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ARTICLE INFO ABSTRACT
Keywords: Introduction: A valid, reliable, accessible measurement for the early detection of cognitive decline in patients with
Parkinson’s disease Parkinson’s disease (PD) is in urgent demand. The objective of the study is to assess the clinical utility of the
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MemTrax Memory Test in detecting cognitive impairment in patients with PD.

Methods: The MemTrax, a fast on-line cognitive screening tool based on continuous recognition task, and
Montreal Cognitive Assessment (MoCA) were administered to 61 healthy controls (HC), 102 PD patients with
normal cognition (PD-N), 74 PD patients with mild cognitive impairment (PD-MCI) and 52 PD patients with
dementia (PD-D). The total percent correct (MTx- %C), average response time (MTx-RT), composite score (MTx-
Cp) of MemTrax and the MoCA scores were comparatively analyzed.

Results: The MoCA scores were similar between HC and PD-N, however, MTx- %C and MTx-Cp were lower in PD-
N than HC(p < 0.05). MTx- %C, MTx-Cp and the MoCA scores were significantly lower in PD-MCI versus PD-N
and in PD-D versus PD-MCI (p < 0.001), while MTx-RT was statistically longer in PD-D versus PD-MCI (p <
0.001). For PD groups, the MemTrax performance correlated with the MoCA scores. To detect PD-MCI, the
optimal MTx- %C and MTx-Cp cutoff were 75 % and 50.0, respectively. To detect PD-D, the optimal MTx- %C,
MTx-RT and MTx-Cp cutoff were 69 %, 1.341s and 40.6, respectively.

Conclusion: The MemTrax provides rapid, valid and reliable metrics for assessing cognition in PD patients which
could be useful for identifying PD-MCI at early stage and monitoring cognitive function decline during the
progression of disease.

1. Introduction stage of PD, even preceding motor manifestations [2]. Once a patient
with PD develops mild cognitive impairment (MCI), the risk for de-

Parkinson’s disease (PD) is the second most prevalent neurodegen- mentia is markedly increased [3], which could seriously affect the
erative disease after Alzheimer disease (AD). Patients with PD have an quality of life and social activity. As a result, early detection of cognitive
almost six-fold higher risk of developing dementia than people without decline in patients with PD has been recognized as extremely important.
PD of similar age and education [1]. Cognitive decline can occur at any To date, assessing cognitive status regularly to identify PD-MCI at
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early stage is not an easy task in clinical practice. The Montreal Cogni-
tive Assessment (MoCA), which is most widely used in cognitive eval-
uation, is the least time consuming instrument for global cognition
assessment recommended by Movement Disorder Society (MDS) for the
diagnosis of PD-MCI [4]. Even so, it takes at least 10-15 min to complete
and requires a healthcare professional to administer the MoCA to the
patients. Conversely, the MemTrax memory test, based on the comput-
erized continuous recognition task (CCRT), is a 2-min on-line assessment
to evaluate episodic memory (EM), attention and other cognitive do-
mains [5]. MemTrax has been proved effective in detecting MCI in
Alzheimer’s Disease (AD) [6] with better or comparable accuracy
compared with the MoCA [7] and has been successfully implemented
and utilized in different languages and countries, such as the United
States [8], France [9], Netherlands [6] and China [7,10].

Whether MemTrax can be used in detecting early cognition decline
in patients with PD is unknown although a difference in MTx-RT be-
tween self-reported PD and non-PD patients in the Brain Health Registry
cohort was reported [11]. Here we report the clinical utility of MemTrax
as a digital cognitive assessment in a Chinese cohort to detect cognitive
impairment associated with PD-MCI and Parkinson’s Disease dementia
(PD-D). We focused on the cross-validation of MemTrax with the MoCA
in PD in order to determine whether MemTrax could be utilized effec-
tively as a cognitive screen in clinical practice.

2. Materials and methods
2.1. Study design and participants

Between January 2020 and May 2023, 61 healthy subjects and 228
individuals with PD were recruited in this cross-sectional study. Healthy
controls excluding of neurodegenerative disease, cerebrovascular dis-
ease, or cognition decline were recruited from the community. All pa-
tients were diagnosed with PD according to the MDS criteria by
movement disorders specialists in the First Affiliated Hospital of Sun
Yat-sen University [12]. Participants with depression (the total score of
Beck Depression Inventory BDI more than 16 [13]), anxiety (the total
score of Beck Anxiety Inventory more than 12 [14]), severe visual or
hearing impairment or other PD-associated comorbid conditions (e.g.,
severe motor impairment, or excessive daytime sleepiness, or psychosis
which could hinder their completion of the assessment) were excluded.
After enrollment in the study, demographic factors, such as gender, age,
years of education, disease duration since PD symptoms began, Body
Mass Index (BMI), occupation, smoking status, exercise status, marriage,
family history, and medical history were collected. Hoehn & Yahr (H-Y)
Stage and Movement Disorders Society Unified PD Rating Scale Part III
(MDS-UPDRSIII) were determined by the movement disorders specialist
in charge of the patients. Cognition status was evaluated by Mini-Mental
State Examination (MMSE), Beijing Version of Montreal Cognitive
Assessment (BJ-MoCA) and Memtrax. Functional independence of the
patients was evaluated by the movement disorders specialist based on
the medical history and the MMSE and MoCA score. Patients were
evaluated with medication-on.

All participants signed an informed consent after receiving a detailed
explanation of the study, and the study protocol was reviewed and
approved by Ethics Committee of the First Affiliated Hospital of Sun Yat-
sen University ([2017]318-1).

2.2. Classification of PD-N, PD-MCI and PD-D

Patients were divided into three groups according to the cognitive
status, PD patients with normal cognition (PD-N), PD patients with mild
cognitive impairment (PD-MCI) and PD patients with dementia (PD-D).
The inclusion criteria of PD-N were PD patients without cognitive
impairment (a total MoCA score>26). PD-MCI was diagnosed according
to MDS level 1 criteria [4], including the following elements: (1)
Gradual cognition decline reported by either the PD patient or
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informant, or observed by the clinician. (2) Objective cognitive
impairment on a scale of global cognitive abilities (a total MoCA score <
26). (3) Cognitive deficits were not sufficient to interfere significantly
with functional independence. (4) No dementia (a total MoCA
score>21). The diagnosis of PD-D was based on the MDS probable PD-D
criteria [15] and China diagnostic criteria for Parkinson’s disease de-
mentia [16] as follows: (1) A dementia syndrome with insidious onset
and slow progression. (2) Cognitive deficits severe enough to impair
daily life (a total MMSE score < 26, or a total MoCA score<20) [17,18].
(3) Typical profile of cognitive deficits including impairment in at least
two of the four core cognitive domains (attention, executive functions,
visuo-spatial functions and memory tested by MoCA). All the patients
with PD-MCI and PD-D have no other primary explanations for cognitive
impairment.

2.3. MemTrax memory test

Detailed description of the theory and design of MemTrax has been
published previously [8]. Briefly, with each MemTrax test, a series of 50
images are shown —25 new images and 25 repeated images. Each pic-
ture is presented on the screen for 3 s or until a behavioral response, at
which time the next picture is shown immediately. The participants are
instructed to respond by either pressing the space-bar when performing
the test on a computer or touching the screen when a smart phone is used
only when presented with a repeated picture as quickly as possible. The
program automatically calculates the total percent correct (MTx- %C)
and the average response time (MTx-RT, s). The MemTrax composite
score (MTx-Cp) is calculated according to the above two measurements.
The calculation formula is: MTx-Cp = (MTx- %C) x 100 x (1/MTx-RT)
[8]. MemTrax can be administered on the Chinese social media platform
WecChat on a phone or web on a computer in China (http://www.memtr
ax.com.cn) [19]. All the participants in our study completed the Mem-
Trax on WeChat on a phone at the Parkinsonism Center, the outpatient
clinic of the First Affiliated Hospital of Sun Yat-sen University.

2.4. Montreal cognitive assessment and scoring

All the participants in our study completed the Beijing version of the
MoCA (MoCA- BJ) [20]. The assessment was administered and scored by
trained researchers. MoCA scores, ranging from 0 to 30, were adjusted to
account for education influences. Administration of a single MoCA test
took about 10-15 min depending on the participant’s cognition and
movement symptoms.

2.5. Statistics

Statistical analyses were carried out using SPSS 26.0. Normality was
checked for all variables by the Shapiro-Wilk test and homogeneity of
variance was checked by Levene Test. T-test or Mann-Whitney U test
(when non-parametric required) examined differences between 2 groups
and effect size power analysis was calculated using Hedges’g measure.
One-way ANOVA or Kruskal-Wallis tests (when non-parametric
required) examined differences among 3 groups on demographic and
clinical variables. One-Way ANCOVA with Bonferroni examined the
differences among PD groups while controlling for the education and
disease duration of the patients, Mann-Whitney U test examined dif-
ferences between HC and PD-N on MoCA and Memtrax variables. Chi-
squared tests for categorical variables were performed. Spearman cor-
relation tests were calculated to assess the relation between MemTrax
test results (e.g. MTx- %C, MTx-RT and MTx-Cp) and MoCA in patients
with PD. To determine the cutoff values of the MTX test for PD-MCI or
PD-D measured by MoCA, and the corresponding sensitivity and speci-
ficity values, a Receiver Operator Characteristic (ROC) analysis was
performed. For all statistical analyses, p-value <0.05 was considered as
threshold for statistical significance.
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3. Results
3.1. Participant characteristics

A total of 289 participants were enrolled in this study, 61 HC, 102
with PD-N, 74 with PD-MCI, and 52 with PD-D. Demographic and
clinical characteristics of the participants are shown in Supplementary
Table 1. The mean education year was 12.44 + 2.99 years in HC and
12.20 + 3.50 years in PD-N (Z = 0.641, p = 0.552). The mean education
year among PD-N, PD-MCI (10.23 + 3.88 years) and PD-D (8.47 + 4.14
years) was significant different (H = 26.762, p < 0.001). The disease
duration was 5.55 + 3.82 years in PD-N, 6.17 + 3.92 years in PD-MCI
and 7.53 + 4.40 years in PD-D, respectively (H = 7.662, p = 0.022).
Supplementary Table 1 listed the results for the other characteristics
including sex, age, BMI, H-Y stage, and MDS-UPDRSIII.

3.2. Cognition assessment

As shown in Table 1 and Fig. 1, MTx- %C and MTx-Cp were signifi-
cantly lower in PD-N than HC (Z = —4.716, p<0.001; t = 3.211,p =
0.002), MTx- %C and MTx-Cp was significantly lower in the PD-MCI
group as compared to the PD-N group (p=0.002, p = 0.003) and in the
PD-D group as compared to the PD-MCI group (p = 0.007 , p = 0.002).
MTx- RT was not significantly different between PD-N and PD-MCI
groups (p = 0.628), but it was significantly longer in the PD-D group
as compared to the PD-MCI (p = 0.008) or PD-N group (p < 0.001). The
MoCA score was different between PD-N and PD-MCI groups (Z =
—1.500, p < 0.001), as well as between PD-MCI and PD-D groups (p <
0.001), where each of the former groups had higher scores than the
latter groups, respectively. The difference in MoCA scores is expected
owing to this score being used to create the groups.

3.3. Correlation of MoCA and MemTrax

To explore the relationship between MoCA and MemTrax perfor-
mance, the Spearman correlation tests were calculated between them as
shown in Supplementary Fig. 1. MTx- %C and MoCA showed a moderate
correlation (r = 0.555, p <0.001), and also moderate correlations were
found between MTx-RT and MoCA (r = —0.333, p <0.001), MTx-Cp and
MoCA (r = —0.541, p<0.001).

Table 1
MoCA and MemTrax results of PD-N, PD-MCI, and PD-D groups.
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3.4. ROC curve analyses

To determine the diagnostic accuracy of the MemTrax, ROC curve
analyses were conducted (Fig. 2). The AUCs of MTx- %C and MTx-Cp to
diagnose PD-MCI when comparing PD-N to PD-MCI were 71.6 % (95 %
CL: 63.9-79.4, p < 0.001) and 64.8 % (95 % CI:56.6-73.0, p = 0.001).
The optimal MTx- %C and MTx-Cp cut-off scores, which maximized true
positives while minimizing false positives according to the maximum
Youden index, were 75 % (sensitivity = 70.3 %; specificity = 68.6 %)
and 50.0 (sensitivity = 58.1 %; specificity = 66.7 %), respectively
(Table 2). The AUCs of MTx-RT to diagnose PD-MCI was 55.1 % (95 %
CIL: 46.5-63.7 p = 0.249).

The AUCs of MTx- %C, MTx-RT and MTx-Cp to diagnose PD-D when
comparing PD-MCI to PD-D were 77.9 % (95 % CI: 71.0-84.8, p <
0.001), 70.6 % (95 %CIL: 62.6-78.7, p < 0.001) and 80.6 % (95 %
CI:74.3-86.9, p < 0.001), respectively. The optimal MTx- %C, MTx-RT
and MTx-Cp cut-off scores based on the maximum Youden index, were
69 % (sensitivity = 69.2 %; specificity = 72.7 %), 1.341 (sensitivity =
90.4 %; specificity = 39.2 %) and 40.6 (sensitivity = 63.5 %; specificity
= 83.0 %), respectively.

The AUCs of MTx- %C, MTx-RT and MTx-Cp to diagnose cognitive
impairment in PD (PD-CI, combined PD-MCI and PD-D) when
comparing PD-N to PD-CI were 77.0 % (95 % CI: 70.8-83.2 p < 0.001),
62.3 % (95 % CI: 55.1-69.5 p = 0.001) and 73.1 % (95 % CI: 66.5-79.7 p
< 0.001), respectively. The optimal MTx- %C, MTx-RT and MTx-Cp cut-
off scores based on the maximum Youden index were 77 % (sensitivity
= 82.5 %j; specificity = 61.8 %), 1.333 (sensitivity = 77.0 %,; specificity
= 42.2 %) and 48.4 (sensitivity = 69.0 %; specificity = 70.6 %),
respectively. In order to avoid missing potential cognitive decline pa-
tients and to identify cognitive impairment in PD during screening, we
adjusted the sensitivity to 88.9 % and then cut-off were 81 % for MTx- %
C, 1.232s for MTx-RT and 61.4 for MTx-Cp.

4. Discussion

This study investigated the MemTrax memory test, an on-line CRRT
cognitive screen instrument, for estimating cognitive impairment in
patients with PD in a Chinese cohort using the MoCA as a reference. Our
findings support MemTrax’s clinical utility in detecting cognitive
impairment associated with PD patients. To our knowledge, it was the
first time to use the MemTrax to assess the cognitive function of PD
patients to distinguish between PD-MCI and PD-D to PD-N. Our study

Cognition assessment Group Mean =+ SD HC vs PD-N* Among PD-N, PD-MCI and PD-D**
Statistic values Effect size p-value Statistic values p-value
Hedges’ g

MoCA HC(n = 61) 27.46 £ 1.19 Z = —1.500 0.268 0.134 F =71.598 <0.001
PD-N (n = 102,44.7 %) 27.80 + 1.31%
PD-MCI (n = 74,32.5 %) 23.30 + 1.69%
PD-D (n = 52,22.8 %) 17.17 + 3.76®

MTx- %C ( %) HC 84.92 + 5.42 Z=-4.716 0.813 <0.001 F =19.732 <0.001
PD-N 78.16 + 9.63™
PD-MCI 70.86 + 9.42%¢
PD-D 64.08 + 9.72%°

MTx-RT (s) HC 1.36 +£ 0.23 t=-1.411 0.206 0.160 F =8.974 <0.001
PD-N 1.41 + 0.25¢
PD-MCI 1.47 £+ 0.26°
PD-D 1.64 + 0.27%°

MTx-Cp HC 64.18 +11.27 t=-3.211 0.485 0.002 F =16.770 <0.001
PDN 57.57 + 14.83"
PD-MCI 50.17 + 13.03*
PD-D 40.17 + 9.27°°

Abbreviations: HC, healthy controls; PD-N, PD patients with normal cognition; PD-MCI, PD patients with mild cognitive impairment; PD-D, PD patients with dementia.
* Compared between HC and PD-N by T-test or Mann-Whitney U test, ** compared among PD-N, PD-MCI and PD-D by One-Way ANCOVA; 2°° by Bonferroni,  Values
compared with PD-N, p < 0.05; ® values compared with PD-MCI, p < 0.05; ¢ values compared with PD-D, p < 0.05.
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Fig. 1. MemTrax results of HC, PD-N, PD-MCI, and PD-D groups A. The MTx- %C, MTx-RT and MTx-Cp scores were shown through a bar chat for the HC, PD-N, PD-
MCI and PD-D. MTx- %C and MTx-Cp scores were statistically different in all comparisons: HC versus PD-N, PD-N versus PD-MCI, PD-MCI versus PD-D and PD-N
versus PD-D. MTx-RT can only distinguish PD-D from PD-N and PD-MCI. B. 3D analysis graphics. As MTx- %C, MTx-RT and MTx-Cp were all significant different

between PD-N and PD-D, a 3D analysis graphics for PD-N vs PD-D were shown.
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Fig. 2. MTx- %C, MTx-RT, and MTx-Cp scores to predict PD-MCI, PD-D, and PD-CI in ROC analyses A. PD-N vs PD-MCI, B. PD-MCI vs PD-D, C. PD-N vs PD-CI. PD-CI,
cognitive impairment in PD, combined PD-MCI and PD-D. ROC analyses with AUCs were carried out using the MTx- %C, MTx-RT, and MTx-Cp scores from clinically

diagnose PD-N, PD-MCI, and PD-D for the prediction of PD-MCI from PD-N, PD-D and PD-CI from PD-MCI as indicated in A, B and C.

reconfirmed the correlation between MoCA and MemTrax metrics,
consisting of MTx- %C, MTx-RT and MTx-Cp. We observed MTx- %C and
MTx-Cp were more suitable for the early cognitive assessment in PD
patients, while MTx-RT was more useful for monitoring cognitive
function in PD patients with cognitive decline. The optimal cut-off
values were 75 % for MTx- %C and 50.0 for MTx-Cp for the detection
of PD-MCI. The optimal MTx- %C, MTx-RT and MTx-Cp cut-off scores to
detect PD-D were 69 %, 1.341s and 40.6, respectively. The optimal cut-
off scores to predict cognitive impairment in PD were 81 % for MTx- %C,
1.232s for MTx-RT and 61.4 for MTx-Cp with a higher sensitivity, 88.9
%.

The MoCA was used as a comparator because it is currently widely
used and recommended by MDS as an abbreviated cognitive assessing

instrument for PD-MCI [4]. The sensitivity and specificity of MoCA to
diagnose PD-MCI based on MDS PD-MCI Level I diagnostic criteria were
57.1 % and 75.9 % [21], which is similar to the MemTrax in our study.
However, there are some limitations of MoCA such as requiring trained
evaluators, face-to-face administration, and the test is influenced by
language, culture, education and motor symptoms. In comparison, the
MemTrax is an on-line CRRT, which is less time consuming and more
engaging. It can be self-administered or guided by either informant or
clinician without the need of trained personnel. Moreover, the MemTrax
is based on recognition of pictures that is unique for each test, therefore,
it can be tested repeatedly with minimal learning effect and is less
influenced by language, culture and education. In addition, the scoring
is automatically carried out and immediately provided to the user. In
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Table 2

Sensitivity and specificity analyses for different cut-off values of MemTrax metrics.
PD-MCI PD-D PD-CI
Cut-off Sensitivity ( %) Specificity ( %) Cut-off Sensitivity ( %) Specificity ( %) Cut-off Sensitivity ( %) Specificity ( %)
MTx- %C MTx- %C
<73 60.8 72.5 <67 59.6 75.6 <77 82.5 61.8
<75 70.3 68.6 <69 69.2 72.7 <79 86.5 55.9
<77 77.0 61.8 <71 75.0 65.3 <81 88.9 40.2
MTx-RT MTx-RT
>1.244 82.4 28.4 >1.337 90.4 38.6 >1.232 88.9 27.5
>1.249 82.4 29.4 >1.341 90.4 39.2 >1.288 81.7 36.3
>1.253 81.1 29.4 >1.343 88.5 39.2 >1.333 77.0 42.2
MTx-Cp MTx-Cp
<49.9 56.8 66.7 <40.5 61.5 83.0 <48.4 69.0 70.6
<50.0 58.1 66.7 <40.6 63.5 83.0 <52.1 74.6 62.7
<50.1 58.1 65.7 <40.7 63.5 82.4 <61.4 88.9 43.1

Bold values are the recommended optimized cut-off values of MTx- %C, MTx-RT and MTx-Cp, while sum of sensitivity and specificity reached maximum.

this study, the cognition in both HC and PD-N group was normal with no
obvious difference in MoCA. However, the MTx- %C and MTx-Cp were
significantly higher in HC than in PD-N group, illustrating MemTrax
maybe more sensitive in estimating subtle cognitive changes compared
with MoCA. MoCA has a low sensitivity of 57.1 % and may miss many
cases of PD-MCI [21] , while MTx- %C of MemTrax can identify more
PD-MCI with the sensitivity of 70.3 %. Furthermore, by adjusting the
cut-off of MTx- %C to 81 %, sensitivity of identifying cognitive impair-
ment in PD could be improved to 88.9 %. As the MamTrax is a simple
and quick screening tool, more cases detected by MamTrax can be
further evaluated by comprehensive assessment according to the MDS
PD-MCI Level II diagnostic criteria. Although the MoCA has several
sub-scores partially reflecting specific cognitive domains, these values
are not often used in clinical situations, where only the total score is used
for assessing global cognitive performance. The outcomes of MemTrax
memory test have been reported to be correlated with multiple cognitive
domains [6]and is a superior cognitive screening instrument compared
to the MoCA for broad, frequent and periodical use in clinical practice.

MemTrax requires complex picture information encoding and stor-
age into short-term memory (STM), recognition and retrieval during the
test. The MemTrax, based on the CRRT, is a useful measurement for
episodic memory (EM) and has proven efficiency [8]. EM impairment is
a hallmark of AD for which was MemTrax originally designed [9].
Interestingly, EM impairment is also common in patients with PD and
related to hippocampal function [22]. In the Parkinson’s Progression
Markers Initiative (PPMI) cohort, a multi-site study of early and un-
treated PD patients, memory was the most affected cognitive domain (9
%-17 % impaired on the four Hopkins Verbal Learning Test- Revised
(HVLT-R) subtests) [23]. Similarly, a meta-analysis of 1346 patients
from eight different cohorts of PD-MCI found memory impairment was
the most common deficit (13.3 %), followed by visuospatial impairment
(11.0 %) and then attention/executive function impairment (10.1 %)
[24]. Memory impairment in PD is related to encoding and retrieval
deficits [25], and may be secondary to impaired attention and executive
function. The Memtrax, a computerized continuous recognition task,
also requires executive abilities to encode and retrieve the information.
Consistent with these findings, our results demonstrated that the
MemTrax memory test is efficient for assessing recognition memory
through MTx- %C and attention/executive function through MTx-RT,
and is a useful tool for memory and cognitive assessment in PD patients.

The MemTrax outcome measures contained two specific metrics, the
degree of correctness of recognition memory (MTx- %C) and the latency
to respond, response time (RT). In our study, the median MTx-RT was
1.47s in PD patients (1.41s in PD-N, 1.46s in PD-MCI, and 1.67s in PD-
D), which were longer than that of HC,1.31s (p = 0.01). In a recent
Ashford et al. study, the distribution of RT was skewed with 1 % faster
than 0.62 s, a median at 0.890 s, and 1 % slower than 1.57 s from
322,996 valid first tests [5]. RT is a readout of two processes operating
in succession: the central decision component for information processes

and the transduction component related to the initiation and completion
of the physical response to the stimuli [26]. The movement disorders of
PD patients, such as tremor and bradykinesia, are not completely normal
even during the medication-on period, which will cause physical
response delay and result in prolonged RT. As well as movement time,
reaction time, which could not be improved by medication, was also
prolonged in Parkinson’s disease independently [27].

In addition, we found MTx-RT in PD-D was longer than that in PD-
MCI or PD-N while there was no statistical difference between PD-MCI
and PD-N group, which was consistent with previous studies in AD [7,
10]. It was reported RT distribution followed a reverse-exponential
(RevEx) model, which can be interpreted as a requirement for
doubling the processing power for every 100 ms of decrease in RT. As a
result, the nervous system must double the resources expended to
analyze and respond to the complex information in order to reduce the
RT by 100 ms, while increasing the RT by 100 ms may reflect reduction
of neuronal resources by half [5]. When MTx-RT was shorter than a
certain range, the faster RT was at the expense of accuracy [28]. In other
words, it was not that the shorter the RT, the higher the correct response,
which could explain the minor differences of MTx-RT between PD-MCI
and PD-N group. The prolonged RT in PD-D could be due to the failure to
either encode or recognize repeated images and taking exponentially
longer to process the visual information, thus, the loss of synaptic con-
nections in neurodegeneration or the damage to motor neuron function
may be the key contributor [29]. MTx-RT, as an important indicator for
evaluating neurodegenerative diseases, is suitable for monitoring
cognitive function in progressive Parkinson’s disease with cognition
decline.

There are some limitations in the present study. Previous studies
have shown the effects of age and education on MemTrax metrics [8,30].
The education years and disease duration among the three groups of PD
in our study were different. But the differences were adjusted in statis-
tical comparison. The age and sex of participants between HC and PD-N
groups were different. Cognitive changes in PD are heterogeneous
leading a portion of individuals with PD to have memory difficulties
while others do not but to have difficulties in other cognitive domains.
This limitation makes it difficult for the MemTrax to identify all PD
patients with cognitive decline, but it does not hinder its use as a rapid
and effective screening tool for cognitive impairments in PD. In the
study, we did not evaluate other function of cognitive domains in pa-
tients of PD, and we will further refine this in future studies. Our study
was a cross-sectional retrospective study and a longitudinal study based
on the results of present study for prediction of the progression from
PD-N to PD-D is needed in the future.

5. Conclusion

In conclusion, the MemTrax Memory Test can be utilized as an
effective brief cognitive assessment instrument to detect cognitive
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impairments associated with PD-MCI and PD-D in a Chinese cohort
compared to the MoCA. The MemTrax Memory Test is a simple, acces-
sible and effective cognitive assessment tool that can be widely applied
throughout the entire process of Parkinson’s disease in clinical practice.
It can not only identify MCI in PD in the early stage, but also potentially
monitor cognitive function in the moderate and late stages in PD.
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