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Abstract

HIV infection often results in neuropsychological (NP) impairment. In order to assess the impact that HIV-related
NP deficits may have on automobile driving, we evaluated 68 HIV-seropositive drivers using an NP battery and
two PC-based driving simulations. Thirty-two participants were classified as NP impaired; most (72%) evidenced
only mild impairment, and none met criteria for HIV-associated dementia. After controlling for degree of
immunosuppression and disease stage, NP-impaired participants failed a previously validated driving simulation
at a much higher rate than cognitively intact participants [OR5 5.3, 95% CI (1.7, 17.0),p 5 .006]. Similarly, on
a simulation of city driving, NP impaired participants were more likely to fail based upon the number of accidents
[OR 5 6.1, 95% CI (1.5, 24.6),p 5 .01]. Simulator performance was predicted by functioning in a number of NP
domains, with NP tests accounting for 13–30% of the variance on the simulations. Although it would be premature
to extrapolate these findings to impairment in on-the-road driving, they do argue for greater attention to the impact
that even mild HIV-related NP deficits may have on driving skills. (JINS, 1999,5, 579–592.)
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INTRODUCTION

HIV infection frequently is associated with brain dysfunc-
tion and cognitive impairment (Bornstein et al., 1992; Grant
et al., 1987; Heaton et al., 1995; McArthur et al., 1993; Stern
et al., 1991). The latter can range from subtle deficits that
have no discernible impact on everyday functioning, to HIV-
associated dementia with profound limitations on activities
of daily living (Grant et al., 1995). Research addressing the
impact that HIV-related neurocognitive impairment has on
everyday functioning, however, has been limited. Most stud-
ies of the real-world implications of HIV-related neuropsy-
chological (NP) impairment have focused on vocational
functioning and found that NP impairment is associated with
increased unemployment and complaints of difficulty in job
performance, even after adjusting for medical symptomatol-

ogy (Albert et al., 1995; Heaton et al., 1994b). Heaton et al.
(1996) also have demonstrated that individuals with HIV-
related NP impairment perform more poorly than their well-
matched, unimpaired peers on standardized measures of
vocational performance (work samples).

Driving an automobile is an everyday task requiring a
complex combination of cognitive and perceptual–motor
abilities. These include perception, attention, continuous
tracking, choice reactions, sequential movements, judg-
ment, and planning. If an individual is unable to adequately
perform these tasks, this can result in serious public safety
risks, as well as the loss of the person’s license and sub-
sequent diminished mobility.

What constitutes a person’s driving ability, and how one
goes about assessing it, are complex questions. Assessment
approaches include reviewing driving histories (Dubinsky
et al., 1991) and performing on-road evaluations (both
closed-course; Fitten et al., 1995, and in-traffic assess-
ments; Hunt et al., 1993). Driving simulators provide an op-
portunity to assess individuals in a standardized manner, as
well as the unique ability to safely place individuals into
emergency situations. Many studies have utilized the Doron
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Simulator (e.g., Galski et al., 1992; Rebok et al., 1995), in
which a scene is projected onto a screen and the participant
must use a driving console to react appropriately (e.g., press
the brakes to make an emergency stop). Data from this sim-
ulator have been shown to be predictive of on-road scores
(Galski et al., 1992). Most other simulations, on the other
hand, are best characterized as reaction-time measures, in
which the participant must, for example, press the acceler-
ator pedal in response to a green light on the computer screen.
These systems are frequently used as outcome measures in
order to demonstrate that a patient population shows de-
creased driving skills, although the face validity of these
instruments remains somewhat suspect. The simulation to
be described in the present study expands upon prior meth-
odologies by incorporating a prolonged (12-min), inter-
active drive in which the participant must constantly respond
appropriately to environmental cues.

Research into the impact of medical conditions on driv-
ing have typically focused on older persons, especially pa-
tients with Alzheimer’s disease or vascular dementias, and
patients with traumatic brain injuries. Alzheimer’s disease
is generally accompanied by NP deficits that are of a “cor-
tical” nature (e.g., deficits in language abilities, visuospa-
tial skills, and memory), while impairments associated with
cerebrovascular accidents and traumatic brain injury often
have mixed cortical and subcortical features (Cummings &
Benson, 1992). These driving studies have generally found
that patients with these disorders are at increased risk for
automobile accidents (e.g., Dubinsky et al., 1992b; Fried-
land et al., 1988) and perform worse in on-the-road tests
(e.g., Fitten et al., 1995; Hunt et al., 1993), although a sub-
set may retain adequate driving skills. Findings regarding
NP predictors of driving abilities have been mixed as a re-
sult of varying methodologies, but the available evidence
suggests that attentional and visuoperceptual–visuospatial
deficits are significantly related to impaired driving skills
(Johannson & Lundberg, 1997; Parasuraman & Nestor,
1993). The degree to which these findings are specific to
these patient populations is unclear, however.

In contrast to the above-mentioned disorders, HIV-related
NP impairment has a characteristic “subcortical” presenta-
tion (Becker et al., 1995; Martin, 1994; Monsch et al., 1995;
Peavy et al., 1994). Most frequently affected are attention0
speed of information processing, learning, and psychomo-
tor skills (Heaton et al., 1995). Brain imaging (Jernigan
et al., 1993; Rottenberg et al., 1987; Stout et al., 1998; Van
Gorp et al., 1992) and neuropathology studies (Navia et al.,
1986; Price & Brew, 1988) have shown that HIV has an
affinity for subcortical gray and white matter, although the
neocortical regions also are affected (Masliah et al., 1992;
Wiley et al., 1991) and synaptodendritic integrity in the fron-
tal cortex, assessed at autopsy, appears to be strongly re-
lated toin vivo NP functioning (Masliah et al., 1997).

Research on driving abilities in individuals with subcor-
tical dementias has been limited to Parkinson’s and Hun-
tington’s disease patients. Epidemiological studies of
Parkinson’s disease have found cognitively impaired per-

sons to have significantly more motor vehicle accidents than
cognitively intact individuals with Parkinson’s disease (Du-
binsky et al., 1991). Investigations utilizing driving simu-
lators have suggested that slowed reaction time in some of
these patients may place them at higher risk for accidents
(Lings & Dupont, 1992; Madeley et al., 1990). In a study of
patients with Huntington’s disease, those who were still driv-
ing were more likely than controls to have been involved in
an automobile accident in the previous 2 years (58vs. 11%,
respectively), and to perform more poorly on a driving sim-
ulator (Rebok et al., 1995).

To our knowledge, there is no research examining the ef-
fect that HIV-related cognitive deficits may have on driving
abilities. Since HIV infection occurs primarily in relatively
young individuals who are likely to be driving, this appears
to be an important scientific and public health issue. The
objectives of the current study were (1) to determine whether
HIV-related cognitive impairment results in poorer driving
abilities as assessed with a driving simulator, and (2) to iden-
tify specific NP abilities that are predictive of driving per-
formance in this patient population. We hypothesized that
individuals with NP impairment would perform more poorly
on the driving simulator, and that, based upon prior re-
search with other disorders, deficits in attention and com-
plex perceptual–motor (including visuospatial) functioning
would be most strongly associated with driving performance.

METHODS

Research Participants

Participants consisted of 68 HIV seropositive individuals
enrolled in the San Diego HIV Neurobehavioral Research
Center, an NIMH-funded study of the prevalence, features,
course, and pathogenesis of HIV involvement in the CNS.
All participants completed comprehensive medical, neuro-
logical, neuroradiologic, psychiatric and neuropsychologic
assessments. Since the HNRC is a longitudinal study, some
study participants had multiple NP evaluations prior to the
simulator assessment (see Results). In all cases, we used
the NP assessment closest to the time of the driving simu-
lator evaluation. Exclusion criteria included history of non-
HIV-related neurological disorder or medical disorder
affecting the nervous system (e.g., head trauma with greater
than 30 min loss of consciousness, epilepsy), schizophre-
nia, and active substance abuse. No participant had evi-
dence of an HIV-related central nervous system opportunistic
infection at the time of evaluation. The overall sample had
a mean age of 37.0 (SD5 6.4) years and a mean of 13.4
(SD 5 2.2) years of education. Eighty-four percent were
male, and 16% female. Sixty-two percent were White, 21%
African American, 13% Hispanic, and 4% of other ethnic-
ity. The mean CD4 cell count for the sample was 270.8 cells0
mm3 (SD 5 255.5). Thirty-one percent were medically
asymptomatic or had generalized lymphadenopathy [Cen-
ters for Disease Control (CDC) Stage A], 43% had minor
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opportunistic infections, constitutional symptoms, and0or
peripheral neuropathies (Stage B), and 26% had a history of
an AIDS-defining illness (Stage C). Half of the sample
(n 5 34) met the diagnostic criteria for AIDS, either due to
an AIDS-defining illness or a CD4 cell count below 200
(Centers for Disease Control, 1992).

All participants in this study had routinely driven an au-
tomobile. The mean number of years driving was 21.4
(SD5 7.5), with a range of 7 to 38 years of driving expe-
rience. The two participants with less than 10 years of driv-
ing experience were less than 25 years of age and had been
driving since they were license-eligible. Ten participants
were no longer routinely driving, either because they no
longer owned a car (n 5 6), had their license suspended
(n 5 2), or needed corrective lenses (n 5 1). One partici-
pant did not provide information as to why he was no lon-
ger driving.

Procedure

Neuropsychological testing

All participants completed a detailed neuropsychological test
battery administered by trained psychometrists. The 4-hr bat-
tery consisted of measures assessing the following eight
domains:

1. Verbal: Boston Naming Test (Kaplan et al., 1983), Thur-
stone Word Fluency (Pendleton et al., 1982; Thurstone,
1938; Thurstone & Thurstone, 1962), Letter and Cat-
egory Fluency (Borkowski et al., 1967)

2. Abstraction: Category Test (Halstead, 1947; Reitan &
Davison, 1974), Trail Making Part B (Reitan & Davi-
son, 1974; U.S. War Department, 1944)

3. Perceptual–motor: Trail Making Part A (Reitan & Davi-
son, 1974; U.S. War Department, 1944), WAIS–R Block
Design and Digit Symbol (Wechsler, 1981)

4. Attention–speed of information processing: Paced Audi-
tory SerialAddition Test (Gronwall, 1977), WAIS–R Digit
Span and Arithmetic (Wechsler, 1981)

5. Learning: Story Learning and Figure Learning (Heaton
et al., 1991), California Verbal Learning Test (CVLT)
Trials 1–5 (Delis et al., 1987)

6. Memory: Story Retention and Figure Retention (Heaton
et al., 1991), CVLT Retention [12 (long-delay recall0
Trial 5) 3 100; Delis et al., 1987]

7. Motor: Finger Tapping (Halstead, 1947; Reitan & Davi-
son, 1974), Grooved Pegboard (Kløve, 1963)

8. Sensory: Sensory–Perceptual Exam (Reitan & Davison,
1974).

In keeping with the recommendations of the NIMH Work-
ing Group on Neuropsychological Assessment Approaches
with HIV patients (Butters et al., 1990), a senior neuropsy-

chologist (R.K.H.), blinded to HIV serostatus as well as the
participant’s performance on the driving simulations, rated
NP test performance using demographic information, raw
test scores and age-, education-, and gender-corrected stan-
dard scores (T scores; Heaton, 1992; Heaton et al., 1991).
The clinician was presented with all testing data, including
any prior assessments, in order to account for practice ef-
fects and to determine whether there was a significant clin-
ical change from the prior evaluation. Performance ratings
in each of the eight domains were assigned using the fol-
lowing 9-point scale: 15 above average functioning, 2 5
average, 3 5 below average, 4 5 borderline0atypical, 5 5
definite mild impairment, 6 5 mild to moderate impair-
ment, 7 5 moderate impairment, 8 5 moderate to severe
impairment, and 95 severe impairment. Participants were
also assigned a global neuropsychological rating using the
same scale, with a global rating of 5 or above indicating
abnormal neuropsychological functioning; a global rating
in this range required a rating of at least 5 on a minimum of
two of the eight ability areas (i.e., a single, isolated ability
deficit would not qualify for a global rating within theim-
pairedrange). Previous studies have shown NP clinical rat-
ings to be reliable and sensitive to brain dysfunction in a
variety of clinical populations (Filley et al., 1990; Heaton
et al., 1981, 1983, 1994a, 1995), and in HIV-infected sub-
jects to be strongly related topost-mortemneuropathology
findings (Masliah et al., 1997). Participants with a global
rating less than 5 were considered to be within normal lim-
its neuropsychologically (theNP normal group), and those
with a rating of 5 or greater were classified as neuropsycho-
logically impaired (theNP impaired group).

In addition, participants received a clinical neurocogni-
tive diagnosis based on their NP status and the impact that
NP impairments had on their everyday functioning (Amer-
ican Academy of Neurology AIDS Task Force, 1991; Grant
et al., 1995). This diagnosis was assigned following a re-
view of all NP, clinical, and laboratory data by a consensus
diagnostic team consisting of a neurologist, a neuropsychol-
ogist, and a research clinical nurse. Participants who had no
objective evidence of NP dysfunction were considered un-
impaired, and those with NP impairment, but with no con-
comitant deficit in everyday functioning, were classified as
subsyndromically impaired. A diagnosis of minor cognitive
motor disorder (MCMD) was reserved for participants who
demonstrated (1) objective findings of at least mild overall
NP impairment, (2) symptoms of cognitive decline, using a
standardized history and questionnaire regarding everyday
functioning (Chelune et al., 1986), and (3) mild-to-moderate
functional disability (such as impaired performance at home
or work), present for at least 1 month, and not attributable
to comorbidities. These consensus diagnoses were made prior
to, and without knowledge of, driving simulator performance.

Driving simulations

Participants completed two PC-based driving simulations
based on System Technology, Inc.’s STISIM (Rosenthal
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et al., 1995; Stein et al., 1992). The hardware consisted of a
steering wheel with turn signal indicator, an accelerator pedal
and a brake pedal. Simulated roadways, buildings, cars, and
pedestrians were displayed on a VGA monitor. In order to
minimize the effect that the novelty of the computer-based
simulator might have on performance, participants under-
went training to a specified criterion prior to taking each of
the simulations. For example, they did not start theRoutine
and Emergency Drivingsimulation until they demonstrated
that they could successfully pass a car and stop at a traffic
light. Participants were presented with each of these sce-
narios individually, and were required to show proficiency
by successfully completing each task three consecutive times.

The first simulation,Truck Operator Performance Sys-
tem(TOPS), is an 8-min program in which the participant
is to drive down a straight highway, maintain a speed of
55 mph, and respond to occasional divided attention tasks
in the upper corner of the screen (by using the turn signals).
No other images (e.g., cars, pedestrians, etc.) are included
in this simulation. At the conclusion of the simulation, the
program identifies whether the participant passed or failed.
This test is an abbreviated version of a simulation devel-
oped by Systems Technology, Inc. (Stein et al., 1992) which
utilized performance data from fatigued truck drivers and
drivers who had experimentally induced high blood alcohol
levels to create five discriminant functions for the identifi-
cation of impaired drivers. The investigators in the above
study then established cutpoints for each of the discrimi-
nant functions; respondents were considered to have failed
the simulation if they scored beyond the established cut-
point on any of the five functions. The procedure was then
validated in a follow-up study using fatigued truck drivers.
The current simulation utilizes similar discriminant func-
tions provided by Systems Technology to determine failure.

The second program,Routine and Emergency Driving,
was designed by the first author to simulate city–country
driving. The participant drives at both city (35 mph) and
highway (55 mph) speeds. During the course of the 12-min
simulation drivers must pass cars, stop at traffic lights, fol-
low a curving road, drive around stalled automobiles, and
avoid potential accidents (e.g., a pedestrian stepping onto
the road, a car in front slamming on its brakes). To ascertain
how individuals perform with respect to accident avoid-
ance, we included four scenarios in which the participant is
placed in a situation requiring an aggressive maneuver to
prevent an accident. Data regarding speed and accidents were
automatically collected by the program, and the examiner
made behavioral notes to clarify the conditions under which
accidents occurred. To increase the utility of the instru-
ment, we established a cutpoint for failing the simulation.
Previous NP research has shown that a cutpoint in which
15% of normal controls are classified as impaired (85% spec-
ificity) provides an optimal trade-off between sensitivity and
specificity in detecting individuals with and without brain
lesions (Heaton et al., 1991). We therefore planneda priori
to identify a cutpoint, based on the number of accidents,
such that approximately 15% of NP normal participants were

classified as impaired. In addition, we used this cutpoint in
the analyses rather than the raw scores because of the rela-
tively limited distribution of the number of accidents (0–5)
on this brief simulation.

Statistical analyses

All variables were assessed for the presence of outliers and
non-normal distributions prior to analysis. In the case of out-
liers, operationalized as 3.0 standard deviations from the
group mean (Tabachnick & Fidel, 1989), the deviant score
was modified (Winsorized) to be one measurement unit fur-
ther from the mean than the next most deviant score in the
distribution (Hawkins, 1980; Tabachnick & Fidel, 1989).
The outlier thus remains usable for analysis and the ex-
treme score in the distribution, but exerts less influence on
the analyses. The following variables were Winsorized
(1 case for each unless noted otherwise): Boston Naming
Test, Tapping–Dominant Hand, Grooved Pegboard–
Dominant Hand, Grooved Pegboard–Nondominant Hand
(2 cases), Figure Retention, Trail Making Part B (2 cases),
Sensory score (2 cases) and standard deviation of lane po-
sition on the TOPS program (3 cases). Because even lim-
ited missing data would significantly hamper multivariate
analysis of potential predictors of driving abilities, missing
NP test scores were imputedvia estimates based on regres-
sion equations incorporating the other NP tests. The follow-
ing variables include imputed values: Category errors
(3 cases), FAS (5 cases), PASAT (6 cases), Tapping–
Nondominant Hand (1 case), Figure Retention (1 case), Fig-
ure Learning (1 case), CVLT Sum of Trials 1 to 5 (9 cases),
CVLT Retention (9 cases), Trail Making Part B (1 case),
Arithmetic (4 cases), Digit Span (6 cases), Digit Symbol
(4 cases), and the Sensory score (7 cases). The following
variables were not normally distributed and were trans-
formed: Boston Naming Test (square root of the reflected
score), Sensory score (common log), and standard devia-
tion of lane position (square root).

The odds ratio, or the probability of an event occurring
versus the event not occurring, was calculated using logis-
tic regression, with the NP normal subjects serving as the
reference group. The “event” in these analyses was failure
on TOPS orRoutine and Emergency Driving. CD4 cell count
and AIDS0non-AIDS status were included as control vari-
ables. Since none of the demographic variables (age, edu-
cation, sex, and ethnicity) were associated with failure on
either of the simulations, they were not included in the model.

Discriminant analysis was used to separate simulator fail-
ure from passing on NP tests. The groups being classified
were pass–fail on TOPS and pass–fail onRoutine and Emer-
gency Driving. Potential predictors were first separated into
groups of variables governed by a common theme (i.e., re-
lated NP tests). Multiple discriminant analyses were per-
formed with each outcome of interest using each of the
groups of related NP predictors. Each of those variables that
showed significance in every group were then combined for
the final analyses.
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Group comparisons on continuous variables were per-
formed using analysis of variance. Chi-square analyses
were used for categorical, nonparametric comparisons, with
Fisher’s exact test utilized when the expected cell fre-
quency fell below 5. Since the hypotheses for this study stated
that NP deficits would be associated with poor driving per-
formance, analyses examining the relationship between NP
performance and driving skills were performed using a one-
tailed test. All other analyses are two-tailed tests. Statistical
analyses were performed using SPSS (SPSS, 1994) and
S-Plus (S-Plus, 1995).

RESULTS

Sixty-four participants hadRoutine and Emergency Driv-
ing data, 60 had TOPS data, and 56 had data for both sim-
ulations. Failure to have useable data on a simulation was
primarily due to software or equipment malfunction on these
relatively new tests; there was no apparent systematic bias
with respect to missing data. All of the participants ap-
peared to take the task seriously and not treat it as a video
game. The time between NP testing and assessment on the
driving simulator ranged from zero to 4.4 months, with most
(57%) completing both evaluations on the same day (M 5
14.0 days,SD5 27.9).

The primary analyses for this study involved compari-
sons between participants with and without NP impairment.
Thirty-two (47.0%) participants were identified as being
neuropsychologically impaired (NP impaired). Table 1 shows
the demographic characteristics of the NP normal and NP
impaired groups; again, the NP classifications were made
on the basis of demographically corrected test scores, so
group differences on demographic variables would not be
expected. As can be seen in the table, the two groups were
similar across all relevant demographic factors as well as
HIV-disease status, although there was a trend for the NP
normal group to be more immunosuppressed (i.e., to have
a lower CD4 count) than the NP impaired individuals. Of
the NP impaired participants, 23 (72%) were classified as

mildly impaired (global rating of 5), 8 (25%) had mild-
to-moderate impairment, and 1 (3%) was rated as mod-
erately impaired. Twenty-five of the impaired participants
received a diagnosis of subsyndromic impairment, and 7
were diagnosed with MCMD. None met criteria for HIV–
associated dementia. The number of days between the NP
and simulator evaluations for the NP normal and NP im-
paired groups was not significantly different (M 5 9.9 and
18.6, respectively;p 5 .20). In this longitudinal cohort,
the NP normal group had a higher number of previous
exposures to the NP tests (M 5 4.0,SD5 2.6) than the NP
impaired group (M 5 2.0, SD 5 1.6; p , .001). NP test
scores for the total NP impaired and NP normal groups are
presented in Table 2; although group differences obviously
do not constitute a finding, because participant grouping
was based on presence or absence of NP impairment, the
level and pattern of deficits in the NP impaired group are
shown here.

Global NP Impairment and
Simulation Performance

TOPS simulation

The NP impaired group had a higher failure rate than the
NP normal group on the TOPS simulation [61.5vs. 23.5%;
x 2(1, N 5 60)5 8.8,p , .001; Figure 1]. This difference
does not appear to be due to any general severity of illness
confound: even after controlling for level of immunosup-
pression (CD4 count) and disease status (AIDS–non-AIDS),
NP impaired participants were significantly more likely to
fail the TOPS simulation than were the NP normal partici-
pants [OR5 5.3, 95% CI (1.7, 17.0),p 5 .006]. NP im-
paired participants also were more likely than the NP normal
participants to have difficulty maintaining their lane posi-
tion (i.e., swerving) as assessed by the (square-root trans-
formed) standard deviation of the lane position [M 5 1.09
~SD5 .16)vs. 1.0 (SD5 .13!; t~58! 5 2.5,p5 .008]. There
were no significant group differences on the divided atten-

Table 1. Demographic and HIV disease characteristics for neuropsychologically normal (NP normal)
and impaired (NP impaired) participants

Characteristic
NP normal
(N 5 36)

NP impaired
(N 5 32) t DF p

Age** 36.3 (5.8) 37.7 (6.9) 2.85 66 .40
Education** 13.2 (2.2) 13.6 (2.2) 2.69 66 .50
CD4† 212.3 (176.3) 324.3 (322.5) 1.78 66 .08
Male‡ 30 (84.4%) 27 (83.3%) .91*
Non-White‡ 12 (33.3%) 14 (43.4%) .38*
CDC Stage

A‡ 12 (33.3%) 9 (28.1%)
B‡ 14 (38.9%) 15 (46.9%)
C‡ 10 (27.8%) 8 (25.0%) .80*

AIDS‡ 20 (55.6%) 14 (43.8%) .33*

*Chi-square analysis. **Years;M ~SD!. †Cells0mm3; M ~SD!. ‡n (%).
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tion subtask on the TOPS simulation (e.g., incorrect re-
sponses or response latencies).

Routine and Emergency Driving

The NP impaired group had more accidents than the NP nor-
mal group [M 5 2.3 ~SD5 1.3) and 1.5 (SD5 .9!; t~62! 5
3.00,p 5 .002]. The two groups did not differ with respect
to their average speed, the number of times they exceeded
the speed limit, or the rate of running traffic lights. As dis-
cussed in the Procedures section, we established a cutpoint
for failure on this test by identifying the number of acci-
dents that would generate 85% specificity in NP normal par-
ticipants (i.e., classifying 15% as impaired drivers). More
than two accidents occurred in only 14.7% (n 5 5) of the
NP normal group, and this was used as the cutpoint for im-
pairment. Utilizing this criterion, 40% of the NP impaired
group failed this simulation, which was significantly higher
than that for the NP normal group [x 2(1, N 5 64) 5 5.2,
p 5 .01; Figure 1]. After controlling for level of immuno-

suppression and disease status, NP impaired participants were
still more likely than NP normal participants to fail this sim-
ulation [OR5 6.1, 95% CI (1.5, 24.6),p5 .01]. Since AIDS
participants had more accidents on theRoutine and Emer-
gency Drivingsimulation than did non-AIDS participants
[M 5 2.3 ~SD5 1.4) vs. 1.4 (SD5 .79!; t~62! 5 2.8, p 5
.008], we confirmed the above findings by analyzing the
simulator performance of NP normal and NP impaired par-
ticipants separatelywithin non-AIDS and AIDS partici-
pants. As with the overall sample, NP impaired participants
performed worse on the simulations than did NP normal par-
ticipants in both groups.

An examination of the situations in which accidents oc-
curred showed that NP impaired participants had a higher
rate of accidents across most emergency or increased-risk
situations. These included situations in which the partici-
pants must avoid pedestrians crossing the road (33.3vs. 2.8%,
p , .0001), pass a car (33.8vs. 13.9%,p 5 .02), adjust for
cross-traffic (26.7vs. 11.1%,p 5 .025), and react to traffic
lights (13.3vs. 0.0%,p 5 .01). There was no significant

Table 2. Group comparisons of participants rated as neuropsychologically normal (NP normal)
and impaired (NP impaired) on neuropsychological tests

Score
NP normal
(N 5 36)

NP impaired
(N 5 32) t p

Verbal Clinical Rating 2.4 (1.0) 3.6 (1.4) 4.1 .0001*
Boston Naming 78.8 (6.9) 75.4 (7.6) 6.0 .02
Thurstone Word Fluency 59.6 (19.9) 46.1 (18.0) 8.6 .005
FAS 48.4 (10.8) 40.5 (11.2) 8.6 .005

Abstraction Clinical Rating 2.1 (.8) 4.1 (1.3) 7.6 ,.0001*
Category Test (errors) 19.1 (15.6) 52.9 (25.8) 43.7 ,.0001*
Trail Making Part B 58.5 (23.2) 79.4 (21.8) 14.6 .0003*

Attention0SIP Clinical Rating 2.3 (1.1) 4.4 (1.3) 7.3 ,.0001*
Digit Span (scaled) 11.6 (2.5) 9.2 (2.2) 18.1 ,.0001*
Arithmetic (scaled) 10.9 (3.0) 8.2 (2.7) 15.4 .0002*
PASAT (number correct) 145.2 (29.2) 94.0 (34.0) 44.5 ,.0001*

Perceptual–Motor Clinical Rating 2.3 (.9) 3.8 (1.1) 6.3 ,.0001*
Block Design (scaled) 11.9 (3.3) 9.0 (3.0) 14.4 .0003*
Digit Symbol (scaled) 10.2 (2.5) 7.2 (2.1) 28.0 ,.0001*
Trail Making Part A 23.1 (8.7) 30.7 (8.9) 12.6 .0007*

Learning Clinical Rating 2.6 (1.2) 4.9 (1.4) 7.5 ,.0001*
Story Learning 16.7 (6.4) 9.9 (5.9) 20.7 ,.0001*
Figure Learning 13.7 (4.9) 6.5 (3.6) 46.8 ,.0001*
CVLT Trials 1–5 57.5 (12.6) 46.3 (10.0) 4.0 ,.0001*

Memory Clinical Rating 2.3 (1.2) 3.1 (1.2) 2.6 .01
Story % Retention 10.2 (9.5) 15.6 (12.6) 4.2 .04
Figure % Retention 5.2 (8.6) 8.6 (9.8) 2.3 .13
CVLT % Retention 4.9 (8.6) 15.7 (13.7) 3.9 .0002*

Motor Clinical Rating 2.7 (1.0) 4.1 (1.3) 5.0 ,.0001*
Grooved Pegboard (Dom) 60.1 (7.5) 73.6 (10.3) 38.7 ,.0001*
Grooved Pegboard (Non-Dom) 68.4 (10.6) 80.9 (10.5) 23.8 ,.0001*
Finger Tapping (Dom) 54.2 (5.6) 48.9 (7.9) 10.5 .002
Finger Tapping (Non-Dom) 49.6 (5.6) 45.6 (7.4) 6.4 .01

Sensory Clinical Rating 2.0 (1.1) 3.3 (1.9) 4.1 .001
Sensory–Perceptual (errors) .4 (.3) .8 (.4) 16.9 .0001*

*Significant following Bonferroni correction (.05028 tests5 .0018).
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difference in accident rates for the situation in which a car
slams on its brakes in front of the participant (the task per-
haps most dependent on reaction time). In this latter situa-
tion, two-thirds of both groups had accidents.

The Effect of Multiple NP Test Exposures

Because participants were assessed at different points dur-
ing their involvement in the HNRC, and had varying num-
bers of exposures to the NP tests, we examined whether the
relationship between NP impairment and driving perfor-
mance varied as a result of the number of NP testings. A
factorial analysis of variance using NP status (normalvs.
impaired) and test exposure status (first exposurevs.
follow-up testing) as the independent variables and simula-
tor scores as the dependent variables showed that, while there
was a significant main effect for NP status, there was no
significant effect for exposure status nor was their an inter-
action between the two independent variables (p . .5). We
also conducted an analysis of covariance using the number
of exposures as a continuous measure in order to determine
whether thenumberof exposures affected the relationship
between global NP impairment and driving performance.
As with the above analyses, the main effect for NP status
remained significant. In each case, thep value for the co-
variate (number of exposures) was not significant (p . .20).

A similar set of analyses was completed for the impair-
ment ratings on each of the eight NP domains. Of 32 analy-
ses (eight domains, two simulator outcomes, and two types
of analyses), an interaction (p , .05) between impairment
classification and the number of exposures was found for
only one NP domain (Learning). A correction for the mul-

tiple analyses would suggest that this finding should be given
limited weight.

Relationship Between Neurocognitive
Syndrome and Driving Performance

Again, the major difference between syndromic and sub-
syndromic NP impairment classifications is that the former
require independent clinical evidence (i.e., independent of
both NP testing and the simulator performance) that the par-
ticipant’s NP deficits are interfering with his or her every-
day functioning. Since the number of participants in the
current study diagnosed with MCMD was limited (n 5 7
for TOPS,n 5 6 for Routine and Emergency Driving), we
only performed preliminary analyses examining global driv-
ing performance across neurocognitive classifications. There
was no difference in the failure rates on TOPS between sub-
syndromically impaired and MCMD participants (57.1 and
63.2%, respectively;p 5 .8). However, on theRoutine and
Emergency Drivingsimulation, subsyndromically impaired
participants had a mean of 2.1 (SD5 1.3) accidents, and
participants with an MCMD diagnosis averaged 3.2 (SD5
1.2) accidents@t~28! 5 1.9, p 5 .035, see Figure 2]. This
simulation was failed by MCMD participants at twice the
rate of subsyndromic participants (66.7vs. 33.3%). Failure
rates between subsyndromically impaired and MCMD par-
ticipants did not differ significantly because of the small
sample sizes (p 5 .15).

Concordance Among TOPS and
Routine and Emergency Driving

The two simulations utilized in this study were designed to
measure two very different aspects of driving: TOPS re-

Fig. 1. Percent of neuropsychologically normal (NP normal) and
impaired (NP impaired) participants failing each of the driving
simulations.

Fig. 2. Number of accidents on theRoutine and Emergency Driv-
ing simulation by neurocognitive classification.
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quires the participant to perform straight-ahead, uneventful
driving, while theRoutine and Emergency Drivingsimula-
tion is a more complex and difficult drive requiring acci-
dent avoidance maneuvers. Nonetheless, it is of interest to
determine whether a participant who fails one simulation is
likely to fail the other. We therefore comparedRoutine and
Emergency Drivingperformance in participants who failed
and passed the TOPS program. Despite the obvious differ-
ences in the nature of these simulations, a modest associa-
tion in failure rates was found: Those who failed the TOPS
simulation were more likely also to fail theRoutine and
Emergency Driving(using the cutpoint of more than 2 ac-
cidents) than those who passed the TOPS simulation [40.9
vs. 14.7%;x 2(1, N 5 56)5 4.9,p 5 .03].

On-the-Road Driving History

NP impaired and NP normal participants drove a similar re-
ported number of miles in the past year (Ms of 8,213vs.
9,118 miles, respectively;p 5 .74), The incidence of re-
ported accidents in the last year did not differ between groups
(11.1% for NP impaired, 17.1% for NP normal;p5 .50). Of
these accidents, only two were considered “not minor,” both
of which occurred in the NP impaired group. NP impaired
participants were more likely to not be currently driving than
the NP normal participants [27.6vs. 5.7%;x 2(1,N5 64)5
5.8, p 5 .02], and the NP impaired participants who were
not driving tended to perform worse on the simulations than
those who still were driving (e.g., those who were no longer
driving (n5 7) averaged 3.1 simulator accidents, compared
to 2.1 simulator accidents for those who continued to drive
( p5 .07). Since it is possible that the reduced performance
on the driving simulator in the NP impaired group was a
result of less frequent driving, we reran the above analyses
excluding those participants who were no longer driving.
The same pattern of results was found, with NP impaired
individuals having higher failure rates on both simulations.

Demographic and Clinical Predictors
of Driving Performance

On TOPS, there were no significant differences between par-
ticipants passing or failing the simulation with respect to
age, education, sex, CD4 cell counts, percent with an AIDS
diagnosis, or ethnicity. OnRoutine and Emergency Driv-
ing, there were no age, education, sex, or ethnicity differ-
ences. However, compared to participants who passed this
simulation, those who failed had a higher prevalence of an
AIDS diagnosis [76.5vs. 38.3%;x 2(1, N 5 64)5 7.3,p 5
.007], and a trend towards a lower CD4 count [M 5 178.9
(SD5 192.8)vs. 314.7 (SD5 277.6!; t~61! 5 1.9,p5 .07].

Clinical ratings of domain-specific functioning

We examined domain-specific clinical ratings in partici-
pants passing and failing the driving simulations in order to
identify which NP ability areas were associated with per-

formance on the computer simulations. Participants failing
TOPS (24060) had higher impairment rates than those pass-
ing this simulation in the areas of Abstraction [41.7vs.
13.9%;x 2(1, N5 60)5 5.9,p5 .007], Attention–Speed of
Information Processing [43.5vs. 16.7%;x 2(1, N 5 59) 5
5.1,p 5 .012], and Motor Abilities [41.7vs. 11.1%;x 2(1,
N5 60)5 7.5,p5 .003], and there was a trend for a greater
failure rate on Sensory [30.0vs. 8.8%;x 2(1,N5 54)5 4.1,
p5 .05] and Complex Perceptual–Motor Abilities [29.2vs.
11.1%;x 2(1, N 5 60) 5 3.1, p 5 .08; Figure 3]. Verbal
Functioning, Learning, and Memory (retention over a de-
lay) were not significantly associated with driving perfor-
mance. Because poor motor and sensory functioning were
related to poor performance on the simulator, we excluded
those participants who were found to have a peripheral neu-
ropathy during the medical examination (n 5 3). This did
not significantly alter the results.

Participants failing theRoutine and Emergency Driving
simulation had significantly greater impairment in the Ab-
straction domain [41.2vs. 17.0%;x 2(1, N5 64)5 4.1,p5
.049], as well as a trend for a higher impairment rate in
Attention–Speed of Information Processing [41.2vs. 21.7%;
x 2(1, N 5 63)5 2.4,p 5 .11; see Figure 4].

Specific NP tests as predictors
of simulator performance

Although many of the individual NP tests correlated with
performance on the simulations, we followed the proce-
dures detailed in the Statistical Analysis section to identify
which combinations of tests were the best predictors of sim-
ulator performance, controlling for shared variance. With
respect to passing or failing the TOPS simulation, the final
model accounted for 20% of the variance (p 5 .002) and

Fig. 3. Domain-specific impairment profiles for participants
passing–failing TOPS.
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included a test of attention–speed of information process-
ing (PASAT; p 5 .007) and motor skills (Finger Tapping;
p 5 .04). The final model for predicting the amount of
“swerving” (standard deviation of lane position) on the TOPS
simulation consisted of measures of complex perceptual–
motor functioning (WAIS–R Block Design,p 5 .013), fine
motor skills (Grooved Pegboard,p 5 .023) and simple mo-
tor speed (Finger Tapping,p5 .14), and accounted for 30%
of the variance in this variable (p , .001).

Lastly, we sought to identify NP predictors of perfor-
mance onRoutine and Emergency Driving(pass–fail ac-
cording to the number of accidents). Measures of Motor
Functioning (Finger Tapping,p 5 .024), nonverbal mem-
ory (Figure Retention,p 5 .071), and Attention (WAIS–R
Digit Span,p5 .13) were included in the final model, which
accounted for 13% of the variance in accidents (p 5 .04).

DISCUSSION

This study is the first to report on driving abilities in HIV-
infected individuals. Our primary hypothesis, that individ-
uals identified as having NP impairment would perform
significantly worse on computerized driving simulations, was
confirmed. The poor performance by the NP impaired indi-
viduals held even after controlling for medical symptom-
atology, suggesting that the decrement in driving skills is
not simply the result of general disease progression. Those
participants with a diagnosis of HIV-related minor cogni-
tive motor disorder, in which NP impairment is coupled with
other difficulties with everyday functioning, appeared to have
the most difficulty on the simulations. In general, the im-
pact of NP impairment on theRoutine and Emergency Driv-
ing simulation was evidenced in driving tasks requiring the
integration of complex cognitive and motor skills (e.g., pass-

ing a car), and not simply on accident avoidance tasks re-
quiring intact reaction time.

TheRoutine and Emergency Drivingsimulation used in
the current study differs from other simulator studies in that
it involved a 12-min commute requiring negotiating situa-
tions involving other traffic, pedestrians, signal lights, and
road signs. Most simulator studies typically present a series
of brief, single-task driving situations in which the partici-
pant is to take only relatively simple decisive actions (e.g.,
turn the steering wheel). We would suggest that the simu-
lation used in the present study, in which the person must
navigate routine, albeit risky, situations (e.g., passing a car)
and respond to sudden, unexpected hazards during a gener-
ally uneventful drive better mimics real-world driving and
may potentially prove to be a better indicator of an indi-
vidual’s on-road performance. Maintaining concentration,
reacting to pedestrians and other distractors (e.g., other cars
and road signs), remembering speed limits, etc., during the
12-min drive may well stress an impaired individual’s cog-
nitive resources and reveal deficits that are not detectable
under less taxing conditions.

On the other hand, the presentation offour emergency
situations during a 12-min drive arguably stresses or chal-
lenges the driver more than anything typically encountered
in real, on-road driving. In the design of this simulation, we
attempted to obtain an adequate sampling of accident avoid-
ance behavior within a relatively brief time period. We felt
that fewer than four trials may not provide adequate sensi-
tivity. The group differences obtained in this study provide
some support for the sensitivity of this simulation. How-
ever, we emphasize that even NP normal, HIV-infected par-
ticipants averaged 1.5 “accidents” (errors) on this task.
Clearly, therefore, such errors by themselves cannot be in-
terpreted as indicating unsafe driving in the real world.

The finding of reduced driving skills in this HIV-infected
cohort is consistent with reports that individuals with other
subcortical brain diseases such as Parkinson’s disease (Du-
binsky et al., 1991, 1992a; Lings & Dupont, 1992; Madeley
et al., 1990) and Huntington’s disease (Rebok et al., 1995)
frequently evidence a decrement in driving abilities. These
studies utilized simulators and0or driving histories in their
analyses. In the current study, we found NP impairment to
be associated with poor performance on the simulator, but
not self-reported accidents in the past year. There are at least
three possible reasons for this discrepancy between test per-
formance and on-road driving history. It is not unusual for
individuals with impaired driving abilities to limit or alto-
gether stop driving, either of their own volition or with en-
couragement from significant others or medical professionals
(e.g., Rebok et al., 1995; Trobe et al., 1996). This fre-
quently has been cited as a factor in failing to find increased
accident rates in demented individuals. Indeed, a larger per-
centage of NP impaired participants in this study had ceased
driving and thus it was not possible to include these indi-
viduals in the analysis of recent driving history. Since these
individuals did not cite neurocognitive or medical reasons
for limiting their driving, however, the hypothesis that they

Fig. 4. Domain-specific impairment profiles for participants
passing–failingRoutine and Emergency Driving.
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have stopped driving due to declining driving abilities can-
not be confirmed. It is also possible that since the partici-
pants in the current study had neurocognitive impairment in
the mild or mild-to-moderate range, and none met criteria
for HIV-associated dementia, the reduction in driving abil-
ity was not of sufficient severity to translate into a signifi-
cant increase in on-road accidents. Accidents are relatively
rare events, partly due to defensive practices of others on
the road, and it would be difficult to ascertain a meaningful
difference in this relatively small cohort. Lastly, of course,
it is possible that the participants’ self-reported number of
accidents was not accurate, and this may be especially true
of individuals with cognitive impairment.

Investigations of the relationship between specific NP tests
and driving have met historically with mixed results. It has
been posited that attentional abilities are a critical factor in
driving (Parasuraman & Nestor, 1993), and many of the stud-
ies that utilize attentional measures have found them to be
important predictors of driving performance. Visuopercep-
tual functioning is also frequently cited as an important pre-
dictor. Of the studies examining driving performance in
subcortical diseases, only Rebok et al. (1995), in an inves-
tigation of Huntington’s disease, attempted to predict sim-
ulator performance using NP tests. These authors found
moderate correlations between test results on a driving-
related cue recognition task (similar to a choice reaction time
test) and performance on the Hopkins Verbal Learning Test
and WAIS–R Block Design, but none of the tests in their
NP battery was correlated with performance on a different
driving simulation that more closely approximated an ac-
tual drive.

In a study with Alzheimer’s patients, Hunt and col-
leagues (Hunt et al., 1993) found performance on a road test
to be closely related to attention, language, and visuoper-
ceptual abilities. Fitten et al. (1995) reported that short-term
memory (Sternberg test), visual tracking, and Mini-Mental
Status Exam scores were highly predictive of on-road drive
scores for participants with Alzheimer’s or vascular demen-
tia. In another study, the performance of Alzheimer patients
on the Iowa Driving Simulator was most strongly predicted
by a single visuospatial task (the copy task of the Rey–
Osterrieth Complex Figure Test; Rizzo et al., 1997). Oden-
heimer et al. (1994) related NP test performance of elderly
and demented (AD and vascular dementia) patients to an
on-road test and found strong correlations with visuospatial
tasks and attentional measures. A number of these studies
with older impaired individuals have also found correla-
tions between language skills and on-road performance; most
authors attribute this to difficulty following verbal instruc-
tions during the drive.

In the present study, the hypothesized relationship be-
tween driving performance and attention and visuospatial
functioning was partially confirmed. Clinically rated im-
pairment in Attention–Speed of Information Processing was
related to poor performance on TOPS, and specific atten-
tional measures (PASAT, Digit Span) contributed to the pre-
diction of performance on the two simulations. Surprisingly,

and in contrast to many of the studies previously cited, vi-
suospatial (perceptual–motor) skills related only modestly
to driving skills as assessed on the TOPS simulation.

Comparisons between studies are complicated by varia-
tions in NP test selection (most other studies utilized briefer
test batteries), the use of different driving outcome mea-
sures (driving ability may be operationalized as perfor-
mance on a simulator or road test, or a review of a person’s
driving history), cohort differences in the level of cognitive
deficits (the present study examines performance in indi-
viduals with generally mild NP deficits), and, of course, the
underlying neurological disorder.

The diversity of the tasks involved during the simula-
tions in the current study, including accident avoidance ma-
neuvers, likely draw on multiple cognitive domains and thus
may hinder attempts to relate individual NP tests to driving
performance. Furthermore, a characteristic of most neuro-
behavioral disorders (including those due to HIV infection)
is that multiple abilities typically are affected. Considered
together with the multiple abilities required to drive skill-
fully and safely, it may not be fruitful to look for a single
most important ability or test: Different individuals may have
different patterns of deficits, and may fail driving tasks for
different reasons.

Consistent with this view, we found impairment in ab-
straction (executive functioning), attention–speed of infor-
mation processing, complex perceptual–motor, motor, and
sensory functioning to be associated with poor perfor-
mance on the simulations. This suggests that several cogni-
tive and noncognitive abilities must be intact for adequate
driving skills, including the ability to pay attention, think–
react quickly and plan and organize one’s performance. Spe-
cific NP tests that related most to driving performance
included the PASAT, Digit Span, Block Design, Finger Tap-
ping, Grooved Pegboard, and Figure Retention. It was sur-
prising to find the strong relationship between even a simple
motor task (Finger Tapping) and performance on the sim-
ulators. HIV has a predilection for the subcortical brain struc-
tures, particularly the basal ganglia, and the concomitant
motor slowing may significantly impact driving skills. Since
other studies have not typically assessed motor and sensory
functioning in this manner, at this point it is difficult to as-
certain whether this is unique to HIV infection or simply an
understudied phenomenon in other clinical disorders.

Different combinations of the NP measures accounted for
13 to 30% of the variance in simulator performance. This
general range of predictability is consistent with findings of
other studies with other neurologic diseases, although some
studies (e.g., Fitten et al., 1995; Galski et al., 1992) have
been able to use NP tests to predict a significantly greater
amount of the variance in an on-road driving score (scores
that often range from 0–40 or higher). The current analyses
were likely limited in part by the fact that two of the three
outcome variables were dichotomous (pass–fail). This was
done both in order to increase the clinical interpretability of
the analyses, and due to the limited number of accidents
that occurred during the city driving simulation. A limita-
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tion of pass–fail ratings was demonstrated by Fox et al.
(1997), who examined how accurately clinicians (a physi-
cian and a neuropsychologist) could predict a participant’s
on-road performance. While NP performance tests and cli-
nician predictions were marginally related to a continuous,
on-road driving score, they were not predictive of whether
an individual actually passed or failed the driving evaluation.

There are limitations to the present study. Using NP per-
formance to predict driving was potentially hindered by the
fact that many of the participants, all of whom were part of
a longitudinal study, had been exposed to the NP tests nu-
merous times and practice effects may have resulted in some
attenuation in the correlation with driving performance. Thus,
tests that have substantial practice effects on repeated ad-
ministration (e.g., Category Test), may well be predictive
of driving performance when given for the first time. Al-
though it was not ideal that participants differed in terms of
numbers of exposures to NP tests at the time of the simula-
tor study, to the extent we could judge, it appears that the
number of such prior exposures did not systematically in-
fluence the relationship between NP impairment and simu-
lator failures. Regardless, it is unlikely that the repeated
exposures resulted in measures being falsely identified as
related to driving performance.

Unfortunately, there is only limited validation data on the
TOPS program, and no normative data on these simula-
tions, and thus we cannot equate simulator performance in
the current cohort with what might be found in the general
population. Although HIV-infected individuals with mild-
to-moderate NP impairment may perform more poorly than
their cognitively intact peers, it is possible that their driving
is no worse than other, typically competent drivers (e.g.,
normal elderly individuals). And, importantly, these simu-
lations have yet to been shown to be predictive of typical
on-the-road driving. Although TOPS has been used to de-
tect fatigue and alcohol effects in long-haul truck drivers,
there is as yet no evidence regarding its utility for determin-
ing impairment in nonprofessional drivers. In addition, while
efforts were made to create situations within theRoutine
and Emergency Drivingsimulation that mimicked real driv-
ing, no on-road validation of this program is currently
available.

It should be noted, however, that simulators such as the
one used in this project do offer some advantages over on-
road tests. On-road evaluations of impaired patients can be
dangerous, expensive in terms of time and money, and un-
reliable (Croft & Jones, 1987). In addition, while individu-
als may maintain adequate abilities for routine driving, subtle
NP impairments may affect driving performance0safety
when the person faces an emergency. It is not practical, or
ethical, to create these situations utilizing a real vehicle with
the risk of real accidents. The use of a computer driving
simulator thus provides a safe, and perhaps sensitive, method
of assessing the degree to which neurobehavioral deficits
impair driving ability.

Recent estimates put the number of individuals with HIV–
AIDS in the United States at 650,000 to 900,000 (Karon

et al., 1996). If, as many researchers find, between 30 to
50% of these individuals, depending on stage of illness, have
objectively determined cognitive deficits, then the public
health impact of these deficits could be significant. How-
ever, clearly it would be inappropriate to make patient care
or public health decisions based upon the current findings.
An analogy can be found in studies of Alzheimer’s patients
and driving. Based on evidence that Alzheimer’s patients
were at a substantially increased risk of driving accidents
relative to matched controls, Friedland et al. (1988) recom-
mended that patients with this diagnosis not drive an auto-
mobile. A number of investigators called into question
this recommendation and presented survey (Drachman &
Swearer, 1993; Trobe et al., 1996) and road test (Hunt et al.,
1993) data suggesting that a subset of patients continue to
maintain acceptable driving skills. It was generally con-
cluded that a diagnosis of Alzheimer’s disease alone should
not be considered adequate reason to rescind a patient’s driv-
ers license.

Similarly, in the current study only a subset of the HIV-
infected individuals with documented NP impairment did
more poorly on the simulations than neurocognitively in-
tact subjects. NP impairment alone should not necessarily
preclude driving in HIV-seropositive patients, although
greater severity (especially in the ability areas mentioned
above) should increase concern. Also, especially if there is
independent clinical evidence that such deficits are affect-
ing other aspects of everyday functioning, the presence of
cognitive impairment might justify referral for on-the-road
testing. Clearly, more research is needed to better establish
the sensitivity and specificity of NP deficits in predicting
driving impairment in HIV infection and other disorders.
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