Table 2 Comparison among various nutritional markers.

BMI (m/kg?), n = 235

Albumin (g/dl), n = 179

Total cholesterol (mg/dl), n = 177

MNA score, n =235

<18.5 >18.5 P-value* <3.5 >3.5 P-value <150 >150 P-value <17 =17 P-value
Men/women 14/29 53/139 0.549 7/14 41/117 0.473 6/8 41/122 0.150 18739 49/129 0.514

Mean (SD) Mean (SD} Mean (SD) Mean (SD) Mean (SD})  Mean (SD) Mean (SD) Mean (SD)
Age (years) 79.9 (7.5 78.3(7.5) 0.188 82.1(7.9) 77.9(7.3) 0.017 77.6(8.5) 78.4(7.4) 0.700 80.2 (8.1} 78.1 (7.3} - 0.065
BMI (kg/m?) 16.4 (1.6) 23.2 (3.3) <0.0001 19.1 (4.8) 22.1(3.9) 0.002 19.5(3.9) 22.0(4.1) 0.035 19.1 (3.6) 22.8 (3.8) <0.0001
MAC {cm) 20.3 (2.3) 25.4 (3.0) <0.0001 22.1{4.7) 24.7(3.3) 0.002° 22.6 (3.9) 24.5 (3.6) 0.053 21.6 (3.4) 25.2 (3.2) <0.0001
TSF (mm) 8.18 (6.6) 14.3 (8.4) <0.0001 7.8 (6.3) 13.8(8.8) 0.003 7.8 (6.4) 13.5(8.8) 0.018 8.1 (6.1} 14.4 (8.4) <0.0001
CC (cm) 28.6 (4.7) 31.5(3.6) <0.0001 27.1 (4.4) 31.4(3.9) <0.0001 26.0(3.7) 31.3(4.0) <0.0001 28.9(4.5) 31.6 (3.5) <0.0001
Albumin (g/dl) 3.7(0.9) 4.1(0.4) <0.0001 3.1(0.3) 4.2(0.3) <0.0001 3.1(0.5) 4.1 (0.4) <0.0001 3.6 (0.6) 4.2 (0.3) <0.0001
Total cholesterol 187 (44) 204 (38) 0.026 152 (32) 207 (36) <0.0001 129 {19) 206 (35) <0.0001 175 (42) 208 (36) <0.0001
(mg/dt)
MNA scare 15.2 (4.8) 21.3 (3.7) <0.0001 12.0 (5.1) 21.1(3.7) <0.0001 12.1 (4.9) 20.8 (4.3) <0.0001 13.0 (3.4) 21.9 (2.7) <0.0001
Lymphocyte 1620 (577) 1789 (680)  0.244 1890 (692) 1754 (666) 0.513 2016 (742) 1749 (664) 0.273 1829 (630) 1748 (675) 0.557
(count/mm?)

*Student’s,  test was conducted except for the gender difference (32-test) and MNA scare (Mann-Whitney L-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 elderly.'®

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.>"":12 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

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. Nuitritional
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 (r = 0.36), midarm circumference (r = 0.50), and triceps
skinfold (r = 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 body mass index (BMI), midarm circumference (MAC),

calf circumference (CC), and triceps skinfold (TSF) are

Malnutrition is a frequent and serious problem in geriat- essential parts of any nufritional assessment. Biochemical

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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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-
uation 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 ai-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: BMIL, 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 lower 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 = 0923, 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

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 ()T 80.2 (8.0) 78.5(7.4) 76.9 (1.3) 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) 13.9 (8.2) 159 (9.1) <0.0001
CC (cm)f 27.5(4.7) 31.23.1) 32.0(3.3) <0.0001
Albumin (g/dL)* 3.6 (0.6) 4.1(0.3) 4.4 (0.3) <0.0001
Total cholesterol (mg/dL)* 174.0 (42.5) 203.3 (35.4) 217.5 (35.1) <0.0001
Lymphocyte (/uL)f 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

versus 1-specificity for MNA fotal score in predicting low
serum albumin (<3.5 g/dL), total cholesterol (<150 mg/
dL), and Tow BMI (<18.5 kg/m?) 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 0.012F
BMI 233 0.59 <0.0001 0.57 <0.0001
MAC 227 0.50 <0.0001 033  <0.0001
TSF 225 037  <0.0001 0.24 0.003
CcC 225 028  <0.0001 0.31 <0.0001
Albumin 179 0.60 <0.0001 0.56 <0.0001
Total cholesterol 177 036 <0.0001 0.30 <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 albuiin 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 0.822 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

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

Table 3

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

Threshold for MNA total score

<15 <15.5 <16 <165 <17 <17.5 <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
YI 0.628 0.688 0.676 0.657 0.608 0.590 0.642 0.605
PPV 0.417 0.407 0379 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
Y1 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 0914

BMI, body mass index; MNA, Mini-Nutritional Assessment; NPV, negative predictive value; PPV, positive predictive value; YT, 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 (» = 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 pattens 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 <1l <12 <13
Sensitivity 0.385 0.529 0.679 0.861 0.973
Specificity 1.000 0.980 0.960 0.840 0.540
Y1 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; YT, Youden index

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 resulis 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 beiter 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
anthropomeifric, 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
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subjects with a higher MNA score (=24, corresponding to
“normal nutrition”) [13], suggesting that the identification
of the elderly “at risk of malnutrition” is very important for
clinical practice. It should be noted that, because the present
study was a cross-sectional study, the threshold score be-
tween “normal nutrition” and “at risk of malnutrition” could
not be determined. The category of “at risk of malnutrition”
should be defined by longitudinal observation. In addition,
the study group might have consisted of frail Japanese
elderly who had comorbid diseases, given that they were
enrolled from clinical settings. Therefore, it is hard to con-
sider this sample representative of the elderly Japanese
population, and our results may apply only to the elderly in
ill health.

We believe this is the first study to examine whether the
MNA is useful in identifying undernutrition in a non-Cau-
casian elderly population. However, because the MNA is
used mainly as a screening tool for malnutrition among the
Japanese elderly, the MNA total cutoff point shifts to a
higher point, namely below 18. Further studies are required
to evaluate the cutoff point for the “at risk of malnutrition”
group. In addition, further investigation should be con-
ducted to determine whether the MNA can correctly iden-
tify those elderly who are likely to benefit from nutritional
support.
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Original Article

High Morning Home Blood Pressure Is
Associated with a Loss of Functional
Independence in the Community-Dwelling
Flderly Aged 75 Years or Older

Masanori NISHINAGA, Jun TAKATA, Kiyohito OKUMIYA¥*,
Kozo MATSUBAYASHI**, Toshio OZAWA*** and Yoshinori DOI

To elucidate the relationship between home systolic biood pressure (SBP) and functional impairment in the
elderly 75 years or oider, 461 community-dwelling subjects (192 men, 269 women, mean age: 80 years) were
studied. Home blood pressure was measured twice in the morning and twice in the evening for 5 consecu-
tive days with an automatic cuff-oscillometric device. Total/high-density lipoprotein cholesterol and several
functional assessments were evaluated. A subject was determined to exhibit a loss of independence accord-
ing to the activities of daily living (ADL) score in a study conducted in 2001. Based on the mean home SBPs
(mSBP) and morning-evening SBP differences (dSBP), the subjects were classified into 4 groups as follows:
hypertensive/morning-dominant (HM; mSBP2135 mmHg, dSBP215 mmHg), hypertensive/sustained (HS;
mSBP2135 mmHg, dSBP <15 mmHg), normotensive/morning-dominant (NM; mSBP<135 mmHg, dSBP215
mmHg), and normotensive/controlled (NC; mSBP <135 mmHg, dSBP <15 mmHg). There were no differences
in sex, cholesterol levels, history of stroke, other cardiovascular diseases (CVDs), and cognitive function,
but there were significant differences in age, antihypertensive medications, the neurobehavioral test scores,
and ADL scores. There were no significant differences in terms of mortality and CVD events. In the survi-
vors, HM and HS were independent risk factors for a ioss of independence, after adjustiments were made
for onset of stroke, age, antihypertensive therapy, history of CVD, as well as neurobehavioral test scores
and ADL scores (odds ratio [OR]: 12.2 and 3.78, respectively). After the same adjustments as those men-
tioned above were made, HM and HS were found to be negative determinants of survival and maintenance
of independence (OR: 0.082, 0.270, respectively). In conclusion, high home SBP (2135 mmHg) and high
dSBP (215 mmHg) were found to be important in determining the levels of disability for the very elderly.
(Hypertens Res 2005; 28: 657-663)

Key Words: home blood pressure, elderly, morning hypertension, independence, successful aging

tion and life span of the elderly in developed countries, which

. has resulted in a considerable increase in the number of frail
Introduction elderly people. “The project to reduce the number of depen-
Recently there have been rapid increases in both the popula- dent elderly persons” has been promoted as an important
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Fig. 1. Classification of four groups according to the distri-
bution of mean home SBP (mSBP) and morning-evening
home SBP differences (dSBP). HM, hypertensive/morning-
dominant; HS, hypertensive/sustained; NM, normotensive/
morning-dominant; NC, normotensive/controlled.

issue not only from the medical, but also from the socioeco-
nomic point of view. This project should be considered a top
priority, and appropriate measures should be taken to improve
the current situation (7). Although stroke is a major cause of
mortality and disability in the elderly (2—4), the management
of hypertension in the community has contributed to an out-
standing reduction in the incidence of stroke (5, 6).

In many previous epidemiological studies on blood pres-
sure (BP) in the elderly, the mortality and morbidity associ-
ated with stroke and other cardiovascular diseases (CVDs)
have been selected as the endpoint (7—9). There have been
also several epidemiological studies of the relationship
between hypertension and dementia (J0, 17). However,
assessments of functional abilities, the most important factor
for elderly persons and their caregivers, have been rarely con-
ducted.

Improving the management of BP for the prevention of
stroke and other CVDs has led to the popularization of home
BP monitoring devices among the general public (12, 13).
However, there have been few reports concerning home BP
values in the elderly. Increased BP in the morning is consid-
ered as a strong risk factor for stroke and other CVDs (/4-
17). It remains to be clarified whether such an elevation in BP
in the morning is also a risk factor for a loss of functional
independence in the elderly.

In the present study, we recruited community-dwelling eld-
erly people 75 years of age or older, and conducted medical
and functional assessments. We followed the subjects for 9
years. The purpose of our study was to clarify the relationship
between home BP values and functional disabilities, as well
as that between home BP and the mortality/incidence of
stroke. Furthermore, we studied moming—evening home BP
differences in this very elderly sample.

461

1982 /
2001 / Follow-up for 9 years \

@ Survivors®
125 336
CVp dea m @ @f

Fig. 2. Outcome after a 9-year follow-up period. CVD, car-
diovascular disease, including stroke.

Methods

Subjects

The study subjects were elderly people, aged 75 years or
older, who resided in Kahoku Town, Kochi Prefecture, Japan
in 1992. All subjects applied to participate in the home BP
monitoring program. Subjects with atrial fibrillation were
excluded because of the potential inaccuracy of their home

" BP measurements. A total of 461 people were recruited as the

subjects of our study (192 men, 269 women, mean age: 81
years).

Home BP Measurement

Home BP was measured in 1992 with an automatic device
(HEM-755C; OMRON Life Science Co., Ltd., Kyoto, Japan)
based on the cuff-oscillometric method. The validity of BP
measurement according to this method has been reported in
several studies (/8-20). The subjects and their caregivers
were taught by community nurses how to measure the BP at
home using this device. According to a previously reported
method (21), BP was measured in the non-dominant arm after
taking at least a 5-min rest in a sitting position, twice in the
morning (67 AM) and twice in the evening (8-9 PM), for 5
consecutive weekdays.

We obtained the data regarding the total mean systolic BP
(mSBP), morning and evening systolic BP (SBP), morning
and evening diastolic BP (DBP) and pulse rates (PR). The
mean morning—evening SBP differences (dSBP) were calcu-
lated. We defined subjects with mSBP>135 mmHg as hyper-
tensive or poorly controlled subjects, according to the
Japanese Society of Hypertension (JSH) Guidelines for the
Self-Monitoring of Blood Pressure at Home (12). We also
divided our subjects into two groups by using mean+1SD of
the dSBP. There were no subjects whose mean DBP values
alone exceeded 85 mmHg.



Table 1. Basic Characteristics (1992)
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NC (n=159) NM (n=30) HS (n=207) HM (n=65)

Age (years)* 80.3+4.5 81.5£5.1 80.5+5.1 81.4+5.3
Men (n [%]) 74 (46.5) 13 (43.3) 79 (38.1) 26 (40.0)
SBP (mmig)** 12518 124%8 148+11 150£10
DBP (mmHg)** 7217 73%9 8011 8119
PR(/min)* 6818 677 69+8 68+12
Morning SBP (mmHg)** 126%9 13549 149+12 162+11
Evening SBP (mmHg)** 12349 11349 148+12 138+11
Total cholesterol (mg/dl) 190£35 210139 186+38 195442
HDL cholesterol (mg/dl) 48+14 5610 45+13 44412
ADL (full score: 21) 20.4£1.9 20.8+0.8 20.2£2.6 20.2%1.9
MMSE (full score: 30) 27.2+4.4 284422 27.3+32 27.5+3.2
Up and Go test (s) 13.0+£3.2 13.0+£2.8 14.1+£4.6 149154
Antihypertensive drugs** (Yes, n [%]) 38 (23.9) 10 (33.3) 89 (43.0) 40 (61.5)
History of CVD (Yes, n [%]) 16 (10.0) 1(3.3) 13 (6.3) 4(8.1)

NC, normotensive/controlled; NM, normotensive/morning-dominant; HS, hypertensive/sustained; HM, hypertensive/morning-domi-
nant; SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; HDL, high-density lipoprotein; ADL, activities of daily
living; MMSE, mini-mental state examination; CVD, cardiovascular disease, including stroke. *¥ANOVA, p<0.05, **ANOVA, p<0.01.

Annual Self-Administered Questionnaire

In the baseline survey (1992), the self-administered question-
naire was addressed to the study subjects to obtain informa-
tion about characteristics potentially related to their BP,
mortality, and disability; the data collected included a history
of stroke, heart disease, and bone disease or arthropathy, anti-
hypertensive medications, current and past cigarette smoking,
current intake of alcohol, and activities of daily living (ADL).
All of the response sheets submitted by the subjects were
reviewed by community nurses to ascertain their information.

Assessment of ADL, Cognitive Function, Neu-
robehavioral Function, Mood and Serum Lipid
Analysis

The questionnaire regarding the ADL was conducted in 1992
and 2001 in the same manner as was used in our previous
study (22). Briefly, ADL were assessed with respect to the
following seven items: walking, ascending and descending
stairs, feeding, dressing, using the toilet, bathing, and groom-
ing. Each ADL item was scored on a 0-3 scale: 0 = com-
pletely dependent, 1 = needs a lot of help, 2 = needs some
help, and 3 = completely independent. The scores for these
seven items were summarized to obtain a total ADL score
ranging from 0 to 21. When a subject did not maintain a score
of 21 or 20 points in 2001, he or she was defined as a person
that was losing independence.

The mini-mental state examination (MMSE) was used to
evaluate each subject’s level of cognitive functioning (23).
The Up and Go test was used to evaluate neurobehavioral
function (24). This latter test measures, in s, the time it takes
the subject to stand up from an armchair, walk a distance of 3

m, walk back to the chair, and sit down again. This simple test
is a comprehensive evaluation of the subject’s balance, gait
speed, and functional ability. Since Okumiya and co-workers
(25) reported its usefulness in predicting a decline in ADL in
the Japanese community-dwelling elderly, the test has been
widely accepted for this purpose in many fields. The Geriatric
Depression Scale 15 (GDS 15) was also used to evaluate the
mood of the subjects (depressive state) (26). Total serum cho-
lesterol and serum high-density lipoprotein (HDL) choles-
terol were analyzed in 1992.

During the period between 1992 and 2001, a total of 125
subjects (66 men, 59 women) died. In addition, the informa-
tion regarding the events of stroke, myocardial infarction,
congestive heart failure, and bone/joint diseases as causes of

" disability were collected by checking the responses provided

on the annual questionnaire and the subjects’ medical records.

Written informed consent was obtained from each subject
at the time of the annual questionnaire. Our study was
approved by the Research Ethics Committee of Kochi Medi-
cal School, Kochi University, Japan.

Statistical Analysis

All of the values were expressed as mean+SD. Mean values
among the groups were compared using ANOVA, A 47 test
was used to compare the 4 groups with respect to total mortal-
ity and incidence of stroke, as well as other CVDs. A logistic
multivariate analysis was used to identify the factors that pre-
dicted a loss of functional independence or the survival and
maintenance of functional independence 9 years after the ini-
tial assessment, using Stat View 5.0 for Windows (SAS Insti-
tute Inc., Cary, USA).
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Table 2. Total/CVD Death and Non-Fatal Stroke

NC (n=159) NM (2=30) HS (n=207) HM (n=65)
Total death (%)* 36 (22.6) 3(10.0) 62 (30.0) 24 (36.9)
Non-fatal stroke(%) 16 (10.1) 1(3.3) 12 (5.8) 4(6.2)
CVD death (%) 17 (10.7) 1(3.3) 24 (11.6) 11 (16.9)
CVD events (%) 33 (20.8) 2 (6.7) 36(17.4) 15(23.1)

NC, normotensive/controlled; NM, normotensive/morning-dominant; HS, hypertensive/sustained; HM, hypertensive/morning-domi-

nant; CVD, cardiovascular disease, including stroke. *ANOVA p<0.1.

Results

The distribution of mSBP and dSBP are shown in Fig. 1. The
subjects were classified into the following 4 groups:

Hypertensive/morning-dominant ~ (HM:  mSBP=135
mmHg, dSBP>15 mmHg; n=65), hypertensive/sustained
(HS: mSBP>135 mmHg, dSBP<15 mmHg; n=207), nor-
motensive/morning-dominant (NM: mSBP<135 mmHg,
dSBP=15 mmHg; n=30), and normotensive controiled (NC:
mSBP< 135 mmHg, dSBP<15 mmHg; n=159). The NC
group, which was expected to be the lowest risk group
because both the mSBP and the dSBP were lower than others,
was used for reference.

A total of 461 elderly subjects, who were 75 years of age or
older in 1992, were followed for 9 years until 2001 (Fig. 2).
During that interval, 125 (27%) subjects died; 53 of these sub-
jects had died of stroke and other CVDs. A total of 336 of the
subjects were alive 9 years later (2001). One hundred-eigh-
teen subjects had undergone a loss of their functional inde-
pendence (HM, 17 [41%]; HS, 65 [45%]; NM, 7 [26%]; NC,
29 [24%])).

The basic characteristics of the 4 groups in 1992 are shown
in Table 1. The subjects in the NC group were younger than
those in the other 3 groups. The percentage of subjects who
were taking antihypertensive agents was also the lowest in the
NC group. There were no significant differences in terms of
sex, PR, total serum cholesterol, HDL cholesterol, the scores
of ADL, MMSE, the Up and Go test, or history of CVD
among the 4 groups. There were also no differences in the
scores on the GDS 135, history of bone/joint diseases, current
and past cigarette smoking, and current intake of alcohol (data
not shown). ’

Table 2 shows the total number of deaths, the number and
percentage of deaths caused by stroke and other CVDs, and
the incidence of non-fatal stroke during the 9-year follow-up
period in the 4 groups. Although there was a difference in the
total number of deaths among the 4 groups before adjustment
for age, the significance of this difference disappeared after
adjustment for age. There were no significant differences in
the percentage of deaths from stroke or other CVDs.
Although 33 subjects suffered from symptomatic strokes, no
significant differences were seen in the incidence of strokes
among the 4 groups.

The risk factors for loss of functional independence are
shown in Table 3. Although a non-fatal event of stroke was
one of the most important risk factors for loss of functional
independence, HM and HS were also important risk factors,
even after adjustment for age, sex, antihypertensive therapy,
scores on the Up and Go test in 1992, and the ADL scores in
1992. The adjusted odds ratio (OR) of the HM group (12.2)
was significantly higher than that of the HS group (3.78).
Therefore, values of mSBP=135 mmHg and dSBP=15
mmHg were independent risk factors for a loss of functional
independence (Fig. 3).

The factors associated with successful aging that contrib-
uted to the survival and maintenance of functional indepen-
dence, even among the most elderly (age of 84 or older), are
shown in Table 4. Although the non-fatal event of stroke was
a significantly negative determinant, the HM and HS also
remained as significant independent negative determinants of
successful aging, after adjustment for age, sex, antihyperten-
sive therapy, scores on the Up and Go test in 1992, and ADL
scores in 1992,

As regards the elderly people aged 75 years or older living
in the community, values of mSBP=135 mmHg and
dSBP>15 mmHg were independent determinants of a loss of
functional independence or successful aging, even when non-
fatal stroke and these home SBP variables were simulta-
neously incorporated into a logistic multivariate analysis
model.

In addition, since many of our subjects with morning
hypertension had high home SBP, we added dSBP (=15
mmHg) to the same model of multivariate logistic analysis,
in order to elucidate whether dSBP was an independent deter-
minant of a loss of functional independence or alive and inde-
pendence. dSBP remained a significant determinant of a loss
of independence (adjusted OR: 3.84, 95% confidence interval
[CI]: 1.003-14.73), or alive and independence (adjusted OR:
0.46, 95% CI: 0.183-0.973), in our hypertensive subjects.

Discussion

Our prospective longitudinal study evaluating the mainte-
nance of independence in the elderly aged 75 years or older
demonstrated that a mean home SBP of 2135 mmHg was a
significantly important risk factor for a loss of functional
independence. In addition, morning hypertension was an



Table 3. Independent Risk Factors for Loss of Indepen-
dence in 336 Survivors
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Table 4. Independent Negative Factors for Survival and
Maintenance of Independence (n=461)

Factors Adjusted odds ratio  95% CI p Factors Adjusted odds ratio  95% CI p

Stroke 17.4 3.67-82.8 0.0003 Stroke 0.058 0.012-0.273  0.0003
HM 12.2 3.00-50.0 0.0005 HM 0.082 0.020-0.334  0.0005
HS 3.78 1.45-9.83 0.0064 HS 0.271 0.104-0.704  0.0073
Age 1.17 1.05-1.30 0.0036 Age 0.855 0.768-0.951  0.0038

Data were adjusted for sex, antihypertensive therapy, Up and Go
score, and activities of daily living (ADL) score in 1992, CI,
confidence interval; HM, hypertensive/morning-dominant; HS,
hypertensive/sustained.
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Fig. 3. Adjusted odds ratios for loss of independence among

the 4 groups. The abbreviations are the same as those intro-
duced in Fig. 1.

important independent predictor for the functional prognosis
of our elderly subjects. The significance of dSBP should be
further evaluated.

There were no differences in mortality and incidence of
non-fatal stroke among the 4 groups. However, when a loss of
functional independence was selected as the endpoint, signif-
icant differences were found among these groups. Home BP
monitoring in the morning and in the evening was useful in
predicting functional prognosis in elderly subjects aged 75
years or older.

Recent large clinical trials have clarified the importance of
BP control, even among the elderly (7-9). However, the opti-
mum home BP value for the elderly has not been established,
and further prospective studies on the elderly will be neces-
sary to define an adequate home BP value (27).

In the present study, there was no significant difference in
the incidence of CVD death, stroke, and other CVD events
among the 4 groups. Although the reason for this result is
uncertain, further studies with a larger number of subjects
may resolve this ambiguity.

Since a relationship between elevation of BP in the morn-
ing and stroke and other CVD events (/4—-17) has been
reported, the importance of morning BP has been emphasized
in studies of home BP monitoring (28, 29). However, in most
of these studies the mortality and morbidity of stroke and

"Data were adjusted for sex, antihypertensive therapy, Up and Go

score, and activities of daily living (ADL) score in 1992. CI,
confidence interval; HM, hypertensive/morning-dominant; HS,
hypertensive/sustained.

other CVDs, as well as organ damage, were selected as the
endpoints. Functional independence, which is important for
the elderly as well as for the social economy, is not mentioned
in these previous studies. Thus, in our present study, we
added a loss of functional independence and successful aging
as two new endpoints for geriatric study. Furthermore, we
evaluated moming-evening home BP differences in terms of
the usefulness of this information for the prognosis of the eld-
erly aged 75 years or older. »

Skoog et al. (30) reported the relationship between the
presence of hypertension at the age of 70 and the develop-
ment of dementia 10 to 15 years later. In subsequent large
studies including SCOPE (10), the association between
impaired cognitive function and BP values has been evalu-
ated, although sufficient data on the relationship between BP
control and cognitive function have yet to be accumulated. In
our previous study (31), a J-curve phenomenon was demon-
strated with respect to the profile of the association between
BP values and cognitive function 3 years later in an elderly
sample. Those findings indicate that BP exerted an effect on
cognitive function, not only in the group with high BP, but
also in the group with low BP. In our previous study, casual
BP was measured twice with the subject in the supine position
at the time of physical examination. Here, to avoid the inclu-
sion of various other factors affecting BP measurements, we
used 20 home BP measurements in order to calculate the
mean value. This method of measurement appeared to have
eliminated some of the potential problems with BP monitor-
ing.

Because the follow-up period was so long (9 years), it was
difficult to reexamine cognitive function in all of the subjects
examined in 2001; some subjects were too old for us to obtain
reliable data from them (i.e., among those at least aged 84
years of age and older). Due to our small sample size in the
MMSE evaluation (n=64, 19%), we did not observe any sig-
nificant differences between the group with high home BP
values (2135 mmHg) and the group with normal home BP
values (<135 mmHg). There were also no significant differ-
ences in dSBP (=15 mmHg). Evaluation of the cognitive
functions (MMSE) of the most elderly subjects included in
the sample was difficult; thus, an appropriate, reliable method
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will still need to be developed for the evaluation of this group
in future studies.

A variety of factors, including stroke events and other
CVDs, as well as the progression of bone/joint diseases and
dementia, contributes to disability among the elderly (32).
The present study demonstrated for the first time that those
elderly persons with a mean home SBP>135 mmHg were
susceptible to a loss of functional independence, even if they
did not experience an event of symptomatic stroke. However,
the present study did not reveal any direct mechanism to gen-
erate this relationship between hypertension reflected by the
home BP monitoring value and a loss of independence. The
relationships between hypertension or morning BP elevation
and pathological conditions such as asymptomatic small
infarctions and white matter lesions have previously been
reported (33-36). It is thus possible that these lesions are
related to BP elevation and may be involved in the impair-
ment of functional abilities required for daily life. To clarify
the association between home BP values, asymptomatic brain
lesions, and disability among the very elderly, further study is
warranted.
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Abstract

We investigated the predictive value of arterial stiffness to assess cardiovascular risk in elderly community-dwelling people by means
of a multivariate Cox model. In 298 people older than 75 years (120 men and 178 women, average age: 79.6 years), brachial-ankle pulse
wave velocity (baPWV) was measured between the right arm and ankle in a supine position. The LILAC study started on July 25, 2000,
consultation was repeated yearly, and the last follow-up ended on November 30, 2004. During this follow-up span of 1227 days, there
were nine cardiovascular deaths, the cause of death being myocardial infarction for two men and three women or stroke for two men and
two women. In Cox proportional hazard models, baPWV as well as age, Mini-Mental State Examination (MMSE), Hasegawa Dementia
Scale Revised (HDSR) and the low-frequency/high-frequency (LE/HF) ratio showed a statistically significant association with the occur-
rence of cardiovascular death. A two-point increase in MMSE and HDSR score significantly protected against cardiovascular death, the
relative risk (RR) being 0.776 (P = 0.0369) and 0.753 (P = 0.0029), respectively. The LF/HF ratio also was significant (P = 0.025), but
the other indices of HRV were not. After adjustment for age and HDSR, a 200 cm/s increase in baPWV was associated with a 30.2%
increase in risk (RR = 1.302, 95% CI: 1.110-1.525), and a 500 cm/s increase in baPWV with a 93.3% increase in risk (RR = 1.933, 95%
CI: 1.300-2.874, P = 0.0011), whereas the LF/HF ratio was no longer associated with a statistically significant increase in cardiovascular
mortality. In elderly community-dwelling people, arterial stiffness measured by means of baPWV predicted the occurrence of cardiovas-
cular death beyond the prediction provided by age, gender, blood pressure and cognitive functions. baPWV should be added to the car-
diovascular assessment in various clinical settings, including field medical surveys and preventive screening. The early detection of risk
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© 2005 Elsevier SAS. All rights reserved.
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by chronomics allows the timely institution of prophylactic measures, thereby shifting the focus from rehabilitation to prehabilitation med-

icine, as a public service to several Japanese towns.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

As the incidence of myocardial infarction has increased
in Japan and since cardiovascular disease, including stroke
is the leading cause of mortality and morbidity, the preven-
tion of these conditions is a major goal. Atherosclerosis is
an important cause of morbidity and mortality in the elderly,
and arterial stiffness may predict cardiovascular events [1].
Several cardiovascular indices, such as blood pressure (BP),
heart rate (HR) and heart rate variability (HRV) are predic-
tors of vascular disease risk {2]. This study aimed at assess-
ing their role in association with arterial stiffness in predic-
ting cardiovascular mortality. Arterial stiffness can be
assessed non-invasively by measuring pulse wave velocity
(PWV), which is a simple and reproducible endpoint.

Recent cobort studies suggested that PWV might be a
strong predictor of atherosclerotic cardiovascular events,

cardiovascular mortality, and all-cause mortality, indepen-

dently of age and conventional atherosclerotic risk factors
[3-5]. Most studies, however, focused on patients of occi-
dental ancestry, often affected by specific diseases, rather
than on Japanese populations. In 2000, we began a commu-
nity-based study to longitudinally investigate the longevity
and aging of a rural population in Hokkaido County
(LILAC), and to evaluate this population’s neurocardiologi-
cal function. Our goal was the prevention of cardiovascular
events, including strokes and myocardial ischemic events,
and to prevent the associated decline in cognitive functxon
of the elderly in this community dwelling,

As the first step of the LILAC study, we focused on the
relationship between aortic stiffness measured by PWV and
cardiovascular mortality. We assessed the predictive value
of arterial stiffness in predicting cardiovascular risk in an
" elderly population using a multivariate Cox model.

2. Methods
2.1. Subjects and LILAC study design

We examined 298 people older than 75 years (average
age, 79.6 years). BP was measured in a sitting position at
the beginning of the study, and brachial-ankle PWV
(baPWV) was measured between the right arm and ankle in
a supine position, using an ABI/Form instrument (Nippon
Colin Co., Ltd., Komaki, Japan). The baPWV was measured
using a volume-plethysmographic method. ECG electrodes
were placed on both wrists, a microphone for detecting heart
sounds was placed on the left edge of the sternum, and cuffs

were wrapped on both arms and ankles. The cuffs were con-
nected to a plethysmographic sensor that determines the
volume pulse form and oscillometric pressure waveforms
were recorded using a semiconductor pressure sensor (the
sample acquisition frequency for PWV was set at 1200 Hz).
baPWV was measured in duplicate after at least a 5-min rest
in each case. Only baPWV measures from participants
showing an ankle/brachial pressure index (ABI) value
above 0.90 were used for analysis.

We used the first hour of ambulatory ECG recording
obtained during routine medical examinations conducted
each year in July, The data were processed for HRV using a
Fukuda-Denshi Holter analysis system (SCM-280-3). Time-
domain measures (SDNN, pNN50, SDANN and Lorenz
plotindices: Length (L), Width (W), and L/W ratio) and fre-
quency-domain measures (spectral power in the “very low
frequency”—VLF: 0.003-0.04 Hz, “low frequency”—LF:
0.04-0.15 Hz, and “high frequency”—HF: 0.15-0.40 Hz
regions, and the LF/HF ratio) were determined. Except for
SDNN and HR, calculated over the whole 1-h record, all
indices were computed as averages over consecutive 5-min
intervals. Spectral indices were obtained by the maximum
entropy method (MEM) with the MemCalc/CHIRAM pro-
gram (Suwa Trust Co., Ltd., Tokyo, Japan).

The Japanese versions of the Mini-Mental State Exami-
nation (MMSE) and the Hasegawa Dementia Scale Revised
{HDSR) tests were used to measure the overall cognitive
function, including verbal orientation, memory, and con-
structional ability (Kohs® block test). The Up and Go test
measured, in seconds, the time it took the subject to stand up
from a chair, walk a distance of 3 m, turn, walk back to the
chair, and sit down again. This test is a simple measure of
physical mobility and demonstrates the subject’s balance,
gait speed, and functional ability. A lower time score indi-
cates better physical mobility. Functional Reach (FR), used
to evaluate balance, represents the maximal distance a sub- -
ject can reach forward beyond arm’s length while maintain-
ing a fixed base of support in the standing position. A higher
score indicates better balance. Manual dexterity was
assessed using a panel with combinations of 10 hooks, 10

" big buttons, and five small buttons. There were three dis-

crete measurements of time recorded for each participant
(10 “hook-on”s, 10 big “button-on-and-off’s, and five small
“button-on-and-off’s). The total manual dexterity time in
seconds, defined as the button score (Button-S), was calcu-
lated by adding the average times for one hock-on and one
big or small button-on-and-off. A lower button score indi-
cates better manual dexterity.
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2.2. Cardiovascular mortality

The LILAC study was started on July 25, 2000 and con-
sultations were repeated every year (end of July, or begin-
ning of August). In addition, one or two doctors of our team
visited every 3 months and offered several kinds of health
consultation, rehabilitation of disordered function, healthy
lifestyle modification by promoting complete cessation of
smoking, weight reduction, reduction of salt intake, mode-
ration in the consumption of fruits and vegetables and alco-
hol intake, as well as providing prescription advice to the
local general medical practitioner.

In this investigation, the follow-up ended on November
30, 2004. During this follow-up span, there were nine
cardiovascular deaths, the cause of death being myocardial
infarction or stroke. Follow-up time was defined as the time
elapsed between the first (reference) examination and the
time of first cardiovascular event or death.

2.3. Statistical analysis

All data were analyzed with the Statistical Software for
Windows (StatFlex Ver.5.0, Artec, Osaka, http://www.stat-
flex.net). The effects of classic risk factors on baPWV were
assessed by a multivariate regression analysis. We used
Cox’s regression analysis to calculate the unadjusted and
adjusted relative risks (RRs) and 95% confidence intervals
(ClIs) for cardiovascular death. To identify independent pre-
dictors of cardiovascular death in relation to baPWV, we used
a multivariate Cox regression analysis with stepwise selec-
tion. Variables included in the multivariate models were age,
gender, BP, HR, HRV, MMSE, HDSR and Kohs’ block test.

An abnormal value of baPWV (>2500 cm/sec) was inde-
pendently assessed by logistic regression analysis. Kaplan—
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Fig. 1. Kaplan-Meier event probability curves for cardiovascular death.

Meier event probability curves were computed with two
groups, stratified by the abnormal value of baPWV, and the
cumulative probability of events of two groups was com-
pared by means of the log-rank test. Statistical significance
was considered at a value of P < 0.05.

3. Results

The characteristics of the 298 subjects at the start of study
(reference) are given in Table 1. The sample comprises 120
men and 178 women. The mean age of participants at entry
was 79.6 years. The mean follow-up time was 1227.2 days,
during which 9 subjects died (myocardial infarction: 2 men
and 3 women; stroke: two men and two women).

Out of the 298 participants, baPWV was measured in 245
subjects, and a baPWV above 2500 cm/s was observed in 33
subjects, five of whom died (three from a myocardial infarc-
tion and two from a stroke). Their reference characteristics
are given in Table 2, which shows that an increased baPWV
is associated with older age, higher systolic and diastolic
BP, increased pulse pressure and shorter FR. Subjects with
an increased value of baPWV included fewer event-free sur-
vivors. Kaplan—-Meier curves for event-free survival
revealed a significant difference between the two groups
stratified by a baPWV of 2500 cm/s (P < 0.00005, log-rank
test) (Fig. 1).

Among the variables used in Cox proportional hazard
models, PWV as well as age, MMSE, HDSR and the LF/HF

Table 1

Reference characteristics of subjects
Endpoint Mean SD
Gender 0.403
Age 79.0 4.75
BMI 234 3.74
SBP 141.2 19.56
DBP 75.5 10.57
PP 65.8 16.41
HR 70.8 11.46
PWV 2097 504.6
ABI 1.02 0.14
Up&Go 16.5 6.54
FR 25.6 1.77
Button 15.7 7.16
MMSE 242 4.43
HDSR 236 5.30
Kohs 19.1 11.17
GDS 4.8 2.96 .
VLF 912.3 7433
LF ) . 2072 299.0
HF . 1027 2503
-LF/HF 2.84 1.70
pNNS0 _ 436 8.87
CVRR 5.04 : 1.95
RMSSD B 226 ©125
SDNN ' 374 T 160

Gender: Man = 1, Woman = 0 (120 men and 178 women)
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Table2 -
Reference Characteristics of Subjects with Acceptable or Increased baPWV

Table 3
RR of CV Death in relation to PWV, HRV, Cognitive function and classic
CV Risk factors

n=212 n =33
Endpoint baPWV <2500 baPWV >2500  r-value p-value Endpoint RR 95% CI p-value
Mean S.D. Mean S.D. Gender N.S.
Gender 0.396 0.424 0304 NS Age (5) 1.859 1.008-3.427 0.0469°
Age 787 439 804 454 2045 0,042 BMI N.S.
BMI 235 388 230 341 0722 NS. SBP NS.
SBP 1392 18.14 1542 2581 4.087  0,0001 DBP v NS,
DBP 743 982 796 1433 2635 0,090 PP. NS.
PP 649 1580 747 1866 3.158 0,018 HR N.S.
HR 701 1124 725 1277 1090 NS. PWV (200) 1.335 1.147-1.553 0.0002
PWV 1949 2920 3045 5550 17.298 0,0000 PWV (500) 2.058 1.410-3.005 0.0002
ABI 103 012 099 017 -1.704 NS. PWYV (200)* 1.302 1.110-1.525 0.0011
Up&Go 161 636 175 677 1128 NS. PWV (500)* 1.933 1.300-2.874 0.0011
FR 262 766 225 764  -2533 0,0120 ABI N.S.
Button 152 705 161 453 0682 NS. Up&Go NS.
MMSE 243 518 237 533 0827 NS. FR _ S 0.0696
HDSR 240 518 226 513 -l444 NS. Button ‘ NS.
Kohs 196 1108 171 1042 -L177 NS. MMSE (2) 0.776 0.612-0.985 0.0369
GDS 18 285 48 316 0.5 NS HDSR (2) 0.753 0.624-0.907 0.0029
VLF 9387 7885 7386 4409 -1.187 NS. Kobs : : 00991
LF 2111 3037 1332 1137 1216 NS. GDS N.S.
HF 988 2351 638 521 0711 NS. VLE N.S.
LF N.S.
LF/HF 288 170 270 - 151  -0482 NS. F ‘ N
pNNS50 428 824 270 368  -0908 NS. LEATF (0.20) " os1 0.690-0.976 00255
CVRR 498 155 479 134 0571 NS. oNN50 NS,
IMSSD 21 97 208 73 0.624 NS. CVRR | NS
SDNN 377 162 333 98 1242 NS. RMSSD NS,
Gender: Man =1, Woman =0, SDNN » NS.

Statistical significance of difference in PWV between the 2 groups
validates classification.

ratio were statistically significantly associated with the
occurrence of cardiovascular death (Table 3). In univariate
analyses, a 200 or 500 cm/s increase in baPWV was associ-
ated with a RR of cardiovascular death of 1.335 or 2.058,
respectively (P < 0.0002). A two-point increase in MMSE
and HDSR score significantly protected against cardiovas-
cular death, being associated with RRs of 0.776 (P =
0.0369) and 0.753 (P = 0.0029), respectively. The LF/HF
ratio also showed signiﬁcant predictive value (P = 0.025),
~ but other HRV indices did not.

In multivariate analyses, when both baPWV and age
were used as -continuous variables in the same model,
baPWYV remained statistically significantly associated with
the occurrence of cardiovascular death. After adjustment for
age and HDSR, a 200 cm/s increase. in baPWV was associ-
ated with a 30.2% increase in risk (RR = 1.302, 95% CI.
1.110 to 1.525), and a 500 cm/s increase in baPWV with a
93.3% increase in risk (RR = 1.933, 95% CI: 1.300 to
2.874), P = 0.0011. In multivariate analyses, when both the
LE/HF ratio and age were used as continuous variables in
the same model, the LF/HF ratio was no longer statistically
significantly associated with cardiovascular mortality.

* After adjustment for age and HDSR
4, Discussion

The main result of the present study is that in elderly com-
munity-dwelling people, arterial stiffness measured by means
of baPWYV predicted the occurrence of cardiovascular death
beyond the prediction provided by age, gender, blood pres-
sure and cognitive functions, assessed by a multivariate Cox
model. The baPWV measure is a novel noninvasive tech-
nique, which has been developed to assess pulse wave trans-
mission between the brachial and tibial arteries [6]. PWV is
known to be an indicator of arterial stiffness and a marker of
vascular damage [7]. Traditionally, carotid-femoral PWV is
an established method for measuring PWV. Contrary to this
traditional PWV, baPWYV includes peripheral components of
the arterial tree. We need to consider the role of this arterial
tree because the influence of age changes in different parts of
the arterial tree. Although baPWV values are larger compared
to those obtained by the traditional method, their validity has- -
been demonstrated by Yamashina et al. [6]. Findings herein
suggest the usefulness of baPWYV for clinical use. It has also
been argued that baPWYV is strongly affected by blood pres-
sure [8] and that this effect should be considered in clinical



