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Nutrition is a key element in geriatric health, and nutritional screening/assessment is a key component of comprehensive geriatric evaluation.
The study aimed to validate the Mini Nutritional Assessment Taiwan version-1 (MNA-T1) which adopted population-specific anthropometric
cut-points, and version-2 (MNA-T2) which replaced BMI with mid-arm and calf circumferences in the scale for predicting the nutritional
status of elderly Taiwanese. Using data of a population-representative longitudinal study of 2802 Taiwanese aged 65 years or older, the study
graded the nutritional status of each subject with the original and both modified versions at baseline, analysed their hospital length of stay, the
Activities of Daily Living (ADL), the Center for Epidemiologic Studies Depression Scale (CES-D) and life-satisfaction scores at baseline and
end of 4 years, and tracked their survival during the period. Results showed that both modified versions had superior predictive abilities compared
with the original MNA, and their graded scores correlated better with hospital length of stay, and ADL, CES-D and life-satisfaction scores. Both
modified versions were effective in predicting follow-up mortality risk. The relative mortality risk was about 7 times for those rated malnourished
and 2·5 times for those rated at risk of malnutrition compared with those who were rated normal at baseline by the two modified versions. These
results suggest that both of the modified versions are effective in predicting the nutrition and health statuses of Taiwanese elderly and would serve
to validate the predictive ability of the two modified versions. The MNA-T2, which requires no BMI, can make routine nutritional screening/
assessment an easier task.
Nutritional assessment: Longitudinal studies: Mortality: Validation

Nutrition is a key element in geriatric health, and nutritional
screening/assessment is a key component in comprehensive
geriatric evaluation. Timely screening can help detect early
signs of nutritional imbalance and enable intervention to
prevent emerging nutritional problems. The Mini Nutritional
Assessment (MNA) is one of the most widely used and studied
nutrition screening/assessment tools. It was developed and
validated with clinical data of patients in Europe and USA
in the 1990s for grading the nutritional risk of older adults
in Western countries(1 – 3). Although the tool has been used
to assess the nutritional status of non-Caucasian elderly such
as the Japanese(4,5), for the best results, it should be modified
according to population-specific cultural and anthropometric
features in order to maintain content equivalency of the tool
whenever it is applied to a population different from that for
which it was designed(6,7).
For this reason, we have modified the MNA according to
Taiwanese dietary habits and anthropometric features(8 – 12).
Due to differences in dietary habit, we have slightly altered
the questions dealing with protein intake by emphasising
more on the frequency of consumption rather than number

of servings. We have also adopted the Taiwanese-specific
anthropometric cut-points which were derived from a dataset
of a study representing Taiwanese aged 65 years or older(8).
A version with these modifications (called MNA-Taiwan
version-1, MNA-T1) has been shown to improve the ability
of the tool in grading the nutritional status and predicting
the follow-up mortality risk of the Taiwanese elderly(13).
Because of the difficulty in correctly measuring weight and
height of frail elderly and also our belief that mid-arm circumference (MAC) and calf circumference (CC) are better
indicators of health status than BMI for older elderly, we
have also attempted to test a modified scale without involving
BMI(14). We displaced BMI from the scale and redistributed
the assigned BMI score (3 points) to MAC and CC (1 point
to MAC and 2 to CC) to create a new version called the
MNA-Taiwan version-2 (MNA-T2). The rationale for the
modifications was based on the fact that MAC and CC, in
addition to reflecting subcutaneous body fat, also reflect lean
body mass and functional status(14), and thus can reflect
overall functional status better than BMI(15,16). The reassigning of the score was also based on the consideration that CC

Abbreviations: ADL, Activities of Daily Living; CC, calf circumference; CES-D, Center for Epidemiologic Studies Depression Scale; MAC, mid-arm circumference;
MNA-O, Mini Nutritional Assessment Taiwan modified original version; MNA-T1, Mini Nutritional Assessment Taiwan modified version-1; MTA-T2, Mini
Nutritional Assessment Taiwan modified version-2.
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reflects functional status better than MAC except during the
very late stage of functional decline(7). This modified version
has been shown to at least maintain and in many cases
improve the predictive ability of the scale in elderly residing
in the community, care centres and nursing homes, as well
as in patients with mental disorders or on haemodialysis(9 – 12).
Although results from all these studies suggest that MAC and
CC can substitute BMI in the scale without compromising the
grading ability of the scale, the predictive ability of these two
modified tools has yet to be tested with a more robust
standard.
In developing nutrition assessment tools, we are always
confronted with the difficulty of selecting a universally
accepted ‘gold standard’ for validating a tool. Long-term
survivability, although not a ‘gold standard’, can most probably be considered a robust standard. Thus, in the present
study we attempted to use this indicator to validate the grading
ability of the two modified versions of the MNA, MNA-T1
and MNA-T2.
Methods
Data of the present study were from the ‘Survey of Health and
Living Status of the Elderly in Taiwan’ (SHLSET), a population-based longitudinal cohort study initiated in 1989
aimed to gain an understanding of the role of socio-economic,
environmental, lifestyle and healthcare parameters on health,
wellbeing and quality of life of older Taiwanese(17 – 19). Participants were selected originally from non-institutionalised
citizens according to a multi-stage national probability
sampling process. Subjects in the cohort were interviewed
every 2–4 years for specific purposes. A total of five rounds
of interviews (in 1989, 1993, 1996, 1999 and 2003) were completed between 1989 and 2003. Data up to the 2003 survey are
available for research studies. All five surveys contained a
core component but each contained additional components
for specific purposes. The 1999 survey contained a special
component for assessing the nutritional status and that
was the basis for our choosing the 1999 dataset as baseline
for the present investigation. The 2003 survey was the latest
dataset available and thus served as the end-point of the
present study.
In each survey, trained interviewers accompanied by local
health workers conducted in-home, face-to-face interviews.
If a participant was unable or unavailable to have an
interview, a proxy respondent, usually a close relative or caregiver of the participant was interviewed. The 1999 survey
involved all 4915 remaining participants in the cohort and
the youngest was aged 53 years. Of the 4915 participants,
4440 were successfully traced and interviewed for the 2003
survey(18,19). Although the original sample (in 1989) included
only non-institutional individuals, by 1999 (baseline of the
present study) some were living in long-term care facilities.
The present study included all available (2802) participants
who were aged 65 years or older in 1999. Mortality data
were based on records maintained by the survey study, but
also confirmed by records of the National Health Insurance
Program, or the National Household Registration.
Baseline nutritional status of each subject was evaluated
with the original (MNA-O) and two modified versions
(MNA-T1 and MNA-T2) of the MNA. The MNA-T1 was

essentially the same as the original version, except it
adopted population-specific anthropometric cut-points(9). The
MNA-T2 omitted the BMI question and redistributed
the weighted score of BMI to the MAC and CC items in the
scale(14). The study also analysed self-reported number of
falls, hospital length of stay, times stayed in long-term care
institutions, functional status (Activities of Daily Living
(ADL) scale(20) (degree of dependency)), psychological
stress (Center for Epidemiologic Studies Depression Scale
(CES-D) score)(21) and life satisfaction(22), both at baseline
and end-point.
Spearman’s correlation analysis was performed to determine the strength of the relationship between subjects’
MNA scores and hospital length of stay, number of emergency
visits and ADL status in 1999 and 2003. Cox regression
analysis was performed to determine the significance of ageand sex-adjusted hazard ratios (relative mortality risks)
among groups classified with various versions of the
MNA. Age- and sex-adjusted survival curves were also
shown to demonstrate differences in survival rates among
these groups.
All statistical analyses were performed with SPSS (version
12.0; SPSS, Inc., Chicago, IL, USA). Statistical significance
for all analyses was evaluated at a ¼ 0·05.
The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by
government-appointed representatives. Written informed
consent was obtained from all subjects. The anonymity of
the subjects was preserved at all times.
Results
Table 1 shows the characteristics of subjects. Over half of the
participants (59 % men and 54 % women) were aged 65–74
years; 35 % men and 39 % women were aged 75–84 years
and the rest, 6 % men and 8 % women, were aged 85 years
or older. The majority of participants (69 % of men and
92 % of women) had had 6 years or less of formal education.
Approximately 37 % of men and only 4 % of women were current smokers and 36 % of men and 3 % of women were past
smokers; 26 % of men and only 4 % of women drank alcohol
one time or more per month; and 7 % of men and 1 %
of women were current betel-nut chewers and about 5 % of
men and 4 % of women were past chewers. Approximately
60 % of men and 48 % of women reportedly exercised at
least three times per week; the rest two times or less per
week. Roughly 15 % of men and 24 % of women had had a
fall one or more times, 24 % of men and 19 % of women
had had hospitalisation for $ 1 d, and 2·1 % of men and
1·4 % of women had stayed in care-homes during the past
12-month period.
The patterns of nutritional status graded with the three
versions of the MNA are shown in Table 2. Overall, the original
MNA graded 2·9 % of men and 2·8 % women malnourished,
and 15·1 % of men and 21·2 % women at risk of malnutrition;
the MNA-T1 graded 2·3 and 1·7 % malnourished, and 12·0
and 15·6 % at risk; and the MNA-T2 graded 2·0 and 1·5 %
malnourished and 12·3 and 14·8 % at risk for men and
women, respectively. With Bonferroni correction, the patterns
graded with the two modified versions were significantly
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Table 1. Characteristics (% within sex) of subjects at baseline

British Journal of Nutrition

Parameters

Men (n 1534)

Age (years)
65 – 74
59·1
75 – 84
34·9
$ 85
6·0
Formal education (years)
#6
68·7
7–9
13·6
10 – 12
8·6
$ 12
9·1
Smoking habit
Non-smoker
27·1
Current smoker
37·4
Past smoker
35·5
Alcohol drinking
, 1 time/month
74·1
$ 1 time/month
25·9
Routine exercise*
# 2 times/week
36·9
3 – 5 times/week
8·3
$ 6 times/week
52·1
Betel nut-chewing habit
Non-chewer
88·4
Current chewer
7·1
Past chewer
4·5
Number of falls during last 12 months
0
85·5
1
11·2
$2
3·3
Number of hospitalisations during last 12 months
0
76·2
1
16·3
$2
7·5
Length of hospital stay (d)
0
76·3
1–6
5·9
$7
17·8
Duration of stay in old-age care-homes (d)
0
97·9
1 – 30
0·3
. 30
1·8

Women (n 1268)
53·5
38·8
7·7
92·3
4·7
2·0
0·9
92·7
4·4
2·8
96·1
3·9
51·9
11·9
36·2
94·6
1·2
4·2
76·1
18·6
5·3
80·9
12·6
6·4
80·9
4·4
14·8
98·7
0·2
1·2
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Table 4 shows the Spearman’s correlation coefficients (r) of
the MNA scores with the major health parameters evaluated at
baseline (1999) and end-point (2003), respectively. The scores
of all three versions of the MNA were significantly correlated
with self-view health status, ADL score, CES-D score, lifesatisfaction score and hospital length of stay in 1999 and
2003, respectively. The strengths of all correlations were
stronger with all indicators examined in 1999 than in 2003.
Also, among the three MNA versions, the MNA-T2 showed
the strongest correlation with each of these health parameters,
followed by the MNA-T1, and the least with the original
version in both years.
Figure 1 shows the age- and sex-adjusted survival curves
and Cox regression analysis of the relative mortality risk.
The survival curves among the three predicted nutritional
categories were significantly different from each other in all
three versions. The relative mortality risk was approximately
7 times for those rated malnourished and 2·5 times for those
rated at risk of malnutrition compared with those rated
normal according to Cox regression analysis adjusted for
age and sex.
Discussion
Results of the present population-based 4-year longitudinal
study show that the MNA is effective not only in grading
the nutritional status but also in predicting the long-term
mortality risk of older Taiwanese adults. Elderly who were
rated malnourished or at risk of malnutrition had greatly
increased risk of follow-up death compared with those who
were rated normal nutritionally. During the first year following
the rating, the risk of death was about 15-fold for those
who were rated malnourished and 4- to 5-fold for those who
were rated at risk compared with those who were rated
normal, according to the two modified versions.

* $ 30 min per session.

Grading the nutritional status

different from that graded with the original MNA (both
P, 0·001), whereas the distributions between the two modified
versions were not significantly different from each other
(Z ¼ 22·45; P.0·017). The proportions graded malnourished
or at risk of malnutrition increased with age.
The follow-up 4-year mortality rates were 70·9, 37·9 and
15·3 % for elderly rated malnourished, at risk of malnutrition
and normal, respectively, according to the MNA-O; 73·7,
42·4 and 16·2 %, respectively, according to the MNA-T1;
and 77·6, 43·5 and 16·2 %, respectively, according to the
MNA-T2 (Table 3). For elderly graded malnourished, the
mortality rate for the first follow-up year was high, nearly
37 % for the original scale, and 45·6 and 38·8 % for the two
modified versions, respectively; the rate went down to about
20 % for the next 3 years. For individuals rated at risk of
malnutrition, the follow-up year 1 mortality rates were 11·4,
12·8 and 15·1 % according to the three respective versions.
The yearly rate stayed above 10 % for all three groups for
the next 3 years. For individuals rated normal at baseline,
mortality rates increased gradually, from slightly above 3 to
4– 5 % during the next 4 years for all three versions.

The strength of relationships between the MNA scores with
several key health indicators including self-view health
status, ADL score, CES-D score, life-satisfaction score and
hospital length of stay suggests that among the three MNA
versions, the MNA-T2 is the most capable in reflecting the
health status of an individual, followed by the MNA-T1 and
then the original MNA. These relationships lasted, although
got weaker, 4 years after the rating. The original MNA rated
significantly greater proportions of subjects malnourished or
at risk of malnutrition compared with the two modified
versions (MNA-T1 or MNA-T2), whereas the two modified
versions produced similar results. It is understandable that
the original version would rate greater proportions of
elderly malnourished or at risk of malnutrition because it
was designed for Westerners who usually have higher anthropometric cut-points compared with Eastern Asians. By
adopting the population-specific anthropometric cut-points,
the MNA-T1 corrected the population-related anthropometric
bias. The MNA-T2, which further substituted the BMI item
with expanded scores of MAC and CC items, appeared to
have further improved the grading ability of the tool.
A tool without BMI (thus requiring no weight and height
measurements) is greatly needed for individuals in less
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Table 2. Distribution of baseline nutritional status graded with the original or modified versions of the
Mini-Nutritional Assessment (MNA) stratified by age (n 2802)
(Percentages)
Distribution (%) by age range*
Age range (years). . .
MNA versions
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MNA-O
Malnourished
At risk
Normal
MNA-T1
Malnourished
At risk
Normal
MNA-T2
Malnourished
At risk
Normal

65– 74 (n 1584)

74 – 84 (n 1028)

. 85 (n 190)

All (n 2802)

Men

Women

Men

Women

Men

Women

Men

Women

2·2
12·8
85·0

1·3
14·9
83·8

3·2
17·4
79·5

3·5
25·8
70·7

7·6
25·0
67·4

9·2
41·8
49·0

2·9
15·1
82·0

2·8
21·2
76·0

1·7
9·7
88·6

0·6
10·6
88·8

2·8
14·4
82·8

2·4
18·9
78·7

6·5
20·7
72·8

5·1
33·7
61·2

2·3
12·0
85·7

1·7
15·6
82·7

1·7
9·6
88·7

0·4
10·5
89·1

1·9
15·1
83·0

2·0
17·9
80·1

5·4
22·8
71·7

6·1
29·6
64·3

2·0
12·3
85·7

1·5
14·8
83·7

MNA-O, MNA Taiwan modified original version; MNA-T1, MNA Taiwan modified version-1; MTA-T2, MNA Taiwan modified
version-2.
* Analyses with the Friedman test showed significant differences among the patterns predicted with the three versions in each age
range group (all P,0·001). Post hoc Wilcoxon signed-rank tests showed that the patterns predicted with the original MNA were
significantly different from that predicted with the respective MNA-T1 (all P,0·001) and MNA-T2 (all P,0·001) whereas no
differences were observed between the patterns predicted with MNA-T1 and MNA-T2 (all P.0·017) after Bonferroni correction.

developed countries where bathroom scales are not a
common item. An attempt to construct a BMI-free nutritional
assessment for the Chinese elderly was attempted by Woo
et al. (23). Using the MNA as a guide, the group developed
the Chinese Nutrition Screen (CNS) without involving any
anthropometric indicators. However, perhaps because of the

lack of anthropometric measures, the CNS had a moderate
predictive ability, with an overall k coefficient of 0·5 based
on a two-level (normal or at risk of malnutrition) rating
made by two physicians. The CNS can identify about 90 %
of individuals considered normal but only about 60 % of
individuals considered at risk of malnutrition.

Table 3. Follow-up yearly or 4-year mortality rates classified according to nutritional status
graded with the original or modified versions of the Mini-Nutritional Assessment (MNA) at
baseline (n 2802)
(Number of subjects and percentages)
Malnourished
Deaths
Year 1 (1999– 2000)
MNA-O
MNA-T1
MNA-T2
Year 2 (2000– 1)
MNA-O
MNA-T1
MNA-T2
Year 3 (2001– 2)
MNA-O
MNA-T1
MNA-T2
Year 4 (2002– 3)
MNA-O
MNA-T1
MNA-T2
4 years (1999 – 2003)
MNA-O
MNA-T1
MNA-T2

At risk

Normal

n†

%

Deaths

n†

%

Deaths

n†

%

29
26
19

79
57
49

36·8
45·6
38·8

57
49
57

501
382
377

11·4
12·8
15·1*

68
79
78

2222
2363
2376

3·1
3·3
3·3

12
6
9

50
31
30

24
19·4
30

46
43
39

444
333
320

10·4
12·9
12·2

81
90
91

2598
2284
2298

3·1
3·9
4

9
6
7

38
25
21

23·7
24
33·3

50
42
38

398
290
281

12·6
14·5
13·5

94
105
108

2517
2194
2207

3·7
4·8
4·9

6
4
3

29
19
14

20·7
21·1
21·4

37
28
30

348
248
243

10·6
11·3
12·3

97
108
107

2423
2089
2099

4
5·2
5·1

56
42
39

79
57
49

70·9
73·7
77·6

190
162
164

501
382
377

37·9
42·4
43·5c

340
382
384

2222
2363
2376

15·3
16·2
16·2

MNA-O, MNA Taiwan modified original version; MNA-T1, MNA Taiwan modified version-1; MTA-T2, MNA Taiwan
modified version-2.
* Significantly different from the respective MNA-O group (x2 test).
† n in category.
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rated malnourished v. those who were well nourished. In an
earlier study we have shown that the MNA-T1 is effective
in predicting follow-up 6-month mortality risk in nursing
home elderly(14).
Malnutrition increases the risk of mortality and is also an
independent predictor of mortality in older adults(26,27). In
older adults, undernutrition is closely tied to high mortality
risk. Undernutrition weakens immunity and increases disease
and mortality risk. On the other hand, morbidity and impaired
mobility can aggravate the development of malnutrition,
forming a vicious cycle. Thus, the ability to predict longterm mortality risk, perhaps, can be considered a robust test
for validating a nutritional assessment tool.

Table 4. Spearman’s correlation coefficients (r) of the Mini-Nutritional
Assessment (MNA) scores with health indicators at baseline (1999) and
end-point (2003)
MNA-O

MNA-T1

MNA-T2

1999 (n 2802)
Self-view health status
ADL score
CES-D score
Life satisfaction score
Hospital length of stay
(d/year)

0·409***
0·421***
2 0·442***
0·313***
2 0·256***

0·437***
0·430***
2 0·471***
0·324***
2 0·278***

0·457***
0·436***
2 0·472***
0·327***
2 0·290***

2003 (n 2124)
Self-view health status
ADL score
CES-D score
Life satisfaction score
Hospital length of stay
(d/year)

0·221***
0·256***
2 0·263***
0·192***
2 0·070***

0·252***
0·279***
2 0·278***
0·217***
2 0·089***

0·270***
0·293***
2 0·296***
0·232***
2 0·104***

Relationship of Mini Nutritional Assessment score with other
indicators
The results of the present study also demonstrate a clear
association of the graded nutritional status with several
health-related indicators. The proportion of elderly malnourished and at risk of malnutrition increased with age. Results
rated with the MNA-T2 were similar to those rated with the
MNA-T1. It again suggests that the MNA-T2 is an acceptable
alternative to the MNA-T1. CC and MAC can replace
BMI in the scale without compromising the predictive ability
of the tool.
The MNA-T1 rated 439 of 2802 individuals (15·7 %)
undernourished (malnourished þ at risk of malnutrition
fractions). Among those rated as undernourished with the
MNA-T1, 17·1 % (fifty-five out of 439) died within 1 year
compared with 3·3 % (seventy-nine out of 2363) of subjects
rated normal (17·8 and 3·3 %, respectively, according to the
MNA-T2). These results suggest that the MNA would be
of value in serving as a screening tool for health promotion
purposes at the population level. It is possible to identify
the18 % high-risk individuals that account for about 50 %
of the total mortality risk. However, it should also be
reminded that undernutrition is not the only risk of mortality
in the elderly. Many other risk factors such as hypertension,

MNA-O, MNA Taiwan modified original version; MNA-T1, MNA Taiwan modified
version-1; MTA-T2, MNA Taiwan modified version-2; ADL, Activities of Daily
Living; CES-D, Center for Epidemiologic Studies Depression Scale.
*** P, 0·001.

Predicting survivability
The present study has demonstrated that the MNA-T2 is at
least equal to and perhaps slightly better than the MNA-T1
in predicting 4-year follow-up mortality in this populationbased sample. It suggests that the MNA, in addition to
being effective in rating the nutritional status, is also effective in predicting long-term mortality risk of elderly in
general. The ability of the MNA to predict mortality risk
has been observed in a few smaller-scale or shorter-term
studies(14,24,25). Beck et al. (24) observed a mortality risk of
49 % v. 17 % for elderly at risk of malnutrition compared
with those who were rated normal in the ‘Survey in Europe
of Nutrition in the Elderly’ (SENECA) Study whereas Persson
et al. (25) observed a 40 % mortality risk in 1 year and 80 % in
3 years v. a mortality of 20 % in 1 year and 50 % in 3 years in
eighty-three geriatric (aged 83 (SD 7) years) acute in-patients

Normal

0·8

At risk

0·6

Malnourished

0·4
0·2

(c)

1·0
0·8

At risk

0·6

Malnourished

0·4
0·2

0

10

20

30

40

Time (months)

50

Normal

0·8

At risk

0·6

Malnourished

0·4
0·2
0·0

0·0

0·0

1·0

Normal
Survival probability

(b)

1·0

Survival probability

(a)

Survival probability
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Fig. 1. Age- and sex-adjusted 4-year follow-up survival curves stratified by nutritional status graded with the original Mini-Nutritional Assessment (MNA) (a),
MNA Taiwan modified version-1 (MNA-T1) (b) and MNA Taiwan modified version-2 (MNA-T2) (c), respectively. Cox regression analysis (adjusted for age and
sex) showed significant differences in 4-year survival rates among the three groups in all versions (all P, 0·001). The hazard ratios (relative mortality risks) for
normal, at-risk and malnourished elderly were: 1·0 (reference), 2·39 (95 % CI 1·99, 2·88) and 6·59 (95 % CI 4·94, 8·79), respectively, graded with the original
MNA; 1·0, 2·55 (95 % CI 2·11, 3·08) and 6·40 (95 % CI 4·63, 8·85) graded with the MNA-T1 and 1·0, 2·66 (95 % CI 2·20, 3·21) and 6·79 (95 % CI 4·83, 9·53)
graded with the MNA-T2.
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type 2 diabetes, CHD, stroke, accidental injury or suicide
are usually not associated with undernutrition. Other assessments would be needed to identify individuals having other
types of risk.
The results of the present study again confirm the
observation that the MNA not only is effective in predicting
nutritional status, but can also predict general health status
and the mortality risk of elderly. Elderly rated malnourished
have a higher care-need(5). Together with other indicators,
the MNA might become a powerful tool for evaluating
the long-term care needs of frail elderly. Although the MNA
in its long-form is named an assessment tool, it probably
serves the best as a screening tool because the tool does
not pinpoint the exact nutritional problems nor does it identify
the causes. Comprehensive examination would be needed
to determine the exact nutritional problems and the intervention strategies.
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