
Journal of Alzheimer’s Disease 88 (2022) 609–618
DOI 10.3233/JAD-215551
IOS Press

609

Shortening of Saccades as a Possible
Easy-to-Use Biomarker to Detect Risk of
Alzheimer’s Disease

Sanna Hannonena,1, Sami Andbergb,1, Virve Kärkkäinenc,1, Minna Rusanena,d,e,
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Abstract.
Background: Wide-ranging functional defects in eye movements have been reported in Alzheimer’s disease (AD) dementia.
The detection of abnormal eye movements and reading problems may identify persons at risk of AD when clear clinical
symptoms are lacking.
Objective: To examine whether computer-based eye-tracking (ET) analysis of King-Devick (KD) test results differentiates
cognitively healthy persons from persons with minor problems in cognitive testing or diagnosed mild AD.
Methods: We recruited 78 participants (57 non-demented, 21 with mild AD) who underwent neurological examination, the
Consortium to Establish a Registry for Alzheimer’s Disease neuropsychological test battery (CERAD-NB), and a Clinical
Dementia Rating (CDR) interview. The non-demented participants were further divided into control (normal CERAD subtests,
mean MMSE = 28) and objective mild cognitive impairment (MCI; decline in at least one CERAD memory score, mean
MMSE = 27) groups. The KD reading test was performed using computer-based ET. The total time used for the reading test,
errors made, fixation and saccade durations, and saccade amplitudes were analyzed.
Results: We found significant differences between the control, objective MCI, and AD groups in regard to the mean saccade
amplitude (3.58, 3.33, and 3.21 ms, respectively, p < 0.03) and duration (27.1, 25.3, and 24.8 ms, respectively, p < 0.05). The
KD error scores in the AD group differed significantly (p < 0.01) from the other groups.
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Conclusion: Computed ET analysis of the KD test may help detect persons with objective MCI early when clear clinical
symptoms are lacking. The portable device for ET is easy to use in primary health care memory clinics.

Keywords: Alzheimer’s disease, biomarker, CERAD, eye tracking, King-Devick, mild cognitive impairment, saccadic eye
movements

INTRODUCTION

Alzheimer’s disease (AD) pathology begins to
develop in the brain up to 20 years before clini-
cal symptoms [1]. AD has been shown to have a
broad range of effects on eye functions and the oculo-
motor system. Visual field deficits, prolonged visual
evoked potentials, abnormal eye movement record-
ings, and abnormal eye movements during reading
have been reported to occur in AD dementia [2–4].
The severity of reading problems increases as AD
progresses [5]. Recent studies have demonstrated
disturbed eye movements (saccades and fixations)
and reading problems in persons with mild cognitive
impairment (MCI) [5–10].

If AD can be diagnosed in the prodromal stage,
or a person at risk can be reliably detected by minor
cognitive changes, available treatment can be initi-
ated early to maintain cognition and daily functions
longer [11]. Few biological biomarkers are currently
available to help diagnose prodromal AD [12]. The
main problems with these biomarkers are that none of
them are sensitive enough or always available [13].

The detection of abnormal eye movements during
a reading test may offer a new easy-to-use indica-
tion, or at least be a supportive biomarker candidate,
for diagnosing persons with MCI who are at risk of
AD. King-Devick (KD) is a short reading test orig-
inally developed to detect children with oculomotor
and reading problems and, more recently, in contact
sports to detect possible concussion, but it is a poten-
tial test for detecting cognitive impairments in other
neurological conditions, such as Parkinson’s disease
(PD) and AD. The KD test has also been piloted for
distinguishing healthy controls from persons with AD
even in the early stages of the disease [14].

Eye-tracking (ET) is a useful tool for detecting
saccadic eye movements during the reading task.
The control of saccades decreases with age, even in
healthy persons [15]. ET recordings have also been
used in research to find differences in oculomotor
activity between healthy controls and persons with
AD dementia [5, 7]. In addition to AD, ET technology
has been used to screen cognitive dysfunction in other

neurological disorders, such as PD, amyotrophic lat-
eral sclerosis, multiple sclerosis, and epilepsy [16].

The Consortium to Establish a Registry for
Alzheimer’s Disease neuropsychological test battery
(CERAD-NB) is a valid and widely used measure
originally developed for screening cognitive impair-
ment in the early stages of AD [17]. The CERAD-NB
total score has been shown to be a more sensitive
method of discriminating controls from MCI than the
Mini-Mental State Examination (MMSE) [18].

Our aim in the present study was to examine
whether computer-based ET analysis of the KD test
differentiates cognitively healthy persons from per-
sons with minor changes on cognitive tests, reflecting
objective MCI and the risk of AD when clear clinical
symptoms are still lacking.

METHODS

Ethics statement

The study adhered to the principles of the Declara-
tion of Helsinki and has been evaluated and accepted
by The Research Ethics Committee of the Northern
Savo Hospital District (Dnro: 482/2017). All study
participants were verbally informed, read the infor-
mation letter, and signed the informed consent prior
to participation. The proxy consent was signed for
individuals diagnosed with dementia stage AD.

Study design, participants, and study protocol

A total of 78 volunteers > 60 years old were
recruited at the Brain Research Unit of the Univer-
sity of Eastern Finland for this cross-sectional study.
Among the participants, 57 were non-demented and
21 had mild AD dementia. The persons with AD were
used as positive controls. The persons with AD had
been examined by a neurologist with special com-
petence in memory disorders prior to this study. The
AD dementia diagnoses were made on the basis of the
revised National Institute on Aging and Alzheimer’s
Association (NIA/AA) criteria [19].
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Fig. 1. Division of participants into analysis groups. A) Non-demented participants underwent testing and were divided into control and mild
cognitive impairment (MCI) groups. The Alzheimer’s disease (AD) group was confirmed similarly. B) Quality control of analysis groups.
All eye-tracking (ET) data went through quality control and recordings with < 60% success rate were disqualified. All audio recordings
went through quality control, with garbled or silent recordings being disqualified before the automated King-Devick (KD) results analysis.
CERAD-NB, Consortium to Establish a Registry for Alzheimer’s Disease – neuropsychological test battery; CDR, clinical dementia rating;
QC, quality control. ∗One participant from the KD MCI group was removed from the KD analysis due to an excessive number of errors
(> 30) made in the last KD card, as they read the test in vertical columns instead of horizontal rows.

Brain MRI or CT had been performed for all par-
ticipants with mild AD dementia, and they had all
initiated suitable AD medication. All of the par-
ticipants underwent cognitive evaluation with the
CERAD-NB [17] and neurological examination.
The interviews relating to Clinical Dementia Rating
(CDR) were carried out with both the participants
and family members [19] to obtain a broad spec-
trum of demographic information on medical history,
medication, education level and length, daily func-
tion, and family risk for AD. The study participants
were classified into three groups: cognitively healthy
controls, objective MCI, and mild AD dementia
(Fig. 1A). Based on CERAD test results, there were
12 amnestic MCI and 8 non-amnestic MCI partic-
ipants. A non-demented person was considered to
have normal cognition if they performed all of the
CERAD subtests within normal variation and had
no reported decline in daily function in the inter-
views (CDR 0). A participant was classified into the
MCI group (CDR 0.5) if she or he failed at least
one CERAD- memory subtest and were indepen-
dent in daily activities. Final groups were confirmed
by clinicians specialized in memory disorders
(AK, MH, MR).

The exclusion criteria were diabetes, any signs of
parkinsonism, upper motoneuron deficits, cerebellum
disorders, dementia due to an etiology other than AD,
moderate or severe AD (CDR 2 or 3). The exclusion
criteria were also severe eye diseases affecting vision
(e.g., macular disease, age-related macular degener-
ation, glaucoma, field of vision deficiency). To verify
possible eye diseases, participants’ eyes were clini-
cally examined by an ophthalmologist.

APOE genotyping

Genomic DNA was extracted from venous blood
samples using the QIAamp DNA blood mini
extraction kit (QIAGEN). APOE gene alleles were
determined using TaqMan genotyping assays (App-
lied Biosystems (ABI), Foster City, CA, USA) for
two single nucleotide polymorphisms (rs429358 and
rs7412) and an allelic discrimination method on the
ABI 7000 platform [20].

Cognitive tests

The CERAD-NB [17] and MMSE were used
to evaluate cognition. The Finnish version of the
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CERAD-NB includes all subtests from the origi-
nal English test battery: The Boston Naming Test
(15-item version; range 0–15), category fluency (ani-
mals; range from 0 to no limit), word list learning
(range 0–30), word list recall (range 0–10), word list
recognition (range 0–20), and constructional praxis
(range 0–11). In addition, the clock drawing test
(range 0–6) and constructional praxis delayed recall
test (range 0–11) were added to the Finnish ver-
sion [21]. The MMSE, wordlist learning, wordlist
delayed recall %, wordlist recognition %, visuo-
constructing copy, visuo-constructing recall %, and
CERAD global memory score were used to distin-
guish study groups from each other based on their
cognitive performance in verbal fluency and naming.

King-Devick test

The KD test is a standardized, commercial reading
test that has been used to evaluate concussions [14].
The test includes three, short, 1 to 2-minute number
reading tasks, with a demonstration card preceding
them. The participants read the numbers aloud from
the cue cards as fast as possible. The lines of numbers
on the cards become gradually more difficult to follow
correctly. The scoring includes the total time used
for the three cards combined and the total number of
errors made.

Eye-tracking recordings and apparatus

ET recordings were carried out using a Windows
PC with an USB web camera, microphone, and Tobii
TX300 display with an integrated ET unit from Tobii
Technology AB, Sweden [22]. The ET data were
recorded in authentic hospital settings with fluores-
cent lighting and, often, some daylight in the room.
All participants were 60 cm from the screen. The
internal movement compensation by the Tobii TX300
unit was used to ensure data accuracy in the case
of small head movements. The unit was calibrated
for each participant using regular 9-point calibration
with medium speed preset. In addition to ET data,
audio and video of the participants were recorded
using Tobii Studio 3.2.1 [23].

Data processing

Figure 1B visualizes the selection of participants
for statistical analysis based on quality control of the
ET and audio data. ET recordings for nine partici-
pants (4 control, 1 MCI, 4 AD), who did not have a

sample success rate > 60% were disqualified from the
ET data analysis. Most of the disqualified participants
either wore strong multifocal glasses or had visibly
drooping eyelids, which heavily degraded the quality
of the ET data. Quality control and data export were
conducted on the Tobii Studio 3.4.8 using the built-
in I-VT filter with the recommended default values:
75 ms max gap length interpolation, 20 ms window
length, 30 deg/s velocity threshold, merging adjacent
fixations between 75 ms and 0.5 deg, and discarding
fixations shorter than 60 ms [24].

Participants’ audio and video were recorded simul-
taneously during the ET tests. In case of reliability
issues with the setup, garbled or muted audio record-
ings were removed (4 control, 2 MCI, 1 AD).
The successful audio recordings were normalized
in Audacity 2.3.3 and all discussion or utterances
that were not part of the test task output were
cut out. The processed audio files were then timed
towards a prepared text file, which contained the cor-
rect answers the participants were expected to say,
using AaltoASR-align from the AaltoASR 1.1 mod-
ule on CSC’s Taito supercluster [25]. The resulting
TextGrid files with word timings were manually eval-
uated in ELAN 5.2 against the uncut audio files,
required timing adjustments made, and the erroneous
words tagged. At this stage, one MCI participant was
removed from the analysis due to reading the last KD
test card vertically in columns instead of horizontal
rows, resulting in an excessive number of errors. The
resulting final TextGrid audio transcription data were
then joined with the ET metadata for more detailed
analysis, including automated scoring of the KD test
by counting the errors made.

Statistical analyses

Demographic data and CERAD test results are
shown as mean ± standard deviation (SD) or as num-
ber of cases and proportions (%). For the comparison
of means between groups, we used one-way analysis
of variance (ANOVA) followed by the LSD post-hoc
test. The group comparisons were made using Pear-
son’s chi-square. Statistical analyses were performed
in SPSS 22 software (SPSS Inc, Chicago, IL, USA).
p < 0.05 indicated a significant difference.

Data points for both the ET and audio-based anal-
yses were collated and processed using custom-made
Python 3.6.9 scripts. For each study participant,
individual KD task-specific medians for fixation
duration, saccade duration, and saccade amplitudes
were calculated from the Tobii exported data, and the
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Table 1
Demographic characteristics of the study participants

Number of participants (N) CO MCI AD p
37 20 21

Gender, female (N) 54.1% (20) 45% (9) 61.9% (13) 0.555
Age, y 71 (5.1) 72 (6.4) 71 (6.8) 0.961
Education, y 13 (4.3) 11 (3.7) 13 (4.3) 0.278
Family history 51% 45% 57% 0.739
APOE4 carrier (N) 37.8% (14) 35% (7) 78.9% (15)∗ 0.006
APOE4 two alleles (N) 0% (0) 10% (2) 32% (6)∗ 0.001

Values are presented as means (±SD) or percentages (N). CO, control; MCI, persons with mild cognitive impairment; AD, Alzheimer’s
disease; APOE4, apolipoprotein E4; SD, standard deviation. ∗Total N = 19. Bolded p-values indicate significant differences between groups.

Table 2
Mean results for nine tests from the CERAD-NB test battery

CERAD test battery Max value CO MCI AD CO-MCI MCI-AD CO-AD
N = 37 N = 20 N = 21 p p p

Verbal fluency > 16 25.0 (7.3) 19.5 (4.6) 15.7 (6.4) 0.003 0.08 0.000
Naming 15 13.4 (1.7) 12.0 (3.2) 11.2 (3.4) 0.07 0.275 0.002
MMSE score test 30 28.4 (1.5) 27.0 (2.0) 23.9 (3.0) 0.018 0.000 0.000
Wordlist learning 30 23.1 (30.7) 17.8 (4.0) 13.1 (2.1) 0.000 0.000 0.000
Wordlist delayed recall % 100 95.1 (10.6) 75.5 (48.3) 38.0 (30.6) 0.021 0.000 0.000
Wordlist recognition % 100 98.2 (3.6) 85.3 (24.0) 75.3 (11.6) 0.001 0.017 0.000
Visuo-construction 11 10.5 (1.0) 9.8 (1.6) 9.4 (2.7) 0.149 0.538 0.027
Visuo-construction recall % 100 95.1 (10.1) 85.1 (19.8) 58.9 (39.2) 0.141 0.002 0.000
CERAD global memory score 30 27.8 (1.8) 23.1 (2.9) 17.0 (3.4) 0.000 0.000 0.000

Values are presented as means (±SD). CO, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; CERAD, The Consortium
to Establish a Registry for Alzheimer’s disease; MMSE, Mini-Mental State Examination; SD, standard deviation. Bolded p-values indicate
significant differences between groups.

annotated audio transcripts were utilized for auto-
mated scoring of the KD test. Individual medians
were preferred to raw data to compensate for the vari-
ability in ET data quality (i.e., sample success rate),
as medians would not be affected by abnormal artifi-
cial outliers. The data were then imported into IBM
SPSS Statistics 25 for statistical analysis. Data were
evaluated by one-way ANOVA followed by a Bonfer-
roni post-hoc test. ET recording and KD results are
presented as means ± standard deviation (SD).

RESULTS

The demographics of the study groups are pre-
sented in Table 1. Two copies of APOE ε4 alleles
were not found in the control group, but 10% of the
MCI group and 32% of the AD group had two copies
of APOE ε4 alleles (p ≤ 0.001; Table 1). Table 2
summarizes the results and significance of the group
differences in the nine CERAD subtests. Six of the
nine CERAD subtests showed significant differences
between the control and MCI groups and between
the MCI and AD groups in cognitive performance.
Fifty-four (95%) of the non-demented participants
(37 control, 17 MCI) achieved MMSE scores ≥25,

indicating normal performance. In the demographic
interview, 40% of participants in the MCI group
reported some subjective cognitive problems, but
only 2.7% of control participants reported the same.

All nine CERAD subtests distinguished between
the control and AD groups (p ≤ 0.000 in seven tests,
Table 2).

ET recordings

Median performance values of ET recordings
were calculated for individual participants on the
basis of their performances for each card. Then,
those individual card-specific medians were used in
the statistical analyses. The saccades were longer
in controls (mean 27.1 ± 4.3 ms) than in the MCI
group (mean 25.3 ± 4.6 ms) or AD group (mean
24.8 ± 4.4 ms). The differences were significant
between both the control and MCI groups and
between the control and AD groups (Fig. 2A). Com-
parable differences between the study groups were
also detected in saccadic amplitudes. Saccadic ampli-
tudes were decreased in the MCI group (mean
3.33 ± 0.51 deg) and further decreased in the AD
group (mean 3.21 ± 0.57 deg) compared to healthy
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Fig. 2. The total time, saccade duration and amplitude during the King-Devick (KD) test were calculated from eye-tracker recordings.
Number of errors were calculated from the audio recordings. Saccade data are shown as means with 95% confidence intervals. A) The mean
duration and B) the mean amplitude of saccades were both significantly decreased in the mild cognitive impairment (MCI) and Alzheimer’s
disease (AD) groups compared to the control group. C) Scatter plot of the King-Devick (KD) test time (as total time used in seconds). On
average, the MCI group was slower than control group, and the AD group was the slowest. D) Stacking scatter plot of the number of errors
made during the KD test. In the AD group, more than half of the participants made errors, whereas other groups were mostly error-free.
Outliers in the control group read some part of the test out of order. One MCI participant read the last slide of the KD test out of order,
making more than 30 errors, and was removed from analysis. ∗ p ≤ 0.05, ∗∗p ≤ 0.01, ∗∗∗p ≤ 0.001.

Table 3
King-Devick (KD) reading test scores and related eye-tracking (ET) recordings

King-Devick analysis CO MCI AD CO-MCI MCI-AD CO-AD
N = 34 N = 17 N = 19 p p p

Total time, s 69.3 (14.2) 76.6 (14.2) 82.7 (16.5) 0.319 0.665 0.008
Total number of errors 0.62 (1.81) 0.18 (0.53) 2.74 (3.62) 1.000 0.004 0.005

Eye-tracking analysis N = 34 N = 19 N = 16

Fixation duration, ms 249 (47) 247 (42) 241 (45) 0.965 1.000 1.000
Saccade duration, ms 27.1 (4.3) 25.3 (4.6) 24.8 (4.4) 0.040 1.000 0.010
Saccade amplitude, deg 3.58 (0.60) 3.33 (0.51) 3.21 (0.57) 0.024 0.849 < 0.001

Values are presented as means (±SD). CO, control; MCI, mild cognitive impairment; AD, Alzheimer’s disease. Bolded p-values indicate
significant differences between groups.

controls (3.58 ± 0.60 deg). Differences were signifi-
cant between the control and MCI groups (p = 0.024)
and between the control and AD groups (p < 0.001;
Fig. 2B). The AUC values of ROC analysis for clas-
sifying controls from MCI and AD groups were
0.636 for saccade amplitude and 0.641 for saccade
duration.

The duration of fixation was only slightly
decreased in the MCI group, and more so in the AD
group than in the control group (Table 3).

King-Devick test

Table 3 summarizes the results of the KD test and
ET recordings. As expected, the control group was the
fastest and AD group the slowest. The reading speed
was slower in the MCI group (mean 76.6 ± 14.2 ms)
than in the control group (mean 69.3 ± 14.2 ms) but
faster than in the AD group (mean 82.7 ± 16.5 ms).
The difference in reading speed between the control
and AD groups was significant (p = 0.008; Fig. 2C).
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In the AD group, most participants made at least
one error, and the AD group differed significantly
from both the control (p = 0.005) and MCI (p = 0.004)
groups, in which most participants did not make any
errors during the KD test (Fig. 2D). The AUC values
for classifying controls from MCI and AD groups
were 0.727 for KD total time and 0.745 for errors
made in the KD test.

DISCUSSION

In the present study, computer-based ET analy-
sis of the KD test was able to detect changes in
eye movements in persons with cognitive problems
earlier than comparable previous studies. The dura-
tions and amplitudes of eye saccades in persons with
minor cognitive problems (i.e., objective MCI group)
changed towards the values detected in study partic-
ipants with mild AD dementia. We found out that
both the duration and amplitude of saccades were
significantly decreased in the MCI and AD groups
compared to the control group. As expected, the con-
trols were significantly faster on the KD test than the
AD patients. The AD group had the highest number
of reading errors, and less than half (38.9%) of the
AD group managed to complete the KD test without
making errors. In contrast, most participants in the
control and MCI groups (79% and 88.2%, respec-
tively) completed the KD test error-free. The higher
number of errors in the control group compared to
the objective MCI group was due to two persons in
the control group who made multiple errors during
the test (Fig. 2B).

Visual field deficits, prolonged visual evoked
potentials, and abnormal eye movements have been
reported in AD dementia [2, 26]. There have also been
reports of disturbed saccades and fixations and read-
ing problems in persons with MCI [5, 7–10]. Thus,
our study results are in line with those of previous
studies. Our participants with MCI had higher MMSE
scores, for a normal performance on average, than
persons with MCI in previous studies, indicating that
the described eye problems occur very early in the
course of the disease [32, 33].

The KD test is a standardized, commercially avail-
able reading test [14]. We consider it to be a potential
method of detecting cognitive impairment in neu-
rodegenerative disorders, such as AD. The KD test
has also been piloted to distinguish healthy con-
trols from persons with MCI with higher sensitivity
than behavioral reading test results alone [14, 27].
ET recordings have previously been reported in

research to detect differences in oculomotor activ-
ity between healthy controls and persons with AD
dementia [5, 7]. Our findings support ET recording
being useful for adding value to the KD test, as we
were able to show significant group-wise differences
between the cognitively healthy control group and
persons with minor cognitive problems and mild AD
dementia in regard to saccadic eye movements. Con-
sidering the AUC results and large in-group variance,
neither saccadic duration nor saccadic amplitude
alone are reliable classification tools on an individ-
ual level; they need to be utilized in conjunction with
other results.

We used CERAD-NB as a tool to divide non-
demented participants into two study groups: cog-
nitively healthy controls and persons with minor
cognitive problems. Furthermore, we tested that the
AD group differed from the two other groups on the
basis of the CERAD tests. Verbal fluency [28–30],
praxis [28, 30], recognition memory [30], and the
Boston Naming Test [29] have been reported to be
the best individual subtests of the CERAD-NB for
distinguishing AD stages. Notably, 60% of the MCI
participants had not noticed any cognitive problems
themselves, even if the CERAD-NB test indicated
minor cognitive difficulties. Based on the MMSE
alone, almost all of the non-demented participants
would have been considered to be “cognitively nor-
mal”. Our findings support previous reports of the
usability and sensitivity of the CERAD-NB com-
pared to the MMSE [18] in detecting persons with
MCI-AD (prodromal AD) [31]. In our experiment,
the MCI group represents persons with even milder
cognitive problems (mean MMSE 27) than in pre-
vious similar studies with MCI and a mean MMSE
score of 25.7 [32] or 25.62 [33].

As expected, an APOE ε4 allele (at least one copy)
was 2-fold more common in the AD group than in
the other study groups. None of the participants in
the control group had two copies of the APOE ε4
alleles. APOE ε4 is a well-known genetic risk factor
for late-onset familiar and sporadic AD [34, 35], and
the risk of AD increases if a person has two APOE ε4
alleles [36]. These findings support the hypothesis of
successful grouping using the above-mentioned clin-
ical methods and the differences between the study
groups.

Strengths and limitations

The number of participants in each group was lim-
ited, but this study was designed to be a pilot study
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to determine whether the KD test complemented by
ET can detect differences between control, MCI, and
AD groups. Due to the limited number of cases in
this study, the early diagnostic value will be con-
firmed in larger study cohorts. However, significant
group differences were noted even though the num-
ber of participants was limited. The number of errors
in the reading test varied between individuals within
the study groups, but was highest in the AD group,
in which most participants had at least one error,
whereas the majority in other groups were error-free.
We speculate that the high variability inside the mild
AD group may be due to the progressive nature of
AD and large range in the CDR global 1 score (per-
sons with CDR-SOB scores 4.5–9 indicate mild AD);
therefore, test results may vary greatly.

The analysis of ET recordings requires technol-
ogy and expertise, but the recordings can be made in
the primary health care setting. The recording device
is portable, and a trained nurse could carry out the
tests and ET. The health care professional who car-
ries out the CERAD-NB test battery must be trained
and obtain the expertise to analyze the results. How-
ever, primary health care nurses can also be trained
to carry out the test battery and physicians to analyze
the results, as has been done in Finland. By using the
CERAD-NB test battery instead of the MMSE alone,
we were able to detect very early cognitive deficits,
and the results of ET analyses supported clinical find-
ings. Thus, our findings support both the usage of
CERAD-NB as a screening tool in both research and
the clinic to detect persons with MCI and the KD test
with ET analysis to support early diagnosis of AD.

Significant differences between the study groups
show that the selected tests and methods are valid
and encourage us to continue to develop screening
for early detection of detection of neurocognitive dis-
orders.

Implications

Theoretically, it is possible to find new early signs
of AD and develop preclinical biomarkers due to the
pathology of the disease beginning years before the
onset of cognitive symptoms [37]. New, objective
methods that are easy to carry out to detect early signs
of AD are important to identify because only early
AD diagnosis and treatment initiation may delay pro-
gression of the disease and postpone the dementia
stage and need for institutional care [38].

We already have some biological biomarkers in
research and clinical use to support early diagnosis

of AD in the prodromal stage. To diagnose preclini-
cal AD, biomarkers indicating the underlying disease
pathology are also warranted and being intensively
researched (e.g., plasma tests) [39]. Cerebrospinal
fluid (CSF) contains typical AD proteins (A� pep-
tides, tau peptides) that can be isolated by lumbar
puncture [40]. However, lumbar puncture is invasive
and needs to be carried out at a specialized medical
unit. Other currently used biomarkers of AD, such
as FDG or amyloid PET, are expensive [37, 39, 40]
and cannot be used in primary health care. Use of the
CERAD-NB test battery requires training but is sensi-
tive in detecting early AD-related cognitive changes
[31]. We report that saccadic eye movement alter-
ations occur very early in the disease course, even
earlier than the other reports have indicated [5, 7,
9]. These findings support the idea that eyes and eye
functions are interesting research targets for new AD
biomarkers.

Conclusion

We found significant group differences between
controls and persons with MCI or AD dementia in
regard to saccadic duration and amplitude using ET
analysis of the KD test. Cognitive disturbances were
milder in the MCI group than in previous comparable
studies. These findings suggest that ET analysis of the
KD test may help detect AD very early. Thus, this
method is a promising supportive, or even indicative,
biomarker candidate for further studies when the goal
is to find easy-to-use tools for distinguishing persons
with AD risk. The ET analysis of the KD test could be
used to screen participants for clinical trials aiming to
develop care for persons at risk or in the early stages of
AD. Furthermore, the portable device used to detect
eye movements can be used in primary health care
units.
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