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Objective: Symptoms of restless legs syndrome (RLS) usually occur during the evening and 

night time, resulting in disrupted sleep and subsequent daytime fatigue. This study compared 

simulated driving performance, alertness, and cognitive function between healthy subjects and 

patients with a diagnosis of RLS.

Methods: Fifteen healthy subjects and 15 untreated RLS subjects were enrolled and com-

pleted two driving tests. The first test occurred at 4 PM followed by the second test at 8 AM 

the next morning. Outcome measures included lane position variability (LPV), speed vari-

ability, frequency of simulated crashes (off-road events or collision), and brake reaction time. 

Other assessments included visual analog scale (VAS) of alertness and the Brief Assessment 

of Cognition (BAC).

Results: Overall, RLS patients and healthy subjects performed similarly on driving assessments. 

Two subjects within each group experienced off-road events. RLS patients had less alertness on 

the VAS than healthy subjects before and after driving assessments. Both groups scored similarly 

on the cognitive function assessments.

Conclusion: Despite reported diminished alertness, RLS patients did not demonstrate impair-

ment in driving or cognitive performance. 

Keywords: restless legs syndrome, simulated driving performance, cognitive function

Introduction
Restless legs syndrome (RLS) is a neurological disorder characterized by an irresist-

ible urge to move, usually accompanied by uncomfortable and/or painful sensations 

in the legs. Symptoms are exacerbated by inactivity and commonly occur during the 

evening and later at night. Consequently, people with RLS have reported delayed onset 

of sleep and disturbed sleep,1 leading to more pronounced daytime fatigue and sleepi-

ness when compared to healthy adults.2,3 A potential consequence of daytime fatigue 

and sleepiness is impaired driving performance and RLS patients have been reported 

to be prone to sleepy driving.2 Counter to this, sleep complaints of RLS patients do not 

correlate with daytime sleepiness complaints. Despite disturbed sleep, RLS patients 

are reported to not have severe daytime sleepiness or abnormal Epworth Sleepiness 

Scale (ESS) scores.4,5 In fact, compared to sleep deprived control subjects, there is 

reported greater alertness in RLS patients.6 An additional potential consequence of 

daytime fatigue is cognitive deficit. Untreated RLS patients in three clinical studies 

assessing cognitive functioning demonstrated deficits in performance including short-

term attention and verbal fluency.7–9 However, results from population studies have not 
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been conclusive with some demonstrating certain deficits,10,11 

with some demonstrating certain deficits and others showing 

a lack of cognitive dysfunction.12

There are various ways to assess driving performance, 

including on-road and simulated driving. Because they 

mitigate some of the expense and most of the risk, driving 

simulators are commonly utilized and have been shown to be 

comparable with on-road driving testing for assessing driv-

ing performance.13 A key outcome measure used to assess 

simulated driving performance is lane position variability 

(LPV). The sensitivity and test-retest reliability of LPV has 

been demonstrated.14 Driving simulators have been used to 

evaluate the risk of driving in adults with daytime sleepiness 

and in patients with sleep disorders,15,16 as well as to assess 

the psychomotor effects of medications, such as sedatives/

hypnotics, antipsychotics, anticonvulsants, anxiolytics, and 

antidepressants.17–19

The primary objective of this study was to assess simu-

lated driving performance of untreated RLS patients and 

healthy volunteer subjects with the hypothesis that subjects 

with RLS may demonstrate comparatively impaired driving 

performance. Secondary study objectives were to evaluate 

subjective alertness and cognitive function. This study was 

designed as a pilot study for clinical investigations assess-

ing the effects of gabapentin enacarbil (GEn, Horizant®, 

XenoPort, Inc., Santa Clara, CA, USA), a treatment for 

moderate-to-severe primary RLS in adults,20,21 on simulated 

driving performance.

Methods
Study design
This single-center observational study was conducted 

between December 2006 and March 2007 in accordance 

with good clinical practice (GCP), all applicable regulatory 

requirements, and the guiding principles of the Declara-

tion of Helsinki. The protocol and informed consent were 

reviewed and approved by Copernicus Group IRB (Cary, 

NC, USA). Written informed consent was obtained from 

each subject prior to the performance of any study-specific 

procedure. No investigational product or other test agent 

was administered.

Each subject completed two study visits on two consecu-

tive days, a screening/baseline visit and an end-of-study visit. 

A simulated driving test was performed at each study visit. 

The first simulated test was conducted at 4 PM on Visit 1 

(Day 1). The second simulated driving test was conducted at 

8 AM on the following morning (Visit 2/Day 2). Subjects also 

completed the visual analog scale (VAS) of alertness, Brief 

Assessment of Cognition assessment (BAC), and Pittsburgh 

Sleep Diary (PghSD) at both visits, and Epworth Sleepiness 

Scale (ESS) at the Day 1 visit.

Subjects were required to abstain from the consumption 

of alcohol, and all caffeine-containing foods and beverages 

from midnight prior to Visit 1 until 2 hours following the 

end of Visit 2.

Subjects
All patients were recruited through local advertising and 

healthy volunteers from the database at the study center. 

Eligible subjects included males or females aged $18 years 

who were licensed drivers at the time of study entry and driv-

ing an average of three times/week for the past three years. 

Subjects with a body mass index (BMI) .34; a sleep disorder 

(eg, sleep apnea, narcolepsy, or primary insomnia); use of 

a sleeping/sedating medication or central nervous system 

(CNS) stimulants; or shift employment were excluded from 

participation in the study. At study entry, the RLS population 

was required to have a diagnosis of RLS based on the Inter-

national RLS Study Group (IRLSSG) Diagnostic Criteria; 

a history of RLS symptoms for at least 15 nights in the prior 

month and for at least four of the previous seven consecutive 

evenings/nights; and must have received a score $15 on the 

IRLS rating scale. Subjects receiving RLS treatment were 

required to discontinue treatment at least two weeks prior to 

study entry. Any subjects who experienced driving simula-

tor sickness such as nausea and were unable to complete 

the 5-minute practice drive at Visit 1 were discontinued and 

designated as a Screening Failure.

assessment of simulated  
driving performance
The driving simulator used in this study was a fixed-platform 

PC-based system (STISIM Drive, Systems Technology 

Inc., Hawthorne, CA, USA). The simulator setup and the 

placement of controls were similar to those of an actual car, 

including an adjustable car seat, a seat belt, a steering wheel, 

and brake and acceleration pedals. The driving scenario 

image was projected onto a white wall. The projected field 

of view was 60° for the driver. The two-lane highway was 

13 ft wide in each direction. The lane position was measured 

from the center line of the vehicle to the center line of the 

two-lane road.

Each test consisted of a 5-minute practice session to 

acclimatize the subject to the simulated driving system, fol-

lowed by a 2-minute brake reaction test, and concluded with 

a 60-minute test drive. The brake reaction scenario assessed 
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the time for the subject to move his or her foot from the 

accelerator to the brake pedal at a stop sign appearing at 

predetermined intervals. The 60-minute test drive consisted 

of a rural two-lane highway with several gradual curves, 

occasional hills, and approximately one oncoming vehicle 

every 10 minutes.

Lane position and speed were sampled once per second 

for the duration of the test and averaged over each of six 

10-minute epochs. A simulated crash was defined as collision 

of the simulated vehicle with an oncoming car or an off-

road event when the distance of the vehicle from the center 

line was more than 18 ft on either side of the road. After a 

simulated crash, the lane position was reset to middle of the 

lane and speed was reset to zero.

Outcome measures of the simulated driving assess-

ments included average lane position variability or LPV (ft) 

measured as the standard deviation (SD) of lane position by 

10-minute time block (or epoch) and overall; average speed 

variability (mph) by epoch and overall; number of simulated 

crashes during the 60-minute test; and average brake reaction 

time (seconds).

Visual analog scale of alertness
Alertness was assessed prior to and immediately after each 

simulated driving test using a visual analog scale (VAS), 

a 100-mm scale anchored by “extremely sleepy” and 

“extremely alert” on the left and right ends, respectively. 

Subjects placed a mark on the scale to indicate self-evaluated 

alertness. The alertness score was measured in millimeters 

from the left end to the mark with higher scores indicating 

more alertness.

epworth Sleepiness Scale
The ESS22 was completed by subjects at Visit 1/Day 1.

Pittsburgh Sleep Diary
The PghSD23 was completed by subjects based on their sleep 

the nights prior to Visit 1/Day 1 and Visit 2/Day 2. Responses 

from this diary were used to determine subjective latency 

to sleep onset, total sleep time, wake time after sleep onset, 

and sleep quality.

Brief assessment of cognition
Cognitive function was assessed prior to each simulated 

driving test using the BAC,24,25 designed to measure six 

cognitive domains: verbal memory, working memory, motor 

function, verbal fluency, reasoning and problem-solving, 

and processing speed. The assessment of overall cognitive 

function was measured by the composite score derived from 

the six individual tests, with higher scores indicating better 

cognition.

Safety assessments
Safety assessments included the reported incidence and 

severity of adverse events (AEs) and serious adverse events 

(SAEs).

Sample size considerations
Sample size calculations were based upon a report compar-

ing the driving simulation performance of subjects with 

sleep apnea to that of healthy control subjects.16 Selection 

of a sample size of 15 subjects with untreated RLS at study 

entry was based upon the LPV results from the Risser et al 

study16 with the following assumption: the SD of average 

LPV in untreated subjects with RLS was increased relative 

to healthy control subjects but less than that of subjects with 

sleep apnea (SD = 1.0). Accordingly, when the sample size 

was 15 subjects with RLS, a two-sided 90.0% confidence 

interval (CI) for a single mean would have extended approxi-

mately 0.30 from the observed mean, assuming the SD was 

known to be 1.0 and the CI was based on the large-sample 

z statistic. Fifteen healthy control subjects were included in 

this study to facilitate comparison of the results for the group 

of subjects with RLS to those for healthy controls.

Data analysis
No statistical tests were performed except for analysis of 

the BAC results per the prospectively specified statistical 

analysis plan. The demographics (age, sex, race, and eth-

nicity) and other subject characteristics applicable to both 

populations were summarized by subject population. These 

characteristics included weight, height, ESS score, total 

sleep time the night prior to the visit, wake time after sleep 

onset, and sleep quality. Descriptive statistics (sample size, 

mean, standard deviation, median, range, frequencies, and 

percentages) were used to summarize demographics and 

subject characteristics data. The group of subjects with RLS 

was further characterized by summarizing variables related 

to the presence and duration of RLS symptoms including 

RLS diagnostic criteria, previous RLS treatment, RLS 

symptom information, and IRLS rating. Descriptive statis-

tics (n, mean, standard, deviation, median, range, and 95% 

confidence intervals of the mean) by subject population and, 

where applicable, by 10-minute epoch, were calculated for 

average lane position, LPV, average speed, speed variability, 

brake reaction time, total number of simulated crashes, and 
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Table 1 Summary of demographic characteristics of the study 
population

RLS Healthy

age (years), n 
Mean (SD) 
Range

15 
52.3 (12.2) 
27.4–73.6

15 
35.9 (9.13) 
19.5–51.9

Sex, n 
Male, n (%) 
Female, n (%)

15 
6 (40.0) 
9 (60.0)

15 
7 (46.7) 
8 (53.3)

Race, n 
White or caucasian, n (%) 
Black or african-american, n (%)

15 
15 (100.0) 
0 (0.0)

14 
11 (73.3) 
3 (20.0)

ethnicity, n 
hispanic/Latino, n (%) 
not hispanic/Latino, n (%)

15 
0 (0.0) 
15 (100.0)

14 
1 (6.7) 
13 (86.7)

BMi, n 
 Mean (SD) 
 Range

13 
28.2 (3.66) 
22.2–35.1

13 
27.7 (4.07) 
19.6–33.3

epworth Sleepiness Scale score, n 
 Mean (SD) 
 Range

15 
8.9 (2.96) 
3–16

15 
5.2 (3.23) 
0–12

Abbreviations: BMi, body mass index; RLS, restless legs syndrome; SD, standard 
deviation.

Table 2 Mean lane position variability (ft) in the simulated driving 
tests on Day 1, 4 PM and Day 2, 8 aM

RLS, n = 15 Healthy, n = 15

Day 1, 4:00 PM
 Mean (SD) 1.2 (0.31) 1.3 (0.58)
 Median (range) 1.2 (0.7–2.0) 1.2 (0.6–3.1)
 95% ci 1.0, 1.4 0.9, 1.6
Day 2, 8:00 aM
 Mean (SD) 1.2 (0.28) 1.6 (1.07)
 Median (range) 1.2 (0.9–1.8) 1.2 (0.6–5.2)
 95% ci 1.1, 1.4 1.0, 2.2

Abbreviations: CI, confidence interval; RLS, restless legs syndrome; SD, standard 
deviation.
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the alertness VAS score. The differences were considered 

when the 95% confidence intervals around the means of the 

two groups were not overlapping.

The scores of individual BAC subtests were standard-

ized using the means and SD from the control population. 

The overall BAC composite score at each of the visits was 

then computed by taking the mean of the six standardized 

values. Repeated measures analysis of variance (ANOVA) 

with group and time as fixed effects was used to compare 

the BAC composite and individual scores between the two 

subject populations.

Results
Study population
Of the 47 subjects (19 healthy subjects and 28 subjects with 

RLS) screened, 30 were enrolled, equally distributed between 

the healthy volunteer group and the subject with RLS group, 

all of whom completed the study. Reasons for screening 

failure included having other co-morbid sleep disorders (4), 

withdrawal of consent (4), not meeting RLS severity entry 

criteria (3), unwilling to washout RLS medications (2), taking 

alcohol, caffeinated food/beverages or tobacco (1), unable 

to complete practice drive at screening (1), no valid driver’s 

license (1), and others (2). Demographic characteristics 

of the study population are summarized in Table 1. Both 

groups had a similar sex distribution. On average, subjects 

with RLS were 16 years older than the controls and had a 

higher mean ESS (±SD) score (8.9 ± 3.0 versus 5.2 ± 3.2). 

The median duration of RLS treatment was 2.5 years and 

the mean number of days of reported RLS symptoms in the 

seven consecutive days prior to Day 1 was 5.2 days. Ten of 

the 15 subjects (66.7%) reported RLS symptoms prior to 

both visits. The majority (60.0%) of the subjects with RLS 

had no previous RLS treatment. The six subjects previously 

on RLS treatment who discontinued the treatment prior to 

study entry had been prescribed ropinirole (two subjects), 

pramipexole (two subjects), gabapentin, clonazepam, 

acetaminophen/diphenhydramine, aspirin, and carbidopa-

levodopa (one subject each). The average IRLS Rating score 

was 23.1 ± 5.09 (out of a total score of 40, with 0 being no 

symptoms and 40 being very severe symptoms), consistent 

with moderate-to-severe RLS.

Lane position variability
Lane position variability is presented by group in Table 2. 

Median LPV was similar between both study groups. Mean 

LPV in the afternoon for subjects with RLS was similar to mean 

LPV on the following morning. Healthy subjects had a mean 

LPV of 1.3 ft in the afternoon and 1.6 ft in the morning.

Mean LPV for each individual is displayed in Figure 1. The 

majority of subjects in both groups had mean LPV ,1.4 ft 

on both simulated driving tests. Two subjects with RLS and 

three healthy subjects had mean LPV .1.4 ft on both tests. 

Two additional healthy subjects had mean LPV .1.4 ft only 

in the morning on the Day 2 testing. One healthy subject was 

identified as an outlier, with an LPV of 3.1 ft in the afternoon 

on Day 1 and an LPV of 5.2 ft in the morning on Day 2.

Mean LPV was similar between the two study groups for 

all six epochs on Day 1 (Figure 2). On Day 2, subjects with 

RLS recorded numerically less LPV for each epoch compared 

to healthy subjects, with mean differences ranging from 0.2 ft 

(Epoch 6) to 0.5 ft (Epoch 3; Figure 3). No obvious increase 

in LPV over time was observed in either group during either 

simulated driving test.
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Figure 1 Mean LPV in individual subjects on Day 1, 4 PM and Day 2, 8 aM assessments.
Abbreviations: LPV, lane position variation; RLS, restless legs syndrome.
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Figure 2 average LPV by epoch on Day 1, 4 PM.
Note: The bars on the graph represent standard error.
Abbreviations: LPV, lane position variation; RLS, restless legs syndrome.
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Exclusion of the single outlier in the analysis yielded 

mean LPV (SD) of 1.1 ft (0.30) on Day 1 and 1.3 ft (0.40) 

on Day 2 for healthy subjects, narrowing the overall LPV 

difference between the two study groups to ,0.1 ft and by 

epoch ,0.2 ft.

Speed variability
Mean speed variability, as illustrated in Table 2, was similar 

between the two assessments within each group and was 

slightly lower for the healthy subjects regardless of the time 

of assessment.
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Table 3 number of simulated crashes (off-road events)

RLS, n = 15 Healthy, n = 15

Day 1, 4:00 PM – Overall (0 to 60 minutes), n (%)
 0 off-road events 15 (100.0) 13 (86.7)
 1 off-road event 0 (0.0) 2 (13.3)
 2 off-road events 0 (0.0) 0 (0.0)
 3 off-road events 0 (0.0) 0 (0.0)
Day 2, 8:00 aM – Overall (0 to 60 minutes), n (%)
 0 off-road events 13 (86.7) 15 (100.0)
 1 off-road event 1 (6.7) 0 (0.0)
 2 off-road events 0 (0.0) 0 (0.0)
 3 off-road events 1 (6.7) 0 (0.0)

Abbreviation: RLS, restless legs syndrome.

Table 4 Brake reaction time results

RLS, n = 15 Healthy, n = 15

Day 1, 4:00 PM – break reaction  
time (seconds), n

15 14

 Mean (SD) 0.47 (0.09) 0.46 (0.10)
 Median (range) 0.45 (0.31–0.64) 0.48 (0.28–0.60)
 95% ci 0.42, 0.52 0.40, 0.51
Day 2, 8:00 aM – break reaction  
time (seconds), n

15 15

 Mean (SD) 0.48 (0.12) 0.49 (0.17)
 Median (range) 0.47 (0.28–0.78) 0.50 (0.27–0.97)
 95% ci 0.41, 0.54 0.40, 0.59

Abbreviations: CI, confidence interval; RLS, restless legs syndrome; SD, standard deviation.
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Figure 3 Mean LPV by epoch on Day 2, 8 aM.
Note: The bars on the graph represent standard error.
Abbreviations: LPV, lane position variation; RLS, restless legs syndrome.
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number of simulated crashes
The number of simulated crashes, all off-road events, experi-

enced during simulated driving testing is presented by group 

in Table 3. Two subjects within each group experienced one 

or more off-road events. No subjects with RLS experienced 

simulated crashes when tested on Day 1 in the afternoon, 

while two subjects experienced off-road events when tested 

on Day 2 the following morning. One subject had an off-road 

event and another had three off-road events, all occurring 

in Epoch 5 or 6. On Day 1, one healthy subject experienced 

an off-road event in Epoch 3 and another experienced an 

off-road event in Epoch 5. No healthy subject experienced 

off-road events during Day 2.

Brake reaction time
Mean brake reaction time was similar between the two 

study groups regardless of the time of assessment with 

differences #0.01 seconds (Table 4).

alertness
Results of alertness assessment by VAS prior to and follow-

ing the simulated driving tests on both days are presented 

in Figure 4. Subjects with RLS reported lower mean VAS 

scores, indicating less alertness, compared to healthy subjects 

at all time points. The difference in the pre-drive VAS scores 

on Day 1 approached statistical significance with minimum 

overlapping of the 95% confidence intervals. Within both 
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RLS and healthy subject populations, the mean post-drive 

VAS scores were lower compared to the mean pre-drive 

scores. When tested at 4 PM, subjects with RLS and healthy 

subjects reported similar mean decreases (∼24) in VAS 

scores post-drive compared to pre-drive. When tested at 

8 AM, subjects with RLS reported a greater decrease (∼20) 

in post-drive VAS scores from pre-drive compared to healthy 

subjects (∼14).

cognition
There were no statistically significant differences between 

the two groups on the BAC composite score. As shown in 

Table 5, both subjects with RLS and healthy subjects per-

formed similarly on Day 1 with subjects with RLS scoring 

slightly higher (54.8 versus 51.5); however, this difference 

was not statistically significant (P = 0.297). On Day 2, the 

mean composite scores were identical in both groups (55.9). 

While RLS subjects performed slightly better than normal 

subjects on Day 1 on 5 of the 6 individual measures (exclud-

ing the Token Motor test), the difference disappeared as nor-

mal subjects improved on the follow-up test on Day 2. RLS 

subjects performed slightly worse on the Token Motor test 

(which tests motor speed skills) compared to normal subjects 

at both days (Table 5). The differences between the two study 

groups on any of the six cognitive domains of the BAC were 

not statistically significant (all P-values .0.05).

Sleep assessment
Results of PghSD recorded for the night prior to Day 1 and 

prior to Day 2 are presented in Table 6. On average, subjects 

with RLS reported a longer time to fall asleep compared to 

healthy subjects on the nights prior to Day 1 (39.1 minutes 

 versus 13.9 minutes), and Day 2 (44.3 minutes versus 

16.5 minutes). Subjects with RLS also reported a lower mean 

total sleep time compared to healthy subjects prior to Day 

1 (420.1 minutes versus 471.6 minutes), and Day 2 (353.1 

minutes versus 389.0 minutes). Further, subjects with RLS 

reported longer mean wake times after sleep onset compared 

to healthy subjects prior to Day 1 (23.5 minutes versus 

2.2 minutes), and Day 2 (27.7 minutes versus 5.4 minutes). 

Consistent with these measures, subjects with RLS had a lower 

mean sleep quality score compared to healthy subjects prior to 

Day 1 (47.0 versus 70.6), and Day 2 (43.4 versus 64.5).

Safety results
Four subjects with RLS and two healthy subjects reported simi-

lar driving-related AEs (Table 7). Headache (10%), dizziness 

(6.7%), nausea (6.7%), and shaky arms (3.3%) were reported 

as mild or moderate in intensity and resolved within one day.

Discussion
We hypothesized that patients with RLS had the potential 

for impaired driving performance because they have insom-
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Table 7 Summary of adverse events

Number (%) of subjects

RLS, n = 15 Healthy, n = 15

any event 4 (26.7) 2 (13.3)
headache 1 (6.7) 2 (13.3)
Dizziness 1 (6.7) 1 (6.7)
nausea 1 (6.7) 1 (6.7)
Shaky arms 1 (6.7) 0 (0.0)

Abbreviation: RLS, restless legs syndrome.

Table 5 Mean Bac composite score and 6 subscale scores on 
Day 1 and Day 2

RLS 
n = 14

Normal 
n = 15

composite score
 Day 1, 4:00 PM
  Mean (Se)

 
55 (2.2)

 
52 (2.1)

  95% ci 50, 59 47, 56
 Day 2, 8:00 aM
  Mean (Se)

 
56 (2.3)

 
56 (2.1)

  95% ci 51, 60 51, 60
Verbal memory
 Day 1, 4:00 PM
  Mean (Se)

 
52 (2.3)

 
48 (2.3)

  95% ci 47, 57 44, 53
 Day 2, 8:00 aM 
  Mean (Se)

 
49 (2.1)

 
47 (2.01)

  95% ci 44, 53 44, 52
Digit sequencing
 Day 1, 4:00 PM 
  Mean (Se)

 
50 (3.0)

 
47 (2.9)

  95% ci 44, 56 42, 53
 Day 2, 8:00 aM 
  Mean (Se)

 
49 (2.9)

 
49 (2.8)

  95% ci 43, 55 43, 55
Token motor
 Day 1, 4:00 PM 
  Mean (Se)

 
50 (2.7)

 
54 (2.6)

  95% ci 45, 56 49, 60
 Day 2, 8:00 aM 
  Mean (Se)

 
54 (3.0)

 
57 (2.9)

  95% ci 48, 60 51, 63
Verbal fluency
 Day 1, 4:00 PM 
  Mean (Se)

 
60 (2.3)

 
54 (2.2)

  95% ci 55, 65 49, 58
 Day 2, 8:00 aM 
  Mean (Se)

 
60 (2.4)

 
55 (2.4)

  95% ci 55, 65 50, 60
Symbol coding
 Day 1, 4:00 PM 
  Mean (Se)

 
55 (2.2)

 
52 (2.10)

  95% ci 50, 59 48, 57
 Day 2, 8:00 aM 
  Mean (Se)

 
57 (2.9)

 
60 (2.8)

  95% ci 51, 63 54, 66
Tower of London
 Day 1, 4:00 PM 
  Mean (Se)

 
51 (2.68)

 
46 (2.6)

  95% ci 46, 57 41, 51
 Day 2, 8:00 aM 
  Mean (Se)

 
54 (1.7)

 
54.33 (1.65)

  95% ci 51, 58 51, 58

Abbreviations: BAC, Brief Assessment of Cognition; CI, confidence interval; RLS, 
restless legs syndrome; Se, standard error.

Table 6 Summary of Pittsburgh Sleep Diary results prior to 
Day 1 and Day 2

RLS,  
n = 15

Healthy,  
n = 15

Prior to Day 1
Minutes until fell asleep (minutes), n 15 15
 Mean (SD) 39.1 (76.40) 13.9 (10.11)
 Range 1–300 5–35
Total sleep time (minutes), n 15 15
 Mean (SD) 420.1 (95.24) 471.6 (124.17)
 Range 135–535 215–690
Wake time after sleep onset  
(minutes), n

15 15

 Mean (SD) 23.5 (24.90) 2.2 (4.48)
 Range 0–90 0–15
Sleep quality (mm), n 15 15
 Mean (SD) 47.0 (26.87) 70.6 (12.00)
 Range 3–98 48–94
Prior to Day 2
Minutes until fell asleep (minutes), n 15 13
 Mean (SD) 44.3 (83.99) 16.5 (21.83)
 Range 0–300 2–85
Total sleep time (minutes), n 14 13
 Mean (SD) 353.1 (91.70) 389.0 (91.95)
 Range 150–460 24–535
Wake time after sleep onset  
(minutes), n

15 14

 Mean (SD) 27.7 (23.59) 5.4 (8.12)
 Range 0–90 0–20
Sleep quality (mm), n 15 15
 Mean (SD) 43.4 (20.10) 64.5 (17.37)
 Range 11–75 35–86

Abbreviations: RLS, restless legs syndrome; SD, standard deviation.
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two groups in outcome measures of driving performance, 

including LPV, speed variability, and brake reaction time. In 

addition, there was no difference in the cognitive function 

between the two groups. This was true even though there 

were lower VAS alertness scores, disturbed sleep, and more 

sleepiness reported by the patients with RLS.

Within the group of subjects with RLS, there was no dif-

ference in the mean LPV between the PM and the AM driving 

performances despite a slightly lower mean VAS alertness 

score in the morning (Day 2) compared to the afternoon on 

Day 1. A recent survey showed that when asked about the 

next-day impact of RLS, patients with RLS reported fatigue, 

nia and sleep disturbance that produce daytime sleepiness. 

In the present study we found untreated RLS patients and 

healthy subjects had similar simulated driving performance 

both in the morning and afternoon. The study results did not 

demonstrate a clinically meaningful difference between the 
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This study had some limitations. First, no objective sleep 

assessments, eg, polysomnography, were performed at base-

line. Thus, PLMS and severity of disturbed sleep in the RLS 

group are unknown along with pressure to sleep (sleepiness) as 

would be measured by multiple sleep latency testing (MSLT). 

In this study, the self-reported sleep disturbance based on item 

4 of the IRLS ranged from mild (2 subjects) to moderate (8) 

to severe (5), and no subjects reported none or very severe 

disturbance. The mean wake time after sleep onset (WASO) 

reported by the RLS subjects placed them in the category of 

mild-to-moderate sleep disturbance.29 Possibly, the perception 

of poor sleep in the RLS group contributed to the reports of 

decreased alertness and increased sleepiness in comparison to 

their healthy counterparts. For the control group, in addition 

to relying on medical history records, inclusion of objective 

assessments would have helped to exclude any healthy control 

subject with habitual disturbed sleep undiagnosed at screen-

ing. Second, the lack of electromyography (EMG) and elec-

troencephalography (EEG) during the driving assessment as 

objective measurements created a gap in potential correlation 

between simulated driving performance with RLS symptoms, 

sleepiness, and daytime alertness.

In this study, we report that patients with restless legs 

syndrome have simulated driving performance and cognitive 

function similar to healthy subjects.

Conclusion
Results of this pilot study comparing currently untreated 

patients with RLS to healthy subjects demonstrated that 

RLS-related sleep disturbance and decreased daytime alert-

ness were not significantly associated with impairment in 

simulated driving performance or cognitive function.
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lack of energy, sleepiness, and cognitive deficit, such as dif-

ficulty concentrating, feeling forgetful, and less alert.26 Thus, 

the lack of effect of RLS on the AM simulated driving as 

measured by mean LPV was not expected. Additionally, no 

worsening of mean LPVs by epoch or after a 40-minute drive 

was observed in subjects with RLS, a phenomenon that was 

typically seen in sleep-deprived and obstructive sleep apnea 

(OSA) patients.15,16,27

The overall incidence of off-road events was 13% for both 

groups with two subjects with RLS having a total of four 

off-road events and two healthy subjects having two off-road 

events. In contrast, the incidence of off-road events reported 

by OSA patients who used an identical simulator setup and 

driving scenario was 73% (Risser, personal communication, 

June 2008).16 Unlike the OSA patients, the driving perfor-

mance in the RLS patients in this study did not appear to be 

affected by their sleep disturbance and daytime sleepiness.

A recent study by Gieteling et al reported that subjects with 

periodic limb movement disorder (PLMD) performed worse 

than the controls in a simulated driving assessment as measured 

by change in median LPV and the slope of median LPV versus 

time, but better than the subjects with OSA.28 The study further 

showed that the simulated driving performance correlated with 

the ESS but not with the subjective sleepiness level reported 

prior to each test nor with the objective measure of sleep 

time. The severity of daytime sleepiness as measured by ESS 

(median score of 9) in subjects with RLS in the current study 

was identical to that of the PLMD patients in Gieteling’s study. 

Subjects with RLS, therefore, were expected to show some 

degree of simulated driving impairment similar to subjects 

with PLMD. The subjects with PLMD in Gieteling’s study 

did not have daytime complaints of RLS although they were 

required to have insomnia or excessive daytime sleepiness. 

It is unclear whether the RLS symptoms that may have been 

experienced by the patients while driving in the current study 

played any role in their driving performance.

Gamaldo et al reported prolonged sleep latency in 

the morning and in the evening in subjects with RLS as 

assessed by a modified Maintenance of Wakefulness Test 

when compared to controls that were age-, sex-, and total 

sleep time-matched and sleep-restricted.6 Subjects with RLS 

could better sustain alertness than sleep-restricted controls 

although how this could occur in RLS patients is not under-

stood. Interestingly, the heightened alertness in RLS patients 

has been reported by Gamaldo et al and may compensate 

for fatigue and contribute to normal simulated driving 

performance. Possibly a form of hypervigilance improved 

RLS patients’ performance during the simulated driving test 

and contributed to their reported sleep problems.
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