
Abstract. – OBJECTIVE: We wished to evalu-
ate the usefulness of the Loewenstein Occupa-
tional Therapy Cognitive Assessment (LOTCA) in
early detection of the Vascular Cognitive Impair-
ment, No Dementia (VCIND) in patients with
stroke. We also wanted to compare LOTCA with
the Mini-Mental State Examination (MMSE).

PATIENTS AND METHODS: Thirty patients with
stroke and cognitive impairment comprised the
cognitive impairment group. Another 30 patients
with stroke and no cognitive impairment served as
the stroke control group, while 30 healthy individu-
als served as the normal control group.

RESULTS: The age, gender, and education lev-
el were comparable among three study groups.
All subjects were assessed with both tests. Total
LOTCA scores strongly and positively correlated
with total MMSE scores in patients with cogni-
tive impairment (r = 0.934, p < 0.001).The correla-
tions were also present between every sub-
items of LOTCA and those of MMSE (p < 0.01). In
addition, total scores and sub-item scores in
LOTCA were significantly lower in the cognitive
impairment group compared with both stroke
control and normal control groups (p < 0.01), es-
pecially, with regard to scores of thinking opera-
tions, orientation, and visuomotor organization.
The sub-item scores in LOTCA, including think-
ing operations, visuomotor organization, atten-
tion, orientation, and spatial perception were
significantly lower in the stroke control group
compared with normal control group (p < 0.01),
especially in thinking operations and visuomo-
tor organization. There is a good agreement be-
tween LOTCA and MMSE.

CONCLUSIONS: Compared with MMSE, LOTCA
can detect VCIND earlier and more comprehen-
sively, and can, thus, be used clinically for
VCIND detection.

Key Words:
Stroke, Loewenstein occupational therapy cogni-

tive assessment, Vascular cognitive function impair-
ment, Mini-mental state examination, Comparison.
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Introduction

The Loewenstein occupational therapy cogni-
tion assessment (LOTCA) is a relatively sys-
tematic assessment method for current occupa-
tional therapies. This method demonstrates fa-
vorable confidence, efficacy, and sensitivity in
evaluation of diseases of central nervous system
(CNS)1,2. However, the usefulness of LOTCA in
diagnosing the condition called Vascular Cogni-
tive Impairment, No Dementia (VCIND) has
not been established yet. In this study, patients
with stroke were evaluated by both Mini-Mental
State Examination (MMSE) and LOTCA, and
correlation between these two tests was exam-
ined.

Patients and Methods

Patients
In total, 60 right-handed patients with stroke,

aged from 40 to 76 years, who were admitted to
the Department of Rehabilitation of our Hospital
from September 2009 to October 2010, were en-
rolled in our study. The inclusion criteria were as
follows: (1) documented history of stroke, with
the diagnosis made according to the established
diagnosis criteria3 and confirmed by head CT or
MRI exams, (2) education level: primary school
or higher, (3) recent (i.e., within three last
months) disease onset, d) full consciousness, sta-
ble disease, and capability to comply with in-
tended tests, and (4) informed consent signed by
the patient and/or guardian. The exclusion crite-
ria were: (1) pre-existing cognition defects or
suspicious cognition disorders, such as psychi-
atric history, mood disorders, alcohol or drug
abuse, (2) severe language dysfunction and/or bi-
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In addition to the above groups, we also re-
cruited a healthy control group comprised of 30
healthy volunteers whose age, gender, and educa-
tion level matched those of patients in the above
groups. Specifically, there were 23 male and 7 fe-
male individuals aged 40 to 76 years old (59.47 ±
12.52 years). With regard to education level,
there were 7 individuals with primary level of ed-
ucation, 11 with secondary education, and 12
with senior middle school or higher education
level. To be included in the healthy control
group, the individuals had to: (1) have no con-
genital or acquired histories of CNS disease (in-
cluding traumatic brain injury, cerebrovascular
accident, etc.), (2) exhibit no abnormal CNS
findings, (3) have no history of drug or alcohol
abuse, as well as no psychiatric history or family
history of mental illness, d) be willing to comply
with the study protocol and sign informed con-
sent, and e) show 29-30 MMSE points.
The groups were not statistically different in

their gender distribution, age, education level (p
> 0.05 for all comparisons; Table I).
In each study individual, cognitive function

was assessed by both LOTCA and MMSE, with
LOTCA following MMSE.

LOTCA
LOTCA includes 26 sub-items in six areas:

orientation (sub-items 1 and 2), visual perception
(sub-items 3-6), spatial perception (sub-items 7-
9), praxis (sub-items 10-12), visuomotor organi-
zation (sub-items 13-19), thinking operations
(sub-items 20-26), memory (sub-items 20-26),
and attention and absorption (1 sub-item). The

lateral limb motor dysfunction, and incapability
to participate in clinical psychology tests, c) se-
vere visual and/or auditory disorders, and d) co-
morbidities with rapid progression or serious
complications.
Our cognitive impairment group included 30

patients with stroke. Cognitive impairment was
established according to the diagnostic criteria of
MMSE4. The patients had primary education lev-
el of < 20 points and secondary education level
or higher of < 24 points on the subscales of
MMSE. The study individuals in this group com-
prised 23 male and 7 female patients, aged from
40 to 76 years (mean ± SD age of 60.57 ± 12.00
years). Seven patients in this group had primary
level of education, 13 patients – secondary edu-
cation, and 10 patients reported middle-school or
higher education. There were 15 patients with
cerebral infarction and 16 with cerebral hemor-
rhages. The average duration of the disease was
61.03 ± 28.46 days.
We also had a stroke control group compris-

ing patients with stroke but without marked
cognitive impairment. These patients had prima-
ry education level of ≥ 20 points and secondary
education level or higher of ≥ 24 points. This
group included 23 male and 7 female patients,
aged from 40 to 76 years old (59.63 ± 12.04
years). Seven patients had primary education
only, 12 patients were educated at secondary
level, and 11 patients received senior middle
school education or higher. There were 16 pa-
tients with cerebral infarction and 14 with cere-
bral hemorrhage. The average duration of the
disease was 65.53 ± 25.25 days.
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Cognitive Stroke Normal
Parameter impairment group control group control group F/t/χχ2 p

Age, years 60.57 ± 12 59.63 ± 12.04 59.47 ± 12.52 F = 0.071 0.932
Gender (male/female) 23/7 23/7 23 /7 χ2 = 0.0 1.0
Educational background: 7/13/7/3 7/12/8/3 7/11/8/4 χ2 = 0.449 0.998
primary school/middle
school/high school or
technical secondary 
school/college
Type of stroke: 
cerebral infarction/ 15/15 16/14 χ2 = 0.067 0.796
cerebral hemorrhage
Disease course 61.03 ± 28.46 65.53 ± 25.25 t = -0.648 0.52
at enrollment

Table I. Patient demographic and clinical data.

Footnote: The data are presented as mean ± SD or absolute numbers.



scoring was made on an ordinal scale of 1-8
points for sub-items 1 and 2, 1-5 points for sub-
items 1-5, and 1-4 points for other sub-items,
with 115 points for the overall score and 4 points
for an attention sub-item.

MMSE
MMSE includes 30 sub-items on a scoring

scale of 1-30 points. For the purpose of analysis,
the test’s content was divided into the following
six fields: orientation (10 sub-items), memory (6
sub-items), attention and calculation (5 sub-
items), language (4 sub-items), execution (4 sub-
items), and visual-spatial ability (1 sub-item).

Statistical Analysis 
The results were analyzed with SPSS16.0 soft-

ware package (SPSS Inc., Chicago, IL, USA).
Qualitative data were analyzed by the chi square
test. Quantitative data were represented as mean
± SD and analyzed by normal distribution test.
For two case groups, the scores of LOTCA and
MMSE tests demonstrated normal distributions;
therefore, correlation between the tests was ana-
lyzed by Pearson correlation test. To analyze cor-
relations between total scores, sub-items, or in-
ter-sub-items, the Spearman’s rank correlation
was utilized. To compare average values among
three groups, the Kruskal-Wallis Rank-Sum test
was utilized. The pair-wise comparisons between
LOCTA scoring sub-items were analyzed using
SAS9.1.3 software package, by rank-sum test.
The p value of < 0.05 was considered statistically
significant.

Results

Comparison Between LOTCA and MMSE 
Normal distributions of total scores of LOTCA

and MMSE tests were demonstrated in 60 pa-
tients with stroke. A strong and significant corre-
lation between the total scores of both tests was
shown by Pearson correlation test (r = 0.934, p <
0.001), with a trend of apparent positive correla-
tion observed on a correlation scatter plot (Figure
1). Further, as shown by Spearman correlation
test, there were moderate to high correlations be-
tween the total scores of LOTCA and the scores
of MMSE sub-items, and between any LOTCA
sub-item scores and the total scores of MMSE
(Table II). In addition, statistically significant
correlations were demonstrated between all LOT-
CA sub-items and all MMSE sub-items (p <
0.05). Age and education level had similar effects
on both tests and did not correlate with the total
scores of both tests (Table II). 
The correlations between the total scores of

both tests in three groups ranged from moderate
to strong (Table III). The lowest correlation coef-
ficients were observed in the stroke control group
(Table III). Further, correlations between LOT-
CA sub-items of visuomotor organization and at-
tention/absorption, and total MMSE scores were
relatively low in the cognitive impairment group
(r = 0.513, p = 0.004, and r = 0.364, p = 0.048;
Table III). In addition, in the stroke control
group, the correlation between visuomotor orga-
nization score and the total MMSE score was al-
so relatively low (r = 0.444, p = 0.014; Table III).
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Figure 1. Correlations between total scores of LOTCA and MMSE in patients with stroke (n = 60). Total scores of two tests
strongly correlated: Pearson correlation test r = 0.934, p < 0.001.



3668

S.-Y. Wang, Z.-K. Gong, J. Sen, L. Han, M. Zhang, W. Chen

M
M
SE

E
d
u
ca

ti
o
n

A
tt
en

ti
o
n
 a
n
d

V
is
u
al
/s
p
at
ia
l

To
ta
l 

LO
TC

A
A
g
e

b
ac

kg
ro
u
n
d

O
ri
en

ta
ti
o
n

M
em

o
ry

ca
lc
u
la
ti
o
n

La
n
g
u
ag

e
E
xe

cu
ti
o
n

ab
ili
ty

sc
o
re

A
ge

1
-0
.2
05
 

-0
.1
43
 

-0
.0
85
 

-0
.1
32
 

0.
04
3

-0
.1
55
 

-0
.1
02
 

-0
.1
00
 

(0
.1
17
)

(0
.2
77
)

(0
.5
16
)

(0
.3
13
)

(0
.7
42
)

(0
.2
36
)

(0
.4
38
)

(0
.4
48
)

E
du
ca
tio
n

-0
.2
05
 

1
0.
15
7 

0.
08
6 

0.
20
3 

0.
27
3*

0.
24
9 

0.
05
0 

0.
18
9 

ba
ck
gr
ou
nd

(0
.1
17
)

(0
.2
32
)

(0
.5
13
)

(0
.1
20
)

(0
.0
35
)

(0
.0
55
)

(0
.7
07
)

(0
.1
48
)

O
ri
en
ta
tio
n

-0
.0
95
 

0.
15
4 

0.
92
7*
* 

0.
73
3*
*

0.
74
9*
*

0.
61
7*
*

0.
47
3*
*

0.
46
2*
*

0.
91
0*
*

(0
.4
69
)

(0
.2
40
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

V
is
ua
l 

-0
.0
32
 

0.
03
5 

0.
74
6*
* 

0.
67
9*
* 

0.
63
5*
* 

0.
52
5*
* 

0.
49
4*
* 

0.
52
2*
* 

0.
77
4*
* 

pe
rc
ep
tio
n

(0
.8
06
)

(0
.7
88
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

Sp
at
ia
l 

-0
.3
35
**

0.
42
2*
*

0.
59
5*
*

0.
43
7*
* 

0.
46
1*
* 

0.
43
4*
* 

0.
57
9*
* 

0.
34
8*
* 

0.
60
1*
* 

pe
rc
ep
tio
n

(0
.0
09
)

(0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(0
.0
01
)

(<
 0
.0
01
)

(0
.0
06
)

(<
 0
.0
01
)

Pr
ax
is

-0
.1
76
 

0.
16
9 

0.
60
3*
* 

0.
58
1*
* 

0.
67
9*
* 

0.
41
3*
* 

0.
50
3*
* 

0.
40
2*
* 

0.
68
6*
*

(0
.1
78
)

(0
.1
96
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(0
.0
01
)

(<
 0
.0
01
)

(0
.0
01
)

(<
 0
.0
01
)

V
is
uo
-m
ot
or
 

-0
.2
69
*

0.
14
0 

0.
69
6*
* 

0.
62
7*
* 

0.
65
4*
* 

0.
50
3*
* 

0.
52
4*
* 

0.
64
3*
* 

0.
75
9*
*

or
ga
ni
za
tio
n

(0
.0
37
)

(0
.2
87
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

T
hi
nk
in
g 

-0
.2
45
 

0.
22
2 

0.
80
9*
* 

0.
75
2*
* 

0.
73
2*
* 

0.
59
5*
* 

0.
61
1*
* 

0.
61
6*
* 

0.
87
2*
*

op
er
at
io
ns

(0
.0
59
)

(0
.0
88
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

A
tte
nt
io
n

-0
.1
03
 

0.
09
8 

0.
61
8*
* 

0.
58
9*
* 

0.
52
9*
* 

0.
35
0*
* 

0.
40
5*
* 

0.
44
8*
* 

0.
65
1*
*

(0
.4
32
)

(0
.4
58
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(0
.0
06
)

(0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

To
ta
l s
co
re

-0
.2
23

0.
23
9 

0.
88
4*
* 

0.
76
1*
* 

0.
75
9*
* 

0.
63
1*
* 

0.
62
2*
* 

0.
63
8*
* 

0.
93
4*
*

(0
.0
86
)

(0
.0
66
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

(<
 0
.0
01
)

Ta
b
le
 I
I.
C
or
re
la
tio
ns
 b
et
w
ee
n 
L
O
T
C
A
 a
nd
 M

M
SE

 in
 tw

o 
st
ro
ke
 g
ro
up
s 
(n
 =
 6
0)
.

Fo
ot

no
te
: D

at
a 
ar
e 
co
rr
el
at
io
n 
co
ef
fi
ci
en
ts
. N

um
er
ic
al
 v
al
ue
s 
in
 p
ar
en
th
es
es
 a
re
 p
 v
al
ue
s.
 *

p
<
 0
.0
5,
 *
*p

<
 0
.0
1 
(t
w
o-
ta
ile
d 
te
st
).



For other sub-items, there were statistically sig-
nificant correlations between both tests (p < 0.01;
Table III).

Comparisons Between LOTCA Sub-Items
and Total MMSE Score
The total LOTCA score and any sub-item

scores were significantly lower in the cognitive
impairment group compared with the both other
groups (p < 0.01; Table IV), especially for the
sub-items of thinking operations, orientation, vi-
suomotor organization, and attention and spatial
perception, which respectfully accounted for
45.1%, 57.3%, 58.6%, 70.6% and 72.8% of the
total score. As for the stroke control and healthy
control groups, with the exception of visual per-
ception and praxis, which were not-significant,
the sub-item scores of orientation, spatial percep-
tion, visuomotor organization, additional atten-
tion and absorption were all significantly lower
in the stroke control group (p < 0.01; Table IV).
The total MMSE score was markedly lower in

the cognitive impairment group compared with
both stroke control group and healthy control
groups (p < 0.01; Table IV). Further, the total
MMSE score was also significantly lower in the
stroke control group, compared with healthy con-
trol group (p < 0.01; Table IV). 

Discussion

Cognitive impairment is often observed fol-
lowing stroke and has a great negative impact on
the quality of life of the patients5. Specifically,
the prevalence of post-stroke cognitive impair-
ment can be as high as 64%, and up to one third
of the patients experience apparent dementia6.
The cognitive impairment induced by, or related
to, vascular factors is called Vascular Cognitive
Impairment (VCI). VCI is classified based on
clinical characteristics and disease severity into
vascular cognitive impairment, no dementia
(VCIND), vascular dementia (VaD), and mixed
dementia7. Patients usually experience VCIND in
very early stages of their condition, with very
mild and occult symptoms. This is the most opti-
mal stage to prevent VaD7,8. However, there are
no definite classification system and no recog-
nized neuropsychological tests for VCIND9,10.
Therefore, in the present study, we tested the use-
fulness of LOTCA in the diagnosis of VCIND.
The LOTCA was compared with MMSE, since
the latter is the most popular and widely applied
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tool for cognitive function screening. The MMSE
is a simple, time non-consuming, and easy test,
with proven validity and confidence11. This test
mainly reflects orientation capability, memory,
and language skills, and has no precise subscales.
The visuospatial capability is examined only in a
subscale, and the tests of visuomotor organiza-
tion and thinking operations are not included.
Moreover, the results may be influenced by edu-
cation level, leading to false positive or negative
results. Therefore, MMSE is only recommended
to diagnose severe cognitive impairment or VaD.
However, the utility of this test in the diagnosis
of VCI is limited due to low sensitivity and
specificity. Therefore, the early stage VCI may
be overlooked by this test12. Thus, MMSE is not
very useful to assess cognitive impairment and
response of treatment1,13.
The LOTCA is based on the Luria neuropsy-

chological and Piaget’s development model14.
The test introduces multiple tasks into cognitive
assessment, and features comprehensive evalua-
tions and simple procedures. The cognitive status
can be examined in the fields of orientation, ag-
nosia, apraxia, incapability to write, distinguish-
ing difficulty in graph backgrounds, naming dis-
orders, unilateral neglect, visual concept forma-
tion, visuospatial capability to organize and rea-
soning, thinking, attention, executive power and
other aspects. Patients with speech impairment
can utilize an atlas to exclude possible interfer-
ence of language factors on the test. The LOTCA
can be used not only in the assessment of cogni-
tive function, but also when deciding the treat-
ment following the initial assessment. It was
shown15 that LOTCA can be useful to predict the
extent of overall functional improvement follow-
ing stroke. The predictive power of this test ap-
pears to be slightly higher compared with MMSE
and functional independence measure15.
In our study, significant positive correlations

were demonstrated between all items of both
LOTCA and MMSE, suggesting full eligibility of
LOTCA in the cognitive function assessment of
cerebrovascular disease. Some patients with stroke
also demonstrated focal cognitive impairment in
the performance of visuomotor organization and
thinking operations, and this was not detected us-
ing MMSE. The subscale of visuomotor organiza-
tion could be utilized to examine functional im-
pairments associated with visuospatial organiza-
tion, such as structural apraxia, unilateral neglect
and spatial organization, with domination of the
right hemisphere. By contrast, MMSE is more
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sensitive to the functions of the left hemisphere,
such as language skills. Therefore, total MMSE
scores and scores of visuomotor organization are
low in patients with impairment of the right hemi-
sphere. Further, in patients with partial aphasia,
low MMSE scores may be affected by diminished
language skills, while the score of visuomotor or-
ganization remains acceptable. Therefore, we con-
clude that MMSE may not fully reflect VCI. Espe-
cially in assessment of VCIND, diminished con-
sistency between LOTCA and MMSE was ob-
served. In our study, we enroll individuals with
primary or higher education levels to assess the in-
terference of education level. The age and educa-
tion levels were demonstrated to have similar ef-
fects on both LOTCA and MMSE and to be inde-
pendent of the total scores of these scales, which
may be not obvious due to stroke.
In our study, patients with stroke, with or with-

out cognitive impairment, were selected accord-
ing to the criteria of the MMSE test. VaD and
VCIND were considered for some of these pa-
tients. As shown by us above, the score of each
domain in the group of cognitive impairment was
significanlty lower than in the stroke control
group (i.e., patients with stroke but without cog-
nitive impairment) and healthy control group, es-
pecially in the domains of thinking operation,
orientation and visual-motor organization. The
scores of thinking operation, visuomotor organi-
zation, attention and concentration, orientation
and spatial perception were significantly higher
in the stroke control group compared with
healthy control group, especially in the thinking
operation and visuomotor organization. This in-
dicated comprehensive nature of cognitive im-
pairment induced by stroke, and involvement of
multiple cognitive domains. Partial cognitive im-
pairment may be present in patients without de-
mentia. Most prominent impairments were ob-
served in the sub-scales of thinking operation and
visuomotor organization in both stroke groups,
which was agreeable with progressive aggrava-
tion. Since the subscales of thinking operation
and visuomotor organization are composed of
category test, stuff classification, picture sorting,
geometric reasoning, drawing a clock, imitation
and construction, all of these tests to some extent
reflect the executive function16. This suggested
that executive impairment was the most promi-
nent presentation in patients with VaD and
VCIND, with a trend to progressive aggravation.
Therefore, VaD was identified to be the clinical
presentation of cognitive impairment in its ad-

vanced stage, with executive dysfunction as the
most prominent presentation in its early stage.
These results were consistent with neuropsycho-
logical characteristics of VCI described in the lit-
erature17,18. The multi-aspect cognitive impair-
ments of attention, orientation, and spatial per-
ception were observed in the stroke control
group, with response and selection efficiency be-
ing slowed down due to the attention defect.
Moreover, mild VCI is characterized by promi-
nent efficiency impairments of executive function
and information processing capability19. We used
LOTCA to assess patients with stroke and no ap-
parent cognitive impairment, who were consis-
tent with characteristics of cognitive impairment.
LOTCA is a powerful tool to detect features of
cognitive impairment in VaD and VCIND, and
can be utilized to detect mild cognitive impair-
ment in the early stages. The sensitivity of this
method is higher compared with that of MMSE.
Therefore, LOTCA is a suitable alternative tech-
nique to detect VCIND. 
As suggested in the studies of multiple sclero-

sis20, each cognitive domain should be examined
thoroughly to highlight a specific domain to
comprehensively and objectively evaluate cogni-
tive changes in VCI. The coverage of multiple
cognitive domains by LOTCA is compliant with
recommendations in20. The test items can target
specific cognitive domains, and assessment of
executive function is also included.

Conclusions

We demonstrate that LOTCA is capable of de-
tecting cognitive impairment earlier and more
comprehensively than MMSE. Patients with mild
VCI were able to complete LOTCA within ap-
proximately 30 minutes. This method can be
used to assess cognitive function of patients with
VCIND for early detection of dementia in the
clinical practice. 
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