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Introduction. Reaction time (RT) deficit exhibited by
HIV-1 asymptomatic seropositive individuals cannot always
be explained by the effect of a cognitive slowing single fac-
tor. Evidence exists that decisional and peripheral compon-
ents of RT may have differential slowing.

Objectives. To assess the hypothesis of a cognitive
slowing single factor as the main responsible for RT slowing
in these subjects.

Methodology. Thirty two (32) HIV-1 neurologically as-
ymptomatic seropositive individuals were compared to 29
seronegative controls in two discriminative reaction time tasks
(DRT) having increased cognitive difficulty but equal motor
response demands. P300 component of the event-related
potential was recorded simultaneously. RT, PPI, errors, and
P300 latency were assessed using ANOVA.

Results. Seropositives were slower than controls in RT,
made more errors and showed delayed latencies of P300
in both tasks. However, while the increase of RT from the
easier to the more difficult task was additive, the increase
of P300 latencies was multiplicative.

Conclusions. These results reveal differences in pat-
terns of slowing between central and motor information
processing mechanisms. Such results suggest that a single
common factor is not enough to explain cognitive slowing
in HIV-1 seropositive subjects.
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Enlentecimiento cognitivo en el trastorno
cognitivo-motor asociado al virus de
inmunodeficiencia humana tipo 1: TR y P300

Introduccion. Los déficit de tiempo de reaccion (TR)
en los sujetos infectados por el virus de inmunodeficien-
cia humana tipo 1 (VIH-1) en las etapas iniciales de la
infeccion no parecen siempre comprensibles por la ac-
cion de un factor general de enlentecimiento cognitivo.
Existen evidencias que indican que los componentes de
la decision y periféricos del TR pueden lentificarse dife-
rencialmente.

Objetivos. Evaluar la accion de un factor general de
enlentecimiento cognitivo como causa principal de in-
cremento del TR en estos sujetos.

Métodos. Treinta y dos sujetos seropositivos al VIH-1
neurolégicamente asintomaticos fueron comparados con
29 controles seronegativos en dos tareas de tiempo de
reaccion discriminativo (TRD) de dificultad creciente, pe-
ro con iguales demandas de respuesta. Simultdineamente
se registro el componente P300 del potencial evocado
por las tareas. El TR, el IPP, los errores y la latencia del
componente P300 fueron comparados mediante ANOVA.

Resultados. Los seropositivos fueron mas lentos, co-
metieron mas errores y exhibieron latencias mas prolon-
gadas que los controles, pero mientras que el incremento
del TR entre tareas fue aditivo, el de latencia de P300 fue
multiplicativo.

Conclusiones. Los resultados revelan una disocia-
cion en el patron de enlentecimiento de los mecanismos
centrales y los de produccion de respuesta. Tales resulta-
dos sugieren que un factor general no es suficiente para
explicar el enlentecimiento cognitivo de estos sujetos.
Palabras clave:

Enlentecimiento cognitivo. Dificultad de la tarea. VIH-1. P300. Tiempo de reaccion. Tras-
torno cognitivo-motor.

INTRODUCTION

Within the context of the controversy regarding in which
stage of type 1 human immunodeficiency virus (HIV-1) the
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Motor-Cognitive Disorder (MCD)'-6 may appear, one aspect
of the debate is that of the significance and sensitivity of
the reaction time (RT) measurements to detect the signs.
While some studies recommend the use of RT in the routine
assessment of seropositive subjects to HIV-1 from the initial
stages of the infection?’-" on the basis that the psychomo-
tor slowing may be the earliest sign of «dementia complex»
associated to HIV-1'213 others maintain that such indica-
tors are not more sensitive in asymptomatic subjects than in
conventional neuropsychological tests'#-20,

Although in many studies RT is used as a measure of
processing speed of complex functions or specific mecha-
nisms in many studies®2'-2% based on the supposition that
HIV-1 causes selective deterioration during the first stages,
in most of the studies, RT is used to assess the most general
and elemental information processing mechanisms with
relatively simple tasks that involving signals detection and
discrimination response and selection and execution'. This
approach is based on the hypothesis, already formulated in
the area of aging psychology3%-3%, that the cognitive dete-
rioration which these subjects will finally have is caused by
the action of a general «slowing» factor that basically af-
fects the information processing central mechanisms3637,
This claim is supported by RT studies were if specific task
demands are not considered and response requirements re-
main the same, the greater the cognitive demand of the
task the slower the reaction time of HIV-seropositive indi-
viduals will be'®,

However, the literature on RT in HIV-1 seropositives re-
veals the presence of slowing patterns that questions the
action of a general factor as the only one responsible for
the processing deficit. Thus, while Dunlop et al.'?, Worth
et al.”" and Perdices and Cooper'® found that the RT defi-
cit was only found with the increase of detection and dis-
crimination demands, Wilkie et al.® and Chang et al.3®
confirmed that seropositive subjects can perform tasks
with the same level of accuracy as the controls and show
an increase of RT®9 or, even, that the RT differences are
reduced with the increase of the cognitive demands of
the tasks'440,

These results indicate that it would be necessary to estab-
lish the respective contribution of the central and motor
components to RT latency in order to elucidate the nature
and evolutive course of cognitive slowing associated to
MCD and especially the significance of RT in this slowing.
An appropriate technique to differentiate it is by recording
simultaneously RT and event-related brain electrical activ-
ity, particularly the latency of the P300 component of the
event-related potential.

Although there are studies that have evaluated the P300
component in HIV-1 infected subjects*’-** and have found
sensitive changes in this component in both symptomatic
and asymptomatic seropositive subjects, few of them have

used it in combination with RT measurements*>#% and with
a chronometric approach®’.

The present study aims to assess the relative contribution
of the RT cognitive and motor components to the cognitive
slowing that seems to distinguish seropositive subjects to
HIV-1 in the early stages of the infection using the com-
bined recording of RT and P300 component. In this way, it
aims to examine the role of the general slowing factor in
the cognitive deficits of the subjects.

METHODS
Cognitive assessment

Two visual oddball discriminative reaction time (DRT)
tasks with growing difficulty and with the same response
demands were designed. A white square with five horizontal
parallel black lines inserted was used as frequent stimulus in
both tasks. In the first task (DRT1), the infrequent stimulus
consisted in a square with three parallel vertical lines inser-
ted in the first task (DRT1) and in the second one (DRT2), it
was a square with four parallel black horizontal vertical
lines inserted. The difference in orientation and amount of
lines between the stimuli of each task showed two progres-
sive levels of the discrimination difficulty between stimuli
having the same perceptual nature.

The stimuli were exposed at the center of a video screen
(placed at 1.25 m from the subjects), subtending a visual
angle of 5 degrees for 1 sec. and against a black back-
ground. Stimuli probability was 80% and 20% and they
were delivered at random, with the restriction that not mo-
re than two infrequent stimuli would appear successively (a
program controlled the series). The interstimulus interval
was 1.5 seconds. Presentation order of the tasks was balan-
ced through the subjects. The subject's response consisted in
pressing a key for each infrequent stimulus and another one
for a frequent one. Two series of 100 stimuli were adminis-
tered. The RT of each response and its accuracy were recor-
ded. In addition, with the frequent stimulus as target, the
subjects performed a SRT with the same presentation con-
ditions as in the DRT tasks. The subjects were instructed to
respond as quickly and accurately as possible.

Psychophysiological evaluation

An EEG recording was made during the tasks perfor-
mance using a Medicid 3E (Neuronic S.A). Amplifier band-
pass was settled at 05-30 Hz and data were gathered at a
sampling rate of 200 Hz. Nineteen surfaces silver electrodes
were placed according to the 10-20 International System*s.
Linked earlobes were used as reference and a forehead elec-
trode as ground. The electroculogram was recorded bipo-
larly at the outer canthi of the left eye. Impedance was
maintained below 5 KOhm.
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Artefact free EEG epochs of 1124 ms (100 ms pre-stimu-
lus) time locked to the onset of stimuli were stored for off-
line averaging. Epochs associated to incorrect responses or to
RT out of a time window from 200 to 1000 ms were exclu-
ded from analysis. The P300 component was visually identi-
fied as the most prominent positive peak within a time win-
dow from 300 to 800 ms. The latency was measured as the
intersection point of the ascending and descending slopes
of the component.

Sample

32 neurologically asymptomatic seropositive to the HIV-1
infection males and 29 seronegative controls comparable for
age (t[59]=1.58; p<0.12) and educational level (X?=1.2;
p<0.26) participated in the study. The seropositive subjects
were randomly obtained from a sample of 50 asymptomatic
seropositives subjects previously studied®. All of them were
residents in the «Los Cocos» community belonging to the
AIDS sanitarium of Santiago de Las Vegas in La Havana where
they receive systematic care. An evaluation of the Clinical
Record (that includes a periodic psychological evaluation)
and an interview prior to the study reported made it possible
to exclude those subjects having a background or current
manifestations of psychiatric disorders (depression, anxiety)
or neurological ones (and cephalic brain trauma, epilepsy),
background or current consumption of alcohol, drugs or
psychodrugs. Furthermore, those subjects who had received
treatment with antiretroviral drugs were excluded. The im-
mune system status of each subject was determined in the
week prior to the onset of the study through a CD4 T cell
count. In addition, information was obtained on the time of
probable infection of each seropositive subject. The control
group was obtained from the whole group of administrative,
maintenance and service workers of the sanitarium as it was
a population with a detailed knowledge on the infection and
the risks and who were carefully evaluated for possible back-
ground of behavior that would involve risk of catching the
disease in order to be hired. All the subjects participated vol-
untarily and gave their written informed consent. Table 1
provides the description of the sample.

Statistics

RT and errors from the two series of the each task were
averaged and compared using ANOVAs (group: seroposi-
tives and controls; Task: SRT, DRT1 and DRT2). Mean latency
of the individual average evoked potentials for each task
was analyzed with a repeated measures ANOVA where the
group and task were used as factors between subjects and
site (Fz, Cz and Pz) as repeated measures factor. The post-
P300 interval (PPI) or interval included between the peak
latency of the P300 component and RT latency of each task
was compared between the groups using an ANOVA (group
and task).

Table 1 Characteristics of participants
(mean values are offered)
Variable Seropositives (32)  Controls (29)

Age 34.23 (9.58) 30.65 (9.49)
Years of schooling 11.78 (2.92) 12.86 (3.38)
Time of probable infection

(years) 9.25 (2.61)
T4 cell count (U/mm?3) 511 (132.6)

RESULTS
Reaction time

Table 2 shows the mean values of RT per group and task.
A group (F[1.177]=41.90; p<0.00001) and task (F[1.177]=

Table 2 Mean and Standard deviation
of RT, errors, P300 latency for each

site and PPl obtained from Cz

Seropositives Controls
Mean* SD Mean SD
Reaction time
SRT 403.59 113.45 333.64 102.06
DT1 538.17 59.53 46568  51.33
DT2 642.59 69.42 555.14 62.29
Errors
E_TD1 1.97 1.33 1.83 1.71
E_TD2 3.41 3.00 1.97 1.52
P300 lat.
DT1
Fz 447.63 52.14 416.44 54.95
Cz 448.06 50.33 415.71 48.27
Pz 446.49 49.10 420.86 55.69
DT2
Fz 561.83 76.89 477.00 73.48
Cz 567.86 70.93 480.83 65.38
Pz 572.25 66.50 491.86 67.62
PPI
PPI_DT1 90.77 75.01 48.01 45.98
PPI_DT2 75.28 79.93 71.90 59.87

*ms. TRS: simple reaction time; DT1: discriminative reaction time 1; DT2:
discriminative reaction time 2; SD: standard deviations; ms: millisecons;
E_DT1: amount of errors in DT1 task; E_DT2: amount of errors in DT2
task; Fz, Cz, Pz: registry sites; PPI_DT1: post-P300 interval in DT1 task;
PPI_DT2: post-P300 interval in DT2 task.
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127.11; p<0.0001) effect was observed. No interaction of
group by task was observed (p<0.81). The seropositive sub-
jects were slower than the controls regardless of the task.
The magnitude of the differences between the groups rea-
ched 70 ms in SRT, 73 ms in DRT1 and 87 ms in DRT2, which
means that the increase was comparable in the three tasks.
Figure 1 shows the RT distribution of each group in each
task.

The RT differences observed indicate a decrease in the
speed of the information processing in seropositive sub-
jects. Such an outcome is in agreement with a number of
reports in which both more complex SRT as well as DRT
tasks were used>*?'. However, it differs from that ob-
tained in other studies'®-2940 and from that observed for
this same group of subjects in the two DRT tasks used by
Amador and Mayor?3°.

Even so, the most relevant aspect of this study is the
constant or additive character of the RT increase between
growing cognitive difficulty tasks in the seropositive sub-
jects. This pattern of additive slowing is similar to that re-
ported by Hardy & Hinkin'94 for asymptomatic seropositive
subjects and suggests that the locus of the cognitive slow-
ing in these subjects would be more in the peripheral or
sensoriomotor processing than in the central thought ones.

Errors

Comparison of errors was made between DRT tasks. Table 2
shows the mean errors per group and task. The seropositive sub-
jects committed more errors than the controls (F[1.118]=4.66;
p<0.03) but only in DRT2 (p<0.001). The DRT2 task caused more
errors than the DRT1 one (F[1.116]=4.62; p<0.03). No inter-
action of the group per task was observed (p<0.08). Figure 2
shows the performance of the groups in each task.

ms
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HIV_1 *}
4,0
Controls ’"E’"

3,5

3,0

Errors

2,5

2,0

DT1 DT2

Figure 2 Distribution of errors of each group in the
two DRT tasks. DTR: discriminative reaction time; DT1: discri-
minative reaction time 1; TD2: discriminative reaction time 2.

P300. Comparison of latencies

Table 2 shows the mean latency of the P300 component
per group and task. Figure 3 describes the behavior of the
groups in the two tasks. A group effect (F[1.118]=27.47;
p<0.0001), task effect (F[1.118]=72. 98; p<0.0001) as well
as an interaction of group per task (F[1.118]=6.27; p<0.01)
are observed. Furthermore, there was a Site effect (F[2.236] =
4.74; p<0.01; €=0.62). The seropositive subjects have more
prolonged latencies than the controls in DRT2 (p<0.0001)
but not in DRT1 (p<0.06). The Pz site showed more pro-
longed latencies than the Fz and Cz sites that were equivalent.

The comparison of latencies also revealed a slowing in
the speed of information of seropositives as well as an in-
crease in slowing as a function of the increase of the cogni-
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Figure 1 | RT distribution of each group in each one of Figure 3 Distribution of P300 latencies of each

the three tasks. SRT: simple reaction time; DT1: discriminative
reaction time 1; TD2: discriminative reaction time 2; RT: reac-
tion time; ms: milliseconds.
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tive demands of the task for this group. Increased errors
committed in DRT2 are consistent with this result. Such a
finding, on its part, gives support to the hypothesis of the
action of a general factor of cognitive slowing similar to
that proposed by Becker and Salthouse3® and Becker et al.3’,
in HIV-1 infected subjects, based on RT regression studies
and with conventional neuropsychological tests.

Post-P300 interval

Table 2 presents the mean value of PPl per group and
task. No group effect (p<0.06), Task effect (p<0.73) or
Group Interaction per task (p<0.11) were observed. The PPI
of the seropositive subjects was more prolonged than that
of the controls in DRT1 (p<0.01). It was equivalent in the
DRT2 task (p<0.85). There, while the PPl increased in the
controls in 24 ms from DRT1 to DRT2 (from 48 to 72 ms), it
decreased in 16 ms (from 91 to 75 ms) in the seropositive
subjects. These variations of the PPl, however, did not reach
significant differences within any of the groups. Figure 4
shows the reduction of PPl in the seropositive subjects.

Reaction Times, latency of the P300
components and PPI

The analyses of the RT and of the P300 component latency
suggest the probable simultaneous presence of two slowing
patterns of the speed of information processing: one acting
on the central processes in a multiplicative fashion and the
other acting on the peripheral ones in an additive fashion. A
slowing pattern of this appearance has been suggested by
Cerella3®3* in aged subjects using theoretical models of re-
gression of RT in tasks of increasing cognitive demands.

However, the simultaneous action of two factors of in-
formation processing slowing but acting in opposite sense

ms
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Figure 4 Distribution of PPl of each group in each
one of the two DRT tasks. DT1: discriminative reaction time 1;
ID2: discriminative reaction time 2; PPI: post-P300 interval;
ms: milliseconds.

to that observed here has been reported by Bashore3®. The
interpretation (an additive effect of slowing for the P300
latency component and a multiplicative one for RT) has
been supported, on the one hand, by the differential sensi-
tivity of the P300 and RT latencies to response strategy
changes*go‘*"3 and, on the other, by the general tendency
observed in elderly subjects to adopt conservative process-
ing strategies that assure the maintenance of a steady ac-
curacy level under condition of increasing processing require-
ments (speed-accuracy trade off)°*5®, Therefore, the RT in
the Bashore study would be reflecting a constant slowing
effect due to the delay of the processes prior to response
selection and execution (stimulus evaluation and memory
set up-dating) plus the effect of adopting a conservative
response strategy. The latency of the P300 component, on
its part, would only reflect the duration of the previous
central processes, basically represented by the Na and N200
components56 and probably, in addition, the duration of the
operations that correspond to the P300 component itself.

From this view, the results observed here would suggest
considering that seropositive subjects adopt a strategy of acce-
lerating the response as the task complexity increases (trade-
off) accuracy for speed. Such a strategy takes it for granted
that the response execution and selection processes partially
or totally superimpose the stimulus evaluation processes.

If the seropositive subjects of this study really adopt an
acceleration strategy of the response processes, the dura-
tion of the processes subsequent to the P300 component
latency, included in the PPI, should be reduced contingently
with the increase of the task complexity. However, this ef-
fect does not occur statistically. The absence of differences
of PPl observed in the DRT2 task is not due to a significant
decrease in PPl in the seropositive subjects, but rather to
the combination of a mild acceleration of the response
(16 ms) in this group, with a mild increase of the response
duration in the controls (24 ms). All considered, the fact that
the multiplicative effect of the task difficulty on the P300
component latency in the seropositive group is reduced to an
additive effect in RT implies that at least a part of these sub-
jects should have accelerated their response processes.

A pos hoc analysis of the differences of PPl in each sub-
ject made it possible to verify that, in fact, 19 (59%) of the
seropositive subjects decreased PPl duration between tasks.
The average reduction was 87 ms (p<0.0001). However, none
of them adopted a real parallel processing strategy (RT/P300
ratio quotient less than 1). In the control group, on its part,
7 (24%) of the subjects decreased the PPl between tasks in
an average magnitude of 46 ms (p<0.10) and two of them
consistently adapted a parallel processing strategy.

A response acceleration of this magnitude in this sub-
group suggests that, on the one hand, the RT differences
existing between them and the controls in the DRT tasks
may uniquely or predominately be originated by the slow-
ing of the central processing mechanisms as an effect of
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the task complexity and that, on the other hand, they could
achieve RTs comparable to the controls in the SRT, a task
that does not require central processing demands. Compari-
son of RT in this task showed an equivalence between con-
trols and this seropositive subgroup (t[46]=1.90; p<0.06). A
similar analysis between this subgroup of the remaining se-
ropositive subjects (13 in whom there was no reduction in
PPI) and the controls had had statistically significant differ-
ences between them (t[40]=2,13; p<0.02). In turn, an
ANOVA that compared each seropositive subgroup with the
control group regarding P300 component latency in each
task revealed not only a group effect but also an interaction
effect between group and task for the subgroup that acce-
lerated its response (F[1.92]=12.00; p<0.001). On the con-
trary, in the subgroup that did not accelerate its response,
only a group effect was observed. That is, there was a much
lower effect of increase of task complexity on the central
processing mechanisms.

In this way, the contribution of the decisional and motor
components of RT to the slowing of the information pro-
cessing speed shown by the seropositive subjects of this
study suggests that they do not have a homogeneous cog-
nitive slowing pattern. Although a global deficit of central
processing and response production processes has been ob-
served in both subgroups, the deficit pattern of each com-
ponent is different between them and reveals a partially
dissociated mechanism of slowing: a subgroup with a mild
slowing in the response production processes and a more
severe deficit of the central mechanism and another one
with the opposite pattern. The existence of such partially
dissociated slowing patterns indicates that resorting to a
general factor as responsible for the main proportion of the
information processing slowing deficit shown by HIV-1 in-
fected subjects in the initial stages of the infection is not
sufficient to explain the RT deficit they show. The deficit of
the response production processes may be as important as
the central one. Even more, the relative preservation of the
response production mechanisms may mask the status of
the central processing mechanisms.

Doubts about the single action of a general factor in the
production of the information processing speed deficits
have already been stated in psychology of aging. Both in
this area and in that of HIV-1 infection, most of the eviden-
ce that supports the hypothesis of the general factor of slow-
ing comes from RT studies. The RT offers a global measure
of processing speed that, due to the differential sensitivity
of its components to different factors®’, does not make it
possible to distinguish the contribution of the processes
that participate in the task execution. More recently, it has
been suggested*®%8 that elderly subjects may apply a diffe-
rent balance for the same task than the younger subjects
between the control processes and subordinate ones and
that this could be due both to compensation mechanisms due
to the decrease in activity in processing functions and/or in
the control functions such as strategy changes. In the case
of HIV-1 infected subjects, the so-called brain reserve® along

with similar factors of compensation and strategy change,
may be playing a modulator role of slowing. The specific way
that each one of the factors contributes to the slowing of the
processing speed in these subjects cannot be directly inferred
through measurements of RT latency. Use of complementary
measures such as the P300 component may contribute to
clarify this question. However, in the case of the P300 com-
ponent, the fact that the occurrence of the peak latency is a
marker of the duration of the stimulus evaluation processes
and not of the total duration of the activity of the central
processes implies that there may be processing stages re-
maining within the post-P300 intervals that are not strictly
related with the motor execution (response selection and
organization) in which an important component of the re-
duction of processing speed may be arising.

Recording of other components of brain electrical acti-
vity evoked as the Premotor Potential®, recording elec-
tromyographic activity, as well as other variables of
RT61.62 or its fragmentation in the central and motor com-
ponents seem to be necessary to determine how many
factors and which factors modulate the cognitive slowing
in this seropositive HIV-1 subjects at initial stages of the
infection.

CONCLUSIONS

Evaluation of the central and motor components of RT
in the DRT tasks of increasing difficulty revealed that the
cognitive slowing in subjects seropositive to the human
immunodeficiency virus type 1 may be modulated differ-
entially by the deficit in these components: the deficit in
the response production processes may be as important as
the central deficit. This suggests, on the one hand, that re-
sorting to a general factor as single or predominant re-
sponsible one of the cognitive slowing observed in the CMD
is not sufficient to explain it. And, on the other hand, that
the specific way in which each one of the factors contribu-
tes to the information slowing speed in these subjects can-
not be directly inferred through the measurements of the
total RT latency. The use of information slowing speed
event-related potentials of other RT indicators or the ins-
trumental fragmentation of RT in its component processes
are necessary to determine the nature and dynamics of
this deficit. This has potential implications for the assess-
ment of treatments, prognosis of the evolution of the defi-
cits in these subjects and their possible rehabilitation.
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