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 Abstract 

  Background:  Studying saccades is a useful tool to investigate brain function. There is still con-

troversy regarding deficits in prosaccades in Alzheimer’s disease (AD), and a study of saccades 

in subjects with mild cognitive impairment (MCI) has not been published to date.  Methods:  We 

examined horizontal saccades in 10 healthy elderly, and 9 MCI and 9 AD patients. 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 Skalar IRIS system.  Results:  (1) Latencies 

were shorter in the gap than in the overlap task (a gap effect) in all three groups of subjects: 

healthy elderly, MCI and AD; (2) for both tasks, latency of saccades was longer for AD patients 

than for healthy and MCI subjects, and (3) accuracy and mean velocity were normal in MCI and 

AD subjects, however, variability in accuracy-speed was higher for AD patients than for healthy 

and MCI subjects in the overlap task.  Conclusions:  Abnormalities in reaction time and accuracy-

speed variability reflect deficits in cerebral areas involved in the triggering and execution of 

saccades; a saccade test can be useful to follow up the evolution of MCI subjects as some of 

them may develop AD disease.  Copyright © 2011 S. Karger AG, Basel 
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 Introduction 

 Alzheimer’s disease (AD) is the most common form of dementia, accounting for 50–70% 
of dementia cases  [1] . In early-stage AD, memory and cognitive loss is mild, but at late-stage 
AD, individuals lose the ability to carry on a conversation and respond to their environment. 
Therefore, early diagnosis, simple tools for progression monitoring and even therapy re-
sponse measures are very important in the management of AD. Recently, studies in subjects 
with mild cognitive impairment (MCI) have become prominent as persons with this mild 
dysfunction are at high risk for the future development of AD  [2] . About 10–15% of MCI 
subjects will progress to AD within 1 year, a rate which is markedly higher than in a normal 
elderly population  [3–5] . Therefore, the identification of early and objective evaluation of 
MCI as well as factors indicating prognosis are of importance. 

  Saccade, particularly prosaccade, is the type of eye movement to be evoked without ef-
fort for any subject, including elderly. Most studies showed that AD patients have impaired 
inhibitory control and error correction in antisaccades, which exceeds the effects of normal 
aging and is related to the severity of dementia. Yet, antisaccades are a difficult task for el-
derly, especially for patients with dementia. Compared with antisaccades, prosaccades seem 
to be more easily executed for AD patients. However, till now there are still controversial re-
sults on deficits in prosaccades in AD patients. Abnormal long latencies of prosaccades were 
reported in many studies  [6–12] . In these studies, the mean age of AD patients ranged from 
58 to 78 years and their mean score in Mini Mental State Examination (MMSE) from 17 to 
21. In addition, different studies use stimulus eccentricities from 3 to 20° and numbers for 
AD subjects are from 11 to 35. Yet, two other studies  [13, 14]  reported that AD patients had 
no significant impairment in prosaccades. The mean age of their AD patients was 69–78 
years, their mean MMSE 17.9–20.6, stimulus eccentricities were from 15 to 16° and the num-
bers of AD patients were 11 and 22, respectively. All these factors were similar in the two 
study groups with different results. Therefore, experimental conditions cannot account for 
such controversial results in the literature.

  Variability in the saccade latency increases with age  [24–26] . The increase in variability 
of saccade latency can point to particular neural deficits in the patients  [15, 16] . For instance, 
Blekher et al.  [16]  reported that patients with Huntington’s disease demonstrated an in-
creased error rate, increased mean latency and increased variability in latency for memory-
guided saccades and antisaccades. Kapoula et al.  [27]  showed increased variability in all pa-
rameters of saccades in patients with Lewy body dementia. Variability in saccade latency and 
speed-accuracy parameters has not yet been examined in AD and MCI patients.

  For accuracy-speed deficits in AD patients, experimental evidence is also controversial. 
Some studies reported lower gain and lower velocity  [6, 8, 17] , while other studies  [9, 11]  did 
not demonstrate differences in prosaccade gain and velocity between healthy elderly and AD 
patients. Whether saccade accuracy and speed are subject to aging is also controversial. A 
few studies described a reduction in velocity in normal elderly compared to young subjects 
 [18, 19] . Yet, these reductions in velocity were most evident with large amplitude saccades, 
usually to targets beyond 20 °  eccentricity. Note that in another study  [20] , no aging effects 
were observed either on accuracy or on velocity (for target at 20 °  of eccentricity). Our study 
of vertical saccades  [21]  demonstrated no effects of aging on accuracy.

  To summarize, there is controversy over the existence of saccade deficits in AD patients 
in simple prosaccade tasks (although the majority of existing studies suggest deficits in laten-
cies), while no studies exist in MCI subjects. However, there are some investigations on the 
cognitive functions using reaction time in MCI. For both simple reaction time and choice 
reaction time, no significant difference was found between control and MCI subjects  [2, 
22–24] . In these studies, MCI subjects had mean MMSE scores similar to controls. 
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  The goal of this study was to compare latency, accuracy and speed of prosaccades in gap 
and overlap tasks between subjects with MCI and patients with AD at moderate stage with 
age-matched healthy elderly.

  Patients and Methods 

 Participants 
 We studied normal elderly controls, patients with amnestic MCI and Alzheimer’s dis-

ease (AD) of mild to moderate severity, without ophthalmological or other neuropsychiatric 
disorders. All subjects had normal, or corrected to normal, visual acuity without group dif-
ference by age or gender. MCI and AD patients were recruited from the Department of Ge-
riatric Psychiatry in the Shanghai Mental Healthy Center. Spouses of amnestic MCI or AD 
patients were recruited as control elderly. AD was diagnosed according to DSM-IV criteria 
and MCI according to modifications of Petersen’s criteria  [3–5, 25, 26] . The MMSE  [27]  was 
used as a gold standard screening measure to diagnose and determine the severity of overall 
cognitive decline in cases of MCI or AD.

  Participants consisted of 9 individuals (4 men) with AD (ranging from 57 to 81 years, 
mean 68.7  8  9.2 years); MMSE ranged from 13 to 22 (mean 16.9  8  3.4). There were 9 sub-
jects (6 men) with MCI (age range: 59–84 years, mean 71.4  8  9.5 years) and their MMSE 
scores were from 24 to 28 (25.9  8  1.2). Ten healthy subjects (6 men, matched for age and 
education to MCI or AD subjects) with an MMSE score of 30, aged 62–80 years (mean 69.7 
 8  6.1 years), were also studied. All clinical characteristics of the study participants are sum-
marized in  table 1 . Informed consent was obtained from all participants, and the study was 
approved by the Institutional Review Board of the Shanghai Mental Health Center. 

  Visual Display 
 Visual display ( fig. 1 a) was composed of three white luminous dots (angular size 0.4°) 

presented on a black computer screen. One of these three dots was at the center of the screen, 
two were at an eccentricity of  8 10° horizontally. The subject was comfortably seated in an 
adapted chair, with his head resting on his/her chin and frontal support. The subject viewed 
binocularly; all dots were highly visible.

  Fixation and Oculomotor Tasks: Gap and Overlap Tasks 
 Each trial started by lighting a fixation dot at the center. The fixation dot stayed on for 

a random period of 1.5–2 s. In the gap task, there was a time interval of 200 ms between the 
offset of the fixation point and the onset of the saccade target. The target dot was kept for 

Table 1. D emographics of the study cohort

Controls MCI AD

Subjects, n 10 9 9
Age, years 69.786.1 71.489.8 68.789.2
Gender, males/females 6/4 6/3 4/5
Education, years 10.483.6 13.282.8 10.382.6
MMSE 30 25.981.2 16.983.4
Activities of daily living (max. 56) 14 15.081.3 36.386.6
Estimated duration of disease, years – 2.080.8 2.781.3
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1.5 s ( fig. 1 b). In the overlap task, the fixation point remained illuminated for 200 ms after 
the target dot appeared. The target also stayed on for another 1.5 s ( fig. 1 c). Subjects were re-
quired to make a saccade to the target point as rapidly and accurately as possible. The break 
consisted of a period of complete darkness for 500 ms. 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 tasks were used randomly for two horizontal directions: targets at 10° left or right 
(15 trails for each direction, total 30 trials). One block for each task lasted 2.5 min.

  A calibration sequence was performed at the beginning; the target made the following 
predictive sequence: center, 10° to the left, center, 10° to the right, four times; the target stayed 
at each location for 2 s. From these recordings, we extracted calibration factors.

  Eye Movement Recording 
 Horizontal eye movements were recorded binocularly with an infrared eye movement 

device (IRIS; Skalar, Delft, The Netherlands). Eye position signals were low-pass filtered with 
a cutoff frequency of 200 Hz and were digitized with a 12-bit analog-to-digital converter, and 
each channel was sampled at 500 Hz. The optimal resolution was approximately 0.1°.

  Data Analysis 
 From the two individual calibrated eye position signals, 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 velocity. The process was 

  Fig. 1.  Experimental design. 
 a  Spatial arrangement: 3 white 
luminous dots (angular size 0.2°) 
were presented on a black com-
puter screen 57 cm from the sub-
ject, one at the center of the 
screen and the others at an ec-
centricity of  8 10° horizontally 
or vertically.  b ,  c  Temporal ar-
rangement. Each trial started by 
lighting one central dot during 
approximately 1,500–2,000 ms. 
For the gap task, between the fix-
ation offset and the target onset, 
there was a gap of 200 ms ( b ); for 
the overlap task, the fixation 
stayed on 200 ms after the target 
onset ( c ). The target, one of the 
eccentric dots, appeared for 
1,500 ms. 
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performed automatically by the computer, and the verification was made by visual inspec-
tion of the individual eye position and velocity traces. For both gap and overlap tasks, laten-
cy was measured as the time between target onset (time 0) and saccade onset (mark ‘i’ in 
 fig. 2 ). To estimate the accuracy, we used the amplitude of the primary main saccade (be-
tween ‘i’ and ‘e’) relative to the target eccentricity (gain = saccade amplitude/target eccentric-
ity). Mean velocity was calculated as amplitude/duration (time between ‘i’ and ‘e’). To evalu-
ate the variability in parameters, we calculated the coefficient of variation (CV), the relative 
standard deviation expressed as a unitless proportion of each subject mean  [28, 29] .

  Eye movements in the wrong direction, with latency  ! 80 ms (anticipation) or  1 1,500 ms, 
or contaminated by blinks were rejected. For healthy elderly, 7% of trials (range: 5–10%), for 
MCI subjects 6% of trials (range: 4–9%) and for patients with AD 15% of trials (range: 5–25%) 
had to be rejected, the most frequent reason being the blinks. 

  Statistical Analysis 
 A three-way analysis of variance (ANOVA) was performed on individual mean values 

of each parameter with the between-subject factor – group (healthy, MCI and AD) – and the 
within-subject factors – the oculomotor task (gap/overlap) and the direction (left/right). Post 
hoc comparisons were done with the least-significant-difference test. For the coefficient of 
variation of each parameter, the non-parametric Kruskal-Wallis and the Mann-Whitney U 
test were used for comparisons between groups; for within-subject comparisons between dif-
ferent directions or tasks, the Wilcoxon test was used. 

  Results 

 Latency 
  Mean Latency.   Figures 3  and  4  show individual latency (+ SE) for leftward and rightward 

saccades in healthy elderly, MCI and AD subjects for the gap and overlap tasks, respectively. 
The numbers on the horizontal axis represent MMSE scores and age for each subject. Three-
way ANOVA showed a gap effect, i.e. significantly shorter latencies for gap than for overlap 
tasks (F 1,25  = 48.3, p  !  0.01), but no direction effect (F 1,25  = 0.8, p = 0.37); there was a group ef-
fect, i.e. significantly longer latencies for patients with AD than for healthy elderly and MCI 
(F 2,25  = 7.2, p  !  0.01). Further post hoc comparisons showed that the gap effect was significant 
for all three groups of subjects and for both directions (all p  !  0.001). The mean values of the 
gap effect were 95, 86 and 160 ms for healthy elderly, MCI and AD subjects, respectively. The 
group effect was significant for both gap and overlap tasks, and for both directions (all p  !  0.05). 

  Fig. 2.  Typical recordings of horizontal saccades are 
obtained by averaging the position signal of the two 
eyes (left eye + right eye)/2 and their corresponding 
velocity traces for 1 healthy elderly. The arrows ‘i’ 
and ‘e’ indicate the onset and the end of the primary 
saccade, respectively.  
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   Coefficient of Variation in Saccade Latency.   Figure 5  shows group mean CV in latency 
for leftward and rightward saccades under the gap ( fig. 5 a) and the overlap ( fig. 5 b) condi-
tions in healthy elderly, MCI and AD subjects. The percentage of variability was relatively 
high ( 1 30%) but for all groups. The Kruskal-Wallis test showed no significant difference in 
CV in latency among the three groups for all conditions (left- and rightward gap, and left- 
and rightward overlap, all p  1  0.05). Neither a direction effect (between left- and rightward, 
all p  1  0.05) nor a task effect (between gap and overlap condition, all p  1  0.05) was noted for 
CV in latency in three groups.

  Accuracy 
  Gain of Saccades.   Figure 6  shows group mean gains of saccades (+ SE) results for each 

direction in healthy elderly, MCI and AD subjects in the gap ( fig. 6 a) and the overlap ( fig. 6 b) 
conditions. Three-way ANOVA showed no effect of group (F 2,25  = 1.95, p = 0.16), direction 
(F 1,25  = 2.03, p = 0.17) and task (F 1,25  = 3.40, p = 0.08).

  Fig. 3.  Individual and group 
mean latencies of saccades (+ SE) 
in the gap task for leftward and 
rightward saccades in healthy el-
derly ( a ), in subjects with MCI 
( b ) and in patients with AD ( c ); 
horizontal axes represent MMSE 
score and age for each subject. 
Note: longer latencies of saccades 
for AD patients than for healthy 
elderly and MCI subjects for each 
direction. 
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   Variability in Gain.   Figure 6 c, d depicts group mean CV in gain for the gap and the overlap 
conditions, respectively. The Kruskal-Wallis test showed significant group effect in the overlap 
condition for leftward (H = 7.31, p  !  0.05) and for rightward saccades (H = 7.89, p  !  0.05). Fur-
ther, the Mann-Whitney U test showed higher CV in gain in the overlap condition for AD 
subjects than for healthy elderly (U = 17, p  !  0.05, for leftward and U = 16, p  !  0.05, for right-
ward saccades) and higher CV for AD than for MCI subjects (U = 18, p  !  0.05, for leftward and 
U = 15, p  !  0.05, for rightward saccades). There was no group effect on the CV of gain in the 
gap task (neither for leftward, H = 1.38, p = 0.5, nor for rightward saccades, H = 0.61, p = 0.74). 

  Speed 
  Mean Velocity.   Figure 7  shows group mean velocity of the saccade (+ SE) for two direc-

tions in healthy elderly, MCI and AD subjects in the gap ( fig. 7 a) and the overlap ( fig. 7 b) 
conditions. The three-way ANOVA showed no effect of group (F 2,25  = 0.38, p = 0.68), direc-
tion (F 1,25  = 0.98, p = 0.33) and task (F 1,25  = 1.59, p = 0.21). 

  Fig. 4.  Individual and group 
mean latencies of saccades (+ SE) 
in the overlap task for leftward 
and rightward saccades in 
healthy elderly ( a ), subjects with 
MCI ( b ) and in patients with AD 
( c ); horizontal axes represent 
MMSE score and age for each 
subject. Note: longer latencies of 
saccades for AD patients than for 
healthy elderly and MCI subjects 
for each direction. 
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  Fig. 5.  Group mean CV in saccade latency in gap ( a ) 
and overlap ( b ) tasks for each direction in healthy 
elderly, MCI and AD subjects.  

  Fig. 6.  Group mean gain ( a ,  b ) and group mean CV in gain ( c ,  d ) in gap and overlap tasks for primary sac-
cade for each direction in healthy elderly, MCI and AD patients. Vertical lines are standard deviations and 
horizontal dashed lines ( a ,  b ) are gain at 1. Note: higher CV in gain for AD patients than for healthy el-
derly and MCI subjects:  *  p  !  0.05. 
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  Variability in Velocity.  Figure 7 c, d illustrates group mean CV in mean velocity for the 
gap and the overlap conditions, respectively. The Kruskal-Wallis test showed significant 
group effect in the overlap condition for leftward (H = 7.20, p  !  0.05) and for rightward sac-
cades (H = 9.02, p  !  0.01). The Mann-Whitney U test showed higher CV in mean velocity in 
the overlap condition for AD subjects than for healthy elderly (U = 10, p  !  0.01, for leftward 
and U = 17, p  !  0.05, for rightward saccades) and MCI subjects (U = 17, p  !  0.05, for leftward 
and U = 14, p  !  0.05, for rightward). There was no group effect of CV in mean velocity in the 
gap condition (H = 0.12, p = 0.94, for leftward and H = 1.98, p = 0.37, for rightward saccades). 

  Discussion 

 The main results are: (1) a similar gap effect (shorter latencies in gap than in overlap) ex-
ists for AD and MCI subjects as for healthy elderly; (2) abnormal long latency of saccades in 
gap and overlap tasks for AD compared to healthy elderly and MCI subjects; (3) accuracy of 
saccades (gain) and mean velocity are normal in AD an MCI subjects, and (4) variability in 
accuracy and speed is abnormally increased in AD patients compared with MCI and healthy 
elderly. These results will be discussed below.

  Latency Deficit in AD 
 Many studies showed a normal age effect, i.e. increase in latency of saccades with age 

 [24, 31] . The present results concerning saccades are compatible with previous studies  [6, 9, 

  Fig. 7.  Group-averaged mean velocity ( a ,  b ) and group mean CV in mean velocity gain ( c ,  d ) in gap and 
overlap tasks for primary saccade for each direction in healthy elderly, MCI and AD patients. Vertical lines 
are standard deviations. Note: higher CV in mean velocity for AD patients than for healthy elderly and 
MCI subjects:  *  p  !  0.05. 
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11]  showing that AD patients with an average MMSE of 17 show longer latencies of saccades 
than healthy elderly. We conclude that AD patients at the moderate stage of disease show 
abnormal latency, and this is related to impaired function of cortical oculomotor areas, e.g. 
parietal and frontal areas. Dysfunction of the frontal lobe  [12]  and parietal cortex  [30]  has 
been noted in AD patients. Of note, even for healthy aged subjects versus young subjects, the 
increase in latency is rather attributed to cortical degeneration than to the peripheral factors 
 [15, 31, 32] . Saccade latency increase is an indicator of cortical dysfunction. The interest here 
is that the MCI population shows no latency abnormality, which is in line with the absence 
of biological findings. Taken together, the results on AD and MCI subjects indicate the im-
portance of applying a saccade test in the follow-up of MCI subjects. Further studies corre-
lating MMSE scores and saccade latencies in a larger cohort are needed.

  Accuracy-Speed Variability in AD 
 In this study, AD patients showed normal accuracy and mean velocity similarly to 

healthy elderly and MCI subjects. This result is compatible with studies of Moser et al.  [11]  
and Garbutt et al.  [9] , in which AD patients had similar accuracy and velocity to normal el-
derly. Generally, the velocity of horizontal saccades is related to the firing frequency of the 
medium-lead burst neurons in the pontine paramedian reticular formation  [33] . The finding 
of normal velocities suggests that these pontine burst units are intact in AD. 

  The accuracy of saccades has its complex control involving cortical-subcortical and cer-
ebellar areas  [34] . Here, the accuracy measure, gain of saccades, was not significantly differ-
ent among the three groups (AD, MCI and healthy controls). In contrast to our results, 
Fletcher and Sharpe  [8]  reported significantly more hypometric saccades in patients with AD 
than in healthy elderly; Hotson and Steinke  [17]  also described that patients with senile de-
mentia of the Alzheimer’s type had a reduction in saccade accuracy. The reason for the dif-
ferences in results is unknown. 

  In the present study, only the variability in accuracy and speed was found to be higher 
in AD patients than in healthy elderly or MCI subjects. As mentioned above, variability per 
se was not examined in prior studies. The statistically higher variability in the overlap con-
dition for AD patients suggests that they were performing initial saccades out of the normal 
range of target execution more frequently. Therefore, this aspect of the results suggests some 
deficit in the estimation of the motor error signal that determines the amplitude of saccade. 
Perhaps, this is also related to cortical degeneration of AD. For example, neurons in the fron-
tal  [34]  and parietal  [34]  cortex encode eye position, and some neurons in the frontal eye 
fields probably encode motor errors  [35] . AD patients commonly have bilateral temporopa-
rietal degeneration, which can affect the attention of a subject  [36] . The greater variability in 
saccade accuracy and speed suggests that AD patients at moderate stage of disease cannot 
maintain accurate and rapid execution of saccades repetitively over time. 

  Normality of MCI Subjects 
 Our preliminary results indicate normal saccade latency, normal accuracy-speed pa-

rameters and normal variability for the group of MCI subjects. Although saccade latencies 
are the shortest reaction times, it is interesting to compare them with manual reaction times. 
Our results on saccade latency are consistent with other studies using simple and manual 
choice reaction time in cognitive tasks  [2, 22, 23] . For instance, Levinoff et al.  [22]  reported 
that in MCI subjects simple and choice reaction times are 400  8  70 and 598  8  99 ms, re-
spectively, which is similar to those for control subjects (403  8  85 and 534  8  96 ms, respec-
tively). More recent studies confirmed these results by examining simple reaction time  [2, 
23] . All MCI subjects had MMSE scores similar to those for control subjects, as is also the 
case in our study. However, when MCI subjects had significantly lower MMSE score (25.4  8  
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1.5) than elderly controls (28.8  8  1.1), their reaction time of event-related potentials was lon-
ger during mental arithmetic calculation  [37] . Further studies including larger numbers of 
MCI subjects with different MMSE scores are necessary to examine the possible correlation 
between saccade latency and MMSE. Most important, continuous follow-up of such patients 
is of interest. The saccade test can be useful in spotting early changes in the evolution of MCI 
subjects. 
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