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Abstract

Background Cognitive impairments in Parkinson’s disease (PD) commonly affect executive function, attention, and
visuospatial abilities. These deficits may precede motor symptoms and are often undetected by screening tools such
as the Standardized Mini-Mental State Examination (SMMSE). The utility of the Dynamic Lowenstein Occupational
Therapy Cognitive Assessment-Geriatric Version (DLOTCA-G) has not been evaluated in older adults with PD. This
study aims to investigate the effectiveness of DLOTCA-G in detecting cognitive deficits in PD patients with and
without cognitive impairment.

Methods In this prospective controlled study, 90 participants aged 65 and above were recruited: 30 PD patients
with cognitive impairment (PD-Cl), 30 PD patients without cognitive impairment (PD-NCI), and 30 healthy controls.
All participants underwent cognitive assessment using SMMSE and DLOTCA-G. The total SMMSE score and eight
subscales of the DLOTCA-G were analyzed.

Results Except for the spatial perception score, there was a statistically significant difference between the groups in
all DLOTCA-G subscales. The PD-Cl group had significantly lower awareness and visuomaotor construction scores than
the PD-NCl and healthy groups (p <0.01). The PD-NCI group showed significantly lower awareness and visuomotor
construction scores than the healthy group (p <0.01). Total SMMSE scores showed a moderate positive correlation
with orientation, praxis, visuomotor construction, and thinking operations (p < 0.01). In the Parkinson’s group (n=60),
SMMSE Orientation correlated strongly with DLOTCA-G Orientation, Visuomotor Construction, and Awareness
(p<0.001). SMMSE Attention/Calculation and Language showed moderate associations with praxis and visuomotor
domains (p<0.001; Table 4).

Conclusion The results indicate that DLOTCA-G subscales associated with executive function are impaired in
individuals with PD, even in the absence of cognitive impairment. These findings suggest that DLOTCA-G may offer a
more differentiated cognitive profile than SMMSE across multiple domains, although its comparative sensitivity and
diagnostic accuracy require further validation in studies using comprehensive neuropsychological references.
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Trial registration The study was retrospectively registered (registration number NCT06131619), prospective
registration prior to participant enrollment was not completed due to logistical reasons. Protocol adherence was

maintained throughout the study.
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Background

Parkinson’s disease is the second most common neu-
rodegenerative disease after Alzheimer’s Disease. The
prevalence of Parkinson’s disease in the later stages of
life has been reported to be 2-3% in individuals aged
65 or older, and 10% in those aged 80 or older. The slow
onset of motor symptoms in people with Parkinson’s
disease may lead to nonmotor symptoms, especially
cognitive dysfunction, being overlooked [1]. However,
cognitive dysfunction occurs in all stages of Parkinson’s
disease, including the early stage [2]. Unlike early-stage
Alzheimer’s disease, in which cognitive impairments
are primarily seen in memory, Parkinson’s disease often
affects attention, language, visuospatial skills, and execu-
tive functions [3]. Given that the increased relative risk
of dementia in people with Parkinson’s disease is directly
related to the progression of the disease, it is important
to recognize and manage cognitive involvement early,
since executive deficits have been shown to interact with
neuropsychiatric symptoms and daily functioning in PD-
MCI (Parkinson’s disease—related mild cognitive impair-
ment); executive dysfunction is widely recognized as one
of the earliest and most clinically meaningful cognitive
changes in PD, impairments in planning, cognitive flex-
ibility, and goal directed behavior may precede the onset
of dementia and are strongly associated with functional
decline, illustrating the importance of assessment tools,
such as the DLOTCA-G, that include structured execu-
tive domains capable of detecting subtle and clinically
relevant cognitive changes beyond global screening mea-
sures [4—6].

For this purpose, the Standardized Mini-Mental State
Examination (SMMSE) is often used for screening due to
the time-consuming nature of neuropsychometric tests.
However, research has shown that the SMMSE is insuf-
ficient in detecting verbal-visual memory, thought flow,
and planning disorders in people with Parkinson’s dis-
ease with scores of 23 or above [7]. Therefore, there is a
need for a cognitive assessment battery tailored explicitly
to the geriatric population that evaluates cognitive func-
tion effectively, comprehensively, and efficiently, primar-
ily for individuals with Parkinson’s disease aged 65 or
older. The Dynamic Lowenstein Occupational Therapy
Cognitive Assessment-Geriatric Version (DLOTCA-QG)
is an updated performance measurement battery of the
Loewenstein Occupational Therapy Cognitive Assess-
ment-Geriatric (LOTCA-G), designed to evaluate basic
cognitive skills and visual perception in geriatric patients

with neurological deficits. In the geriatric population, it
provides an assessment of physical and mental factors
through reduced pictorial details, mediation guidelines
and multiple-choice questions. Unlike comprehensive
neuropsychological batteries recommended by the Inter-
national Parkinson and Movement Disorder Society for
detailed cognitive profiling [8], which may require 1-2 h
or more, the DLOTCA-G provides a structured yet
clinically feasible evaluation within a moderate admin-
istration time [9, 10]. While there are studies in the lit-
erature on the usefulness of DLOTCA-G for cognitive
evaluation in patients with stroke and spinal surgery,
no research has yet examined its effectiveness in older
people with Parkinson’s disease [11]. The DLOTCA-G
not only assesses cognitive functions but also evaluates
how these functions translate into performance in daily
life and occupational activities, providing clinically valu-
able information for individualized occupational therapy
planning in patients with Parkinson’s disease [9].

The primary hypothesis of our study is that DLOTCA-
G detects subtle cognitive deficits in Parkinson’s disease
patients, including those without clinically apparent
impairment, more effectively than SMMSE.

The aim of our study was to evaluate the usefulness of
DLOTCA-G in detecting cognitive impairment in people
with Parkinson’s disease aged 65 or older, both with and
without cognitive impairment. Additionally, we sought to
examine the relationship between total SMMSE scores
and the subscale of DLOTCA-G in these patients.

Methods
Participants
The study included three groups:

1. Parkinson’s disease group with cognitive impairment
(PD-CI, n=30): Patients aged 65 or older diagnosed
with Parkinson’s disease (Hoehn Yahr stage 1-2.5)
who scored below 20 points on the SMMSE
subscales for individuals with less than 5 years of
education history or below 24 points on the SMMSE
subscales for individuals with more than 5 years of
education history, indicating cognitive impairment.

2. Parkinson’s disease group without cognitive
impairment (PD-NCI, n =30): Patients aged 65 or
older diagnosed with Parkinson’s disease (Hoehn
Yahr stage 1-2.5) who scored 20 points or higher on
the SMMSE subscales for individuals with less than 5
years of education history or 24 points or higher on
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the SMMSE subscales for individuals with education
more than 5 years, indicating no clinically significant
cognitive impairment.

3. Healthy control group (HC, n=30): Individuals
aged 65 or older with no history of neurological or
psychiatric disease and SMMSE scores of 29-30.

The Parkinson’s disease groups consisted of patients aged
65 or older diagnosed with Parkinson’s disease by FA.A.
at the Neurology Department, Movement Disorders
Polyclinic of Kiitahya Health Sciences University. The
healthy control group consisted of 30 individuals aged
65 or older who visited the Physical Medicine and Reha-
bilitation outpatient clinic at Kiitahya Health Sciences
University.

The neurological examinations were performed by
EA.A., patients with a congenital or central nervous
system disease such as stroke or traumatic brain injury,
abnormal central nervous system examination findings,
history of drug or alcohol abuse, psychiatric history, or
family history of psychiatric illness, a Geriatric Depres-
sion Scale score of 13 or above were excluded from the
study. The Turkish validity and reliability of the scale have
been previously established by Ertan T et al. [12].

All participants were informed about the evaluation
parameters. Those who agreed to participate in the study
and signed the consent forms were included across all
three groups.

Measures

SMMSE: The Standardized Mini-Mental State Exami-
nation (SMMSE) is a structured version of the original
Mini-Mental State Examination (MMSE; Folstein et al.,
1975), developed by Molloy et al. to improve inter-rater
and intra-rater reliability through standardized adminis-
tration and scoring instructions [13, 14]. Like the original
instrument, it assesses orientation, memory, attention,
calculation, recall, language, motor function, perception,
and visuospatial abilities, and consists of items yielding
a total score of 30 points. A score between 24 and 30 is
considered normal, 18 to 23 indicates mild dementia, and
17 or below suggests severe dementia. The Turkish valid-
ity and reliability study of the standardized version was
conducted by Giingen et al. [15]. According to Crum RM
et al. (1993), scores on the test were significantly associ-
ated with educational level; the median score was 29 in
individuals with at least 9 years of education, 26 in those
with 5-8 years of education, and 22 in those with 0-4
years of education [16]. In the Turkish population these
educational-level cut-offs differ by 2-3 points, probably
because of sociocultural differences [17]. Scores were
obtained from eight sub-scales and recorded. Cognitive
impairment was determined using the SMMSE accord-
ing to participants’ education level, based on Turkish
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normative data. Individuals with less than 5 years of edu-
cation: SMMSE score<20 indicated cognitive impair-
ment. Individuals with 5 years of education or higher:
SMMSE score < 24 indicated cognitive impairment. These
cut-off scores were applied consistently to classify par-
ticipants into the PD with cognitive impairment (PD-CI)
and PD without cognitive impairment (PD-NCI) groups
[15].

It should be emphasized that grouping based on
SMMSE scores in this study was performed for research
stratification purposes only and does not correspond
to a formal diagnosis of Parkinson’s disease—related
mild cognitive impairment (PD-MCI). According to the
Movement Disorder Society (MDS) Task Force criteria,
PD-MCI diagnosis needs a comprehensive neuropsy-
chological assessment across multiple cognitive domains
[18].

DLOTCA-G: DLOTCA-G consists of 8 cognitive areas
and 24 subtests (Orientation, Visual Perception, Spatial
Perception, Praxis, Visuomotor Construction, Thinking
Operations, Awareness, and Memory). All sub-scales,
except for orientation (scored between 1 and 8 points),
are scored from 1 to 4 points. In the present study, the
median administration time of the DLOTCA-G was
52 min, indicating a moderate and practical duration for
clinical evaluation. The objectives of the assessment are
as follows:

+ Identify cognitive abilities and disabilities of
individuals in various areas.

+ Measure learning potential and cognitive changes.

+ Recognize thinking strategies.

+ Assess the individual’s level of self-awareness, status,
and cognitive disabilities.

Procedure

Occupational therapists evaluated the DLOTCA-G and
SMMSE subscales of the participants in a quiet room
where external distractions were eliminated. SMMSE was
administered by the same occupational therapist (E.P.)
to patients with Hoehn-Yahr staging between 1 and 2.5.
Based on SMMSE scores, patients were divided into two
groups: those with and those without cognitive impair-
ment. DLOTCA-G was administered to both Parkinson’s
disease and healthy control groups by a different occupa-
tional therapist (E.A.S.)

Statistical analysis

A preliminary study was conducted with 10 individuals in
each group to determine the effect size. Using the visuo-
motor construction score levels obtained from this study,
a power analysis was carried out using G*Power 3.1.9.4
software (Version 3.1.5, University of Kiel, Germany).
The analysis concluded that to achieve 90% statistical
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power with an effect size of f=0.42, each group should
comprise a minimum of 25 participants. As a result of the
analysis, a total of 75 patients were required; to allow for
a 20% drop-out rate, we recruited 90 patients.

All statistical analyses were performed using SPSS
25.0 (IBM SPSS Statistics 25 software; Armonk, NY:
IBM Corp.). Continuous variables were presented as
mean * standard deviation, and median (IQR: 25th - 75th
percentiles), and categorical variables were given as num-
bers and percentages. The Shapiro-Wilk test was used to
assess normality. For intergroup comparisons, the Mann-
Whitney U test and Kruskal-Wallis Analysis of Variance
(with post hoc analysis using the Mann-Whitney U test
and Bonferroni correction) were applied. To control
for the potential confounding effects of age and educa-
tion, an ANCOVA was also performed, with group as a
fixed factor and SMMSE and DLOTCA-G total scores
as dependent variables. Although Kruskal-Wallis and
ANCOVA rely on different assumptions, the results were
compared to check whether group differences remained
consistent in direction and significance. The Chi-square
test was used to compare categorical variables. The
Spearman correlation coefficient was used to analyze
relationships between continuous variables. A p-value of
<0.05 was considered statistically significant. Correlation
coefficients were interpreted as follows: 0-0.1 as insignifi-
cant, 0.1-0.39 as weak, 0.4—0.69 as moderate, 0.7—0.89 as
strong, and above 0.9 as a very strong correlation [19].

Table 1 Demographic and clinical data

PD-Cl PD-NCI Healthy Intergroup
control p
group

Age Mean+SD. 732+5.74 70.07+493 714+542 0.108

Med (IQR) 72 (69.75~ 70(65-74) 70 (kw=4.447)
78.25) (66-75)
Gender Female 17 (%56.7) 14 (%46.7) 17 (%56.7) 0.669
Male 13 (%43.3) 16 (%53.3) 13 (%43.3) (cs=0.804)
Educa- Primary 26 (%86.7) 23 (%76.7) 25(%83.3) 0.519
tion School (cs=5.192)
Secondary 3 (%10) 3(%10) 1 (%3.3)
School
High 0 (%0) 2 (%6.7) 2 (%6.7)
School
University  1(%33) 2 (%6.7) 2 (%6.7)
Hoehn 1.00 13 (%433) 16 (%53.3) - 0.32
and 150 5(%167) 8(%267) - (cs=3.505)
Yahr 500 6(%20) 4(%133) -
2.50 6 (%20) 2 (%6.7) -
Dura- Mean+SD. 3.7+166 363+147 - 1(z=0)
ton  Med(QR) 4 (2-5) 3(2-5) -
of the
Disease

S.D Standard Deviation, Med (IQR) Median (25th-75th percentiles), cs Chi-Square
test, kw Kruskal Wallis Analysis of Variance, zMann Whitney U test
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Results

The study was completed with 60 Parkinson’s patients
(PD-CI group n=30 [33.3%], PD-NCI group n=30
[33.3%]) and 30 healthy controls (33.3%). Among them,
the mean age of the cognitive impairment group (PD-
CI) was 73.2 (5.74) years, the mean age of the Parkin-
son without cognitive impairment (PD-NCI) group was
70.07 (4.93) years, and the mean age of the healthy con-
trol group was 71.4 (5.42) years (p=0.108). There was
no significant difference between the groups in terms of
educational status, Hoehn-Yahr stage, or disease duration
(Table 1).

Upon examining the awareness and visuomotor con-
struction scores, it was found that the PD-CI group had
significantly lower scores than the PD-NCI group and
the healthy control group (p=0.0001). ANCOVA results
indicated that, after controlling for age and education,
significant differences between groups were maintained
for both SMMSE (F (2,85)=80.15, p<0.001) and total
DLOTCA-G scores (F (2,85)=35.14, p<0.001). These
data suggest that the observed group differences were
independent of age and education. Inclusion of the
covariates in the model did not alter the significance or
direction of the group comparisons. Additionally, the
awareness and visuomotor construction scores were
significantly lower in the PD-NCI group compared to
the healthy control group. Also, the orientation, praxis,
and thinking operations scores were lower in the PD-CI
group than in the PD-NCI group and the healthy control
group (p=0.0001) (Table 2).

The total SMMSE score showed statistically signifi-
cant moderate positive correlations with orientation,
praxis, visuomotor construction, and thinking operations
scores across all three groups (respectively; PD-CI group
(r=0.651), PD-NCI group (r=0.440), and healthy control
group (r=0.640)) (Table 3).

Domain-level analyses in the Parkinson’s disease
groups (n=60) showed significant correlations between
several SMMSE subdomains and DLOTCA-G sub-
scales. SMMSE Orientation was strongly associated with
DLOTCA-G Orientation, Visuomotor Construction, and
Awareness (all p<0.001). SMMSE Attention/Calculation
and Language showed moderate correlations with execu-
tive-related domains, particularly Praxis and Visuomotor
Construction (all p<0.001) (Table 4).

Discussion

This study appears to be the first to evaluate the
DLOTCA-G in individuals with Parkinson’s disease in
relation to cognitive impairment. Mild cognitive impair-
ment and Parkinson’s disease dementia are the most
common nonmotor symptoms of Parkinson’s disease.
Mild cognitive impairment associated with Parkinson’s
disease has an indistinct onset and progresses gradually.
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Table 2 Comparison of DLOTCA-G subscale scores between groups
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PD-CI PD-NCI Healthy Control Group Intergroup p

Orientation Mean+S.D. 1.37+£0.58 1.95+0.1 1.97+0.11 0.0001*

Med (IQR) 15(0.97-191) 2(1.88-2) 2(2-2) (kw=40.835) a, b
Visual perception Mean+S.D. 344+0.38 3.61+0.35 3.66+0.16 0.03*

Med (IQR) 367 (3.25-367) 367 (3.67-3.75) 367 (3.67-367) (kw=7.025)a
Spatial perception Mean +S.D. 0.93+0.13 0.99+0.06 0.97+0.09 0.067

Med (IQR) 1(0.83-1) 1(1-1) 1(01-1) (kw=5.416)
Praxis Mean+S.D. 063+0.2 083+0.15 0.84+0.14 0.0001*

Med (IQR) 0.67 (0.5-0.75) 0.83(0.75-1) 083 (0.75-1) (kw=23.253)a,b
Visuomotor Construction Mean+S.D. 3011 4.08+0.71 4.18+0.76 0.0001*

Med (IQR) 3.33(2-3.71) 427 (3.5-4.67) 447 (3.59-4.83) (kw=24.743) a, bc
Thinking Operations Mean +S.D. 3.13£1.26 4.17+0.78 4.28+0.75 0.0001 *

Med (IQR) 325 (2-4) 425 (3.5-5) 4.5 (3.5-5) (kw=16.533)a,b
Memory Mean+S.D. 308+0.92 3624059 3934025 0.0001*

Med (IQR) 3(233-4) 4(3.25-4) 4 (4-4) (kw=19.32)b
Awareness Mean+S.D. 2334076 3434068 39+031 0.0001*

Med (IQR) 2(2-3) 4(3-4) 4 (4-4) (kw=5049) a, b,c

a: Significant difference between cognitive impairment group and Parkinson control group; b: Significant difference between cognitive impairment group and
Healthy control group; c: Significant difference between Parkinson control group and Healthy control group

S.D Standard Deviation, Med(IQR) Median (25th — 75th percentiles), kw Kruskal-Wallis Variance Analysis, z Mann-Whitney U test

*p <0.05 statistically significant

Table 3 The relationship between SMMSE total score and DLOTCA-G sub-scale scores of the groups

SMMSE Total Score PD-CI PD-NCI Healthy control group
Orientation r 0.651" 0.440" 0.640"
o 0.0001 0015 0.0001
Visual perception r 0.287 0.160 0.287
P 0.125 0.398 0.124
Spatial Perception r 0.335 -0.358* 0.388"
o 0.071 0.05 0034
Praxis r 0.401" 0.417" 0.534"
o 0.034 0.022 0.002
Visuomotor r 0.606" 0.494" 0.612"
Construction o 0.0001 0.005 0.0001
Thinking Operations r 0.588" 0.425" 0.531"
o 0.001 0019 0.003
Memory r 0.287 0.308 0.380°
o 0.124 0.098 0.039
Awareness r 0376 0.239 0374
o 0.041 0.204 0010

*p <0.05 statistically significant correlation; r: Spearman correlation coefficient

Bold values indicate correlation coefficients of at least moderate strength (r = 0.40)

Identifying cognitive deficits at an early stage in Parkin-
son’s disease plays a vital role in tracking disease progres-
sion and planning effective rehabilitation interventions
[20].

The results indicate that all subscales of DLOTCA-
G, except spatial perception, were negatively affected
in individuals with Parkinson’s disease with cognitive
impairment. Awareness and visuomotor construction
were significantly impaired in patients without cogni-
tive impairment compared to the healthy control group.
These findings suggest that DLOTCA-G may be effective

in reflecting cognitive involvement in early-stage Parkin-
son’s Disease, it should be noted that since our study is
a cross-sectional one and more research is needed for
collecting longitudinal data. Also, a clear relationship
was observed between the total SMMSE score and the
subscales of orientation, praxis, visuomotor construc-
tion, and thinking operations in patients with Parkinson’s
disease and healthy elderly individuals. The SMMSE is
commonly used in routine practice as a simple, time-
efficient, and easy-to-administer cognitive screening
test [21]. It primarily assesses orientation, memory, and



Yaman et al. BMC Geriatrics (2026) 26:1130 Page 6 of 9
Table 4 Correlation between SMMSE subscales and DLOTCA-G subscales in Parkinson’s disease groups
DLOTCA-G Subscales Orientation Visual Spatial Praxis  Visuomotor Thinking Memory  Aware-
Perception Perception Construction Operations ness
SMMSE Orientation r o 0.814*% 0.340% 0.414* 0.466* 0.661* 0.553* 0.397% 0.665*
p <0.001 0.008 <0.001 <0.001 <0.001 <0.001 0.002 <0.001
SMMSE Registration ro 0113 0.181 -0.058 -0.080  0.132 0.107 0.199 -0.012
p 0.388 0.166 0.660 0.545 0315 0418 0.128 0.928
SMMSE Attention/Calculation r 0.499* 0.104 0.196 0.471* 0.408* 0.366" 0.381* 0.541*
p <0001 0428 0.134 <0.001 0.001 0.004 0.003 <0.001
SMMSE Recall r 0383 0.244 0.102 0.305*  0.390% 0.225 0.087 0.240
p 0003 0.060 0439 0018  0.002 0.084 0509 0.065
SMMSE Language r 0.516* 0.408* -0.020 0.492* 0.550* 0.424* 0.109 0.471*
p <0001 0.001 0.879 <0.001 <0.001 <0.001 0.407 <0.001

*p < 0.05 statistically significant correlation; r: Spearman correlation coefficient

Bold values indicate correlation coefficients of at least moderate strength (r > 0.40)

language skills, and lacks distinct subscales. Visuospatial
ability is evaluated in only one subscale, and the test does
not cover visuomotor construction or thinking opera-
tions processes differentiating. Results can be affected by
an individual’s education level, which may lead to false-
positive or false-negative results. Early-stage cognitive
impairment in patients might go undetected using the
SMMSE [22]. Additionally, it should be noted that the
SMMSE has limited sensitivity to executive dysfunction,
which is a core cognitive domain affected in Parkinson’s
disease.

Impairment of visual and spatial functions in Parkin-
son’s Disease patients can negatively affect their activi-
ties of daily living [23]. Studies have reported that visual
and spatial function impairments in people with Parkin-
son’s disease can occur in 20-30% of cases, not only in
late-stage patients but also in early-stage and even newly
diagnosed patients [24, 25]. Our study demonstrated
that several SMMSE subscales particularly Orientation,
Visuomotor Construction, and Awareness were signifi-
cantly correlated with executive-related DLOTCA-G sub-
scales in Parkinson’s disease groups. SMMSE Attention/
Calculation and Language showed moderate associations
with praxis and visuomotor subscales. These findings
show that the SMMSE does capture certain aspects of
executive and visuomotor functioning. However, the pat-
tern of these correlations may suggest that DLOTCA-G
could offer a more differentiated characterization across
multiple cognitive domains, although direct comparisons
of discriminative validity remain necessary to substanti-
ate this interpretation. It should be acknowledged that
these domain-level analyses are based on correlational
associations rather than direct comparisons of discrimi-
native ability between SMMSE and DLOTCA-G sub-
scales. Therefore, the relative sensitivity of DLOTCA-G
compared to SMMSE should be interpreted with caution,
and future studies employing discriminative analyses are
warranted to formally establish this comparison.

Results revealed that healthy older individuals showed
impairments in tasks such as copying geometric shapes,
sustaining the integrity of objects, and ordering them
according to spatial coordinates, even when given unlim-
ited time. Therefore, it has been emphasized that spa-
tial perception may also be adversely affected in healthy
older individuals [26]. The lack of significant differences
between patients with cognitive impairment, those with-
out cognitive impairment, and the healthy geriatric con-
trol group in our study may be due to spatial perception
being affected across all three groups but since this was
out of scope to our study; without solid evidence and
data we must underline that this is a hypothetical con-
clusion and more research is needed on this conclusion.
Regardless of the cause this subscale seems to be less sen-
sitive to early cognitive changes of Parkinson’s disease. It
is essential to establish cut-off values for the DLOTCA-
G in healthy older individuals to provide guidance for
future studies.

Visuomotor construction assesses a patient’s abil-
ity to convert perceptual input into a motor response
within a spatial context. Motor impairments in Parkin-
son’s disease can significantly affect neuropsychological
test scores, especially those related to visuomotor con-
struction [27]. However, the homogeneous distribution
of Hoehn and Yahr staging in our study allowed for an
objective evaluation of visuomotor construction scores in
relation to motor symptoms. In our study, disease sever-
ity was controlled by including only patients in Hoehn
and Yahr stages 1-2.5, corresponding to mild-to-mod-
erate Parkinson’s disease. These stages are characterized
by preserved functional independence and absence of
severe motor disability. This methodological approach
reduced the potential confounding effect of advanced
motor impairment on task performance. Although bra-
dykinesia and tremor are inherent features of Parkinson’s
disease, restricting the sample to these stages lead to a
relatively homogeneous motor severity profile. Therefore,
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the observed differences in visuomotor construction and
praxis are more likely to reflect disease-related cogni-
tive and visuospatial dysfunction rather than being solely
attributable to motor impairment.

Research has shown that visuomotor control issues,
along with disorders of awareness, are early indicators of
cognitive impairment in people with Parkinson’s disease
who do not have dementia [5]. Research also shows that
cognitive impairments in patients with mild cognitive
impairment are not primarily related to memory but are
more pronounced in areas such as awareness, language,
and executive functions [28]. Postural instability is one
of the first symptoms in Parkinson’s disease [29]. Visual-
motor stimuli are known to be the most preferred means
for maintaining balance in patients with Parkinson’s dis-
ease [30]. We must underline the fact that these parame-
ters were not tested in our study but they can be impaired
even in patients without cognitive impairment [31]. Con-
sequently, hypothetically postural instability may affect
the visuomotor construction in people with Parkinson’s
disease without cognitive impairment. Numerous studies
have reported that awareness and visuomotor construc-
tion are significantly more affected in patients with cog-
nitive impairment [32, 33].

Executive functions comprise a heterogeneous group of
cognitive abilities, including anticipation, planning, initi-
ation, and monitoring of goal-directed behaviors. Impair-
ment in executive functions leads to significant problems
in the daily activities of patients with Parkinson’s disease
and may be one of the earliest signs of cognitive impair-
ment [34]. Our study found a significant correlation
between total SMMSE scores and several executive func-
tion subscales of the DLOTCA-G, which backs the argu-
ment that we can effectively evaluate complex and formal
executive functions. Some SMMSE subscales showed
moderate correlations with executive-related DLOTCA-
G subscales, indicating partial overlap between the two
instruments. However, because DLOTCA-G uses perfor-
mance-based and task-oriented tasks, it provides a more
detailed and subscale-specific assessment of executive
and visuomotor functions. These outcomes suggest that
DLOTCA-G offers a broader, clinically meaningful evalu-
ation framework beyond the detection of impairments
missed by the SMMSE. Inclusion of DLOTCA-G, which
assesses functional and dynamic cognitive domains not
captured by SMMSE, strengthens the clinical and eco-
logical relevance of our findings. It is important to note
that DLOTCA-G is a multidimensional cognitive battery,
not a dedicated executive function test. The executive-
related interpretations in this study are based on sub-
scales that partially involve executive processes, such as
Thinking Operations, Visuomotor Construction, Praxis,
and Awareness, and should not be considered pure exec-
utive measures. Executive functions are responsible for
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regulating the ability to think and act, as well as higher-
level cognitive abilities such as abstract reasoning. These
abilities can also be affected early in the natural ageing
process [35].

Additionally, disorders related to the extrapyrami-
dal system may be observed in normal ageing [36]. The
moderate correlation between total SMMSE and similar
subscales of the DLOTCA-G in the healthy control group
may hypothetically be attributed to declines in high-level
cognitive abilities and to potential negative effects on the
extrapyramidal system associated with normal ageing,
but without solid evidence to back this indirect conclu-
sion this hypothesis needs support and may be a starting
point for future research. Multidomain instruments have
been developed to aid the detection of cognitive impair-
ment in PD, including tools that integrate cognitive and
social functioning domains, PD-specific multidomain
rating scales, and measures that evaluate the functional
impact of cognitive decline. Future developments in mul-
tidomain assessment and early detection of functional
decline will be important for advancing early identifica-
tion strategies [37-39].

Lastly it should be noted that although DLOTCA-G
shows potential in assessing Parkinson’s Disease patients
for cognitive impairment and shortens the administra-
tion time compared to comprehensive neuropsychologi-
cal batteries; its feasibility in Parkinson clinics with high
patient flow considering it requires approximately 50 min
to administer, remains a valid question, assessment tools
requiring relatively less time like Montreal Cognitive
Assessment tool may be a practical alternative for daily
clinical use but we believe the outcomes of a DLOTCA-
G tests give us more data to modify the rehabilitation
plan and to focus to the areas in need of intervention.
Also, DLOTCA-G has another advantage as a clini-
cal assessment tools; since it comes with a software that
calculates the score automatically, it eliminates largely
the human error factor that can be seen in high patient
flow clinics while calculating scores. Assessment tools
like DLOTCA-G needs scientific visibility to be opti-
mized and researched, thus we think our research con-
tribute to the awareness on that we need more research
on this area. Particularly a head-to-head comparison of
DLOTCA-G and MoCA for assessing cognitive impair-
ment in Parkinson’s Disease would be a rational step to
take for future researchers.

This study has certain limitations. Firstly, partici-
pants were grouped only by total SMMSE scores. This
approach may lead to methodological circularity and fail
to properly reflect PD-MCI, as the SMMSE has limited
sensitivity to executive function deficits. In addition, the
SMMSE is not highly specific for detecting mild demen-
tia. The absence of a comprehensive neuropsychologi-
cal gold standard for group classification is a primary
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limitation. To address this issue in future studies, alter-
native cognitive screening tools, such as the MoCA or
the MDS-UPDRS cognitive subscale, could be used, as
they are sensitive to subtle cognitive changes in Parkin-
son’s disease and can be administered independently
of group assignment [40, 41]. Additionally, although
ANCOVA was used to control for age and education at
the group level, correlation analyses between SMMSE
and DLOTCA-G subscales were not adjusted for these
covariates via partial correlation methods. Given that
both age and educational level may influence cognitive
performance, future studies should employ partial cor-
relation approaches to provide more precise estimates of
the domain-specific relationships between these instru-
ments. Furthermore, although Hoehn and Yahr stag-
ing provided a general index of motor disease severity,
detailed motor symptom quantification using the MDS-
UPDRS motor subscale was not incorporated into the
present analyses. Subtle motor symptoms such as bra-
dykinesia and tremor, even within mild-to-moderate
H&Y stages, may have partially influenced performance
on motor-dependent DLOTCA-G subscales (particu-
larly Visuomotor Construction and Praxis). Future
studies integrating MDS-UPDRS motor scores are rec-
ommended to more precisely disentangle motor and cog-
nitive contributions to task performance.

Conclusion

In conclusion, our findings suggest that DLOTCA-G sub-
scales related to executive processes may be affected in
individuals with Parkinson’s disease even in the absence
of SMMSE-defined cognitive impairment. While these
cross-sectional observations point to the potential value
of DLOTCA-G for providing a differentiated cogni-
tive profile, the psychometric properties of DLOTCA-G
in Parkinson’s disease—including its diagnostic accu-
racy, discriminative validity, and comparative sensitivity
against MoCA and comprehensive neuropsychological
batteries—require formal evaluation in future studies
using longitudinal designs and gold-standard reference
measures.
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