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Background: Malnutrition in patients hospitalized with a stroke have been assessed
using different nutritional screening methods but there is a paucity of data linking
risk of malnutrition to clinical outcomes using a validated tool. Aims: To identify
the prevalence of malnutrition risk in patients after a stroke and assess the predic-
tive value of the Malnutrition Universal Screening Tool (MUST) on clinical out-
comes. Patients and Methods: Using data from electronic records and the Sentinel
Stroke National Audit Programme (January 2013 and March 2016), patients aged
more than 18 years with confirmed stroke admitted to a tertiary care stroke unit
were assessed for risk of malnutrition. The association between malnutrition risk
and clinical outcomes was investigated and adjusted for confounding variables.
Results: Of 1101 patients, 66% were screened at admission. Most patients (n = 571,
78.5%) were identified as being at low risk, 4.1% (n = 30) at medium risk, and 17.4%
(n = 126) at high risk of malnutrition. Compared with low risk, patients with
medium or high risk of malnutrition were more likely to have a longer hospital stay
(IRR 1.30, 95% confidence interval [CI] 1.07, 1.58), and had greater risk of mortality
(10.9% versus 3.5%, 95% CI .03, .13). Conclusions: Prevalence of malnutrition
assessed by MUST in patients after a stroke was relatively low, but nearly a third of
patients were not screened. Patients classified as being at medium or high risk of
malnutrition were more likely to experience negative outcomes. Early identification
of this population may improve outcome if appropriate care is provided.
Key Words: Stroke—malnutrition—MUST—mortality—complications—length of
hospital stay
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Introduction

Early poststroke complications include dysphagia,
infections, recurrence of stroke, increased intracranial
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pressure, and malnutrition. Documented prevalence of
malnutrition in patients after a stroke ranges from 6.1% to
62%1 and has been shown to affect clinical outcomes.2,3
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However, in the majority of patients, malnutrition is con-
sidered an avoidable consequence of a stroke.3 The most
obvious indication of malnutrition is rapid weight loss
and this pattern of weight change is recognized as an
important predictor of poor outcomes.4 Available evi-
dence indicates that, after a stroke, a reduction in weight
of more than 3 kg, both in the short and long term can
impact on risk of mortality.5 Importantly, studies indicate
that nutritional interventions can help improve patients’
clinical outcomes if initiated early.6-8

To provide nutritional interventions to patients at risk of
malnutrition, those who are malnourished need to be identi-
fied. This can be achieved with the use of a nutritional
screening tool, as recommended by national clinical guide-
lines for stroke which advise screening for malnutrition risk
on admission and at least weekly thereafter by trained staff
using a structured tool.9 A number of studies have reported
on nutritional status in the stroke population using different
assessment methods or screening tools.2,6,8,10-15 However, a
large discrepancy exists in the tools used, time of assess-
ment, and definition of malnutrition.
There is a difference between nutritional screening and

nutritional assessment.16 Nutritional screening tools are
designed to be used as rapid and simple methods to iden-
tify those at risk of malnutrition, while nutritional assess-
ment involves comprehensive assessment of nutritional
status by trained personnel to identify malnutrition, which
can then be treated with appropriate nutritional interven-
tions.17 The most frequently used screening tool in the UK
is the Malnutrition Universal Screening Tool (MUST), a fea-
sible way of identifying patients at risk of malnutrition in
clinical and community settings,18 which has been included
in the Global Leadership Initiative on Malnutrition, a new
consensus on assessment of malnutrition.19 Although
MUST has been validated against nutritional assessment
methods and other screening tools20 in mixed patient pop-
ulations, the evidence of its predictive value in patients
after a stroke is thus far unclear.
The paucity and inconsistency of evidence on the preva-

lence of malnutrition in patients after a stroke, leaves clini-
cal practitioners with uncertainty. Therefore, the aim of
this observational clinical registry and audit was to iden-
tify the prevalence of risk of malnutrition in patients after
a stroke determined by MUST in a UK based secondary
care facility and its association with clinical outcomes
including mortality and length of stay (LoS).
Materials and Methods

This was a retrospective analysis of prospectively collected
data from local Sentinel Stroke National Audit Programme
(SSNAP) and the electronic patient record (EPR) at the
Greater Manchester Comprehensive Stroke Centre based at
Salford Royal Foundation Trust. All patients with suspected
stroke within 48 hours of onset were admitted to the stroke
unit based on location of home residence. Patients with a
confirmed stroke, aged at least 18 years and with a Salford
postcode receiving their ongoing care at Comprehensive
Stroke Centre were eligible for the study, and identified
using Salford SSNAP data. Core SSNAP data were extracted
and merged with additional data from the EPR. The clinical
parameters included patients’ characteristics, baseline nutri-
tional status including weight and body mass index (BMI);
MUST score at admission and before discharge; mortality,
National Institutes of Health Stroke Scale (NIHSS scale),
modified Rankin scale (mRS), complications and LoS. Ethical
approval for this secondary data analysis was sought from
the University of Manchester’s Ethics Committee (UREC).
As all data were collected as part of routine clinical care, fol-
lowing (proportionate) review and consideration by Univer-
sity of Manchester’s Ethics Committee, the study was given
exemption from the requirement for ethical approval as a
clinical registry, service evaluation, and audit. The extraction
of data was performed by the Information Technology
Department at Salford Royal NHS Foundation Trust using
the EPR. These data were matched with that of the Sentinel
Stroke National Audit Programme (SSNAP) database by a
member of the clinical team and fully anonymized. The
research team had access to the anonymized data only. The
study was formally registered as a clinical audit at the Clini-
cal Audit Department (reference number 2016151) at Salford
Royal NHS Foundation Trust.

MUST Score

MUST score were collected from SSNAP data. Health-
care professionals performed MUST assessment as part of
routine hospital admissions procedure and before dis-
charge. The MUST methodology used incorporates three
independent variables: BMI score (BMI >20.0 = 0, BMI
18.5-20.0 = 1, BMI ˂18.5 = 2); unplanned weight loss in pre-
vious 3-6 months (weight loss ˂5% = 0, weight loss 5-
10% = 1 and weight loss >10% = 2); and acute disease effect
score (a score of 2 was added if a patient was recently
affected by a disease and there was no nutritional intake
or likely to be no nutritional intake for more than 5 days).
For BMI and weight loss, each variable is scored on a scale
of 0-2. A total sum of scores is used to categorize the risk
of malnutrition as low (0), medium (1), and high (�2).21

Details on MUST score assessment can be found at the
British Association for Parenteral and Enteral Nutrition
website.22 We further categorized MUST into a dichoto-
mized variable (low risk of malnutrition 0, versus
medium to high risk of malnutrition �1).

Statistical Methods

Standard descriptive statistics summarized the patient
and clinical characteristics. Statistical inference determined
the association between prevalence of risk for malnutrition
and clinical outcomes, while adjusting for potential con-
founders in a multiple logistic regression analysis. LoS
defined as a count of the days as inpatient was modeled
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using a negative binomial regression to investigate the rela-
tionship between LoS and MUST. Confounders were identi-
fied prior to analysis. Weight, BMI, and mRS were not
included due to collinearity. The analysis was adjusted for
age, gender, type of stroke, NIHSS scale, and comorbidities.
Further (logistic) regression modeling investigating the asso-
ciation between MUST and deaths in hospital, however
deaths at 6-months from admission was not possible due to
limited death events occurring in those with a MUST score.
A Fishers exact test however was possible for death at 6
months and is reported.
Results

Between January 2013 and March 2016, records of 1101
patients who met the eligibility criteria were extracted
from EPR and combined with corresponding SSNAP
data. The patient’s baseline characteristics based on
dichotomized MUST score for the total population are
shown in Table 1, and mRS at preadmission and dis-
charge by MUST category is presented at Figure 1. Mean
age was 73.6 (SD 13.6) years and 94% of patients included
were of a Caucasian origin with equal gender distribution.
Just over half of patients (n = 563, 51.2%) had a history of
hypertension; about a fifth of patients (n = 209, 19%) had
diabetes mellitus, atrial fibrillation (n = 197, 17.9%), and a
small proportion had (n = 51, 4.4%) congestive heart fail-
ure. The vast majority of patients (n = 976, 89.2%) were
diagnosed with ischemic stroke, with the remainder
(n = 118, 10.8%) being diagnosed with a primary intracere-
bral hemorrhage. A fifth of patients had a previous tran-
sient ischemic attack (n = 218, 19.8%). Based on NIHSS
scale,23 no stroke symptoms (score 0) were present in
10.8% of patients, minor stroke (score 1-4) were experi-
enced by 40.2%, moderate stroke (score 5-15) by 33.5%,
moderate to severe stroke (score 16-20) by 7.3% and
severe stroke (score 21-42) by 8.3% patients (Table 1).

MUST Score

A MUST score was recorded in 66% of patients both on
admission and prior to discharge from hospital. On
admission, the majority of patients 78.5% (n = 571) were
at low risk of malnutrition (MUST score 0), 4.1% (n = 30)
were considered to be at medium risk (MUST score 1) and
17.4% (n = 126) were classified as being at high risk of
malnutrition (MUST score �2). At the point of discharge
from hospital, the number of patients with low risk of
malnutrition increased to 85.2% (n = 618), the number of
patients with medium risk increased to 5.8 % (n = 42) and
the number of patients in high risk group decreased to 9%
(n = 65). As expected, 38 (90.5%) of patients with BMI
between 18.5 and 20 kg/m2 and 18 (100%) of patients
with BMI less than 18 kg/m2 were identified as being at
medium to high risk of malnutrition.
Negative Binomial Regression

Table 2 reports the incidence rate ratios (IRR) and corre-
sponding 95% confidence intervals for the adjusted associ-
ation between LoS and risk of malnutrition defined by a
dichotomised MUST score. Compared to low risk,
medium or high risk of malnutrition was associated with
an IRR = 1.30 (95% confidence interval [CI] 1.07-1.58) indi-
cating a 30% increase in the risk of a longer hospital stay.
Additionally, a linear increase in risk of a longer hospital
stay was observed for NIHSS scores increasing in severity
from “moderate” to “severe” (IRR = 1.49, 2.64, and 3.14)
when compared to no symptoms. Interestingly, minor
stroke was associated with a 30% decrease compared to
no symptoms (IRR = .72, 95% CI .56-.93). Of the comorbid-
ities, only diabetes was associated with an increase in LoS
of 31% (IRR = 1.31, 95% CI 1.07-1.61).

LoS and Complications

Median LoS for all patients was 7 days and ranged
between 0 and 147 days. Twenty patients (2%) were diag-
nosed with urinary tract infection in hospital. Pneumonia
affected 53 patients (5.4%). By comparison, patients who
were not assessed for MUST (n = 374), had a median LoS
of 6 days and ranged between 0 and 147 days. Urinary
tract infections were identified in 3 (.8%) and pneumonia
in 33 (8.8%) of the non-MUST assessed patients (Table 3).

Mortality

From the total sample of 1101 patients, 214 (19.4%)
patients had died at 6-months follow up, and from these,
161 (14.6%) died in hospital. From 161 patients who died
in hospital, only 1 patient had been assessed for malnutri-
tion with MUST score on admission. Survival of patients
who died in hospital was median 3.5 (range 0-147) days.
Of these, 68 (42.5%) patients did not survive for longer
than a day. For patients with a MUST greater than or
equal to 1 (indicating a medium to high risk of malnutri-
tion), the number of deaths was greater compared to those
with a MUST = 0 (indicating a low risk of malnutrition),
17/159 (10.9%) versus n = 20/571 (3.5%), respectively,
P = .001. Main cause of the death at 6 months was
recorded in 149 out of 214 patients, an ischemic stroke in
44% (n = 66), spontaneous cerebral hemorrhage 16%
(n = 24), pneumonia in 14% (n = 21), cancer 11% (n = 16)
and other in 15% (n = 22) of patients (Table 3).

Discussion

In this observational study, we examined the preva-
lence of risk for malnutrition in patients after a stroke and
described the use of MUST as a previously validated
screening tool20 to determine future risk of malnutrition.
From a total population of 1101 patients admitted to the
hospital during a 3-year period, only two-thirds were
screened using MUST. A similar proportion of patients



Table 1. Characteristics of patients admitted to hospital with stroke

Dichotomised MUST score at admission n = 727 Total n (%) N = 1101 Total missing n (%)

Low risk Medium to high risk MUST not reported n (%)

Age [years] Mean (SD) 71 (13.4) 74 (13.7) 374 (34.0) 73.6 (13.6) 0

Weight at admission [kg] Mean (SD) n = 627 74.52 (17.98) 68.43 (21.86) 528 (48.0) 73.2 (18.9) 474 (43.1)

Gender n (%) n = 1094

Male 281 (78.05) 79 (21.95) 377 (34.2) 540 (49.4) 7

Female 288 (20.88) 76 (79.12) 554 (50.6)

Congestive heart failure n (%)

Yes 22 (81.48) 5 (18.52) 374 (34.0) 51 (4.6) 0

No 549 (78.43) 151 (21.57) 1050 (95.4)

Hypertension n (%) n = 1099

Yes 286 (77.93) 81 (22.07) 375 (34.1%) 563 (51.2) 2

No 285 (79.39) 74 (20.61) 536 (48.8)

Atrial fibrillation n (%)

Yes 92 (75.41) 30 (24.59) 374 (34.0) 197 (17.9) 0

No 479 (79.17) 126 (20.83) 904 (82.1)

Diabetes mellitus n (%) n = 1100

Yes 113 (79.02) 30 (20.98) 374 (34.0) 209 (19) 1

No 458 (78.42) 126 (21.58) 891 (81)

Transient ischemic attack n (%)

Yes 128 (82.05) 28 (73.95) 374 (34.0) 218 (19.8) 0

No 443 (77.58) 128 (22.42) 883 (80.2)

Type of stroke n (%) n = 1094

Infarction 522 (78.61) 142 (21.39) 381 (34.6) 976 (89.2) 7

Hemorrhage 43 (76.79) 13 (23.21) 118 (10.8)

NIHS scale

No stroke symptoms 67 (79.8) 17 (20.2) 374 (34) 118 (10.7) 0

Minor stroke 297 (87.6) 42 (12.4) 443 (40.2)

Moderate stroke 183 (74.1) 64 (25.9) 369 (33.5)

Moderate to severe stroke 18 (47.4) 20 (52.6) 80 (7.3)

Severe stroke 6 (31.6) 13 (68.4) 91 (8.3)

Abbreviations: Kg, kilograms; MUST, Malnutrition Universal Screening Tool; NIHS, National Institutes of Health Stroke Scale; SD, standard deviation.

Score 0 = no symptoms, score 1-4 minor stroke, score 5-15 moderate stroke, score 16-20 moderate to severe stroke, and score 21-42 severe stroke.

Reported significant difference between MUST score groups.
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Figure 1. Modified Rankin scale at pre-admission (N = 1101) and discharge (n = 983) categorized using medium to high and low risk of malnutrition.

Table 2. Multivariate negative binomial regression investigat-

ing association between risk of malnutrition defined by MUST

score at admission and length of hospital stay (n = 715)

Predictor IRR 95% CI

MUST risk 1.30** 1.07-1.58

Confounders

Age 1.00 0.10-1.01

Gender 0.98 0.84-1.15

Atrial fibrillation 1.20 0.97-1.49

Congestive heart failure 1.10 0.73-1.66

Hypertension 1.02 0.87-1.20

Diabetes mellitus 1.31** 1.07-1.61

Transient ischemic attack 1.08 0.89-1.30

Type of stroke

(infarction/hemorrhage)

1.18 0.90-1.57

NIHSS scale [Ref category

No symptoms]

Severe stroke 3.14*** 1.87-5.28

Moderate to severe stroke 2.64*** 1.77-3.95

Moderate stroke 1.49** 1.14-1.94

Minor stroke 0.72* 0.56-0.93

Abbreviations: CI, confidence interval; IRR, Incidence Rate

Ratio; NIHSS National Institutes of Health Stroke Scale; Ref,

reference.

Reported significant:

*P � .05.
**P � .01.
***P � .001.
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screened for malnutrition was previously reported by the
Food Trial Collaboration.6 This indicates that around one
third of patients with a potential risk of malnutrition are
not captured by routine screening. Due to the records
based dataset in the form of EPR data merged with
SSNAP, we were unable to ascertain whether the reduced
numbers of patients screened is related to lack of assess-
ment or missing data.
In our sample screened for malnutrition, 21.5% of peo-

ple admitted to the hospital with stroke were at moderate
to high risk of malnutrition. However, due to the paucity
of evidence on risk of malnutrition assessed by MUST in
patients after stroke, our data can only be compared with
1 other study of a similar design that showed 36% risk of
malnutrition.24 Surprisingly, we observed a higher pro-
portion of patients who were at low risk of malnutrition
at discharge compared to admission. This decrease (in the
high risk prevalence) might reflect good nutritional care
provided to patients prior to hospital discharge at our
center. A further investigation detailing the care pathway
might provide more insight into observed more favorable
rate of malnutrition risk.
The results of this study concur with previous data,

demonstrating the ability of MUST to independently pre-
dict negative outcomes in patients after a stroke,24 raising
the possibility that intervening may improve clinical out-
comes. Also, it was previously shown that up to one quar-
ter of patients after a stroke became malnourished within
the first week of admission, and the risk increased with
prolonged hospital stay.10,15 In our study, a median LoS
of 7 days was lower than 13 days and 25 days previously
reported.6,25 This was possibly affected by a relatively low
prevalence of malnutrition in the population.
Although the level of malnutrition in patients after

admission with stroke is relatively low in comparison to
other disease states,26 possibly reflecting their acute pre-
sentation, these patients still require clinical recognition
and support, since malnutrition has been frequently
reported as an independent prognostic factor of



Table 3. Clinical outcomes of patients after stroke based on assessed MUST score (N = 1101)

Dichotomized MUST score

at admission n = 727
Medium to high

risk n = 156

MUST not reported

n = 374

Total N = 1101

Low risk n = 571

LoS median (range) (days) n = 822 6 (0-123) 12.5 (1-116) 6 (0-147) 7.0 (0-147)

Number of hospital deaths n (%) 0 1 (0.6) 160 (42.8) 161 (14.6)

Total deaths at 6 months n (%) 20 (3.5) 17 (10.9) 177 (47.3) 214 (19.4)

Number of patients with urinary

tract infection n (%)

9 (1.6) 8 (5.1) 3 (.8) 20 (2.0)

Number of patients with

pneumonia n (%)

12 (2.1) 8 (5.1) 33 (8.8) 53 (5.4)

Main cause of death at

6 months n (%)

n = 20 n = 17 n = 112 n = 149

Ischemic stroke 4 (20.0) 7 (41.2) 55 (49.1) 66 (44)

Spontaneous cerebral

hemorrhage

1 (5.0) 0 19 (16.9) 24 (16)

Pneumonia 4 (20.0) 3 (17.6) 18 (16.1) 21 (14)

Cancer 6 (30.0) 3 (17.6) 7 (6.3) 16 (7.1)

Other 5 (25.0) 4 (23.5) 13 (11.6) 22 (15)

Abbreviations: LoS, length of hospital stay; SCH, Spontaneous cerebral hemorrhage.
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poststroke complications and poor clinical outcomes.2,14,15

The importance of addressing malnutrition is underlined
by the cost of hospitalization for patients with stroke,
which was estimated to be up to 77% higher in patients
who have a high risk of malnutrition compared to those
patients who have a low risk.13,24 Thus, early identifica-
tion of patients at risk and provision of appropriate nutri-
tional support might help not only to reduce poorer
clinical outcomes in patients but also reduce the burden
on financial resources.
As with all retrospective studies, the main limitation of

this study was the use of data collected for clinical audit
and patient’s records. We were limited in records avail-
ability and consequent missing data for individual out-
comes. Also, the impact of dysphagia and poststroke
depression, both linked to oral intake and nutritional sta-
tus were not directly factored into our analyses, which
may have impacted on outcomes. Data were analyzed
from a single hospital in the UK and the rates of screening
may reflect a degree of selection bias. Moreover, the
MUST score was recorded in only two thirds of patients
admitted to hospital with a stroke, which limits our ability
to draw strong conclusions on prevalence of malnutrition
and its association with clinical outcomes. However,
despite the limitations, these data provide an insight into
a risk of malnutrition in a large number of participants
after a stroke.
Summary and Conclusion

Our findings show that there is a significant group of
patients at risk of malnutrition, and malnutrition risk as
identified by MUST is associated with longer hospital stay
even after adjustment for confounders. Hence, these
patients require clinical recognition, and further prospective
studies are warranted to evaluate any effect of nutritional
interventions. Importantly, our data also show that there
are substantial numbers of patients who are not screened
for malnutrition on admission to hospital. These patients
might be at risk of malnutrition but remain unidentified.
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