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Abstract
Cognitive and psychomotor slowing is a complication of epilepsy and is less often a focus of
investigation relative to other cognitive domains (e.g., memory). A diversity of tasks has been
used to examine psychomotor slowing in epilepsy, but it remains unknown whether the degree of
epilepsy-related slowing is fixed or is exacerbated with increasing task demand. Also unknown is
to what degree age related slowing is accelerated in epilepsy. Participants with temporal lobe
epilepsy (n = 50) were compared to healthy controls (n = 69) across three tasks of psychomotor
speed with varied complexity. Performance was examined as a function of group (epilepsy,
controls), task complexity (simple, intermediate, complex), and chronological age. The results
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showed that speed of performance declined across the epilepsy and control participants as a
function of task complexity. Epilepsy participants were significantly slower than controls across
the three tasks, and there was a significant three way interaction (group by task complexity by
age). These results demonstrate that psychomotor slowing is related to task complexity in both
epilepsy and healthy control participants, always greater in epilepsy participants, and there is a
significant age acceleration of psychomotor slowing in the epilepsy group that is magnified by
complex tasks.
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INTRODUCTION
The potential neurocognitive complications of chronic temporal lobe epilepsy are generally
well appreciated and may include problems in memory, language, and executive function
(Cahn-Weiner et al., 2009; Dodrill, 2004; Helmstaedter and Elger, 2009; Jokeit et al., 2000;
Mameniskiene et al., 2006; Riley et al., 2010). While psychomotor speed has been a less
frequent focus of attention as a core complication of epilepsy, it appears to be a broadly
represented abnormality that has been reported in investigations of neuropsychological
function in adults with chronic epilepsy (Piazzini et al., 2006) as well as children with
established cryptogenic localization-related (van Mil et al., 2010) and uncomplicated
epilepsies (Boelen et al., 2005). Psychomotor slowing has also been reported in children and
adults with new onset epilepsies prior to initiation of medications (Oostrom et al., 2003;
Prevey et al., 1998; Taylor et al., 2010). Furthermore, especially in adults, psychomotor
slowing worsens over time and exceeds the rate of change in many other cognitive abilities
(Baker et al., 2011; Hermann et al., 2006). In addition, psychomotor slowing is an
appreciated complication of seizure medications (Eddy et al., 2011; Loring et al., 2007; Park
and Kwon, 2008), an impact that may be added to the intrinsic slowing that can be observed
antecedent to medication initiation in pediatric and adult new onset epilepsies (Oostrom et
al., 2003; Taylor et al., 2010).

Normal aging is well known to be associated with slowing of psychomotor speed (Era et al.,
2011), an effect that has been attributed to age-related disruption of both cerebral white (Lu
et al., 2011) and grey matter (see Seidler et al., 2010 for a review). How normal aging
processes may impact already affected cognitive systems in epilepsy remains an area of
active investigation, with little work devoted to characterizing the added impact of age to
already evident psychomotor slowing.

Complicating the issue further is the diversity of tasks used in this literature. Psychomotor
speed has been measured using a wide range of psychomotor tasks that vary in their
complexity and relation to real world situations. Available tasks range from simple and
uncomplicated unimanual tasks to more complicated bimanual assembly tasks, and include
tests of simple and complex reaction time, motor dexterity, coding, assembly and other
tasks. For instance, in a sample of 65 adults with temporal lobe epilepsy who participated in
a comprehensive neuropsychological evaluation, Wang et al. (2011) found that 86% of the
sample had some form of cognitive impairment and of those 69% had deficits in
psychomotor speed as measured by the Purdue Pegboard. Exner et al. (2002) examined a
small sample of adults with frontal lobe epilepsy (n= 16) and temporal lobe epilepsy (n= 16)
and reported psychomotor slowing in both groups when compared to healthy controls on the
Trail Making Test (A and B). On the other hand, in another study of individuals with frontal
lobe epilepsy (FLE), temporal lobe epilepsy, and controls employing the Trail Making Test
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of the Delis-Kaplan Executive Function System, McDonald et al. (2005) reported no
difference in motor speed between individuals with temporal lobe epilepsy and healthy
controls groups, and this finding may be attributed to younger age of the sample.
Nevertheless, there has been no systematic investigation of psychomotor slowing as a
function of task demand and complexity, the degree to which these task demands may exert
differential effects on participants with epilepsy versus healthy controls, and whether normal
age-related changes in speeded performances are exacerbated aging individuals with
epilepsy.

In this investigation we administered three psychomotor tasks of increasing complexity to
individuals with epilepsy and healthy controls, measures that have been widely used to
assess psychomotor speed and function in various settings (Grigsby et al., 2008; Sachdev et
al., 2005; Wright et al., 2008). Based on the existing research on psychomotor slowing and
epilepsy, we hypothesized the following: a) individuals with epilepsy would perform more
slowly across all tasks than controls; b) the impairment in the epilepsy group would be
magnified as a function of task complexity; and c) age-accelerated progression of this
impairment would be observed in the epilepsy group relative to controls.

METHODS
Participants

A total of 119 research participants were the focus of this investigation including 50
individuals with temporal lobe epilepsy and 69 healthy controls. Initial selection criteria for
the participants with epilepsy included: a) chronological age between 18 and 63 years, b)
WAIS-III IQ >69, c) complex partial seizures of definite or probable temporal lobe origin
based on consensus conference review, d) no MRI abnormalities other than atrophy on
clinical interpretation, and e) no other neurological disorder. Temporal lobe epilepsy was
defined by continuous video/EEG monitoring demonstrating temporal lobe seizure onset of
spontaneous seizures, clinical semiology in conjunction with interictal EEGs, clinical
neuroimaging, and developmental and clinical history. Initial selection criteria for the
controls included: a) chronological age between 18 and 63, b) WAIS-III Full Scale IQ > 69,
c) either a friend, relative, or spouse of the participant with epilepsy, d) no current substance
abuse, or medical or psychiatric condition that could affect cognitive functioning, and e) no
episode of loss of consciousness greater than five minutes, identified developmental learning
disorder, or repetition of a grade in school. This project was reviewed and approved by the
University of Wisconsin Madison Institutional Review Board, and all participants were
informed of the nature and purposes of this investigation, their questions were answered, and
signed informed consent was obtained.

Table 1 provides information regarding the baseline characteristics of the epilepsy and
control participants. The participants with epilepsy had a significantly lower Full Scale IQ
than controls (although still within the average range of performance). Salthouse et al.
(2003) suggested that fluid intelligence (i.e., memory and processing speed) begins to reveal
major declines around age 45, even as vocabulary continues to increase or stabilize. Given
the findings from previous studies and the statistical power calculations, a median split
(median = 37 years old) was used to derive groups of younger and older research
participants and their characteristics are presented in Table 1. Although not a geriatric
sample, individuals in the older group with a mean age of 46 were expected to perform more
poorly on the psychomotor tasks than the younger comparison group.
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Assessment of Psychomotor Function
Using the Purdue Pegboard (Tiffin and Asher, 1948) and the Grooved Pegboard Test
(Klove, 1963), participants completed three motor tasks containing an identical number of
stimulus items (n=25) that ranged in complexity from simple (unilaterally placing round
pegs in round holes), to intermediate (unilaterally placing slotted keys in grooved but rotated
slots), to complex (bimanual 3-piece assembly task). Time to complete all 25 items on each
test was recorded and used as the dependent variable in all analyses.

The simple task utilized the Purdue Pegboard (Tiffin and Asher, 1948). Participants were
asked to place as many pegs as possible in a 25-item vertical column with their dominant
hand only. The Grooved Pegboard Test (Klove, 1963), which presents the participant with a
5 × 5 display of slotted holes positioned in different directions, served as the intermediate
complexity motor task. Grooved pegs were provided and participants were asked to place
the pegs into the holes using the dominant hand only. Finally, the Purdue Pegboard
assembly task (Tiffin and Asher, 1948) was used as the complex task. Four cups containing
pegs, washers, and collars were presented to participants. The assembly task required the
participants to pick up and place pegs, washers, and collars from different cups with both
hands, alternating use of the dominant and nondominant hands. Each item of the task begins
with the dominant hand picking up the peg and placing it in the hole on the stimulus board.
The second step begins with the nondominant hand picking up a washer and placing it over
the peg. The third step begins with the dominant hand picking up the collar and placing it
over the peg and on top of the washer, and the task ends with the nondominant hand picking
up the final washer and placing it on top of the collar. This series of steps continues until all
25 holes are filled. The time from the start of the task to the end of the task is recorded.

Data Analyses
Psychomotor speed was represented by the time taken to complete each task. In order to
investigate the effect of age on motor task performance, the participants were divided into
two age groups using median age (37 years) as the cut-off. The data were analyzed using a
three-way analysis of variance (ANOVA) with one within-group factor (Task Complexity,
simple vs. intermediate vs. complex) and two between-group factors (Group, epilepsy vs.
control; Age, younger vs. older). The three-way mixed-design ANOVA was used in which
two factors are between-subject variables and the other factor is a within-subject variable.
This type of analysis is considered more appropriate for studying psychomotor slowing as a
function of age, disability, and task complexity, and their interaction effects. Mean
completion times of these speeded psychomotor tasks were used as dependent variables in
all analyses. Greenhouse-Geisser corrections were adopted in these analyses, while
Bonferroni corrections were applied to all post-hoc comparisons (p < .01).

RESULTS
A three-way ANOVA (Group x Age x Task Complexity) revealed significant main effects
for Group (F[1,114] = 45.68, p < .001), Age (F[1,114] = 16.60, p < .001), and Task
Complexity (F[1.07, 121.79] = 661.54, p < .001). Means and standard deviations are
presented in Table 2. Participants with epilepsy were slower than healthy controls, older
participants were slower than younger participants, and all participants took longer to
complete more complex tasks than to complete less complex ones. These main effects are
qualified by significant 2-way (Group x Task Complexity: F[1.07, 121.79] = 33.27, p < .
001; Age x Task Complexity: F[1.07, 121.79] = 11.53, p < .001) and 3-way (Group x Age x
Task Complexity: F[1.07, 121.79] = 10.62, p < .001) interactions. These interactions are
displayed graphically in Figure 1. All main effects and interactions were then decomposed
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to examine the effects of Group and Age on task completion time across all three levels of
Task Complexity (see Table 2).

For healthy controls, there was no difference in task completion time between older and
younger participants. However, for the participants with epilepsy, the results varied across
task complexity. There was no difference in simple task completion time between the
younger and older participants with epilepsy; only in the intermediate and complex task
conditions did age predict task completion time. Older participants with epilepsy were
significantly slower than their younger counterparts to complete intermediate and complex
tasks (p’s < .01).

Clinical Epilepsy Factors and Psychomotor Speed
It is important to note that there was no difference in seizure frequency or the number of
AEDs between older and younger epilepsy participants. Individuals with epilepsy in the
older group have a longer duration compared to those individuals in the younger group (p
<0.001). However, after controlling for age, there was no significant difference between the
groups (p = .640). Using Pearson’s r, IQ scores were negatively correlated with task
completion time across tasks of varying complexity (r’s = −.511– −.632, p’s < .001)
indicating faster completion time with higher IQ. Number of AEDs was positively correlated
with task completion time for the complex task only (r = .450, p < .001). Age and
polytherapy were not correlated. We found no relationship between seizure frequency and
motor task performance.

DISCUSSION
Three main findings were observed in this investigation of the effects of age and task
complexity in psychomotor slowing among research participants with epilepsy and controls.

First, epilepsy participants were slower across all tasks (simple, intermediate, complex)
compared to healthy controls—an anticipated finding. Individuals with epilepsy performed
more slowly compared to controls across all administered tasks including simple,
intermediate, and complex motor tasks, with greater mean completion time in the
participants with epilepsy.

Second, across psychomotor tasks of increasing complexity, performance slowed across
both the epilepsy and control groups, but the slowing with increasing task difficulty was
greater in the epilepsy participants. This was demonstrated by a significant group by task
interaction effect, which demonstrated that individuals with epilepsy were differentially
affected by psychomotor task complexity. As task difficulty increased the participants with
epilepsy exhibited an increasingly greater completion time compared to the controls—most
notably on the complex assembly task (Figure 1).

Third, there was a clear age acceleration of this effect in the epilepsy but not the control
group. Older participants with epilepsy showed significantly greater age-accelerated slowing
on the intermediate and complex task compared to the young epilepsy group and controls.
While these findings need to be interpreted cautiously given the cross-sectional nature of the
data, the results are consistent with the possibility of increased age-accelerated slowing of
the psychomotor system in people with chronic epilepsy. While cognitive and psychomotor
slowing is known to be associated with advancing chronological age, this slowing is
accelerated in an older epilepsy group that is only 46 years of age on average, indicating that
aging effects are occurring earlier in epilepsy participants than control participants.
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There are no previous studies that systematically investigated psychomotor slowing as a
function of task demand and complexity as conceptualized in this study, and in general,
there is an inadequate understanding of epilepsy’s impact on normal age-related changes in
cognitive and psychomotor processing speed. A few prospective investigations of adults
with chronic epilepsy have included measures of psychomotor speed in the context of a
broader test battery. Hermann et al. (2006) followed this sample over a four year interval
and included measures of motor/psychomotor speed (Grooved Pegboard, Trail Making
Test). Prospective declines in performance (regression based z-scores) on the composite
psychomotor speed factor were disproportionate to healthy controls and other ability areas
over the same interval. Piazzini et al. (2006) followed 50 adults with temporal lobe epilepsy
and 50 healthy controls over a five year interval and evaluated their cognitive performance
including attention and psychomotor function. They also reported that epilepsy participants
demonstrated psychomotor slowing over a five year interval when compared to healthy
controls. Similarly, Taylor and Baker (2010) found evidence for psychomotor slowing in
38% of participants with epilepsy in a five-year follow-up study.

Helmstaedter and Elger (2009) postulated that aging may, in fact, have a greater negative
impact on cognition compared to healthy controls in terms of learning and memory. How
aging may affect other cognitive domains that are known to be age-sensitive (executive
functions, speeded abilities) have been less a focus of investigation, but there are many
reasons for concern (Hermann et al., 2008). The existing research has been quite focused on
the impact of clinical factors on cognition such as duration of epilepsy (which is highly
correlated with age), age of onset of epilepsy, and other related disease-based markers which
have been shown to have an adverse impact on cognitive functions (Jokeit and Ebner, 1999;
Oyegbile et al., 2004; Pitkanen and Sutula, 2002). More focus on the unique effects of aging
may prove valuable.

Antiepileptic drugs are widely appreciated to negatively affect psychomotor speed and other
cognitive abilities (Eddy et al., 2011; Loring et al., 2007; Park and Kwon, 2008), but here
there was no difference in the number of AEDs in the younger and older groups.
Nevertheless, it has been demonstrated that AEDs can have adverse effects on psychomotor
performance (Aldenkamp et al., 1994; Dodrill and Temkin, 1989; Loring et al., 2007;
Vermeulen and Aldenkamp, 1995). Older adults are particularly vulnerable to AED side
effects due to physiological changes associated with aging, reduced metabolic rate for
AEDs, and increased risk of polydrug interactions, all or some of which may subsequently
affect psychomotor speed. Although Craig and Tallis (1994) found no differences when
comparing the effects of AEDs on cognitive functioning in elderly persons with epilepsy,
Ramsay et al. (2004) later showed increased sensitivity to the CNS toxic side effects of
AEDs. While there is no denying AED impact on speeded and other processes, and the
possibility that advancing age may exacerbate adverse AED effects, both Prevey et al.
(1998) and Taylor et al.(2010) found significant psychomotor slowing in new onset adult
cases prior to AED treatment, indicating the intrinsic impact of epilepsy on speeded
processes. This relationship is likely not specific to epilepsy and may be a broader signal
associated with other disorders (e.g., schizophrenia) where it has been demonstrated that
cognitive and psychomotor slowing is an important core feature of the disorder, even though
other cognitive abilities have garnered more research and investigation (Dickinson et al.,
2007).

Finally, the “upstream” impact of cognitive and psychomotor slowing on higher cognitive
abilities remains to be more systematically investigated. For instance, how cognitive slowing
per se might affect information processing and memory efficiency remains to be determined.
The underlying neurobiology of psychomotor slowing also remains to be characterized. In
the end, it appears that there is an increase in psychomotor slowing as individuals with
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chronic epilepsy age compared to fewer age related changes in psychomotor speed in
healthy controls.
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Figure 1.
Graphical representation of average total time of completion across epilepsy and control
groups for each age group.
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Table 1

Demographic characteristics of the epilepsy and control subjects

Epilepsy Control

Younger (n=22) Older (n=28) Younger (n=41) Older (n=28)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age 29.36 (5.88) 46.32 (6.38) 27.93 (5.75) 48.93 (7.10)

IQ Full Score* 96.50 (15.08) 87.61 (16.62) 112.71 (15.02) 109.11 (13.67)

Education 13.76 (2.47) 13.25 (2.01) 14.46 (2.18) 13.96 (2.19)

Gender 6M/16F 12M/16F 14M/27F 13M/15F

Seizure Duration (yr) 19.30 (6.51) 33.01 (11.20) --- ---

Seizure Frequency (<1 month, >1 month) 11/11 10/14 --- ---

Antiepileptic Drugs (polytherapy, monotherapy, none) 13/8/1 19/9/0 --- ---

Note.

*
p < .05;

**
p < .01

Epilepsy Res. Author manuscript; available in PMC 2014 February 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sung et al. Page 12

Table 2

Means and standard deviations of psychomotor speed

Epilepsy Control

Younger (n=41) Older (n=28) Younger (n=22) Older (n=28)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Purdue Simplea 60.95 (16.16) 73.26 (18.43) 53.93 (7.94) 57.68 (9.52)

Grooved Pegboarda 77.86 (25.29) 105.74 (31.96) 62.07 (9.52) 66.18 (9.67)

Purdue Assemblya 229.45 (82.96) 334.67 (136.27) 186.39 (29.50) 192.07 (36.22)

Note. ME for Group: Epilepsy < Control, F[1,114] = 45.68, p < .001

ME for Age: Younger < Older, F[1,114] = 16.60, p < .001

ME for Task Complexity: F[1.07, 121.79] = 661.54, p < .001

Group x Task Complexity Interaction: F[1.07, 121.79] = 33.27, p < .001

Age x Task Complexity Interaction: F[1.07, 121.79] = 11.53, p < .001

Group x Age x Task Complexity Interaction: F[1.07, 121.79] = 10.62, p < .001

a
Independent t-test was used with t-value reported for parametric variables include: simple, intermediate, and complex variables and duration of

epilepsy.

b
Mann-Whitney test was with Z-value reported used for non-parametric variables include: frequency of epilepsy and number of AEDs.
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