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Background: Malnutrition is associated with poor outcomes after stroke. Nutri-
tion screening tools (NSTs) are used to identify patients at risk of malnutrition,
but so far no NST has been validated for use with patients who have had a stroke.
This study aimed to determine the ability of the Malnutrition Universal Screen-
ing Tool (MUST) to predict poor outcomes in stroke patients, including mortality,
cumulative length of hospital stay (LOS), and hospitalization costs. Methods: Pa-
tients were recruited from consecutive admissions at 2 hyperacute stroke units
in London and were screened for risk of malnutrition (low, medium, and high)
according to MUST. Six-month outcomes were obtained for each patient through
a national database. Results: Of 543 recruited patients, 51% were males, the mean
age was 75 years, and 87% had an ischemic stroke. Results showed a highly sig-
nificant increase in mortality with increasing risk of malnutrition (P < .001). This
association remained significant after adjusting for age, severity of stroke, and a
range of stroke risk factors (P < .001). For those patients who survived, the LOS
and hospitalization costs increased with increasing risk of malnutrition (P < .001
and P = .049, respectively). This association remained significant in the adjusted
model (P < .001 and P = .001, respectively). Conclusions: Risk of malnutrition is
an independent predictor of mortality, LOS, and hospitalization costs at 6 months
post stroke. Research is needed to determine if nutritional support for
medium- or high-risk patients results in better outcomes. Routine screening of
stroke patients for risk of malnutrition is recommended. Key Words:
Malnutrition—stroke—nutrition screening tool—mortality—length of hospital
stay—hospitalization costs.
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Introduction

Malnutrition has been identified as a common problem
that affects stroke patients and is associated with poor
outcomes, including increased mortality and morbidity.1-4

Moreover, malnutrition poses a significant burden on
healthcare resources5 and it has been suggested that disease-
related malnutrition is an important determinant of
hospitalization costs,6 but, to date, this association has
not been tested in patients who have had a stroke.

Furthermore, it has been shown that malnutrition is
often an under-recognized and undertreated problem and,
in this context, the wide use of simple strategies to quickly
identify patients at risk of malnutrition is advocated.7-9

One way of identifying patients with nutritional prob-
lems who may benefit from nutritional intervention is to
use a validated nutrition screening tool (NST). Current
guidelines recommend all stroke patients to be screened
for risk of malnutrition at the time of admission to hos-
pital and regularly thereafter.10 Patients who are identified
as at risk of malnutrition should be referred for further
assessment and have an appropriate nutritional care plan
implemented. However, no published studies have vali-
dated an NST for use in stroke patients11-13 and this is
an area that lacks a strong evidence base.13

The Malnutrition Universal Screening Tool (MUST) is
an NST, launched in 2003, that involves assessment of
body mass index (BMI), percentage of weight loss over
the previous 3-6 months, and the effect of acute illness
on dietary intake.9 It was designed for use in any patient
group in any healthcare setting and has been suggested
as an appropriate tool for patients who have had a stroke.10

A different NST was designed for use in stroke patients
in the acute phase,14 but neither of these NSTs has been
specifically validated in this patient group.

The present study was designed to determine the ability
of MUST to independently predict negative outcomes in
acute stroke patients, more specifically mortality, length
of hospital stay (LOS), and hospitalization costs during
the first 6 months post stroke. If patients who are at risk
of malnutrition are correctly and promptly identified, they
should be more likely to benefit from nutritional support
and, ultimately, this could have a positive impact on their
recovery.

A preliminary report of these results has been pre-
sented in abstract form.15

Subjects and Methods

Study Sample

In this prospective observational study, patients were
recruited from consecutive admissions at 2 hyperacute
stroke units in south London between June 2011 and May
2012. Patients were considered eligible for the study if
they were 18 years or older, not pregnant, with a diag-
nosis of stroke (confirmed by a computerized tomography

scan, a magnetic resonance imaging scan, or the consu-
ltant’s clinical judgment) and with a National Health Service
(NHS) number (which was a requirement to assess each
patient’s outcomes 6 months subsequent to recruit-
ment). Ethical approval was obtained from the Yorkshire
and the Humber–Leeds West Research Ethics Commit-
tee (reference: 11/YH/0054) and written, informed consent
to participate in the study was obtained from patients
or, if they lacked capacity, from a consultee.

Baseline Data Collection

The following data were collected on admission to hos-
pital: date of admission, date of stroke, gender, ethnic
group, type of stroke, living conditions prior to stroke,
medical history (as identified by the medical team, po-
tentially relevant as stroke risk factors and chronic
conditions likely to affect nutritional status prior to ad-
mission), record of previous stroke, the result of a routinely
applied scale that measures the severity of stroke (the
National Institutes of Health Stroke Scale score), and the
result of the swallow screening test. Current weight was
measured with either chair or hoist clinical scales (Seca,
Leicester, United Kingdom), with patients wearing light
clothing and without shoes. Height was measured using
a portable stadiometer (Seca), according to standard meth-
odology, for patients able to stand; in patients who were
unable to stand, recalled height (if judged to be reliable
and realistic) or a surrogate measure, that is, height es-
timated using ulna length, was used.16 Usual (preillness)
weight was obtained from the patient, a relative or carer
and medical notes, and the current and usual weight were
used to calculate percentage of unintentional weight loss
in the previous 3-6 months (<5%, 5%-10%, or >10%). Mea-
sured weight and height were used to calculate BMI
(weight/height2). The effect of acute disease and the in-
ability to eat or “nil by mouth” for more than 5 days
was assessed by reference to the patient’s medical notes.
The same researcher (F.G.) collected all the information
and completed the MUST, as described in the explana-
tory MUST booklet (http://www.bapen.org.uk/pdfs/must/
must_explan.pdf). Thus, the sum of scores obtained for
each question related to BMI, unintentional weight loss,
the effect of acute disease, and the inability to eat for
more than 5 days results in an overall risk of malnutri-
tion score, which categorizes patients into low (score = 0),
medium (score = 1), or high risk (score ≥ 2).

Follow-Up Procedure

Mortality data for each patient for a follow-up period
of 6 months after the stroke were obtained from Summary
Care Records, an electronic patient record that stores a
defined set of key patient data for every patient in England.
Information on hospital admissions was obtained as a
tailor-made report from the Hospital Episode Statistics
(HES) databases. HES is a data warehouse containing
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details of all admissions, outpatient appointments, and emer-
gency attendances at NHS hospitals in England.17 Diagnosis
codes for inpatients were grouped into Healthcare Re-
source Groups (HRGs) in the HES report. The cost analysis
was based on the hospital payment system in place in
England. The Department of Health “Payment by Results
Tariff Information Spreadsheet for 2012 to 2013” for payment
of healthcare providers18 was used to transform the HRG
into the tariffs paid by commissioners. Analyses on cu-
mulative LOS and hospitalization costs relate to the total
number of days spent in hospital, anywhere in England,
during the follow-up period, and were conducted on pa-
tients who survived at 6 months post stroke.

Statistical Analysis and Sample Size Calculation

Statistical analyses were conducted to determine the
association between risk of malnutrition on admission to
hospital (exposure) and mortality, LOS, and hospitaliza-
tion costs at 6 months post stroke (outcomes). The
multivariable analyses included the following potential
confounders and effect modifiers: ethnicity, age, gender,
type of stroke, severity of stroke, and stroke risk factors
(hypertension, diabetes, dyslipidemia, smoking, isch-
emic heart disease, heart failure, atrial fibrillation, previous
transient ischemic attack, and heavy alcohol consumption).

Baseline characteristics of the 3 nutrition risk catego-
ries (low, medium, and high) were compared using the
chi-square test for categorical variables and analysis of
variance (ANOVA) for continuous variables. The chi-
square test was conducted to compare the differences in
categorical outcomes (e.g., mortality rates) across the 3
nutrition risk categories, and the Kruskal–Wallis test or
ANOVA was used for continuous outcomes (e.g., LOS
and costs) depending on whether these data were nor-
mally distributed. Because the distribution of both LOS
and hospitalization costs was skewed, univariate ANOVA
was conducted on ranked data to assess the effect of pos-
sible confounders on these outcomes. Cox proportional
hazards models were used to compare risk of mortality
(crude and adjusted hazard ratios, with 95% confidence
intervals) between risk of malnutrition categories with
the low-risk group as the reference category. Sensitivity
analyses were conducted as needed, for example, to handle
missing data. Statistical analyses were carried out using
SPSS software version 19.0 for Windows (Chicago, IL).
Any differences were considered significant when the P
value is less than .05.

Sample Size Calculation

Assuming that 20% of the patients are malnourished
on admission to a stroke unit1 and that 35% of malnour-
ished patients and 20% in the adequately nourished die
during the first 6 months after a stroke (data from the
Feed Or Ordinary Diet Trial Collaboration2), a total sample
size of 539 subjects was required to achieve a power of

95%, to detect a difference in mortality between mal-
nourished and adequately nourished patients, with a
significance level of .05 in a 2-tailed chi-square test. The
GPOWER Software (Heinrich-Heine-University Düsseldorf,
Düsseldorf, Germany)19 was used to perform this calculation.

Results

During the recruitment period, 925 patients were ad-
mitted and screened in the stroke units of both hospitals,
from which 543 were recruited and included in the study.
The remaining patients were not recruited mainly because
they were individuals who had not had a stroke (n = 289);
did not have an NHS number or went back to their home
country, which prevented the follow-up process (n = 21);
were receiving end-of-life care (n = 21); or had been re-
cruited before (n = 12). The proportion of eligible patients
who could not be recruited was only 6%.

There were no missing data from variables collected
at baseline and follow-up, except for the MUST score in
6 patients for whom it was impossible to quantify weight
loss, because information regarding usual weight could
not be obtained from any source (patient, relative, or
medical records).

Baseline Characteristics

The 537 patients included in the analysis had a mean
age of 74.7 years, 51% were men, 87% had an ischemic
stroke, 81% were white, 22% had had a previous stroke,
and 34% were diagnosed with inadequate swallow fol-
lowing the bedside screening test by nurses on admission
to hospital. There were 342 patients (64%) at low risk,
39 (7%) at medium risk, and 156 (29%) at high risk of
malnutrition, and the baseline characteristics stratified by
risk of malnutrition are presented in Table 1.

Patients at high risk of malnutrition were more likely
to be older, to have a more severe stroke, to have a hem-
orrhagic stroke, to live at home with no support, to have
atrial fibrillation, to have gastrointestinal diseases, to have
impaired mobility prior to stroke, and to have inade-
quate swallow on admission to hospital.

Outcomes

Table 2 demonstrates that the association between risk
of malnutrition and 6-month mortality was statistically
significant and graded: the greater the risk of malnutri-
tion, the higher the rate of mortality (chi-square test,
P < .001) and the higher the unadjusted risk of mortali-
ty (P < .001). At 6 months after stroke, less than 6% of
patients at low risk of malnutrition had died, whereas
more than 40% had died in the high risk group. After
adjusting for a range of confounding factors using a mul-
tivariable Cox proportional hazards model (Table 3), the
association between risk of malnutrition and mortality
remained highly significant (P < .001). Other factors that
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showed a significant relationship with mortality were age,
severity of stroke, hypertension, ischemic heart disease,
and heart failure, whereas gender, ethnicity, type of stroke,
and other stroke risk factors showed no significant as-
sociation with mortality. The survival curves related to
the multivariable model are illustrated in Figure 1. An
additional Cox proportional hazards model was con-
ducted including data related to the swallow screening
test. The variable “inadequate swallow” was not an in-
dependent predictor of mortality (P = .216) and it did not
change the effect of MUST on the outcome (P < .001).

Table 2 also shows the LOS and hospitalization costs
for those patients who survived at 6 months post stroke.

The distribution of LOS was significantly different across
malnutrition risk categories (Kruskal–Wallis test, P < .001)
and increased progressively from a median of 14-48 days.

When the analysis on hospitalization costs was con-
ducted, it was noted that 2% of the HRG codes provided
by HES were not valid or there were no published tariffs
for these codes and, therefore, admissions or episodes
linked to these codes were excluded (which explains the
difference in the number of patients between the results
for LOS and for hospitalization costs). Hospitalization costs
increased progressively with malnutrition risk category,
from a median of less than £5000 in patients at low risk
of malnutrition to more than £8000 in patients at high

Table 1. Characteristics of patients according to risk of malnutrition

Characteristic Low risk (n = 342) Medium risk (n = 39) High risk (n = 156) P value*

Age, mean in years (SD) 72.4 (14.1) 78.1 (13.7) 78.9 (12.7) <.001
Range (minimum-maximum) 22-98 35-94 25-99

NIHSS score, mean (SD) 6.2 (4.8) 5.7 (3.8) 11.3 (6.3) <.001
Range (minimum-maximum) 0-27 1-25 0-25

Gender, n .101
Male, n (%) 181(53) 24 (61) 70 (45)
Female, n (%) 161 (47) 15 (39) 86 (55)

Ethnicity, n .116
White, n (%) 267 (78) 37 (95) 131 (84)
Black, n (%) 59 (17) 0 17 (11)
East Asian, n (%) 7 (2) 0 3 (2)
South Asian, n (%) 7 (2) 2 (5) 4 (3)
Mixed ethnic background, n (%) 2 (1) 0 1 (1)

Type of stroke, n .001
Ischemic, n (%) 303 (89) 32 (82) 132 (85)
Hemorrhagic, n (%) 38 (11) 5 (13) 24 (15)
Subarachnoid hemorrhage, n (%) 1 (.3) 2 (5) 0

Living conditions prior to stroke .005
Home (unsupported), n (%) 81 (24) 10 (26) 51 (33)
Home (with support), n (%) 255 (74) 28 (72) 101 (65)
Institutionalized, n (%) 6 (2) 0 4 (2)
Other, n (%) 0 1 (2) 0

Stroke risk factors
Hypertension, n (%) 241 (71) 25 (64) 103 (66) .497
Diabetes, n (%) 74 (22) 16 (41) 24 (15) .002
Dyslipidemia, n (%) 109 (32) 9 (23) 40 (26) .244
Smoking, n (%) 38 (11) 5 (13) 20 (13) .839
Ischemic heart disease, n (%) 44 (13) 6 (15) 24 (15) .718
Heart failure, n (%) 6 (22) 3 (88) 6 (44) .066
Atrial fibrillation, n (%) 71 (21) 7 (18) 50 (32) .016
Previous TIA, n (%) 41 (12) 4 (10) 15 (10) .725
Heavy alcohol consumption, n (%) 10 (33) 3 (88) 11 (7) .071

Chronic conditions related to malnutrition
Gastrointestinal diseases, n (%) 27 (8) 2 (5) 22 (14) .057
Cognitive dysfunction, n (%) 22 (6) 2 (5) 12 (8) .803
Impaired mobility, n (%) 28 (8) 3(8) 30 (19) .001

Had a previous stroke 71 (21) 8 (21) 38 (24) .652
Inadequate swallow 64 (19) 10 (26) 110 (61) <.001

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation; TIA, transient ischemic attack.
*One-way analysis of variance for continuous variables, chi-square test for categorical variables.
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risk of malnutrition, and these differences were statisti-
cally significant (Kruskal–Wallis test, P < .001).

The association between risk of malnutrition and LOS
and hospitalization costs remained significant after ad-
justing for potential confounders, using univariate ANOVA
on ranked data (P < .001 for both outcomes), as shown
in Table 4. Other factors that were significantly associ-
ated with LOS and hospitalization costs were age, severity
of stroke, type of stroke, diabetes, and heart failure.

A sensitivity analysis was carried out to assess the impact
of removing 2% of the admission data due to lack of in-
formation on costs. Analysis was repeated without the
35 patients who had an excluded admission, and the as-
sociations between risk of malnutrition and hospitalization
costs previously observed remained significant and in the
same direction (data not shown).

The number of hospital readmissions was also ana-
lyzed. Patients who survived and were readmitted to
hospital during a period of 6 months post stroke were
identified. The analysis showed that there was no sta-
tistically significant difference between rates of hospital
readmissions for patients in the 3 malnutrition risk cat-
egories (P = .287), although there was a trend for a higher
percentage of hospital readmissions in patients at medium

(62%) and high (68%) risks of malnutrition than those
at low risk (59%).

Discussion

This study shows that MUST can be used to predict
risk of negative outcomes in stroke patients. The asso-
ciation between risk of malnutrition and outcomes was
statistically significant and graded: the greater the risk
of malnutrition, the higher the risk of mortality, the longer
the LOS, and the greater the hospitalization costs. For
those who survived, the median number of days spent
in hospital in a period of 6 months was at least 3 times
higher for patients who were at high risk of malnutri-
tion. When compared to individuals at low risk, the median
cost of hospitalization was 77% higher for individuals at
high risk of malnutrition and 32% higher for those at
medium risk.

These results are consistent with previous studies con-
ducted in other populations; for example, a study
conducted in the United Kingdom where 150 elderly in-
patients with a wide range of conditions were screened
using MUST,20 and a study conducted in Singapore, where
818 patients admitted to 16 different wards had their

Table 2. Mortality, cumulative length of hospital stay, and hospitalization costs at 6 months post stroke, according to risk of
malnutrition (unadjusted results)

Mortality

Risk of malnutrition n Mortality, n (%)*

Univariate Cox proportional hazards model**

Hazard ratio 95% CI

Low 342 20 (6) Reference group
Medium 39 10 (26) 4.89 2.29-10.45
High 156 65 (42) 9.27 5.61-15.30

Cumulative length of hospital stay

Risk of malnutrition n Median number of days† Range (minimum-maximum) Kruskal–Wallis test (P value)

Low 322 14 2-173 <.001
Medium 29 19 3-165
High 91 48 2-194

Hospitalization costs

Risk of malnutrition n Median, £† Range (minimum-maximum) Kruskal–Wallis test (P value)

Low 320 4,920 437-38,200 <.001
Medium 29 6,490 1050-19,600
High 91 8,720 552-31,900

Abbreviation: CI, confidence interval.
*Significantly different between risk of malnutrition categories, P < .001, chi-square test.
**Significantly different between risk of malnutrition categories, P < .001.
†Cumulative length of hospital stay and hospitalization costs were calculated for subjects who survived at 6 months.
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nutritional status assessed by the Subjective Global
Assessment.21 In the Singapore-based study,21 malnutri-
tion was associated with longer hospital stays (6.9 versus
4.6 days) and a 4-fold increased risk of death at 1-year
follow-up, whereas in the U.K.-based study,18 high risk
of malnutrition was associated with doubling of both mor-
tality and LOS. Both tools were able to identify patients
with poor outcomes, but it should be noted that the Sub-
jective Global Assessment is a nutritional assessment
method that is time-consuming and requires trained per-
sonnel, while the present study used a validated nutrition
screening method, which is quick and easy to use for non-
nutrition specialists, after a short training session.

In the present study, costs of hospitalization of indi-
viduals at high risk of malnutrition were 77% higher than
the costs of low-risk patients. This is a major contribu-
tor, when compared with other factors that have the
potential to influence hospitalization costs after stroke.
For example, it has been shown that atrial fibrillation in-
creases acute hospitalization costs by 24%,22 that depression
increases hospitalization costs by 63%,23 that hemorrhag-
ic strokes are associated with an increase in hospitalization
costs by 65% (versus ischemic strokes24), and that younger

Table 3. Multivariable Cox proportional hazards model
showing the effect of different variables on 6-month mortality

Outcome variable: mortality

Predictor variable
Hazard

ratio 95% CI P value

Risk of malnutrition <.001
Low Reference group —
Medium 3.51 1.59-7.73 .002
High 5.60 3.23-9.69 <.001

Age 1.05 1.02-1.08 <.001
Gender (female) 1.41 .91-2.19 .129
Ethnicity .154

White Reference group
Black .37 .13-1.05 .061
Other 1.16 .45-3.02 .757

Type of stroke
(hemorrhagic)

1.35 .72-2.52 .354

Severity of stroke 1.13 1.05-1.13 <.001
Risk factors

Hypertension 2.23 1.30-3.82 .003
Diabetes 1.42 .84-2.41 .193
Dyslipidemia .74 .45-1.22 .237
Smoking 1.59 .71-3.57 .263
Ischemic heart disease 1.75 1.05-2.91 .033
Heart failure 3.19 1.54-6.64 .002
Atrial fibrillation 1.18 .76-1.83 .470
Previous TIA 1.43 .75-2.70 .276
Heavy alcohol
consumption

.99 .28-3.46 .985

Abbreviations: CI, confidence interval; TIA, transient ischemic
attack.

Figure 1. Survival curves after stroke according to risk of malnutrition
(multivariable model adjusted for age, gender, ethnicity, type of stroke, se-
verity of stroke, and stroke risk factors [hypertension, diabetes, dyslipidemia,
smoking, ischemic heart disease, heart failure, atrial fibrillation, previous
transient ischemic attack, and heavy alcohol consumption]).

Table 4. Association between risk of malnutrition and ranked
length of hospital stay and ranked hospitalization costs,
adjusted for the effect of several covariates (univariate

analysis of variance)

Predictor variable

Outcome variable

Length of
hospital stay

Hospitalization
costs

F P value F P value

Risk of malnutrition 18.5 <.001 9.55 <.001
Gender .14 .71 1.70 .193
Ethnicity .08 .78 .03 .86
Severity of stroke 114 <.001 76.3 <.001
Type of stroke 13.7 <.001 6.58 .011
Age 7.95 .005 2.61 .107
Hypertension 1.12 .291 .25 .681
Diabetes 5.69 .018 4.71 .031
Dyslipidemia .05 .821 .32 .571
Smoking 2.90 .089 .36 .547
IHD .98 .323 .85 .359
Heart failure 3.92 .048 6.40 .012
Atrial fibrillation .02 .881 1.10 .295
Previous TIA .29 .589 .06 .808
Heavy alcohol

consumption
.15 .700 1.04 .309

Abbreviations: IHD, ischemic heart disease; TIA, transient isch-
emic attack.
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patients (18-44 years old versus 45-64 years old) in-
crease hospitalization costs by 6%.25 Other studies that
determined the hospitalization costs of nutritionally vul-
nerable patients report costs 20%6 or 36%26 higher, when
compared with the costs for well-nourished patients. These
different figures are probably related to the methods used
to determine the outcomes (e.g., the majority of these
studies only analyzed the outcomes related with the first
admission, until discharge or death), the tool used to cat-
egorize patients as malnourished or at risk of malnutrition,
and the patient population (e.g., the LOS of stroke pa-
tients may be longer than general medical patients, due
to the time required for rehabilitation).

Characteristics of Patients at High Risk of
Malnutrition

When the characteristics of patients at high risk of mal-
nutrition were examined, it was found that these
individuals were more likely to be older and to have a
more severe stroke (as demonstrated before, in the stroke
and nonstroke population21,27), to have a hemorrhagic stroke
(in line with the findings from a study that showed that
undernourishment was significantly more prevalent in pa-
tients with hemorrhagic strokes than those with ischemic
strokes28), to live at home with no support, to have im-
paired mobility (prior to stroke), and to have an inadequate
swallow. This group represented 29% of the study pop-
ulation. It should also be noted that, in the present study,
the groups of patients categorized as being at medium
and high risk of malnutrition included overweight and
obese individuals; that is, the range of BMI values for
patients at medium risk was 18.7-28.6 kg/m2, and for pa-
tients at high risk was 13.2-50.5 kg/m2. This shows that
underweight patients are not the only ones who are at
risk of malnutrition. It also demonstrates that the use of
subjective measures to determine nutritional status, such
as the “bedside assessment” that has been used in pre-
vious clinical trials,2,29 is unlikely to be a reliable way of
identifying patients who are at risk of malnutrition. In
the present study, approximately 18% of patients had un-
intentional weight loss prior to stroke. The reasons for
the involuntary weight loss (as reported by patients and
their carers) were not only associated with a disease/
occult pathology or untreated chronic disease such as
cancer; in addition, there were psychological and social
reasons such as lack of interest in preparing their own
food, social isolation, and depression due to the death
of a close relative. In other words, malnutrition has mul-
tifactorial causes, which need to be explored by health
and social care professionals so they can provide effec-
tive nutritional interventions.

Limitations

The major limitations of the present study were the
lack of information regarding changes in body weight

during follow-up, as well as a lack of information re-
garding the proportion of patients who were referred to
a dietitian and the type or length of any nutritional in-
tervention the patients may have received. Thus, future
studies should assess how many people receive nutri-
tional intervention post stroke and what impact this has
on their outcomes.

Strengths

The main merits of the present study are the relative-
ly large sample size and the consistency with which the
nutritional screening was carried out. Additionally, the
follow-up method captured all hospital admissions that
occurred anywhere in England. Many studies of the impact
of malnutrition only considered the outcomes of the first
admission, not being able to report any outcome after
the hospital discharge.30,31 Moreover, to our knowledge,
none of the published studies in the area of malnutri-
tion were able to capture hospital readmissions at a national
level. Lim et al21 admit that, because they were not able
to monitor the study patients when they were readmit-
ted to other hospitals, an underestimation of the
readmission rates may have occurred.

The current study included adult inpatients without
limitations of age, gender, or stroke severity, and did not
exclude patients who lacked the capacity to consent to
participate or patients with severe communication prob-
lems, which is very common in the acute stage after stroke.
In these cases, the researcher contacted the patient’s next
of kin to obtain assent and information relevant for the
study, such as usual weight and unintentional weight loss.
This is particularly important to avoid selection bias, which
has been reported in national registries of strokes. For
example, the Registry of the Canadian Stroke Network
reported that the participation rate never exceeded half
of the eligible patients,32 while the equivalent participa-
tion rate for the present study was 94%.

Conclusion

Being at risk of malnutrition, as identified by MUST,
is a significant independent predictor of mortality, LOS,
and hospitalization costs at 6 months post stroke. These
results support the use of MUST to identify stroke pa-
tients who are likely to have poor outcomes and may
benefit from nutritional support, although the best type
and duration of nutritional interventions are yet to be
determined.
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