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To investigate the effect of age and mood on saccadic function, we recorded prosaccades, predictive saccades, and antisac-
cadesfrom 238 cognitively normal, physically healthy volunteers aged 44 to 85 years old. Mood levels were measured using
the State- Trait Anxiety Inventory and Center for Epidemiological Studies Depression Scale inventories. Small, but signifi-
cant, positive relationships with age were observed for the mean latency and associated variability of latency for all types of
saccades, as well as the antisaccade error rate. Saccade velocity or accuracy was unaffected by age. Increasing levels of de-
pression had a minor negative influence on the antisaccade latency, whereas increasing levels of anxiety raised the antisac-
cade error rate marginally.

BECAUSE saccadic eye movements can be controlled,
recorded, and quantified with much greater accuracy than

most interactive neuropsychological tests, high-resolution eye
movement recording has proved to be a valuable tool for evalu-
ation of neurological impairment in a range of neurodegenera-
tive disorders in older people. By analyzing saccadic responses
to more complex visual cognitive tasks (e.g., antisaccades),
some understanding of the mechanisms of both cortical and
subcortical information processing can also be derived. Despite
the potential usefulness of saccadic measures as probes of brain
function, three important issues still restrict inferences about
brain function that are based on saccadic task performance
when either the clinical or normal sample under investigation
comprises middle-aged to elderly participants. First, it is difficult
to determine whether subtle changes in saccadic task perfor-
mance reflect any disease-related disruption to brain function
because qualitative and quantitative changes in saccadic task
performance have been shown to occur in healthy older people
(e.g., Abel, Troost, & Dell'Osso, 1983; Spooner, Sakala, &
Baloh, 1980; Warabi, Kase, & Kato, 1984). However, there is
still no firm agreement about the nature and extent of any age-
related changes in saccadic task performance in older people.
Second, depressive and anxiety symptoms, both of which are
common in older people, may also impair saccadic task perfor-
mance (Beekman et al., 1998; Gatz & Hurwicz, 1990). Once
again, the nature and extent of changes in saccadic performance
due to mood in older humans is not known. Finally, increasing
age may interact with mood changes to alter saccade task
performance.

To the authors' knowledge, there have been no studies of the
effect of current mood status on saccadic task performance in
healthy older people. A number of studies have investigated the
effect of age on parameters of saccadic eye movements (Abel
et al., 1983; Spooner et al., 1980; Munoz, Broughton, Goldring,
& Armstrong, 1998; Warabi et al., 1984). The results of these
studies have been inconsistent with regard to the effect of age
on saccade velocity and accuracy and the magnitude of the dif-

ference in saccade latency between young and old people.
These inconsistencies have probably arisen because most stud-
ies have compared performance directly between groups of
young and older adult subjects that are generally small (<30)
and are selected using inclusion criteria of variable stringency,
which usually do not include an objective neurological exami-
nation (Sharpe & Zackon, 1987; Warabi et al., 1984; Whitaker,
Shoptaugh, & Hay wood, 1986). Or investigation of larger
groups has included the performance of young children in re-
gression estimates of the effect of age on saccadic execution.
Studies of older adults that compare performance to young chil-
dren should be interpreted carefully, because changes in sac-
cadic performance reflect cortical underdevelopment in frontal
and prefrontal areas (although saccadic function is usually fully
developed by early adulthood; Bono, Oliveri, Zappia, Aguglia,
Puccio, & Quattrone, 1996; Munoz et al., 1998).

To clarify the effect of age and mood on saccadic task per-
formance in older people, we conducted the current study using
a very large group of volunteers aged 44 years or older, whose
normal health was determined by comprehensive medical and
psychological examination. These data should provide reliable
estimates of any effects of age or mood on saccadic task perfor-
mance in healthy older people, and hence may serve as useful
normative material for future studies concerning age-associated
function or impairment in neurological disorders of old age.

METHODS

Participants
Two hundred and thirty-eight volunteers (74 men) between the

ages of 44 and 85 years, mean (SD) = 62.5 (8.6), participated in
the study. Figure 1 shows the distribution of the participants'
ages. We recruited participants from the general population via
newspaper and radio advertisements. A neurologist, a neuropsy-
chologist, and a psychiatric nurse, who rated the participants
against strict exclusion criteria, assessed all participants. We ex-
cluded participants if they met the National Institute of
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Figure 1. Histogram of participant age.

Neurological and Communicative Disorders and Stroke-
Alzheimer's Disease and Related Disorders Association
(NINCDS-ADRDA) criteria for dementia (McKhann,
Drachman, Folstein, Katzman, Price, & Stadlan, 1984), had a
score of less than 28 on the Mini-Mental State Examination
(Folstein, Folstein, & McHugh, 1975), scored less than the age
appropriate limit on the Short Blessed Test (which assesses
temporal orientation, short-term recall, and concentration;
Katzman, Brown, Fuld, Peck, Schechter, & Schimmel, 1983),
showed the presence of two or more abnormal neurological
signs on the Consortium to Establish a Registry for Alzheimer's
Disease (CERAD) Neurological Examination (Morris, Mohs,
Rogers, Fillenbaum, & Heyman, 1988), or scored less than the
age and education appropriate limit on any test of the CERAD
Neuropsychological Battery (Welsh et al., 1994). In addition,
we excluded participants with a past or current history of stroke,
hypertension, major vascular disorder, heart disease, head in-
jury, epilepsy, diabetes, thyroid disease, major depressive or
anxiety disorder, or any other psychiatric illness. Additional ex-
clusion criteria included the obligate use of antihypertensives
and other cardiovascular agents, antidepressant, sedative, an-
tipsychotic, antianxiolytic, anticonvulsant, or anticoagulant
medication, or a history of substance or alcohol abuse (Whyte
et al., 1997). We obtained informed consent from each partici-
pant. The institutional research and ethics committee granted
approval for the study.

Oculomotor Recordings
Each participant performed three oculomotor tasks in a sin-

gle session—prosaccade, predictive saccade, and antisaccade.
In all three tasks, we presented stimuli along the horizontal
meridian only.

For the prosaccade task, a central red fixation point was pre-
sented on the screen. Following a delay that varied randomly be-
tween 1400 and 2400 ms, the fixation point was extinguished. At
the same time, a peripheral target was presented on the horizon-
tal meridian at an amplitude of either ±5°, 7.5°, 10°, 12.5°, or
15°. Each target remained visible for 2000 ms, after which it was
removed and the central stimulus displayed again for the begin-
ning of the next trial. We asked the participants to keep their eyes
fixed on the central point, and at the onset of the target we re-
quired them to move their eyes as quickly and accurately as pos-
sible to the target. Once the target was acquired, participants
were to maintain their gaze at the target location until the central
fixation point reappeared. Each participant performed 50 trials of
the prosaccade task (10 trials at each amplitude) with the differ-
ent amplitude targets appearing in a pseudorandom order.

For the predictive saccade task, the central red stimulus ap-
peared for 2000 ms, after which it was removed and did not re-
turn. Immediately, a red peripheral stimulus was presented at
-15° for 2000 ms, followed by a target at +15° for 2000 ms,
then representation of the -15° target occurred, allowing a total
excursion of 30°. We repeated this sequence of targets at ±15°
14 times for a total of 30 trials. We excluded from analysis the
response from the central stimulus to the first peripheral target.

For the antisaccade task, a green central fixation stimulus
was presented, which was extinguished after a random period
of 2000-2500 ms, with immediate presentation of a target stim-
ulus randomly at ±4° or ±8° of the central stimulus location.
We asked participants to make a saccade in the opposite direc-
tion to approximately the same eccentricity as the presented
stimulus. After 2500 ms, we extinguished the target stimulus.
Simultaneously, a validation cross appeared for 1000 ms at the
equal and opposite location of the target. We instructed partici-
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pants to look at the validation cross for the duration of its pre-
sentation. We presented the central stimulus again after the dis-
appearance of the validation cross. The use of the validation
cross permitted trial-by-trial, post-recording calibration of the
data, to reduce the effects of signal offset on saccade accuracy
measurements. The validation cross also served as a form of
feedback to the participant concerning the goal location of the
antisaccade. Each participant made 40 antisaccades.

We did not give practice trials, however, we asked partici-
pants to verbally describe the requirements of each task to en-
sure they understood instructions. We measured saccade
latency, peak velocity, and gain (amplitude of initial saccade di-
vided by amplitude of target) for the three oculomotor tasks.
We reported the antisaccade latency, peak velocity, and gain
for correct antisaccades only (i.e., those made initially in the di-
rection opposite to the target). We calculated the antisaccade
error as the number of incorrect antisaccades as a proportion of
the total number of valid trials for each participant.

The order of task performance was random. We took high-
resolution eye movement recordings according to the method
described in detail elsewhere (Currie, McArthur, Ramsden,
Lynch, & Maruff, 1992; Shafiq, Stuart, Sandbach, Maruff, &
Currie, 1998). We conducted all tasks in a dark, acoustically
sealed room. We recorded eye movements using the differential
limbus infrared reflectance technique (Skalar, Netherlands).
Data were sampled at a rate of 1 kHz. Participants sat, with
their head supported by a chin rest, 1 m away from a mylar
screen on to which the experimental stimuli were presented.
Stimuli were back-projected green central fixation circles (lu-
minance 16.9 cd/m2) and red laser target circles (luminance 8.3
cd/m2), each subtending 0.2° of visual angle. Target position
was controlled by X-Y mirror galvanometers (General
Scanning, Watertown, MA), driven by a 486 IBM compatible
computer. Validation for the antisaccade task was achieved via
rapid oscillation of the laser spot between a central point and
four surrounding points subtending 1° of visual angle. We ana-
lyzed saccade data off-line using custom semi-automated sac-
cade detection algorithms. Saccade onset and end were detected
using a velocity threshold of 207s.

For all oculomotor tasks, we rejected from analysis trials cor-
rupted by blink or other artifact. We also rejected trials if fixation
on the central spot was not maintained for at least 200 ms prior
to its offset in the prosaccade and antisaccade task, and also if
fixation on each peripheral target in the predictive saccade task
was not maintained for 200 ms prior to its offset. We rejected
saccades with latencies shorter than 90 ms as anticipations.

Anxiety and Depression Evaluation
We used the 40-item State-Trait Anxiety Inventory (STAI

Self-Evaluation Questionnaire; Spielberger, Gorusch, &
Lushene, 1970), plus the 20-item Center for Epidemiological
Studies Depression Scale (CES-D; Radloff, 1977) to measure
anxiety and depression levels, respectively. The STAI measures
state anxiety and trait anxiety as two separate manifestations of
anxiety. State anxiety is perceived on an individual level as feel-
ings of apprehension and tension, with increased autonomic
response. It is a transitory emotional state and may vary in inten-
sity. Trait anxiety is an individual's stable tendency to respond to
situations with elevations in state anxiety (Spielberger et al.,
1970). The STAI comprises 40 items, with the first 20 assessing

state anxiety and the next 20 assessing trait anxiety. Scores
range from 20 to 80, with a higher score reflecting increasing
levels of anxiety. Test-restest reliability of the trait anxiety mea-
sure ranges from r = 0.73 to r = 0.86, depending on the sample
used. State anxiety, due to its transient nature, shows reduced
reliability of r = 0.16 to r = 0.54 (Spielberger et al., 1970). The
CES-D scale measures an individual's current level of depres-
sive symptomatology. Scores range from 0 to 40, where a score
of 16 or greater indicates possible clinical depression (Hertzog,
Van Alstine, Usala, Hultsch, & Dixon, 1990). The CES-D has a
4-week test-retest reliability of r = .67 (Radloff, 1977) and has
demonstrated validity in older samples (Hertzog et al., 1990).

The participant completed the anxiety and depression scales
prior to eye movement recording.

RESULTS

Statistical Analyses
For technical reasons, a total of 17 participants had one or

more missing oculomotor measures and were excluded from
further analyses. For each of the remaining 221 participants, we
calculated the mean latency, gain, and peak velocity of prosac-
cades, predictive saccades, and antisaccades. We also calculated
the standard deviation (SD) of the latency for prosaccades, pre-
dictive saccades, and antisaccades. We calculated the antisac-
cade error rate for each participant as the percentage of valid
antisaccade trials that were directional errors. Finally, we cal-
culated the total CES-D, state and trait anxiety scores. The
means and standard deviations of these variables are shown in
Table 1, both for the entire group and four decile age segrega-
tions of the group.

We were interested in examining the effects of both age and
mood measures on oculomotor performance. We employed hi-
erarchical linear regression to determine if the addition of infor-
mation regarding anxiety and depression improved prediction
of oculomotor variables beyond that provided by age alone. We
chose this approach because it has been shown that the fre-
quency of both depression and anxiety increase with age (Gatz
& Hurwicz, 1990), therefore, we wished to examine the effects
of anxiety and depression after the variance in saccade function
attributable to age was accounted for. The independent variable
of age was entered alone at Step 1, and the three mood mea-
sures entered simultaneously at Step 2. The residual plots of all
analyses indicated that the assumptions of the regression model
were met. Table 2 shows the unstandardized regression coeffi-
cients (B) and their standard errors (SE B), plus the squared
multiple correlation value (R2) for each step of the hierarchical
regression. Table 2 also shows the Cohen's/2 statistic, which
indicates whether the effect being observed is small (.02), mod-
erate (.15) or large (.35) in size (Cohen, 1992).

For each dependant variable, we applied a family-wise error
correction to the p values using the Holm stepdown procedure
(Holm, 1979) at the defined alpha level of 0.05. This correction
was applied at Step 2 of the hierarchical regression.

Hierarchical Linear Regression Results
At Step 1, age emerged as a significant predictor of the la-

tency of each of the oculomotor tasks (prosaccades: R2 = . 120,
F(l,219) = 29.826,;? < .001; predictive saccades: R2 = .083,
F(l,219) = 19.870,/? < .001; antisaccades: R2 = .024, F(l,219)
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Table 1. Means and SDs for Age, Mood and Oculomotor Variables

Variable

Age (years)
State anxiety
Trait anxiety
CES-D
Pro. latency (ms)
Pro. latency SD (ms)
Pro. velocity (deg/s)
Pro. gain
Pred. latency (ms)
Pred. latency SD (ms)
Pred. velocity (deg/s)
Pred. gain
Anti. error rate (%)
Anti. latency (ms)
Anti. latency SD (ms)
Anti. velocity (deg/s)
Anti. gain

All Ages (n = 221)

62.48 (8.63)
31.23 (8.78)
34.62 (9.27)

8.04 (6.26)
264.52 (45.42)
64.24 (25.04)

329.57 (57.67)
1.01 (0.30)

245.72 (52.83)
64.13 (53.18)

527.73 (97.70)
0.93 (0.11)

24.42 (19.35)
522.87(122.75)
136.15 (95.31)
307.81 (87.08)

0.94 (0.31)

44-55 Years (n = 51)

49.64 (2.85)
33.50 (8.17)
35.64 (8.24)
8.39 (6.52)

245.93 (36.07)
53.17 (20.10)

321.83 (52.67)
1.00 (0.38)

228.09 (37.92)
52.72 (25.69)

525.90 (93.78)
0.92 (0.08)

19.43 (15.48)
500.72 (106.57)
116.72 (69.72)
307.94 (85.56)

0.95 (0.33)

56-65 Years (n = 78)

61.67 (2.84)
30.36 (7.75)
34.76 (8.42)
7.52 (6.57)

257.53 (39.91)
59.42 (19.64)

331.24 (54.13)
1.02 (0.28)

241.70 (35.58)
59.76 (27.98)

530.91 (104.67)
0.92 (0.09)

23.66 (19.23)
514.21(129.04)
135.03 (109.56)
293.71 (72.52)

0.87 (0.25)

66-75 Years (n = 84)

69.47 (2.81)
31.82 (8.79)
34.78 (9.39)
8.27 (5.93)

279.65 (48.80)
74.28 (28.16)

329.99 (62.22)
1.00 (0.27)

259.39 (67.97)
71.97 (74.85)

524.60 (91.61)
0.95 (0.12)

26.39 (19.77)
544.31 (122.60)
149.40 (94.31)
314.96 (91.36)

0.97 (0.29)

76-84 Years (n = 8)

78.62 (2.61)
26.50 (5.31)
33.62 (7.65)

8.37 (5.31)
292.09 (55.71)
76.17 (25.28)

358.27 (71.95)
0.97 (0.21)

253.81 (63.05)
96.90 (77.35)

541.32(129.01)
0.81 (0.18)

43.00 (26.75)
523.16(145.06)
131.66 (91.49)
369.40(148.47)

1.15 (0.60)

Notes: Pro. = prosaccade; pred. = predictive saccade; anti. = antisaccade. Units of measurements are provided in parentheses. (Gain has no formal unit of measure-
ment; state anxiety, trait anxiety, and CES-D variables are described in terms of "points" on their respective scales.) All values are mean values with SD in parentheses.

Table 2. Summary of Hierarchical Regression Analysis for Variables Predicting Oculomotor Performance (N= 221)

Dependent Variable Independent Variable SEB R2 Afi2 JL.
.136

.158

.158

.184

.003

.008

.003

.008

.090

.096

.055

.069

.001

.006

Pro. lat.

Pro. lat. SD

Pro. vel.

Pro. gain

Pred. lat.

Pred. lat. SD

Pred. vel.

1.
2.

1.
2.

1.
2.

1.
2.

1.
2.

1.
2.

1.
2.

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

1.822***
1.760*
-.835

.209

.468

1.074***
1.055*
-.427

.482
-.097

.396

.394

.087
-.499

.034

.396

.394

.087
-.499

.034

1.391***
1.414*
.349

-.008
-.068

.876***

.895*

.092

.278
-.689

.298
-.244
1.030
-.863

.048

.334

.334

.428

.442

.559

.182

.182

.233

.241

.305

.451

.454

.587

.602

.761

.451

.454

.583

.602

.761

.312

.314

.404

.417

.533

.251

.252

.323

.334

.427

.765

.771

.988
1.021
1.291

.120***

.137***

.137***

.156

.003

.008

.003

.008

.083***

.088

.053***

.065

.001

.006

.017

.019

.005

.005

.005

.005

.005

Continued next page
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Table 2. Summary of Hierarchical Regression Analysis for Variables Predicting Oculomotor Performance (N = 221) (Continued)

Dependent Variable Independent Variable SEB R2 AR2

Pred. gain

Anti. lat.

Anti. lat. SD

Anti. vel.

Anti. gain

Anti. error

1.
2.

1
2.

1.
2.

1.
2.

1.
2.

1.
2.

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

Age
Age
State
Trait
CES-D

.000

.000

.000

.000

.001

2.193*
2.328*
-.096
1.828

-5.512*

1.692***
1.720*
.221

-.433
-1.074

.597

.575
-.237
-.914
-.341

.232

.232
-.077
-.024
-.253

492***

.499*
-.050

.554*
-.139

.001

.001

.001

.001

.001

.950

.933
1.195
1.235
1.562

.629

.632

.811

.839
1.057

.681

.682

.874

.904
1.143

.242

.244

.313

.323

.409

.148

.145

.186

.192

.243

.002

.007

.024*

.078

.032**

.043

.003

.020

.004

.009

.048**

.101

.006

.055*

.011

.017

.005

.053**

.002

.007

.024

.084

.033

.044

.003

.020

.004

.009

.050

.112

Notes: For each dependant variable, the regression results are presented with Step 1 first (denoted by 1. Age) along a single line, containing the unstandardized
regression coefficient (B), the associated standard error (SE B), and the R2 of the regression with age alone in the equation. After each Step 1, the Step 2 results (de-
noted as 2. Age, with State, Trait, and CES-D listed directly below) for the relevant dependant variable is displayed, with B and SE B shown beside each independent
variable of Step 2. The three independent variables of State, Trait, and CES-D were entered simultaneously at Step 2. The R2 value displayed in the final line of the
Step 2 results (on the CES-D line) is the R2 value of the equation containing age plus the three mood variables. A/?2 is the change in R2 between Step 1 and Step 2.
The final column contains/2, the effect size (.02 = small, .15 = moderate, .35 = large). Pro. = prosaccade; pred. = predictive saccade; anti. = antisaccade; lat. = la-
tency; vel. = velocity.

*/? < .05; **p < .01; ***/> < .001.

= 5.33, p < .05). The standard deviations in the latencies of each
task could also be significantly predicted by age (prosaccade:
R2 = .137, F(l,219) = 34.753,/? < .001; predictive saccade: R2 =
.053, F(l,219) = 12.183,/? < .001; antisaccade: R2 = .032,
F(l,219) = 7.239,/? < .01). In addition, the antisaccade error
rate could be significantly predicted by age, R2 - .048, F(l,219)
= 11.080, p < .01. Age was not a reliable predictor of gain or
velocity for any saccade task. The maximum rate of change
with increasing age occurred for the prosaccade latency (ap-
proximately 1.66 ms per year). For those dependant variables
of which age was a significant predictor, the amount of varia-
tion accounted for by age ranged from 2.4% (antisaccade la-
tency) to 13.7% (prosaccade latency standard deviation).

After entering the mood variables into the regression equa-
tion at Step 2, we observed a significant increment in R2 for the
antisaccade latency (&R2= .054, F(3,216) = 4.270,/? < .01). The
depression score displayed a significant B coefficient of -5.512
(p < .05 corrected). Repeating this regression and excluding
state and trait anxiety scores at Step 2 did not significantly alter
the increment in the correlation, indicating that the depression

score alone was responsible for the change in the correlation.
The sign of the unstandardized regression coefficient indicated
a negative relationship between antisaccade latency and depres-
sion. Thus, each unit increase in the CES-D score was associ-
ated with a decrease in the antisaccade latency of approximately
5.5 ms. We also observed a significant increment in R2 for the
antisaccade error rate (A/?2= .053, F(3,216) = 4.426, /? < .01).
In this case, the trait anxiety score had a significant B coeffi-
cient of .554 (/? < .01). Repeating this regression and excluding
state anxiety and depression scores at Step 2 did not signifi-
cantly alter the increment in the correlation, indicating that the
anxiety score alone was responsible for the change in the corre-
lation. The sign of the unstandardized regression coefficient in-
dicated a positive relationship between antisaccade error rate
and trait anxiety, such that each unit increase in the trait anxiety
score was associated with an increase in the antisaccade error
rate by approximately 0.55%.

Mood measures did not significantly predict any of the other
dependent oculomotor variables.

Table 1 is useful for inspecting the mean values obtained in
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increasingly higher age groups, however, we do not recom-
mend direct comparisons with these data to determine normal
performance, because this type of data segregation assumes that
performance is homogeneous within each grouping. Rather, the
regression parameters provided in Step 1 of Table 2, in combi-
nation with the standard error calculated from the means and
SDs in Table 1, can provide a predicted oculomotor variable
value for any age. If state, trait, and CES-D measures are also
known, parameters in Step 2 of Table 2 can be used.

DISCUSSION

Oculomotor Function and Age
Our results indicate that in neurologically normal older indi-

viduals, age has a selective effect on oculomotor performance,
serving to slightly increase saccade latencies, latency variation
and antisaccade error rate only. While there is general agree-
ment that older participants show slower saccade reaction times
when directly compared to younger participants, the magnitude
of the slowing varies considerably between studies (Abel et al.,
1983; Bono et al., 1996; Carter, Obler, Woodward, & Albert,
1983; Hotson & Steinke, 1988; Moschner & Baloh, 1994; Pitt
& Rawles, 1988; Spooner et al., 1980; Tedeschi et al., 1989;
Warabi et al., 1984; Whitaker et al., 1986). A number of
methodological issues may be responsible for this. First, most
previous studies have compared groups of young and older par-
ticipants (Abel et al., 1983; Bono et al., 1996; Spooner et al.,
1980; Warabi et al., 1984; Whitaker et al., 1986). Although all
of these studies have found increased saccadic latencies in older
people, the magnitude of this slowing has varied from 20 ms
(Moschner & Baloh, 1994) to 100 ms (Warabi et al., 1984).
This variability may have occurred because of the small groups
used, differences in the mean age of both the younger and older
groups studied, and the selection of older subjects without con-
sideration of subtle cognitive impairment arising from neuro-
logical or systemic illness that may also affect saccadic func-
tion, and which have an increased incidence in older people.
Other studies of larger samples have reported r values for the
relationship between oculomotor latency and age of 0.480 (Pitt
& Rawles, 1988), 0.555 (Tedeschi et al., 1989), and 0.663
(Carter et al., 1983) for a prosaccade type of task. In these stud-
ies, the youngest participants ranged from 15 to 20 years, and
the oldest from 65 to 79.5 years. Another study (Bono et al.,
1996) reported a comparatively lower correlation between age
and saccade latency (r = 0.269), however, in this study subjects
as young as 5 years of age were studied. The lower correlation
is likely to reflect the nonlinear contribution of the very young
children and teenagers included in the study, a pattern con-
firmed by another investigation using subjects of the same
young age (Munoz et al., 1998). The low but significant corre-
lation between age and saccadic latency found in the current
sample suggests that the inclusion of young subjects may ob-
fuscate the subtle slowing that occurs in individuals older than
45 years. The larger effect sizes found for the relationship be-
tween age and oculomotor function in the studies that include
very young subjects are most likely reflecting the large changes
associated with cerebral maturation. With our large sample of
221 people aged 45 to 85 years, we believe that the current re-
sults should provide a reliable estimate of the effects of aging
on oculomotor performance in healthy older adults.

The current results also confirm the increased variability in
oculomotor responses reported elsewhere (Abel et al., 1983;
Moschner & Baloh, 1994; Spooner et al., 1980). However, in
contrast to some previous studies (Bono et al., 1996; Pitt &
Rawles, 1988; Spooner et al., 1980; Tedeschi et al., 1989), we
did not find any relationship with increasing age and the peak
velocity of saccades. Closer examination of stimulus conditions
reveals that researchers reporting a peak velocity/age relation-
ship used target eccentricities greater than or equal to 20°.
Moschner and Baloh (1994) report a peak velocity reduction
only at angles of 30° compared with 10° or 20°. Similarly,
Wilson, Glue, Ball, and Nutt (1993) found significant slowing
only at eccentricities of 25° or greater. Hence, it appears that
the peak velocity/age relationship may depend upon stimulus
eccentricity. Although in our study, 30° predictive saccades
were made, no age effect was found at this target amplitude. It
is possible that prior knowledge of both temporal and spatial
properties of the impending target causes a degree of automatic-
ity in the responses that overrides any variation that may be
caused by age. All positive results mentioned previously con-
cerning age and peak saccade velocity were obtained using a
prosaccade paradigm with random target amplitudes. In agree-
ment with Warabi and colleagues (1984), Moschner and Baloh
(1994), and Hotson and Steinke (1988), we found no relation-
ship between age and saccadic gain for any oculomotor task.

Saccade generation and triggering is controlled by an exten-
sive cortical and subcortical network, with cortical-midbrain
pathways differing for the mode of oculomotor response re-
quired to acquire a visual or nonvisual target. The network for
control of visually guided and predictive saccades encom-
passes the occipital cortex, posterior parietal cortex, posterior
eye fields, prefrontal cortex and frontal eye fields (which then
project to the superior colliculi and reticular formation).
Position emission tomography imaging has shown increased
activation in the frontal eye fields, supplementary motor area,
thalamus, putamen, superior parietal lobe, and primary visual
cortex during execution of the antisaccade task compared to
the prosaccade task (O'Driscoll, Alpert, Matthysse, Levy,
Rauch, & Holzman, 1995). Although it has long been thought
that the inevitable consequence of brain aging was widespread
neuronal death, recent studies using refined stereological tech-
niques have concluded that decline in numbers of neurons due
to neuronal death is not significantly associated with normal
aging in the neocortex and hippocampus (Morrison & Hof,
1997). Also, whereas area 20 of the neocortex is prone to de-
veloping age-associated neurofibrillary tangles, the rest of the
neocortex is relatively spared (Hof, Giannakopoulos, &
Bouras, 1996). For our observation of increased latencies in all
three tasks in older individuals to be related to cortical atrophy,
a large proportion of the entire neocortex would need to expe-
rience significant cell loss, but this is not supported by the
stereological studies.

We observed increased antisaccade error rates with increas-
ing age in this study. A successful antisaccade requires volun-
tary, inhibition of a reflexive response to the target, followed by
the execution of a saccade in the opposite direction. Failure of
this inhibitory mechanism results in an erroneous saccade being
made to the target instead of away from it. Researchers have
observed high antisaccade error rates in disorders with cortical
involvement such as Alzheimer's disease (Currie, Ramsden,
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Me Arthur, & Maruff, 1991), in young children who have yet to
develop cortical maturity (Munoz et al., 1998), and in humans
with frontal eye field lesions (Guitton, Buchtel, & Douglas,
1985). The failure to perform correct antisaccades is presumably
due to a lack of fixation control, leading to a reduced ability to
suppress saccades to a suddenly appearing target. This visual
fixation is maintained primarily by the frontal eye fields exerting
inhibitory control over the superior colliculus (Dias & Bruce,
1994), which becomes the major descending input tobrainstem
saccade generators. The results of this study indicate that a
small proportion of the breakdown of the antisaccade generat-
ing mechanism may be attributable to the natural aging process.
Studies in nonhuman primates indicate that although age is not
associated with a significant decrease in the total number of
neocortex neurons, there is a decrease in the overall white mat-
ter volume of the cerebral hemispheres (Tang, Nyengaard,
Pakkenberg, & Gundersen, 1997), a thinning of layer I in area
46 of the prefrontal cortex, and decreases in the cell density in
cortically projecting brain stem nuclei (Peters et al., 1996). This
is consistent with oculomotor findings that disruption to the
prefrontal cortex results in dysfunction manifesting as increased
antisaccade error rates. Therefore, the small increase in the anti-
saccade error rate observed in this study may also reflect some
subtle changes in the function of the prefrontal cortex related to
age-

Saccade velocity is under the involuntary control of saccadic
burst cell generators of the paramedian pontine reticular forma-
tion. Patients with lesions of this area have demonstrated slow-
ing of saccades compared to controls (Burk et al., 1997). Our
study demonstrated no change in saccade velocity or gain as a
function of age, supported by histological observations of lack
of neuronal degeneration in the brainstem reticular formation of
older individuals (Brody & Vijayashankar, 1977).

Oculomotor Performance and Mood
The only effects of mood found in this study were an inverse

relationship between the level of depression and the antisaccade
latency, and a minimal but significant increase in the antisac-
cade error rate with increasing levels of trait anxiety. It should
be noted that the inclusion of these mood variables only adds a
small effect to the existing moderate effects of age where sig-
nificant.

Increased levels of self-reported depressive symptomatology
are common among elderly adults and have been associated
with self-reported cognitive alterations (Bolla, Lindgren,
Bonaccorsy, & Bleecker, 1991). Although the effect of clinical
depression on cognitive function in older people has been exten-
sively researched, little is known about the effects of increased
depressive symptoms on oculomotor function in older, clinically
nondepressed individuals. Neuroimaging and neuropsychologi-
cal studies of patients with major depression consistently find
evidence of disruption to areas in the prefrontal cortex (e.g.,
Abas, Sahakian, & Levy, 1990), and in keeping with this, stud-
ies of antisaccade performance and depression in younger
adults have found that clinically depressed patients display
higher antisaccade error rates than control subjects (Katsanis,
Kortenkamp, Iacono, & Grove, 1997; Sweeney, Strojwas,
Mann, & Thase, 1998). However, no difference in antisaccade
latency has been found. Our findings of reduced response la-
tency and no change in antisaccade error rates are in conflict

with these findings, and those showing psychomotor slowing in
depression. It is possible that fixation ability may be impaired
in major depression, as suggested by high antisaccade error
rates in patients with unipolar depression, but may not be com-
promised in subjects experiencing mild levels of depression in
this study.

This study suggests, however, that high levels of generalized
anxiety, but not test-related state anxiety, may affect some as-
pects of antisaccade generation. Neuroimaging studies have im-
plicated cortical regions such as the occipital, temporal, and
frontal lobes in generalized anxiety disorders (Connor &
Davidson, 1998). It is possible that certain disruption to cortical
functioning in these areas, some of which are responsible for
antisaccade generation, may be occurring secondary to the ef-
fects of mildly elevated levels of anxiety in older people.

In conclusion, the findings of this study, namely that saccade
latency is affected at best moderately by increasing age, suggest
that aging does have a selective effect on the human saccadic
system, although this is inconsistent with any major age-related
neurodegeneration in the neurocognitive networks that control
saccadic function. The results also suggest that the saccade sys-
tem is relatively free from the effects of increased anxiety and
depression, except when tasks require an additional cognitive
component such as on the antisaccade task.
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