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Abstract: Background: The European Society for Clinical Nutrition and Metabolism (ESPEN) has
recommended the Mini Nutritional Assessment (MNA®), the Nutritional Risk Screening 2002 (NRS), and the
Malnutrition Universal Screening Tool (MUST) for nutritional screening in various settings and age groups.
While in recent years all three tools have been applied to nursing home residents, there is still no consensus on
the most appropriate screening tool in this specific setting. Aim: The present study aims at comparing the MNA,
the NRS, and the MUST with regard to applicability, categorization of nutritional status, and predictive value in
the nursing home setting. Method: MNA, NRS, and MUST were performed on 200 residents from two municipal
nursing homes in Nuremberg, Germany. Follow-up data on infection, hospitalization, and mortality were
collected after six and again after twelve months. Results: Among 200 residents (mean age 85.5 +7.8 years) the
MNA could be completed in 188 (94.0%) and the NRS and MUST in 198 (99.0%) residents. The prevalence of
'malnutrition’ according to the MNA was 15.4%. The prevalence of 'risk of malnutrition' (NRS) and 'high risk of
malnutrition' (MUST), respectively, was 8.6% for both tools. The individual categorization of nutritional status
showed poor agreement between NRS and MUST on the one hand and MNA on the other. For all tools a
significant association between nutritional status and mortality was demonstrated during follow-up as
classification in 'malnourished’, respectively 'high risk of malnutrition' or 'nutritional risk', was significantly
associated with increased hazard ratios. However, the MNA showed the best predictive value for survival among
well-nourished residents. Conclusion: The evaluation of nutritional status in nursing home residents by MNA,
NRS, and MUST shows significant differences. This observation may be of clinical relevance as nutritional
intervention is usually based on screening results. As the items of the MNA reflect particularities of the nursing

home population, this tool currently appears to be the most suitable one in this setting.
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Introduction

Older persons are considered to be at high risk of
malnutrition. Apart from its relevance for morbidity and
mortality (1), malnutrition is associated with worsening
functionality and quality of life (2-5).

Nursing home residents regularly show low functionality
and often suffer from disability. In addition a high prevalence
of dementia and depression has been documented in this setting
posing an additional threat for well-being (6). Depending on the
criteria applied the prevalence of malnutrition among nursing
home residents ranges from 5% up to 70% (7, 8). A gold
standard for the diagnosis of malnutrition still does not exist
and it is unlikely that there will be one in the near future. In
2003 the European Society for Clinical Nutrition and
Metabolism (ESPEN) has recommended three nutritional
screening tools, the Mini Nutritional Assessment (MNA), the
Nutritional Risk Screening 2002 (NRS), and the Malnutrition
Universal Screening Tool (MUST) (9). The debate on the most
appropriate nutritional screening tool for nursing home
residents has not been settled yet. The present study therefore
aimed at the comparison of MNA, NRS, and MUST with
regard to applicability, categorization of nutritional status, and
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predictive value.
Methods

Between June and December 2007, all residents and/or their
legal proxies from two municipal nursing homes in Nuremberg,
Germany, were approached by a nutrition scientist (DR) and a
physician (WK). Residents were considered ineligible if under
65 years of age, terminally ill or if unwilling to give informed
consent (or the legal proxy respectively). The study protocol
was approved by the ethics committee of the Friedrich-
Alexander-Universitit Erlangen-Nuernberg, Germany, and also
by the ethics committee of the Rheinische Friedrich-Wilhelms-
Universitidt Bonn, Germany.

Individual variables of the participants (gender, age) were
collected with the help of the nursing staff and from the
residents’ files using a purpose-built questionnaire. Data on
infectious diseases, hospitalization and mortality were recorded
at a six month and one year follow-up evaluation. Emotional
and cognitive status were assessed by the 15-item Geriatric
Depression Scale (GDS) (10) and the Mini Mental State
Examination (MMSE) (11) performed by either DR or WK.
Barthel’s Index of Activities of Daily Living (ADL) was
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carried out by the nursing staff. Residents were thereafter
graded as independent (65-100 points), needing assistance (35-
60 points) or a high level of care (0-30 points) (12). All
anthropometric measurements such as weight, knee height,
body mass index (BMI), mid-arm circumference (MAC) and
calf circumference (CC) were performed by DR. The exact
procedure has been described elsewhere (13).

The MNA was completed by the attending nursing staff. DR
and WK completed NRS and MUST using data from the
residents’ files.

The MNA was specifically developed for nutritional
screening of older people (14, 15). It consists of 18 items
reflecting anorexia, weight loss, anthropometric parameters,
dietary and subjective assessment and geriatric particularities
such as mobility, living situation, cognitive and mood
disorders, acute disease, and drug intake. The MNA classifies
into three categories: ‘well-nourished’ (24-30 points), ‘risk of
malnutrition’ (17-23.5 points), and ‘malnourished’ (< 17
points).

The NRS was created for identification of hospital patients
who might benefit from nutritional intervention (16). Predictive
value of NRS has been documented by a retrospective analysis
of 128 RCTs and prospectively by a controlled trial with 212
patients (9). The NRS estimates nutritional risk by combining
nutritional key items with the morbidity associated risk for
further impairment. The initial screening includes four
questions on BMI, weight loss within the last three months,
reduced dietary intake in the last week, and presence of acute
disease. If at least one of the questions is answered with yes, the
final screening is initiated which further investigates
impairment of nutritional status and disease severity. Scores
between 0 and 3 points are given for each component; an
additional point is added for age above 70. A total score of = 3
points interprets as ‘nutritional risk’, at < 3 points a ‘weekly re-
screening’ is recommended. ‘No risk’ was present if all
questions in the initial screening were answered with ‘no’.

The MUST was primarily developed for the screening of
adults to identify underweight and malnutrition as well as
overweight and obesity, but not vitamin deficiencies in a rapid
and simple way (17-19, 38). Even if MUST is recommended
for the screening of adults in the community by ESPEN (9), it
is currently used across all settings including hospital and long-
term care (20). Using the MUST tool presumes application by
professionals (nurses, physicians, dieticians) to assure expertise
(38, 19). The MUST consists of three items: BMI, involuntary
weight loss in the previous three to six months, and presence of
acute disease or absent nutritional intake for at least five days.
Advantage of the MUST is, that it can be used even in patients
without available height and weight, as a range of alternative
measures and subjective criteria (as knee height, demi-span,
mid upper arm circumference, etc.) are provided and practical
accomplishment is explained in the MUST booklet (38). The
MUST results in a score of either O (‘low risk’), 1 (‘medium
risk’) or = 2 points (‘high risk’).

The MNA, NRS, and MUST make use of a semantically
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different three-category scale. However, as these categories are
corresponding regarding the intended therapeutic consequences,
comparison of the respective categories may be seen as
meaningful.

Statistics

Statistical analysis was performed using SPSS© version 20.0
(SPSS for Windows, SPSS Inc., Chicago, IL, USA) and SAS
version 9.1 (SAS Institute, Cary, NC, USA). Data were given
as mean =+ standard deviation (SD) or as prevalence (%). In case
of normally distributed data, T-test for independent samples
was used to compare differences between participants and non-
participants and between men and women. Agreement between
the screening tools, i.e. MNA vs. NRS, MNA vs. MUST and
MUST vs. NRS, was quantified with regard to the classified
outcome by weighted kappa index (21). The existence of a
trend regarding outcome (mortality, infection, hospitalization)
among the result categories was tested by Mantel-Haenszel
Chi?-test. Survival analysis, including Kaplan-Meier curves
(log-rank test) and Cox regression analysis were used to
estimate the age-adjusted hazard ratios of one year mortality
associated with categories of MNA, NRS, and MUST.

Results

Study population

Among 322 residents living in the two nursing homes, 122
persons (98 women, 24 men) were not eligible. In 56 residents
the proxy did not agree on participation or could not be
contacted. 28 residents were personally unwilling to participate,
ten residents were terminally ill and ten residents were under
age 65. Another 18 residents did not participate due to acute
hospitalisation, infections with multi-resistant bacterial strains
and other reasons. Non-participating residents were
significantly younger than participating residents (82.8 +11.5y
vs. 85.5 £7.8y; p< 0.05).

Of the 200 residents included, 147 were female (mean age
86.5 +7.4 y), and 53 were male (mean age 83.0 £8.5 y). All
participants were white. Women were significantly older than
men (p< 0.05). Arterial hypertension was present in 76.5%,
chronic heart failure in 74.0%, diabetes mellitus in 36.0%,
residual symptoms after cerebral ischemia in 29.0%, and
osteoarthritis in 31.0% of the subjects.

The baseline characteristics (age, prevalence of depression,
cognitive and functional impairment) and anthropometric data
of the residents are shown in table 1.

Applicability of MNA, NRS, and MUST

The MNA could be completed by the nursing staff in 94.0%
of the cases (n=188). In 12 cases the MNA was not applicable
due to tube feeding (5%) or lower limb amputations (1%). Both
the NRS and the MUST could be successfully applied in 99.0%
(n=198). Two participants stayed less than three months in the
nursing home and therefore lacked weight data for the required
period.
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Table 1
Subjects’ baseline characteristics

% Valid of total

Subjects (n) 200 100.0
Age [y]° 85.5 (£7.8)° 100.0
GDS =5 pts.,n (%) 71 (50.0) 71.0
MMSE < 25 pts., n (%) 133 (73.1) 91.0
ADL < 35 pts.,n (%) 85 (42.5) 100.0
BMI < 20 kg/m2, n (%) 17 (8.5) 100.0
MAC <23 cm, n (%) 18 (9.0) 100.0
CC <31 cm,n (%) 76 (38.8) 98.0

°mean + SD, GDS = Geriatric Depression Scale, MMSE = Mini Mental State;
Examination, ADL = Activities of Daily Living (Barthel), BMI body mass index, MAC =
mid-arm circumference, CC = calf circumference

Result categorization of MNA, NRS, and MUST

The distribution of study participants across result categories
is presented in table 2. The prevalence of the respective
categories attributed by the three screening tools showed major
differences. Only when comparing the category ‘risk of
malnutrition’ of the NRS and the category ‘high risk’ of the
MUST no difference of prevalence could be found. Both
categories were attributed to 8.6% of participants. Table 3
illustrates the agreement between MNA vs. MUST and MNA
vs. NRS and NRS vs. MUST. Weighted kappa was low for
both former pairs (#v=0.16 and 0.13, respectively), indicating
low agreement. The highest agreement of screening results was
detected between MUST vs. NRS (#x=0.40). In two cases
however, there was complete disagreement between the tools,
which means that participants were classified to low risk by
MUST and risk of malnutrition by NRS. For example, sixteen
residents who were identified as ‘malnourished’ by the MNA
were categorized as being at low risk by the MUST.
Furthermore according to the NRS 95 residents were at ‘no risk
of malnutrition’. The MNA, however, classified six of this
group as ‘malnourished’ and 49 as ‘at risk of malnutrition’.

Table 2
Applicability of screening tools and distribution into result
categories

Tool Applicability Nutritional Status

MNA Malnourished Risk of malnutrition Well nourished
94.0% (188/200) 15.4% 57.4% 271 %

NRS Risk of malnutrition Weekly screening  No risk of malnutrition
99.0% (198/200) 8.6% 40.9% 50.5%

MUST High Risk Medium Risk Low Risk
99.0% (198/200) 8.6% 7.6% 83.8%

Predictive value of MNA, NRS, and MUST

The prognostic quality of the screening tools was evaluated
by a six month and one year follow-up evaluation that focused
on infections, hospitalisations and mortality. There was no
significant correlation for any of the screening tools between
category at baseline and infections or hospitalizations, neither

after six months nor after one year (data not shown, all p>0.05;
Mantel-Haenszel-Chi?). Table 4 shows overall six month and
one year mortality as well as the mortality rates according to
the categorizations of the screening tools. There was a
significant association between mortality and categorization for
each of the tested tools. In total 47 participants (23.5%) died
within twelve months. Among them were two residents (NRS
and MUST), respectively three (MNA) in whom screening
could not be performed. The one year mortality rate was
uniformly highest in subjects classified as “malnourished” by
the MNA, as being at “risk of malnutrition” by the NRS, and as
being at “high risk” by the MUST. On the other hand, lowest
mortality rates were found in the categories indicating normal
nutritional status or no nutritional risk. However, the MNA
showed the best predictive value for survival among well-
nourished residents.

Figures 1 illustrates one year cumulative survival stratified
for MNA, NRS and MUST categorization and the associated
table presents the hazard ratios, adjusted for age for the
categories with the 'best' category (‘well nourished’, ‘low risk’
or ‘no risk’, respectively) of the respective tool as exposure
reference.

Discussion

When applying MNA, NRS, and MUST in the same study
population of nursing home residents we found substantial
differences in the classification of nutritional status. Unlike
previous studies on malnutrition in older persons (22-24, 19),
residents with cognitive deficits were not excluded from the
present study. As prevalence of malnutrition among nursing
home residents with dementia is high, it did not seem
appropriate for us to exclude this population from nutritional
screening (25, 26). However, the implementation of rather
complex nutritional screening tools such as the MNA may be
hampered by impaired cognitive status and speech problems
(e.g. in a post-stroke condition), which are frequently observed
in this setting. As a consequence of our previous evaluation of
interview techniques, when we found improved applicability
and decreased interference with cognitive deficits compared to
one-on-one interviews (6), the MNA was now exclusively
applied by the nursing staff.

Applicability rates of nutritional screening tools, which are
comparable to the results of the present study, were published
by Bauer et al., who were able to complete the NRS in 98.3%
and the MNA in 66.1% of hospitalized geriatric patients (27).
In the validation study of the NRS, 99.0% of newly admitted
hospital patients across all age groups could be successfully
screened (16, 28). In the present study a comparable high
applicability rate could be observed for MUST and NRS as
well.

In the present study relevant differences between the
screening tools with regard to the categorization of nutritional
status were shown. Similar discrepancies have been reported in
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Table 3
Contingency table: MNA vs. MUST, MNA vs. NRS and MUST vs. NRS

weighted »=0.16 MUST (n)
Low Risk Medium Risk High Risk Total
MNA (n) Well nourished 51 0 0 51
At Risk of Malnutrition 91 9 7 107
Malnourished 16 6 7 29
Total 158 15 14 187
weighted »=0.13 NRS (n)
No Risk of Malnutrition Weekly Screening Risk of Malnutrition Total
MNA (n) Well nourished 40 11 0 51
At Risk of Malnutrition 49 52 6 107
Malnourished 6 15 8 29
Total 95 78 14 187
weighted »=0.40 NRS (n)
No Risk of Malnutrition Weekly Screening Risk of Malnutrition Total
MUST (n) Low risk 99 1 0 100
Medium risk 65 11 5 81
High risk 2 3 12 17
Total 166 15 17 198
Table 4
Association of MNA, NRS, and MUST categorization with mortality
MNA Deceased total Well -nourished Risk of Malnutrition Malnourished p-value*
6 months 24/188 (12.8%) 2/52 (3.9%) 14/108 (13.0%) 8/28 (28.6%) 0.003
1 year 44/188 (23.4%) 4/52 (7.7%) 29/108 (26.9%) 11/28 (39.3%) 0.001
NRS Deceased total No Risk of Malnutrition Weekly Screening  Risk of Malnutrition
6 months 24/198 (12.2%) 8/100 (8.0%) 12/81 (14.8%) 4/17 (25.5%) 0.041
1 year 45/198 (22.7%) 18/100 (18.0%) 20/81 (24.7%) 7/17 (41.2%) 0.039
MUST Deceased total Low risk Medium risk High risk
6 months 24/198 (12.2%) 15/166 (9.0%) 3/15 (20.0%) 6/17 (35.3%) 0.001
1 year 45/198 (22.7%) 33/166 (19.9%) 4/15 (26.7%) 8/17 (47.1%) 0.012
* Mantel-Haenszel Chi*
Figure 1

One year survival (Kaplan-Meier-curve) in nursing home residents, stratified for MNA, NRS and MUST categories
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geriatric hospital patients for MNA, NRS and Subjective
Global Assessment (SGA) (27). Another study compared
MUST and MNA-short form (MNA-SF) in various settings.
Here more residents were classified as being ‘possibly at risk of
malnutrition’ based on the MNA-SF than being ‘at risk’ by the
MUST (19).

Table 5
Age-adjusted Cox regression (hazard ratios with accompanying
95% confidence interval) with the 'best' category of the
respective tool as exposure reference

Tool category HR 95% CI
MNA risk of malnutrition 3.79 1.32-10.80
malnourished 592 1.88-18.63
NRS weekly screening 145 0.75-2.80
high risk 2.78 1.06-7.30
NRS medium 1.36 0.48-3.87
high risk 2.94 1.29-6.72

The observed differences in the present study may be
attributed to the distinct conceptualization of the tools. The
highest agreement between result categories was observed
between NRS and MUST. This might be due to the fact that
both NRS and MUST feature similar criteria such as BMI and
weight loss, and that they both put a special emphasis on acute
illness and decreased dietary intake. However, the BMI and
weight loss cut-offs used in the NRS and in the MUST have not
been adapted to older people. Instead, the WHO
recommendation of 18.5 kg/m? was used to define the lowest
BMI category (29). Although the WHO cut-offs are widely
adopted and have been recommended for all individuals aged
18 years or older, these cut-offs were extracted from studies
based on examination of morbidity risk in young and middle-
aged populations. For older persons the lowest mortality rate
was shown for BMI values between 25 and 30 (30) or even
above 30 kg/m? (6). In addition the US National Research
Council (NRC) currently proposes a BMI cut-off value between
24 and 29 kg/m’ as a normal range in older persons (31). A
BMI below 20 kg/m? may serve as a marker of malnutrition as
recommended by ESPEN (32). In the present study the BMI
cut-off values included in the NRS and in the MUST may have
resulted in a significantly lower rate of malnutrition. The MNA,
on the other hand, uses BMI cut-offs, which result in lower
scoring, thereby indicating higher risk, already with BMI
values below 23 kg/m’. In addition the MNA may be regarded
to be more sensitive in estimating weight loss as it scores lower
already when a weight loss between one and three kilograms
has been documented.

The NRS, designed for use in hospitalized patients, and also
the MUST lay strong emphasis on acute morbidity which is
largely absent among nursing home residents. In addition a
complete absence of nutritional intake lasting for five days or
longer is exceptionally rare in nursing home residents. Nursing
homes primarily accommodate residents suffering from chronic

conditions especially from low functionality and disabilities,
which are not adequately represented by the list of disease
prototypes in the original NRS publication (16). The usefulness
and applicability of the NRS in the nursing home setting might
therefore be limited. On the other hand, the NRS offers an
adjustment for age (an extra point is given for age above 70)
which was included due to the association of higher age with an
increasing risk of malnutrition (33). In the present study the
minor discrepancies in classification between the NRS and
MUST might have been a consequence of the age adjustment
provided by the NRS.

Six and twelve month mortality rates were highest in
residents who were classified as ‘malnourished’, at ‘high risk’
and at ‘risk of malnutrition’ by the MNA, NRS and MUST,
respectively. Furthermore hazard ratios were highest for
residents categorized as ‘risk for malnutrition’ and
‘malnourished” by MNA. The MNA showed the best predictive
value for survival among well-nourished residents. Similar
results have been documented in previous studies. The MNA
has been shown to be predictive for length of stay and mortality
(20). In the developmental study of the MNA, all participants
classified as ‘normal’ survived for at least one year, while 24%
of the subjects at ‘risk’ and 48% of the ‘malnourished’ ones had
died during this period (34). Among very old hospitalized
patients Kagansky found a significant correlation between the
MNA score and the survival rate after 2.7 years (23). Tsai and
Ku demonstrated that the MNA predicted six month mortality
in cognitively impaired older people (35). However, apart from
the present study data on the association of MNA results with
mortality are widely lacking for the nursing home setting.

Stratton reported on the predictive value of the MUST in
acutely ill, hospitalized older patients. Patients with a ‘medium’
and ‘high risk of malnutrition’ had higher mortality rates and
lengths of stay than patients with a ‘low risk’. The MUST
categories were significantly associated with mortality and
clinical outcome (36). In community care, the MUST predicted
hospital admission, visits to the general practitioner and a
favourable outcome after nutritional intervention (20, 18). In
the present study, a significant correlation was demonstrated
only between MUST categorization and mortality, but not
between MUST category and hospitalization. With regard to
the NRS, a significant association between NRS categories and
mortality was observed but not between NRS category and
hospitalization. Sorensen and co-workers found a significant
association between NRS “at risk’ patients and mortality as well
as rate of complications in comparison to ‘not at risk’ patients
in a multicentre study with acute hospital patients (37).

Conclusion

When reflecting on the differences between nutritional
screening tools applied in the nursing home population their
implications for the design and for the interpretation of
intervention studies have to be considered. As the three tested
screening tools — MNA, NRS and MUST - identify different
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residents as being at risk or as being malnourished the effects of
nutritional interventions may differ between studies as a
consequence of the screening tools that were used. All study
results must therefore be interpreted according to the criteria
applied for the inclusion of study participants. Although no
clear superiority of one screening tool over the others could be
shown in the present study it has to be taken into consideration
that only the MNA was specifically designed for application in
older people. The MNA items reflect specific conditions
relevant in older individuals and are based on age-adapted
thresholds for anthropometric measurements. In addition, acute
disease, which is highly relevant for the screening with NRS
and also with MUST, can rarely be found in nursing home
residents. Adaptations of the MNA like the MNA Short Form
may serve to increase its applicability rate and to reduce the
time needed for screening. The identification of residents being
at risk for malnutrition is important to assure early nutritional
intervention to protect their functionality and quality of life.
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