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Abstract Persons with Mild Cognitive Impairment (MCI) are
at high Alzheimer’s Disease (AD) risk but the development of
sensitive measures to assess subtle cognitive decline in this
population poses a major challenge for clinicians and re-
searchers. Eye movement monitoring is a non-invasive, sen-
sitive way to assess subtle cognitive processes in clinical pop-
ulations. We conducted a critical review and a meta-analysis
of the literature on pro and antisaccade paradigm in AD/MCIL.
The meta-analysis included 20 studies, all of which used the
prosaccade paradigm and 13 of which studied the antisaccade
paradigm as well. Our meta-analysis showed that AD but not
MCI patients showed longer prosaccade latencies when com-
pared to controls. While antisaccade latencies did not differ-
entiate between patients from controls, antisaccade error rate
were significantly increased among patients in comparison to
controls in over 87% of the studies. These findings highlight
antisaccade error rate as a reliable tool to distinguish inhibition
abilities between AD/MCI and healthy older persons.

Keywords Prosaccade - Antisaccade - Meta-analysis -
Review - Alzheimer’s Disease - Mild cognitive impairment

Alzheimer’s Disease (AD) is degenerative brain disease that is
the most common expression of dementia, occurring in 50—
70% of cases (Alzheimer’s Association 2015). AD is typically
characterized by sequence of biological events and clinical
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manifestations of episodic memory deficits often accompa-
nied by mild cognitive deficits (e.g., attention, executive func-
tion) (Silverberg et al. 2011; Sperling et al. 2011). One way to
assess cognitive processes and deficits in pre-clinical popula-
tions is by eye movement monitoring. Since eye movement
monitoring can be used to detect cognitive deficits in early
stage AD, its use could promote early intervention to alleviate
symptoms (Sperling et al. 2011). Eye movement monitoring is
arobust, non-invasive, and sensitive instrument for examining
altered patterns of oculomotor behavior that does not pose
psychomotor demands (Anderson and MacAskill 2013;
Hannula et al. 2010; Pereira et al. 2014; Santana et al. 2015).

Eye movement monitoring is typically conducted by track-
ing and analyzing participants’ saccades (i.e., rapid eye move-
ment) while performing a visual task. Specifically, participants
shift the focus of gaze from one spatial location to another,
either towards the stimulus (prosaccade) or away from it
(antisaccade) (Molitor et al. 2015). Saccades are an inherent
part of the constant cycle of perception, action and cognition
(Deubel and Schneider 2003). Because of its association with
attention, saccades are likely to be disturbed by cognitive im-
pairments that are associated with neurodegenerative disorder
(Deubel and Schneider 2003; Anderson and MacAskill 2013).
Therefore, in persons with AD, saccades’ abnormality can
serve as a probe to cognitive impairment (Anderson and
MacAskill 2013).

One diagnosis that has been associated with a greater risk
of developing AD is Mild Cognitive Impairment (MCI)
(Petersen 2004; Petersen and Bennett 2005; Petersen et al.
1999; Jak et al. 2016; Sperling et al. 2011; Mitchell and
Shiri-Feshki 2009). MCI has been defined as a transitional
stage between normal and pathological aging in which one
experiences cognitive deficits while activities of daily living
are largely intact (Petersen 2004). Although MCI is heteroge-
neous in its clinical presentation, its most common
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manifestation is the ‘amnestic form’, when memory is signif-
icantly impaired (Petersen et al. 1999). In order to enable early
therapeutic intervention in AD, significant research has been
conducted on the development of precise MCI diagnostic in-
struments (Jak et al. 2016). It has been found that the integra-
tion of various eye movement measures (i.e., novelty prefer-
ence, saccade orientation, and fixation duration) enabled dif-
ferentiating between persons with MCI and controls at a level
of 87% accuracy, 97% sensitivity, and 77% specificity (Lagun
et al. 2011). Given the psychological burden involved in re-
ceiving an MCI diagnosis and the potential therapeutic advan-
tages of earlier AD diagnosis, it is important to identify sen-
sitive and reliable MCI criteria to best identify high-risk cog-
nitive profiles (Jak et al. 2016). Thus, eye movement measures
may serve as clinically useful markers of MCI diagnosis
(Pereira et al. 2014; Seligman and Giovannetti 2015).

Using Eye Tracking to Assess Cognitive Functions
in AD/MCI

In AD, changes in eye movement characteristics may reflect
abnormalities in visual scan processes that are necessary for
visuospatial memory, which is impaired among persons with
AD (Bundesen 1990). Thus, identifying basic visual percep-
tion process impairments may serve as a marker for the devel-
opment of memory difficulties in persons with AD (Pereira
et al. 2014). Several studies have found memory impairments
using eye monitoring among amnestic (Hannula et al. 2007,
Ryan et al. 2000) and MCI/AD patients (Crutcher et al. 2009;
Hannula et al. 2010; Nakashima et al. 2010; Yeung et al.
2013). Among the latter, memory impairments have been de-
tected by utilizing eye movement monitoring (for reviews see
Hannula et al. 2010; Pereira et al. 2014). For example, im-
paired novelty preference (i.e., decreased amount of time
spent viewing novel items as compared to repeated ones)
has been found among persons with probable MCI in com-
parison to healthy young and old controls (Yeung et al. 2013).
Also, eye tracking is often used to evaluate executive func-
tions (Hutton and Ettinger 2006; Leigh and Kennard 2004)
including in early-stage AD (Mitchell and Shiri-Feshki 2009).
For example, it has been found that persons with MCI showed
a decrease in divided attention in comparison to controls
(Okonkwo et al. 2008). Others have found that persons with
AD had decreased performance on alternating attention mea-
sures on the Stroop task in comparison to controls (Bélanger
et al. 2010) and had longer fixation times, scan durations, and
greater number of fixations on a selective visual attention task
in comparison to healthy controls (Rosler et al. 2000). These
findings highlight the potential interconnections between the
cognitive functions of memory, executive function, and atten-
tion (Pereira et al. 2014), and the hippocampal complex may
be involved in a range of cognitive processes through its

interconnections with temporal and frontal regions (Kent
et al. 2016; Moss 2016).

Pro and Antisaccade Tasks

Pro and antisaccade tasks are typically used in eye tracking
methods in clinical populations including in persons with AD/
MCI (Anderson and MacAskill 2013). These tasks enable the
evaluation of memory and executive functions that are adversely
affected in AD/MCI. On a prosaccade task, the participants are
typically requested to focus on a dot in the center visual field and
then to turn the gaze to a target stimulus in the peripheral visual
area. The latency indicator is typically measured as the time
elapsed from the appearance of the target stimulus to the saccade
start time and precision is measured by saccade amplitude. This
simple paradigm can appear in one of three variations: gap par-
adigm (Abel et al. 2002), in which the focal point disap-
pears'~200 ms before the target stimulus appears; step para-
digm, in which the centered point disappearance is immediately
followed by the appearance of the target stimulus; and overlap
paradigm, in which the centered point disappears shortly after
the appearance of the target stimulus. In the latter paradigm,
latencies are usually longer in comparison to latencies in the
gap paradigm (Kalesnykas and Hallett 1994), in what has been
termed the ‘gap effect’ (Saslow 1967). In studies of AD/MCI
patients, no differences in the gap effect were found in compar-
ison to controls (e.g., Crawford et al. 2015; Abel et al. 2002).
Other task variations include changes in the spatial location of
the target stimulus (on the horizontal or vertical axis, or both),
the distance between stimuli (mostly ranging 3-20°), and the
time of appearance of the target stimulus (i.e., fixed or varying).
Early studies have shown that these variations affect the reaction
time of persons with AD in comparison to healthy controls
(Fletcher and Sharpe 1986; Scinto et al. 1994). Nonetheless,
findings are limited and inconsistent in terms of the direction
of the gap and its significance.

In the antisaccade task, the participant is requested to focus
one’s gaze on a dot in the middle of the visual field and then to
look at a direction opposite to the appearance of the target
stimulus. The indicators are identical to those in the
prosaccade task. In addition, the number of errors (i.e., sac-
cades in the direction of the stimulus) and their corrections
(i.e., shifting from a prosaccade to antisaccade) are recorded.
Healthy individuals initially make frequent errors on this task,
but with practice, error rates fall under 15% (Leigh and
Kennard 2004). Increased error rate have been documented
in persons with ADHD (see O’Driscoll et al. 2005), schizo-
phrenia (Hutton and Ettinger 2006), autism (Minshew et al.
1999) and dyslexia (Biscaldi et al. 2000), all of whom had a
documented fronto-striatal pathology (Hutton and Ettinger
2006; Leigh and Kennard 2004). Also, evidence from neuro-
imaging studies shows Frontal eyes Field (FEF) and Dorso-
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Lateral Pre-frontal Cortex (DLPC) activity during the
antisaccade task (Hutton and Ettinger 2006). In terms of cog-
nitive demand, both inhibition and working memory capaci-
ties are inherent in the antisaccade task. It has been found that
spatial working memory was highly correlated with frequency
of antisaccade error rate and accounted for the majority (68%)
of the variance in the errors in AD patients (Crawford et al.
2013). Overall, the evidence suggests that in AD patients,
deficits in frontal functions such as working memory and in-
hibition may contribute to programming of the antisaccade
response (Hutton and Ettinger 2006; Crawford et al. 2013).

In order to understand if persons with AD/MCI have in-
creased eye movement abnormalities in comparison to healthy
controls, we would conduct a quantitative meta-analysis of the
existing findings on eye movement in each of these populations
and examine their heterogeneity. Also, because MCI may be
construed as a preclinical stage of AD (Petersen 2004), we
examined whether there were eye movement characteristics
that were shared by the two populations, by assessing the het-
erogeneity of findings of both groups as a whole. Specifically,
we predict that because individuals diagnosed with MCI have
relatively preserved cognitive function in comparison to pa-
tients with AD, they would show comparable prosaccade par-
adigm performance to a control group of healthy older persons.
Because the antisaccade paradigm is more cognitively demand-
ing, we predict persons with MCIs would have comparable
antisaccade performance to AD patients. Finally, we would
conduct a quality analysis of the literature to examine if there
are pro and antisaccade differences between persons with AD/
MCI and healthy older persons and if these differences are
related to age or severity of disease.

Methods
Data Sources

Review material was drawn from the databases PsycINFO,
Medline, and Google Scholar for the years 1980-2016. Key
search terms were: *AD* OR “Alzheimer’s disease” or
“dementia” *MCI* OR “mild cognitive impairment” AND
“eye movement” OR “eye tracking” OR “saccade*” OR
“ocular motor” OR “ocular movement” OR “oculomotor”
OR “sensorimotor” OR “visual movement” OR “visual
behavior” OR “visual behavior” OR “orienting” OR “overt
attention” OR “covert attention” OR “spatial attention” OR
“visual attention” OR “selective attention”.

Inclusion Criteria
In line with PRISMA systematic review guidelines (Moher et al.

2015), inclusion criteria were: 1. Full-length, English language
studies published between 1980 and January 2016; 2. The study
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included an AD/MCI patient group without comorbidities or
other neurodegenerative diseases and a healthy matched control
group of older persons; 3. Use of visually guided saccade para-
digm and/or denoted antisaccade by eye tracking techniques;
and 4. Reported statistics for the comparison of saccade data
between AD/MCI patients and controls or when not available,
included images that enable data extraction.

Data Extraction

The extracted statistical data included mean saccadic Reaction
Time (RT) per group, and when available, mean RT’s Standard
Deviation (SD) or Standard Error (SE). When means and SD
were missing, #-test/ FANOVA/p value and number of
participants/df were extracted. Several studies reported more
than one result for the same group of participants (e.g. multiple
saccades results or multiple paradigms). However, since inclu-
sion of non-independent observations risks underestimating the
error variance associated with each effect size (Borenstein et al.
2009; Mewborn et al. 2017) in case of multiple results, we used
the results of the gap paradigm, which was the most common
(67% of all studies, 84.6% of antisaccade paradigm studies) and
known to be unaffected by healthy aging relatively to the over-
lap condition (Pratt et al. 1997). When multiple saccadic indica-
tors were reported we used RT, which was most prevalent
(90%). Additionally, when studies compared multiple indepen-
dent experimental groups with a single control group (Heuer
et al. 2013; Peltsch et al. 2014; Yang et al. 2011; Yang et al.
2013) or when results were measured over different time periods
within the same sample (Bylsma et al. 1995), calculating an
average effect size that collapses over the observations would
result in the omission of important moderator data and therefore
is not appropriate (see Higgins and Green 2011). Accordingly,
effect sizes for each of these non-independent comparisons were
included. To avoid underestimating the error variance associated
with each effect size, the sample sizes used to calculate the
standard errors for each group were divided by the number of
their inclusions (see Higgins and Green 2011; Michie et al.
2009; Webb et al. 2012).

Results
Studies Retrieval

The literature search yielded 470 references of which 418
(89%) were duplicates and 29 (6%) did not meet inclusion
criteria. After their removal, 23 studies met the inclusion
criteria. A flow chart of the systematic review phases is pre-
sented in Fig. 1. The included studies and their characteristics
are presented in Table 1. Of 23 studies, 19 had a single patient
group of either persons with AD (n = 18) or MCI (n = 1) and
four had more than one patient group (n = 4). Two studies
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Fig. 1 A four-phase flow
diagram of the systematic review
(adapted from Mobher et al. 2009)
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were of the same research group had identical numerical out-
comes (Crawford et al. 2005; Crawford et al. 2013) and there-
fore only the later study (Crawford et al. 2013) was included.
Two studies did not meet data availability inclusion criteria
and were excluded from analysis (Mosimann et al. 2005;
Currie et al. 1991). Thus, the 20 remaining studies were in-
cluded in the analysis, all of which used the prosaccade para-
digm, and 13 of which studied the antisaccade paradigm as
well. Of the latter 13 studies, three (Fletcher and Sharpe 1986;
Abel et al. 2002; Verheij et al. 2012) met the inclusion criteria
for prosaccade but not for antisaccade data availability.
Thus, 10 studies were included in the final analysis of the
antisaccade paradigm.

Quality Analysis

Quality assessment We used the following criteria to assess
studies’ quality: (1) randomization, (2) double blinding, and

(3) proper dealing with withdrawals or dropouts (Jadad et al.
1996). The two former criteria were not relevant because
groups were divided by disease status and had apparent be-
havioral differences. The dropout criterion was not reported in
any of the studies. Nevertheless, patients’ withdrawal was
reported in 5 studies: due to inability to complete the saccade
tasks ((Bylsma et al. 1995; Peltsch et al. 2014; Shakespeare
et al. 2014); 4, 1, and 5 patient, respectively), the diagnosis
procedure ((Crawford et al. 2015); 3 patients) or technical
reasons ((Bylsma et al. 1995); 7 patients).

Prosaccade group differences Twenty-two studies compared
saccade latencies of AD/MCI and healthy, older persons, age-
matched controls using prosaccade paradigm (Table 1). Thirteen
of 24 comparisons (54%) showed a significant longer latencies
among AD/MCI patients in comparison to controls (Boxer et al.
2006; Bylsma et al. 1995; Crawford et al. 2015; Fletcher and
Sharpe 1986; Garbutt et al. 2008; Hershey et al. 1983; Heuer
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et al. 2013; Scinto et al. 1994; Shafig-Antonacci et al. 2003;
Yang et al. 2011; Yang et al. 2013; Boxer et al. 2012). No study
found significantly shorter latencies among AD/MCI patients in
comparison to controls. Of the 16 studies that used an amplitude,
gain, or velocity measure, three reported on increased saccadic
amplitude or velocity in the AD group (Bylsma et al. 1995;
Fletcher and Sharpe 1986; Shakespeare et al. 2014).

When comparing between studies that found significant
prosaccade latencies differences between patients and controls
and studies that did not, we found no significant differences in
the likelihood to obtain group differences and no significant
age differences. Nonetheless, the mean age difference be-
tween patients and controls was significantly smaller in stud-
ies that showed a group effect in comparison to studies that did
not, #(22) =2.34, p = 0.03. Additionally, cognitive impairment
(measured by the MMSE) was significantly lower in studies
that showed a group effect in comparison to studies that did
not, #22) = 3.05, p = 0.007. In line with this, a significant
negative correlation was found between prosaccade latencies’
group differences and MMSE scores across studies (»=—0.61,
p<0.001). Age and cognitive impairment level differences by
prosaccade latencies’ effect size for all groups of patients (AD
and MCI) are presented in Table 2.

Antisaccade group differences Fourteen studies compared
AD/MCl/both patients to older persons controls on antisaccade
paradigm (Table 1) (Abel et al. 2002; Alichniewicz et al. 2013;
Boxer et al. 2006; Boxer et al. 2012; Crawford et al. 2013; Currie
etal. 1991; Fletcher and Sharpe 1986; Garbutt et al. 2008; Heuer
et al. 2013; Kaufman et al. 2012; Mosimann et al. 2005; Peltsch
et al. 2014; Shafig-Antonacci et al. 2003; Verheij et al. 2012). Of
the 14 studies, two compared both MCI and AD to control
(Peltsch et al. 2014; Heuer et al. 2013), one investigated only
MCIT patients (Alichniewicz et al. 2013), and seven only AD
patients. Eight (57%) reported saccadic data (i.e., latency, veloc-
ity, amplitude, or gain). Of the 10 comparisons that included both
MCI and AD or both groups, six (60%) demonstrated

significantly longer latencies among patients in comparison to
controls. When comparing between studies that found significant
antisaccade latencies differences between patients and controls
and studies that did not, we found no significant differences in
the likelihood to obtain group differences. Additionally, no age or
cognitive impairment differences were found between studies
that showed a group effect in comparison to studies that did
not. Regarding other saccadic indicators, the amplitude/velocity
measure was used in a single study with no significant outcomes
(Crawford et al. 2013). Direction error rate increased in 14 of the
16 comparisons to controls (87.5%), Xz(l) =9, p=0.003.

Overall, significant differences between AD/MCI patients
and controls were more prevalent in the antisaccade error rate
rather than prosaccade/antisaccade latencies. The extant laten-
cies findings suggest that there is a chance level likelihood to
find a group effect in studies that investigated the differences
between AD/MCI patients and controls, and that disease se-
verity (i.e., increased cognitive impairment) and better control
over age differences between patients and control are each
associated with increased prosaccade latencies (but not
antisaccade latencies) among patients in comparison to con-
trols. The analysis of antisaccade findings showed that signif-
icant differences in error rate, but not in other indicators, were
found between the two groups of patients and controls.
Accordingly, it appears that the antisaccade error rate is a
sensitive measure that can distinguish between AD/MCI pa-
tients and older persons controls and that prosaccade latencies
may be able to do so but only at the later stages of the disease,
since we found a higher likelihood for a group effect as cog-
nitive impairment increased. In contrast, antisaccade latencies
were not associated with either age or cognitive impairment
level.

Quantitative Analysis (Meta-Analysis)

Random effect sizes were calculated using mean RT and/or
errors rate (Rosenthal 1991). The first stage of the meta-

Table 2 Age and cognitive

impairment level differences by Overall Group effect t-test
prosaccade latencies effect size (n= 549, comparison
for all patients (N = 540) (AD and 24 studies) PL > OPC PL=0PC
MCI) (n= 318, (n=222,
13 studies) 11 studies)
Mean (SD)
Age 70.57 (6.43) 68.7 (6.16) 72.95 (7.11) 1.68
Age differences between patients and 1.31 (4.06) —0.45(5.06) 3.28 (1.52) 2.34%
control group (in years)
AD MMSE scores 21.8 (3.93) 19.55(2.83) 24.12 (3.97) 3.05%*
AD MMSE SD’s 4.84 (1.78) 3.38 (2.08)

Note. All reported t-test comparisons had 22 degrees of freedom. AD = Alzheimer’s Disease, MCI = Mild
Cognitive Impairment, OPC = Older persons control, PL = Prosaccade Latency, MMSE = Mini-Mental State

Examination
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analysis included 42 effect sizes that were derived from the
pro and antisaccade paradigms for AD/MCI groups altogether,
0=53.8,df=41,p < .01, tau* = 0.04, I = 23%. The Q value
indicated heterogeneity and therefore the presence of potential
moderator(s) (Sanchez-Meca and Marin-Martinez 1997).
Accordingly, in the second stage of analysis, we used the
paradigm type as a moderator: prosaccade, n = 25,
O = 37.34, df = 24, p < 0.05, tau® = 0.04, I* = 35%;
antisaccade, n = 17, Q = 39.60, df =16, p < .01, tau® = 0.14,
P = 59%. For both groups, Q values indicated effect size
heterogeneity and therefore the presence of additional
moderator(s).

In the analysis of the prosaccade paradigm, we used AD
diagnosis of the clinical group (yes, no) as a moderator: AD
group, n = 20, O = 23.92, df = 19, p > .05, tau® = 0.03,
P = 21%.; MCI group, n = 5, QO = 6.42, df = 4, p > 0.05,
tau® = 0.02, P = 37.78%. The O value indicated homogeneity
and therefore the mean effect size was considered as the best
estimation for the data. In prosaccade studies, overall weight-
ed mean effect size in AD/MCI studies was moderate, 0.52,
SE: 0.10, CI: 0.45-0.68 (Figure 2a) and in AD studies only it
increased to 0.64, SE: 0.09, CI: 0.37-0.92. In MCI studies it
decreased to 0.27, SE: 0.12 CI: 0.01-0.50.

In the antisaccade studies, the mean overall effect size was
0.60, SE: 0.15, CI: 0.29-0.91. When using the same second
moderator (AD diagnosis of the clinical group), AD group:
n=9,0=2554,df=8, p <.01, tau® = 0.15, P = 68%; MCI
group: n = 3, O = 28.08, df = 2, p < 0.01, tau® = 0.25,
P* = 92.87%. The mean antisaccade effect size in AD studies
was 0.84, SE: 0.19, CI: 0.46-1.23, and in MCI studies 0.61,
SE: 0.54, CI: -0.44 — 1.67. However, Q in both patients’
groups indicated heterogeneity, therefore suggesting the pres-
ence of additional moderator(s). Therefore, we used the out-
come (error rate vs. latencies) in both AD and MCI studies.
We then obtained homogenous results: latency: n = 9,
0 = 6.60, df = 8, p > 0.05, tau® = 0.00, I = 0%; error rate:
n=8,0=568 df =7, p>0.05, tau’ = 0.00, * = 0.00%. In
antisaccade studies the weighted mean effect size for latencies
was 0.32, SE: 0.10, CI: 0.14-0.50 (Figure 2b). In the
antisaccade error rate studies it increased to 1.13, SE: 0.16,
CI: 0.93-1.34 (Figure 2c¢).

In conclusion, the results suggest that AD disease status
(preclinical vs. diagnosed patients) may serve as a moderator
of the above effect when using a prosaccade latencies mea-
sure. The above analyses revealed a high effect size for
distinguishing AD patients and control based on prosaccade
latencies, and a moderate effect size for distinguishing MCI
patients from controls. Additionally, in the antisaccade para-
digm, using latencies separately from error rate measure re-
sulted in homogeneous results, for both AD/MCI patients.
Finally, in line with the quality analyses, antisacaade latencies
had a lower effect size than prosaccades latencies and
antisaccade error rate.

@ Springer

Discussion

This paper examined the differences in eye movement pattern
in the pro and antisaccade paradigms between persons with
AD/MCI to healthy older persons. We conducted both a meta-
analysis and quality analysis of the literature that compared
prosaccade and antisaccade performance among AD/MCI pa-
tients and controls. Our meta-analysis showed that cognitive
impairment is related to prosaccade latencies’ differences be-
tween patients and controls. Specifically, AD but not MCI
patients showed longer prosaccade latencies when compared
to controls, and both patients’ groups did not differ from con-
trols on antisaccade latencies. In line with this, in a qualitative
analysis of the literature, we did not find evidence for signif-
icantly increased latency among both AD and MCI patients
when compared to controls in antisaccade (60%) studies.
Also, antisaccade error rate showed significantly increased
rates among patients in comparison to controls in over 87%
of the studies. Altogether, those analyses suggest that group
differences between AD/MCI patients and controls in pro and
antisaccade latencies are not readily captured by increased
processing time. At the same time, antisaccade error rate per-
formance seems to successfully differentiate between both
AD and MCI patients and age-matched controls,

Differences Between Pro and Antisaccade Paradigms
by Disease Progression

We found that the antisaccade error rate distinguished between
both clinical groups and controls and that prosaccade latencies,
but not antisaccade latencies, distinguished only between AD
patients and controls. The differences between the paradigms
may reflect tasks’ differences in level of difficulty, cognitive
processes involved, and amount of learning required to perform
each of them (Crawford et al. 2013; Kaufiman et al. 2010; Leigh
and Kennard 2004). The antisaccade paradigm involves an in-
creased level of cognitive demand because it requires inhibition
of the reflexive saccade to a target followed by the working
memory guided voluntary saccade to the opposite location
(Crawford et al. 2013; Kaufman et al. 2010; Leigh and
Kennard 2004). Indeed, it has been found that cognitive impair-
ment among AD patients is positively correlated with
antisaccade correct response rate (Abel et al. 2002; Boxer et al.
2006) and negatively correlated with antisaccade error rate
(Peltsch et al. 2014; Shafig-Antonacci et al. 2003). In contrast,
prosaccade tasks involve a rapid, automatic oculomotor re-
sponse that does not require higher-order executive processing
(Peltsch et al. 2014). Autopsy studies have demonstrated that
oculomotor nuclei are affected by the pathological processes
associated with AD (Riib et al. 2001; Tzekov and Mullan
2014). Accordingly, it may be that the oculomotor function that
is assessed in prosaccade tasks becomes impaired at the later AD
stages and can be attributed to lesions in oculomotor brain nuclei
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a Study Patient Stdin  Standard Lf)w'er U_pp'er ¢ » Std in means and 95% CI
group  means error limit limit

Peltschetal. 2014  MCI  -0.11 0.29 098 076 037 0.7 — .,

Yang etal. 2013  MCI  0.85 0.31 0.17 154 296  0.001 —

Heuer etal. 2013  MCI 025 0.19 023 074 126 0.2 —I

Alichniewicz et

2013 MCI 0.1 0.31 078 097 037 071 -

Yang etal. 2011 ~ MCI  0.17 046  -092 126 038 0.7 -

Shakespeare et

L2015 AD 0.7 0.33 007 134 213 0.03 -

Crawford et al.

2015 AD 0.93 0.38 021 164 246 001 —

ZPSII‘ZCh etal. AD 023 028 063 109 084 04 — .

Yang etal. 2013 AD 027 0.27 036 091 115 024 — .

Heuer etal. 2013  AD 088 0.22 033 136 422 0.001 ]

Crawford et al.

2013 AD 0.38 034  -068 137 115 025 —

Verheij et al.

2012 AD 0 034 067 067 0 0 PR S

Kaufman et al.

2012 AD 1.37 0.28 061  1.61 437  0.001

Boxer etal. 2012 AD 0.48 0.37 04 123 128 019 — .

Yang etal. 2011 AD 053 0.47 056 162 1.8 023 P

Garbutt et al.

2008 AD 0.43 0.27 025 104 16 0.11 I —

Boxeretal. 2006  AD 0.59 0.33 02 134 179 007 -

Mosimann et al.

2005 AD 0.13 0.3 045 071 045 065 —

Shafig-Antonacci

ctal. 2003 AD 0.53 0.18 036 1.08 395 0.0l —I—

Abel et al. 2002 AD 003 0.4 0.82 076 008 094 PR S—

Bylsma et al.

1995h AD 1.17 0.37 046 192 319  0.001 —

Bylsma et al. AD 121 028 064 172 43 0.00l —

1995a

Scinto etal. 1994  AD 1.4 0.49 044 235 287 0.0l —,

Fletcher &

Sharpe, 1986 AD 113 0.44 0.27 2 257 0.01

?;gzhey etal. AD 096 051 -0.01 2 194 005 —.—

Total mean 052 010 045 068 183 023 -

-5 -10 05 00 05 1.0 15 20 25

Fig. 2 a-c. Forest plot of effect sizes and confidence intervals for prosaccade latencies (a), antisaccade latencies (b) and antisaccade error rate (c) in AD

and MCI populations

(Mielke et al. 1995; Thulborn et al. 2000; Tzekov and Mullan
2014). Indeed, some have found a neuroanatomical association
between vertical prosaccade velocity and medial longitudinal
fasciculus (riMLF) volume (Boxer et al. 2012). These findings
support the use of the prosaccade parameter in measuring ocu-
lomotor functions that can be attributed to the brain steam ocu-
lomotor area in clinical populations.

Antisaccade latencies did not differentiate patients from
controls. One possible explanation is that the antisaccade task
requires increased cognitive demands and therefore delays
RTs in both groups. In line with this, longer antisaccade laten-
cies were previously found to be age-related (e.g., Peltsch
etal. 2011; Eenshuistra et al. 2004) while prosaccade latencies
were found to be impervious to the effects of aging (Pratt et al.
2006; Peltsch et al. 2011). Taken together, these findings sug-
gest that the processing time of a voluntary movement (re-
quired by antisacccade paradigm) lengthens with age while
automatic processing (required by prosaccade paradigm) is

less so (Peltsch et al. 2011). Nevertheless, antisaccade error
rate distinguished between AD/MCI patients and controls.
This suggests that inhibition and working memory, which
are mediated by the frontal lobes (Miller and Cohen 2001;
Smith and Jonides 1999) are among the first functions to be-
come negatively affected by AD and that these impairments
may manifest prior to the detectability of memory decline in
clinical examinations (Alichniewicz et al. 2013). Both lesion
and functional imaging evidence support a critical role of the
DLPC and FEF in the antisaccade task (Alichniewicz et al.
2013; Boxer et al. 2006; Kaufman et al. 2010). Indeed, im-
pairments in frontal functions have been reported in early-
stage AD (Yun et al. 2011; Bélanger et al. 2010) and attributed
to disruptions in distributed neural networks that support
memory function (Sperling et al. 2010). Thus, our findings
suggest that antisaccade accuracy impairment may reflect
analogous effects of frontal impairment in persons with MCI
and in persons with AD.
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b Study Patient Std in Standard Lower Upper Z p Std in means and 95% CI
group means error limit limit
Peltsch et al 2014 MCI 0.16 0.23 -0.44 0.76 0.84 0.40
Heuer et al 2013 MCI -0.03 0.19 -0.52 0.44 -0.25 0.80
Alichniewicz et al 2013 MCI 0.25 031 0.62 113 0.83 041 — e
Peltsch et al 2014 AD 0.11 0.23 -0.48 0.71 0.70 0.48 R E—
Heuer et al 2013 AD 0.43 0.21 -0.08 0.95 2.96 0.001 P E—
Crawford et al 2013 AD 0.34 0.33 -0.70 1.37 1.24 0.22 -
Boxer et al 2006 AD -0.10 0.32 -0.87 0.67 0.35 0.73 —
Mosimann et al 2005 AD 0.82 0.30 -0.08 1.72 2.70 0.01 — .
Shafig-Antonacci et al AD 0.64 0.33 -0.28 1.56 2.28 0.02 I E—
2003
Total mean 0.36 0.27 0.17 0.90 1.29 034 -
10 05 00 05 10 15
c Patient Std in Standard .
Study Lower limit ~ Upper limit Z p Std in means and 95% CI
group means error

Peltsch et al 2014 MCI 1.36 0.26 0.8907 1.8457 6.3 0.001 ——
aA]l‘ZCg‘l“g‘ew‘CZ et MCI 0.99 0.31 0.3848 1.6001 3.06 0.001 ——
%‘;‘;’f"'d etal AD 1.38 04 0.7266 2.0333 46 0.001 ——
Boxer et al 2012 AD 0.82 0.37 0.7705 1.7827 3.56 0.01 —a—
Raufman et 2l AD 127 0.28 0.1026 15537 451 0.001 ——
Garbutt et al 2008 AD 0.74 0.28 0.2187 1.2761 2.68 0.01 ——
%%Ss‘m"‘““ etal AD 1.37 0.33 0.7979 1.9549 4.19 0.001 —
Shafig-Antonacci AD 0.95 035 0.3024 1.6091 272 0.01 —
et al 2003
Total mean 13 0.32 0.68 134 416 0.001 -

Fig. 2 continued.

An absence of verbal or manual responses enables the
antisaccade task to be used in movements-sensitive neuroim-
aging environments (e.g., magnetoencephelography (MEG),
functional magnetic resonance imaging (fMRI)). Because of
its relative simplicity, the antisaccade task is suitable for use as
a bedside clinical mental examination in persons of all ages. In
line with this, the use of eye-tracking methods to assess early
cognitive difficulties has been advocated (Pereira et al. 2014;
Seligman and Giovannetti 2015). Considering the scarcity of
adequate methods to identify MCI, the current meta-analysis
highlights the utility of antisaccade error rate measure as sen-
sitive markers of early and subtle cognitive disruption.

Limitations and Future Directions

This meta-analysis supports the notion that MCI can be dis-
tinguished from AD and controls via their performance on the
anti and prosaccade paradigm, as MCI patients demonstrated
oculomotor deficits on cognitively challenging tasks
(antisaccade) while AD patients showed impairment on an
oculomotor task (prosaccade), and controls showed a pre-
served performance on both tasks. Nevertheless, MCI can be
subdivided by amnestic symptoms’ manifestation (Jak et al.
2016) rather than considered as a single entity. In line with
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this, MCl is not always a pre-dementia form of AD but can be
a precursor of any type of dementia or in some cases even a
transient and reversible state (Vos et al. 2015). To our knowl-
edge, no study has yet investigated MCI subtypes in relation
to eye movement performance. It is unclear whether different
MCI subtypes are associated with different eyes movement
deficits. Also, it is unclear whether a specific eye movement
deficit can promote the ability to predict the transition from a
specific MCI subtype to AD. These questions warrant further
research through longitudinal studies (Peltsch et al. 2014;
Crutcher et al. 2009), larger patients’ samples, and by includ-
ing additional patients’ groups. The choice of method for han-
dling non-independent effect sizes is a matter of ongoing de-
bate (Gurnani and Gavett 2017; Borenstein et al. 2009) and
the applicability of newly developed methods (Mewborn et al.
2017) should be considered in future meta-analyses. Finally,
we used saccades latencies in the gap paradigm for calculating
the effects sizes because it was the most common measure in
the AD/MCI investigations. Future studies that extend the
currently limited use of various eye-movement measures
(i.e., saccadic amplitude and velocity, fixation duration, num-
ber of fixation) in additional paradigm conditions (overlap,
step) could enable establishing a profile of eye movements’
abnormalities based on a range of measures, both within AD/
MCT and across neurodegenerative diseases.
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Conclusions

Cognitive deterioration criteria serve as a moderator for the
prosaccade latencies groups effects. We found that among
diagnosed AD patients, but not persons with MCI, prosaccade
latencies are consistently longer when compared to controls.
Also, with regards to the antisaccade paradigm, latencies did
not differentiate between patients and controls while the error
rate measure was pronounced in both AD and MCI patients
and therefore is a promising marker for pre-pathologic stages
in older persons.
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