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PURPOSE. Abnormalities in saccades appear to be sensitive and
specific biomarkers in the prediagnostic stages of Huntington
disease (HD). The goal of this study was to evaluate test–retest
reliability of saccadic measures in prediagnostic carriers of the
HD gene expansion (PDHD) and normal controls (NC).
METHODS. The study sample included 9 PDHD and 12 NC who
completed two study visits within an approximate 1-month
interval. At the first visit, all participants completed a uniform
clinical evaluation. A high-resolution, video-based system was
used to record eye movements during completion of a battery
of visually guided, antisaccade, and memory-guided tasks. Latency, velocity, gain, and percentage of errors were quantified.
Test–retest reliability was estimated by calculating the intraclass correlation (ICC) of the saccade measures collected at the
first and second visits. In addition, an equality test based on
Fisher’s z-transformation was used to evaluate the effects of
group (PDHD and NC) and the subject’s sex on ICC.
RESULTS. The percentage of errors showed moderate to high
reliability in the antisaccade and memory-guided tasks (ICC ⫽
0.64 – 0.93). The latency of the saccades also demonstrated
moderate to high reliability (ICC ⫽ 0.55– 0.87) across all tasks.
The velocity and gain of the saccades showed moderate reliability. The ICC was similar in the PDHD and NC groups. There
was no significant effect of sex on the ICC.
CONCLUSIONS. Good reliability of saccadic latency and percentage of errors in both antisaccade and memory-guided tasks
suggests that these measures could serve as biomarkers to
evaluate progression in HD. (Invest Ophthalmol Vis Sci. 2009;
50:5707–5711) DOI:10.1167/iovs.09-3538

S

accades are rapid eye movements that bring an image from
the periphery into the fovea. There is growing evidence to
suggest that in several psychiatric1–7 and neurodegenerative
disorders, such as Huntington disease (HD),8 –9 abnormal saccades may be a sensitive prediagnostic biomarker in those at
risk for disease.
HD is an autosomal dominant neurodegenerative disorder
characterized by progressive deterioration of motor, cognitive,
and psychiatric function. The disease-causing mutation is a
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trinucleotide (CAG) repeat expansion in the 5⬘-translated region of the huntingtin gene.10 The average age of disease onset
is 40 years, although onset has occurred as early as age 2 and
as late as age 80. Disease onset is insidious, often with a long
prediagnostic period with subtle symptoms. Typically, diagnosis is made only on the basis of unequivocal motor signs
consistent with HD. Neurodegeneration in the striatum has
been the focus of previous neuropathologic11 and neuroimaging12,13 studies; however, recent reports suggest the presence
of abnormalities throughout the cerebrum, including cortical
thinning14 and decreased white matter volumes15–17 especially
in the prefrontal cortex.18
Significant efforts have been concentrated on the identification of sensitive biomarkers that can be used in the prediagnostic stage of HD to monitor disease progression and evaluate
novel therapeutic agents. Studies of saccades in prediagnostic
carriers of a huntingtin expansion (PDHD) have reported a
significant deficit in volitional saccades elicited in response to
a command.8,9,19,20 The reaction time (latency) and error rates
were significantly increased in persons with PDHD compared
with normal control subjects (NC). The most pronounced
deficits were observed in memory-guided saccades, suggesting
that this deficit may be a promising biomarker for evaluation of
progression in prediagnostic stages of HD.
Previous studies21–25 have demonstrated good test–retest
reliability of saccadic measures in healthy populations, as well
as patients with psychiatric disorders, and their first-degree
relatives. These studies have evaluated the reliability of saccades across a wide test–retest interval (from 2 weeks up to 33
months). Contrary to the results in healthy individuals and
patients with schizophrenia, those with bipolar disorder did
not show temporal stability in saccade measures.26 There is
some evidence to suggest that saccadic measures decline with
the progression of the neurodegenerative disease over a long
time interval.8 However, no study has addressed short-term
temporal stability of saccadic measures in patients with a neurodegenerative disorder. Such a determination appears essential for proposing a saccadic measure as a biomarker for monitoring prediagnostic stages of HD.
The goal of the present study was to evaluate the short-term
temporal stability of saccadic measures in a sample of PDHD
and NC subjects. We tested participants at two visits, separated
by an approximate 1-month interval. We used these data to
compute the test–retest reliability of saccadic measures for a
wide range of testing paradigms. In addition, we examined the
influence of sex and study group (PDHD or NC) on the temporal stability of saccadic measures.

METHODS
Subject Recruitment and Evaluation
PDHD participants were recruited through an ongoing study at Indiana
University of individuals at risk for HD. Inclusion criteria included: a
parent affected with HD; no diagnosis of HD; normal or corrected
visual acuity; no history of eye surgery; and no current, significant,
eye-related symptoms. All PDHD individuals had an expanded allele
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(⬎38 CAG repeats; n ⫽ 9). NC (n ⫽12) subjects were recruited by
advertisement, did not have a family history of HD, and were age
matched to the PDHD individuals. They also had normal or correctedto-normal visual acuity; no history of eye surgery; and no current,
significant, eye-related symptoms. All participants completed two
study visits within an approximate 1-month time interval. The study
was conducted in accordance with the Declaration of Helsinki. The
study was approved by the local institutional review board (IUPUI IRB
Study No. 0109-12), and all participants provided written informed
consent.
An experienced movement disorder neurologist (JW) administered
the motor portion of the Unified Huntington’s Disease Rating Scale27 to
all study participants. The neurologist was aware that some participants were at risk for HD, but was blinded to the results of all other
study assessments, including the results of huntingtin gene testing. On
the basis of the motor examination only, the neurologist assigned an
overall confidence rating based on the likelihood that any observed
abnormalities represented HD. The ratings were defined as: 0, normal
(no abnormalities); 1, nonspecific motor abnormalities (⬍50% confidence); 2, motor abnormalities that may be signs of HD (50%– 89%
confidence), 3, motor abnormalities that are likely signs of HD (90% to
98% confidence), and 4, motor abnormalities that are unequivocal
signs of HD (ⱖ99% confidence). Potential subjects were excluded if
they received an overall confidence rate indicating that the motor
abnormalities were unequivocal signs of HD (rating of 4).
During the first visit, the participants completed questionnaires
designed to collect medical history, substance use history, and visual
health information. Participants did not report a psychiatric or neurodegenerative disorder diagnosis and by self-report were free from
current alcohol or drug abuse.

Testing Procedure
At each of the two study visits, eye testing was performed in a
45-minute session, typically completed at approximately the same time
of the morning. The vertical and horizontal positions of the participant’s pupils were recorded binocularly with two ultraminiature, highspeed video cameras attached to a headband and digitized at 250 Hz for
later analysis. Four sensors monitored head movements; eye positions
were adjusted for small head movements (spatial resolution ⬍0.1°;
EyelinkII; SR Research Ltd., Mississauga, Ontario, Canada). Participants
were seated in front of a 22-in. monitor in a standard ophthalmic
examination chair. Visual targets (3-mm red spot with 1-mm black
center) were displayed in a darkened room on a monitor placed
23.5-in. from the eye sensors. As part of the pretesting procedure,
calibration and validation tests were completed. Five saccadic tasks
were performed in a fixed order. Before each task, the examiner
instructed the participant verbally and performed a practice to ensure
that the participant understood the oral instructions correctly. Each of
the five saccadic tasks consisted of 24 trials. In each trial the participant
was instructed to fix his or her gaze on the target located in the center
of a monitor (0°) and to redirect the gaze in response to the illumination of a peripheral target. Timing (2–3 seconds) and position of the
peripheral spot (⫾7.5°, ⫾15° horizontally; ⫾10° vertically) were randomized.
Task l: Visually-Guided (VG) Task. The participant was
instructed to fixate on the target located in the center of a monitor (0°).
The central target was extinguished simultaneously with the illumination of a peripheral target. The participant was instructed to visually
track the target light as rapidly as possible.
Task 2: Antisaccade (AS) Task. The conditions of this task
were similar to the VG task; however, the participant was instructed to
look in the opposite direction of the peripheral target, at an equal
distance from the center.
Task 3: Memory-Guided task—Version 1 (MG1). The
participant was instructed to fix his or her gaze on the central target
while a horizontal peripheral target flashed for 50 ms. The participant
was asked to continue to fixate on the central target until it was

Downloaded from iovs.arvojournals.org on 05/19/2021

IOVS, December 2009, Vol. 50, No. 12
switched off, after an additional delay of 1 to 2 seconds. Then, the
participant was asked to look at the remembered position of the
peripheral flash.
Task 4: Memory-Guided Task—Version 2 (MG2). This
trial was a combination of the VG and memory-guided saccades. Initially, the participant was instructed to perform two sequential VG
trials. In each VG trial, the participant was instructed to fixate on the
target located in the center of a monitor (0°). The central target was
extinguished simultaneously with the illumination of a peripheral target. After 1 to 2 seconds the peripheral target was extinguished
simultaneously with the illumination of the central target. The participant was instructed to follow the light. After the two VG trials were
completed, the participant was instructed to fixate on the central
target until it was switched off after an additional delay of 1 to 2
seconds. Then, the participant was asked to repeat the two previous
VG trials by memory (i.e., to look subsequently at the two remembered
positions of the peripheral targets).
Task 5: Memory-Guided Task—Version 3 (MG3). This
trial was similar to MG1 except that the flashes occurred sequentially
on three peripheral positions, located both vertically and horizontally.
The participant was instructed to look sequentially at the three remembered positions of the flashes.
We included three memory-guided tasks in our battery to evaluate
whether the complexity of the task influences the test–retest reliability
of saccadic measures. The MG1 task is considered less complex than
the MG2 and MG3 tasks, since the MG2 and MG3 tasks include some
element of sequencing.

Quantitative Measures of Saccades
An interactive computerized analysis28 was performed to quantify the
saccade measures for each task. Initially, the latency, peak velocity, and
gain (i.e., ratio of saccade amplitude to target amplitude) were calculated for the first saccade in each correctly performed trial. Then, for
each participant, the average value for these three measures (saccade
latency, peak velocity of the idealized 15° saccade29 and gain) were
computed for each task. For the VG task, the horizontal and vertical
saccades were analyzed separately; for other tasks, the vertical and
horizontal saccades were combined. All participants made timing and
directional errors in some of the AS, MG1, MG2, and MG3 trials.
Particularly in the AS task, in some trials, the participant made the first
saccade in the incorrect direction (toward the stimulus) and then
looked in the opposite (correct) direction. In the MG1 trial, a typical
timing error occurred when the participant initiated the first saccade
before the central light was extinguished. The other possible error in
the MG tasks was a missed peripheral flash. In this case, the participant
did not perform a saccade to the remembered position of the flash (or
a sequence of saccades for the MG2 and MG3 tasks). The percentage
of trials with an error was computed for each individual for each task
as the ratio of the number of trials performed with a mistake to the
total number of trials completed in the task. Average latency, velocity,
and gain were not calculated for the subjects who made errors in more
than 75% of the trials in a particular task (i.e., made fewer than six
correct saccades in the task).

Statistical Analysis
Our initial goal was to evaluate the test–retest reliability of saccadic
measures (percentage of trials with errors and average latency, gain,
and velocity) computed for each of the five tasks in each group (PDHD
and NC). We performed point and interval estimations of the intraclass
correlation coefficient (ICC) between the two visits for each measure
and tested whether the ICC is significantly different from zero. Fisher’s
z-transformation was used for the confidence interval estimation. The
ICC is the appropriate statistical method in reliability analysis for
assessing temporal stability of the measures.30 To compare our results
with those from previous studies, we also computed the Pearson
correlation coefficient.

Test–Retest Reliability of Saccadic Measures
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TABLE 1. Demographic and Clinical Characteristics of the Two Study Groups
Demographic

NC (n ⴝ 12)

PDHD (n ⴝ 9)

P

Age, y (mean ⫾ SD, range)
Education, y (mean ⫾ SD)
Male/female ratio*
UHDRS motor assessment, confidence level
(mean ⫾ SD)*
Expanded CAG repeat

41 ⫾ 14 (26–63)
15 ⫾ 2
4/8

45 ⫾ 14 (26–63)
15 ⫾ 3
4/5

0.55
0.94
0.60

0.7 ⫾ 1.0
N/A†

1.8 ⫾ 0.8
42 ⫾ 2

0.02

* Male/Female ratio was evaluated by Fisher’s exact test and, UHDRS confidence level was evaluated
using the Cochran-Mantel-Haenszel (row mean scores) statistic. All other comparisons performed using
T-test.
† N/A, not applicable, normal control subjects do not have a family history of HD and were not tested
molecularly to determine the number of CAG repeats.

the participants made errors in more than 75% of the trials. For
these participants, we could not estimate the latency, gain, and
velocity of correct saccades.

As a secondary analysis, for measures with significant ICC (ICC
significantly different from 0), we tested whether there were significant group (PDHD and NC) or sex effects on the ICC. We performed
the equality test of the ICCs based on Fisher’s z-transformation.31,32 A
paired t-test was used for the comparison of saccadic measures between the first and second visits.

Test–Retest Reliability in the NC and
PDHD Groups
There were no significant departures from normal for any of
the saccadic measures. Table 2 displays the mean ⫾ SD, as well
as the ICC and results of the equality test, for the saccadic
measures. We found moderate to high test–retest reliability for
the percentage of errors in the AS and MG tasks (ICC ⫽
0.63– 0.88) in each group. Because there were so few trials
with errors in the VG task, the ICC was not calculated. Figure
1A illustrates the strong association between the percentage of
errors in the MG3 task at the first and second visits.
We also found moderate to high test–retest reliability of
saccadic latency in the VG, AS, MG1, and MG3 tasks (ICC ⫽

RESULTS
Demographic and clinical characteristics for the two study
groups, PDHD and NC, are presented in Table 1. The range of
the participant’s age in both groups was 26 to 63 years. The
groups did not differ significantly in age, education, or sex. As
might be expected, the PDHD group had a higher mean diagnostic confidence score than the NC group had.
The MG2 task appeared to be unexpectedly complex for
both the PDHD and the NC participants. Approximately 30% of
TABLE 2. Summary Statistics for the Five Saccadic Paradigms

Intraclass Correlation
Saccade Measure*
PDHD Group

Percentage of errors
AS
MG1
MG2
MG3
Latency
VG, horizontal
VG, vertical
AS
MG1
MG3
Gain
VG, horizontal
VG, vertical†
AS
MG1
MG3†
Velocity
VG, horizontal
VG, vertical†
AS†
MG1†
MG3†

NC Group

PDHD Group

NC Group

Equality
Test

1st Visit

2nd Visit

1st Visit

2nd Visit

ICC

CI

ICC

CI

円T円

P

37 ⫾ 28
27 ⫾ 16
41 ⫾ 30
38 ⫾ 21

32 ⫾ 30
23 ⫾ 14
41 ⫾ 38
28 ⫾ 14

31 ⫾ 25
25 ⫾ 21
26 ⫾ 21
36 ⫾ 27

28 ⫾ 26
29 ⫾ 24
38 ⫾ 38
35 ⫾ 29

0.83
0.67
0.84
0.64

0.43, 0.96
0.10, 0.91
0.46, 0.96
0.04, 0.90

0.93
0.88
0.63
0.88

0.77, 0.98
0.61, 0.97
0.14, 0.87
0.64, 0.96

0.95
1.12
0.97
1.27

0.34
0.26
0.33
0.20

179 ⫾ 31
184 ⫾ 30
328 ⫾ 43
349 ⫾ 56
318 ⫾ 60

185 ⫾ 36
180 ⫾ 29
313 ⫾ 61
321 ⫾ 63
313 ⫾ 37

166 ⫾ 13
177 ⫾ 26
275 ⫾ 21
290 ⫾ 34
281 ⫾ 46

166 ⫾ 19
182 ⫾ 18
257 ⫾ 26
280 ⫾ 42
271 ⫾ 41

0.87
0.89
0.83
0.74
0.55

0.55, 0.97
0.62, 0.97
0.39, 0.96
0.24, 0.93
0, 0.87

0.71
0.77
0.68
0.62
0.58

0.28, 0.90
0.34, 0.93
0.19, 0.90
0.06, 0.89
0, 0.87

0.93
0.82
0.70
0.44
0.09

0.35
0.41
0.49
0.66
0.93

0.96 ⫾ 0.09
0.88 ⫾ 0.12
0.73 ⫾ 0.36
0.87 ⫾ 0.17
0.88 ⫾ 0.15

1.0 ⫾ 0.07
0.93 ⫾ 0.15
0.83 ⫾ 0.31
0.96 ⫾ 0.09
0.91 ⫾ 0.11

0.94 ⫾ 0.08
0.90 ⫾ 0.17
1.03 ⫾ 0.29
0.87 ⫾ 0.10
0.86 ⫾ 0.17

0.93 ⫾ 0.12
0.91 ⫾ 0.09
1.02 ⫾ 0.35
0.85 ⫾ 0.13
0.86 ⫾ 0.11

0.20†

0, 0.72

0.59

0.07, 0.86

0.99

0.32

0.82
0.76

0.38, 0.96
0.26, 0.94

0.83
0.52

0.50, 0.95
0, 0.85

0.04
0.82

0.97
0.41

384 ⫾ 69
388 ⫾ 90
338 ⫾ 90
313 ⫾ 65
298 ⫾ 81

405 ⫾ 36
407 ⫾ 54
348 ⫾ 43
360 ⫾ 45
330 ⫾ 59

404 ⫾ 54
393 ⫾ 124
348 ⫾ 44
332 ⫾ 66
361 ⫾ 99

411 ⫾ 71
392 ⫾ 98
336 ⫾ 53
357 ⫾ 95
331 ⫾ 56

0.43

0, 0.83

0.44

0, 0.79

0.01

0.99

0.57

0, 0.88

0.58

0, 0.87

0.03

0.97

* Mean ⫾ SD.
† ICC was not significant.
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Pearson Correlation
When computing the Pearson correlation coefficient, we
found the same pattern as with the ICC for the measures of
percentage of errors, latency, velocity, and gain across all five
tasks. As expected, the Pearson correlation coefficient was
typically slightly higher or equal to the ICC.

Between-Session Practice Effect
Comparisons of saccadic measures between the first and second visits showed that there were minor, but significant, improvements in the AS task. The percentage of errors and
latency decreased (P ⫽ 0.01) in the second visit.

DISCUSSION
Our findings suggest that saccadic performance is stable across
a 1-month interval in a wide range of testing paradigms in both
NC and PDHD individuals. The 1-month test–retest reliability
was excellent for the percentage of trials with errors and for
latency of volitional saccades. Those measures are found to be
abnormal in the early stages of HD and may be potential
biomarkers for prediagnostic HD.8,9 Between visits, minor
practice effects were observed only for the AS task, as indicated by the reduced percentage of errors and decreased latency. Overall, our results are in good agreement with those
reported previously in other samples, including healthy control
subjects, patients with schizophrenia, and their relatives.21–26
Our results clearly demonstrate that individuals with prediagnostic HD had excellent reliability for the latency and percentage of trials with errors across a wide range of tasks.
However, because those with advanced HD demonstrated a
wide range of oculomotor control abnormalities, reliability for
these study measures must be confirmed separately for this
group.
In conclusion, our results imply a temporal stability of
saccadic measures in persons with prediagnostic HD. Excellent
reliability of saccadic latency and percentage of errors in both
AS and MG tasks suggests that these measures could serve as
potential biomarkers to evaluate the efficacy of neuroprotective agents in slowing or delaying the progression of HD.
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