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Risk factors for cardiovascular events appear to
change with advancing age.” The importance of
HDL-C is different for each age-group. The present
study on diabetic individuals with type IIb dyslipidemia
was small in size, so a larger study will be required.
However, HDL-C might help prevent cardiovascular
events diabetic patients with type IIb dyslipidemia who
are aged <75 years.

With regard to antihypertensive agents, approxi-
mately half of the participants used antihypertensive
agents. There were no significant relationships between
CVD and antihypertensive agents. Although we did not
focus on antihypertensive agents in the present study,
investigation of antihypertensive agents is important,
and further study will be required in the future.

In conclusion, the present study showed that lower
HDL-C was an important risk factor for cardiovascular
events in diabetic individuals with type IIb dyslipidemia
who are aged <75 years. If HDL-C is well controlled in
elderly diabetic individuals who are aged <75 years with
type IIb dyslipidemia, then IHD and CVA might be
decreased to the levels found in diabetic patients of
middle-aged cohorts.
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Relationship between small cerebral white matter lesions
and cognitive function in patients with Alzheimer’s disease
and amnestic mild cognitive impairment

Taeko Makino, Hiroyuki Umegaki, Yusuke Suzuki, Madoka Yanagawa, Zen Nonogaki,
Hirotaka Nakashima and Masafumi Kuzuya

Department of Community Healthcare and Geriatrics, Nagoya University Graduate School of Medicine, Nagoya, Japan

Aim: The main purpose of the present study was to investigate the influence of small cerebral white matter lesions
on cognitive functions, and its difference by clinical stage.

Methods: A total of 160 patients with Alzheimer’s disease and 40 older adults with amnestic mild cognitive
impairment were enrolled in the present study. The Fazekas rating scale was used for the semi-quantitative mea-
surement of white matter lesions. Participants whose scales were more than grade 2 were excluded. Associations
between the degree of small white matter lesions and cognitive functions including memory, verbal fluency, working
memory, processing speed, and executive function were examined.

Results: We found that small white matter lesions influenced the performances of neuropsychological tests
differently between Alzheimer’s disease and amnestic mild cognitive impairment. Analysis of covariance showed
significant effects of interaction on a test that assessed categorical verbal fluency. In the amnestic mild cognitive
impairment group, small periventricular white matter hyperintensities were significantly associated with poor perfor-
mances in categorical verbal fluency; whereas in the Alzheimer’s disease group, such associations were not observed.
Deep white matter hyperintensities did not influence any cognitive functions examined in both groups.

Conclusions: The results suggested the involvement of periventricular small white matter lesions on impairment in
verbal fluency, and such influence might be different depending on an individual’s clinical stage. Geriatr Gerontol
Int 2014; 14: 819-826.

Keywords: Alzheimer's disease, cognitive function, mild cognitive impairment, verbal fluency, white matter lesions.

Introduction myelin and axons, and mild gliosis.* The occurrence of
WML has been shown to increase with advancing age,**

Cerebral white matter lesions (WML) are identified as and the progression of WML has been associated with

white matter hyperintensities, areas with high signal vascular risk factors.’ In a meta-analysis, WML pre-
intensities on T2-weighed magnetic resonance imaging dicted an increased risk of stroke, dementia and death.®
(MRI). The pathogenesis of WML has not .been fully In some non-demented population-based studies,
clarified, and the clinical relevance of WML also WML predicted a higher rate of cognitive decline,*”"
remains ambiguous. Several histopathological corre- especially when located in the periventricular
lates have been reported: enlarged WML including regions." " In some studies of Alzheimer’s disease (AD)
myelin pallor, tissue rarefaction associated with loss of ~ patients, it has been suggested that AD patients with

WML had worse cognitive performances than those
without WML, whereas other studies did not find
Accepted for publication 8 September 2013. any association between WML and cognitive decline
in AD patients.’*'® Diversities in study samples with
varying clinical stages or different methods for the
assessment of WML might explain the inconsistent
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-u.acjp that WML could influence cognitive performance in the
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early stages of AD, but not in the late stages.'®* If this is
true, WML might have greater influence on cognitive
profiles in amnestic mild cognitive impairment (aMCI)
patients than AD patients, because aMCI has been con-
sidered a preclinical and prodromal stage of AD. In
some studies of MCI patients, WML were associated
with cognitive decline,” and predicted a higher rate of
conversion to dementia.** Studies investigating the
influence of WML on cognitive function both in AD
and aMCI patients have been sparse to date.

In view of investigating the influence of small WML
on cognitive profiles of AD pathology, one has to pre-
clude with caution a possible contamination of mixed
pathology, such as vascular dementia or vascular mild
cognitive impairment, from analysis. Therefore, in the
present study, we focused on investigating neuropsy-
chological traits in patients with AD or aMCI, and
examined their associations with the degree of small
WML, assessed by a semi-quantitative method based
on MRI findings after carefully excluding patients
with diffuse or extensive WML. If any difference was
observed between the groups, the finding might suggest
temporal profiles regarding the influence of small WML
on cognitive performances during the progression of
this neurocognitive disorder.

Methods

Participants

The present study was carried out among outpatients
attending the Nagoya University Hospital department of
geriatrics in Nagoya, Japan, between January 2010 and
March 2012. Among 641 consecutive patients aged 60
years or older, 268 patients who were diagnosed with
neither AD nor aMCI, and 109 patients who could not
complete the relevant cognitive tasks were excluded.
Regarding methods for objectively assessing the degree
of WML, the Fazekas rating scale** was used in the
present study. It is a visual semi-quantitative rating scale
of WML volume, and this scale is one of the most
widely-used and well-validated. This scoring system is
a four-point scale, rated on a 0- to 3-point scale of
increasing severity. As explained in the Introduction, in
order to eliminate a possible contamination of mixed
pathology, those who were graded more than 2 on the
Fazekas rating scale (64 patients) were not included in
the study, and only those who were graded either 0 or
1 on the scale were included, eventually leaving 200
patients subjected for analyses.

Of the participants, 160 patients were diagnosed as
probable or possible AD according to the criteria of the
National Institute of Neurological and Communicative
Disorders and Stroke and Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA),*
and 40 cases were diagnosed as aMCI according to
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the Mayo Clinic Criteria.?* The patients with aMCI all
met the criteria for single-domain amnestic MCI or
multiple-domain amnestic MCI proposed by Petersen.”’
All of them had the complaint of memory impairment.
Patients with single-domain amnestic MCI had
impaired performance (more than 1.5 SD below con-
trols) on one or more of the memory tests used in the
neuropsychological battery, but not on the other tests.
Patients with multiple-domain amnestic MCI had
impaired performance on one or more of the memory
tests, and impaired performance on one or more of the
other tests. None of them had dementia according to
the clinical assessment. Hereafter, aMCI includes both
the single- and multiple-domain subtypes.

The evaluation procedure consisted of a detailed
medical history, cognitive assessment, laboratory tests
and cerebral MRI. The patients also underwent a clini-
cal examination to exclude other etiologies. Patients
who had a history of cerebrovascular disorders or the
presence of significant vascular risk factors were
excluded, as well as patients who had previously
received an actual diagnosis of major depression.” Japa-
nese was the primary language for all participants.

Cognitive assessment

All participants underwent a battery of neuropsycho-
logical tests. The battery of neuropsychological tests
included the following tests: the Mini-Mental State
Examination (MMSE)* for general cognitive function;
the Logical Memory I and II subtests of the Wechsler
Memory Scale-revised (WMS-R)* for memory; the cat-
egory fluency test (participants were required to gener~
ate as many animal names as possible within 1 min) and
the letter fluency test (participants were required to gen-
erate as many words beginning with the syllable “ka”
(the Japanese version of the phonemic fluency task) as
possible within 1 min for verbal fluency; the Digit Span
Forward and Backward subtests of the Wechsler Adult
Intelligence Scale Revised (WAIS-R)* for working
memory; the Digit Symbol subtests of WAIS-R* for
processing speed; and the Stroop colored word test for
executive functions (controlled inhibition). All patients
were also assessed for depressive mood using the Geri-
atric Depression Scale-15 (GDS-15).*

Testing and scoring of the neuropsychological tests
were carried out by a trained clinical psychologist with a
Master’s degree in clinical psychology. Participants were
tested individually in a single session. Written informed
consent was obtained at the start of the evaluation from
all participants or their closest relative.

White matier assessment
The MRI scans were carried out on a 1.5T machine.

Ratings of WML on MRI images were carried out on a

© 2013 Japan Geriatrics Society
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Figure 1 Examples of Fazekas scale
ratings. (a) Periventricular
hyperintensities (PVH) score = 1. (b)
PVH score = 2. (¢) PVH score = 3. (d)
Deep white matter hyperintensities
(DWMH) score = 1. (e) DWMH
score = 2. (f) DWMH score = 3.

Table 1 Numbers of patients for Fazekas scale ratings

AD
(n=160)
DWMH
Grade 0 Grade 1
PVH Grade0 30 14
Grade 1 21 95

aMCI
(n = 40)
DWMH
Grade 0 Grade 1
PVH Grade0O S 4
Grade1 7 24

Definitions of rating scores of periventricular white matter hyperintensity (PVH):
grade 0, absence; grade 1, caps or pencil-thin lining. Definitions of rating scores of
deep subcortical white matter hyperintensity (DWMH): grade 0, absence; grade 1,

punctate.

AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment.

computer screen with axial fluid-attenuated inversion
recovery (FLAIR) images. The visual semi-quantitative
rating scale of WML volume described by Fazekas et al**
was used. This scoring system is a four-point scale
for separately assessing the increasing severity of
periventricular white matter hyperintensity (PVH) and
deep subcortical white matter hyperintensity (DWMH).
PVH severity was scored according to the following
categories: absence (grade 0); caps or pencil-thin lining
(grade 1); smooth halo (grade 2) and irregular PVH
extending into the deep white matter (grade 3). DWMH
severity was scored according to the following catego-
ries: absence (grade 0); punctate (grade 1); beginning
confluence (grade 2) and large confluence (grade 3).
Examples of PVH and DWMH severities are shown in
Figure 1. Participants who were graded more than grade
2 of PVH or DWMH were excluded from the present
study. Table 1 shows the numbers of patients for the
Fazekas rating scale included in this study. All ratings

© 2013 Japan Geriatrics Society
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were carried but by two raters (the second and third
authors). Each rater rated each case individually and
then consulted with each other to reach a consensus.

Statistical analysis

The statistical analyses were carried out using IBM SpS§
Statistics version 19 for Windows (SPSS Japan, Tokyo,
Japan). A value of P < 0.05 was used in all analyses to
show statistical significance.

First, we carried out descriptive analyses of sociode-~
mographic and clinical characteristics. Table 2 shows
the mean and standard deviations, and the frequency
and percentage. We used the x*-test for the comparison
of categorical data, and we applied Student’s ¢-test for
continuous data.

Analysis of covariance (ANCOVA) was used to deter-
mine the correlation of WML and cognitive data
between AD and aMCI. It is well known that age and

| 821



T Makino et al.

Table 2 Clinical characteristics and cognitive performance of Alzheimer’s disease and amnestic mild cognitive

impairment patients

AD aMCI
(n=160) (n = 40)
Sex (male/female) 66/94 15/25

29 (18.13%)
70 (43.75%)
70 (43.75%)

Diabetes mellitus (%)
Hypertension (%)
Hyperlipidemia (%)

7 (17.50%)
20 (50.00%)
20 (50.00%)

aMCI subtype (single 19/21
domain/multiple domain)

MEAN SD MIN MAX  MEAN SD MIN MAX  P-value
Age (years) 77.01 6.87 61 92 76.08 6.56 60 90 0.440
Education (years) 11.40 2.78 6 20 12.26 295 8 18 0.084
GDS15 4.33 337 0 14 3.83 294 0 13 0.390
MMSE 21.94 3.69 11 29 27.13 1.49 24 30 <0.001
WMS-R Logical Memory 1 6.26 430 0 22 10.05 465 1 22 <0.001
WMS-R Logical Memory I 1.16 240 0 12 3.20 283 0 9 <0.001
Category Fluency Test 11.67 372 2 23 14.90 402 6 24 <0.001
Letter Fluency Test 7.76 315 2 20 9.18 340 0 15 0.013
WAIS-R Digit-Span Forward 5.63 1.89 2 10 6.20 1.68 3 9 0.084
WAIS-R Digit-Span Backward — 4.34 1.45 1 8 5.05 1.38 2 8 0.006
WAIS-R Digit-Symbol 33.22 11.73 3 77 38.38 12.01 9 68 0.014
Stroop Test Color 21.86 10.03  9.56  78.09 17.67 3.94 885 30.79 <0.001
Stroop Test Colored Word 46.75 20.04 1540 13419 40.08 18.03 2032 113.21  0.056

P-values were calculated by Student’s t-tests. AD, Alzheimer’s disease; alVICI, amnestic mild cognitive impairment; Education,
total number of years of schooling; GDS15, 15-item version of the Geriatric Depression Scale; MAX, maximum score; MIN,
minimum score; MMSE, Mini-Mental State Examination; SD, standard deviation; WAIS-R, Wechsler Adult Intelligence

Scale-Revised; WMS-R, Wechsler Memory Scale-Revised.

education level influence cognitive function, so these
two variables were considered to be covariables in the
analysis carried out later. As a post-hoc analysis, pair-
wise multiple comparisons of the cognitive data were
tested with Bonferroni test after ANCOVA.

Results

Table 2 presents the sociodemographic and clinical
characteristics of the participants, and the raw neuro-
psychological test results for both AD and aMCI. The
means and standard deviations, and maximal and
minimal values are shown.

The groups with different diagnoses were not statis-
tically different in terms of the following variables: dis-
tribution of sex, clinical comorbidity (diabetes mellitus,
hypertension, hyperlipidemia), age, years of education
and depressive mood (GDS-15). Likewise, the MCI
subtypes were similar in their distributions of the vari-
ables. Regarding the comparison of cognitive perfor-
mances between the two groups, AD group performed
significantly worse than did the aMCI group in tests as
follows: MMSE (¢ [158.87] = 13.84, P <0.001), logical
memory I (¢ [198] = 4.91, P < 0.001), logical memory II
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(¢ [198] = 4.63, P<0.001), category fluency (r [198] =
4.83, P < 0.001), letter fluency (# {198] = 2.51, P < 0.05),
digit span backward (¢ [198] = 2.80, P <0.01), digit
symbol (¢t [198] = 2.47, P < 0.05) and Stroop color test
(£[162.81] = 2.59, P < 0.001).

Table 3 shows the influence diagnosis and PVH had
on participants’ performances in the neuropsychologi-
cal tests, as well as the interaction between the two
factors. We found that diagnosis significantly influenced
the results of the following tests: MMSE (F [1,194] =
49.43, P <0.001), logical memory I (F [1,194] = 16.81,
P <0.001), logical memory II (F [1,194]=14.68,
P <0.001), category fluency (F [1,194]=29.43, P<
0.001), letter fluency (F [1,194] = 8.02, P <0.01), digit
symbol (F [1,194] = 4.86, P < 0.05) and Stroop colored
word test (F [1,194] = 4.06, P < 0.05). PVH had a sig-
nificant influence on the results of the tests that assess
the following variables: category fluency (F [1,194] =
8.11, P<0.01) and letter fluency (F [1,194]=5.47,
P < 0.05). Individuals having small PVH, independent of
their diagnosis, performed worse than those having
no PVH in terms of verbal fluency. We found signi-
ficant effects of interaction on the results of the
category fluency test (F [1,194] = 7.01, P <0.01). The

© 2013 Japan Geriatrics Society
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X combination of aMCI and category fluency showed
z o a significant negative influence (F [1,194]=9.28,
g VSO TIIRI S A P < 0.01); whereas in the AD group, such an association
EE LU OTIVHIA ggé was not observed.
e ceeeeeeeeelEn Table 4 shows the influence that diagnosis and
) %“5 DWMH had on participants’ performances on neuro-
E ?\\; § % § § g l§ § ;’é § g E psychological tests, as well as the interaction between
a, A D R T e P g g % the two factors. We found that diagnosis signifi-
8.9 cantly influenced the results of the following tests:
E [val y A g
@ =y MMSE (F [1,194] = 56.00, P < 0.001), logical memory
é S oBeYREY 2 3?0 I (F [1,194]=22.54, P<0.001), logical memory II
%o 2888w 83|88 (F11,194]= 21.09, P < 0.001), category fluency (F[1,194]
a0 IevTCeeeeee _Z»'_{:’ =16.06, P<0.001), letter fluency (F [1,194]=4.34,
‘?3’3 P <0.05), digit span backward (F [1,194] =4.02, P <
TeoREeRRAR | 2 0.05). DWMH did not significantly influence any other
a —_ Y NN o |8 % qeuropsychological tests. We did not find any other
o - T EE significant effects of the interaction between diagnosis
= o8 and DWMH.
Bz, o
TEISERERSRY5R|2Y iscussi
1
Egg Gonnedlgag |y Discussion
@ g The primary objective of the present study was to
NE8BRLR ‘; 28 1a8 examine the association between small WML and cog-
o 93 TN 00 oD ‘gg nitive function in older patients with AD or aMCL To
2 é s this end, two subgroups of patients with AD or aMCI
o =] differed regarding the influence of small WML on cog-
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%Etj’;é ng}*:ﬁgggﬁgg Ry nitive function. o
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’% LN DE DTS § B tfluency test. In contrast, the existence of small PVH did
‘ S RS E o .
= nadlacaiidl g8 not significantly affec't the score on the same test in AD
g - @ A patients. These findings might support a notion sug-
&l Re 8% gesting that WML could influence cognitive perfor-
fo] 5] 3 . e . .
= & BN
o = % Vot a0 | BB mance in the early stage of cognitive impairment, b}it
= § I B = ¥V = —=m9 gy not in the later stage of degenerative dementia."®*
5 s S O NV NN 2R .o e
2 o= ™ — ™Y g S Changes of relative involvement of WML on cognition
% 2 2 by disease progression could explain the results
% IS RRY Ixa -g'::;: obtained. It is' well known that as AD Pathology
2. - 9} BF NG a0y advances, cortical atrophy extends. Therefore, one
ot 2 NG could speculate that the relative influence of cortical
%ﬂ ;gg < é g atrophy on cognition compared with that of WML
gs; < ZE NV Y =0~ | gD becomes increased in the later stage of AD. Further
5 Ho 9NN~ =g | SE : L . : . :
3 % E =S |dY-dwd¥s Sy |8E investigations focusing on patients with earlier stages of
< 5 § AD whose extent of cortical atrophy are considered
S - a2 minimal could address this speculation.
g . = -%‘ =7 We found significant effects of interaction between
Pd 3 . .
5 IN g £ 'g a -.:3 2 diagnosis and PVH on the results of the category
‘é ’g g RS c%é = B 5 g CE fluency test, whereas on the results of the letter fluency
° S8 2 £ ¢ 45 SAREE such interaction was not found. The category fluency
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S 88 ¢ po L L3818 B g knowledge, whereas letter fluency is considered an
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DWMH
0.444
0.161
0.126
0.670
0.856
0.569
0.975
0.621
0.574
0.913

DWMH  Diagnosis x

0.756
0.213
0.254
0.590
0.394
0.170
0.874
0.221
0.656
0.606

Diagnosis
<0.001
<0.001
<0.001
<0.001
0.038
0.147
0.032
0.112
0.056
0.158

1.52
4.56
2.71
3.6S
3.53
1.75
1.35
12.04
4.09
13.92

SD

DWMH grade 1
=28)
MEAN
27.18
8.93
5.96
5.04
37.54
17.77
39.73

(n
15.00

1.48
4.58
2.98
4.96
3.14
1.42
1.51
12.22
3.74

26.01

SD

4.17
14.67
9.75
6.75
5.08

40.33

DWMH grade 0
(n=12)

MEAN

27.00

11.75

17.43

aMCI
40.89

3.76
4.46
2.40
3.76
2.89
1.82
1.50
10.93
11.22
21.42

SD

6.17
1.17
11.53
7.53
5.49
4.31
31.47

22.67

DWMH grade 1
(n=109)
MEAN

21.66

46.84
P-values were calculated by analysis of covariance and adjusted for age and education. AD, Alzheimer's disease; aMCI, amnestic mild cognitive impairment; DWMH, deep

subcortical white matter hyperintensity; MMSE, Mini-Mental State Examination; SD, standard deviation; WAIS-R, Wechsler Adult Intelligence Scale-Revised; WMS-R,

Wechsler Memory Scale-Revised.

3.48
3.98
2.41
3.65
3.62
2.01
1.36
12.60
6.60
16.92

SD

DWMH grade 0
= 51)
MEAN
22.53
6.45
1.16
11.96
8.24
5.94
4.39
36.96
20.13
46.58

AD

(n

Table 4 Cognitive performance according to deep subcortical white matter hyperintensity

WAIS-R Digit-Span Backward

WAIS-R Digit-Symbol

Stroop Test Color
Stroop Test Colored Word

WMS-R Logical Memory-II
Category Fluency Test
Letter Fluency Test

WAIS-R Digit-Span Forward

MMSE
WMS-R Logical Memory-I

S

T Makino et al.

greater impairment in category fluency performance
than in letter fluency performance relative to healthy
controls.® Neuroanatomically, category fluency relies
on the medial temporal lobe regions, whereas letter
fluency has been found to correlate with prefrontal lobe
functioning.* Differences in the anatomical substrates
for each verbal fluency task might explain the present
results. Because of advanced medial temporal lobe
atrophy, WML might not influence category fluency in
the later stage of AD.

When diagnosis was not added, associations between
the small PVH and low verbal fluency performance were
shown in the present study. Several studies found that
WML was particularly associated with a decline in
mental processing speed, executive functions, but not
with a decline in memory functions,'**** which could
suggest that WML have an influence on frontal lobe
functions. Memory decline is particularly related to
medial temporal lobe atrophy, and might be less affected
by WML.7# The disruption of long associating fibers
by PVH might be particularly deleterious for frontal
lobe domain functions.” In the present results, small
PVH contributed to cognitive decline in verbal fluency,
but not in any other domains of cognitive function. It
remains unclear why small PVH was correlated only
with verbal fluency.

Our results are in line with several population-based
studies"™ in which PVH and not are associated with
different clinical conditions. It is also suggested that the
pathology presenting PVH might impair cognitive func-
tioning more easily than that affecting the subcortical
area. Anatomically, the periventricular regions have a
high density of long associating fibers, which connect
the cortex with the subcortical nuclei and other distant
brain territories, whereas the subcortical area has a high
density of short-looped U fibers connecting adjacent
gyri.” The mechanism underlying the present results
requires further substaritiation.

The main limitation of the present study was the
rating system of WML. Regarding the semi-quantitative
rating of white matter lesions used in our study, it could
be argued that it is not sufficiently accurate, but this
rating system has been shown to correlate well with
quantitative volumetric measurements.” The present
study showed that small amounts of WML were corre-
lated with cognitive impairment. We assumed that
greater degrees of WML correspond to different pat-
terns of cognitive decline. WML could trigger or
enhance neurodegenerative processes when the lesion
load reaches a certain threshold.?

Because of the smaller sample size of aMCI patients,
the statistical power of the study might have been insuf-
ficient to detect an association between cognitive deficit
and small WML. Our sample size was also inadequate to
examine the association of cognitive decline with the
different locations of DWMH, which might have some

© 2013 Japan Geriatrics Society
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importance. Some studies have shown that cognitive
dysfunction differs according to where WML are
present.” It would therefore be important to assess the
specific roles of WML depending on their frontal, pari-
etal or temporal locations.

In summary, the present study found that small PVH
were significantly associated with cognitive decline, in
particular with a deficit of verbal fluency, in aMCI
patients. Furthermore, a category fluency deficit, not a
letter fluency deficit, was found to show an interaction
with small PVH. Further studies are required to confirm
these results and to improve our understanding of the
underlying mechanisms.
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Abstract: Objective: A number of other studies have been conducted to verify the Mini Nutritional Assessment
(MNA) or the MNA short form (MNA-SF) as a nutritional assessment/screening tool in various clinical settings
or communities, However, there are few longitudinal studies using these tools to analyze which factors affect the
incidence of deteriorating nutritional status. We tried to identify the factors associated with deterioration of
MNA-SF status of nursing home residents during a 2-year period. Methods: Participants were 392 people with a
mean age of 84.3 in 12 nursing homes in Japan. The factors associated with deterioration in MNA-SF categories
during the study period compared to stable/improved MNA-SF categories were identified. Results: At baseline,
19.9% of the participants were malnourished and 60.2% were at risk of malnutrition, according to the MNA-SF
classification. After 2 years, 66.3% participants maintained and 6.1% participants improved their nutritional
status according to the MNA-SF classification, while 27.6% showed deterioration in MNA-SF status. Stepwise
logistic-regression procedure indicated that basic ADL impairment and hospitalization during the follow-up
period were associated with declining MINA-SF status. Conclusions: Poor basic ADL status and hospitalization
during the follow-up period were associated with malnutrition and risk of malnutrition as assessed by MNA-SF
of nursing homes residents during a 2-year period.

Key words: The factors associated with deterioration of Mini Nutritional Assessment-Short Form stage, frail

elderly, nursing home.

Introduction

Japan has the most rapidly aging population in the world and
soon will have the largest percentages of elderly and very
elderly in its population. In 2011, the rate of the population
over age sixty-five was 23.3%. Elderly persons 100 years or
older numbered 47,756 and 87.1% of these were women. The
numbers of frail elderly people living in the community or
institutions for the aged are increasing, along with their hospital
admissions.

The nutritional status of older people is an important
determinant of quality of life, morbidity and mortality (1-3).
The relationship between poor nutritional status and impaired
immune functions, the development of pressure sores, and
impaired muscle function is well established (4-6). Therefore, it
is quite important for the elderly to maintain good nutritional
status.

The Mini-Nutritional Assessment (MINA) is a simple clinical
scale for the evaluation of the nutritional status of frail elderly
subjects (4, 7, 8). We evaluated the MNA test as a screening
tool for malnufrition in the Japanese elderly population and
conciuded that the MNA full test is a useful screening tool for
identifying Japanese elderly with malnutrition or a risk of
malnutrition (9). A number of other studies have been
conducted to verify the MNA or the MNA short form (MNA-
SF) as a nutritional assessment/screening tool in various
clinical settings or communities. However, there are few
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longitudinal studies using these tools to analyze which factors
affect the incidence of deteriorating nutritional status.

In the present prospective study we tried to identify the
factors associated with deterioration of MNA-SF status of
residents of nursing homes during a 2-year period.

Methods

Subjects

The study population consisted of 649 residents of 12
nursing homes located in Nagoya City (116 men and 533
women, age 65 years or older). Twelve nursing homes
belonged to a single social welfare corporation and staffs of
nursing homes received the same education training. The
dietitians carry out the nutritional assessment of the nursing
home residents according to the Long-Term Care Insurance
(LTCI) program. These participants, who were enrolled
between May 1 and June 30, 2009, were scheduled to undergo
comprehensive assessments by trained nursing home staff at
baseline, and at 12 and 24 months. At 3-month intervals, data
were collected about any important events in the lives of the
participants, including admission to the hospital, and mortality.
Written informed consent for participation, according to
procedures approved by the institutional review board of
Nagoya University Graduate School of Medicine, was obtained
from the residents or, for those with substantial cognitive
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impairment, from a surrogate (usually the closest relative or
legal guardian).

Data collection

The data were collected at the nursing homes using
structured interviews with residents and nursing home staff, and
from nursing home records taken by trained nurses. The data
included clients’ demographic characteristics and a rating for
ten basic Activities of Daily Living (ADL: getting out of bed,
transferring, walking, bathing, grooming, dressing, putting on
and taking off pants, feeding, bowel and bladder management).
For each ADL task, nurses rated residents as independent (a
score of 10, able to perform the activity without help), partially
dependent (a score of 5, requiring some assistance), or
completely dependent (a score of 0, needing help for the entire
activity). The sum of these scores theoretically range from 0
(total disability) to 100 (no disability). Nurse ratings were based
on direct observation, interviews with residents, and
information from staff. Information obtained from nursing
homes records included data on the following physician-
diagnosed chronic conditions: ischemic heart disease,
congestive heart failure, cerebrovascular disease, diabetes
mellitus, dementia, cancer, neurodegenerative disorders
including Parkinson’s disease, and other diseases comprising
the Charlson Comorbidity Index (10), which represents the sum
of weighted indexes taking into account the number and
seriousness of preexisting comorbid conditions. Chewing
ability was categorized into three groups: difficulty chewing
even soft food items such as boiled rice, tana sashimi, and
grilled eel (poor), difficulty chewing harder foods such as hard
rice crackers, peanuts, and yellow pickled radish (fair), and no
difficulty chewing harder foods (good). Dietitian ratings were
based on direct observation and information from other staff.

Anthropometry

Height and weight data were generally measured at the
nursing homes and collected by trained staff. Weight was
measured in light clothing without shoes using a portable
weight scale at the nursing homes. Height was generally
measured in an upright position using a tape measure attached
to the wall. However, when participants could pot maintain an
upright position, height measurements were obtained in a prone

position.

Nutritional Assessment

The MNA-SF is composed of a combination of six questions
taken from the full MNA about appetite loss, weight loss,
mobility, stress/acute disease, dementia/depression, and body
mass index (BMI). The score of the MNA-SF was used to
classify subjects’ nutritional status as well-nourished (a score of
12-14), at-risk for malnutrition (a score of 8-11), or
malnourished (a score of 0-7). The MNA-SF was administered
by dietitians, except for the mental state questionnaire which
was obtained from nursing staff members or medical records at

373

baseline, at 1 year later and at 2 years later.

Study participants

Among 450 survivors, the participants who stayed in the
nursing home and were re-assessed at both baseline and at 2
years later were 392. The 60 participants who were assessed as
malnourished according to the MNA-SF at both baseline and at
2 years later were excluded from our analysis to identify the
factors associated with becoming malnourished or at risk of
malnutrition.

Statistical analysis

The Student’s t-test and Chi-squared test were used to
compare differences between participants with the MNA-SF
stage decline and those without decline (improved or stable
MNA-SF stage). The 392 study participants were divided into
tertiles according to the basic ADL score at baseline (first, 55-
100; second, 20-50; third, 0-15). The significance level was set
at P< 0.05 and quoted are two-sided.

Univariate and multivariate logistic regression models were
used to identify independent predictors of declining MNA-SF
status. The following baseline data were used in univariate
analysis: gender, age, basic ADL, ability of chewing, and
hospitalization during the 2-year period. The covariates
included in the multivariate analysis were those variables
associated with dependent variables at a level of P< 0.05 in
univariate analysis. Stepwise logistic-regression procedure was
conducted. The risk of a variable was expressed as an odds ratio
(OR) with a corresponding 95% confidence interval (CI).

All analyses were performed using the Statistical Package
for the Social Sciences (SPSS) Version 20.0. A probability
value of 0.05 or less was considered significant.

Results

Among the 649 participants, 199 subjects died during the 2-
year study period. It should be noted that mean MNA-SF score
of 199 at the base line was significantly lower than that of 450
survivors (8.2 (SD 2.0) vs 9.3 (SD 2.4), P<0.001).

Table 1 shows the characteristics of the 392 participants at
baseline. The mean age was 84.3 (SD 7.21) years, with 49.7%
of the subjects 85 years or older and 82.9% of them women.
The mean BMI, MINA-SF score and basic ADL score were 20.3
(SD 3.7) kg/m2, 9.3 (SD 2.3) points, and 37.3 (SD 29.7) poiats,
respectively. The participants had a high prevalence of
dementia (56.9%), cerebrovascular disease (49.9%) and
hypertension (46.4%). Among the 392 participants, 20.1%
participants had poor chewing ability.

At baseline, 19.9% of the participants were malnourished
and 60.2% were at risk of malnutrition, according to the MNA-
SF classification (Table 1). As shown in table 2, after 2 years,
37.2% of the participants were classified as malnourished and
49.2% were at risk of malnutrition, according to the MNA-SF
classification. Among the 392 participants, 260 (66.3%)
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Table 1
Baseline characteristics of the 392 frail elderly
total (n 392)
n % of total mean SD
Age (years) 392 84,3 72
Body Mass Index (kg/m?) 392 20,3 37
MNA-SF score (max. 14 points) 392 93 23
MNA-SF classification
malnourished 78 199
at risk of malnutrition 236 60,2
well-nourished 78 19,9
Charlsen comorbidity index (range, 0-19) 392 2,3 16
Chronic diseases
dementia 223 56,9
cerebrovascular disease 195 499
hypertension 182 464
heart failure 61 15,6
ischemic heart disease 62 15,8
diabetes mellitus 60 153
Parkinson's disease 24 6,1
Basic ADL (range, 0-100) 392 373 29,7
Chewing ability
good 129 332
fair 181 46,6
poor 78 20,1
Table 2
Mini Nutritional Assessment Short Form status at baseline and at 2-year follow-up
MNA-SF status at 2-yr foﬁow-np
Baseline MNA-SF Malnourished At risk of malnutriton Well-nourished Total
Malnourished
number of participants 60 18 0 78
% of baseline 76,9% 23,1% 0,0% 100,0%
% of at 2-year 41,1% 93% 0.0% 19.9%
At risk of malnutrition
number of participants 77 153 6 236
% of baseline 32,6% 64,8% 2,5% 100,0%
% of at 2-year 52,7% 79,3% 11,3% 60,2%
‘Well-nourished )
number of participants 9 22 47 78
% of baseline 11,5% 28.2% 60,3% 100,0%
% of at 2-year 62% 114% 88,7% 19.9%
Total
number of participants 146 193 53 392
% of baseline 372% 492% 13,5% 100,0%
% of at 2-year 100,0% 100,0% 100,0% 100,0%

participants maintained and 24 (6.1%) participants improved
their nutritional status according to the MNA-SF classification
(18 moved from “malnutrition” to “at risk of malnutrition”; 6
from “at risk” to “normal nutrition”), while 108 (27.6%)
showed deterioration of MNA-SF categories during the study
period (9 from normal nutrition to malnutrition, 22 from
normal nutrition to at-risk status, and 77 from at-risk to
malnutrition). Sixty (15.3%) participants were assessed as

malnourished at both baseline and at 2 years later (Table 2).
Therefore, the number of participants with improved/stable and
deteriorating status according to MNA-SF classification, after
excluding participants with malnutrition at both baseline and
follow-up, were 224 and 108, respectively.

Table 3 compares the baseline characteristics of participants
whose MNA-SF status deteriorated and remained
stable/improved during the 2-year period. No differences were
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Table 3
Baseline and 2-yr follow-up characteristics of participants with improved/stable or deteriorating MNA-SF status

MNA-SF change during 2-year period

improved/stable status (n 224)

deteriorating status (n 108)

n % of total  mean SD n % of total  mean Sp P valne

Men/Women 50/174 22.3/71.7 11/97 10.2/89.8 0.007F
Age (years) 224 839 73 108 850 73 0.183*
Body Mass Index (kg/m2) 224 21,1 38 108 205 37 0.120%
Charlson Comorbidity Index 224 2,3 1,6 108 22 1,6 0.589*
Basic ADL (range, 0-100 points) 224 443 30,0 108 35,0 29,1 0.007*

first tertile (55-100points) 98 438 27 250 0.003+

second tertile (20-50points) 65 290 46 42,6

third tertile (0-15 points) 61 272 35 324
Chewing ability

good 91 41,0 32 29,9 0.026%

fair 107 48,2 53 49,5

poor 24 10,8 22 20,6
MNA-SF score (max. 14 points) 224 100 20 108 98 19 0.523*
Hospitalization during the 2-year 60 268 43 39,8 0.022%

period

* Student's t-test was used to compare differences between participants with the MNA-SF stage decline and those without decline; + Chi-square test was used to compare differences

between participants with the MNA-SF stage decline and those without decline

Table 4
Stepwise logistic-regression procedure to identify independent predictors of deteriorating MNA-SF status
crude multivariate
mode] 1 model 2
OR* 95% CI p OR* 95% CI P OR* 95% CI p

Women (vs men ) 2,53 126-5,10 0,09 2,54 1,25-5,17 0,010 241 1,18-492 0016
Age (continuous variable) 1,02 0,99 -1,06 0,183
The score of basic ADL (range:0-100)

first tertile (55-100points) 1,00 1,00 1,00

second tertile (20-50points) 2,57 145-4,54 0,001 2,60 146-4,63 0,001 262 147-469 0,001

third tertile (0-15 points) 2,08 1,15-3,78 0016 2,01 1,10-3,68 0,024 202 1,10-3,72 0,024
Chewing ability

good 1,00

fair 141 0,84 -2,37 0,197

poor 2,61 129-528 0,008
Hospitalization during the 2-year period

no 1,00 1,00

yes 1,81 1,11-294 0,017 180 109-297 0023

OR* Odds Ratio; P values ; logistic regression variables; model 1 using stepwise selection; adjusted includes gender, age,the score of ADL at baseline, and chewing ability at baseline;
model 2 using stepwise selection; adjusted includes gender, age, the score of ADL at baseline, chewing ability at baseline, and hospitalization during the 2-year period

observed in age, Charlson Comorbidity Index score, BMI, or
the MINA-SF score at baseline between participants in the two
groups. The basic ADL, score (range, 0-100) at baseline of the
stable/improved MNA-SF group (44.3, SD 30.0) was
significantly higher than that of the deteriorating MNA-SF
group (35.0, SD 29.1) (P = 0.007). The prevalence rates of
hospitalization during the 2-year period were significantly

375

higher for those with decline in MNA-SF status (39.8%) than
for those with improved/stable MNA-SF status (26.8%) (P =
0.022). There was also a significant difference in the chewing
ability between two groups (P = 0.026). '

To identify the factors associated with categorical decline of
MNA-SF during the study compared to stable/improved MNA-
SF status, stepwise logistic-regression procedure was
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conducted. As shown in Table 4, women, lowest basic ADL
status, poor chewing ability, and hospitalization during the 2-
year period were independent predictors of a decline in MNA-
SF status in univariate analysis.

We used two different models to conduct multivariate
analysis, in which the variables with P < 0.05 in univariate
analysis were further examined. In model 1 the covariates
included were gender, age, basic ADL status, and chewing
ability. In model 2, hospitalization during the 2-year period was
added in the analysis. Stepwise logistic- regression procedure
indicated a lower and lowest basic ADL status in model 1, and
a lower and lowest basic ADL status and hospitalization during
the follow-up period in model 2 were associated with
deteriorating MNA-SF status (OR 2.60, 95%CI 146, 4.63, OR
201, 95%CI 1.10, 3.68, OR 2.62,95% CI 147, 4.69, OR 2.02,
95% CI1.10,3.72,0R 1.80,95% CI 1.09, 2.97, respectively).

Discussion

The aim of the present study was to identify the factors
associated with deterioration of MNA-SF status of nursing
home residents during a 2-year period. We showed that 27.6%
of subjects had deteriorating MNA-SF status during the 2-year
period and that basic ADL impairment and hospitalization
experience during the study period were associated with this
decline. Severity of comorbidity was not related with
deteriorating MNA-SF status in this study.

At the baseline of this study, 19.9% and 60.2% of the
participants were categorized by MNA-SF as malnourished and
at risk of malnutrition, respectively. One review article has
summarized the 13 studies in which MNA has been used for
nutritional assessment in nursing homes, and reported that
malnutrition was observed in 2 to 38% and a risk of
malnutrition in 37 to 62% of nursing home residents (11). The
combined database providing information on 1586 nursing
home residents from 7 countries demonstrated that 32.9%,
53.4%, and 13.8% of residents were well-nourished, at risk of
malnutrition, and malnourished, respectively (12). Recent study
in which MNA has been used for nutritional assessment in 286
nursing home residents reported, malnourished (18.2%)and at
risk of malnutrition (42.0%) (13). There have been only few
studies to assess nutritional status of nursing home residents
using MNA-SF. One study reported that 39.9% nursing home
residents were assessed as well-nourished, 41.9% at risk of
malnutrition, and 18.1% malnourished (14). In another study
reported 66% of the screened by MNA-SF individuals were at
risk of malnutrition and the prevalence of malnuirition is higher
in women, in nursing homes and in older age groups (15).
From these observations the prevalence rates of malnutrition
classified through MNA/MNA-SF vary among various nursing
homes. Compared with previous observations from nursing
homes, fewer malnourished residents and more at risk of
malnutrition were observed in the present cohort.

Most of the prospective studies using MNA/MNA-SF have

demonstrated the predictive values of these nutritional
screening tools for mortality or functional decline in various
geriatric settings (16-18). However, there was no prospective
studies to identify the risk of deterioration of MNA/MNA-SF
status during a follow-up period. In the present study, we
demonstrated that 3 variables at baseline —female gender, basic
ADL impairment, and hospitalization—were associated with
deterioration in MINA-SF status during a 2-year period. We do
not know why women were associated with nutritional decline
compared with men. Although women in nursing homes are on
average older than men, the association persisted even if when
age was incorporated in the analysis. It is possible that
unmeasured factors might mediate this gender difference.

The odds ratio of dereriorating MNA-SF scores for
participants in the third tertile (worst function) was lower than
those in the second tertile. In the present study, the participants
of the third tertile contained lower levels of mobility including
bed ridden situation. It was possible there were the lower total
energy expenditure among participants with advanced
dysfunction compared with those with mid dysfunction.

There have been a number of cross-sectional studies
demonstrating an association between physical function
impairment/ADL dependence and poor nutritional status as
assessed by MNA/MNA-SF (19-21). Although these studies
suggest that there is an interrelationship between the nutritional
status of the elderly in various settings and reduced functional
capacity (22-24), the exact causal relationships remain
controversial. The prior studies demonstrated that weight loss
predicts the development of disability in older people (22-24).
However, it remains unknown whether physical function/ADL
status may influence the development of malnutrition or risk of
malnutrition (25). The present study clearly indicated that the
lowest basic ADL status was associated with a decline in
MNA-SF status. This association persisted after adjusting for
gender, age, and hospitalization during study periods.

There have been several cross-sectional studies showing that
chewing problems are associated with malnutrition (26-28).
Again, these results did not reveal the causal relationships
between chewing ability and poorer nutritional status in the
older people. The present study showed that poor chewing
ability at bascline was associated with declining MNA-SF
status during the study period in the crude model, although the
ability was not selected by stepwise regression procedure,
indicating that more attention should be paid to the impact of
oral health, which imposes dietary restrictions on older people
with consequences for their nutritional status.

The present study showed that hospitalization during the 2-
year period was associated with a decline in MNA-SF status, In
consisted with the previous studies demonstrated an association
between hospitalization and malnutrition (3, 29). It should be
noted that there is one item asking about the presence or
absence of psychological stress or acute disease in the past 3
months in MNA-SF, This may influence the association.

The present study has several limitations. The subjects of the
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present study were dependent elderly people who had chronic 12
diseases and needed help in everyday life at the nursing home.
The results of the present study cannot be transferred to  13.
community-dwelling independent elderly individuals. These
findings may not be generalizable to other populations given 14,
that they may have been influenced by health practices and a
variety of social and economic factors. 15.
In conclusion, this study showed that poor basic ADL status
and hospitalization of nursing home residents during a 2-year ¢
follow-up period were associated with malnutrition and risk of
malnutrition as assessed by MNA-SF. 17
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