0.910 BMI(recalled wt & ht)

BMI(measured) = 0.182 + 1.005 BMI(recalled ht)
BMI(measured) = 0.323 + 0.993 BMI(recalled wt)
BMI(measured) = 0.594 + 0.994 BMI(recalled wt & ht)

(kg/m2)

Regression equation

0.984
0.953
0.934

0.979
0.885
0.881

0.988
0.972
0.959

r

1.01
1.71
2.00

0.95
2.16
2.35

0.98
1.41
1.71

(kg/m2)

see

315
315
315

109
109
109

206
206
206

N

Table B.4. Differences and relationships between measured and self-reported (recalled) values of weight, height and body mass index (BMI) in hospital
in-patients in surgical, medical and medical elderly wards
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74.78 + 17.46
74.35 + 16.88

All ages
Weight(measured)
Weight(recalled)

5.88

-0.020 + 0.031*

-0.037 + 0.033*

-0.010 + 0.026*

(m)

0.43 + 4.86

0.50 +

0.38 + 4.14

(kg)

Measured recalled
measurement

(kg)

Regression equation

Ht(measured) = 0.144 + 0.903 Ht(recalled)

Ht(measured) = 0.174 + 0.875 Ht(recalled)

Ht(measured) = 0.157 + 0.91 Ht(recalled)

(m)

Wt(measured) = 0.903 + 0.994 Wt(recalled)

Wt(measured) = 0.644 + 0.998 Wt(recalled)

Wt(measured) = 0.956 + 0.993 Wt(recalled)

* P<0.001; r= correlation coefficient; see= standard error of the estimate; N= number of subjects

Height(measured)
Height(recalled)

1.667 + 0.089
1.687 + 0.092

1.641 + 0.088
1.692 + 0.094

³ 65 years
H
Height(measured)
Height(recalled)

All ages

1.682 + 0.083
1.687 + 0.088

<65 years
Height(measured)
Height(recalled)

(m)

70.44 + 15.36
69.93 + 14.23

³ 65 years
H
Weight(measured)
Weight(recalled)

Height

77.39 + 18.15
77.00 + 17.81

(kg)

<65 years
Weight(measured)
Weight(recalled)

Weight

Measured or
recalled
measurement

0.941

0.929

0.962

0.961

0.924

0.974

r

0.030

0.031

0.024

(m)

4.86

5.90

4.14

(kg)

see

332

120

212

338

127
127

211

N

Table B.4 continued : (Differences and relationships between measured and self-reported (recalled) values of weight, height and body mass index (BMI) in hospital in-patients in
surgical, medical and medical elderly wards)
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(cm)
59.40 + 4.9
53.61 + 5.00
56.38 + 5.73

(cm)
26.42 + 1.37
24.08 + 1.42
25.26 + 1.82

(cm)
81.31 + 4.16
75.23 + 3.83
78.30 + 5.02

(cm)
54.29 + 2.97
50.40 + 3.20
52.37 + 3.64

(m)
1.752 + 0.070
1.631 + 0.071
1.691 + 0.094

Surrogate
measurement

0.496
0.209
0.575

0.714
0.646
0.818

0.780
0.748
0.858

0.763
0.669
0.806

0.922
0.948
0.962

r†

0.066
0.057
0.076

0.048
0.041
0.050

0.044
0.041
0.045

0.045
0.046
0.052

0.027
0.020
0.024

see†
(m)

Regression

53
58
111

103
101
204

108
106
214

108
105
213

107
105
212

N†

(m)
1.691 + 0.058
1.578 + 0.067
1.628 + 0.085

(m)
1.690 + 0.057
1.578 + 0.068
1.635 + 0.084

(m)
1.690 + 0.056
1.579 + 0.063
1.637 + 0.081

(m)
1.692 + 0.056
1.557 + 0.066
1.636 + 0.084

(m)
1.691 + 0.056
1.580 + 0.069
1.641 + 0.083

Measured
height

(cm)
58.49 + 3.82
51.95 + 4.62
54.92 + 5.36

(cm)
25.83 + 1.34
23.45 + 1.72
24.66 + 1.91

(cm)
79.54 + 3.43
73.26 + 4.19
76.52 + 4.93

(cm)
53.78 + 2.37
49.70 + 3.21
51.82 + 3.46

(m)
1.731 + 0.058
1.613 + 0.076
1.678 + 0.088

Surrogate
measurement

>65 years

0.038
0.039
0.042

0.029
0.033
0.031

see†
(m)

0.045
0.040
0.045

0.330 0.055
0.551 0.056
0.685 0.062

0.624
0.812
0.845

0.694 0.040
0.808 0.037
0.862 0.041

0.739
0.817
0.866

0.860
0.885
0.929

r†

Regression

40
48
88

62
60
122

67
62
129

68
63
131

66
54
120

N†

* Recalled height is significantly better than other surrogate measures of height (binomial test, paired t-test of residuals when regressed against measured height and comparison of
regression coefficients when regressed with measured height), except for regression coefficient with demispan in women
+Ulna length not significantly different from knee height or demispan in predicting measured height, except for knee height in men, which was better with borderline significance
† N refers to the number of subjects used in the regression equation, r to the regression coefficient, and see to the standard error of the estimate

(m)
Men
1.747 + 0.075
Women
1.620 + 0.058
Men+women 1.681 + 0.092

Arm length

(m)
Men
1.742 + 0.068
Women
1.626 + 0.062
Men+women 1.685 + 0.087

Ulna length+

(m)
Men
1.740 + 0.070
Women
1.624 + 0.062
Men+women 1.682 + 0.088

Demispan

(m)
Men
1.741 + 0.069
Women
1.621 + 0.062
Men+women 1.684 + 0.088

Knee height

(m)
Men
1.740 + 0.070
Women
1.624 + 0.063
Men+women 1.662 + 0.088

Recalled height*

Measured
Height

< 65 years

Table B.5. Measured height and surrogate measures of height in patients on general medical and surgical wards
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i) Self-reported (recalled) height
• For the clinical purpose of assigning patients to a malnutrition risk category, selfreported height generally provides a good estimate of height in hospitalised
patients (Tables B.4 and B.5). In a study of 332 adult patients in general medical
and surgical wards, recalled height (Table B.4) was found to be highly predictive
of measured height (r = 0.941; standard error of the estimate (see) 3.0 cm). The
discrepancy between measured and self-reported height was not significantly
related to age or measured height. However, the mean self-reported height was
slightly higher (2.0 cm) than the measured height, so that BMI calculated using
recalled height was slightly lower (0.59 kg/m2) than that calculated using
measured height. Despite this, use of self-reported height in place of measured
height allows excellent overall categorisation of malnutrition risk (>95%
agreement with malnutrition risk categorisation using actual measurements of
height; kappa values usually >0.9 (Tables B.6 & B.7)). Such agreement was found
to be the case even when self-reported values of both weight and height were used
to predict malnutrition risk (Tables B.6 & B.7). Use of self-reported height
instead of measured height tends to alter the final categorisation of malnutrition
risk to a lesser extent than BMI categorisation because height influences only one
of the three components of ‘MUST’. A BMI score has no effect on the overall
malnutrition risk in patients who are already categorised as being at high risk on
account of >10% weight loss in the previous 3-6 months or an acute disease
effect. The discrepancies between measured and self-reported estimates of height
observed in hospitalised patients are mirrored by studies in the community. In the
Welsh Heart Study involving 1622 adults aged 18-64 years, height was overreported by 1.4 cm in men and 0.7 cm in women, and there was little or no bias in
reported weight166. The 4th Scottish Monica cross-sectional study, involving 1836
adults, aged 25 to 64 years, found that the discrepancy between self-reported and
measured weight and height were small, so that recalled BMI varied from
measured BMI by only +0.19 (standard deviation, 1.4) kg/m2 in men and +0.17
(standard deviation, 1.34) kg/m2 in women. The result is that sensitivity and
specificity for identifying obesity (BMI >30kg/m2) were 83% and 96%
respectively for men and 89% and 97% for women167.
• Self-reported height in hospitalised patients was found to overestimate height to a
greater extent in older than younger adults (1 cm in those aged <65 years and 3.7
cm in those > 65 years), but the overall effect of recalled height on the
malnutrition risk category was again small (Tables B.6 & B.7). Use of correction
factors (1 cm in those <65 years, and 3 or 4 cm in those over 65 years) produced
little or no improvement in the final categorisation of malnutrition risk, but the
disagreements became less biased in one direction (i.e. more balanced distribution
between over and under-categorisations) (Table B.6). Detection of obesity (BMI
>30 kg/m2), using self-reported height instead of measured height, (agreement
between the two was 94%; kappa, 0.85; sensitivity 79% and specificity 91%; n =
330), was effected to an extent which was greater in those aged 65 years and over,
than under 65 years. There was little advantage in using correction factors for
self-reported height. Therefore, for simplicity, it is suggested that correction
factors for recalled height are not generally necessary, although workers should
feel free to use them for particular groups of patients. The same applies to
65

66

(recalled
(recalled
(recalled
(recalled
(recalled
(recalled
(recalled

wt & ht)
wt)
ht)
ht - 0.04m)
ht - 0.03m)
wt & ht - 0.04 m)
wt & ht - 0.03 m)

wt & ht)
wt)
ht)
ht - 0.04m)
ht - 0.03m)
wt & ht - 0.04 m)
wt & ht - 0.03 m)

wt & ht)
wt)
ht)
ht - 0.01 m)
wt & ht - 0.01 m)

wt & ht)
wt)
ht)
ht - 0.01m)
wt & ht - 0.01 m)

Table B.6 continued over page

'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2

'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2

v
v
v
v
v
v
v

(recalled
(recalled
(recalled
(recalled
(recalled
(recalled
(recalled

³ 65 years
'M
'MUST'3 v 'MUST'3
'MUST'3 v 'MUST'3
'MUST'3 v 'MUST'3
'MUST'3 v 'MUST'3
'MUST'3 v 'MUST'3
'MUST'3 v 'MUST'3
'MUST'3 v 'MUST'3

(recalled
(recalled
(recalled
(recalled
(recalled

(recalled
(recalled
(recalled
(recalled
(recalled

v
v
v
v
v

'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2

'MUST'3
'MUST'3
'MUST'3
'MUST'3
'MUST'3

'MUST'2
'MUST'2
'MUST'2
'MUST'2
'MUST'2

v
v
v
v
v

'MUST'3
'MUST'3
'MUST'3
'MUST'3
'MUST'3

<65 years

Comparison+

109
115
120
120
120
109
109

109
115
120
120
120
109
109

203
206
209
208
203

203
206
209
208
202

N

95.4
99.1
97.5
98.3
97.5
99.1
99.1

93.6
98.3
95.0
96.7
95.8
96.6
97.5

96.1
96.1
97.6
97.6
97.0

94.6
95.1
96.7
96.6
96.1

%

Agreement

0.902
0.981
0.947
0.984
0.946
0.980
0.980

0.880
0.966
0.907
0.937
0.922
0.929
0.947

0.906*
0.908
0.942
0.942
0.929

0.833*
0.896
0.927
0.926
0.916

kappa

100.0
97.6
100.0
97.8
97.7
100.0
100.0

95.0
92.5
95.2
95.1
95.0

%

Sensitivity

93.0
100.0
96.1
98.7
97.4
98.6
98.6

96.5
97.2
98.6
98.6
97.9

%

Specificity

Table B.6 Agreement (% and kappa) between 'MUST' categories (separately for 'MUST'3 and 'MUST'2) obtained using actual measurement of weight and height
and self reported measurements of weight and/or height, and sensitivities and specificities associated with the two category classification ('MUST'2)
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312
321
329

'MUST'2 v 'MUST'2 (recalled wt & ht)
'MUST'2 v 'MUST'2 (recalled wt)
'MUST'2 v 'MUST'2 (recalled ht)

97.1
97.2
97.6

96.8
96.3
96.0

%

Agreement

0.905
0.936
0.945

0.882*
0.923
0.919

kappa

96.9
95.1
97.2

%

Sensitivity

95.3
98.2
97.8

%

Specificity
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v
v
v
v
v
v

'MUST'3(recalled
'MUST'3(recalled
'MUST'3(recalled
'MUST'2(recalled
'MUST'2(recalled
'MUST'2(recalled

wt & ht)
wt)
ht)
wt & ht)
wt)
ht)

98.7
98.7
98.7
100.0
100.0
100.0

0.953
0.953
0.953
1.000
1.000
1.000

94.7
98.4
97.1
96.5
98.4
98.6

0.915
0.975
0.953
0.929
0.968
0.971

kappa

(%)

(%)

kappa

Surgical ward
(n= 70†)
Agreement

Surgical ward
(n=80)
Agreement

93.8
92.2
93.8
96.9
96.9
96.9

(%)

0.838
0.829
0.838
0.913
0.909
0.913

kappa

Medical ward
(n=64)
Agreement

94.8
93.6
100.0
94.8
93.6
100.0

(%)

0.898
0.871
1.000
0.886
0.857
1.000

kappa

Medical ward
(n=78)
Agreement

* ‘MUST'3 refers to the 3 categories of 'MUST' and 'MUST'2 to two categories (low and medium+high categories combined)
** Data obtained on medical and surgical wards at Southampton (Longmore D et al and Dixon R et al278; Hackston A et al; Price S et al; and Joseph K et al)
† n= 63 for comparison with recalled weight and 57 with recalled weight + recalled height
‡ n= 49 for comparison with recalled weight and 45 with recalled weight and height

'MUST'3
'MUST'3
'MUST'3
'MUST'2
'MUST'2
'MUST'2

Comparison*

84.4
89.1
89.8
88.9
89.8
90.0

(%)

0.735
0.810
0.834
0.775
0.796
0.800

kappa

Medical elderly
(n=50‡)
Agreement

Table B.7. Agreement (kappa) between 'MUST'* categories obtained using actual measurement of weight and/or height and recalled weight and/or height in patients less
than 65 years**

+ 'MUST'3 refers to the 3 categories of 'MUST' and 'MUST'2 to two categories (low and medium+high categories combined)
* 'MUST'3 (recalled wt (weight) & ht (height)) places the small number of disagreements into higher rather lower risk category relative to 'MUST'3 (measured wt (weight) & ht (height))
(p<0.05; binomial test)

312
321
329

N

'MUST'3 v 'MUST'3 (recalled wt & ht)
'MUST'3 v 'MUST'3 (recalled wt)
'MUST'3 v 'MUST'3 (recalled ht)

All ages

Comparison+

Table B.6 continued. Agreement (% and kappa) between 'MUST' categories (separately for 'MUST'3 and 'MUST'2) obtained using actual measurement of weight and height and self
reported measurements of weight and/or height and sensitivities and specificities associated with the two category classification ('MUST'2)

The ‘MUST’ Report
Validity, reliability and practicality

Validity, reliability and practicality

The ‘MUST’ Report

patients in the community.
The EPIC study168 involving 5140 participants from Oxfordshire, aged 35 to 77
years, found that self-reported height overestimated measured height by only
0.68 cm in those aged 35-49 years, 0.82 cm in those aged 50-59 years and 1.05
in those over 60 years (overall sd 2.0-2.5 cm). Weight was underestimated by
less than 2 kg in all age groups (overall sd 2.0-2.5kg). A number of other
community based studies have found greater overestimation of height in elderly
subjects, generally by 2-4 cm, as in a study of older individuals aged 62-96 years
involved in a meal programme, where self-reported height overestimated
measured height by 2.4 (sd 3.56) cm. This was virtually identical to that reported
for a group of 2482 subjects aged 65-74 years who participated in the second
National Health and Nutrition Survey in the USA (2.4 (sd 3.2) cm)169.
• Self-reported height in hospitalised patients was found to be a significantly better
predictor of height than all of the surrogate procedures assessed (see below and
Table B.5). This is consistent with results of a community study which found that
self-reported height was a better predictor of measured height than arm span170.
• Self-reported height remains a good predictor of height even in patients with
some cognitive impairment. Our study (Tables B4-B6) of hospitalised patients
included patients with cognitive impairment, who provided good estimates of
weight and height (not patients with advanced dementia). These results are
consistent with the Canadian Study of Health and Aging171, which found that self
reported BMI (weight and height recall) had excellent sensitivity (>93%) in
detecting underweight in cognitively intact, cognitively impaired, and demented
subjects (although the discrepancy with actual measurements was greater in the
last category of patients). Self reported height may be unreliable or unobtainable
in patients with severe confusion and dementia, and is obviously unobtainable
from unconscious patients.
ii) Family informant estimates of weight and height:
• Family informants can provide useful proxy measures of weight and height, when
measured or self reported heights and weights are not available. In a study
involving 374 first degree relatives, informant estimates were highly predictive
of measured heights (r=0.95) and weights (r=0.94) with height estimates
generally being within 1% of measured height, and weight measures within 3-5%
of measured weight172.
iii) Recumbent height
• For bedridden patients, measurement of height can be made in the recumbent
position. In a study of 108 ambulatory patients, recumbent height was found to
be as precise as standing height but 2% higher, which was not considered to be
clinically significant in most circumstances173. Although the effect of recumbent
height was not measured in our trials, the above study suggests that recumbent
height is likely to have little effect in altering malnutrition risk categorisation and
identification of obese individuals.
iv) Surrogate procedures
• All the surrogate procedures used to estimate height (knee height (without use of
knee calipers1), demispan, ulna length, arm length) were found to be inferior to
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self-reported height (Table B.5).

• Ulna length, demispan, and knee height generally predicted height equally well,
and significantly better than arm length. This was mainly because it was often
difficult to get the arm in the correct measurement position (straight arm by the
side of the body with palm facing inwards).
• The ulna length was usually easier and quicker to measure than demispan and
knee height, especially in those with disabilities and difficulties in moving their
limbs into the correct measurement positions. Therefore, on practical grounds,
ulna length is recommended, but since it is the smallest limb length, any
measurement error is magnified. In addition, it did not offer any advantages over
demispan or knee height in the accuracy of the predictions.
• Established equations for converting knee height and demispan to height (age and
sex specific equations - see section C.2.1.2) were applied to a group of over 300
hospitalised patients. The overall bias was less than 0.5 cm when height was
estimated from knee height and 2.7 cm when demispan was used, possibly
because of oversimplification of the demispan formula (section C.2.1.2).
However, when these conversions were used to categorise patients into
malnutrition risk, using either measured or self-reported weight, the results
agreed very well with malnutrition categorisation based on measured weight and
height (agreement >95%; kappa >0.9; sensitivities and specificities for ‘MUST’2
>95%) ( Table B.6).
b) When weight cannot be measured: Self-reported weight was found to be an
unbiased overall predictor of measured weight, and therefore of BMI, in
hospitalised patients (r = 0.961; standard error of the estimate (see), 4.86 kg; n=338)
(Table B.4). Use of self-reported weight instead of measured weight infrequently
altered the final malnutrition risk category (see Table B.6 & B.7 for agreement,
kappa values, and sensitivity/specificity). This is despite the tendency for selfreported weight to underestimate measured weight as weight increases (the
discrepancy between measured and self-reported weight was significantly related to
measured weight; p<0.01; r2 = 0.066). A number of community studies also show
little or no overall bias in self-reported weight, although some report a certain
amount of underestimation in the obese and overestimation in the underweight166, 169
(including studies with anorexia nervosa174). The standard deviation of the
difference between measured and self-reported weight in the hospitalised patients
reported here (4.86 kg), which was disproportionately influenced by some outlying
values, was found to be larger than those generally reported in community studies
(<3 kg) 166, 169, including those involving recipients of meals-on-wheels (3.1 kg)175.
i) Self reported weight to categorise patients into overall malnutrition risk
Although self reported weight altered the BMI categorisation in a proportion of
hospitalised patients, the overall effect on malnutrition risk was small, affecting
only about 5% of categorisations (kappa values remaining as high as ~0.9). This
occurred despite the tendency for underweight individuals (BMI<20 kg/m2) to
overestimate their weight by a mean of 1.6 kg (p<0.07). With the two category
classification (underweight/not underweight) the specificities and sensitivities of the
final malnutrition risk were found to be about 95% for each, even when recalled
height was added to the prediction (Table B.6).
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ii) Self-reported weight to categorise patients as obese/not obese Classification of
patients as obese (BMI >30 kg/m2) or non-obese using self-reported weight and
measured height agreed well with the classification based on actual measurements
of weight and height (97% agreement; kappa 0.833; specificity 82%, sensitivity
98%). This occurred despite a tendency for weight to be underestimated in the
obese (1.6kg; p<0.02).
c) When weight and height cannot be measured: In the absence of measured
weight and height, two alternative methods can be used to estimate BMI categories.
The first method involves use of both self-reported weight and height. In a group of
over 200 hospitalised patients, this method produced a discrepancy with measured
BMI and a weak but significant relationship (r2 = 0.066) between the discrepancy
and measured BMI. Obese individuals (n=81) significantly underestimated their
BMI (1.35 + 2.60 kg/m2), but underweight individuals did not significantly
overestimate their BMI (-0.30 + 1.44 kg/m2). Despite these observations, the final
categorisation of malnutrition risk was altered in less than 5% of cases and yielded
acceptable kappa values and sensitivity/specificity (Tables B.6 & B.7). The second
method for estimating BMI categories involves the use of MUAC, which can be
particularly valuable when measured or recalled height cannot be obtained or when
recalled weight is obviously unrealistic. Surrogate measures of height are of little
value in calculating BMI and establishing BMI categories in the absence of an
actual or surrogate measurement of weight. For simplicity, in the use of ‘MUST’,
MUAC is used to establish two BMI cut-off values (at 20 kg/m2 to help detect
underweight, and at 30 kg/m2 to help detect obesity). The two methods did not
differ significantly in classifying a group of hospitalised patients into obesity/no
obesity classification. The recalled weight and height method was better than
MUAC in classifying patients into underweight/not underweight categories only in
those aged <65 years (see below). The choice of cut-off values of MUAC and their
application to clinical practice is discussed below.
(i) Choice of MUAC cut-off points A secondary analysis of data obtained from
individuals aged 65 years and over, who participated in the National Diet and
Nutrition Survey20, established the following linear relationships between MUAC
and BMI: r= 0.727 and see 2.7 kg/m2 for men; r = 0.81 for women, see 2.9
kg/m2; and r = 0.77, see 2.9 for men and women combined. Virtually identical r
values were obtained using non-linear regression analyses logarithmic, inverse,
exponential and, although the curves were almost identical over much of the
BMI range, they deviated from each other at the extremes of the BMI range (e.g.
close to a BMI of 18.5 kg/m2). These observations suggest firstly, that it is
difficult to use regression analysis to predict an appropriate MUAC cut-off point
for ‘MUST’ (e.g. to choose an optimal value of MUAC to identify individuals
with a BMI <18.5 kg/m2), and secondly, the variability in BMI predictions from
a single value of MUAC is substantial, even when only one statistical procedure
is used. A study in hospital has reported a similar relationship between BMI and
MUAC to the present study and also showed that age and sex did not
significantly improve the prediction of BMI from MUAC74.
To obtain quantitative insights into the significance of MUAC values, the
following tables are provided: Table B.8, which shows centiles of MUAC
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21.1
18.7

Institutions
Men Æ65
³ years (n = 183)
Women >65 years (n = 177)

71
16.9
17.7

Institutions
Men ³
Æ65 years (n = 127)
Women ³
Æ65 years (n= 123)
17.6
18.3

20.5
19.2

21.5
20.2

23.1
24.3
23.1
21.9

24.6
26.1
24.5
22.5

5

18.9
19.0

21.6
20.9

22.6
21.25

24.6
25.5
24.8
22.9

25.8
27.0
25.6
25.2

10

21.0
20.9

23.9
23.5

24.5
23.8

26.6
27.6
26.9
25.0

27.9
29.0
27.6
25.6

25

24.0
24.9

26.0
26.2

26.95
27.1

29.2
30.2
29.2
27.5

30.0
31.0
29.6
27.5

50

27.3
28.5

28.5
29.6

29.3
29.3

31.9
30.0
31.4
30.1

32.0
32.7
31.5
29.8

75

30.5
32.3

31.2
32.9

32.1
32.1

34.8
35.6
34.0
32.4

34.0
34.9
33.8
31.4

90

35.2
35.7

32.2
35.3

33.0
34.4

36.0
36.6
35.4
34.9

35.6
36.7
35.8
32.2

95

37.1
37.7

34.0
37.4

35.1
36.3

37.4
37.8
36.2
35.2

37.4
38.1
36.7
33.9

97.5

* Centiles or percentiles refer to a set of 100 divisions in a series of continuous values, in this case MUAC and BMI. Thus, a person with a MUAC lower than
the 5th centile has a MUAC that is less than 5% of other recorded values.

19.4
17.9

Free living
³ years (n = 574)
Men Æ65
Women ³
Æ65 years (n = 564)

BMI (kg/m2)

Women
Women
Women
Women

22.0
23.1
22.5
21.1

23.1
24.1
23.2
19.6

Æ65
³ years (n = 577)
65-75 years (n=204)
75-85 years (n=168)
>85 years (n=124)

Free-living
Men Æ65
³ years (n = 583)
Men 65-75 years (n =252)
Men 78-85 years (n=199)
Men >85 years (n=67)

MUAC (cm)

2.5

Centile*

Table B.8 Centiles of mid-upper arm circumference (MUAC) and body mass index (BMI) in men and women 65 years and over,
according to residence and age band (based on secondary analysis (Elia M, Stratton, RJ) of The National Diet & Nutrition Survey20)
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(cm)

23.03
23.81
24.53
25.88
26.53
27.31
27.98
28.86
29.17
30.25
30.25
31.32
32.15
32.66
33.09
33.58
34.62
35.66

(kg/m2)

18 (17.50 - 18.49)
18.5 (18.00 -18.99)*
19 (18.50 - 19.49)
20 (19.50 - 20.49)*
21 (20.50 - 21.49)
22 (21.50 - 22.49)
23 (22.50 - 23.49)
24 (23.50 - 24.49)
25 (24.50 - 25.49)
26 (25.50 - 26.49)
27 (26.50 - 27.49)
28 (27.50 - 28.49)
29 (28.50 - 29.49)
30 (19.50 - 30.49)*
31 (30.50 - 31.49)
32 (31.50 - 32.49)
33 (32.50 - 33.49)
34 (33.50 - 34.49)
35 (3.50 - 35.49)

72

(29)
(35)
(44)
(74)
(86)
(92)
(119)
(135)
(143)
(123)
(114)
(88)
(74)
(57)
(44)
(30)
(20)
(18)

* BMI cut-off points 18.5, 20 and 30 kg/m2 are used in ‘MUST’

1.66
2.02
2.35
2.38
2.15
2.41
2.02
1.98
2.18
2.75
2.24
2.45
2.57
2.62
2.29
3.04
3.21
3.01

(n)

sd

mean

mean (range)
(cm)

Men + Women

BMI category

23.29
23.71
24.69
26.76
27.04
27.76
28.37
29.03
29.42
30.51
30.56
31.74
32.92
33.36
33.07
34.01
34.66
36.08

(cm)

mean

1.03
1.58
2.24
2.55
2.27
2.67
1.95
1.81
1.90
2.71
2.33
2.70
2.63
2.72
2.18
2.34
2.53
2.55

(cm)

sd

Men

(12)
(15)
(21)
(38)
(46)
(51)
(57)
(75)
(80)
(74)
(60)
(48)
(34)
(29)
(22)
(8)
(8)
(4)

(n)

22.85
23.88
24.41
24.95
25.94
26.74
27.63
28.64
28.85
29.87
29.92
30.81
31.49
31.93
33.10
33.42
34.61
35.54

(cm)

mean

2.00
2.33
2.49
1.79
1.86
1.92
2.04
2.18
2.48
2.79
2.10
2.02
2.35
2.32
2.45
3.29
3.70
3.20

(cm)

sd

Women

(17)
(20)
(23)
(36)
(40)
(41)
(62)
(60)
(63)
(49)
(54)
(40)
(40)
(28)
(22)
(22)
(12)
(14)

(n)

Table B.9. Mid-upper arm circumference (MUAC) according to body mass index (BMI) in men and women aged 65 years and over
(based on secondary analysis (Elia M, Stratton, RJ) of The National Diet & Nutrition Survey20)
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women

73

95
94
91
90
87
81

Home + Institutions
22.0
44
99
22.5
55
98
23.0
56
97
23.5
83
97
24.0
83
96
24.5
89
94

Institutions
22.0
27
22.5
46
23.0
46
23.5
73
24.0
73
24.5
82

55
58
65
72
76
83

67
70
70
80
90
100

47
52
57
68
74
74

>99
99
98
98
96
90

95
93
89
88
83
77

>99
98
97
96
94
93

sens spec sens spec
(%)
(%)
(%)
(%)

Home (free-living)
22.0
71
>99
22.5
71
>99
23.0
71
99
23.5
100
98
24.0
100
98
24.5
100
97

MUAC
(cm)

men

BMI <18.5 kg/m2

50
57
60
77
81
80

48
57
57
76
81
91

54
58
58
77
80
81

sens
(%)

99
98
97
96
94
97

95
94
90
89
86
79

>99
99
98
97
96
95

spec
(%)

men+women

22.0
22.5
23.0
23.5
24.0
24.5

22.0
22.5
23.0
23.5
24.0
24.5

22.0
22.5
23.0
23.5
24.0
24.5

MUAC
(cm)

26
37
44
63
67
80

25
39
44
61
65
83

30
37
45
65
70
75

sens
(%)

>99
>99
99
98
98
97

98
97
95
94
92
88

>99
>99
>99
>99
99
99

spec
(%)

men

35
44
40
64
70
78

48
60
67
78
82
89

29
33
47
58
62
73

sens
(%)

99
99
98
97
95
93

98
96
93
92
89
81

>99
99
98
97
96
95

spec
(%)

women

BMI <20 kg/m2

30
41
49
64
69
78

36
48
54
68
73
85

28
36
45
60
64
73

sens
(%)

>99
99
98
97
96
95

97
97
94
93
91
85

>99
>99
99
98
98
97

spec
(%)

men+women

30.0
31.0
31.5
32.0
32.5
33.0
34.0

30.0
31.0
31.5
32.0
32.5
33.0
34.0

30.0
31.0
31.5
32.0
32.5
33.0
34.0

MUAC
(cm)

94
85
79
72
59
75
37

86
67
67
52
33
31
25

95
87
81
74
58
52
40

sens
(%)

64
76
82
86
91
93
95

84
91
93
93
96
98
98

59
73
79
84
90
92
95

spec
(%)

men

89
78
75
69
62
57
45

77
55
55
48
41
30
27

91
83
79
72
65
60
48

sens
(%)

75
85
89
91
94
96
98

96
94
96
97
98
99
>99

72
83
88
89
93
95
97

spec
(%)

women

BMI>30 kg/m2

91
81
77
70
60
54
41

81
59
59
51
38
30
25

93
84
80
73
63
57
44

sens
(%)

69
80
85
88
92
94
97

88
93
95
95
97
99
>99

66
78
83
87
91
93
91

spec
(%)

men+women

Table B.10 Sensitivity (sens) and specificity (spec) of using mid-upper arm circumference (MUAC) to predict underweight (BMI <20 and <18.5 kg/m2) and obese
(BMI >30 kg/m2) men and women living at home and institutions (based on secondary analysis (Elia M, Stratton, RJ) of The National Diet & Nutrition Survey20)
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Table B.11 Agreement between 'MUST'2† classification obtained using either actual measurement of
weight and height, or mid-upper arm circumference ('MUST'2 (muac)* and self reported weight and height
('MUST'(recalled weight & height)).

Comparison†

N

Agreement

%

Sensitivity

kappa

%

Specificity

%

'MUST' risk category
Low
%

Medium + high
%

'MUST'2 v 'MUST'2(muac)
<65 years:
<65
³ years:
All ages:

209
129
337

96.2
95.3
95.8

0.906
0.900
0.904

89
96
92

99
95
98

0.906
0.902
0.906

95
100
97

96
93
95

70
63
68

30
37
32

'MUST'2 v 'MUST'2(recalled wt &ht)
<65 years:
³ years:
<65
All ages:

203
109
203

96.1
95.4
96.1

70
65
69

30
35
31

† 'MUST'2 refers to two categories (low and medium+high categories combined)
* Mid-upper arm circumference values below and above 23.5 cm are used to classify individuals with
BMI <20 kg/m2 and >20 kg/m2 respectively

obtained from subjects aged 65 years and over; Table B.9 (based on a secondary
analysis of a national dataset20), which shows the mean and standard deviation
of MUAC of these individuals with increasing BMI within the range 18 to 37
kg/m2; and Table B.10, which tabulates the sensitivities and specificities
associated with the use of MUAC to predict a BMI <18.5, <20 and >30 kg/m2. In
choosing cut-off values consideration needs to be given not only to the
sensitivities and specificities associated with different MUAC values, but also to
the proportion of underweight and obese individuals in different care settings,
since these influence the overall positive and negative predictive value of the
test. Therefore, Table B.10 is provided to allow local judgments to be made
according to the type and proportion of underweight and obese subjects.
However, it is suggested that a general cut-off value of <23.5 cm is used for
identifying underweight individuals (BMI < 20 kg/m2 (and for <18.5kg/m2)), and
a value of >32 cm for identifying obese individuals (BMI > 30 kg/m2).
(ii) MUAC to categorise patients into underweight/no underweight and overall
malnutrition risk A MUAC cut-off value of 23.5 cm was used to establish BMI
categories (above and below BMI of 20 kg/m2) in a group of over 300
individuals aged 16-94 years. ‘MUST’2 established in this way
(‘MUST’2(muac)), showed excellent agreement with ‘MUST’2 established using
measurements of weight and height (agreement 95.8% kappa 0.904; sensitivity
92% and specificity 98%). The use of MUAC to categorise patients into 2
categories was as good as using measurements of self-reported height and weight
in hospitalised patients, both in those aged under and over 65 years (Table B.11).
Application of the same cut-off point (23.5 cm) to that of another dataset of over
2,000 measurements obtained from a variety of patients, aged 18 to 85 years
(provided by B Strauss), revealed a sensitivity (for detecting underweight, BMI
<20 kg/m2) of 76% and specificity of 96% in those aged >65 years (68% and
98% respectively for those <65 years; (n =1957)). No ‘MUST’ scores were
available with this dataset. In another study of patients admitted to medical,
74
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surgical and orthopaedic wards, a cut-off point of 23.5 cm was associated with a
sensitivity of 86% for identifying individuals with a BMI below 20 kg/m2 and a
specificity of 98.6% (calculations based on summary data from 591 patients74).
No ‘MUST’ scores or prevalence of obesity were reported in the paper.
(iii) MUAC to categorise patients into obese/not obese Application of a MUAC
value of 32 cm to the same dataset for the purposes of detecting obesity
(BMI>30 kg/m2) was associated with a sensitivity of 95% and specificity of 84%
in those aged <65 years (94% and 82% respectively for those >65 years).
Application of the MUAC cut-off value of 32 cm to 340 hospital in-patients
(medical , medical elderly, and surgical wards) revealed a sensitivity of 59% and
specificity of 93% in those aged >65 years (n = 128) and 87% and 83%
respectively in those aged <65 years (79% and 85% respectively for all ages). In
this group of patients overall agreement was better using recalled weight and
height than MUAC (comparison of the area of the Receiver Operating
Characteristic (ROC) curve), although not significantly so for those aged 65
years and over.
B.3.4.2 Weight loss category (percent change in weight (or BMI))

• Although many patients are able to accurately report their weight (see above) and
change in weight, this may not be possible in some patients. Therefore,
alternative means of predicting BMI and change in BMI (or change in body
weight) are necessary. By combining results of starvation studies involving
lean87,176, 177 and obese individuals177, a linear relationship was found between
percent change in MUAC and percent change in body weight. The percent
change in both variables was similar, with for example a 10% change in MUAC
corresponding to approximately a 10% change in body weight (95% prediction
interval 6.2-15.9% body weight). Similar linear relationships and similar
regression equations have been found in a group of non-oedematous patients
with lung cancer178, and a group of over a thousand patients with a variety of
diseases (data provided by B Strauss), although the prediction intervals were
large, suggesting caution in the use of these measurements. Duplicate
measurements are recommended.
• An alternative and complementary approach is a clinical approach, which
involves enquiring and observing if clothes and jewellery have recently become
looser (to indicate weight loss) or tighter (to indicate weight gain, if not
oedematous). Such observations contribute to the overall subjective clinical
assessment of malnutrition risk.
B.3.4.3 Overall subjective assessment (two categories: low risk and
medium/highrisk)
Subjective evaluations of risk of malnutrition can be valuable, but the results may
be variable. Subjective evaluations were made by a doctor in an outpatient clinic,
without knowledge of weight or height of the patients (Refer to Table B.12). The
results were compared with malnutrition categories obtained objectively by a
healthcare assistant. Similarly, a medical student subjectively rated patients (n = 25)
on medical wards and compared his ratings with objective measurements obtained
independently by another medical student on the same patients. The roles of the
75
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Table B.12 Agreement between objective and subjective components of the ‘MUST’

Comparison†

N*

Agreement
n*

%

kappa

Location

‘MUST’ risk

Investigators

low medium+high

‘MUST’2 objective v
‘MUST’2 subjective

75

73

97

0.934

medical
wards

54

21 (8 +13)

Medical
students

‘MUST’2 objective v
‘MUST’2 subjective

80

72

90

0.633

surgical
wards

83

12 (6 + 6)

Medical
students

‘MUST’2 objective v
‘MUST’2 subjective

50

49

98

0.951

gastro
-intestinal
outpatients
(GIT)

35

15 (9 + 6)

Doctor/
nurse

† 'MUST'2 refers to two categories (low and medium+high categories combined)
* N refers to the number of subjects involved in the study, whilst n refers to the number of agreements

students were reversed in a surgical ward so that the first one undertook the
objective scoring and the second one the subjective scoring (n = 25). These students
had previously shown perfect agreement when rating a group of 50 medical and
surgical patients for malnutrition risk using the objective components of ‘MUST’.
The agreement between the subjective and objective ratings in the above studies
varied from 87- 98%, with kappa values ranging from 0.587 to 0.951 (Table B.12)
(see B.9 Annexe 2 for interpretation of kappa values). The data suggest that
good/excellent agreement can be obtained between subjective and objective
categorisation with ‘MUST’. It is not surprising that the agreement was variable
between studies. Even greater variability would be expected with different raters
and groups of patients, at least partly because subjective results depend on the
training, experience and type of health workers involved in the categorisation
procedure. For this reason it is generally recommended that objective measurements
are made whenever possible.
When it is not possible to establish weight loss or BMI categories by objective
measurements, surrogate measurements can be used (Tables B.4-B.7), but the
choice of surrogate measure may depend on the specific circumstance.

B.4 Reliability and internal consistency of ‘MUST’
B.4.1 Inter-rater agreement
B. 4.1.1 ‘MUST’ The reliability of the tool was established by assessing the extent
to which the malnutrition risk categorisation obtained independently by different
healthcare workers on the same group of patients agreed with each other (inter-rater
agreement).
A series of studies were undertaken in different healthcare settings (medical and
surgical wards, outpatient clinics, and a GP surgery) by a range of healthcare
workers or student healthcare workers (nurses, student nurses, health care assistants,
a doctor, and medical students). The results were checked and corrected for very
76
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nurse v healthcare assistant
nurse v healthcare assistant
nurse v student nurse
student nurse v healthcare assistant
doctor v nurse
healthcare assistant v healthcare assistant
healthcare assistant v healthcare assistant
healthcare assistant v nurse

Resident in community
(Hospital outpatients and
GP surgery)††
outpatients
outpatients
outpatients
outpatients
general practice
nursing + residential home
residential home
nursing home
44
60
60
60
50
26
40
24

69
47

N*

42
59
60
59
50
24
40
24

66
47

n*

95.5
98.3
100
98.3
100
92
100
100

96
100

%

0.888
0.948
1.000
0.948
1.000
0.809
1.000
1.000

0.898
1.000

0.932
0.967
1.000
0.967
1.000
0.901
1.000
1.000

0.933
1.000

kappa+ weighted
kappa+

Agreement

Dundee (Baxter J et al)
Rotherham (Ward J et al)
Rotherham (Ward J et al)
Rotherham (Ward J et al)
Stockport (Sanders J et al)
Bassetlaw (Todorovic et al)
Bassetlaw (Todorovic et al)
Bassetlaw (Todorovic et al)

Rotherham (Ward J et al)
Southampton (Longmore D et al)

Location (investigator)

* N refers to the number of subjects involved in the study, whilst n refers to the number of agreements.
+ See annexe
† The diagnoses in surgical wards included abdominal cancer, Crohn's disease, gall stones and appendicitis. The main problems in medical wards were haematemesis/melaena due
to peptic ulcer, chest pain due to myocardial infarction, chest infections, pneumonia, diabetes, epilepsy and cancer.
†† The main diagnosis in the outpatient clinics, which were mainly gastroenterological, was inflammatory bowel disease. Other diagnoses included coeliac disease, irritable bowel
syndrome and arthritis. In the care homes the main diagnoses were stroke, arthritis, Parkinson's disease and dementia.

healthcare assistant v nurse
medical student v medical student

Raters

surgical ward
surgical/medical wards

Hospital inpatients†

Setting

Table B.13 Inter-rater agreement using the ‘MUST’ in hospital and the community
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nurse1 v nurse2
nurse1 v dietitian
nurse2 v dietitian

clinician v clinician
nurse v 3 clinicians
clinician v clinician
dietitian v dietitian
clinician v researcher
dietitian v dietitian
(acute hospital)
dietitian v assistant
nurse v dietitian
nurses v dietitians
nurses v nurses
(10 pairs)

Raters

mainly elderly
mainly elderly
mainly elderly

various
elderly (day hospital)
medical/surgical/elderly
medical/surgical

surgical
surgical
medical/surgical
liver transplant
elderly
various

Patient type

<31
<27
<27

29
15
100
70

49
109
175
20
90
23

N*

93
87
92

81
91
79
80
78
96

(%)

0.709
0.036
0.173

0.84
0.73
0.7 (0.6-0.9)

0.72
0.784 (0.6-1.0)
0.66
0.570
0.56
0.88

kappa

Agreement

188
188
188

184
185
186
187

66
180
181
182
279
184

Reference

† Other statistical procedures have been used to assess inter-rater agreement in other studies
(i) correlation coefficient: 0.68-0.69 in general medical and geriatric outpatients using the Nutritional Risk Index280; and no significant correlation between nurse and dietitian in
hospitalised elderly patients63
(ii) Intra-class correlation: 0.72 nurse v nurse in dialysis patients190
(iii) Reliability coefficients: 0.3-0.71 for different components of the tool assessed by nurses v dietitians in staffed houses (long-stay hospitals)191
‡ Inter-rater reliability involving 'MUST' is shown on the preceding table (kappa values of 0.89-1.00 in hospital, and 0.90-1.00 in the community).
* N refers to the number of subjects involved in the study, whilst n refers to the number of agreements.

Nutritional risk screening tool

Community

Malnutrition screening tool
Ayrshire nutrition screening tool
Nutrition screening tool
Derby nutritional score

Subjective global assessment

Hospital

Tool

Table B.14 Inter-rater reliability associated with the use of a variety of screening tools† (excluding ‘MUST’‡)
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with kappa values ranging from 0.90 to 1.00. These results are well above the cutoff values of 0.75, which Landis and Koch179 suggested represent excellent
agreement beyond chance.
B.4.1.2 Other tools Most other tools have not been tested for inter-rater agreement,
and those that have, have generally yielded less good results than ‘MUST’,
probably because they tend to be more complicated and contain more subjective
elements (Table B.14)63, 66, 180-191. Some tools have reported results of inter-rater
agreement as correlations or intra-class correlations (e.g. Shrout and Fleiss random
effect model 2,1)192 (typically r<0.75; footnote to Table B.14), which are again
generally substantially less good than those obtained for ‘MUST’ (typically r >0.9).
B.4.2 Precision of measured weight, height and surrogate measurements of
height
The precision (technical error of measurement (TEM)) associated with
measurements of height was assessed in hospitalised patients in medical and
surgical wards using portable stadiometers and weighing machines that had been
calibrated against reference standards. The studies were undertaken by two
observers, who measured each patient twice. As expected, the intra-observer
precision was better than the inter-observer precision (Table B.15). The results for
height and weight were generally within the range reported by other workers193, but
the interindividual TEM for demispan and MUAC was greater than values obtained
in non-hospitalised patients. The %TEM of height was found to be better than the
%TEM of surrogate measurements (knee height demispan, and ulna length), which
generally yielded similar results to each other. However, ulna length has to be
multiplied by a larger number to obtain height than the other surrogate
measurements. From this information on TEM, and the much larger residual
variation obtained on regressing height on surrogate measures of height (Table B.4),
it appears that most of the discrepancy between measured height and that predicted
from surrogate measurements is due to biological differences in bony proportions
between individuals rather than measurement errors.

Table B.15* Intra and interobserver technical error of measurement (TEM) and %TEM for weight, height,
surrogate indices of height, and mid-upper arm circumference (MUAC)*

Intraobserver
Mean + sd
(cm or kg)
Weight
Height
Knee height
Demispan
Ulna length
MUAC

77.21±14.87
68.4 ± 8.1
52.56± 3.24
79.51± 5.15
25.39± 1.70
31.25± 3.25

TEM
%TEM
(cm or kg) (%)
0.17
0.12
0.16
0.50
0.10
0.11

Interobserver
TEM
%TEM
(cm or kg) (%)

0.22
0.07
0.30
0.63
0.39
0.35

0.66
0.43
0.90
1.30
0.44
0.94

* n= 42-46 for all measurements and comparisons
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0.85
0.26
1.71
1.64
1.73
3.01

Intra & interobserver
TEM
%TEM
(cm or kg) (%)
0.68
0.45
0.91
1.39
0.45
0.95

0.88
0.27
1.73
1.75
1.77
3.04

Validity, reliability and practicality

The ‘MUST’ Report

Table B.16 Ease of using 'MUST' tool to establish malnutrition risk

Investigators (number) †

Ease of establishing
malnutrition risk †

Dietitian (1)
Nurse (1)
Medical students (2)
Nutrition student (1)
Dietitian (1)
Nurse (1)
Healthcare assistant (1)
Medical students (2)
Nutrition student (1)
Research dietitian (1)
Dietitians (1)

easy (1)
easy (1)
very easy (2)
easy (1)+
easy (1)
easy (1)
easy (1)
very easy (2)
easy (1)
easy (1)*
very easy (2)

Healthcare assistant (1)
Doctor (1)
Nurse (1)
Student nurse (1)
Doctor (1)
Nurse (1)
Nurse (3)
Nurse (4)
Healthcare assistant (1)

easy (1)
easy (1)
very easy (1)
easy (1)
easy (1)
easy (1)
easy (3)
easy (1) difficult (3)*
very difficult (1)*

Hospital
Medical ward
Medical ward
Medical ward
Medical ward
Surgical ward
Surgical ward
Surgical ward
Surgical ward
Surgical ward
Elderly ward
Orthopaedic wards

Resident in community
Out-patient clinic
Out-patient clinic
Out-patient clinic
Out-patient clinic
GP surgery
GP surgery
GP surgery‡
Nursing home
Nursing home

† The number in parentheses refer to the number of investigators and the distribution of their grades about the
ease of using 'MUST' to establish malnutrition risk category.
‡ Annual check of individuals aged 75 years and over.
* Involved measurement of knee height, which was difficult in some cases.
+ Difficulty was experienced with elderly patients with severe mobility problems when the
equipment and support from another person were not readily available.

Table B.17 Time required for ‘Nutritional Screening’ using different tools

Tool
Mini-nutritional assessment
Mini-nutritional assessment
Subjective global assessment (modified)
Subjective global assessment (modified)
Nutritional assessment screening
Nutritional assessment score
Cleveland screen for nutritional status
Nutritional screening
Nutritional risk
'MUST'

Type of patients
Elderly
Elderly orthopaedic
Dialysis patients
HIV infected patients
Medical/surgical
Medical/surgical
Acute hospital admissions
(various wards)
Acute hospital admissions
Elderly in acute wards
Hospital and community

† Requires serum albumin concentration
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Time (min)
<20
>30
12.0 + 3.5 (5-20)
2
10-15
5
10
5†
5-10
<4 (often ~2)

Reference
158
72
281
282
283
284
285
286
218
1& this
report
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obvious calculation or transcription errors. Table B.13 shows that the agreement in
malnutrition categories between two raters was >95% in all studies, and associated

B.5 Practical aspects of ‘MUST’
B.5.1 Ease of use
A variety of healthcare workers, or workers in training, were asked to categorise the
ease of using the tool into one of the following four categories: very easy, easy,
difficult, and very difficult. The health workers were instructed in the use of the tool
before they applied it to patients. Table B.16 shows that students and healthcare
workers found the tool easy or very easy to use, but in care homes it was found to
vary from easy to very difficult. However, these results in nursing homes were
obtained during a pilot study involving knee height measurements, which were
found to be difficult in some cases, especially in patients who were immobile or
stiff (procedures for measuring ulna length were not available at the time). In
addition, the charts used in the pilot studies have since been improved to make the
categorisation easier and quicker. Much more positive feedback was obtained
during field testing with the new charts and procedures.
B.5.2 Time taken to establish malnutrition risk category and comparison with
other tools
The screening procedure can be performed in 2 minutes when there is ready access
to weighing scales and a stadiometer and the raters have previously been trained in
the use of the tool. When self-reported weight and height are used instead of
measured weight and height, the time taken to establish the malnutrition score is
usually shortened. In frail elderly people, such as those in care homes who are slow,
disabled, and have difficulties in standing up to be weighed and measured, the tool
was found to take longer e.g. up to 5 minutes. Since adult height does not normally
change during the period of an illness, subsequent screenings are quicker for using
the same height measurement. Many workers also stated that the time taken to
categorise patients shortens with increasing experience and familiarity with the tool.
Table B.17 shows that the reported times to complete nutritional screening using a
number of other tools is considerably longer than with ‘MUST’.
B.5.3 Acceptability
Typically ‘MUST’ was found to be acceptable to hospital and community nurses, as
well as patients, who were often interested to know their current weight, height, and
thinness/obesity status. In some frail elderly patients, help with standing for weight
and height measurements can speed up the procedure, ensure that falls do not occur,
and make screening more acceptable to the patient.
A potential problem with nutritional screening in the community is the lack of
stadiometers and scales for use by health workers who undertake home visits.
However, portable weighing scales and stadiometers are available. It is also possible
to use lightweight portable infrared instruments, which measure height by reflecting
a beam of light on the floor (see first MAG report1 for validation). Height can be
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Table B.18 Grading of components of ‘MUST’ and associated care plans using the system
developed by The US Department of Health and Human Services (Public Health Service)107
Item

Grading

Nutritional screening
BMI as an index of chronic protein energy status (and cut-off points)
Unintentional weight loss to screen for acute onset protein-energy status
Subjective criteria of tool
Surrogate measures for establishing height and BMI
Acute disease effect
Overall risk of malnutrition and obesity

B, C, X
B, C
B
X
B
B, C

Treatment
General
Establish potential benefits and goals of nutritional support
Treat or alleviate underlying condition
Nutritional intervention
Correct specific identifiable deficiencies of trace elements, minerals
and vitamins and improve protein energy status
Food availability and presentation
Modification of food texture (e.g. increased viscosity of liquids
in patients with dysphagia)
Help with eating in patients with eating difficulties
Oral liquid mixed macro and micronutrient supplements*

Y
Y
A,Y
B,Y
Y
B, C, Y
A

* see Stratton & Elia for detailed discussion of a series of meta-analyses on different groups of patients29

measured against the wall using a book to indicate the top of the head. The visiting
worker should then have a tape to measure the distance to the floor. The tape
measure is also useful for surrogate measurements.
B. 5.4 Local policy and resources
Policy decisions are required to implement ‘MUST’ and associated care plans,
according to local resources. After introduction of ‘MUST’, total referrals may
increase or decrease (as has been found in some settings, where unnecessary
referrals appear to have decreased), depending on the previous local organisational
infrastructure and policy. Decisions about referrals or alternative care plans need to
be considered at senior managerial level. The need for education and training using
appropriate resources is clear (see sections A.9 and C.5)

B.6 Grading of evidence for the components of 'MUST' and
associated care plans
The previous MAG report1 graded its recommendations using the classification
system indicated in section A.5.4.7 of this report107. Since this classification system
focuses on clinical trials, especially randomised controlled clinical trials, which are
unethical in some groups of patients requiring nutritional support29, it is difficult to
apply it to these patients. Furthermore, there is no need to provide trial-based
evidence for obvious or common sense issues (graded as Y in Table B.18).
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Established relationships are graded as X. A summary of grades, which also apply
to ‘MUST’ are summarized in Table B.18.
There is no large scale randomised controlled trial of the effect of ‘MUST’ or any
other screening tool on ‘all comers’ (e.g. treatment versus no treatment in an entire
hospital population) with respect to clinical outcome. This is partly because of
ethical problems. However, there is substantial evidence29 (Table A.9) of the
beneficial clinical effects of nutritional supplements containing a mixture of macroand micro-nutrients on particular groups of patients in the hospital and community,
and of greater benefit in individuals with a BMI <20 kg/m2 than >20 kg/m2,
particularly patients in the community (Grade A recommendation). Therefore, in
these groups of patients there is fairly robust evidence that the benefits of this form
of treatment outweighs the harm.

B.7 Conclusion
‘MUST’ is a reliable and valid tool that can be used to screen for risk of malnutrition in different groups of adult patients in different healthcare settings. It is
linked to a care plan, which may be modified according to local policy. It is hoped
that the use of a single tool such as ‘MUST’ across different healthcare settings,
will improve the detection and management of malnutrition, and allow the
establishment of common internally consistent benchmarks to monitor progress.
The evidence base provided in this and the previous MAG report1 continues to
grow. However, the ultimate success of the tool will depend on the experience
obtained by a wide range of health workers routinely using the tool on a wide range
of patients in different geographic locations.

B.8 Annexe 1: Further evidence based considerations
The first MAG report1 provided an evidence base for the choice of BMI and weight
loss cut-off points. The BMI cut-off points were predominantly based on clinical
considerations and loss of physiological function as BMI decreased. The weight loss
cut-off points were also based on a combination of loss of body function during
weight loss, normal intraindividual variation in unintentional weight change, and
use of weight loss as a marker of underlying disease process, which if unchecked, is
likely to produce malnutrition. Here further consideration is given to acute disease
effects that result in no dietary intake and rapid weight loss and the choice of BMI
cut-off values in the elderly.
B.8.1 Acute disease effect
B.8.1.1 Approaches to acute disease effects: Two general approaches have been
used to account for the effect of acute diseases on assigning patients to malnutrition
risk categories. The approaches have been incorporated into a variety of hospital
screening tools, either alone or in combination.
i) Diagnoses and/or specific signs and symptoms It seems reasonable to include
diagnoses, signs and symptoms of various diseases which may cause mal83
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nutrition in screening tools, since they highlight the need to treat underlying
conditions. But because some tools include > 50 diagnoses194, they can become
cumbersome. They may also inadvertently omit important items (e.g., burns,
trauma, sepsis, and specific gastrointestinal, neurological, cardiovascular, and
respiratory conditions). The same applies to specific symptoms or signs (and
their weightings), which are variably incorporated into nutritional screening
tools, sometimes in large numbers and often without adequate justification.
There are potential difficulties in always using the same weighting factor for a
given diagnosis without considering the phase, severity, and consequences of the
disease. For example, a cerebrovascular accident may be transient and have
minor effects on body function and nutritional status, or it may be major and
have important prolonged consequences on nutritional status, affecting
consciousness and/or swallowing. Use of the same weighting factor for all stroke
patients does not allow for these important variations. The same applies to other
acute conditions, such as cancer, inflammatory bowel disease, multiple sclerosis,
and specific renal and hepatic diseases, which may vary considerably in their
severity and nutritional consequences.
ii) Inadequate dietary intake A poor dietary intake is an important common cause
of malnutrition. It may result from anorexia, inability to eat or swallow (e.g.
unconsciousness or neurological swallowing disorders), or from the clinical need
to abstain from food e.g. when there is intestinal obstruction or ileus. Prolonged
anorexia, resulting from severe or complicated illness can lead to a major
reduction in body weight, which adversely affects physical, psychological and
behavioural function, and clinical outcome. There are drawbacks to the approach
of using inadequate dietary intake as an indicator of malnutrition. One of them is
that, although acute diseases do not normally increase the total energy
requirement29, 195, they may increase requirements for other nutrients, such as
certain vitamins and minerals. Another issue is the practical difficulty of
accurately assessing dietary intake, especially by staff not trained to undertake
such measurements. However, this is not usually a problem when intake is zero
as a result of severe head injury, critical illness requiring artificial ventilation,
and when patients are deliberately kept nil by mouth over many days, as for
example following certain types of major gastrointestinal surgery. The ASPEN
Board of Directors196 suggested that lack of oral intake for over 5 days (or less
than half of required intake over 7-10 days) is an indication for enteral tube
feeding. The same applies to parenteral nutrition, which is used when other
forms of nutritional support are not possible. Accordingly, artificial nutritional
support is likely to be needed in patients with severe extensive burns, severe
multiple injuries, severe head injury likely to lead to prolonged unconsciousness,
and critically ill patients expected to have a prolonged stay in the intensive
therapy unit. A variety of national and international societies have provided
guidelines or statements about selection of patients with severe acute disease for
nutritional support. Among the criteria are the presence of severe acute disease
per se, lack of dietary intake, low BMI197, and history of prior weight loss198. A
recent study of intensive care units across Europe reported that the nutritional
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state of patients was evaluated clinically in the majority of patients, and that
anthropometry and functional parameters were used in about a quarter of
patients199. The criteria for nutritional support indicated below, focus of dietary
intake, and vary in both strictness and type.
• European Society of Intensive Care Medicine200: fasting for >3 or 4 days in a
well nourished patient unable to resume oral nutrition, or supplementation of
insufficient oral intake for >3-4 days (evidence based elements demonstrate
clinical efficacy after a delay as long as 7 days, but clinical practice and
experimental evidence strongly suggest that earlier intervention is warranted);
present malnutrition in a patient unable to eat; patients with severe burns or
trauma.
• The American College of Chest Physicians197: adult patients requiring at least
4 days of intensive care unit confinement.
• French Speaking Society for Enteral and Parenteral Nutrition198: patients with
weight loss of more than 10% of body weight and those unable to revert to
‘normal’ nutrition within a week after an acute episode.
• Italian Society for Parenteral and Enteral Nutrition201: urine N loss >15 g
N/day; 10-15 gN/day if unable to eat less than half basal requirements for 7
days; >10 gN/day in presence of malnutrition.
• American Society of Parenteral and Enteral Nutrition together with the
American Society of Clinical Nutrition202: patients with critical illness who
are not expected to resume oral feeding for 7-10 days.
• The American Society of Parenteral and Enteral Nutrition203: specialised
nutritional support should be initiated when it is anticipated that critically ill
patients will be unable to meet their nutrient needs orally for a period of 5-10 days.
However, the scientific basis of these recommendations has not always been
adequately expressed, and to some extent the recommendations reflect opinions
and clinical experience of committee members and the limited information
available from the literature. A brief evaluation of the scientific basis of the
criteria incorporated in ‘MUST’ is provided below by considering the effects of
varying degrees and duration of dietary restriction on body weight/composition
and body function in both the presence and absence of disease.
B.8.1.2 The extent and composition of weight loss during dietary restriction:
a) In the absence of disease A large literature exists about changes in body weight
during dietary restriction, ranging from mild restriction to total starvation. The
absolute rate of weight loss tends to occur faster in taller and heavier individuals,
and in men than in women, who are generally shorter and lighter. Although initial
adiposity has relatively little effect on the absolute rate of weight loss, the
percentage weight loss is greater in lean subjects. After five days of total starvation,
subjects with an initial BMI of 17.5-18.0 kg/m2 lose close to 10% of body weight204,
those between 20-25 kg/m2 lose about 6-8% body weight176, and those with a BMI
of ~35 kg/m2 lose about 5% body weight177, 205. The result of Benedict's classic
starvation study206, in which there was 7.1% loss of body weight after 5 days of
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starvation in an inactive subject with an initial BMI of 20.8 kg/m2, is typical of that
observed in individuals with a BMI of 20-25 kg/m2 undergoing starvation for a
similar period of time. (For comparison, a dietary intake about a quarter of normal
(~ 600 kcal/day) is likely to produce a loss of 5% body weight in about 8-9 days in
healthy lean individuals (BMI 20-25 kg/m2) and 10-12 days in obese individuals
(BMI ~35 kg/m2)). The composition of weight loss varies with the duration of
starvation and initial adiposity. Loss of glycogen (4.2 kcal/g) in association with
three times the weight of water, explains much of the rapid weight loss during early
total starvation or severe dietary restriction, and the slower weight loss after the first
two days of starvation, when glycogen stores are largely depleted. After this early
phase of starvation, the proportion of energy derived from fat and fat-free body
influences the rate of weight loss. This is because the energy density of endogenous
fat (9.4 kcal/g) is ten-fold greater that that of the fat-free body, which consists of
about 80% water and only~20% protein (4.4.kcal/g protein)207. During more
prolonged starvation/semistarvation, lean individuals derive a greater proportion of
energy from the fat-free body (and less from fat) than obese individuals. Rapid
weight loss of 5% body weight in healthy lean individuals (BMI of 20-25 kg/m2)
occurs mainly through loss of fat-free mass.
b) In the presence of acute disease Acute diseases (e.g. trauma, infection) often
increase basal metabolic rate (BMR) and simultaneously reduce physical activity.
The net result is that most acute conditions do not usually produce an increase in
total energy expenditure, as assessed by 24-hour indirect calorimetry (ventilated
patients) or the doubly-labelled water technique29. This means that the net loss of
energy (mainly from fat) in starving individuals suffering from the effects of acute
disease, is not usually greater than the amount lost from starving individuals
without acute disease. On the other hand, acute diseases are often catabolic,
increasing net protein oxidation, urine nitrogen excretion and proportion of energy
derived from protein oxidation. Therefore, in the absence of fluid retention, the rate
of weight loss is expected to be more rapid in the presence of disease, which may
cause loss of an additional 5-10 g of nitrogen/day (~0.155-0.310 kg lean body
mass/day). Indeed, observations suggest the rate of weight loss in individuals with
major injury and infection ingesting half their normal dietary intake is comparable
to the weight loss of healthy individuals fasting208. However, changes in weight in
critically ill patients can be variable for a number of reasons, including:
• the acute injury response often favors retention of salt and water, which is
associated with increased secretion of mineralocorticoids and anti-diuretic
hormone,
• the amount and composition of fluid and electrolytes administered to patients,
often intravenously, is variable
• renal, cardiac and hepatic dysfunction can complicate handling of fluid and
electrolytes, sometimes leading to oedema
• development of hypoalbuminaemia can also lead to fluid retention and oedema,
• administration of drugs such as steroids can lead to water retention whilst
diuretics lead to water loss
Sometimes the catabolic effects of disease are associated with little change and
sometimes a substantial increase in body weight as a consequence of fluid retention.
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Conversely, recovery may be associated with loss of body weight due to diuresis of
the excess fluid. Therefore, daily changes in body weight are more likely to indicate
changes in fluid balance than other body constituents.
B.8.1.3 Changes in body function: Changes in body function during weight loss
have been summarised in the previous MAG report1. Here, some consideration is
given to the possible additional effects produced by rapid weight loss. Recent studies
in healthy subjects suggest that after 5% weight loss, there are more pronounced
changes in metabolic function (e.g. protein and glutathione kinetics), and more
detrimental effects on physical function (muscle fatigue, physical activity level,
certain aspects of taste sensation), and psychological function (energy, fatigue,
sleepiness, contentedness) in those losing weight rapidly (through total starvation)
than those losing a similar amount of weight more slowly176, 177, 209. Several studies
have reported functional changes as a result of rapid weight loss of about 5% body
weight induced by dietary intake of 0-40% of normal intake, whereas the same
weight loss over 6 months can be regarded as part of the normal intraindividual
variation in weight, which is associated with normal body function. Measured or
likely loss of weight close to 5% body weight has been reported to produce the
following changes: reduced treadmill endurance in lean subjects210; adverse changes
in maximal force and relaxation following electrical muscle stimulation in obese
subjects211; abnormalities in intestinal permeability to mannitol in lean and obese
subjects; and reduced ventilatory responses to hypoxaemia212, which may be
important in those at risk of respiratory failure. Even 24 hours of fasting has been
reported to produce poorer performance on a low processing load tapping test
(although other cognitive function tests were preserved213). However, in the presence
of stress, such as military evasion exercises, cessation of nutritional intake is followed
by performance decrements and psychological changes within 24 hours214. Changes
in immune function tests are demonstrable after 5-10% of rapid weight loss215-217.
Clinical studies also suggest that wound healing is affected more by a reduction in
recent dietary intake of up to a week (associated with rapid weight loss) than
chronic protein-energy status29. Furthermore, the reported benefits of perioperative
nutritional supplements in reducing complications such as wound infections in
patients with a BMI >20 kg/m2, can be explained by effects on tissue/cell function
(e.g. immune and inflammatory function) that are not entirely dependent on changes
in the fat-free mass.
B.8.2 Weightings of weight loss, acute disease effect and BMI categories in
‘MUST’
In ‘MUST’, BMI, weight loss, and acute disease effect categories are given equal
weighting. This requires justification not only on qualitative grounds (section A of
this report), but also on quantitative grounds.
• Weight loss, BMI, and acute disease effect can be viewed as reflecting the
‘journey’ of the patient from the past (weight loss), to the present (current BMI)
and into the future (likely effect of disease). This ‘journey’ is analogous to the
temporal framework of thinking used in making diagnoses and dealing with
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clinical problems. Optimal assessment and care are achieved when all three
components of the journey are considered.
• Each of the three components of ‘MUST’ can occur independently as indicated
by the following three examples: i) Low BMI A person with anorexia nervosa and
very low BMI, who is weight stable and has no acute disease ii) Weight loss
A person with unintentional loss of 15% body weight which is continuing but
has not yet resulted in a BMI <20 kg/m2 (the underlying disease process will
result in malnutrition if it has not already done so) iii) Acute disease effect A
person admitted to hospital with a normal BMI, and no history of weight loss,
who has been unable to, or prevented from, eating or swallowing for a week (and
is likely to remain in this state) and has probably already developed or is at risk
of developing malnutrition. Since each of the three components of ‘MUST’ can
have important detrimental effects on physiological function and clinical
outcome (see below, section B.3 and previous MAG report1), which can be
demonstrated statistically (see next bullet point), it is reasonable to assign an
important weighting to all of them.
• Each of the three components of ‘MUST’ can be shown to have statistically
significant effects when considered individually or together. The components
appear to vary in importance according to patient group, outcome variable, and
healthcare setting (e.g. an acute disease effect does not normally apply for
patients attending GP clinics, outpatients or in the community). Therefore, a
broad range of considerations needs to be given to the scoring system of general
screening tools. Examples of the independent predictive value of the individual
components of ‘MUST’ are given below using sub-category analysis of data
presented in Tables B.2 and B.3. In all of these examples, ‘MUST’ categorisation
was found to be significantly related to mortality and length of stay in hospital,
and number of GP visits by non-hospitalised patients. The individual components
had variable predictive value depending on the circumstance.
(i) Outcome according to scores of individual factors Mortality in wards for the
elderly was significantly affected by BMI, weight loss, and acute disease
effect categorisations (Chi square test and binary logistic regression). In
contrast, only the acute disease categorisation predicted length of hospital stay
in the same ward (using the Kaplan Meier procedure to take into account any
confounding effects of mortality). In orthopaedic wards, length of hospital
stay was found to be independently related to BMI, weight loss and acute
disease categories. The most significant results were obtained using the BMI
category and the least significant using the weight loss category (not
significant when only two weight loss categories were considered, according
to whether weight loss was greater or less than 5% of body weight). A
secondary analysis of the National Diet and Nutrition Survey of nonhospitalised individuals aged 65 years and over revealed that more than half
of the subjects visited their GP in the previous three months. Of those who
did, the number of visits was significantly related to both BMI and weight
loss categories, (e.g. BMI less or greater than 20 kg/m2; and weight loss
greater or less than 3.3 kg (7 1b) in the previous 3 months) (analysis of
variance). In all the above examples, the outcome measures were significantly
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related to malnutrition risk category (both ‘MUST’3 and ‘MUST’2), which
incorporates all the individual components described above.
(ii) Outcome according to categories of more than one factor considered
simultaneously Using multivariate models in which two or more factors can
be considered simultaneously, mortality in the elderly ward was significantly
related to both acute disease and weight loss categorisation (binary logistic
regression). BMI categorisation was not significantly related to mortality in a
model that already included acute disease categories and weight loss
categories. In contrast, length of stay in the same ward was significantly
related only to acute disease category, even when BMI and weight loss
categories were already taken into account (Cox regression to take into
account the confounding effect of mortality on length of hospital stay). In the
orthopaedic ward, length of hospital stay was related only to acute disease
categorisation. BMI and weight loss categorisation had no significant
additional effects. In contrast, in the community study, both BMI and weight
loss categorisation had independent predictive effects (and no significant
interaction) on the number of GP visits (two way analysis of variance).
In summary, the assignment of equal weightings to the three components of
‘MUST’ can be justified on the basis of an overall consideration of the clinical,
physiological and statistical issues raised above. The MAG committee decided to
use equal weightings in order to simplify application of the tool. This decision was
reinforced by considering the type of criteria used and results obtained by other
screening procedures, which are summarised below.
Some screening tools, even those that apply to the same setting, focus only on
anthropometry (typically BMI or a weight-for-height index), whilst others focus only
on changes in anthropometry (e.g. changes in body weight or arm circumference).
Others emphasise the diagnosis and disease effect. Presumably this reflects the
importance assigned to these individual items by the authors. It would seem
reasonable to attempt to combine all three components in general screening tools.
The Mini Nutritional Assessment (MNA) and Subjective Global Assessment (SGA)
tools are amongst the most well tested with respect to prediction validity, such as
complications after surgery, discharge destination, and mortality. Using the MNA,
Murphy et al72 found that in a group of older orthopaedic patients, BMI was the best
predictor of the overall score (accounting for 52% of the variance) and weight loss
was the next best predictor, accounting for an additional 10% of the variance, with
other items making much smaller contributions. Using the SGA in a group of
surgical patients, depletion of subcutaneous fat and muscle wasting (both
contributing to thinness) were found to be the best predictors of the overall SGA
class159. In liver transplant patients182 the final SGA score was found to agree better
with muscle and fat depletion than weight change. In dialysis patients aged 35-75
years190 the SGA results again correlated well with BMI (r = 0.77) and MUAC
(r = 0.71). In a group of patients admitted to medical and surgical gastroenterology
services181, weight loss and the underlying illness were reported to have the greatest
influence on the final score, although anthropometry was also related to the final
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score (% ideal body weight, % ideal MUAC, % ideal triceps thickness). Using
another tool in the elderly, Nikolaus218 reported that weight loss correlated with the
results, although BMI was not included in the assessment. In a more recent study74,
involving patients admitted as an emergency to medical, surgical and orthopaedic
wards, weight loss of >10% in the previous 3 months was found to be a significant
predictor of mortality. MUAC was also a significant predictor of mortality, whereas
BMI was not. This is probably partly because patients with missing BMI values had
a worse outcome than those with measured BMI values, and partly because there
were two-fold more patients with MUAC than BMI measurements, which provided
more statistical power when MUAC was used. In this study none of the above
indices (weight loss, BMI and MUAC) were found to be good predictors of length
of hospital stay.
There is currently insufficient information to make confident universal judgments
about the severity of malnutrition according to overall ‘MUST’ scores between 2 and
6, all of which classify the patient into the high risk category. A higher score would
be expected to indicate higher severity or risk of malnutrition than a lower score, but
this is not always the case. This is because individual components of ‘MUST’ can
only contribute a maximum score of 2 irrespective of the severity of the abnormality.
Individuals with very severe malnutrition due to one component may have zero score
contributions from the other two components (see also section C.4.4).
B.8.3 Lower boundary BMI values for the elderly
The criteria used to establish the lower BMI cut-off point for malnutrition risk have
been presented in some detail in the first MAG report1. They are consistent with a
WHO report on loss of physiological function in relation to BMI2, and are largely
based on loss of pathophysiological function and wellbeing as BMI decreases.
However, a wide range of BMI cut-off points have been used to indicate
malnutrition in older subjects, ranging from <17 to <24 kg/m2. This makes an
enormous difference to the prevalence of malnutrition in the general population
(from ~1% to 35-40% respectively), its management, and its associated healthcare
costs. Therefore, there is a need to consider the reasons for the apparent confusion.
B.8.3.1 Different clinical and public health perspectives: This confusion appears to
have arisen from two major sources: difficulties associated with establishing a lower
boundary BMI cut-off value and inappropriate extrapolations to clinical practice of
BMI cut-off values obtained from some public health initiatives.
• The BMI cut-off values for public health purposes are primarily intended for
groups of subjects without overt disease, whilst in clinical practice they are
primarily intended for individuals with established disease.
• In public health, BMI is typically used to aid prediction and prevention of
mortality, often over many years (e.g. 10 or even more than 20 years later)219,
mainly from cardiovascular disease. In clinical practice BMI is typically used to
aid prediction of current nutritional status and body function, and likely response
to treatment, often over a much shorter time frame.
• The public health and clinical/physiological approaches may not necessarily
yield the same BMI cut-off values. Furthermore dietary advice to patients with
disease may be very different from that given to healthy subjects, both in
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quantitative and qualitative terms. It may take a conscious effort to recommend
energy dense foods, which are often rich in fat, to underweight individuals, or
even a high salt diet to patients with gastrointestinal effluents, because these are
not generally recommended for healthy individuals.
The clinical and public health perspectives reflect different approaches to BMI cutoff points. In addition, establishing a lower boundary BMI using the public health
epidemiological approach has been particularly problematic, with the result that the
values (to indicate underweight or malnutrition) have ranged from about 19 to as
high as 27 kg/m2220, not only in those aged over 65 years, but also in those less than
65 years221. Among the variables that contribute to the uncertainty are the following:
• Some studies consider the overall combined mortality from cardiovascular and
non-cardiovascular diseases (all cause mortality), whilst others consider only
cardiovascular disease (or myocardial infarctions)222. The BMI-mortality
characteristics of cardiovascular diseases may be different from those of noncardiovascular diseases223, 224.
• Racial differences exist, for example black Americans are reported to have a
higher mortality at a given BMI than Caucasians225, and Pima Indians a flatter
BMI-mortality curve than Caucasians226. There has also been increasing demand
to lower the acceptable range of BMI to 18.5-23 kg/m2 for Asians227, so that
those with a BMI >23 kg/m2 can be classified as overweight, and >27 or
27.5 kg/m2 as obese.
• The period of study has ranged from 1 year to more than 20 years219.
• A variable ‘washout’ period ranging from 1 to 7 or more years has been included
in some studies220, 228, with the expectation that existing or latent disease may
manifest itself and be eliminated before measurements are started. However,
such a ‘washout period’ has not been a feature of other studies.
• Confounding variables229, 230, such as smoking and pre-existing disease, drug and
alcohol ingestion, and poverty, have been considered and controlled for in some
studies but not others, which may produce artefacts and flawed results230.
• Flat BMI mortality curves have been commonly reported in older subjects
particularly those in whom mortality has been assessed only after many years.
This makes identification of a BMI cut-off point difficult or impossible229.
• A positive relationship has been observed between BMI and mortality231,
morbidity232-234, and metabolic risk factors234, within the range of 19 and 25
kg/m2, making identification of a BMI cut-off point difficult.
• A number of studies report the BMI or BMI category associated with the lowest
mortality, but these may not be significantly different from lower or higher BMI
values that might be used more generally235.
• BMI-mortality curves in initially healthy subjects living in the community may
be different from those with established disease admitted to hospital236,
discharged from hospital237, 238, and resident in nursing homes, or combined longstay hospital and municipal homes239.
• The power of the studies has varied considerably because of the variable number
of subjects per study e.g. from 214240 to 1.7 million241.
Workers have emphasised that the scientific rationale (empirical justification) for
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establishing lower boundary BMI cut-off points from public health studies is rather
inadequate242 (but perhaps better for the upper boundary BMI value). The
application of some of these cut-off points, which were intended for initially healthy
individuals involved in public health surveys, to clinical practice, which involves
treatment of patients with existing disease, makes the scientific rationale even
weaker, as does the selective extrapolation and application of some of the high BMI
cut-off points which have been established without controlling for confounding
variables. However, public health surveys have influenced clinical practice, with the
result that some nutritional screening or assessment procedures carried out in older
patients to determine the need for nutritional support, include a lower boundary
BMI value within the range 20 to 24 kg/m2243-245. On the other hand, values between
18.5 and 20 kg/m2 are much more commonly used in clinical practice (see below).
It should also be noted that in the UK, public health surveys such as those
undertaken by the Office of Population Census and Surveys, have resisted using
elevated lower boundary BMI values. These have consistently used a BMI
<20 kg/m2 to indicate underweight in adults, including individuals aged >65 or
>75 years. In the USA, the 1990 edition of Dietary Guidelines for Americans
suggested age-specific BMI reference ranges, but these were withdrawn in the 1995
edition. This means that, apart from the 1990 edition, lower and upper boundary
BMI values of about 19 kg/m2 and about 25 kg/m2 respectively have been
consistently recommended.
B.8.3.2 Lower boundary BMI values in clinical practice: Many organisations,
agencies, and workers involved with nutritional care recommend a BMI cut-off
value between 18.5 and 20 kg/m2 for a range of ages, including older subjects
(>65 years) who account for up to about half the population in general hospitals
and more than 90% of the population in nursing homes.
In the UK these recommendations include those provided by an independent
Consumers Association, which has separately reported on the management of
malnutrition in hospital246 and community247, the Royal College of Physicians of
London40, and the National Prescribing Centre162. This is echoed by
recommendations outside the UK. For example the ASPEN Board of Directors in
America suggests a BMI <18.5 kg/m2 to indicate underweight in their report on
evidence-based best approach to practice of nutritional support248. There are also a
large number of nutrition screening tools, which incorporate BMI cut-off values
between 18.5 and 20 kg/m2, and are commonly used in the elderly. Furthermore, a
wide range of healthcare professionals working in different countries and different
healthcare settings also use a BMI cut-off value within the range 18.5-20 kg/m2,
either alone or in combination with other criteria for detecting malnutrition.
Therefore, these BMI cut-off values have been applied either exclusively to older
subjects or groups of subjects that include older individuals12, 16, 34, 59, 64, 81, 156, 249-262.
Some workers recommend or use even lower cut-off values for the elderly e.g.
17 kg/m2 for geriatric patients in general263, or 18 kg/m2 in nursing homes264. The
Mini Nutritional Assessment (MNA), which was originally developed for older
subjects, but subsequently applied to younger subjects, uses a BMI <19 kg/m2 as a
marker of severe underweight. However, it also incorporates increasing risk of
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malnutrition between a BMI of 23 and 19 kg/m2158, and also mid-upper arm
circumference values of <22 and <21cm (which are normally obtained from
subjects with a BMI <20 kg/m2) as cut-off points for malnutrition. Other workers
use a single BMI cut-off value of <21 kg/m2265 and sometimes higher values (see
above) to indicate malnutrition in the elderly.
In concert with a large body of clinical recommendations, opinions, and clinical practice,
and for the sake of simplicity, the MAG tool uses a lower boundary BMI value of 20
kg/m2 to indicate the clinical risk of underweight, which becomes even greater below
18.5 kg/m2. These cut-off values are based on physiological and clinical observations on
loss of body function as BMI decreases, the apparently normal body function in many
older subjects with a BMI above 20 kg/m2 (e.g. 20-24 kg/m2), and randomised controlled
trials showing benefits of nutritional supplementation with feeds containing energy,
protein, and a mixture of other nutrients. These trials suggest that benefits are much more
likely in older subjects with a BMI <20 kg/m2 than >20 kg/m2, especially in the
community29. Since BMI is a weight-for-height index, it is obviously a better measure of
thinness or wasting than weight alone. Subcutaneous fat and muscle wasting has long
been used as a marker of poor body function and clinical outcome. Severe forms of
wasting are easy to identify clinically; less severe forms may be less easy to identify,
especially since different observers obtain different subjective impressions. However,
simply noting the presence of wasting can complement objective weight-for-height
indices of thinness. The limitations to obtaining and interpreting BMI are discussed in
section C.3 of this report.

B.9 Annexe 2: Kappa (Cohen’s kappa)
This is a chance corrected measure of agreement that can be applied to two or more
categories obtained by two or more observers, although most studies involve only two
observers. Therefore, it is measure of reliability, with a value of 1 denoting perfect
agreement, a value of 0, no agreement, and a value of -1, perfect disagreement.
Because agreement between observers can occur by chance, the kappa values are
lower than the observed proportion of agreements. Unlike kappa, weighted kappa
takes into account the extent of disagreement. Weighted kappa has been used in this
report to take into account the extent to which malnutrition risk categories disagree
with each other, when the same patients are assessed by two different observers. For
example, when there are three possible categories, disagreement may vary by either
one or two categories i.e. either low/medium or low/high risk of malnutrition. The
greater discrepancy (low/high) will produce a lower weighted kappa statistic than the
smaller discrepancy (low/medium), whereas the kappa statistic will remain the same.
When the discrepancy involves only one category, weighted kappa is typically slightly
greater than kappa. Landis and Koch179 have suggested the following interpretation of
kappa (and weighted kappa): kappa <0.4, poor agreement beyond chance; kappa 0.40.75, fair to good agreement beyond chance; and >0.75, excellent agreement beyond
chance. Other guidelines for interpretation are also available, but if kappa values are
>0.80, the agreement can be taken to be very good or excellent.
Calculations can be undertaken to establish appropriate sample sizes in studies involving
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kappa266. For example, to obtain a kappa value that is 0.3 units higher than 0.50, with
80% power and significance of p< 0.05, a sample size of 50 subjects will be required
(using two observers and two categories, and a prevalence of malnutrition
(medium+high risk) of 20%). The number of subjects required becomes larger when the
hypothesised differences in kappa values or the prevalence of malnutrition are smaller.

C
Guidance on undertaking and interpreting
measurements obtained using ‘MUST’
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C.1 Aims
The aim of this section of the report is to provide guidance on undertaking
measurements, and in using and interpreting ‘MUST’ when it is applied to a wide
range of circumstances.

C.2 Undertaking measurements
C.2.1 Establishing BMI category
C.2.1.1 Weight: A wide range of weighing machines are available (standard standon scales’, chair scales, wheel chair scales, and ‘harness’ scales for individuals who
are bed bound), and the weighing procedure varies with the machine. Whenever
possible, it is advisable to use clinical scales that are regularly calibrated (e.g.
annually) (see footnote to table A.8), and the same weighing machine for repeat
measurements on the same patient. The operator should check if the machine is
calibrated to zero before the subject is weighed. (See also ‘MUST’ Explanatory
Booklet).
Surrogate ‘measure’ Self-reported (recalled) weight can be used as a surrogate for
measured weight, and its use is supported by hospital and community studies (see
section B.3.4.1 ). However, a study of free-living individuals in the USA suggests
that distortions in self-reported weight can occur, affecting obese individuals to a
greater extent than lean individuals267. This was not found to be a particular problem
in hospitalised patients in medical, surgical and elderly wards in England (see also
section B.3.4.1). Obvious problems in recalling weight can occur in confused
patients.
C.2.1.2 Height: The subject should stand with feet flat on the base plate (no shoes),
heels against the rod and body straight and stretched. Ideally, the measurement
should be made with the head in the Frankfort plane. This is achieved by tilting the
head forward until the top of the external ear canal and the top of the lower bone of
the eye socket are in a horizontal plane, parallel to the floor. The head-plate is
lowered until it gently touches the top of the head. It is possible to measure height
using a lightweight, portable, infrared measuring device. This involves placing the
device over the head of the subject, who stands on a reflective surface, so that the
infra-red radiation can be reflected back to the detector of the instrument. Details of
this procedure and its validity have been described in the previous MAG report1. It
is also possible to measure the length of bed-bound patients on a firm bed, whilst
lying flat on their back with a straight body. Height and surrogate measures of
height are of little value in establishing BMI or BMI categories, if weight is not
available (see alternative procedure below for establishing BMI from mid-upper
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arm circumference (MUAC)).
Surrogate measures When height measurement is not possible, recalled height can
be used, and, although it tends to overestimate measured height (~2 cm in
hospitalised patients; see also section B.4), this makes little difference to the BMI
categorisation (and for simplicity, a correction can generally be avoided). Ulna
length, knee height, and demispan, can also be used as surrogate measures of
height, although ulna length is generally the easiest and quickest to perform in sick
patients. The surrogate measurements are made on the left side, because they were
validated on the left side, with the exception of demispan, which was validated on
the right side91. However, since no systematic differences have been found between
the left and right side, either side can be used.
(i) Ulna length This measurement is facilitated by bending the arm diagonally
across the chest with palm facing inwards and the fingers pointing towards the
shoulder. If this is not possible, other positions can give the same or virtually the
same results. A measurement is taken between the central and most prominent
parts of the styloid process and the centre (tip) of the bony prominence
(olecranon) at the elbow. Tentative equations obtained from 229 subjects aged
<65 years (117 men, 107 women) and a further 210 subjects aged > 65 years
(112 men, 98 women) are as follows:
Men <65 years:
Men >65 years:
Women <65 years:
Women >65 years:

Predicted height (cm) =
Predicted height (cm) =
Predicted height (cm) =
Predicted height (cm) =

79.2 + 3.60 ulna length (cm)
86.3 + 3.15 ulna length (cm)
95.6 + 2.77 ulna length (cm)
80.4 + 3.25 ulna length (cm)

(ii) Knee height The person sits on a chair with their leg supported so that the knee and
ankle are each bent to a 90° angle (no footwear). The observer places the flat of their
hand along the thigh perpendicular to the shaft of the fibia, with a tape measure between
their fingers so that a vertical height can be measured to the floor (bottom of heel) on the
lateral side of the leg in the same plane as the lateral malleolus (bony prominence above
the aspect of the ankle). Bed-bound patients should lie supine with the knee and ankle
each bent to a 90° angle. The procedure with the tape measure is an adaptation of a
technique that employs a caliper. The observer places the fixed blade of the caliper under
the heel of the foot. The shaft of the caliper is positioned so that it passes over the lateral
malleolus and just posterior to the head of the fibula. The movable blade (or a tape - see
below) is placed over the anterior surface of the thigh above the condyles of the femur,
about 4 cm proximal to the patella. The shaft of the caliper is held parallel to the shaft of
the tibia and pressure is applied to compress the tissues. The procedure is carried out
with a simple tape measure instead of the caliper, with little loss of accuracy.
The following equations have been developed for estimating height (cm) for
white Americans aged 60-90 years90, 268 and 18-60 years269:
Men 18-60 years:
Men 60-90 years:

Predicted height (cm) = 71.85 + (1.88 x knee height (cm)
Predicted height (cm) = 59.01 + ( 2.08 x knee height (cm)
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Women 18-60 years: Predicted height (cm) = 70.25 + (1.87 x knee height (cm)) - 0.06 x age (years)
Women 60-90 years: Predicted height (cm) = 75.00 + (1.91 x knee height (cm)) - 0.17 x age (years)

The equations for women include age as a variable, whereas those for men do
not. If for simplicity a typical 'midpoint' age is used (40 years for the 18-60 year
age range, and 75 years for the 60-90 year age range), the equations become:
Women 18-60 years:
Women 60-90 years:

Predicted height (cm) = 67.85 + (1.87 x knee height (cm)
Predicted height (cm) = 62.25 + (1.91 x knee height (cm)

The first and second equations are biased by 0.6cm and 1.7 cm for each decade
deviation in age from these ‘midpoint’ values.
A quick and simple way of estimating height in both men and women aged 60-90
years involves using the following equation (double knee height (cm) and add 60
cm):
Men and women:

Predicted height (cm) = 60 + (2 x knee height (cm))

This equation tends to give values that are 2.5-3.0 cm higher than those obtained
by the specific equation for women, and 2.5-3.0 cm lower that those obtained by
the specific equation for men.
(iii) Demispan The measurement technique, adapted from the Office of Population
Censuses and Surveys91, can be undertaken on patients sitting on a chair or lying
in bed, but formal comparisons with the original one, which is carried out against
a wall, (see below) do not appear to have been published. There is little point in
measuring demispan against the wall in patients who can stand because they can
have their height measured directly (unless there is no stadiometer).
Eligibility: All adults are eligible except those who cannot straighten either arm
and those with severe curvature of the spine, in whom the normal heightdemispan relationships do not apply. Preparing the subject: Remove clothes or
other items that might interfere with measurement. Find a wall where there is
room for the subject to stretch his/her arm, and ask him/her to stand with weight
evenly on both feet, head facing forward. The subject should raise the right arm
until it is horizontal with the wrist in neutral rotation and neutral inflection. The
observer's left arm is rested against the wall allowing the subject's right wrist to
rest on the experimenter's left wrist. Marking the sternal notch: With the subject
standing in the correct position the centre of the sternal notch is marked. Taking
the demispan measurement: Place the hook of the tape measure (or the end of the
tape measure if a hook is not available) between the middle and ring fingers so
that the tape runs smoothly along the arm. Ensure the arm is horizontal with the
wrist in natural flexion and rotation. Extend the tape to the sternal notch. Take
the measurement, checking that there is no flexion at the wrist or shoulder. Ask
the subject to relax, and repeat the measurement. Further details are found in
Annexe B of OPCS91.
Reference equations from the UK population91:
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Men (16-54 years):
Men (>55 years):

Predicted height (cm) = 68 + (1.3 x demispan (cm))
Predicted height (cm) = 71 + (1.2 x demispan (cm))

Women (16-54 years): Predicted height (cm) = 62 + (1.3 x demispan (cm))
Women (>55 years): Predicted height (cm) = 67 + (1.2 x demispan (cm))

It is possible to average the constants from the above equations so that the same
equations can be used for both age ranges and/or sexes. However, they are
associated with greater errors.
Men & women 16-54 years:
Men & women >55 years:
Men >16 years:
Women >16 years:
Men & women >16 years:

Predicted height (cm) = 65 + (1.3 x demispan (cm))
Predicted height (cm) = 69 + (1.2 x demispan (cm))
Predicted height (cm) = 69.5 + (1.25 x demispan (cm))
Predicted height (cm) = 64.5 + (1.25 x demispan (cm))
Predicted height (cm) = 67 + (1.25 x demispan (cm))

This last equation underestimates by 2.5 cm the values obtained by the equation
for men >16 years, and overestimates by 2.5 cm the values obtained by the
equation for women >16 years. There are also, of course, extra errors associated
with prediction of individual values.
There are currently no guidelines about the extent of spinal curvature that would
invalidate the measurement of height, but it should not be estimated in this way
in individuals with severe or obvious kyphosis and scoliosis. In this situation, the
BMI that would exist in the absence of spinal curvature (ÒBMIÓ) can be
estimated using surrogate measures of height or self-reported maximum height
achieved during adult life (assuming spinal curvature was absent for part of adult
life - for discrepancy between self-reported and measured height, see also section
B.3.4.1(i)). Measurements of MUAC can also be used to establish ÒBMIÓ
categories in this situation without the need to estimate height. The equations
that convert surrogate measurements to height in the elderly already take into
account the small decrease in height that occurs as a result of minor
kyphosis/scoliosis and reduction in joint space during their lifetime. Therefore,
age specific equations relate to actual height rather than maximum height
achieved during adult life. The surrogate measures of height may also be difficult
to undertake in uncooperative patients, such as confused or demented
individuals, but ulna length can be carried out with least difficulty.
C.2.1.3 BMI: (i) BMI (weight (kg)/height2 (m2)) and BMI categories These can be
obtained using the BMI chart provided with the tool (Fig B.1). The tables provided
also allow a quick and exact classification of subjects into BMI categories.
(ii) Surrogate measures Ideally, measured weight and height should be used to
establish BMI and BMI categories, but surrogate measures of weight and height can
also be used (see above). When none of these procedures is possible, BMI categories
can be estimated using MUAC. Since this measurement provides an approximate
guide, only cut-off values for underweight (BMI <20 kg/m2) and obese (BMI>30
kg/m2) are provided (MUAC < 23.5 cm and >32 cm respectively).
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Mid-upper-arm circumference (MUAC)20: This measurement is made with the
participant standing or sitting, with the arm bare, and the elbow placed across the
body, at right angles to the upper arm. The top of the shoulder (acromial process)
and the tip of the elbow (olecranon process) are identified and the mid-point between
these is also identified and marked. The subject's arm is then allowed to hang loosely
by the side, and the circumference is measured at the marked mid-point.
In undertaking the measurement, the tape is in contact with the upper arm around its
entire circumference, perpendicular to the length of the arm. The tape is not pulled
tightly enough to compress the underlying tissue.
C.2.2 Establishing weight loss category
The technique for measuring weight is described in The ‘MUST’ Explanatory
Booklet and section C.2.1.1 (see also www.bapen.org.uk). When weight
measurements are not possible, a history of weight change may be valuable (see
section B of report), although it is recognised that some patients recall their weight
with uncertainty and inaccuracy. It is also possible to obtain a subjective impression
of weight loss or gain from recent history of either loosely fitting or tightly fitting
clothes and jewellery. Consistent and careful measurements of MUAC, indicating at
least a 10% reduction, also suggests significant weight loss.

C.3 Interpretation of BMI, weight loss and acute disease categories,
and overall risk of malnutrition
C.3.1 BMI category
The categorisation of ‘risk’, as indicated by ‘MUST’, can be overridden by clinical
judgment.
C.3.1.1 Constitution: Some perfectly healthy adults are constitutionally thin and
have a BMI <20 kg/m2 (this is most common in young adults up to 25 years13). It is
also possible for a very muscular individual (body builder) to have a BMI of
30 kg/m2, which is at the lower end of the obese range, and not have excess per cent
body fat.
C.3.1.2 Fluid disturbances (oedema/dehydration): It is difficult to quantify the
amount of excess extracellular fluid on clinical grounds, but the following can act
as a very approximate guide: clinical detection of oedema is generally believed to
require ~2kg extra fluid (3% body weight in a 70kg person); moderate oedema (or
ascites), more than 5 kg extra fluid; and severe oedema, more than 10kg extra fluid.
A low BMI in the presence of oedema indicates that the patient may be substantially
more underweight than the actual BMI would indicate. Since oedema generally
affects the upper limbs to a smaller extent than the lower limbs and trunk, MUAC
can be a valuable aid in indicating risk of malnutrition even in the presence of
oedema (see section B.3.4.1 for suggested cut-off values). However, in the presence
of severe oedema, the upper arms are also affected, limiting the value of MUAC to
predict underweight. Signs (and symptoms) of dehydration can also present after
> 3% change in body weight (> 2kg fluid loss in a 65-70 kg person)270, usually in
association with decreased urine output, unless the dehydration is induced by
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Table C.1 Recommended total weight and weight gain ranges for pregnancy according to prepregnancy body mass index (BMI) and deviations in weight gain that require further evaluation‡

BMI category
Recommended total
(pre-pregnancy) weight gain
Mean
range
(kg/m2)

(kg)

Recommended weight
weight gain in 2nd & 3rd
trimesters (kg/week)

(kg)

(kg/week)

12.5- 18.0
11.5-16.0
7.0-11.5

0.5
0.4
0.3

Weight gain in
2nd & 3rd trimesters
requiring further
evaluation
(kg/month)

Single
pregnancy110 287
BMI
BMI
BMI
BMI

<19.8
19.8-26.0
26.0-29
>29.0

15.3
13.8
9.3
> 6.8†

<1 & >3
<1 & >3
<0.5† & >3

Twin
pregnancy287 288
22.7

0.7-0.75

‡ (i) Pre-pregnancy BMI: the pre-pregnancy weight categories recommended by the Institute of Medicine for the
purposes of pregnancy, are similar to those used by 'MUST' in other situations
(ii) Weight change during pregnancy: The Institute of Medicine110, 287 recommends a) the weight gains
indicated, which are endorsed by the American Dietetic Association289 b) that young adolescents and black
women should aim for gains at the upper end of the recommended range. Short women (<157 cm) should
strive for gains at the lower end of the range c) that slightly lower or higher rates of weight gain than those
indicated should not cause alarm, as long as there is a progressive increase in weight that approximately
equals the recommended rate of weight gain. In general, weight loss, especially persistent unintentional
weight loss during the second trimester of pregnancy, is a cause of concern. (Weight gain during the first
trimester is small (approximately 2 kg on average)). These recommendations have important limitations and
should be considered as approximate and tentative, since manipulation of the mother's diet to obtain
'optimal weight gain' has not, as far as we aware, been demonstrated by experimental evidence to produce
optimal perinatal outcome (considered problematic by some workers). It is also recognised that a desirable
maternal weight gain does not ensure adequate fetal growth, which can be assessed by ultrasound.
Assessment of placental function can also be valuable.
(iii) Acute disease effects: acute disease effects are especially relevant in pregnancy.
(iv) MUST: By analogy to 'MUST' ('MUST'2 - 2 categories, low and medium/high risk) categories, women who are
underweight initially and deviate in weight gain by a greater amount than indicated, should generally be
evaluated further. A more detailed scrutiny should also be made for women who are overweight before or
during early pregnancy (especially if obese, although management may vary according to local policy),
when there is an acute disease effect, and when there is clinical concern.
† It is recognised that many obese women with good pregnancy outcomes gain less weight than 6.8 kg.

diuretics. Death from dehydration occurs after a weight loss of more than ~15%
body weight. Short-term changes in body weight (e.g. over a day) reflect changes in
fluid status rather than nutritional status. Correction of dehydration or overhydration
can allow a more accurate measurement of BMI. A more subjective judgment of
weight status can also be made by inspection of the patient so that they can be
classified as thin, acceptable weight and overweight (including obese).
C.3.1.3 Muscle wasting due to prolonged immobility and neurological conditions:
Loss of muscle can occur as a result of neurological diseases, even in the presence
of adequate nutrition. Muscle is the single largest tissue of the body (40% of body
weight in the reference 70 kg man and 29% body weight in the reference 58 kg
woman271). Wasting from immobility and severe neurological diseases can produce
a weight loss of up to, and sometimes in excess of, 5-10% body weight over 6
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months.
C.3.1.4 Pregnancy: Pre-pregnancy weight and BMI Pre-pregnancy BMI
categories recommended by the Institute of Medicine110 are similar to those used in
‘MUST’ (Table C.1). The Institute of Medicine also acknowledges that it is difficult
to establish BMI cut-off points specifically for pregnancy, especially since the
relationship between pre-pregnancy weight and various fetal and maternal outcomes
is generally considered to be linear, with no striking threshold at either ends of the
weight distribution. Therefore women in the lowest BMI category (<19.8 kg/m2)
prior to or during early pregnancy tend to have the lowest birth weight infants. A
WHO report suggests that some consideration should also be given to population
specific references, especially in those with marginal protein-energy status.
In situations where pre-pregnancy weight is not available, self-reported prepregnancy weight can be used with good effect (correlation with documented weight
was found to be 0.98), although overweight girls tend to underestimate their prepregnancy weight272. Another approach is to use MUAC to establish BMI category.
This is because it is relatively stable throughout pregnancy, including late pregnancy
(total increase usually less than 0.5cm), according to a study reported by the Pan
American Health Organization111. A World Health Organisation report also
acknowledges that MUAC is largely independent of gestational age and can be
regarded as a proxy for the maternal pre-pregnancy (or early pregnancy) value108.
MUAC is also affected less by excess fluid than lower limb circumferences.
Individual studies have used cut-off values of 21-24 cm to predict neonatal
outcome108 111. One study in Brazil used a cut-off value of 23.5 cm to predict low
birth weight with a sensitivity of 77% and specificity of 71%. The relative stability
of MUAC during pregnancy is associated with the preferential deposition of fat at
sites other than the arm273, such as upper thighs and back, a pattern that has been
observed in different populations108. A US study reported virtually no change in
triceps skinfold thickness during pregnancy in a group of over 500 women273 in any
of the BMI categories, which ranged from underweight to overweight. A smaller
study of 29 normal weight women in England confirmed this (BMI 19.8-26.0
kg/m2)274, but also noted a small increase in triceps and biceps skinfold thicknesses
(about 0.4 and 0.8 cm respectively at 36 weeks of pregnancy - NB skinfold thickness
measured by a caliper is essentially equivalent to twice skin + subcutaneous fat
thickness in vivo). This is not likely to be a problem when MUAC measured during
pregnancy is used to predict pre-pregnancy underweight. MUAC obtained from
overweight or obese individuals at the beginning of pregnancy (and whose MUAC
increases further during pregnancy) are unlikely to be classified as underweight
before or at any stage during pregnancy. In ‘MUST’, MUAC is not used to establish
BMI, but to establish BMI category (especially BMI <20 or 19.8 kg/m2)).
The combination of BMI, weight change, and acute disease categories (section
C.3.2.4) is considered in Table C.1. Care should be taken when using ‘MUST’ in
pregnancy.
C.3.1.5 Amputations: The approximate weights of limb segments as a proportion of
body weight, based on cadaver analysis275 are indicated below. The values for upper
and lower limbs agree closely with those obtained by whole body scanning
techniques, such as dual energy X-ray absorptiometry.
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Table C.2 Typical weights of plaster casts

Name of Cast

Notes

POP*

Synthetic

POP &
Synthetic
(kg) †

(kg)

(kg) †

0.3
0.4
0.45
0.4
-

0.2
0.25
0.2
-

Half a cast

0.6
0.6

-

-

Full cast
If used, usually in elderly. Goes over
the shoulder

0.7
0.6

0.4
-

-

-

-

1.1

1.1
1.2-1.5

0.5

-

-

-

Arm
Below elbow backslab
Below elbow
Bennetts / Colles
Smiths / Scaphoid
Above elbow complete
backslab
Above elbow backslab
Above elbow cylinder
backslab
Above elbow
U slab

Half a cast usually immediately post
surgery. For neutral or volar positions
Full cast for neutral position
Similar to below elbow

0.4

Leg
Below knee complete
backslab
Below knee backslab
Below knee
Above knee complete
backslab
Above knee backslab
Above knee
Cast brace

Half a cast
Includes wt & non-wt bearing, fullequinus, semi-equinus casts

Half a cast
Includes wt & non-wt bearing, cylinder)
POP including hinges

2.0-4.0
2.4-4.4
3.0

0.9-1.1
-

2.1-3.1
-

Back
Jacket (standing, cotrel table)
Hip spica

2.8
2.8

-

-

*POP - Plaster of Paris
† Some variation in weight occurs depending on the manufacturer.
This table was devised to aid the estimation of weight of patients with a cast in situ, using the materials as would
be used by the plaster room technicians. If ranges are given, these are for an average to heavy patient.
Materials prepared by Sarah Knight (Orthopaedic technician Southampton General Hospital) and Claire King
(research fellow)

Upper limb: 4.9% (upper arm 2.7%; forearm, 1.6%; hand, 0.6%)
Lower limb 15.6% (thigh 9.7%; lower leg 4.5%; foot 1.4%)
Therefore, a man without an entire lower limb would weigh 1.18 times more if he
had the limb, and a person without an entire upper limb would weigh 1.05 times
more if he/she had the limb. However, amputations usually involve loss of variable
sections of limbs (e.g. below knee amputation) and, although estimation of the
missing weights may be difficult to estimate accurately, the above figures can be
used as an approximate and, for most purposes, adequate guide.
C.3.1.6 Patients with plaster casts: The extent to which body weight is
overestimated by the presence of casts in orthopaedic patients depends on the size
and type of cast. The cast-free weight of such patients can be calculated
approximately using table C.2. The synthetic casts for various types of body
fractures generally weigh less than 1 kg and are unlikely to alter the BMI category.
The Plaster of Paris casts for the upper limbs also generally weigh less than 1 kg,
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although some of the casts for the lower limb and back weigh between 1 and 4.5 kg
(Table C.2).
C.3.2 Weight loss category
Cut-off values for percent weight loss are provided with ‘MUST’ (see also Figures
B.1 and B.2). Categorisation of individuals according to percent weight loss can be
confounded by several variables:
C.3.2.1 Intentional weight loss: Continuous or intermittent intentional weight loss
for obesity invalidates this classification.
C.3.2.2 Rate and direction of weight change: There is greater immediate risk of
malnutrition when 10% of weight loss has occurred rapidly, for example over 1-3
months, than when the same amount of weight is lost more slowly over 6 months.
Furthermore, a patient who has lost weight during an illness and has begun to
regain it during recovery, has a lower future risk of malnutrition than one who is
continuing to lose weight. Similarly, an obese person who is persistently increasing
in weight is at greater risk of developing co-morbidity and complications than one
with the same BMI who is weight stable.
C.3.2.3 Fluid disturbances: When there are disturbances in fluid balance, a history
of changes in appetite and presence of conditions likely to lead to weight change
can be used as part of an overall subjective assessment of malnutrition risk which
categorises patients into one of two categories (low or medium/high risk) (see also
interpretation of BMI in presence of fluid disturbances - section C.3.1.2). Large day
to day changes in body weight are useful indicators of changes in fluid balance.
C.3.2.4 Pregnancy: The standard weight changes indicating malnutrition risk in
general nutrition screening tools, including ‘MUST’, should not be employed during
pregnancy for reasons indicated in section A.7. The average weight gain at 12
weeks of gestation is only about 2 kg. After the first 12 weeks the increase in
weight is almost linear until the end of pregnancy, but the rate of weight gain
depends on the initial BMI110. Table C.1 indicates deviations that generally require
further evaluation (other locally approved charts that relate to particular populations
may also be used for this purpose). It is also suggested that the other components of
‘MUST’, such as underweight, obesity, and acute disease effects (see footnote to
table C.1) also require attention, according to local policy. Caveats to the
recommendation of the Institute of Medicine are indicated as footnotes to Table C.1.
C.3.2.5 Lactation: The weight changes during the first 6 months of lactation are
large and variable and, in the absence of intraindividual reference data, it is
suggested that alternative approaches should be used to assess risk of malnutrition
from other causes. A history of changes in appetite and presence of conditions likely
to lead to weight loss can be used, as for situations where there are fluid
disturbances. The presence of an acute disease effect can also be included in
forming an overall clinical judgment of risk, as in other situations. In this way, the
same ‘MUST'’ framework is used. Such a subjective approach is used by other
general nutritional screening tools, either with or without anthropometric
measurements. This and other issues of nutritional concern should be assessed in
more detail by a specialist in nutrition.
C.3.2.6. Amputations and plaster casts: If changes in body weight involve loss of a
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limb/limb segment or loss/acquisition of a plaster cast, corrections can be applied
using information in section C.3.1.5, C.3.1.6 and Table C.2.
C.3.3 Acute disease effect (no or unlikely to have dietary intake for > 5 days)
C.3.3.1 Disease: Absence of dietary intake for more than 5 days is a consequence of
an acute serious illness or an acute exacerbation of a more chronic illness. This is
usually obvious from a reliable history/observation, and from the expected course of
a disease. Examples include patients who are expected to remain unconscious for
prolonged periods of time, patients with prolonged ileus or swallowing difficulties,
and those who are instructed to take ‘nil by mouth’. Such a criterion is rarely met in
the community and in only a small proportion of the overall population of patients
admitted to general hospitals. Patients who fulfill such criteria (e.g. patients in
intensive care units and surgical wards undertaking major gastrointestinal surgery)
are often treated with artificial nutrition (enteral or parenteral). Patients with
prolonged partial reduction in dietary intake may also be at risk of developing
malnutrition. This risk may be detected by repeat screening (e.g. at weekly intervals
in hospital or earlier if there is concern and deterioration in the clinical condition),
but specialised units such as burns, intensive care, and neurosurgical units, that
manage such patients often have protocols for artificial nutritional support. In the
acute phase of the disease, nutritional support generally attenuates loss of lean
tissue, but repletion can take place in the recovery or convalescent phase. The
treatment aims to reduce loss of body tissue and maintain body function so that
recovery can occur more quickly with fewer complications. Most patients admitted
to typical intensive care units in the UK (e.g. those with severe disease leading to
multi-organ failure and those requiring artificial ventilation) have a high risk of
malnutrition because they are unlikely to be able to eat over the next 5 days. They
can therefore be categorised as being at high risk of malnutrition irrespective of any
difficulties in assessing BMI in the presence of major fluid disturbances. However,
some patients who are admitted to intensive care units for observation or ventilation
for short periods of time (e.g. patients who have overdosed with sedatives or
following major elective surgery, such as aortic aneurism repair) are able to eat in
less than 5 days, and are not categorised as being at high risk of malnutrition on
these grounds.
C.3.3.2 Hunger strikes and voluntary starvation Although in ‘MUST’ the absence
of dietary intake for more than 5 days is taken to be disease-related, total starvation
in the absence of disease can also have detrimental effects (see B.8 Annexe 1),
which are usually less severe in nature. Total starvation for reducing body weight is
now no longer recommended, and many health professionals do not consider
obesity to be a disease, although this view is not shared by everyone (see B.8
Annexe 1 for effects of starvation in lean and obese subjects).

C.4 Establishing overall risk of malnutrition
C.4.1 Components of overall risk
For the overall risk of malnutrition, which takes into account all items of the tool,
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see Figures B.1 and B.2 and ‘MUST’ Explanatory Booklet.
C.4.2 Risk
The categorisation is for the degree of ‘risk’ of malnutrition rather than for
‘diagnostic labeling’.

C.4.3 Rate of weight loss
Weight loss developing slowly may have more detrimental effects in a lean
indiviual than an obese individual, even when the same percent weight loss occurs
(when dietary intake is reduced, lean subjects tend to lose a greater proportion of
weight as lean tissue). Therefore, an individual with a BMI 18.5-20.0 kg/m2, who
has lost 5-10% body weight, may be at greater risk of malnutrition than an obese
individual who has lost the same proportion of body weight. In such a situation, the
thin patient is placed in an overall ‘high risk’ category of malnutrition, whilst the
obese patient is placed in a ‘medium risk’ category.
C.4.4 ‘MUST’ scores
‘MUST’ scores between 2 and 6 are all categorised as high risk. A higher score
within this category does not always imply higher risk. For example, a patient with
anorexia nervosa and a BMI of 11 or 12 kg/m2 is severely malnourished, even if
there is no acute disease effect or a history of 10% weight loss in the previous 3-6
months. However, in general a score of 6 is more likely to carry a higher risk than a
score of 2.
C.4.5 Clinical judgment
Clinical judgment is important (see notes on BMI, weight loss, and acute disease
effect categories), particularly when measurements to establish BMI and weight loss
categories are not possible. Subjective assessment may be the only means of
categorising the patient. ‘MUST’ places emphasis on the following:
• Appearance (thin, acceptable weight, and overweight) which is relevant to
weight status. Obvious wasting (very thin) and obvious obesity (very
overweight) should be noted.
• Development of loosely fitting or tight clothes/jewellery, which is relevant to
changes in weight. Changes in appetite and other risk factors likely to produce
weight change are also important (e.g. physical or psychosocial diseases or
conditions such as poverty, social isolation and disabilities that lead to
difficulties in acquiring, eating and digesting food).
• Acute disease effect (no, or unlikely to have, dietary intake for more than 5
days).
Details of this are often elicited during clinical and nutritional assessment of the
patient.
Individual patient considerations may override any general guidelines (e.g. about
active nutritional support in a patient who is imminently expected to die, or when
the clinical course of a patient is expected to suddenly change). Furthermore,
adequate care for malnutrition and obesity can be provided through different
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operational pathways, so it is necessary to take into account local policy and
availability of resources.

C.5 Training and competency
Like a variety of other procedures, it is necessary to train individuals to use
‘MUST’ at a proven level of competency (see Recommendations in section A.9.2).
Such training should begin at an early stage in a career structure (e.g. undergraduate
training) and be reinforced later (section A.9.2). Appropriate training resources for
this purpose should be available (section B.5.4).
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Review date

It is planned to review 'MUST' at the end of each year.
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