Effect of coloring and drawing in mild AD

Table 2 Evaluation results before and after the intervention in the art

therapy and control groups

Before After P-value
Mean SD Mean SD
Colorings and drawings
MMSE 24.6 34 244 3.0 0220
WMS-log 7.2 5.5 7.7 57 0292
GDS 4.3 2.8 3.8 3.0 0294
Apathy Scale 15.9 7.1 12.7 6.1 0.014
PCS-8 50.8 71 505 4.0 0.421
MCs-8 51.3 6.8 534 3.3 0.085
Barthel Index 97.4 6.3 97.1 5.4 0.375
DBD 15.4 139 168 129 0.183
Zarit 17.7 10.9 16.9 9.1 0.337
Calculation (control)
MMSE 22.3 2.7 24.4 2.7 0.018
WMS-log 6.1 4.3 6.0 30 0172
GDS 2.3 1.8 3.8 1.4 0466
Apathy Scale 13.0 47 119 6.7 0.090
PCS-8 48.0 114 473 6.7  0.396
MCS-8 54.8 43 529 6.7  0.290
Barthel Index 98.1 53 969 88 0129
DBD 13.3 103 14.5 127 0.267
Zarit 19.3 67 165 105 0.391

Scale; G

vement wis obsu ved in the Apathy Scale in the art therapy group and in the
SE score in the caleulation drill group. DBD, Dementin Behavior Disturbance
S, Geriatric Depression Scale; MCS, Mental Compomnt Summary;

MMSE, Mini-Mental State Examination; PCS, Physical Component Summary; SD,
standard deviation; WMS, Wechsler Memory Suﬂ

B &I«Oﬁng & calculation]

Figure 3 Percentages of patients who showed a 10% or
greater improvement after intervention, DBD, Dementia
Behavior Disturbance Scale; GDS, Gerdatric Depression
Scale; MCS, Memal Gomponmt Summary; MMSE,
Mini-Mental State Examination; PCS, Physical Component
Summary, WMS, Wechsler Memory Scaln

family members appeared to enjoy the tasks. Although
significant improvement was observed in PCS of thL
bF—oZ in the art therapy group, many patients and their
families in both groups reported satisfaction after each
method and desired its continuation.

© 2011 Japan Geriatrics Society

250 ANOVA p=0.115 NS

~0. coloring

calculation

Figure4 Effects on cognitive function (M1m~Memal State
Examination) in both groups by ANOVA. The value for
therapy was corrected, regarding the mean value in both
groups as 24.6.

From the results of this study, no clear evidence that
art therapy improves the cognitive function of patients
with mild Alzheimer's disease was obtained. Instead,
improvements in the vitality and QOL were observed. In

the calculation drill group, an improvement in the cog-
nitive function was noted, but improvéments in othu'
evaluation items were unclear. Art therapy has been
xepmted to improve attention, interest, emotion of
joy, self-respect? and QOLY in demented patu:nts It is
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considered to impart sensory stimuli of shapes and
colors and joy on completing drawings, probably
leading to enhanced vitality, The results of this study
also support these reports. However, no significant
improvement was noted in the mood, behavior or car-
egivers’ burden, probably because of the variation in the
baseline data of other items and the small number of
registrants due to the emphasis on the cognitive func-
tion in the subject selection. Also, 12 weeks may have
been too short for non-drug intervention to show clear

effects. Reassessment performed 12 weeks after the

completion of intervention in a few patients showed
aggravation of the cognitive function and vitality in both
groups, which suggested that the continuation of inter-
vention is desirable (data not shown). However, the
results of this study were obtained by the comparison of
a relatively uniform group of carefully diagnosed
patients with a control group and are considered to be
more reliable. This study confirmed that art therapy
improves the vitality and QOL of patients with mild
Alzheimer’s disease.

As an improvement in the MMSE was observed in the
calculation drill group, the results of this study indicate
no absolute superiority on comparing art therapy and
calculation drills as non-drug therapies. To improve the
daily life functions of demented patients, it is considered
most important to devise a system that permits the
selection of the most appropriate approach in consider-~
ation of the condition and preferences of each patient
rather than comparing various techniques of non-drug
therapy to determine their relative effectiveness.

This study has many limitations. It is possible that the
small number of samples affected the statistical resulgs.
As mentioned above, the establishment of a control
group is an extremely difficult problem in this type of
study. Using a control group without any intervention,
the distinction between the effects of an intervention
method and those of intervention itself is difficult. We
produced a study design using calculation training,
which has been reported to have certain effects, for
comparison, but its limitation as a control method is
clear. This remains a problem to be overcome in the
future. In addition, in the evaluation of functions of
daily living, ceiling effects are observed in patients with
mild disease such as the subjects of this study, and
improvement is difficult to identify. Methods to evaluate
higher functions such as instrumental ADL should be
used.

Finally, non-pharmacological therapy as a whole is
discussed. As a result of this study, because improve-
ment in the MMSE score was observed in the calcula-
tion group, it cannot be concluded that calculation or
art therapy has an absolute value. Our results show that
the two groups may have little difference in effects for
brain function. Non-specific stimulation by non-

pharmacological interventions in a broad sense includ-

436 |

ing day care may be useful. In the future, empirical
studies on non-pharmacological therapy for dementia,
attaching importance to elements such as patients’ vital-
ity, taste, QOL and pleasure, are fiecessary although
they are difficult. For improvement of the function of
daily living, it is not necessary to determine which is
superior by comparing art therapy and other various
methods, but the most important task is to establish a
system that allows the selection of appropriate methods
such as comprehensive group cognitive therapy® in
individual patients with a consideration of their disease
condition and preference.
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Abstract

Aim: The current study sought to determine which types of
cognitive function are related to atrophy of the bilateral
medial temporal areas including the entorhinal cortex
(MTA-ERCQ) in elderly adults. Methods: The subjects were 96
elderly adults (mean age 75.3 years) with mild cognitive im-
pairment. Subjects underwent Wechsler Memory Scale-Re-
vised, logical memory [ and Il (WMS-R, LM | and ll), Rey com-
plex figure retention tests after 3 and 30 min (RCF-3 min and
RCF-30 min), digit span backword (DSB), digit symbol-coding
(DSC), Stroop Color and Word Test-Interference List (SCWT-
IL) as well as magnetic resonance imaging (MRI) and were
divided into elderly adults without or with mild to moderate
MTA-ERC atrophy, and those with severe atrophy. Results: In
all subjects, MTA-ERC atrophy showed significant relation-
ships with age (r = 0.43), education (r = -0.25), WMS-R, LM |
(r=-0.21), DSC (r =-0.32), and SCWT-IL (r =0.32). The mild to
moderate atrophy group showed significant relationships
between MTA-ERC atrophy and age (r=0.34), DSC (r=-0.28),

and SCWT-IL (r = 0.25). In contrast, in the severe atrophy
group, MTA-ERC atrophy was correlated significantly with
RCF-3 min (r = -0.70) and RCF-30 min (r = ~0.74). The linear
regression model included demographic variables and cog-
nitive tests; two variables to survive the step-wise analysis
were age (B = 0.374) and SCWT-IL (B = 0.247) in all subjects.
Age (B = 0.301), and RCF-30 min (B = -0.521) and age (B =
0.460) remained as a significant variable in the mild to mod-
erate atrophy and severe atrophy groups, respectively. Con-
clusion: Executive function tests such as SCWT-IL may be
useful as a screening tool to identify mild to moderate MTA-
ERC atrophy and adecline in the RCF test may suggest severe
MTA-ERC atrophy in elderly adults with MCl.

Copyright © 2012 S. Karger AG, Basel

Introduction

There is increasing evidence for baseline structural
magnetic resonance imaging (MRI) correlates of cogni-
tive impairment in elderly adults exhibiting mild cogni-
tive impairment (MCI) and Alzheimer’s disease (AD) [1-
4]. To date, the most reliable and well-documented find-
ing is an association between impaired memory ability
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and medial temporal lobe atrophy, which is particularly
robust in the hippocampus and entorhinal cortex (ERC)
[5]. Several studies have reported that hippocampal and
ERC atrophy can predict conversion to AD [6-9], as well
as memory decline in MCI and AD [10, 11]. Although
memory deficits constitute the hallmark feature of MCI,
many patients exhibit deficits in other cognitive domains,
such as mild anomia [12, 13], reductions in semantic flu-
ency [14] and executive dysfunction, characterized by im-
paired working memory, inhibition, set-shifting, and
phonemic fluency [15, 16]. The pathological hallmarks of
AD (e.g. neurofibrillary tangles and senile plaques) have
been found in the ERC in the earliest phase of disease,
leading to an overall neuronal loss of 32% compared with
control subjects [17]. An MRI investigation of the ERC
reported a 37% decrease in patients who went on to de-
velop AD, in comparison with control subjects [18]. These
findings indicate that a strong relationship exists between
in vivo measures of ERC atrophy in the early stages of AD.

The region of interest (ROI) method and more auto-
mated methodssuch asvoxel-based morphometry (VBM)
are the most common MR analysis techniques used for
examining brain atrophy. Automated analytical methods
such as VBM enable objective examination of anatomical
group differences in controls, MCI patients, and AD pa-
tients across the whole brain. With this statistical para-
metric mapping technique, researchers are able to evalu-
ate group differences in gray matter, white matter, and
cerebrospinal fluid (CSF) volume with high spatial reso-
lution. Whole-brain VBM has the important advantage
of not requiring a priori assumptions about the size, loca-
tion, or shape of the brain ROI(s). Furthermore, VBM al-
lows the quantification of brain changes that are not eas-
ily revealed by visual inspection, such as atrophy that is
not fully encompassed by sulcal boundaries between
structures.

Recent research has led to the development of a voxel-
based specific regional analysis system for Alzheimer’s
disease (VSRAD), which enables the examination of at-
rophy of the bilateral medial temporal areas including the
entorhinal cortex (MTA-ERC) using VBM [19-21]. The
VSRAD has been shown to achieve high accuracy (87.8%)
in discriminating patients in the very early stages of AD
with MCI from normal control subjects using Z-scores
[21]. Atrophy of the MTA-ERC was indicated by VSRAD
to exhibit a clear functional relationship with blood flow
changes in the hippocampus, thalamus and temporal
lobe, which were suggested to be closely related to inter-
regional anatomical and physiological connections [22].
In cognitive function, Nagata et al. [23] reported that Z-

Atrophy of Medial Temporal Areas and
Cognitive Functions

scores of the VSRAD was associated with executive func-
tion, although there was no relationship between Z-scores
and memory function which was assessed by the Mini-
Mental State Examination (MMSE) in the amnestic MCI
and early AD patients. These authors suggested that de-
tailed examination such as the Wechsler Memory Scale
was required to reveal the relationship between MTA at-
rophy and memory function. Moreover, it is currently
unclear which aspects of cognitive function including
memory and executive function are related to the atrophy
of the MTA-ERC identified by VSRAD in elderly adults
with MCL

In the current study, we measured volumetric MRI
and performance in a range of cognitive domains, includ-
ing logical memory, visual memory, working memory,
processing speed, and executive function in elderly adults
with MCL. Overall, we sought to determine which aspects
of cognitive performance were associated with MTA-
ERC atrophy in elderly adults with MCL

Methods

Subjects

Subjects in this study were recruited from two volunteer data-
bases (n = 1,543), which included elderly individuals (65 years and
over) selected either by random sampling, or when they attended
a medical check-up in Obu, Japan. 528 prospective subjects with
a Clinical Dementia Rating (CDR) of 0.5, or who complained of
memory impairment, were recruited in the first eligibility assess-
ments. 165 subjects responded to the second eligibility assess-
ments, and 125 out of 165 subjects completed the neuropsycho-
logical tests which included language and memory tests, attention
and executive function tests, clinical diagnosis, activities of daily
living (ADL), educational level, and MRI scanning. Out of 125
subjects, 25 were excluded and the remaining 100 subjects met
definition of MCI using Petersen criteria [24]. All MCI subjects
had objective impairments in either episodic memory and/or ex-
ecutive functioning atleast 1.5 standard deviations below the age-
adjusted mean for at least one of the neuropsychological tests.
Final classification of subjects was based on the above factors and
consensus of a team of neuroscientists. Exclusion criteria includ-
ed CDR 0, or 1-3, a history of neurological, psychiatric, and car-
diac disorders or other severe health issues, use of donepezil, im-
pairments in basic ADL, and participation in other research proj-
ects. 96 elderly adults remained after these exclusions (mean age
75.3 £ 6.8 years, range 65-93, men n = 48, 50%), and were in-
cluded in the final analysis. Table 1 shows the characteristics of
the subjects.

The purpose, nature, and potential risks of the experiments
were fully explained to subjects. All subjects gave written, in-
formed consent before participating in the study. The study pro-
tocol was approved by the Ethics Committee of the National Cen-
ter for Geriatrics and Gerontology.
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Table 1. Characteristics of subjects (mean * SD)

Age, years 75.3%6.8
Male, % 50
Education, years 10.6%2.5
Body mass index 23.0%3.1
Cognitive functions

MMSE, points 26.5%2.5

WMS-R, LM [, points 14.4+7.1

WMS-R, LM II, points 10.0£7.4

RCF-3 min, points 155%6.3

RCF-30 min, points 149*6.7

DSB, points 52*1.6

DSC, points 46.1 £15.9

SCWT-IL, s 21.1%17.2
Medication, yes, %

Hypertension 44.8

Heart disease ) 5.2

Diabetes mellitus or hyperlipidemia 20.9

Total number * SD 23+2.1

WMS-R, LM = Wechsler Memory Scale-Revised, Logical
Memory; RCF = Rey complex figure retention test; DSB = digit
span backward; DSC = digit symbol coding; SCWT-IL = Stroop
Color and Word Test-Interference List.

MRI

MRI was performed with a 1.5-T system (Magnetom Avanto;
Siemens, Germany). Three-dimensional volumetric acquisition
with a T-weighted gradient echo sequence was then used to pro-
duce a gapless series of thin sagittal sections using a magnetiza-
tion preparation rapid-acquisition gradient-echo sequence (rep-
etition time 1,700 ms, echo time 4.0 ms, flip angle 15° acquisition
matrix 256 X 256, 1.3 mm slice thickness).

The MRI images acquired from the subjects were formatted to
gapless, transaxial images, followed by extraction of the gray mat-
ter images using SPM2. Anatomical standardization was used to
fit each individual brain to the standard template MRIs in the
common coordinate system of the MNI T; MRI template [25, 26].
The segmented gray matter images were then subjected to affine
and non-linear standardization using a template of prior gray
matter.

The anatomically standardized gray matter images were then
smoothed again using an isotropic Gaussian kernel 12 mm in full
width at half maximum, to determine the partial volume effect
and create a spectrum of gray matter intensities. Gray matter in-
tensities were equivalent to the weighted average of gray matter
voxels located in the volume fixed by the smoothing kernel. Re-
gional intensity was considered equivalent to gray matter concen-
tration. We compared the gray matter image of each patient with
the mean and standard deviation (SD) of gray matter images of
healthy volunteers using voxel-by-voxel Z-score analysis. In the
final step, the Z-score was calculated according to the following
equation: (Z-score = ((control mean) - (individual value))/control
SD). The Z-score thus reflected the degree of atrophy in bilateral
MTA-ERC. Higher Z-scores indicated clearer MTA-ERC atrophy.
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Cognitive Tests

Speech therapists conducted all of the memory tests, and a
speech therapist recalculated all of the results. The Wechsler
Memory Scale-Revised, logical memory I and II (WMS-R, LM I
and II) [27], Rey complex figure retention tests after 3 and 30 min
(RCF-3 min and RCF-30 min), digit span backward (DSB) and
digit symbol-coding (DSC) subset of the Wechsler Adult Intelli-
gence Scale III [28], and Stroop Color and Word Test-Interference
List (SCWT-IL) [29] were included as cognitive tests.

Modified versions of the logical memory subtest from the
WMS-R and RCF were used to assess logical and visual memory
ability, respectively. In the WMS-R, two short stories (story a and
b) were read aloud to the subject, who was instructed to recall de-
tails of the stories immediately (LM I) and after 30 min (LM II)
[27]. We calculated the total score, i.e. sum score of story a and b,
of WMS-R in LM I and LM IL. In the RCF, subjects were request-
ed to copy the RCF figure (construction ability) and reproduce it
after 3- and 30-min delays. One rater independently scored the
RCF using the system described by Osterrieth and Rey [30] and
translated by Corwin and Bylsma [31]. DSB and DSC were used to
assess working memory and processing speed, respectively. DSB
required subjects to repeat a series of verbally presented digits of
increasing length in backward order. In the DSC, subjects copied
symbols that are paired with numbers. Using the key provided at
the top of the exercise form, the participant drew the symbol un-
der the corresponding number. The score of DSC was the number
of correct symbols drawn within 120 s. In the SCWT-IL as a test
of executive function, subjects were presented with a series of col-
or words. Our test version consisted of two subtasks. The first
subtask showed color words in random order (red, blue, yellow,
green) printed in black ink. The second subtask contains color
words printed in an incongruous ink color, for example, the word
yellow printed in red ink. The subjects were instructed to read the
words and name the ink color of the printed words as quickly and
asaccurately as possible in the two subsequent subtasks. The score
was measured as the total time taken to complete the task with 24
words [32]. The time limit to complete a subtask was set at 120 s.
An interference measure was calculated by subtracting the aver-
age time needed to complete the first subtask from the time need-
ed to complete the second subtask.

Analysis

The relationships between atrophy of the MTA-ERC and cog-
nitive measurements were examined with Pearson correlations.
The independent associations between MTA-ERC atrophy and
cognitive ability with each demographic (i.e. sex, age, and edu-
cational level) and diagnosis (aMCI and non-aMCI) variables
were tested using a linear regression model with a step-wise
analysis. To examine differences in MTA-ERC atrophy level,
subjects were divided into the following two groups according
to the Z-score: (1) mild to moderate atrophy group (Z-score:
0-1.99) and (2) severe atrophy group (Z-score: 2.00 and over) in
the MTA-ERC, according to the results of the VSRAD [23]. Pear-
son correlations and the linear regression model with a step-
wise analysis were used to examine the relationships between
MTA-ERC atrophy and cognitive tests in each group. SPSS 18.0
software (SPSS Inc., Chicago, Ill., USA) was used for all data
management and statistical analysis. The statistical threshold
was set ata p < 0.05.
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Fig. 1. Relationship between the Z-score of MTA-ERC and age, education, and cognitive test scores. MTA-ERC
atrophy was correlated significantly with age (r = 0.43, p < 0.001), educational level (r = -0.25, p = 0.012), WMS-
R, LM I (r=-0.21, p = 0.040), DSC (r = -0.32, p = 0.002), and SCWT-IL (r = 0.32, p = 0.002).

Table 2. Pearson correlation coefficients between MTA-ERC atrophy and age, educational level, and cognitive measurements

Age 0.43 <0.001 0.34 0.003 0.71 <0.001
Education -0.25 0.012 0.01 0.921 -0.26 0.224
WMS-R, LM I -0.21 0.040 -0.17 0.155 -0.06 0.774
WMS-R, LM II ~0.09 0.370 0.03 0.812 -0.22 0.308
RCF-3 min -0.16 0.119 -0.10 0.396 -0.70 <0.001
RCF-30 min -0.13 0.201 -0.11 0.386 -0.74 <0.001
DSB -0.15 0.134 -0.12 0.298 -0.14 0.511
DSC -0.32 0.002 -0.28 0.016 -0.05 0.825
SCWT-IL 0.32 0.002 0.25 0.031 0.18 0.404

For abbreviations, see table 1.
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Table 3. Multivariate regression analysis between MTA-ERC at-
rophy and age, educational level, and cognitive measurements

All subjects
Age 0.374 4.0 <0.001 0.236
SCWT-IL 0.247 2.6 0.01
Mild to moderate atrophy group
Age 0.301 2.6 0.011 0.091
Severe atrophy group
RCF-30 min -0.521 -3.8 0.001 0.706
Age 0.460 34 0.003

For abbreviations, see table 1.

Results

In all subjects, Z-score showed significant relation-
ships with age (r = 0.43, p < 0.001), education (r = ~0.25,
p =0.012), WMS-R, LM I (r = -0.21, p = 0.040), DSC (r =
-0.32, p = 0.002), and SCWT-IL (r = 0.32, p = 0.002)
(fig. 1; table 2). There were no significant relationships
between Z-score and WMS-R, LM II, RCE-3 min, RCF-30
min, and DSB (table 2). In linear regression model, two
variables to survive the step-wise analysis were age (8 =
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0.374, p<0.001) and SCWT-IL (B = 0.247, p < 0.010) (ta-
ble 3).

Of the 96 MCI elderly adults tested, the mild to mod-
erate atrophy and severe atrophy groups included 72
(75%) and 24 (25%) subjects, respectively. In the Pearson
correlation analysis, the mild to moderate atrophy group
showed significant relationships between Z-score and
age (r = 0.34, p = 0.003), DSC (r = -0.28, p = 0.016), and
SCWT-IL (r = 0.25, p = 0.031) (fig. 2; table 2). In con-
trast, Z-scores were correlated significantly with RCE-
3 min (r = -0.70, p < 0.001) and RCF-30 min (r = -0.74,
p <0.001) in the severe atrophy group (fig. 3; table 2).

A multivariate regression model indicated that age
(B = 0.301, p = 0.011) remained as the only significant
variable in the mild to moderate atrophy group (table 3).
DSC and SCWT-IL did not reach significance in this
group. In the severe atrophy group, two variables to sur-
vive the step-wise analysis were RCF-30 min (f = -0.521,
p = 0.001) and age (B = 0.460, p = 0.003) (table 3).

Discussion

Tt is well established that structures in the medial tem-
poral lobe, particularly the hippocampus and ERC, are
essential for normal memory function [33]. There is evi-
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dence that these brain regions are substantially affected
by disease in the early stages of AD [34, 35], in accord with
the finding that memoryimpairment is the earliest symp-
tom of disease in most AD patients. The ERC is part of a
critical pathway in the neural system underlying memo-
ry. Zola-Morgan et al. [36] reported that this area receives
afferents from widespread association and limbic areas,
projects to the dentate gyrus of the hippocampal forma-
tion, receives afferents from the hippocampus, and sends
afferents back to association neocortex. An epidemiolog-
ical study reported that ERC atrophy was greater than
hippocampal atrophy in patients suffering from MCI
[35]. However, the two measures were found not to differ
in AD, suggesting that the ERC atrophies before the hip-
pocampus in incipient AD [37]. An autopsy study of ear-
ly AD patients reported neurofibrillary tangles in the
ERC before evidence of hippocampal involvement [35].
Thus, volumetric MRI analysis of the MTA included ERC
may be a sensitive predictor to identify AD conversion
and decline of neuropsychological performances in MCI
elderly adults.

In the current study, 25% of elderly adults with MCI
exhibited severe atrophy in the MTA-ERC. The VSRAD
analysis revealed that Z-scores indicating probable AD
and amnestic MCI patients averaged 1.94 * 1.24 (rang-
ing from 0 to 4.69) [22]. Subjects exhibiting MTA-ERC

Atrophy of Medial Temporal Areas and
Cognitive Functions

atrophy as well as probable AD were included in the pres-
ent MCI study. Numerous imaging studies have reported
a correlation between increasing age and decreasing
brain volume [38-42]. This decline in brain volume may
be due to a non-linear acceleration in rates of atrophy af-
ter 70 years of age [43]. In the current study, 72 subjects
(75%) were 70 years and over. Thus, the brain volume of
our sample may have been affected by advancing age. In
fact, we found significant relationships between age and
MTA-ERC atrophy in MCI elderly adults. Similar find-
ings were revealed in the relationship between MTA-ERC
atrophy and educational level. Educational level was also
a potential confounding factor of the prevalence and risk
of dementia [44-46]. Educational level is thought to con-
struct cognitive reserve, which modifies the relationship
between brain atrophy and cognitive decline [47].

In the cognitive tests, WMS-R, LM I, DSC, and
SCWT-IL showed significant correlations with MTA-
ERC atrophy in univariate regression analysis. However,
a multivariate regression model that included age and ed-
ucational level revealed that MTA-ERC atrophy, i.e. high
Z-score of VSRAD, was related only to SCWT-IL score in
all subjects. Functional neuroimaging studies during ex-
ecutive tasks suggest that dorsolateral prefrontal cortex is
responsible for maintenance of task demands and prepa-
ratory deployment of attention, and anterior cingulate
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