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A B S T R A C T

Background: The Mini Nutritional Assessment (MNA) and the Malnutrition Universal

Screening Tool (MUST) are two widely used malnutrition screening scales.

Objective: The study was to compare the grading ability of the two scales, and to

determine whether adoption of population-specific anthropometric cut-points could

improve the grading ability of these tools and whether calf circumference (CC) could be an

acceptable alternative to BMI in these scales.

Design: Purposive sampling.

Settings: Outpatients receiving annual physical examination at an area hospital.

Participants: Community-living elderly who were 65 years or older, able to communicate

orally, without acute health conditions and willing to sign a study-consent.

Methods: Subjects were measured for anthropometrics and blood biochemical indicators,

and interviewed for personal data and answers to the MNA and MUST. The risk of

malnutrition was evaluated with the short-form MNA (MNA-SF) and the MUST, each in

three versions (the original, Taiwan version-1 (T1) which adopted population-specific

anthropometric cut-points, and Taiwan version-2 (T2) which replaced BMI with CC). Long-

form (LF) MNA versions served as references.

Results: Results showed that (a) in both scales, patterns of nutritional status rated with the

original versions were different from those rated with respective modified versions but

ratings made with two modified versions were the same, (b) the T2 versions showed the

best grading ability based on agreement with the reference (MNA-LF), and (c) MNA-SF

versions rated greater proportions of subjects at risk of malnutrition than the respective

MUST versions.

Conclusions: (a) Adoption of population-specific anthropometric cut-points improves the

grading ability of the MNA-SF and the MUST in community-living Taiwanese, (b) CC is an

acceptable alternative to BMI for both MNA-SF and MUST, and (c) nutritional assessment

tools should be as much population or ethnically specific as possible to account for cultural

and anthropometric differences across populations.

� 2009 Elsevier Ltd. All rights reserved.
* Corresponding author. Tel.: +886 04 2332 3456.

E-mail address: atsai@umich.edu (A.C. Tsai).

0020-7489/$ – see front matter � 2009 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ijnurstu.2009.05.004
What is already known about the topic?
� M
ini Nutritional Assessment (MNA) is a validated tool for
geriatric nutritional assessment. It has a short-form
for nutritional risk screening and a long-form for
assessment.
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� M
alnutrition Universal Screening Tool (MUST) is another
non-invasive nutritional risk screening tool.

� B
oth tools were developed based on clinical data of

Western populations.

What this paper adds
� M
odification of the MNA-SF and MUST according to
population anthropometrical features improved the
grading ability of both tools over the original scales. It
is an important step in maintaining true content
equivalency of imported measurement tools.

� C
alf circumference can replace BMI in both the MNA-SF

and MUST scales without compromising the grading
ability.

� W
ithout the need of measuring subject’s weight and

height, MNA-T2 can be administered more quickly in the
primary care settings as compared to the original MNA.

1. Introduction

Malnutrition is common among the elderly and many
tools have been developed for identifying their nutritional
risk (Elia, 2003; Green and Watson, 2005; Anthony, 2008).
The Mini Nutritional Assessment (MNA) (Guigoz et al.,
1994) and the Malnutrition Universal Screening Tool
(MUST) (MAG, 2003) are two popular tools. A feature of
these two tools is that both do not require invasive
procedures.

The MNA was developed using clinical data of Western
populations and the tool has been validated in several
Western and non-Western populations (Guigoz et al.,
1994, 1996; Charlton et al., 2005; Cuyac and Santana,
2007; Wikby et al., 2008). The MNA is now available in
more than 20 languages (Guigoz et al., 2002; Vellas et al.,
1999, 2006). Although the tool has been applied to non-
Western populations (Kuzuya et al., 2005; Izawa et al.,
2006), due to cultural and anthropometric differences
across populations, the tool should be as much population
or ethnically specific as possible (Chumlea, 1999, 2006).

Considering that the Asians are known to be different
from the Westerners in their body fatness to BMI index
relationship (Deurenberg et al., 2002; WHO, 2004), a
population-specific MNA for the Asians would be greatly
desired. We have recently made an attempt to establish a
Taiwanese-specific version of the MNA. We first deter-
mined the population-specific BMI, calf circumference (CC)
and mid-arm circumference (MAC) cut-points using a
population-representative sample of 2890 elderly men and
women (Tsai et al., 2007). We found that with the
exception of MAC for women, all BMI, CC and MAC cut-
points for Taiwanese elderly were different from that
specified in the original MNA. We also have observed that
adoption of these population-specific cut-points improved
the predictive ability of the MNA in Taiwanese elderly
under various living settings (Tsai et al., 2008; Tsai and Ku,
2008; Tsai and Shih, 2008).

However, a difficulty in using the MNA is that it requires
weight and height measures which are often not easily
obtainable because bathroom scales are not common in
most Taiwanese homes. Further, for frail or bed-ridden
elderly, weight and height measurements can be quite
involved and inaccurate. Considering that CC and MAC are
highly correlated with BMI (Khadivzadeh, 2002; Powell-
Tuck and Hennessy, 2003) and both reflect lean body mass
and functional status better than BMI in the elderly
(Bonnefoy et al., 2002; Chumlea, 2006) it would be of
interest to determine whether it is possible to substitute
CC and/or MAC for BMI in the scale without compromising
the predictive ability of the tool (Tsai et al., 2009a).

MNA in its long-form (LF) includes 18 questions and is
for assessing the nutritional status of elderly persons. MNA
also can be applied in a short-form (MNA-SF), comprised of
the first 6 questions of the long-form, for screening risk of
malnutrition. Predictions made with the short-form
correlate well with predictions made with the long-form
(Rubenstein et al., 2001). For routine monitoring purposes,
the short-form is preferred by many because it is simpler
and less time-consuming. We have recently shown that CC
can substitute BMI in the scale without compromising the
grading ability of the MNA (Unpublished observation).

MUST is another nutrition risk screening tool that does
not involve invasive procedures. It was developed by the
Multi-disciplinary Malnutrition Advisory Group of the
British Association for Parenteral & Enteral Nutrition
(BAPEN) of the United Kingdom for adults under all
healthcare settings and patient groups (MAG, 2003;
Godfrey, 2004; Scott, 2008). The tool is composed of only
three simple questions specifically related to body weight
status (BMI), unplanned weight change and acute disease
effect on food intake. If necessary, anthropometric
measures such as MAC may be substituted by alternative
methods. MUST was also developed on basis of clinical
data of Western populations. Its use beyond Western
populations has not been documented. Like the MNA, it
should also be modified when applied to non-Western
populations. Thus, the current study was undertaken to
determine whether one can improve the grading ability of
these scales by adopting population-specific anthropo-
metric cut-points, and whether CC can substitute BMI in
the scale without compromising the predictive ability of
the scale in elderly Taiwanese.

2. Methods

2.1. Design and sampling

During May to August of 2007, the study purposively
sampled 501 consecutive elderly patients who were
outpatients receiving free annual health checkup provided
by the Universal Health Insurance Program of Taiwan at an
area hospital in Central Taiwan. Excluding four subjects
who refused to participate, all others were eligible and
participated in the study. All participants were community
free-living adults, 65 years or older, free of acute condition
or infection and able to communicate verbally.

2.2. Procedure

The study involved three components: (a) an on-site
in-person interview (while waiting for physician’s



Fig. 1. Nutritional risk status rated according to three scales. MNA-SF

classifies subjects into two levels, at risk or not; MUST classifies into three

levels, high, medium or low risk; and MNA-LF classifies subjects into

three levels, malnourished, at risk of malnutrition, or normal. Each scale

has three versions; the original, Taiwan version-1 (T1) which adopted

population-specific anthropometric cut-points, and Taiwan version-2

(T2) which had BMI in the scale replaced with CC. Analyses with Friedman

Test and Wilcoxon Signed-Rank Test showed that the pattern rated with

the original MNA was significantly different from that of MNA-T1

(Z = �4.8, P < 0.017) and MNA-T2 (Z = �5.3, P < 0.017) whereas no

differences were observed between the two modified versions (Z = �2.2,

P > 0.017). The tests also showed that the patterns rated with the original

MUST was significantly different from that of MUST-T1 (Z = �5.8,

P < 0.017) and MUST-T2 (Z = �2.6, P < 0.017) whereas no differences

were observed between the two modified versions (Z = �1.8, P > 0.017).
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examination) with a structured-questionnaire to elicit
subject’s personal data, lifestyle- and health-related
information, and answers to questions in MUST and
MNA (Tsai et al., 2008), (b) measurements of mid-arm,
calf-, hip and waist circumferences according to standard
procedures (Lee and Nieman, 2003), and (c) a physical
examination that included physician’s examination of
patients’ general health condition, and measurements of
fasting hemoglobin, serum albumin, glucose and trigly-
ceride concentrations. The Institutional Review Board of
Asia University approved the protocol and ethical aspects
of the study. All subjects or their legal guardians signed a
written consent. Ethical guidelines were strictly followed
throughout the study.

2.3. Screening scales

Each subject was screened with the original and two
modified versions of the MNA (in both long- and short-
forms) and the MUST. The two modified versions were (a)
Taiwan version-1 (T1) which adopted population-specific
BMI cut-points (Tsai et al., 2007), and (b) Taiwan version-2
(T2) which replaced population-specific CC for BMI in the
scale (Table 1). The MNA-long-form versions (MNA-LF-T1
and -T2) served as references. The short-form MNA has a
maximum score of 14. Those who scored �11 are
considered at risk of malnutrition. MUST has an opposite
scoring system (higher score representing higher risk) and
has a maximum risk score of 6 and a minimum of 0. Those
who score 2 or more are at high risk, 1 at moderate risk and
0 at low risk of undernutrition.

2.4. Statistical analysis

Results were analyzed with SPSS/Windows 12.0 soft-
ware package (Statistical Package for the Social Sciences,
Chicago, IL). Spearman’s correlation was applied to
determine the strength of relationship between the
subjects’ MNA or MUST scores and the status of various
nutrition or health indicators. The strength of agreement of
the predicted results with the reference methods was
analyzed with Kappa statistics. The proportions of subjects
rated malnourished or at risk of malnutrition are shown in
Fig. 1. Statistical significance for all analyses was accepted
at a = 0.05.

3. Results

Four hundred and ninety seven elderly (225 males and
272 females), �65 years, participated in the study. The
assigned scores and the scoring patterns by the subjects
with MNA-SF and MUST are shown in Table 1. When
measured with the MNA-SF, 8–10% of those community-
living elderly had moderate or severe weight/appetite loss
during the last several months and a high proportion
(18.5%) of subjects did not know their weight status; 4.4%
were unable to go out; 6.2% suffered psychological stress;
and 2.4% had severe or mild dementia. The proportion of
elderly rated having less than satisfactory BMI was
reduced from 33.2 to 15.9% when population-specific
cut-point replaced the original cut-point. The proportion
was further reduced to 7% when CC replaced BMI in the
scale. When measured with the MUST, the original scale
rated 10.8% and T1 rated 5.8% of subjects less than
satisfactory. When substituted with CC, 9.7% were less
than satisfactory. No subject had >10% of weight loss and
only 1.4% had 5–10% of weight loss during the past 3–6
months. Only one person (0.2%) had no nutritional intake
due to acute conditions for >5 days.



Table 1

The original and the modified versions of the shirt-form (SF) Mini

Nutritional Assessment (MNA) and Malnutrition Universal Screening Tool

(MUST), and the scoring patterns (N = 497).

Item and conditions (question score) Scoring N (%)

MNA-SFa

(A) Food intake declined (2)
Severe loss of appetite 0 1 (0.2)
Moderate loss of appetite 1 40 (8.0)
No loss of appetite 2 456 (91.8)

(B) Weight loss during last months (3)
Weight loss >3 kg 0 10 (2.0)
Does not know 1 92 (18.5)
Weight loss 1–3 kg 2 40 (8.0)
No weight loss 3 355 (71.4)

(C) Mobility (2)
Bed or chair bound 0 2 (0.4)
Can get out of bed but not goes out 1 20 (4.0)
Goes out 2 475 (95.6)

(D) Suffered psychological stress (2)
Yes 0 31 (6.2)
No 2 466 (93.8)

(E) Neuropsychological problems (2)
Severe dementia or depression 0 8 (1.6)
Mild dementia 1 4 (0.8)
No psychological problems 2 485 (97.6)

(F) BMI (kg/m2) (3)
MNA-original

(0) <19 29 (5.8)
(1) 19–21 50 (10.1)
(2) 21–23 86 (17.3)
(3) �23 332 (66.8)

MNA-T1
(0) <17 6 (1.2)
(1) 17–19 24 (4.8)
(2) 19–21 49 (9.9)
(3) �21 418 (84.1)

MNA-T2
(0) <28/<25b (cm) 11 (2.2)
(1) 28–29/25–26 10 (2.0)
(2) 29–30/26–27 14 (2.8)
(3) �30/�27 462 (93.0)

MUSTa

(A) BMI (kg/m2) (2)
MUST-original
>20 0 447 (89.2)
18.5–20 1 31 (6.2)
<18.5 2 19 (3.8)

MUST-T1
>19 0 468 (94.2)
17–19 1 24 (4.8)
<17 2 5 (1.0)

MUST-T2 (substituted with CC, cm)
�30/�27b 0 462 (90.3)
28–30/25–27 1 23 (4.6)
<28/ < 25 2 12 (2.4)

(B) Unplanned weight loss in past 3–6 m (%) (2)
<5 0 490 (98.6)
5–10 1 7 (1.4)
>10 2 0 (0.0)

(C) No nutritional intake due to acute conditions for >5 days (2)
No 0 496 (99.8)
Yes 2 1 (0.2)

a In both scales, question F in MNA and question A in MUST where BMI

cut-points were replaced with population-specific anthropometric cut-

point in Taiwan version-1 (T1), or CC replaced BMI in the scale in Taiwan

version-2 (T2). BMI = body mass index; CC = calf-circumference; MAC = -

mid-arm circumference; MNA and MUST have opposite scoring system. In

MNA higher score means better condition. In MUST, higher score means

higher risk. MNA-SF has a maximum score of 14. Those who score�11 are at

risk of malnutrition. MUST has a maximum risk score of 6. Those who score 2

or more have high risk of malnutrition, 1 = moderate risk and 0 = low risk.
b Values for men/women, respectively.
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The anthropometrical characteristics of subjects are
shown in Table 2. The average age was nearly 74 years for
both men and women. The average BMI was 24.4 for men
and 24.9 (kg/m2) for women.

Table 3 shows the Spearman’s correlation coefficients
(r) of the total scores of each version of MNA or MUST with
nutrition-related biochemical or health-related para-
meters. The scores of all versions showed significant
correlations with hemoglobin (P < 0.001) but the scores of
MNA-LF and MNA-SF versions showed slightly stronger
correlations than did the MUST versions. Serum albumin
concentration showed a stronger relationship with the
total MNA scores of the original and T1 versions of all three
scales. No significant correlations were observed with the
number of chronic diseases in all three scales. The length of
hospital stay showed significant relationships with the
scores of the original and T1 versions of the MNA-LF and SF,
but not with the MUST versions. Only the MNA-SF showed
a significant correlation with the number of emergency
visit.

Table 4 shows the cross tabulation and Kappa statistics
of the predicted nutritional risk statuses among the
modified versions. The strength of agreement between
the patterns graded with the MNA-LF-T1 and T2 was high
(Kappa = 0.94). The strength of agreement between the
results graded with the two modified MNA-SF versions and
the two modified MNA-LF versions were substantial
(Kappa values = 0.69–0.77) but was slightly better for
results graded with the MNA-SF-T2 than with MNA-SF-T1.
The strength of agreement between the two modified
MNA-SF versions was high (Kappa = 0.88). The strength of
agreement between the results graded with two modified
MUST versions and that of the two MNA-LF versions were
moderate (Kappa = 0.44–0.52). The strength of agreement
between the results predicted with the two modified
MUST versions and the two modified MNA-SF versions
were moderate (Kappa = 0.45–0.57) and the strength of
agreement between the two modified MUST versions was
also moderate (Kappa = 0.58).

The proportions of subjects graded malnourished or at
risk of malnutrition according to the three scales, each in
three versions are shown in Fig. 1. The original scale of each
tool rated more subjects subnormal than did the modified
versions. The MNA-SF rated more subjects subnormal than
did the respective MNA-LF versions, and both MNA-SF and
LF scales rated more subjects subnormal nutrition than did
respective MUST versions.

4. Discussion

4.1. The screening ability of the MNA-SF and MUST versions

Similar to our observations with the MNA-LF (Tsai et al.,
2008, 2009a,b; Tsai and Ku, 2008), results show that
adoption of population-specific anthropometric cut-points
improves the predictive ability of the short-form, and
replacement of CC for BMI in the scale can maintain its
predictive ability. According to Friedman Test and
Wilcoxon Signed-Rank Test, results predicted with the
original MNA-SF were different from that predicted with
the two modified versions whereas results predicted with



Table 2

Characteristics of subjects.

Variable Men (N = 225) Women (N = 272)

Mean � S.D. Abnormal (N, %) Mean � S.D. Abnormal (N, %)

Age (years) 73.80 � 5.84 73.71 � 6.24

Height (cm) 163.2 � 6.0 151.1 � 5.5

Weight (kg) 65.2 � 10.3 56.9 � 10.1

BMI (kg/m2) 24.4 � 3.4 24.9 � 4.0

MAC (cm) 27.5 � 3.1 27.0 � 3.2

CC (cm) 33.8 � 2.9 32.4 � 3.3

Waist (cm) 89.3 � 9.5 84.2 � 9.2

Hip (cm) 96.9 � 7.7 97.3 � 8.3

Waist/hip 0.92 � 0.06 0.86 � 0.06

Hemoglobin (g/dL) 14.1 � 1.6 13.1 � 1.3

<12.0/10.0 g/dLa 21 (9.3) 7 (2.6)

Serum albumin (g/dL) 4.3 � 0.3 4.2 � 0.3

<3.5 g/dL 1 (0.4) 4 (1.5)

Serum chol. (mg/dL) 185.2 � 36.7 205.4 � 37.6

<150 mg/dL 30 (13.3) 17 (6.3)

Serum TG (mg/dL) 128.0 � 70.1 143.2 � 78.5

>190 mg/dL 32 (14.2) 53 (19.5)

a Desired values for men/women, respectively.
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the two modified versions were not different from each
other. Similar findings were also observed with the MUST
versions. The original versions predicted roughly 45–60%
more elderly at risk of malnutrition than respective
modified versions. The possible explanation is that the
original MNA or MUST was developed for Western
populations and some anthropometric cut-points were
not applicable (too high) to the Taiwanese elderly and thus,
resulted in over-estimation of individuals at risk of
malnutrition. These results suggest the need to consider
cultural and anthropometric differences and adjust
accordingly whenever possible when using an imported
tool (Chumlea, 1999, 2006). It is a necessary step to
maintain the true content equivalency of a measurement
scale.
Table 3

Spearman’s correlation coefficients (r) of the total scores of th

and shirt-form (SF) Mini Nutritional Assessment (MNA) and

hemoglobin, serum albumin, the number of chronic diseases

visit (N = 497).

Version Hemoglobin Albumin

MNA-LF

Original 0.246*** 0.229***

T1 0.224*** 0.231***

T2 0.209*** 0.205***

MNA-SF

Original 0.220*** 0.205***

T1 0.224*** 0.207***

T2 0.204*** 0.159***

MUSTa

Original 0.187*** 0.226***

TI 0.195*** 0.222***

T2 0.151** 0.162**

T1 = Taiwan version-1 (adopted population-specific anthropo

BMI in the scale).
a r values of MUST scales are reversed in order to be cons
** P < 0.01.
*** P < 0.001.
The three versions of the short-form MNA (the original,
T1 and T2) predicted approximately 30–35% more elderly
at risk of malnutrition than did the respective long-form
versions. This ‘‘over-estimation’’ of the ‘‘at risk individuals’’
is probably intentional by the tool developers. Since the
short-form MNA is a screening tool and is suggested to be
used with the long-form MNA for assessing the nutritional
status of frail elderly, it makes sense to have the short-form
to ‘‘cast a larger net’’ to identify those who are potentially
at risk for further evaluation with the long-form.

On the other hand, the MUST versions screened fewer
elderly at risk of malnutrition compared to the respective
MNA-SF versions. The reason the MNA grades a higher
proportion of elderly at risk of malnutrition vs. the MUST is
that it is a geriatric specific tool, whereas the MUST is a tool
e original and modified versions of the long-form (LF)

Malnutrition Universal Screening Tool (MUST) with

, hospital length of stay and the number of emergency

Chronic dis. Hosp. stay Emergency

�0.054 �0.139** �0.039

�0.065 �0.161*** �0.035

�0.073 �0.168*** �0.043

�0.012 �0.161*** �0.118**

�0.047 �0.190*** �0.126**

�0.060 �0.209*** �0.153**

0.040 0.014 0.045

0.019 �0.025 0.045

0.034 �0.039 0.030

metric cut-points); T2 = Taiwan version-2 (CC replaced

istent with other scales.



Table 4

Cross tabulation of malnutrition risk in 497 subjects according to the original or modified Mini Nutritional Assessment (MNA) or Malnutrition Universal Screening Tool (MUST) versions.

Tools MNA-LF-0 MNA-LF-T1 MNA-LF-T2 MNA-SF-T1 MNA-SF-T2 MUST-T1

At risk Normal At risk Normal At risk Normal At risk Normal At risk Normal At risk Normal

MNA-LF

T1a

At risk 48 (68.6) 0

Normal 22 427 (100)

Kappa 0.789

T2

At risk 43 (61.4) 0 43 (89.6)a 0

Normal 427 (100) 5 449 (100)a

Kappa 0.732 0.94

MNA-SF

T1

At risk 54 (77.1) 11 43 (89.6) 22 39 (88.6) 26

Normal 16 416 (97.4) 5 427 (95.1) 4 428 (94.3)

Kappa 0.769 0.73 0.69

T2

At risk 50 (71.4) 8 41 (85.4) 17 40 (93.0) 18 55 (84.6) 3

Normal 20 419 (98.1) 7 432 (96.2) 3 436 (96.0) 10 429 (99.3)

Kappa 0.749 0.75 0.77 0.88

MUSTa

T1

At risk 30 (42.9) 6 22 (45.8) 14 19 (44.2) 17 31 (47.7) 5 24 (41.4) 12

Normal 40 421 (98.6) 26 435 (96.9) 24 437 (96.3) 34 427 (98.8) 34 427 (97.3)

Kappa 0.520 0.48 0.44 0.57 0.46

T2

At risk 30 (42.9) 12 24 (50.0) 18 24 (55.8) 18 27 (41.5) 15 29 (50.0) 13 24 (66.7) 18

Normal 40 415 (97.2) 24 431 (96.0) 19 436 (96.0) 38 417 (96/5) 29 426 (87.0) 12 443 (98.2)

Kappa 0.481 0.49 0.52 0.45 0.53 0.58

LF = long-form; SF = short-form; T1 = Taiwan version-1; T2 = Taiwan version-2.
a To be consistent among the scales, ‘‘malnourished’’ and ‘‘at risk’’ in MNA-LF and ‘‘high risk’’ and ‘‘medium risk’’ in MUST were respectively combined and referred to as ‘‘at risk’’ while ‘‘low risk’’ in MUST was

referred to as ‘‘normal’’ in this study.
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developed for the general adult population. The MNA also
looks at mobility, cognition and psychological stress of
the elderly, in addition to weight change and appetite
status, and it rates a person at risk with a BMI of 23. With
the MUST, it looks mainly only at weight change and
appetite status and a person is not at risk until a BMI of 20.
These differences most likely explain the higher propor-
tion of persons identified at risk with the MNA. The
proportions identified at risk of malnutrition by the MUST
are even slightly less than that predicted with the
respective MNA-LF versions. Thus, it is possible that
the MUST may under predict those with potential
nutritional risk. Stratton et al. (2004) observed that
MUST rated fewer patients at risk of malnutrition
compared to MNA-SF in elderly inpatients, but more at
risk patients than MNA-SF in another group of patients
(surgical gastrointestinal inpatients) in the same study,
suggesting healthcare setting is an important factor.

4.2. The strength of agreement

Kappa statistics indicate that the strength of agreement
between the results predicted with the two modified
MNA-LF versions (T1 and T2) was high (Kappa = 0.94),
confirming our earlier findings that CC can replace BMI in
the scale without compromising the predictive ability of
the tool (Tsai et al., 2008; Tsai and Ku, 2008; Tsai and Shih,
2008).

The strength of agreements between results predicted
with the short-form and the long-form versions of the
MNA were relatively high (Kappa = 0.69–0.77), and MNA-
SF-T2 showed better agreements with both MNA-LF
versions than did MNA-SF-T1. The MNA-SF versions
indentified high proportions (85.4–93%) of those identified
at risk of malnutrition by the two MNA-LF versions.
However, MNA-SF versions did identify more persons at
risk than that predicted with respective long-form
versions. As indicated earlier, as a screening tool, it
probably is a safety protection by design in order to
include as many of those who are potentially at risk as
possible. The agreement between the two MNA-SF
versions was high (Kappa = 0.88) suggesting that CC, like
in the long-form, could replace BMI in the scale without
compromising the predictive ability of the tool.

The strength of agreements between the results
predicted with the two modified MUST versions and the
MNA versions (both long-form and short-form) were only
moderate (Kappa = 0.44–0.57). These results suggest that
the MNA and the MUST identify substantially different
individuals of the same group of patients at risk of
malnutrition. The reason for this relatively low agreement
between the two scales is related to the way the scales
were constructed as discussed earlier. Based on the
components (questions) of the scale, the MUST appears
to be more geared for predicting current nutritional risks
while the MNA-SF is capable of detecting both current and
emerging nutritional risks.

The agreement between the two MUST (T1 and T2)
versions was only moderate (Kappa = 0.58), suggesting
that the two versions predict substantially different
individuals of the same group at risk of malnutrition. It
suggests that replacement of CC for BMI in MUST can
cause a greater change on the predicted outcome than in
MNA-SF.

4.3. Comparing the predictive ability of MNA-SF vs. MUST

In the absence of a universally accepted gold standard
of malnutrition, it is difficult to judge which scale identifies
the individuals who are truly at risk of malnutrition. The
best we could do was to try to relate the predicted
nutritional status with available biochemical (such as
hemoglobin and serum albumin) and health-related
indicators (such as the total number of chronic diseases,
hospital length of stay and number of emergency visit).
Spearman’s correlation analysis revealed that patterns
predicted with the MNA-SF versions seem to have slightly
stronger correlations with most of the five variables
compared to the respective MUST versions.

Within each scale, the strength of correlation of the two
modified versions with the five reference standards appear
to be mixed, again suggesting that the two versions (T1 and
T2) have roughly similar predictive abilities.

4.4. Attempts by others

An attempt to modify MNA for Chinese has been
attempted by Woo et al. (2005). Because of the difficulty in
obtaining weight and height for computing BMI in Chinese,
the researchers constructed a MNA-like tool, ‘‘Chinese
Nutrition Screen’’ (CNS), without using any anthropo-
metric data. The CNS has an overall Kappa coefficient of 0.5
and has a 60% chance of identifying those who are truly at
risk of malnutrition using physician assessments as
reference standards. A Kappa coefficient of 0.5 is con-
sidered a moderate strength of agreement. Under-weight
is a key predictor of undernutrition. Without any anthro-
pometric indicator to reflect underweight status, the
predictive ability of the tool could be adversely impaired.

4.5. Limitations of the present study

Due to the limitation in healthcare setting of subjects in
the present study and the lack of a universally accepted
gold standard of malnutrition, results of the present study
should be interpreted with caution. The sample was a
group of relatively healthy community-living subjects.
Results may vary under other healthcare settings or when
other reference standards are used. Results of the present
study suggest that the modifications improve the pre-
dictive ability of the scale and also suggest that the MNA-
SF is probably more suitable for identifying community-
living elderly at risk of malnutrition in Taiwan. However,
further studies are needed to establish the relative
predictive abilities of these two scales in elderly under
other healthcare settings.

A common disadvantage of modifying a measurement
scale is limiting the possibility of inter-country/population
comparisons. However, in the present case, we consider
the modification a necessary step toward maintaining the
content equivalency of the tool and thus making the results
more appropriate for inter-country comparisons.



A.C. Tsai et al. / International Journal of Nursing Studies 46 (2009) 1431–14381438
5. Conclusion

Results of the present study suggest that (a) adoption of
population-specific anthropometric cut-points can
improve ability of the long-form and the short-form of
the MNA and also the MUST in identifying the elderly at
risk of malnutrition, (b) CC can replace BMI in both the
short-form and long-form MNA and also in MUST without
compromising the predictive ability of the tools, and (c) in
conducting nutritional assessment the tool should be as
much population- or ethnicity-specific as possible.
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