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Summary
Aims: To detect specific oculomotor deficits in preclinical stage of spinocerebellar 
ataxia type 3 (SCA3) and evaluate whether these abnormalities prove useful as poten-
tial biomarkers of disease progression.
Methods: A Chinese cohort of 56 patients with SCA3, including 12 preclinical carriers 
of SCA3 (pre-SCA3) and 44 manifest SCA3, and 26 healthy control individuals were 
recruited. We performed a detailed investigation on central oculomotor performance 
including fixation, gaze, smooth pursuit, prosaccade, and antisaccade using 
video-oculography.
Results: Common oculomotor features of pre-SCA3 included square-wave jerk during 
central fixation and gaze holding, impaired vertical smooth pursuit, slow upward sac-
cade, and increased antisaccade error rate. In our SCA3 cohort, all oculomotor param-
eters were correlated with the score of the Scale for the Assessment and Rating of 
Ataxia, whilst some of them were correlated with disease duration.
Conclusion: This study showed that a series of neuropathological changes reflected by 
oculomotor abnormalities appeared preferentially in preclinical stage of SCA3. 
Accordingly, objective oculomotor preclinical signs may be useful to detect the opti-
mum time-point for therapeutic interventions in future clinical trials of SCA3. Larger 
and longitudinal data are warranted to confirm our results.
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1  | INTRODUCTION

Spinocerebellar ataxias (SCAs) comprise a group of autosomal domi-
nant neurodegenerative progressive ataxias that are classified accord-
ing to specific genetic mutations. Among them, spinocerebellar ataxia 
type 3 (SCA3) is the most frequent inherited SCAs throughout the 
world, which is caused by an abnormal CAG trinucleotide expansion 
on ATXN3 gene.1 With predictive genetic testing in family members, 
carriers of mutations in SCA3 and other SCA genes can be detected 
in a phase in which they do not yet experience any cerebellar ataxic 
signs. This preclinical stage is attracting increasing research inter-
est, because they could provide a time window for early therapeutic 

intervention before irreversible brain damage has occurred.2 Currently 
there is not a cure for SCA3, but several candidate treatments with po-
tential disease-modifying effects are being explored.3 In this respect, 
recognition of early signs that develop before onset of ataxia is man-
datory to find surrogate biomarkers in future clinical trial.4

Because of the frequent involvement of the cerebellum and brain-
stem, oculomotor disturbances, including square-wave jerk (SWJ), 
gaze-evoked nystagmus (GEN), impaired smooth pursuit eye move-
ment (SPEM), and dysmetric saccade, are main characteristics of 
SCA3, some of which have also been recognized as distinguishing fea-
tures between SCA3 and other SCAs.5-10 A growing body of evidence 
indicates that the preclinical stage of SCAs is already characterized by 
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detectable oculomotor signs, including slowing of saccade in preclini-
cal stage of SCA2 and SCA7, saccade dysmetria in SCA6, and impaired 
SPEM in SCA17.2,11 Recently, GEN was firstly investigated by clinical 
observation in preclinical stage of SCA3 (pre-SCA3).12,13 However, in-
formation is lacking regarding other oculomotor domains that occur as 
a result of the SCA3 degenerative process in preclinical stage.

For this study, we performed quantitative oculomotor recordings 
in pre-SCA3 and manifest SCA3. Some of the central oculomotor do-
mains have not been assessed in SCA3 before. We emphasized the 
potential value of using oculomotor parameters as surrogate outcome 
measures in future clinical trials of SCA3 allowing intervention before 
the appearance of ataxia.

2  | METHODS

2.1 | Participants

In this study, we consecutively recruited 12 participants of pre-SCA3 
(six males) and 44 SCA3 patients (21 males) in the neurogenetic out-
patient clinic of the First Affiliated Hospital of Sun Yat-Sen University, 
Guangdong, China, from October 2014 to October 2016. All patients 
were diagnosed clinically and molecularly as SCA3. Healthy normal 
controls (NC, 26 participants with 14 males) were recruited via our 
physical examination center and were matched with patients for their 
age and sex. None of the control subjects had a suspicious family his-
tory of ataxia (Table 1).

We also excluded the following conditions: (i) a lesion in the cer-
ebellum or brainstem on magnetic resonance imaging, except for 

atrophy; (ii) a history of recent peripheral vestibulopathy and ophthal-
mic diseases; (iii) medications that could affect vestibular and cere-
bellar function 72 hours before the test; and (iv) tremor on the head, 
frequent blink or ptosis that could affect recording.8

The protocol of the experiment was approved by the Ethics 
Committee of the First Affiliated Hospital of Sun Yat-Sen University 
[No. (2014) 23]. Before each testing session, a written informed con-
sent was signed by the participant. We performed genetic testing to 
confirm the diagnosis of SCA3 only in siblings who were older than 
18 years.

2.2 | Clinical assessment

General information, such as sex, age, age at gait ataxia onset, dis-
ease duration, and CAG copies, was collected. Age at gait ataxia onset 
was determined by a structured interview in which patient and close 
family members were asked about the age of start of permanent and 
progressive gait instability.8

To measure the severity of ataxia, we used the Scale for the 
Assessment and Rating of Ataxia (SARA) that has been validated.6,14-16 
The sum score of SARA ranges from 0 to 40 with eight domains. SARA 
was not designed to measure oculomotor deficits.

The strict, objective inclusion criteria of preclinical carrier of SCAs 
have already been well documented.2 Pre-SCA3 is now defined as 
proven SCA3 mutation with mild coordination deficits (SARA<3), be-
cause the validation of SARA indicated that a score of 3 or more differ-
entiates controls from SCA patients with manifest ataxia. Abnormal test 
results, such as oculomotor deficits, might be detected in this stage.

TABLE  1 Demographic, genetic, ataxia, and nonataxia features of participants

Characteristics Pre-SCA3 SCA3 NC P Post hocs

No. 12 44 26 NA NA

Male:female 6:6 21:23 14:12 >.05 NA

Age, year 29.8±7.4 39.8±10.9 35.7±9.5 .0091 SCA3>Pre-SCA3

Age at onset of gait ataxia, year NA 35.2±10.2 NA NA NA

Disease duration, year NA 4.5±2.2 NA NA NA

CAG repeat length 72.2±3.6 74.0±3.1 NA >.05 NA

MMSE 30±0.0 29.2±1.4 29.6±1.0 >.05 NA

Barthel index 100±0.0 91.4±19.0 100±0.0 >.05 NA

SARA score 0.0 (0.0-1.0) 8.3 (5.0-12.9) 0.0 (0.0-0.0) <.001 SCA3>Pre-SCA3, NC

Nonataxia features

Hyperreflexia in lower limbs (%) 8.3 47.7 0 <.001 NA

Hyporeflexia in lower limbs (%) 8.3 20.5 0 .026 NA

Extensor plantar (%) 8.3 47.7 0 <.001 NA

Impaired vibration sense (%) 0 9.1 0 >.05 NA

Extrapyramidal signs (%) 0 9.1 0 >.05 NA

Gaze limitations in vertical 
direction (%)

0 15.9 0 .047 NA

Pre-SCA3, preclinical SCA3 with mild coordination deficits (SARA<3) and proven ATXN3 gene mutation; SCA3, spinocerebellar ataxia type 3; NC, normal 
controls; SARA, Scale for the Assessment and Rating of Ataxia; MMSE, Mini-mental State Examination; NA, Not available.
Demographic and genetic data are given as mean±SD whilst SARA scores are given as median (IQR), percentage of nonataxia features are presented.



     |  323WU et al.

The Mini-Mental State Examination (MMSE) is a measure of gen-
eral cognitive function, with scores ranging from 0 (severe impairment) 
to 30 (no impairment). The Barthel Index was used to quantify the 
participants’ ability of daily living. For both, we used Chinese versions.

2.3 | Central oculomotor battery

Eye movements were recorded binocularly using video-oculography 
(VOG) (Interacoustics VO425, www.interacoustics.com/VNG) at a 
sampling rate of 105 Hz. Participants were asked to wear the VOG 
goggles and put their head on a fixator to avoid any movement. A 
5-seconds rest for eye closing was offered after each test to avoid 
frequent blinks. Visual stimulation was displayed on a screen (visual 
angle, 40°×30°) from a fixed viewing distance of 150 cm. Each ocu-
lomotor session started with a calibration procedure. All participants 
underwent a predesigned protocol of eye movement recording de-
scribed as below to evaluate fixation, gaze, smooth pursuit, and 
saccades.17,18

1.	 To test fixation stability, a stationary red laser dot was projected 
to the center of the screen, and participants were asked to 
fixate the dot without any eye movement or blinks. A 5-seconds 
practice trial was performed, followed by a further 20-seconds 
test trial. Square-wave jerk (SWJ) was defined as small saccades 
of 0.5°-5° in amplitude, taking the gaze away from the target 
position, with an intersaccadic interval of 200-400 milliseconds, 
followed by another saccade with an amplitude similar to the 
first, which takes gaze back toward the target position.

2.	 Gaze holding was obtained whilst participants looked at the target 
displaced ±30° horizontally and ±20° vertically away from the 
center for 20 seconds. Horizontal gaze-evoked eye movement 
(GEEM), including SWJ or GEN, could be induced in SCA3 cases.

3.	 To perform smooth pursuit eye movement (SPEM), subjects were 
asked to track the target moving with a constant velocity of 10°/
seconds from −10° to 10° and vice versa sinusoidally for 10 turns 
horizontally and vertically.

4.	 The prosaccade task began with a central target for a variable dura-
tion (1000-2000 milliseconds). Immediately after the central target 
disappeared and a peripheral target pseudo-randomly elicited and 
lasted for 800-1500 milliseconds, subjects were requested to move 
their eyes to the new one as quickly and correctly as possible to 
make a prosaccade (horizontal amplitude 20°, vertical 15°). A four-
round practice trial was performed, followed by a further 10-round 
test trial.

5.	 The antisaccade task began with a central target, then moved ran-
domly to the left (six rounds) or to the right (seven rounds) horizon-
tally at irregular intervals (1000-2000 milliseconds) with the same 
amplitude of 20°. After a constant interval (1500 milliseconds), the 
stimulus returned to the center. When the central target disap-
peared and a horizontal peripheral target appeared, subjects were 
asked to voluntarily move to the opposite position with the same 
amplitude. A six-round practice trial was performed, followed by a 
further 13-round test trial.

2.4 | Statistical analysis

All oculomotor data were analyzed by the OtoAccess database soft-
ware (Interacoustics, http://www.interacoustics.com/otoaccess). 
All tests were administered in a fixed style, and the recordings with 
synchronous videos were evaluated by two examiners (CW, JWZ) 
independently to confirm the presence of oculomotor abnormalities 
and mark interferential events such as blinking. Normative data were 
obtained from the age-matched healthy controls.

1.	 The number of SWJ during the fixation period was counted, 
and the frequency (Hz) and average amplitude (°) of SWJ were 
measured. Frequent SWJ (9-16 per minute), also called square-
wave oscillations, is considered pathological.19

2.	 The number of GEN or SWJ during the gaze-holding period was 
counted, the frequency (Hz) and average amplitude (°) of GEN or 
SWJ were measured, and the maximum value of the two directions 
was used as the parameter to reflect the severity.

3.	 Mean pursuit gain (mean velocity of participant/velocity of the tar-
get×100%) was calculated. A value<mean±2SD of the NC data or 
abnormal eye drift during the smooth process represents impaired 
SPEM.

4.	 Saccade latency (milliseconds) was calculated as the time between 
onset of the target and the start of the main saccade. A 
value>mean±2SD of the NC data represents increased latency. 
Peak saccade velocity (°/seconds) is the maximum eye velocity be-
tween saccade onset and offset, which is very closely related to 
saccade amplitude. Therefore in the comparison of peak saccadic 
velocity between groups, saccade amplitude was included as a co-
variate so that differences in velocity could be analyzed indepen-
dently from differences in saccadic amplitude. A value<mean±2SD 
of the NC data represents reduced velocity. Saccadic accuracy (sac-
cade amplitude/target amplitude×100%) was calculated as the dif-
ference between the amplitude of the main saccade and the 
eccentricity of the target. A value>mean±2SD of the NC data rep-
resents overshoot (hypermetria), whereas a value<mean±2SD rep-
resents undershoot (hypometria).

5.	 An antisaccade error is the wrong direction of the first eye move-
ment after eccentric target onset with an amplitude >3°. Total anti-
saccadic error rate (total antisaccadic errors/number of trials) was 
calculated.20

For descriptive statistics of demographic, genetic, and measurable oc-
ulomotor parameters, means and standard deviations (SD) were obtained. 
SARA scores are given as median (IQR). Frequencies of nonataxia features 
were presented. The normality of the distribution for quantitative variables 
was assessed by the Kolmogorov-Smirnov test. A χ2 test was used for cat-
egorical data. The ordinary one-way ANOVA was used to compare oculo-
motor parameters, age and SARA scores among the pre-SCA3, SCA3, and 
NC groups followed by a Tukey’s multiple comparisons test. Correlation 
analysis was performed with the Pearson test. Statistical significance was 
set at P<.05. Normal values of oculomotor parameters were defined as the 
mean±2SD. Data analysis was performed using the SPSS 19.0.

http://www.interacoustics.com/VNG
http://www.interacoustics.com/otoaccess
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3  | RESULTS

3.1 | Clinical characteristics of participants

The demographic characteristics, SARA score, and key nonataxia 
symptoms of all participants are shown in Table 1. The pre-SCA3 
group had a median SARA score of 0.0 without any subjective com-
plaint of gait problems. Median SARA score in the SCA3 group was 
8.3 (IQR: 5.0-12.9), which represented that most of the patients could 
walk independently without external support. Key nonataxia features, 
such as hyperreflexia in lower limbs and extensor plantar, could be 
detected in 8.3% (1/12) of pre-SCA3 carriers and 47.7% (21/44) of 
the SCA3 patients, whereas none in NC group (P<.001). In addition, 
20.5% (9/44) of the SCA3 patients presented hyporeflexia, whereas 
8.3% (1/12) in pre-SCA3 and none in NC group presented hypore-
flexia (P=.026). Gaze limitations in vertical direction could only be de-
tected in 15.9% (7/44) of the SCA3 cohort. Impaired vibration sense 
and extrapyramidal signs were rare in SCA3 group (Table 1).

3.2 | Central oculomotor abnormalities in pre-SCA3

Detail characteristics of twelve pre-SCA3 carriers, including age, CAG 
repeats, SARA score, oculomotor performance, key nonataxia fea-
tures, and awareness of carrier status, are listed in Table 2. Several 
oculomotor alterations could be detected in pre-SCA3 as presented 
in Figure 1. Central fixation was impaired by SWJ (Figure 1A1,B1). 
Meanwhile, pre-SCA3 carriers could show GEEM, which could be sub-
tle and might be ignored during clinical observation. Only one carrier 
(No. 6 carrier in Table 2) showed horizontal and vertical GEN, whereas 
others presented SWJ during gaze holding with different frequency 
(Figure 1A2,B2). Carriers could have severe abnormal eye drift during 
the SPEM process, which affected the gain of SPEM in both verti-
cal and horizontal directions (Figure 1A3-4,B3-4). Slow peak upward 
saccade velocity and increased antisaccade error rate could also be 
detected (Figure 1C,D).

Mean and standard deviation performance metrics for the oculo-
motor parameters of all the pre-SCA3, SCA3, and NC participants are 
given in Table 3:

Pre-SCA3 compared with NC: Frequency and average amplitude 
of SWJ during fixation and gaze holding, antisaccade error rate were 
higher in the pre-SCA3 group. Vertical SPEM gain and upward saccade 
velocity were lower in pre-SCA3 group. Upward saccade latency, hor-
izontal and upward saccade accuracy, and horizontal saccade velocity 
showed no differences. Horizontal SPEM gain, although with some in-
dividual value out of the range of NC, did not statistically differ from 
the NC group (Table 3).

Pre-SCA3 compared with SCA3: Frequency and average amplitude 
of GEEM, antisaccadic error rate were lower in the pre-SCA3 group, 
whereas horizontal SPEM gain and upward peak saccade velocity were 
higher. No statistical difference was found in other oculomotor param-
eters. However, pre-SCA3 carriers showed normal horizontal saccade 
accuracy, whereas SCA3 could present either hypermetric or hypo-
metric saccade individually (Table 3).

3.3 | Correlation between oculomotor 
performance and clinical data in SCA3

We explore the specific relationships between oculomotor param-
eters and clinical data in SCA3 cohort (both pre-SCA3 and manifest 
SCA3 groups together, see Table. 4). There was a positive correlation 
between SARA score and frequency of SWJ, average amplitude of 
SWJ, frequency of horizontal GEEM, average amplitude of horizon-
tal GEEM, upward saccade latency and antisaccadic error rate, and a 
negative correlation between SARA score and horizontal and verti-
cal mean pursuit gain, horizontal and upward peak saccade velocity, 
horizontal and upward saccadic accuracy. In addition, frequency and 
average amplitude of horizontal GEEM, horizontal mean pursuit gain, 
upward saccade latency, peak saccade velocity and accuracy, horizon-
tal saccadic accuracy, and total antisaccadic error rate were correlated 
with disease duration. Meanwhile, we also found the well-known cor-
relations between age at onset of gait ataxia and CAG repeat length 
in expanded allele, and between SARA score and disease duration 
(Table 4).

4  | DISCUSSION

To our knowledge, this is the first study to have demonstrated that 
SWJ during central fixation and gaze holding, antisaccade error, slow 
upward saccade, and impaired vertical SPEM were common features 
of pre-SCA3. These oculomotor abnormalities could precede the 
onset of gait ataxia and other key nonataxia signs and were correlated 
with disease severity reflected by SARA score.

A growing body of evidence indicates that carriers in pre-SCAs are 
already subject to the earliest pathophysiological changes.2 A recent 
study showed that horizontal GEN was more often detected in SCA3 
carriers than in noncarriers [10 (39%) of 26 vs 1 (5%) of 20; P=.013].12 
In another cohort of 48 pre-SCA3, 17% of the participants demon-
strated GEN by clinical observation. Carriers with nystagmus at eval-
uation were closer to reported age at onset than individuals without 
nystagmus.13 However, these studies were mainly based on clinical ob-
servation. With the help of quantitative VOG, our study showed that 
pre-SCA3 had a higher frequency of GEEM than previous reported (all 
pre-SCA3 presented GEEM). We also confirmed this GEEM mostly as 
SWJ in pre-SCA3, only one carrier showed horizontal and vertical GEN. 
Whereas GEEM mostly showed as GEN in manifest SCA3, with the fre-
quency and average amplitude increased in the course of the disease. 
The generation of SWJ appears to involve widespread functional net-
works of neural tissue.19 In the case of SCA3, the cerebellar hypotheses 
might better explain the transition from SWJ to GEN in manifest cases.

Furthermore, we also screened for several other earliest functional 
oculomotor alterations for the first time, including SWJ during fixa-
tion, impaired SPEM, reduced upward saccade velocity, and increased 
antisaccade error rate in pre-SCA3. When compared with NC, these 
parameters showed significant difference, which are remarkable be-
cause in the RISCA study, a study of individuals at risk for SCA1-3 and 
6, oculomotor testing did not identify differences between carriers 
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and noncarriers of each mutation, except a higher rate of horizon-
tal GEN in SCA3 reported previously.12 Compared with Inventory of 
Non-Ataxia Symptoms (INAS), a recently designed tool to assess no-
nataxia and oculomotor symptoms in SCAs which relies on pure clin-
ical observation, noninvasive VOG studies would be more sensitive, 
quantitative, maneuverable, repeatable, and recordable.21 Our data 
further implicate that SCA3 mutation carriers, along with SCA2, 6, 7, 
and 17,2 have manifestations, which was caused by neurodegenera-
tion in different oculomotor neurocircuitries, that could be detected 
before the clinical onset of gait problem. Future study with expanded 
pre-SCA3 numbers should focus on the relationship between appear-
ance and severity of oculomotor findings and age at predicted onset 
of gait problem to explore the predictive value of oculomotor deficits. 
In addition, we found that all oculomotor parameters were correlated 
with the severity of ataxia evaluated by SARA score, whilst some 
of them were correlated with disease duration in our SCA3 cohort, 
which implies that progressive alteration in oculomotor neurocircuit-
ries is associated with SCA3 pathogenesis and neurodegeneration. 
Similar to Huntington’s disease and familial Alzheimer’s disease,22,23 
potential treatments for SCA3 are being developed, which should lead 

to prevention or slow progression. Our results suggest oculomotor 
parameters may work as potential markers in future trials involved 
preclinical SCA3 carriers.24

In addition, using this central oculomotor battery, we also enriched 
the oculomotor phenotype of SCA3 by firstly capturing vertical gaze-
evoked SWJ, impaired vertical SPEM, reduced vertical saccade, and 
increased antisaccade error in both preclinical and symptomatic pa-
tients. When we designed this battery, much attention was paid to 
vertical eye movements due to extensive atrophy of midbrain in an 
MRI study of SCA3.25 We found that reduced vertical saccade veloc-
ity and impaired vertical SPEM could be tested in pre-SCA3, which 
might reflect that the rostral interstitial nucleus of the medial longi-
tudinal fasciculus (riMLF) was preclinically affected. However, cog-
nitive impairment is another important nonataxia symptom of SCA3 
in Han Chinese.26 The antisaccade task was introduced to test inhib-
itory control, which strongly correlated with neuropsychological tests 
of executive function in multiple diseases20 and was controlled by a 
well-described frontoparietal cortical network.27 We found increased 
antisaccade error rate in both pre-SCA3 and SCA3 cohorts. The un-
derlying pathophysiological changes of antisaccade in SCA3 should be 

F IGURE  1 Oculomotor deficits in preclinical SCA3 carriers. A woman aged 35 with SARA=0 and CAG=67 (No. 1 carrier in Table 2) had (A1) 
frequent SWJ during central fixation. (A2) She also had SWJ during right gaze and with occasionally difficulty in gaze holding. (A3) Abnormal eye 
drift during the smooth SPEM process could be recorded. (A4) Vertical SPEM was badly damaged. A man aged 41 with SARA=1 and CAG=71 
(No. 2 carrier in Table 2) had (B1) frequent SWJ during central fixation. (B2) The frequency of SWJ increased after left gaze holding and (B3) SWJ 
remained during SPEM. (B4) Vertical SPEM was also badly damaged. (C) Upward saccade in a woman aged 31 with SARA=0 and CAG=72 (No. 3 
carrier in Table 2); her upward velocity was 283°/seconds, whereas downward was 339°/seconds within a normal amplitude, which were poorer 
than NC. (D) Increased antisaccade error rate in a woman aged 32 with SARA=1 and CAG=74 (No. 4 carrier in Table 2). Symbols: blue or red 
line, left or right eye movement track; 0°, central position; positive or negative number degree, right or left position except in A4, B4, C, where 
U, upward and D, downward; green line, track of the target; red arrow, abnormal eye drift; blue box, normal antisaccade; blue arrow, wrong 
antisaccade. SWJ, square-wave jerk; SPEM, smooth pursuit eye movement; NC, normal controls

(D)(C)

(B1)

(B3)

(A1)

(A2)

(A4) (B4)

(A3)

(B2)

1 s

0

–

–

–

0
5

–5

1 s

0

–10

–20

–30

0

6

10

–6

–10

–6

–10

0

6

10

–

–

0

5

0

6

10

20

30

10

–6

10

0

6
10

6

10

0

10

10

20

20

D

U

0

10

–10

–20

20

1 s 1 s

D

U

D

U



     |  327WU et al.

further studied after applying functional MRI and cognitive battery in 
the future. Our study also confirmed that cerebellar oculomotor signs, 
including broken up horizontal SPEM, GEN, and dysmetric saccades, 

were key clinical features of manifest SCA3.8-10,13,28 However, we 
showed a much lower prevalence of brainstem oculomotor signs, 
including horizontal and vertical gaze limitations, and slowing of 

TABLE  3 Mean and standard deviation performance metrics for pre-SCA3, SCA3 and control groups on the oculomotor parameters

Oculomotor signs Pre-SCA3 SCA3 NC P Post hocs

Fixation stability

Frequency of SWJ (Hz) 0.54±0.47 0.79±0.56 0.06±0.13 <.0001 NC<Pre-SCA3, SCA3

Average amplitude of SWJ (°) 1.15±0.77 1.53±0.93 0.23±0.43 <.0001 NC<Pre-SCA3, SCA3

Gaze

Frequency of horizontal GEEM (Hz) 0.83±0.5 1.65±0.75 0.09±0.15 <.0001 SCA3>Pre-SCA3>NC

Average amplitude of horizontal GEEM (°) 1.60±0.66 3.40±2.30 0.31±0.55 <.0001 SCA3>Pre-SCA3>NC

Frequency of horizontal SWJ evoked by upward gaze (Hz) 0.63±0.52 1.03±0.70 0.07±0.15 <.0001 NC<Pre-SCA3, SCA3

SPEM

Horizontal mean pursuit gain (%) 81.3±8.0 69.4±10.8 87.9±4.1 <.0001 NC, Pre-SCA3>SCA3

Vertical mean pursuit gain (%) 64.4±18.2 67.8±15.4 81.8±4.5 .0003 NC>Pre-SCA3, SCA3

Prosaccade

Upward saccade latency (milliseconds) 200±27.6 205±36.5 203±23.2 >.05 NC=Pre-SCA3=SCA3

Horizontal peak saccade velocity (°/seconds) 529±66.0 527±130.3 524±56.9 >.05 NC=Pre-SCA3=SCA3

Upward peak saccade velocity (°/seconds) 424±81.6 338±109.3 563±100.5 <.0001 SCA3<Pre-SCA3<NC

Horizontal saccadic accuracy (%) 98.4±3.7 92.8±16.9 98.2±3.5 >.05 NC=Pre-SCA3=SCA3

Upward saccadic accuracy (%) 93.0±9.0 85.1±16.0 94.4±7.4 .0135 SCA3<NC

Antisaccade

Total antisaccadic error rate (%) 36.4±24.1 66.8±22.9 19.2±14.0 <.0001 SCA3>Pre-SCA3>NC

Pre-SCA3, preclinical SCA3; SCA3, spinocerebellar ataxia type 3; NC, normal controls; SWJ, square-wave jerk; GEEM, gaze-evoked eye movement; SPEM, 
smooth pursuit eye movement.
Oculomotor parameters are given as mean±SD.

CAG repeat length  
in expanded allele

Disease 
duration SARA score

Frequency of SWJ NS NS 0.319*

Average amplitude of SWJ NS NS 0.287*

Frequency of horizontal GEEM NS 0.550** 0.593**

Average amplitude of horizontal GEEM NS 0.526** 0.760**

Horizontal mean pursuit gain NS −0.470** −0.642**

Vertical mean pursuit gain NS NS −0.347**

Upward saccade latency NS 0.280* 0.360**

Horizontal peak saccade velocity NS NS −0.345**

Upward peak saccade velocity NS −0.282* −0.397**

Horizontal saccadic accuracy NS −0.327* −0.480**

Upward saccadic accuracy NS −0.471** −0.547**

Total antisaccadic error rate 0.330** 0.360** 0.533**

Age at onset of gait ataxia −0.835** NS NS

SARA score NS 0.742** NA

SCA, spinocerebellar ataxia; SARA, Scale for the Assessment and Rating of Ataxia; SWJ, square-wave 
jerk; GEEM, gaze evoked eye movement; SPEM, smooth pursuit eye movement; NS, not significant; NA, 
not available.
This study included both preclinical and manifest SCA3 together. Pearson correlation coefficients, two-
tailed are given.
*P<.05, **P<.01.

TABLE  4 Correlations between 
oculomotor parameters and clinical data in 
SCA3
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horizontal saccades than previously reported.6 This discrepancy is 
probably due to lack of advanced-stage patients involved in our co-
horts (Median SARA score in our SCA3 group is only 8.3).

Several limitations of our study need to be addressed. This is a 
preliminary study with limited patient number in the pre-SCA3 group. 
Thus, our study has an exploratory character and the results should be 
interpreted with caution. Likewise, the nonsignificance of some results 
might have been due to this small sample size too. Peripheral vestibular 
oculomotor abnormalities also should be detected in the future study.8

In summary, we found that oculomotor parameters in several do-
mains could be detected in preclinical SCA3 mutation carriers and 
showed changes in increasing magnitude across our cohort. Clinical 
trials that are designed to prevent or delay ataxia may adopt oculomo-
tor parameters as potential surrogate biomarkers to validate the effect 
of disease-modifying agents.
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