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same individuals over several decades. He found that only
a certain proportion of subjects who had with-the-rule astig-
matism in their youth changed to against-the-rule astigma-
tism by way of oblique astigmatism. However, there is no
report that certifies the relation between previously
reported factors and the change in corneal astigmatism.
Therefore, further longitudinal studies on the age-related
change in corneal astigmatism are required to investigate
related factors of previous hypotheses.

Although much information on the prevalence of refrac-
tive errors with aging is available,"” little is known about
decreased vision caused by undercorrection of refractive
error. Liou et al."” and our group® reported that the most
frequent cause of visual impairment in daily living is under-
corrected refractive error. Weih et al.”’ also reported that
uncorrected refractive error was the most common cause of
bilateral visual impairment among individuals 40 years of
age and older, rising from 0.5% in 40- to 49-year-olds to
13% among 80-year-olds and older. Visual acuity is consid-
ered to be important, especially in the elderly, because it is
associated with activities of daily living.!? The undercor-
rected refractive errors may include undercorrected astig-
matism. In the present study, the prevalence of either total
astigmatism or corneal astigmatism =0.5D was nearly 90%,
and that of astigmatism 22.0D was nearly 20% in the eldest
age group. However, elderly people are less likely to have
regular ocular examinations than younger people. Thus, the
elderly may unknowingly have various degrees of visual
impairment, and decreased mobility, quality of life, and
independence are consequences of such impairment. There-
fore, it is necessary to treat decreased vision due to astig-
matism to improve their daily life.

In this cross-sectional study. we evaluated age-related
astigmatic change by the polar value method™ in Japanese
residents over the age of 40 in small communities. Our con-
clusion is that the age-related change is mainly associated
with changes in the cornea. The findings in this study add
some useful information to our knowledge of astigmatic
refractive errors and refractive error development. We con-
sider these findings to be important for further investigation
of the relationship between visual function and other func-
tions such as physical or psychosocial functions. Also, these
age-related astigmatic changes need to be taken into con-
sideration in order to minimize postoperative astigmatism
induced by cataract or corneal refractive surgery.
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Relationship of bone mineral density with leisure-time physical activity and
adolescent exercise in the middle-aged and elderly

N FET E M E" % B BELF"
T H & B it L B BT
Rumi KOZAKAT* Wataru DOYO™* Fujiko ANDO*

Hiroshi SHIMOKATA™®  Yasuo IKEGAMI**

Purpose: The aim of this study was to assess the relationships of bone mineral density (BMD) with current leisure-
time physical activity (LTPA) and adolescent exercise (AEX) among the middle-aged and elderly in Japan.
Methods: The data for the present study were derived from the baseline data of the National Institute for Longev-
ity Sciences-Longitudinal Study of Aging (NILS-LSA). Subjects consisted of 1017 male (58.5+10.8 years) and
577 postmenopausal female (62.6 + 8.4 years). Those who had osteoporosis, rheumatoid arthritis or cancer were
excluded from the subjects. Those who used thyroid hormone or parathyroid hormone were also excluded. Subjects
were interviewed about their physical activity habits during leisure time throughout the past twelve months and
about exercise they engaged in during adolescence (12 to 20 years). Subjects were divided into 3 groups according to
the intensity of LTPA, ‘no LTPA’, ‘light LTPA’ and ‘moderate or heavy LTPA’. They were also divided into 2 groups,
with or without AEX. BMD was measured with a dual energy X-ray absoptiometry (DXA; Hologic QDR-4500A),
in glem®. Measurement sites were the whole body (WT), L2-L4 lumber spine (L24), femur neck (FN), Ward’s
triangle (WT), and trochanter (TR). Relationships of BMD with LTPA and AXE were analyzed using analysis of
covariance controlled for age, height and weight. Significant probability levels were less than 0.05.

Results: Average BMD (SD) at WB, L24, FN, WT, TR were 1.09(0.10), 0.99(0.16), 0.76(0.11), 0.56(0.13),
0.67(0.11) in male and 0.93(0.11), 0.82(0.16), 0.66(0.10), 0.47(0.14), 0.55(0.10) in female, respectively. The pro-
portion of subjects with LTPA was 75.5% in male and 67.7% in female. The subjects that engaged in AEX repre-
sented 65.7% in male and 39.5% in female. The result of analysis of covariance controlled for age, height and weight
was as follows; in male, LTPA showed significant main effect on BMD at FN, WT and TR. AEX showed significant
main effect on BMD at all sites. However, there was no interaction effect on BMD at all sites. As for female, LTPA
showed significant main effect on BMD at FN and TR. AEX showed significant main effect on BMD at TR. There
was a significant interaction effect on BMD at WB and EN. )
Conclusion: The results suggested that not only current leisure-time physical activity but also adolescent exercise
benefits bone mineral density among middle-aged and elderly people in Japan.
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FREEESHB L VEFEPHOEH L BEEELOME
i, BRIV B o700, REEEERLE. 4F
IRETFHIZBVWTIRBZIZEEL TE 4 DEEES
DENLDTEEBEEOE VI EATD LI (Fig 1),

Table 1. Charactaristics of the subjects
Mo P
Height (cm) 164.8+6.3 150.7+6.0
Weight (ke) 62.4+9.1 52.0+8.4
BMI (kg/mz) 22.9+2.8 22.9+3.3
% Body fat - 21.3+4.3 32.1£5.0
Fat free mass (kg) 49.2+£5.9 354443
Mean=S.D.

Table 2. The average of bone mineral density (BMD) at each
site in boch genders

BMD (g/cm®)
site Male ~ Posmenopausl
Whole Body 1.09+0.10 0.93+0.11
Lumber 2-4 0.99+0.16 0.82+0.15
Femoral neck 0.76£0.11 0.66+0.10
Ward Triangle 0.56+0.13 0.47+0.14
Trochanter Region 0.67+0.11 0.55+0.10
Mean+ S.D. °

Table 3. The participation rates of LTPA and AEX

Posimenopausal

Levels Male

temale
LTPA Total' 75.5 67.7
Light 30.5 33.8
Moderate and Heavy 45.0 339
AEX Total 65.7 39.5

Note. ‘total number of the subjects who participated in LTPA
or AEX. LTPA, leisure-time physical activity; AEX,
adolescence exercise. Values are expressed in percentage.
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Table 4. The analysis of covariance controlied for age, height and weight in male

Male wB L24 FN WT TR

Tdf Fuale | df Fvalue  df Fvalue  df Fvalue  df Fvalue
LTPA 2 1.66 2 027 _2 565 2 5155 2 496
AEX 1 621" 1 1290 I 442" 1 593 1 1559
LrpAxAEX 2 LI 2055 2 179 2 186 2 080
Age 1 8.09 1 11.07 1 2622 1 12231 1 045
Height [ 044 1 513 1 076 1 L7 oo
Weight 1 7303 1 141.54 I 18434 1 9191° 1 217.78
eror 1008 1007 hoor T w007 1007
. 0.15 0.15 0.29 0.30 0.24

Note. LTPA, leisure-time physical activity; AEX, adolescence exercise; WB, Whole body;
L24, Lumber2-4; FN, Femoral Neck; WT, Ward Triangle; TR, Trochanter region. ‘p <0.05

Table 5. The analysis of covariance controlled for age, height and weight in postmenopausal female

Female WB .24 ‘ FN WT TR

Tdf Fvalve  df Fvalue  df Fvalue  df Fvalue df Fvalue
LTPA 2 070 2 0.70 2 3.4 2 1.98 2 3.98
AEX 1 1.02 1 142 1 281 1 2.10 1 6.40"
LraAEx 2 3507 2 071 2 455 2 213 2231
Age 1 232.89 I 89.64° 1 16237 1 245.02 1 149.47
Height 1 223 1 0.0l 1 LN 1 285 1 742
Weight 1 1957 1 8631 1 9260 1 4212 1 120.05
eror se6  se6  sea se4 sed
" 0.43 0.34 0.42 0.42 0.42

Note. LTPA, leisure-time physical activity; AEX, adolescence exercise; WB, Whole body; L24,
Lumber2-4; FN, Femoral Neck; WT, Ward Triangle; TR, Trochanter region. ”p <0.05

Postmenopausal female

BMD

BMD
(g/cm?)

(g/em?)

Fig. 1. The relationships of LTPA and AEX with BMD at TR controlled for age, height and weight deviding by gender. LTPA(N), no leisure-
time physical activity; LTPA(L), light leisure-time physical activity: LTPA(H), moderate and heavy leisure-time physical activity;
AEX(-), without adolescent exercise; AEX(+), with adolescent excercise; BMD, bone mineral density, TR, trochanter region.
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KEYWORDS Summary Background & aims: Malnutrition is a widespread but largely unrecog-
Malnutrition; nized problem in aged people. Although absolute total lymphocyte count (TLC) has
Eiderly; been proposed as a useful indicator of nutritional status, there is little evidence that
Lymphocyte count; low TLC levels reflect malnutrition in the elderly. To examine whether TLC is a
Mini-nutritional suitable marker of malnutrition in the elderly.

assessment; Methods: A total of 161 elderly subjects (44 males and 117 females, mean
Nutritional assess- age+SD: 77.9+7.4; range: 65-95 years) were enrolled from geriatric clinical
ment settings. The participants were categorized according to severely low, low, or normal

TLC. Anthropometry measurements, serum albumin, total cholesterol levels, and
total score on the mini-nutritional assessment (MNA) were determined.

Results: There were no significant differences among the three TLC groups with
regard to anthropometry measurements, serum albumin, total cholesterol levels, or
MNA score. There was a significant negative correlation of TLC with age, but not with
other nutritional markers. The clinical nutritional screening tool, MNA score, was
well correlated with all of the nutritional parameters used in the present study
except for TLC.

Conclusion: TLC is not a suitable marker of malnutrition in the elderly.
© 2005 Elsevier Ltd. All rights reserved.

Introduction in community-dwelling elderly, with prevalence
rates ranging from 12% to 85%."% Malnutrition is

Malnutrition is a common finding in the elderly, not ~ associated with increased hospitalizations, in-

only in institutionalized populations but also  creased susceptibility to infection, decreased
wound healing, reduced quality-of-life, and in-

————— . . 3,4
*Corresponding author. Tel.: +81527442364; creased mortality in the elderly.™" However,

fax: +81527442371. it remains difficult to define malnutrition for
E-mail address: kuzuya@med.Nagoya-u.ac.jp (M. Kuzuya). the elderly precisely. Therefore, malnutrition is
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often unrecognized and subsequently goes un-
treated.

Anthropometry measurements such as body mass
index (BMI), mid-arm circumference (MAC), calf
circumference (CC), and skin fold thickness are
generally considered as the single most easily
obtainable, inexpensive, and noninvasive method
by which to assess nutritional state. Biochemical
measurements such as serum albumin and total
cholesterol are also well known as markers for the
protein energy malnutrition (PEM), and are the
most commonly used laboratory tests.>®

Multidimensional screening tools for nutritionat
assessments in the clinical situation have been
developed. Among those, the mini-nutritional
assessment (MNA) is a simple clinical scale for the
evaluation of the nutritional status of frail elderly
subjects.”® It has been validated in various
countries by comparing its results with a clinical
assessment performed by expert geriatric nutri-
tionists.

Total lymphocyte count (TLC) has been also
proposed as a useful indicator of nutritional status
and outcome. It has been proposed that TLC
decreases with progressive malnutrition and corre-
lates with morbidity and mortality in hospitalized
patients.”® It has also been proposed that regard-
less of age, a decrease in TLC to less than 1500/
mm? or less than 900/mm? reflects malnutrition or
severe malnutrition, respectively.>® Although TLC
is one of the most commonly obtained nutritional
markers, there is little evidence that low TLC levels
reflect malnutrition in the elderly, and it remains
uncertain whether TLC can be used as a marker of
malnutrition in elderly subjects.

in the present study, we evaluated the relation-
ship of TLC with other nutritional markers including
MNA score, anthropometry measurements, serum
albumin, and total cholesterol levels as an indicator
of nutritional status in the Japanese elderly.

Methods
Subjects

We enrolled 235 elderly subjects (67 males and 168
females, mean age+SD: 78.647.6; range: 65-95
years) from our geriatric outpatient clinic (n = 69),
a nursing home (n=56), geriatric hospitals
(n=72), and home care patients (n=38). All
participants provided written informed consent.
Subjects diagnosed with infection, inflammation,
liver disorders, kidney disorders, cancer, or bone
marrow proliferative disorders were not included in

the 235 participants. The analysis on TLC described
herein was limited to the 161 (44 male and 117
female) participants (mean--SD: 77.94-7.4 years;
range: 65-95 years) whose TLC measurements were
obtained, since some participants did not approve
blood sampling for TLC measurement.

Anthropometric measurements and
biochemical markers

BMI is defined as weight in kilograms divided by
height in meters squared. Triceps skinfold (TSF) was
measured with Harpenden callipers over the triceps
muscle at the midway point between the acromion
and the olecranon process. MAC and CC were
measured on the left arm and calf with a tape
measure. Three repeat measurements were taken
to the nearest 0.5 mm, with the mean taken as the
true value. All anthropometric measurements were
taken at least twice by two different investigators,
and the reported values are the means of the
repeated measurements. Blood samples were col-
lected after an overnight fast. Serum albumin and
total cholesterol levels were determined using
automated analysers. Blood was collected into
tubes containing EDTA, and TLC was measured with
use of a Coulter counter.

Definition of malnutrition

A BMI of less than 20 is widely accepted to indicate
that the subject is underweight, particularly in
well-developed countries, and 18.5 is recom-
mended as a practical lower limit for most
populations.’ Therefore, a diagnosis of malnutri-
tion was made when BMI was less than 18.5 kg/m?.
Serum albumin and total cholesterol levels were
used as the biochemical markers of undernutrition:
levels less than 3.5g/dl of albumin or 150 mg/dl of
total cholesterol were taken to indicate malnutri-
tion. Participants were categorized into three
groups according to lymphocyte count, as follows:
severely low lymphocyte (<900 count/mm?), low
tymphocyte (900-1499 count/mm?®), and normatl
lymphocyte count (>1500 count/mm?). The rela-
tionship of each group to various respective
nutritional markers has been examined. In addi-
tion, participants were classified according to the
cutoff of each nutritional parameter and compar-
isons were made among groups in terms of
anthropometric markers, nutritional proteins, and
MNA score.

MNA, a comprehensive, noninvasive, well-vali-
dated screening tool for malnutrition in elderly
persons, has been also used as an indicator of
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malnutrition. The MNA includes 18 items, including
the anthropometrical measurements BMI, MAC, and
CC, weight loss, a global assessment (six questions
related to lifestyle, medication, and mobility), a
dietary questionnaire (eight questions related to
the number of meals, types of food, and fluid
intake), and a subjective assessment (seif-percep-
tion of health and nutrition). The MNA assigns
points on nutritional adequacy with a maximum
score of 30 points.” The MNA score distinguishes
between elderly patients with adequate nutrition
{scores of 24 and up), protein-calorie undernutri-
tion (lower than 17), and risk of malnutrition
(between 17 and 23.5).”

Statistical analysis

Differences between groups (TLC: <900,
900-1499, >1500) were determined by one-way
analysis of variance, Chi-square test or the Krus-
kal-Wallis test, as appropriate. The Kolmogorov-5$-
mirnov test was used to check the normal
distribution of variables. Chi-square test, Man-
n-Whitney U test, or Student’s unpaired t-test
was used to test differences between normal and
malnutrished groups, as appropriate. Partial rank
correlation coefficients adjusted for age were used
to measure the relationships between TLC and
variables, or between MNA score and variables. The
significance level was set at 0.05. Data evaluation
was carried out using the SPSS software package
(SPSS Inc., Chicago, USA).

Table 1

Lymphocyte count and nutntlonal charactenstlcs :

Results

Table 1 shows the mean results of variables, which
are expressed according to the classification of
lymphocyte count (< 900, 900-1499, =1500).
There were significant differences between classes
with regard to MAC, but there was no trend toward
greater MAC values in the group with 900-1499 TLC
compared to those in the <900 TLC group. No
significant differences were observed between
classes in terms of age, BMI, TSF, CC, serum
albumin, total cholesterol, or MNA score. There
was a weak but statistically significant negative
correlation between lymphocyte count and age
(r = —0.21, P=0.0006). There were no correla-
tions between TLC and any other nutritional
indices.

When levels of less than 18. 5kg/m of BMI, 3.5g/
dl of albumin or 150 mg/dl total cholesterol, and 17
points on MNA score were taken to indicate
malnutrition, the relationship among these para-
meters and anthropometric measurements were
examined (Table 2). The groups with <18.5kg/m?
of BMI, <3.5 g/dl of serum albumin, <150mg/dl of
total cholesterol, and <17 of MNA score had
significantly lower values than those of the well-
nourished groups with respect to most of the
nutrition-related variables except for lymphocyte
count.

The score on MNA, a commonly used comprehen-
sive malnutrition screening for the elderly, was
correlated with BMI, MAC, TSF, CC, serum albumin,
and total cholesterol levels (r =0.52, 0.36, 0.26,
0.28, 0.61, and 0.34, respectively; P<0.0001

Lymphocyte (count/ mv:

<900
‘Men/women ERTIRED I VL R
S ‘Mean (SD)

Age (years) 794:(9.8) i
BMI (kg/m?): C2BE 0.07
“MAC (cm) 125.0.2.8) 0.01:
TSE-(mm)~- 10:64(4.9).. 0.002
CC{cm)-: . »30 3.2.2) )66/
* Albumin:(g/dt) 4.0:0:4) : )
Total cholesterol (mg/dl) 1864 (38.3) - . 8¢ e 205 3(41. 3) :
MNA score ' 20:9:(2.3) 20 6:(4. 21; 0 (4 1) 0.901

BMI: body mass mdex, MAC: ‘midarm c1rcumference, TSF tnceps sklnfold CC calf c1rcumference, MNA.__v mi

assessment.

ini- nutnhonal

*One-way analysis of variance was conducted except for the gender d1fference {2~ test) and MNA score (Kruskal Walhs test)
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except for TSF (P =0.001)), but not with TLC
(P =0.524).

Discussion

Although the TLC is one of the most commonly used
markers for assessing nutritional status, so far little
evidence exists as to whether TLC reflects the
nutritional status of the elderly. In the present
study, we concluded that TLC is not a suitable
marker of malnutrition in the elderly. This conclu-
sion was based on the observation that no correla-
tion was detected between TLC and other well-
known nutritional parameters including anthropo-
metric measurements, biochemical markers, and
MNA score, a comprehensive nutritional screen tool
for the elderly. In addition, MNA score was
correlated with all of the nutritional markers used
in the present study except for TLC. This result is
consistent with the previous observation of Good-
win JS that no significant correlation was observed
between lymphocyte count and blood levels of
specific nutrients including serum albumin in the
independently living healthy elderty.'

It has been shown that the serum albumin and
total cholesterol levels, both of which are com-
monly used as nutritional markers, are sometime
discordant with clinical assessments of malnutri-
tion, largely because these biomarkers are influ-
enced by factors such as inflammatory activity,
hemoconcentration, and various diseases such as
liver cirrhosis and nephritic syndrome. However, in
the present study, these biochemical markers for
malnutrition were well correlated with anthropo-
metric measurements as well as with MNA score.

There is no general agreement of the effect of
aging on TLC. Divergent data have been reported
concerning age-related changes in total lympho-
cyte number.> "2 This may be due to the hetero-
geneity of the aging immune system. The present
study suggested that TLC was correlated with aging
in subjects between 65 and 90 years old, indicating
that TLC appears to be reflective of age rather than
of nutritional status. Our results that TLC is not a
suitable marker of malnutrition in the elderly does
not indicate that malnutrition is not a risk factor for
the impairment of immune function. In fact,
nutritional status has long been recognized as a
major factor in age-related immune impairment,
and a number of studies have already demonstrated
that malnutrition is associated with decreased
lymphocyte proliferation, reduced cytokine re-
lease, and lower antibody response to vac-
cines.''® In addition, an important modification
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in T lymphocyte subsets is known to occur in aged
people.' In fact, it has been demonstrated that a
low lymphocyte count is associated with an
increased mortality risk in older persons.'®

There are several limitations to this study. First,
the study group might have consisted of elderly
who had comorbid diseases, given that they were
enrolled from clinical settings. Therefore, our
results may apply only to the elderly in ill health.
The possibility of an association between TLC and
nutritional status in the healthy elderly cannot be
excluded. Second, the effect of medication on TLC
was not considered in this study, due to the fact
that medication data were not available.

in conclusion, we found that TLC is not suitable
as a marker of nutritional status in the elderly. TLC
appears to be reflective of age rather than of
nutritional status.
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Abstract Objective: We evaluated the Mini-Nutritional Assessment (MNA) test and the short-form MNA as
screening tools for malnutrition in the Japanese elderly population.

Methods: A cross-sectional study of 226 elderly Japanese patients (78.6 = 0.5 y of age, mean *
standard deviation; 67 men and 159 women) in various settings was carried out. Nutritional
assessment included MNA, anthropometric measurements, and biochemical markers.

Results: According to the original cutoff point of the full MNA, 19.9% of those assessed were
malnourished, 58.0% were at risk of malnutrition, and 22.1% were well nourished. Significant
correlations were found between full MNA scores and age (r = —0.14), body mass index (r = 0.59),
serum albumin (r = 0.60), total cholesterol (» = 0.36), midarm circumference (r = 0.50), and triceps
skinfold (» = 0.37). The sensitivity and specificity of the full MNA score (<17) for hypoalbumin-
emia were 0.810 and 0.860, respectively. With a cutoff point lower than 18, sensitivity and
specificity hypoalbuminemia were 0.857 and 0.815, respectively. Using a short-form MNA score 12
and higher as normal, its sensitivity and specificity for predicting undernutrition were 0.859 and
0.840, respectively.

Conclusions: The full and short forms of the MNA were useful tools to identify elderly Japanese
patients with malnutrition or risk of malnutrition. However, the full MNA cutoff point for malnu-
trition should be modulated for this population. © 2005 Elsevier Inc. All rights reserved.

Keywords: Elderly; Malnutrition; Nutritional assessment; Mini-nutritional assessment; Anthropometric measurements

Introduction

Malnutrition is a frequent and serious problem in geriat-
ric patients. Malnutrition in ill elderly subjects is one of the
most common and least-heeded problems in hospitals, nurs-
ing homes, and home care [1-4]. Different studies have
suggested that malnutrition is an important predictor of
morbidity and mortality in the elderly {5,6]. In addition,
malnutrition has been shown to prolong hospital stays,
thereby imposing enormous costs on health services [7,8].
To identify malnourished elderly or subjects at risk of mal-
nutrition, a conventional malnutrition assessment tool is
required {9,10]. Anthropometric measurements such as
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body mass index (BMI), midarm circumference (MAC),
calf circumference (CC), and triceps skinfold (TSF) are
essential parts of any nutritional assessment. Biochemical
measurements including serum albumin and cholesterol are
also frequently used as nutritional parameters, although at
present there are no generally accepted criteria for the di-
agnosis of malnutrition in the elderly. The Mini-Nutritional
Assessment (MNA) is a simple clinical scale for the eval-
uvation of the nutritional status of frail elderly subjects. It has
been validated in Europe and the United States by compar-
ing its results with a clinical assessment performed by
expert geriatric nutritionists [11,12]. Although the MNA
was developed specifically for frail older people, it has been
validated in a healthy older population [11,12].

The MNA has been demonstrated to be useful in pre-
dicting long-term mortality for the institutionalized elderly
and acute hospital admission for the elderly living at home
[6,13-15]. Recently, the MNA short form (MNA-SF) has
been devised as the first step of a two-step process (screen-
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ing with the MNA-SF followed by assessment, if needed, by
the full MNA) [16]. The MNA has proved to be a simple,
noninvasive, well-validated screening tool for malnutrition
in elderly persons in Europe and the United States. Despite
the fact that Japan has an aging society and ranks first in the
world for life expectancy at birth [17], the MNA has not
been validated in the Japanese elderly, and whether the
MNA and its established cutoff points for the diagnosis of
malnutrition and at-risk status are applicable to the Japanese
elderly remain unknown.

In the present study we examined whether the MNA can
screen and diagnose for malnutrition and risk for malnutri-
tion in the Japanese elderly.

Materials and methods
Subjects

We enrolled 226 elderly (67 men and 159 women; mean
age * standard deviation = 78.6 = 0.5 y; age range =
65-95 y) from our geriatric outpatient clinic (n = 68), a
nursing home (n = 53), geriatric hospitals (n = 72), and
home care patients (n = 33). Sixty-eight consecutive out-
patients were living at home independently or with mild
decline in activities of daily living. Fifty-three residents and
72 inpatients with mild to severe dependency in activities of
daily living were randomly chosen from one private nursing
home and two geriatric hospitals, respectively. Thirty-three
patients living at home and receiving home care services
were also eligible for the study. Subjects diagnosed with
infection, inflammation, liver disorders, kidney disorders,
cancer, or bone marrow proliferative disorders were ex-
cluded by physicians. All participants provided written in-
formed consent.

MNA characteristics

The MNA is a two-step procedure: (1) the MNA-SF is
used to screen for malnutrition and risk of malnutrition and
(2) the full MNA is used to assess nutritional status [16].
The MNA includes 18 items, including anthropometric
measurements: BMI, MAC, CC, weight loss, a global as-
sessment (six questions related to lifestyle, medication, and
mobility), a dietary questionnaire (eight questions related to
number of meals, food, and fluid intake), and a subjective
assessment (self-perception of health and nutrition). The
MNA-SF comprises 6 of the 18 items. The maximum pos-
sible score of the MNA-SF is 14. Scores 12 and above
indicate satisfactory nutritional status. A screening score 11
and below suggests possible malnutrition and a need to
proceed to the assessment stage of the MNA [16]. The
assessment stage has 12 questions, with a maximum possi-
ble score of 16 (total = 30 points). The MNA score distin-
guishes between elderly patients with adequate nutrition

(score = 24), protein-calorie undernutrition (score < 17),
and risk of malnutrition (score = 17-23.5) [12].

Anthropometric measurements and biochemical markers

BMI is defined as weight in kilograms divided by height
in meters squared. A BMI less than 20 kg/m® is widely
accepted as underweight [18], particularly in well-devel-
oped countries, and 18.5 kg/m? is recommended as a prac-
tical Jower limit for most populations [19]. Therefore, the
diagnosis of malnutrition was made when BMI was less
than 18.5 kg/m?. TSF was measured with Harpenden cali-
pers over the triceps muscle at the midway point between
the acromion and the olecranon process. MAC and CC were
measured on the left arm and calf, respectively, with a tape
measure. Three measurements were taken to the nearest 0.5
mm, with the mean taken as the true value. All anthropo-
metric measurements were taken at least twice by two
different investigators, and the reported values are the
means of the repeated measurements (interrater reliability
with Pearson’s correlation coefficient, r = 0.923, P <
0.0001). Blood samples were collected after an overnight
fast. Serum albumin or total cholesterol levels were deter-
mined by kinetic immunonephelometry or enzymatically,
respectively. Blood was collected into tubes containing eth-
ylene-diaminetetra-acetic acid, and total lymphocyte count
was measured with use of a Coulter counter. Serum albumin
and total cholesterol levels were used as biochemical mark-
ers for undernutrition: levels lower than 3.5 g/dL of albumin
or 150 mg/dL of total cholesterol were taken to indicate
malnutrition.

Statistical analysis

Differences between groups (MNA total scores <17,
17-23.5, and =24) were determined by analysis of variance
or the Kruskal-Wallis test, depending on the distribution of
the analyzed variable. Partial rank correlation coefficients
adjusted for age were used to measure the relations between
MNA total score, MNA-SF, anthropometric measurements,
and biochemical markers. To identify optimal threshold
values for predicting malnutrition, receiver operating char-
acteristic (ROC) curve analysis was performed by comput-
ing the sensitivity and specificity of the different tests at
various cutoff levels [20]. The area under the ROC curve
was also evaluated. A value of 0.5 under the ROC curve
indicates that the variable performs no better than chance,
whereas a value of 1.0 indicates perfect discrimination. A
larger area under the ROC curve represents a greater reli-
ability and discrimination of the scoring system {21]. Cutoff
values can be set depending on the purpose for which the
scales are used. For screening purposes, a high sensitivity
and a high negative predictive value are required, whereas
diagnosis requires a high specificity and a high positive
predictive value. Sensitivity, specificity, positive predictive
value, and negative predictive value for predicting malnu-
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Table 1
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MNA score, anthropometric measurements, and clinical chemistry in Japanese elderly

MNA total score

<17 17-23.5 =24 Analysis of variance (P)

n 45 131 50

Men/women 16/29 40/91 11/39 0.220*
Age (v)f 80.2 (8.0) 78.5(7.4) 76.9 (7.3) 0.157
BMI (kg/m?)* 18.5(3.2) 22.2(3.8) 24.6 (3.0) <0.0001
MAC (cm)* 21.6 (3.4) 24.8 (3.2) 26.2(2.8) <0.0001
TSF (mm)* 8.1(6.2) 13.98.2) 15.9(9.1) <0.0001
CC (cm)t 27.54.7) 31.2(3.1) 32.0(.3) <0.0001
Albumin (g/dL)" 3.6 (0.6) 4.1(0.3) 44(0.3) <0.0001
Total cholesterol (mg/dL)" 174.0 (42.5) 203.3(35.4) 217.5(35.1) <0.0001
Lymphocyte (/uL)" 1825.0 (641.1) 1750.5 (725.5) 1744.1 (560.6) 0.805

BMI, body mass index; CC, calf circumference; MAC, midarm circumference; MNA, Mini-Nutritional Assessment; TSF, triceps skinfold

* Kruskal-Wallis test,
T Mean (standard deviation).

trition based on the various nutritional markers were also
calculated for different cutoff points. The best Youden in-
dex (sensitivity -+ specificity —1) was used to determine the
best cutoff point [22]. The Youden index is used to compare
the proportion of cases correctly classified. The higher the
Youden index, the more accurate the prediction (higher true
positive and true negative and fewer false positive and false
negative) at the cutoff point. The Kolmogorov-Smirnov test
was used to check the normal distribution of variables. The
statistical significance level was set at 0.05. Data evaluation
was carried out with SPSS software (SPSS Inc., Chicago,
IL, USA).

Results

Subjects’ average age was 77.8 = 13.8 y (mean *
standard deviation). MNA total scores averaged 20.2 £ 4.6
and ranged from a minimum of 4.0 to a maximum of 27.5,
with a median at 21.0. Table 1 lists the mean results of
variables, which are expressed according to the classifica-
tion of the MNA. According to the original cutoff point of
the full MNA, 19.9% (45 of 226) had an MNA score lower
than 17, 58.0% (131 of 226) had an MNA score between 17
and 23.5, and 22.1% (50 of 226) had a score of at least 24.
There were significant differences between classes with
regard to BMI, MAC, TSF, CC, serum albumin, and total
cholesterol levels, but not to age (P = 0.157) and lympho-
cyte count (P = 805). There was a weak but statistically
significant, negative correlation between MNA total score
and age (Table 2). There were relations between MNA total
score and BMI, MAC, and CC, which are included as
anthropometric markers in the MNA. In addition, MNA
total score showed good correlation with TSF and serum
albumin and total cholesterol, which are not included in the
MNA, but no correlation between MNA score and lympho-
cyte number.

The ROC curves shown in Fig. 1A plot the sensitivity
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versus 1-specificity for MNA total score in predicting low
serum albumin (<3.5 g/dL), total cholesterol (<150 mg/
dL), and low BMI (<18.5 kg/mz) as markers of malnutri-
tion. The area under the ROC curves, which represent the
overall accuracy of the MNA total score as a test for mal-
nutrition, was found to be 0.916 (95% confidence interval =
0.846 to 0.985) for albumin (P < 0.0001), 0.912 (95%
confidence interval = 0.850 to 0.974) for total cholesterol
(P < 0.0001), and 0.855 (95% confidence interval = 0.801
to 0.908) for BMI (P < 0.0001), indicating that the MNA
test is relatively accurate. The sensitivity, specificity,
Youden index, positive predictive value, and negative pre-
dictive value of the MNA total score at the selected thresh-
old MNA score are presented in Table 3. Based on bio-
chemical markers (serum albumin or total cholesterol) or
BMI as the indicator of malnutrition, the sensitivity and

Table 2
Correlation between MNA total or MNA-SF score and nutritional
parameters in Japanese elderly

Correlation with
MNA-SF score*

Correlation with
MNA total score*

No. of

subjects  r P r P
Age 234 —0.14 0.036" -0.16 0.012"
BMI 233 0.59 <0.0001 0.57 <0.0001
MAC 227 0.50 <0.0001 0.33 <0.0001
TSF 225 0.37 <0.0001 0.24 0.003
cC 225 0.28 <0.0001 0.31 <0.0001
Albumin 179 0.60 <0.0001 0.56 <0.0001
Total cholesterol 177 036 <0.0001 030 <0.0001
Lymphocyte 161 0.01 0.930 0.04 0.96
MNA total score 226 0.88  <0.0001

BMI, body mass index; CC, calf circumference; MAC, midarm circum-
ference; MNA, Mini-Nutritional Assessment; MNA-SF, Mini-Nutritional
Assessment, Short Form; TSF, triceps skinfold

* Partial rank correlation coefficients adjusted for age were used to
measure the association between MNA or MNA-SF score and nutritional
parameters except for age.

T Spearman’s rank correlation.
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Fig. 1. Receiver operating characteristics (ROC) curve for the (A) full Mini-Nutritional Assessment (MNA) and (B) the MNA short form (MNA-SF) in the
Japanese elderly. (A) ROC for MNA as a predictor of albumin levels lower than 3.5 g/dL, total cholesterol levels lower than 150 mg/dL, or BMI lower than
18.5 kg/m®. (B) ROC for MNA-SF as a predictor of an MNA score below 24. BMI, body mass index.

specificity of the MNA total score were 0.810 and 0.860 for
albumin, 0.786 and (.822 for total cholesterol, and 0.558
and 0.839 for BMI, respectively, with a cutoff point lower
than 17 indicating malnutrition. This suggests that 19% of
elderly persons with hypoalbuminemia would be missed
(sensitivity), and that 14% without hypoalbuminemia would
be classified as malnourished (specificity).

Maximal discrimination between malnutrition and risk of

Table 3

malnutrition is by definition reached at the cutoff point that
has the highest Youden index (sensitivity + specificity —1).
As presented in Table 3, a cutoff point below 15.5 has the
highest Youden index, based on hypoalbuminemia and hy-
pocholesterolemia. With a cutoff point below 15.5, the
sensitivity and specificity for hypoalbuminemia (<<3.5
g/dL) were 0.762 and 0.936, respectively. The figures for
hypocholesterolemia and low BMI (<(18.5 kg/m?) showed a

Validity values of the MNA total score for malnutritional markers in Japanese elderly

Threshold for MNA total score

<15 <15.5 <16 <16.5 <17 <175 <18 <18.5
Albumin (<3.5 g/dL)
Sensitivity 0.714 0.762 0.762 0.762 0.810 0.810 0.857 0.857
Specificity 0.949 0.936 0.924 0.904 0.860 0.834 0.815 0.777
YI 0.663 0.698 0.686 0.666 0.670 0.644 0.672 0.634
PPV 0.625 0.593 0.552 0.500 0.425 0.386 0.375 0.333
NPV 0.943 0.967 0.967 0.966 0.971 0.970 0.977 0.976
Total cholesterol (<150 mg/dL)
Sensitivity 0.714 0.786 0.786 0.786 0.786 0.786 0.857 0.857
Specificity 0914 0.902 0.890 0.871 0.822 0.804 0.785 0.748
Y1 0.628 0.688 0.676 0.657 0.608 0.590 0.642 0.605
PPV 0.417 0.407 0.379 0.344 0.275 0.256 0.255 0.226
NPV 0.974 0.980 0.980 0.979 0.978 0.978 0.985 0.984
BMI (<18.5 kg/m?)
Sensitivity 0.395 0.419 0.442 0.465 0.558 0.581 0.605 0.674
Specificity 0.902 0.891 0.881 0.870 0.839 0.824 0.798 0.772
YI 0.297 0.310 0.323 0.335 0.397 0.405 0.403 0.446
PPV 0.472 0.462 0.452 0.444 0.436 0.424 0.400 0.397
NPV 0.870 0.873 0.876 0.880 0.895 0.898 0.901 0.914

BMI, body mass index; MNA, Mini-Nutritional Assessment; NPV, negative predictive value; PPV, positive predictive value; YI, Youden index
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similar pattern when 15.5 rather than 17 was used as the
threshold MNA score; the sensitivities were unchanged or
decreased and the specificities increased. With a cutoff point
below 18, the sensitivity and specificity for hypoalbumine-
mia were 0.857 and 0.815, respectively; in this case, the
sensitivity of the MNA total score increased but the speci-
ficity decreased, as did the positive predictive value.

MNA-SF scores averaged 9.8 = 0.2 and ranged from a
minimum of 1 to a maximum of 14, Although MNA-SF
contains only BMI as an anthropometric marker, Table 2
presents the significant correlations between MNA-SF score
and age, BMI, MAC, CC, TSF, serum albumin, total cho-
lesterol, or MNA total score. However, the higher degree of
correlation existed between these nutritional markers and
MNA total score. According to MNA criteria (=24) used to
define “well nourished,” only 22.1% of subjects were as-
sessed as such. Thus, 77.9% were malnourished or at risk of
malnutrition. The correlation between MNA-SF and MNA
total scores was high (r = 0.88, P < 0.0001). The sensi-
tivity, specificity, Youden index, and positive and negative
predictive values for different cutoff points for MNA-SF are
presented in Table 4, For MNA-SF, the optimal cutoff point
was lower than 12 (sensitivity = 0.861, specificity = 0.840,
and Youden index = 0.701). This point can be also deter-
mined visually from the ROC curve (Fig. 1B).

Discussion

In the present study, the MNA was validated in the
Japanese elderly. We demonstrated that the MNA total
score showed a good correlation with anthropometric mark-
ers and biochemical markers including serum albumin and
total cholesterol. The full MNA contains anthropometric
indices including BMI, MAC, and CC. To date, no ethnic-
specific anthropometric targets exist; rather, these targets
are derived from populations of United States or European
origin and are inappropriately applied to men and women of
Asian descent. Ethnicity has been recognized as a signifi-
cant modifier in anthropometric measurements [23]. In ad-
dition, MNA contains dietary patterns that may differ across
ethnicities [24]. Therefore, the MNA or cutoff point for
malnutrition may not be a good fit for the Asian, including
Japanese, elderly.

Table 4
Validity values of the MNA-SF score for the risk of malnutrition

Threshold for MNA-SF score

<9 <10 <11 <12 <13
Sensitivity 0.385 0.529 0.679 0.861 0.973
Specificity 1.000 0.980 0.960 0.840 0.540
YI 0.385 0.509 0.639 0.701 0.513
PPV 1.000 0.990 0.984 0.953 0.888
NPV 0.303 0.358 0.444 0.618 0.844

MNA-SF, Mini-Nutritional Assessment, Short Form; NPV, negative
predictive value; PPV, positive predictive value; YI, Youden index
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Several investigators have dealt with the problem of
establishing nutritional parameters for the elderly. In the
present study we used anthropometric measurements in-
cluding BMI, MAC, TSF, and CC and biochemical markers
such as serum albumin and total cholesterol as nutritional
parameters. Although there are no currently, generally ac-
cepted criteria for the diagnosis of malnutrition, these pa-
rameters have been widely used to evaluate nutritional sta-
tus. It should be noted that in the present study cutoff points
below 3.5 g/dL for serum albumin and below 150 mg/dL for
total cholesterol were considered as undernutrition markers.
With aging there may be a small decrease in serum albumin
[10]. Total cholesterol levels increase with age in healthy
individuals and reach a peak between sixth and ninth de-
cades, only to decrease afterward [10]. The cutoff points
used in this study for undernutrition markers are widely
accepted even in the elderly [10].

We also showed that the MNA is accurate, based on
observation of the ROC curve. These results suggested that
the MNA is a useful tool to assess the nutritional status of
the Japanese elderly. In the elderly populations in Europe
and the United States, an MNA total score cutoff point
below 17 as an indicator of protein-calorie undernutrition
was found to have a sensitivity of 96%, specificity of 98%,
and positive predictive value of 97% [11]. However, the
same cutoff point yielded a much lower sensitivity and
specificity among the Japanese elderly.

For screening purposes, a malnutrition cutoff point be-
low 18 appears to be better than one below 17 for the
Japanese elderly, even though higher cutoff points were
associated with lower predictive values. However, if MNA
is used as a diagnostic tool, a cutoff point below 15.5 is the
best for detecting malnutrition in the Japanese elderly be-
cause diagnosis requires a high specificity and a high pos-
itive predictive value. MNA is a screening tool mainly for
malnutrition. MNA results must be confirmed by other
anthropometric, biochemical, and dietary parameters to
have a complete nutritional status evaluation and malnutri-
tion diagnosis. Therefore, sensitivity is much more impor-
tant than specificity, and a cutoff point below 18 appears to
be more accurate for the Japanese elderly.

We also demonstrated that there were significant corre-
lations between the MNA-SF score and nutritional param-
eters in addition to the full MNA score, although these
correlations were somewhat stronger in MNA total score
than in MNA-SF. When a full MNA score of at least 24 was
considered the cutoff point for “normal nutrition” in the
Japanese elderly, the optimal MNA-SF cutoff point was at
least 12, a finding identical to that in the original report [16].
These results suggest that MNA-SF, which comprises six
items, allows a quick screening to determine malnutrition
and risk of malnutrition in the Japanese elderly. It has been
demonstrated that an MNA score between 17 and 23.5,
corresponding to “at risk of malnutrition,” can identify older
persons with mild malnutrition [25]. In addition, subjects
“at risk of malnutrition” had higher mortality rates than did



