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Abstract

PURPOSES: To establish a normative range of MemTrax (MTx) metrics in the Chinese
population.

METHODS: The correct response percentage (MTx-%C) and mean response time
(MTx-RT) were obtained and the composite scores (MTx-Cp) calculated. Generalized
additive models for location, shape and scale (GAMLSS) were applied to create per-
centile curves and evaluate goodness of fit, and the speed-accuracy trade-off was
investigated.

RESULTS: 26,633 subjects, including 13,771 (51.71%) men participated in this study.
Age- and education-specific percentiles of the metrics were generated. Q tests and
worm plots indicated adequate fit for models of MTx-RT and MTx-Cp. Models of MTx-
%C for the low and intermediate education fit acceptably, but not well enough for a high
level of education. A significant speed-accuracy trade-off was observed for MTx-%C
from 72 to 94.

CONCLUSIONS: GAMLSS is a reliable method to generate smoothed age- and
education-specific percentile curves of MTx metrics, which may be adopted for mass
screening and follow-ups addressing Alzheimer’s disease or other cognitive diseases.

KEYWORDS
Alzheimer’s disease, cognitive screening, digital biomarkers, GAMLSS, norms

Highlights

* GAMLSS was applied to establish nonlinear percentile curves of cognitive decline.

* Subjects with a high level of education demonstrate a later onset and slower decline
of cognition.

* Speed-accuracy trade-off effects were observed in a subgroup with moderate
accuracy.

* MemTrax can be used as a mass-screen instrument for active cognition health

management advice.
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1 | INTRODUCTION

Alzheimer’s disease (AD) has become one of the deadliest diseases
and has no cure or effective therapies. Alarmingly, 50 million peo-
ple worldwide were living with dementia in 2018, and this number is
expected to more than triple to 152 million by 2050.1 Early detection
of mild cognitive impairment (MCI) or preclinical AD stages, coupled
with timely initiation of disease-modifying treatments, is the preferred
path to successfully combat the medical threat and social burden of
AD.? One of the greatest challenges has been the lack of an objective,
quantifiable, precise, and simple tool to identify individuals at high risk
of AD by monitoring the subtle changes caused by early AD pathol-
ogy. Accordingly, computerized online mass-screening tools® suitable
either for self-evaluation or assessment by public healthcare person-
nel have been shown to be urgently needed as never before in the face
of an increasingly aging society.

MemTrax is a picture-based online adaptation of the continuous
recognition task paradigm with a variable N-back design. Taking less
than 2 min to administer, MemTrax challenges attention/executive
function and specifically measures episodic memory with the index
of percentage of correct responses (in %, MTx-%C) and processing
speed with the index of mean response time (in seconds, MTx-RT) of
all responses.* Participants can take the test repeatedly with mini-
mal learning effect because MemTrax has a library of distinct pictures
that can produce over 600 unique tests, which allows long-term,
frequent follow-up.” MemTrax effectively detects both clinically diag-
nosed MCI°,¢ and AD® with similar or better accuracy compared to the
Montreal Cognitive Assessment (MoCA).>¢® We therefore performed
this MemTrax analysis and normative metrics determination inves-
tigation to validate the practical utility of MemTrax for large-scale
cognitive health screening.

AD in its sporadic form is a neurodegenerative disease, with aging
being the greatest risk factor.”¢ Importantly, distinct types of changes
in cognition are expected as part of normal aging, in contrast to those
changes that might suggest the onset of brain disease.” Rate of dete-
rioration from a baseline level can be used to assist in effectively
making this distinction between normal and pathological aging. How-
ever, this requires a practical assessment tool that can identify and
track cognitive decline sensitively and, at the same time, does not
have inherent learning effects, thereby allowing for ongoing follow-up
in individuals. Researchers have tried to develop cognition trajectory
assessments to identify individuals at high risk of AD. For example,
Boyle’s team used a shape-invariant model to develop a cognitive clock
that assumed cognitive change over time following a standard pattern;
but this approach did not take education into account.' Ashford and
colleagues developed a so-called time index for assessing change over
time.1112 However, abundant studies suggest cognition change over
time including interaction with education.’®* Therefore, it is war-
ranted to develop education-specific reference norms of tests that may
be adopted during mass screening for early detection and monitoring
of AD or other cognitive impairment-associated diseases. Reference
norms of MemTrax in a French population have been generated by

assuming a linear and quadratic age-cognition relation; however, these

RESEARCH IN CONTEXT

1. Systematic Review: The literature was reviewed using
PubMed, Wangfang Data, and CNKI. Though the 2.5-min
online MemTrax test for continuous cognitive assessment
under different settings was published, its potential con-
tribution to cognitive research and clinical practice is
emerging and education-corrected reference norms are
lacking.

2. Interpretation: MemTrax metrics (accuracy/speed)
demonstrated nonlinear cognition reference norms and
declined with age. Our cross-sectional results provided
direct evidence that higher levels of education has
protective effects on age-associated cognitive decline.
A subgroup demonstrated speed-accuracy trade-off
effects. Our results are consistent with the cognitive
reserve hypothesis.

3. Future Directions: The manuscript proposes a viable
instrument for cognitive research and calls for additional
studies, eg, (1) longitudinal studies to verify these cross-
sectional results and investigate the cognitive decline
trajectories of normal and cognitive diseases, (2) extend-
ing our findings to wider age ranges and different test
settings, and (3) predictive values for the early detection

of cognitive diseases.

were not corrected by education.'® During its early development,
MemTrax was tested in community centers using projectors. Using
only MTx-%C, ¢ education was found to affect performance. Moreover,
individuals with a college education and higher outperformed those
with no more than a high school education. Given that there is no study
of reference norms of MemTrax tests in the Chinese population and
the trajectory of cognition is likely to be nonlinear, as suggested by
previous studies,'”-18 our primary objective was to establish age- and
education-specific reference percentile curves (ie, reference norms)
of MemTrax metrics in China using the generalized additive models
for location, shape and scale (GAMLSS) method.? Anticipated results
would lend support to the validity and practical utility of MemTrax as
an affordable cognitive mass screening tool for the early detection of
AD in China and globally.

2 | MATERIALS AND METHODS
2.1 | Study population

All subjects were recruited from the Health Management Center, Renji
Hospital of Shanghai Jiaotong University School of Medicine (ie, Renji
Hospital), from May 2020 to October 2021. Individuals voluntarily
(with voluntary informed consent) took the MemTrax tests during their

routine annual exams at the center. The inclusion criteria were (1) age
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from 25 to 75 years, (2) scheduled to have upcoming health check-ups
in Renji Hospital, (3) would be taking MemTrax for the first time, and (4)
awillingness and ability to provide a signed informed consent to partic-
ipate in this study. The exclusion criteriawere (1) younger than 25 years
or older than 75 years; (2) having a diagnosis of AD or diseases causing
cognitive impairment (eg, Parkinson’s disease, stroke, major depression
disorders, or current systemic diseases such as hypothyroidism or vita-
min B12 deficiency); and (3) physical impairments (eg, impairments of
visual or relevant movement abilities) that would prevent normal com-
pletion of the MemTrax test. The study protocol was reviewed and

approved by the ethics committee of Renji Hospital.

2.2 | MemTrax test procedures and output metrics

A detailed description of the MemTrax theory, design, and user engage-
ment was published previously.!> Briefly, with each MemTrax test, a
series of 50 images was shown: 25 new images and 25 repeated images.
Each image was shown for 3 s or until a behavioral response (touch
screen or hit the space bar) was recorded. The users were instructed
to respond and touch the screen or hit the space bar as quickly as pos-
sible only when repeated images were shown. At the end of the test, the
program calculated and displayed MTx-RT and MTx-%C. The MemTrax
composite score (MTx-Cp) was derived by multiplying the numbers in
MTx-%C by the reciprocal of MTx-RT.”

Before taking the MemTrax test, subjects were asked to complete
a questionnaire about their medical background to ensure they met
the established study criteria. The test was administered by trained
raters, and all subjects took the test on a computer. Each subject was
asked to read the instructions carefully and was reminded of com-
mon mistakes. Several key points were emphasized by the rater: (1)
responses should be to an exact duplicate image, not a similar one;
(2) the space bar should be hit as quickly as possible when a repeated
image appeared. Then subjects took the test while the rater stayed
silent at a comfortable distance from the very beginning to judge
whether the subjects were taking the test attentively and uninter-
rupted (eg, half-heartedly or while using their phone) and understood
the test procedures correctly.

MTx-RT > 1.4 520 or MTx-%C < 81% indicates possible cognitive
impairment, according to previous study results.?! Therefore, if
MTx-RT was longer than 1.4 s or MTx-%C was lower than 81%, the
rater would ascertain whether the subject completely understood the
test instructions. If a subject did not understand the test instructions
completely or did not seem to be taking the test seriously, the subject
would have two more opportunities to take the test again with a new
set of pictures. For a subject who refused to try a second test, raters
would record the circumstances. Results with MTx-RT less than 300 ms
or longer than 2900 ms were considered non-responses (responses
less than 300 ms would not represent a physiological response to a
perceived stimulus and correct recognition responses nearly always
occurred in less than 2000 ms, and 2900 ms was used as a cutoff to be
safe’®). MTx-%C less than 60% was considered a failed test, given its

proximity to chance (the average random percentage being 50%).
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29379 subjects completed
MemTrax test

Not seriously: 296

y
[ 26763 tests remained ]

Anomaly values: 15

Y
l 26633 tests left for final analysis l

Duplication tests: 2320

i
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No responses
or failed tests: 115

FIGURE 1 Flow chart of recruitment.

2.3 | Selection of subjects for detailed analyses

The investigation included a total of 29,379 completed tests. Two hun-
dred ninety-six tests were removed from analyses because the subjects
did not seem to be taking the test seriously and refused to take a sec-
ond one, and 2320 duplicate tests were removed because of multiple
trials. No responses or failed tests led to the exclusion of 115 tests. To
eliminate the effect of outliers on percentile curves, any observed value
that was >(X+5xSD) or <(X—5xSD) was removed. This evaluation pro-
cess was repeated three times, leading to 15 tests with anomaly values
being deleted. Finally, 26,633 tests, each from a unique individual, were

left for detailed analyses (Figure 1).

2.4 | Statistical methods for constructing the
reference norms of cognition

2.4.1 | Education category generation

Multivariate linear regression analysis was performed using SPSS ver-
sion 22.0 software to generate education categories. The dependent
variables were MTx-%C, MTx-RT, and MTx-Cp. The independent vari-
ables were age (dummy variable), sex, and education (dummy variable).
Education was added as a hierarchical variable and classified into four
levels: high school and below, associate degree, bachelor’s degree, mas-
ter’s degree and above, with high school and below as the reference

point.

2.4.2 | Curve creation and fitting effect evaluation

Smoothed percentile curves were created for the age- and education-
specific MTx-%C, MTx-RT, and MTx-Cp based on GAMLSS. An under-
lying skewed normal distribution of the measurements was assumed,
so that a suitable power transformation would render the distribu-
tion to be normal. The distribution at each age (t) is summarized by
four parameters: location parameter, scale parameter, and two shape

parameters (affecting the skewness and kurtosis of the distribution).??
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Basis spline, cubic spline, polynomial, and fractional polynomial
smoothing were assessed based on the global deviance (GD), Akaike
information criterion (AIC), and Schwartz Bayesian criterion (SBC).
The detrended Q-Q plot was used as a global diagnostic and plotted
the quantiles of the theoretical distribution (on the horizontal axis)
against those of the empirical distribution (on the vertical axis). Q tests
focus on low-order moments of Z-scores. The diagnostics included
detrended Q-Q plot?® and Q test for goodness of fit. The final model
was chosen based on GD, AIC, and SBC, along with the results of the
model and residual diagnostics as well as visual assessment of the per-
centiles themselves. The GAMLSS algorithm was implemented using
the R3.6.3 software GAMLSS package by Rigby and Stasinopoulos.'?

2.4.3 | Interaction between education and age

To test whether there was an interaction between education and age,
univariate analysis was applied, with MTx-%C, MTx-RT, and MTx-Cp as
dependent variables and with education, sex, age, and age * education

as independent variables using SPSS 22.0.

244 | Speed-accuracy trade-off

To determine whether there was a speed-accuracy trade-off, a set of
self-administered online MemTrax tests was introduced in the study
(see supplementary file). Before registering on the MemTrax website,
subjects signed a user agreement (including informed consent) with
SJN Biomed LTD, Kunming, China. Subjects voluntarily took Mem-
Trax tests online following the screen instructions. The inclusion and
exclusion criteria were the same as those described in this study. Multi-
variate linear regression was used to examine the difference of MTx-RT
corresponding to identical MTx-%C between the two different test
settings using SPSS 22.0.

3 | RESULTS
3.1 | Population characteristics

There were a total of 26,633 subjects, with 12,862 (48.29%) women.
The numbers of subjects with different education levels were 3705
(13.91%) for high school and below, 3624 (13.61%) for associate
degree, 13,540 (50.84%) for bachelor’s degree, and 5,764 (21.64%)
for master’s degree and above. The mean age of the subjects was
43.0 + 12.1 yearsold.

3.2 | Education categories

Multivariate linear regression was undertaken, with MTx-RT, MTx-
%C, and MTx-Cp as dependent variables and sex, education (dummy
variable), and age (dummy variable) as independent variables. When
subjects with a high school education and below were taken as the ref-

erence point, for MTx-RT, the regression coefficients for subjects with
associate degree, bachelor’s degree, and master’s degree and above
were b = —0.062, b = —0.081, b = —0.080 (all P < .05); for MTx-%C,
the regression coefficients were b = 2.0160, b = 3.363, b = 3.693 (all
P < .05); and for MTx-Cp, the regression coefficients were b = 6.729,
b= 9.817, b = 10.01 (all P < .05), respectively. There was no statisti-
cal difference between the bachelor’s degree and master’s degree and
above; however, there was a statistical difference (all P < .05) between
all education levels (except master’s and bachelor’s). Therefore, edu-
cation was further integrated into the following three categories: low
education category with high school and below (3705, 13.91%), inter-
mediate education category with associate degree (3624, 13.61%), and
high education category with bachelor’s degree and above (19,304,
72.4%) (Figure 2). The percentile norms were then established by these

three education categories.

3.3 | Education specific percentile curves for
MemTrax metrics

After the assessment of smoothing and transformation parameters, the
best fit model was Box-Cox power exponential (BCPE) distribution for
the calculation of the MTx-RT, MTx-%C, and MTx-Cp percentiles except
MTx-RT of low education, for which the best fit model was a Box-Cox-
t (BCT) distribution. GD, SBC, and AIC of the final models are shown
in Table A.1. percentile threshold values according to gestational age
arereported in Table 1. The final MTx-RT, MTx-%C, and MTx-Cp against
age percentile curves of the different education categories are shown
in Figure 3.

By visual assessment, both MTx-RT and MTx-%C stayed nearly sta-
ble until the decade of the 40s for subjects with high and intermediate
education, whereas the values for these measures declined earlier and
more steeply for subjects with low education. For MTx-RT, when (high
education * age) was taken as the reference, 8 of (intermediate edu-
cation * age) was 0.002 (P < .05) and 8 of (low education * age) was
0.004 (P < .05). For MTx-%C, B of (intermediate education * age) was
—0.061 (P < .05) and B of (low education*age) was —0.101 (P < .05).
These findings suggested a significant interaction between the effects
of education and age, that is, the lower the education, the faster the
deterioration of episodic memory and executive function. Likewise,
MTx-Cp for high and intermediate education also remained stable until
the mid-40s, then declined with age. However, for subjects with low
education, MTx-Cp steadily declined from the beginning recruitment
age of 25, as shown by the curve, and the lower the education, the
faster the MTx-Cp decreased. When (high education*age) was taken
as the reference, the 8 values of (intermediate education * age) and
(low education * age) were —0.174 (P < .05) and —0.268 (P < .05),

respectively.

3.4 | Fitting effect evaluation

Owing to scarce data, the interval becomes broader toward the
extremes, so large differences between theoretical and empirical
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FIGURE 2 Distribution of subjects by age and education category.

quantiles in the tails are tolerated. Detrended Q-Q plots of MTx-RT
and MTx-Cp showed that residuals were normally distributed around
zero and the worms (plots visualizing differences in distribution) were
located almost in the 95% confidence interval of overall residuals,
indicating that the empirical and theoretical distributions generally
agreed and the models for all three education categories fit quite well
(Figure 4). However, a larger number of empirical quantile points in
the detrended Q-Q plot of MTx-%C were located away from the main
diagonal, especially for subjects with high education. This analysis
indicated a modest fit of the model for MTx-%C.

The Q test results indicated that the residual skewness in less than
two out of 20 age groups in each model with overall Q-test p value was
non-significant at the 5% level. Thus, it was considered that the resid-
ual distribution of mean, variance, and skewness of the fit curve had no
statistical difference with the standard normal distribution, indicating
an adequate fit in each model (Tables A.2 to A.10).

3.5 | Speed-accuracy trade-off

For the online, self-administered data, a total of 8113 subjects, with
3527 (43.47%) men and 4586 (56.53%) women, produced data that fit
our selection criteria. The average age was 39.73 + 11.48 years. The
numbers of subjects with the education levels of high school and below,
associate degree, bachelor’s degree, and master’s degree and above
were respectively 1253 (15.44%), 1142 (14.08%), 3253 (40.10%), and
2465 (30.38%). There were statistical differences in sex, age, and edu-
cation between the two populations from different test settings (Table
A.11). For head-to-head comparison, when MTx-%C was within the
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interval of 62 to 70 or 96 to 98, there was no significant difference
between provider- and self-administered MTx-RT with an identical
MTx-%C score. However, when MTx-%C was within the interval of
72 to 94, self-administered MTx-RT was significantly longer than that
of provider-administered MTx-RT. For those tests for which MTx-%C
reached the maximal level of 100, provider-administered MTx-RT was
longer (Table A.12).

4 | DISCUSSION

In recognition of an imminent greater widespread impact and
social/financial burden from AD, numerous computerized cognitive
assessment tools continue to be developed. Primarily developed to
specifically measure episodic memory, which is associated with early
AD, MemTrax has been implemented and utilized online in various
countries for the general population.”-1>2425 |n this study, MemTrax
tests were performed on a large annual exam population to generate

reference norms in China.

41 | MemTrax metrics

As an extension of the original study with the projector version
of MemTrax, where the recognition memory was found to corre-
late with education,'® our current study found that the performance
of subjects with an associate degree fell between high school- and
college-educated subjects. Further, the percentile curve of MTx-

RT against age fitted quite well for all education categories. This
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FIGURE 3 Education-specific reference percentiles of MemTrax Metrics. (A-C) MTx-RT percentile curves: (A) high education; (B) intermediate
education; (C) low education. (D-F) MTx-%C percentile curves: (D) high education; (E) intermediate education; (F) low education. (G-1) MTx-Cp
percentile curves: (G) high education; (H) intermediate education; (I) low education. Px means one’s MTx-RT, MTx-%C, or MTx-Cp is better than

that of x% users with the same age and education level.

suggests that MTx-RT is an indicator with universality and flexibility in
assessing cognition. However, the percentile curve of MTx-%C against
age did not fit well, especially for highly educated people. The ceiling
effect of MTx-%C found in studies may in part explain these results;
however, none of them was stratified by education.®1> Therefore, it
is essential to establish education-specific percentile reference curves
for generating the norms of MemTrax metrics.

Accuracy of recognition reportedly grows at a negatively acceler-
ated rate.2¢ We investigated the trade-off of accuracy and recognition
time by comparing the metrics from online self-administered tests
(Table A.12) with those in this study. Within the MTx-%C interval of
72 to 94 (moderate episodic memory, accounting for 92.51% subjects),
self-administered MTx-RT was significantly longer than that of the
provider-administered MTx-RT with identical MTx-%C scores. For the
in-person, supervised test settings, the rule of hitting the space bar
as quickly as possible was emphasized by the rater and therefore may

have pressured the trade-off effect toward speed. Interestingly, when

MTx-%C was lower than 72 or higher than 94 (poor or good episodic
memory, respectively), no significant trade-off effect was observed.

Our results further demonstrated that the models for MTx-Cp, the
composite metric, fitted much better than those for both MTx-%C and
MTx-RT. This likely was because MTx-Cp explained the variation of
both MTx-%C and MTx-RT simultaneously. A previous study showed
that MTx-Cp has higher sensitivity than MoCA, MTx-%C, and MTx-RT
in distinguishing AD from MCI-AD,® which was consistent with our
findings.

4.2 | Cognition trajectory

The more educated subjects presented with a later onset and slower
decline of either processing speed or episodic memory. This cor-
roborates the observation that education is a protective factor for

cognition.’* The results are likewise in line with the predictions of
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FIGURE 4 Detrended Q-Q plots for fitting effect evaluation. (A) MTx-RT for high education. (B) MTx-RT for intermediate education. (C)
MTx-RT for low education. (D) MTx-%C for high education. (E) MTx-%C for intermediate education. (F) MTx-%C for low education. (G) MTx-Cp for
high education. (H) MTx-Cp for intermediate education. (I) MTx-Cp for low education.

Stern’s model.2” Our findings are also supported by community stud-
ies of Schmand?® and Staff.2? In contrast, Amieva’s®® and Scarmeas’s?
studies demonstrated faster recognition decline in highly educated
versus less educated AD patients, possibly due to different clinical
settings, populations studied, or a “hardy survivor” effect.1*

Several hypotheses have been put forth to account for the dif-
ference in cognitive function decline during aging and diseases. The
prevailing hypothesis centers on cognitive reserve (CR), where it is
suggested that higher CR is related to better premorbid cognition as
well as to delayed onset of cognitive decline. But paradoxically, decline
shows a steeper slope thereafter.2’:3233 Another hypothesis is based

on the concept of massive redundancy, which explains survival.34-3¢ |n

a longitudinal biomarker-defined AD continuum study,®’ it was found
that education was associated with the rate of cognitive decline. This
effect was specific to the disease stage, such that higher education
was related to faster cognitive decline among patients with dementia,
whereas this relationship was absent (or, in the case of MMSE and
visuospatial ability, in the opposite direction) in the pre-dementia
group. Baseline age or length of follow-up may also influence the
results; that is, studies of middle-aged subjects may require longer
follow-up before changes become evident, whereas studies of older
subjects may be subject to survival effects.3* Another finding was that
cognition of subjects with a low level of education started to decline

from as early as the twenties. This finding was consistent with previous
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studies.?®3? Our results suggest that cognitive health care needs to
begin from young adulthood, especially for those with a low level
of education. Alternatively, pursuit of education may be a life-long
endeavor since education could be a modifiable factor for cognitive
health.*0

4.3 | Application of percentile curves of MemTrax

As a convenient digital biomarker, MemTrax captures intra-individual
variability in performance, indicating the earliest changes and subtle
health transitions with education- and age-specific reference per-
centiles. To identify subtle cognitive health transitions or high-risk
individuals who will be followed up in our future work, the follow-
ing considerations are recommended. First, individuals within the third
to 10th percentiles in the lower limit of the population performance
for age could be at high risk for cognitive impairment. Accordingly,
such individuals should take cognitive checkups periodically or have
ongoing follow-ups, including MemTrax tests (and of great relevance
in the United States for the Medicare Annual Wellness visit mandated
cognitive function assessment*?). Individuals who perform below 3%
of the lower limit of the population for their age may have cognitive
impairment, so the recommendation is to have a clinical evaluation
and intervention as appropriate. The foregoing recommendations are
based on the common practice that 3% and 10% are common lev-
els for developing a clinical concern on a laboratory test, though
further longitudinal study of the statistical cut-offs for this clinical
utility of MemTrax is needed. Second, if one’s percentile of cognition
drops steadily or significantly during follow-up tests, further clinical
cognition evaluation may be recommended. Third, considering the sig-
nificant speed-accuracy trade-off for those with a MTx-%C interval of
72 to 94, MTx-Cp may be more useful than either MTx-RT or MTx-
%C. Fourth, MTx-Cp and MTx-RT may be considered prior to MTx-%C
among those individuals with high education due to an unsatisfactory
fitting effect. Finally, a standard operating procedure (SOP) for the
tests needs to be developed and implemented to minimize the noise
and other artifacts of testing. A running average for an individual and a
regression model of change could be implemented to allow for a more

accurate assessment of cognitive state.

4.4 | Strengths and limitations

This study has several strengths and limitations. GAMLSS is the
only method that can model all forms of kurtosis-lepto, platy, and
mesokurtosis.*2 With the creative application of this model to cog-
nition, it is possible to model cognition’s non-linear relation with
advancing age and make precise determination of the time of near opti-
mal MCI onset in specific population groups and then plan strategies
to prevent and reverse MCI to the extent possible. In addition, con-
sidering that there were no apparent sex effects on cognition!® and
education is one of the most important factors,*> MTx-Cp, MTx-RT, and

MTx-%C against age reference percentiles were established in three

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

education categories. Furthermore, the MemTrax test in our center
was administered face to face, and we have subjects’ medical informa-
tion, so there is confidence in the accuracy of information, including
performance, sex, age, and education.

Several limitations needed to be mentioned. First, the number of
younger subjects with low education was relatively small. Although
it is a limitation, it suggests the compulsory education law in China
works well. Second, the speed-accuracy trade-off was not investigated
using an intra-individual test-retest method. Therefore, we cannot
determine whether trade-off effects are an influential factor of model
fitness, population sample bias, or device- specific aspect, although the
finding that MTx-Cp normalized the speed-accuracy trade-off between
the two cohorts at the MTx-%C range of 72 to 94, not in the lower
or higher ranges, would argue against device-specific concerns. Third,
medication histories were not collected in this study. Drugs for sleep
disorders and anxiety, for example, can interfere with visuo-manual
abilities as well as with visual attention, without any real cognitive
decline. Although extensive care was taken to assess the alertness
of the participants as described in the methods section, effects from
these types of drugs might still exist but were likely minimized. We
will try to collect this information in our follow-up study. Fourth, in
this study, age- and education-specific percentile curves of MemTrax
metrics are proposed as an initial screen of cognition; other known
risk factors beyond education were not considered. We will analyze
and try to manage these risk factors in follow-up longitudinal studies.
Lastly, the norms still need further verification by multicentric studies
to determine whether they can be applied to other populations in other
areas of China and globally. However, the large sample size and rig-
orous methods applied strengthen the potential for more widespread
applicability.

5 | CONCLUSIONS

Currently, there are no tests characterized by adequate sensitivity,
accessibility, tolerability, and affordability for assessing the transition
from cognitively stable to MCI or preclinical changes.** Recruitment
of patients at an early stage of AD is a key element for clinical tri-
als of various disease-modifying treatments. Reference percentiles of
MemTrax may serve as digital biomarkers that can identify and reliably
track subtle episodic memory changes in the early detection of AD in
a healthcare setting or at home. In addition, this platform may also be
used to assess the benefits of intervention trials,%? as well as following

the course of clinical interventions.
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