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Abstract Saccadic impairment in Alzheimer’s disease
(AD) was found in horizontal saccades. The present
study extends investigation to vertical saccades in a
large number of subjects, including AD and amnestic
mild cognitive impairment (aMCI). We examined both
horizontal and vertical saccades in 30 healthy elderly, 18
aMCI, and 25 AD. Two tasks were used: gap (fixation
target extinguishes prior to target onset) and overlap
(fixation stays on after target onset). Eye movements
were recorded with the Eyeseecam system. (1) Robust
gap effect (shorter latencies in gap than in overlap)
exists for AD and aMCI patients as for healthy elderly;
(2) abnormal long latency of saccades in gap and

overlap tasks for AD relative to healthy elderly and
aMCI patients; (3) longer latency for aMCI patients than
for healthy elderly for the overlap task; (4) significant
correlation between scores of Mini-Mental State
Examination (MMSE) and latencies of saccades consid-
ering the AD group only; (5) higher coefficient of var-
iation in latency for AD patients than for healthy elderly
and for aMCI patients; (6) variability of accuracy and
speed is abnormally higher in AD patients than in aMCI
and healthy elderly. Abnormalities of latency and laten-
cy–accuracy–speed variability reflect deficits of cerebral
areas involved in the triggering and execution of sac-
cades; latency of saccades can be used as follow-up test
for aMCI andAD patients with its significant correlation
with the changes of MMSE scores.

Keywords Alzheimer’s disease . aMCI . Saccades .

Gap . Overlap . Variability

Introduction

Study of saccades is an excellent tool in investigating
cognitive function during normal aging and neurode-
generative diseases. Particularly, a variety of existing
ocular motor tests (e.g., gap versus overlap) allows
testing automatic versus controlled initiated saccades
hypothetically involving different cortical–subcortical
ocular motor networks. Next, we will review brief
studies of saccades in aged individuals, healthy or
patients.
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In the gap paradigm, the fixation point disappears
some time prior to target onset while, in the overlap
paradigm, the fixation point remains illuminated dur-
ing the target presentation. In addition, latencies of
saccades in the gap paradigm are generally reduced
as compared with the overlap paradigm. This is called
the gap effect (Saslow 1967) and could be due to atten-
tional disengagement (Fischer and Breitmeyer 1987;
Fischer and Weber 1993; Hoffman and Subramaniam
1995; Shepherd et al. 1986), to advance motor prepara-
tion (Dorris et al. 1997; Rolfs and Vitu 2007) or to
disinhibition in the superior colliculus because of the
offset of the fixation point (Reuter-Lorenz et al. 1991;
Findlay and Walker 1999). Different cortical–subcorti-
cal areas, such as, superior colliculus (Isa and Kobayashi
2004), posterior parietal cortex (Kapoula et al. 2004;
Kapoula et al. 2001), or frontal eye field (Kurkin et al.
2003) could be involved in the generation saccades.
However, Abel et al. (2002) demonstrated that AD
patients had a gap effect of similar magnitude to normal
subjects.

As mentioned above, study of saccades can give
information about brain function. Thus, seeking the
correlation between saccade properties namely latency
and measures of cognitive function (e.g., Mini-Mental
State Examination (MMSE)) is an excellent tool. The
MMSE test (Folstein et al. 1975) assesses five cogni-
tive abilities: orientation to time and space; registra-
tion and ability to repeat words; attention span and
arithmetic; memory and recall named objects; lan-
guage. A saccade task (gap or overlap) as rudimentary
as it can appear, still can share, many of the complex
cognitive operations that are required by MMSE,
namely orientation to time and location of the saccade
target, attention, and ability to register ongoing and
past target locations over repetitive trials. Thus, one
could expect a correlation between saccade latency
and MMSE scores. However, some studies (Abel et
al. 2002; Hershey et al. 1983) did not find significant
correlation between severity of dementia in AD and
the latency of prosaccades while other studies reported
a significant correlation between the measures of cog-
nitive impairment and reaction time of prosaccades
(Bylsma et al. 1995; Pirozzolo and Hansch 1981).
Besides prosaccades, there are some studies examin-
ing correlation between MMSE scores and properties
of other types of eye movements. For instance, a
significant correlation between the MMSE scores and
error rates of antisaccades (subjects have to suppress

saccade to target and saccade voluntarily opposite) was
found in some studies (Boxer et al. 2006a; Crawford et
al. 2005), while Kaufman et al.(2012) did not find such
correlation. Finally, performance on visual tracking
tasks was measured in groups of Alzheimer-type de-
mentia, pseudodementia of depression, and elderly nor-
mal controls. Smooth pursuit tracking errors were
identified by counting the number of catch-up saccades
required to compensate for failure of the smooth pursuit
system. The group with Alzheimer-type dementia had
significantly worse (p<0.0001) smooth pursuit tracking
than either pseudodementia patients or elderly normal
controls (Hutton et al. 1984).

Another important issue is the existence of eye move-
ment abnormalities in patients with amnestic mild cog-
nitive impairment (aMCI). A preliminary study from
our group (Yang et al. 2011) of horizontal saccades only
revealed significantly longer latency and higher vari-
ability of accuracy–speed in patients with AD than in
healthy elderly or patients with aMCI; no abnormality
was found for aMCI. There was no significant differ-
ence of the coefficient of variation in latency among
these groups of subjects, but the number of subjects was
small. In addition, because of small number of group
subjects, we did not report either the express type of
latency of saccades or the correlation between MMSE
scores and latencies of saccades.

The present study aims to compare healthy aged
subjects, AD at mild to moderate stage and aMCI
patients in terms of their performance in two tasks, gap
and overlap, including all four directions (left, right, up,
and down). The study focus on gap overlap tasks as such
tasks are simple and can be readily done even when the
disease is advanced. Moreover, the study aims to exam-
ine if and how performances on such simple saccade
tasks correlate with MMSE and other clinical measures.
Another novelty is the analysis of all parameters of
saccades (accuracy, speed, latency) both in terms of
means and of the coefficient of variation. Such compre-
hensive saccade examination allows revealing important
specific results for the different groups studied.

Methods

Participants

We studied normal aged control subjects, patients with
aMCI, and patients with AD of mild to moderate
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severity, without ophthalmological or other neuropsychi-
atric disorders. All subjects had normal, or corrected to
normal, visual acuity without group difference by age or
gender. Most of the patients were not on anti-dementia
medications. A few cases were on clinical trial of blind,
placebo-controlled AD symptomatic medications.

All patients underwent a screening process that
included a review of their medical history, physical
and neurological examinations, laboratory tests, and
magnetic resonance imaging (MRI) analysis. The clin-
ical assessment of mild cognitive impairment or de-
mentia included neuropsychological tests, as well as
behavioral and psychiatric interviews conducted by
the attending psychiatrist.

Amnestic MCI were diagnosed based on the fol-
lowing criteria (Petersen et al. 2001): (1) memory
complaint, preferably corroborated by a spouse or
relative, (2) objective memory impairment, (3) normal
general cognitive function, (4) intact activities of daily
living, and (5) absence of dementia. We have amended
the amnestic MCI diagnostic criteria of the Petersen
MMSE cut-off score in order to be consistent with the
low level of education in elderly Chinese people. The
original MMSE was developed by Folstein et al.
(1975). The culturally adapted Chinese version of the
Mini-Mental State Examination was established in
1988 by R. Katzman et al. (1988). These authors found
that, with the Chinese version of MMSE, AD patients
who had not been educated (NO ED) exhibited MMSE
scores of <18; those with elementary school education
exhibited MMSE scores of <21; and those with higher
than middle school education exhibited MMSE
scores of <25. In the present study, the aMCI analysis
was carried out on NO ED patients with MMSE cut-off
scores of ≥18, elementary school educated patients with
MMSE cut-off scores of ≥21, and higher than middle
school educated patients with MMSE cut-off scores
of ≥25.

The neuropsychological battery which was used
only to determine MCI subtype in the present study
included: Wechsler Memory Scale (WMS) Verbal
Associates immediate and 30-min delayed test, Rey
Auditory Verbal Learning and 30-min Delayed Test,
WMS-Digit Span, Category Naming Test-Animals,
Clock Drawing Test. We rated the MCI patients’ cog-
nitive impairment in seven domains: memory, atten-
tion, language, visual–spatial, orientation, calculation,
and executive function according to the neuropsycholog-
ical battery and MMSE. Based on the assessment, we

retained aMCI patients and excluded impairment in a
single non-memory domain (single, non-memory do-
main MCI subtype) and impairment in two or more
domains (multiple domains, slightly impaired MCI sub-
type). AD patients recorded scores of <4 on the
Hachinski Ischemia Scale and showed no history of
significant systemic or psychiatric conditions, or traumat-
ic brain injuries that could compromise brain function.
All AD patients were required to have fewer than two
lacouna ischemia (of diameter <1 cm), as revealed by
MRI fluid-attenuated inversion recovery sequence
scanning.

The cognitively normal elderly formed the normal
control (NC) group was of independently functioning
community dwellers. They had no history of cognitive
decline, neurological or psychiatric disorders, or un-
controlled systemic medical disorders.

Following such procedures, the recruited partici-
pants consisted of 25 individuals (seven men) with
AD (ranging from 60 to 83 years; mean, 73.5±
8.2 years), MMSE ranging from 8 to 26 (mean, 15.7±
4.4); 18 patients (seven men) with MCI, age ranging
from 59 to 91 years (mean, 77.6±10.7 years), MMSE
from 20 to 28 (mean, 25.2±2.4). Thirty healthy subjects
(15 men, age- and education-matched to aMCI or AD
patients), age ranging from 60 to 82 years (mean, 73.8±
9.4 years), MMSE from 28 to 30 (mean, 29.3±0.8). All
clinical characteristics of subjects are summarized in
Table 1. Estimated duration of disease and the degree
of autonomy measured by the activity of daily living
scale are also shown in Table 1. Informed consent was
obtained from all participants, and the study was ap-
proved by the institutional review board of Shanghai
Mental Health Center.

Table 1 Subject demographics

Control MCI AD

n 30 18 25

Age (years) 73.8±9.4 77.6±10.7 73.5±8.2

Gender (m/f) 15/15 7/11 7/18

Education (years) 11.4 ±3.4 12.0±3.7 9.4±4.1

MMSE 29.4±0.8 25.2±2.4 15.7±4.4

ADL (max. 56) 14.6±3.2 18.3±5.4 30.7±10.5

Estimated duration
of disease (years)

NA 4.2±2.6 4.1±2.4

MMSE Mini Mental State Examination, ADL activities of daily
living
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Visual display

The visual display, shown in Fig. 1a, white luminous
signal ‘+’ was used on a black computer screen. The
signal ‘+’ was presented at the center of the screen for
fixation, and when presented at an eccentricity of ±10°
horizontally and vertically, it was as for the stimulation
target. The subject was comfortably seated in an adapted
chair, his head resting on a chin and frontal support. The
subject viewed binocularly; all targets were highly vis-
ible. The test was conducted in one dim room.

Fixation and oculomotor tasks: gap and overlap tasks

Each trial started by lighting a fixation signal ‘+’ at the
center that stayed on for a random period between 1.5

and 2 s. In the gap task, there was a time interval of
200 ms between the offset of the fixation signals and
the onset of the saccade target. The target signal was
kept on for 1.5 s (Fig. 1b). In the overlap task, the
fixation signal remained illuminated for 200 ms after
the target signal appeared. The target stayed on also
for another 1.5 s (Fig. 1c). Subjects were required to
make a saccade to the target point as rapidly and
accurately as possible. A period of complete darkness
of 500 ms was for break. Subjects were instructed to
use this period for blinks. The total mean length of
each trial was about 4 s. In each block, only gap or
overlap task was used randomly for two horizontal
directions, targets at 10o, left or right (12 trials for
each direction, total 48 trials). One block for each task
lasted 4 min.

Fig. 1 Experimental design.
a Spatial arrangement. Five
white luminous ‘plus signs’
were used on a black com-
puter screen at 57 cm from
the subject, one at the center
of the screen; the others at
an eccentricity of ±10° hor-
izontally or vertically. b, c
Temporal arrangement.
Each trial started by lighting
one central ‘plus’ during
approximately 1,500–
2,000 ms as fixation. For the
gap task, between the fixa-
tion offset and the target
onset, there was a gap of
200 ms (b); for the overlap
task, the fixation stays on
200 ms after the target onset
(c). The target, one of the
eccentric ‘+’, appears for
1,500 ms
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A calibration sequence was performed at the begin-
ning; the target made the following predictive sequence:
center, 10o to left; center, 10o to right; center, 10o to up;
center, 10o to down; four times; the target stayed at each
location for 1 s. From these recordings, we extracted
calibration factors which should be verified to be satis-
fied by the Eyeseecam system.

Eye movement recording

Horizontal and vertical eye movements were
recorded binocularly with a video-oculography,
Eyeseecam system (University of Munich Hospital,
Clinical Neuroscience, Munich, Germany, see http://
eyeseecam.com/). The sampling rate of the
Eyeseecam system was 222 Hz. The optimal spatial
resolution was approximately 0.010.

Data analysis

From the two individual calibrated eye position sig-
nals, we derived the conjugate signal (left eye + right
eye)/2. The onset and the offset of saccades were
defined as the time when conjugate eye velocity
exceeded or dropped below 10 % of the peak veloc-
ity. The process was performed automatically by the
computer, and the verification was made by visual
inspection of the individual eye position and velocity
traces. For both gap and overlap tasks, latency was
measured as the time between target onset and sac-
cade onset. To estimate the accuracy, we used the
amplitude of primary main saccade relative to the
target eccentricity (gain0saccade amplitude/target
eccentricity). Mean velocity was calculated as ampli-
tude/duration. Peak velocity was calculated as the
maximum value of velocity during saccade. To eval-
uate the variability of parameters, we calculated the
coefficient of variation (CV), and the relative standard
deviation expressed as a unitless proportion of each
subject mean (van Beers 2007; Peltsch et al. 2009).

Eye movements in the wrong direction, with laten-
cy shorter than 80 ms (anticipation) or longer than
1500 ms, or contaminated by blinks were rejected.
For healthy elderly, 5 % of trials (ranged from 5 %
to 10 %); for aMCI patients, 7 % of trials (5 % to
12 %), and for patients with AD, 16 % of trials (from
10 % to 25 %) had to be rejected, the most frequent
reason being the blinks.

Statistical

A three-way analysis of variance (ANOVA) was per-
formed on individual mean values of each parameter
with the between-subjects factor, group (healthy,
aMCI, and AD), and the within-subjects factors, the
oculomotor task (gap, overlap) and the direction (left,
right, up, and down). Post hoc comparisons were done
with the least significant differences test. For the ex-
press latency and the coefficient of variation of each
parameter, the non-parametric Kruskal-Wallis and
Mann–Whitney U tests were used for comparisons
between groups. The Bravais–Pearson correlation co-
efficient was used for evaluation of the correlation
between MMSE scores and latencies of saccades. All
statistical analyses were run by use of the software
“Statistic.”

Results

Latency

Mean latency

Figure 2 shows group mean latency with standard
error for different directions (left, right, up, and down)
in healthy elderly, aMCI, and AD patients for tasks
gap (a) and overlap (b), respectively. The three-way
ANOVA showed a gap effect, i.e., significantly shorter
latencies for gap task than for overlap task (F1,700

107.7, p<0.001) and a group effect, i.e., significantly
different latencies among the three groups (F2,7006.4,
p<0.001), but no direction effect (F3,21000.8, p00.4).
Further post hoc comparisons showed that the gap
effect was significant for all three groups of subjects
and for all directions (all p < 0.001). The mean values
of gap effect were 88, 113, and 115 ms for healthy
elderly, aMCI, and AD patients, respectively. For the
gap task, AD patients had significantly longer latency
than healthy elderly; relative to aMCI latencies in AD
patients were longer, for all directions (all p<0.05),
except for upward saccades). For the overlap task, AD
patients also showed significantly longer latency than
healthy elderly for all directions and relative to aMCI
patients for all directions (all p<0.05, except for up-
ward saccades); moreover, aMCI patients had signifi-
cantly longer latency than healthy elderly for all
directions (all p<0.05).
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Correlation between mean latency and MMSE

Figure 3 presents the correlation between MMSE scores
and individual mean latency in the task gap (a) or
overlap (b) for three groups of subjects, healthy elderly,
aMCI, and AD. The Bravais–Pearson correlation coef-
ficient was highly significant (p< 0.05 for both gap and
overlap tasks), i.e., the lower the MMSE, the longer the
latency of saccades is, for AD patients. However, such
correlation does not exist for groups of healthy elderly
or aMCI patients (all p>0.05).

Coefficient of variation in saccade latency

Figure 4 shows group mean CV in latency for the four
directions under the gap (a) and the overlap (b) tasks
for healthy elderly, for aMCI and for AD in individu-
als. The percentage of variability was relatively high
(>25 %) for all groups. The Kruskal–Wallis test
showed significant group effect on the CV in latency

for both tasks (all p<0.05). Further Mann–Whitney U
test showed higher CV in latency for AD patients than
for healthy elderly for all directions and both tasks (all
p<0.05) and also higher CV in latency for AD patients
than for aMCI patients for some conditions (for up-
ward saccades in the gap task, for leftward and right-
ward saccades in the overlap task, p<0.05).

Accuracy and velocity

Accuracy and velocity were analyzed for both tasks
and for the three groups of subjects. There was no
significantly difference for the accuracy (gain) and the
velocity (both mean and peak velocity) among three
groups of subjects. However, the CV of these param-
eters was significantly different for different groups of
subjects but in the overlap task only. Figure 5 shows
the CV in gain (a), the CV in mean velocity (b), and
CV in peak velocity (c) for all directions in healthy
elderly, aMCI, and AD subjects. For the CV in gain,
AD patients showed significantly higher values than
healthy elderly (all p<0.05 for all directions); they
also showed significantly higher values than aMCI
patients (for all directions all p<0.05 except for up-
ward saccades). For the CV in mean velocity, AD
patients showed significantly higher values than both
healthy elderly and aMCI patients for all directions (all
p<0.05). For the CV in peak velocity, AD patients
showed significantly higher values than both healthy
elderly and aMCI patients for vertical saccades only
(all p<0.05).

Discussion

The main results are: (1) Robust gap effect (shorter
latencies in gap than in overlap) exists for AD and
MCI patients as for healthy elderly; (2) abnormal
long latency of saccades in gap and overlap tasks
for AD relative to healthy elderly and MCI patients;
(3) longer latency for MCI patients than for healthy
elderly for the overlap task; (4) significant correla-
tion between MMSE scores and latencies of sac-
cades considering AD patients only; (5) higher CV
in latency for AD patients than for healthy elderly
and for MCI patients; (6) variability of accuracy
and of speed is abnormally higher in AD patients
than in MCI and healthy elderly. These results will
be discussed below.

Fig. 2 Group mean latency of saccades with standard error for
leftward, rightward, upward, and downward saccades in healthy
elderly, MCI, and AD in conditions gap (a) and overlap (b, c);
asterisks indicate significant difference (p<0.05)
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Gap effect for all groups

The gap effect was strong for all groups, even stronger
for patients. Our observation of a gap effect (longer
latency in the overlap task than in the gap task) in AD

patients is compatible with the study of Abel et al.
(2002). They reported that AD patients had a gap
effect of similar magnitude to normal subjects while,
in our study, such gap effect is much longer for AD
patients (115 ms) and for aMCI patients (113 ms) than

Fig. 3 Correlation between MMSE scores and latencies of saccades in conditions gap and overlap for three groups of subjects, healthy
elderly, aMCI, and AD; p<0.05 indicates significant correlation, i.e., the lower the MMSE scores, the longer latencies of saccades are
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for healthy elderly (88 ms). Perhaps this is related to
the increase of latency in the overlap task relative to
controls; the increase of saccadic latency in AD
patients and in aMCI patients is about 70 ms and
26 ms in the gap task while it goes up to 100 ms and
52 ms in the overlap task, respectively. Moreover, our
study shows such strong gap effect for both horizontal
and vertical saccades.

To summarize, our study shows for the first time a
gap effect in AD patient for all four directions and of
higher magnitude than for controls. This is attributed
to more severe deficit of the saccade triggering mech-
anism in the overlap task, presumably activating an
extended cortical circuit including FEF (Kapoula et al.
2010; Vernet et al. 2009). It is interesting that aMCI
patients show the same behavior, e.g., stronger gap
effect than controls, similarly to AD patients. aMCI
patients seem to have more problems with the overlap
task. This is clearly seen in the results discussed be-
low, showing a significant increase of latency relative

to controls only for the overlap task only. Such differ-
ential deficit can increase the difference between gap
and overlap latencies (the gap effect).

Global but not uniform latency abnormality
in AD patients

The present results concerning saccades are compati-
ble with some previous studies (Garbutt et al. 2008;
Moser et al. 1995; Shafiq-Antonacci et al. 2003) that
reported longer latencies of saccades in AD patients
than healthy elderly. Many studies demonstrated that
elderly subjects commonly showed an increase in

Fig. 4 Group mean coefficient of variation (CV) in saccade
latency for both horizontal and vertical saccades in healthy
elderly, MCI, and AD patients under conditions gap (a) and
overlap (b). Asterisks indicate significant difference (p<0.05)

Fig. 5 Group mean coefficient of variation (CV) in saccade
gain (a), mean velocity (b), and peak velocity (c) for both
horizontal and vertical saccades in healthy elderly, MCI, and
AD patients under the overlap condition. Asterisks indicate
significant difference (p <0.05)
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saccade reaction time (Munoz et al. 1998; Sharpe and
Zackon 1987; Warabi et al. 1984; Yang et al. 2006).
According to Pitt and Rawles (1988), saccadic latencies
were estimated to increase with age by 0.76 % per year
in normal controls. Neural events that determine saccad-
ic latency include visual processing, decision making,
and sensory-to-oculomotor transformation of signals.
Normal visual acuity (Schlotterer et al. 1984), normal
spatial frequency contrast sensitivity (Schlotterer et al.
1984), and normal early components of the pattern
reversal visual evoked response (Wright et al. 1984) in
AD patients, suggesting functional integrity of the pri-
mary visual patterns. However, dysfunction of the front-
al lobe (Boxer et al. 2006b) of temporoparietal cortex
(Whitwell et al. 2010) had been noted in AD patients.
Moreover, parietal lobe lesions cause latency prolonga-
tion of saccades (Pierrot-Deseilligny et al. 1991). Area 7
of the parietal lobe is especially vulnerable to degener-
ation in AD patients (Brun and Englund 1981).
Therefore, degeneration of the posterior parietal cortex
and/or frontal lobe may explain the prolongation of
saccadic latency in AD patients.

It is important to note that increase of latency
occurred for all four directions and for both tasks.
This is compatible with known physiology for a com-
mon cortical circuit controlling saccades triggering in
all directions. Yet, it is also important to note that the
increase relative to controls was not uniform for the
two tasks. It was higher for the overlap task. As
mentioned above, this can be attributed to higher
cortical complexity of saccades in such task involving
both parietal and frontal oculomotor areas (Kapoula et
al. 2010; Vernet et al. 2009).

Specific latency deficits in aMCI

Note that aMCI patients showed longer latency for
both horizontal and vertical saccades than for healthy
elderly, but in the overlap condition only. This is
different from our previous preliminary study (Yang
et al. 2011) that was limited to few subjects and to
horizontal saccades only. Here, with more complex
tasks inducing horizontal and vertical saccades, we
show latency abnormality but for the overlap task
only. Presumably, in such task, aMCI patients had
more difficulty in shifting their attention and making
the decision.

To our knowledge, such a specific saccade latency
effect is reported in aMCI at the first time. This

observation has clinical relevance for early diagnosis
and follow-up of such patients. The overlap task is more
demanding in terms of cortical resources and thus more
sensitive even to moderate cognitive impairment.

Correlation between latencies of saccades
and MMSE scores

Our results showing the significant correlation be-
tween MMSE scores and latency of saccades in both
gap and overlap tasks for the group of patients with
AD are compatible with a few other studies (Bylsma et
al. 1995; Pirozzolo and Hansch 1981). Bylsma et al.
(1995) found such latency correlations with changes in
MMSE existing over test sessions (including follow-
up investigation). Our data offer strong evidence here
for a direct relationship between cognitive measures
and simple reaction time of saccades involving a
higher cortical regulatory role in sensory–motor inte-
gration. The sensitivity of simple saccade latency to
presumed neuro-patho-physiological status supports
the hypothesis that saccade latency performance
accesses a cardinal function dimension of the central
nervous system. For example, Garbutt et al. (2008)
also found that the Alzheimer’s disease patients had
smaller parietal and occipital lobe volumes than the
controls, and correlations were identified with the
latency of visually guided saccades but not with the
latency of anti-saccades. Visually guided saccades are
believed to be controlled predominately by the parietal
cortex (Kapoula et al. 2004; Pierrot-Deseilligny et al.
1995; Yang and Kapoula 2004). Garbutt et al. (2008)
suggested that saccade latency may be correlated with
atrophy of visual cortical regions. In some other stud-
ies, no such correlation was found between MMSE
scores and latency of saccades (Abel et al. 2002;
Hershey et al. 1983). Perhaps this is due to their small
group (11 patients with dementia) while Bylsma et al.
(1995) examined 31 AD patients, and our study, 25
AD patients. Moreover, in our study, the mean MMSE
score was lower (15.7) than in the study of Hershey or
Bylsma cited above (19.2 and 20.55, respectively). In
their review on antisaccades, Kaufman et al. (2010)
pointed that most studies have focused on patients at
the moderate to severe stages of AD, which may
exaggerate differences between AD and controls and
may strengthen the correlation between MMSE scores
and error rates. Thus, further investigation with even
more patients and with a more spread range of MMSE
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scores is required to confirm that a specific causal link
exists between the cortical degenerative changes in
Alzheimer’s disease and the disturbances of cognitive
and psychomotor function.

Abnormal variability in the accuracy and the speed
for AD or aMCI patients in overlap only

Recall that accuracy was evaluated by the mean gain
(saccade amplitude/target eccentricity). Similarly to our
previous study (Yang et al. 2011), AD patients showed
normal accuracy and speed as healthy elderly and aMCI
patients. This result suggests that the pontine burst units
in charge of the speed of saccades are intact in both AD
and aMCI. Even though the accuracy of saccades has its
complex control involving cortical–subcortical and cer-
ebellar areas (Leigh and Zee 2006), here, the mean
group gain showed no significant difference between
AD patients and aMCI or healthy subjects. Recall that
AD patients were at mild or moderate stage of the
disease. Perhaps, when only pathology of cortical areas
is involved in AD patients, it does not drive to changes
of their mean accuracy. However, in the present study,
the variability of accuracy and speed was found to be
higher in AD patients than in healthy elderly or in aMCI
patients. It is important that such effects were present in
the overlap task only. Normally, elderly subjects make
many saccades to within 10 % of the amplitude of target
execution (Van Gisbergen et al. 1981; Yang and
Kapoula 2008). In this study, healthy elderly made
saccades within about 15 %, a little higher than in
previous study. Yet, the higher variability (30 %) in the
overlap condition for AD patients suggests that their
initial saccades were well out of the range of target
execution. Such variability reflects the deficient motor
error signal driving the saccade and could be due to the
cerebral cortical degeneration of Alzheimer’s disease.
For example, neurons in the frontal (Bizzi 1968) and
parietal (Andersen and Mountcastle 1983) cortex en-
code eye position; and some neurons in the frontal eye
fields probably encode motor errors (Goldberg and
Bruce 1981). In addition, AD patients commonly have
bilateral temporoparietal degeneration which can affect
subject’s attention (Kim et al. 2007). As mentioned
above, the neural circuit for controlling saccades in the
overlap task seems to be more complex than that in the
gap condition, involving more cortical areas.

In conclusion, the study highlights the importance
of saccade tests in normal and pathological ageing,

particularly the importance of gap–overlap tasks
showing differential and specific deficits in AD versus
aMCI patients. The study establishes a link between
MMSE and saccade latency which has direct clinical
significance. The use of saccades tasks in aMCI
patients is a novel approach, and we hope it will
stimulate further intensive research.
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