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Abstract
Objectives—To identify by clinical
examination, EEG,MRI, and proton spec-
troscopy, and neuropsychological assess-
ment the prevalence of signs of CNS
involvement in patients infected with HIV,
and to relate such findings to the evidence
of immunosuppression.
Methods—The design was a cross sec-
tional analysis of a cohort of male patients
with infected HIV with an AIDS defining
diagnosis or low CD4 count (<350), and
seropositive asymptomatic subjects, both
groups being followed up in a longitudinal
study. Control groups consisted of seron-
egative subjects from the same genitouri-
nary medicine clinics.
Results—This report sets out the cross
sectional findings at the seventh visit in
the longitudinal study. Patients with AIDS
had more signs of neurological dysfunc-
tion, poorer performance on a neuropsy-
chological test battery, were more likely to
have an abnormal EEG, and to have
abnormalities on MRI. They more often
had cerebral atrophy, abnormal appear-
ing white matter, , and abnormal relax-
ometry and spectroscopy. There was little
evidence of abnormality in seropositive
people who had a CD4 count >350 com-
pared with seronegative people from a
similar background.
Conclusions—Detailed testing failed to
disclose significant CNS impairment
without immunosuppression in men in-
fected with HIV. Findings from MRI and
magnetic resonance spectroscopy (MRS)
correlated with those of the neurological
examination and neuropsychogical as-
sessment. A combination of such assess-
ments oVers a simple surrogate for studies
of CNS involvement in HIV disease.
(J Neurol Neurosurg Psychiatry 1998;65:301–307)
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In the first definitive review of neurological
disorders related to HIV, Snider et al1 described
18 patients with an encephalitic illness charac-
terised by cognitive and behavioural changes.
Initially it was thought that this picture was due
to cytomegalovirus infection, and therefore
another example of an opportunistic process
due to immunosuppression (along with crypto-
coccal meningitis, toxoplasma abscesses, pro-

gressive multifocal leukoencephalopathy, and
cerebral lymphoma). It became clear, however,
that such cognitive changes are more com-
monly related to HIV infection itself. The pre-
cise mechanism of the changes remains incom-
pletely understood. The neuropathological
accompaniments of the HIV associated de-
mentia complex include an encephalitis with
macrophages infected with HIV forming multi-
nucleated giant cells, leukoencephalopathy
with myelin pallor and astrocytosis, and
poliodystrophy with neuronal loss and abnor-
malities of neuronal dendrites. There is not a
simple one to one relation between any patho-
logical finding and the presence of dementia,
however, with occasional patients showing a
complete dissociation—for example, cognitive
loss with histological normality or encephalitis
with clinical normality.2 None the less, multi-
nucleated giant cells,3 viral load,4 markers of
macrophage activation,5 and the presence of
cytokines such as tumour necrosis factor
(TNFá) in the brain6 all show a positive
relation with the incidence or severity of
dementia. Neuronal counts in the cortex do
not.7

In the clinical investigation of patients with
dementia, neuroimaging similarly discloses a
range of changes. Cerebral atrophy, changes in
white matter thought to reflect leukoencepha-
lopathy or encephalitis, and spectroscopic
abnormalities held to parallel neuronal dys-
function have all been described.8–10 Seronega-
tive and asymptomatic seropositive people in
the Multicentre AIDS Cohort Study (MACS)
had the same prevalence of minor white matter
abnormalities or atrophy. Atrophy and more
clear cut leukoencephalopathy became appar-
ent in AIDS.11

Changes in EEG are non-specific but
increasingly common in those with focal infec-
tions or lymphomas and in those with
dementia.12 The MACS study13 has reported
no diVerence in the incidence of EEG abnor-
malities in asymptomatic subjects when com-
pared with seronegative controls, but Parisi et
al14 reported that EEG abnormality might be a
predictor of CNS involvement.
Neuropsychological assessment has been

used at the bedside to document the pattern
and extent of dementia,15 and in a research
context to detect the earliest signs of departure
from normal.16 At first the data were inter-
preted as disclosing signs of cognitive impair-
ment in the asymptomatic stages of HIV infec-
tion before the onset of immunosuppression.17
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Later larger series including that of the MACS
group18 and our own16 tended to refute the ear-
lier claim. A review of the published literature
highlighted the fact that the largest studies
showed little or no evidence of subclinical cog-
nitive deficit in non-immunosuppressed
people.19

In 1987 a cohort study began at the Middle-
sex Hospital which aimed to identify whether
subclinical abnormalities compatible with first
signs of a dementia illness were detectable in
patients infected with HIV. The timing of the
emergence of such problems and its relation to
markers of immunosuppression (CD4, â2
microglobulin) and to systemic disease (clinical
diagnoses, Hb concentration) were sought.
The coincidence of neuropsychological, EEG,
neuroimaging, and clinical criteria was a
particular interest to see which, if any, param-
eters might be usable as surrogate markers for
the dementia illness. Any such surrogate would
clearly be useful in interventional trials,
perhaps reducing the numbers of subjects or
duration of follow up needed to know whether
damaging changes in the CNS could be
delayed or prevented.

Methods
SUBJECTS

Ninety five seropositive and 32 seronegative
men were originally recruited into the
neurological study. None had neurological
problems when recruited but 15 had an AIDS
defining diagnosis. All recruited subjects were
homosexual or bisexual and had probably
seroconverted in 1983–4 to judge by point
prevalence studies in the genitourinary medi-
cine clinics at the Middlesex Hospital. The
seronegative subjects were partners of serop-
ositive recruits or others attending the geni-
tourinary medicine clinic.
During the longitudinal follow up study

(1987–96) 31 subjects were lost due to moving
away, withdrawal of consent, deaths from
AIDS etc. Numbers were maintained by
further recruitment from the genitourinary
medicine service of 57 further subjects of
which 46 were seropositive and 11 sero-
negative.
Subjects attended twice a year and were seen

by the research neurologist, research nurse,
and psychologist. They also underwent MRI
and spectroscopy and had a routine EEG

recording. Blood was taken from the HIV
seronegative and seropositive subjects for HIV
status, haemoglobin, white blood cell count,
total lymphocyte and CD4 count, platelet
count, and â2 microglobulin. Center for
Disease Control and Prevention (CDC) status
was noted and therapy with any antiretroviral
drugs documented. Alcohol and recreational
drug use were also recorded.
The neurologist carried out a routine

conventional neurological examination, the
results of which were transferred to proformas.
The clinician summarised the clinical findings
with a comment on whether the patient showed
any (neurological) abnormality, and catego-
rised these into encephalopathy, cerebellar
deficit, myelopathy, neuropathy, and myopathy,
using the American Academy of Neurology
criteria20 These include definite, probable, and
possible categories in the case of encephalopa-
thy and myelopathy.
The subjects then carried out a battery of

cognitive tests and mood assessments (table 1).
To determine relative performance z scores
were calculated from the group mean for the
seronegative subjects. To control for practice
eVect the performance of seropositive subjects
was compared with the seronegative subjects
who had had the same number of prior assess-
ments. Seropositive subjects were identified as
having a neuropsychological deficit when their
performance in at least two tests was 0.5 SD or
more below the seronegative mean. This small
diVerence was chosen to detect any small
changes in the asymptomatic subjects.
Brain MRI involved obtaining quantitative

T1/T2 maps, relaxometry,25 calculating brain
and CSF volumes by the CLASS segmentation
technique, and obtaining proton spectra from a
parieto-occipital 8 ml voxel placed predomi-
nantly over white matter behind the trigone on
the dominant side (the opposite side was used
if a focal lesion contaminated the first site).
The images were reported qualitatively by two
radiologists blind to the clinical circumstances
and recorded on a proforma. The opinion was
given as to whether the images were abnormal,
showed ventricular and/or sulcal dilatation, and
whether the white matter showed discrete or
diVuse hyperintensity on T2 weighted images.
Volumes and proton spectra were calculated by
in house programs described elsewhere,10 26

Routine 20 lead EEGs were recorded
(neuromapper) including a period of 3 minutes
of hyperventilation. These too were reviewed
without access to the clinical circumstances by
a consultant clinical neurophysiologist and
recorded as abnormal or not, dependent on the
abundance of intermediate (theta) or slow
(delta) activity and the stability and frequency
of the alpha rhythm. A 1–5 grading scale was
utilised. Grade 1 (normal) contained an alpha
rhythm over 8 Hz or generalised fast activity
but no slow activity, sharp waves, or spikes.
Grade 2 (borderline normal) records were
similar but might have minor transients or an
equivocal excess of theta activity. Grade 3
(mildly abnormal) referred to records with
occasional sharp waves, or asymmetry, or a
mild excess of slow activity. Grade 4 (moder-

Table 1 Neuropsychological test battery

At each assessment
Letter cancellation:
Rey auditory verbal learning test
Trail making A and B
Non-verbal recognition memory test 1*
Non-verbal recognition memory test 2*
2 Choice reaction time*
Facial recognition test†
Wisconsin card sort‡
Symbol digit substitution§
Purdue pegboard
Controlled oral word association test
WAIS-R block design

At first assessment only:
National adult reading test (NART)
WAIS-R vocabulary
WAIS-R picture completion

*For details see21; †22; ‡23; §24.
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ately abnormal) records had a dominant
rhythm below 8 Hz, marked asymmetry,
periodic sharp waves, or moderate slowing.
Grade 5 (markedly abnormal) additionally
showed marked slowing or spikes. For some
analyses the findings were collapsed into a nor-
mal (grades 1or 2) and abnormal (grades 3–5)
categories.
This paper reports the findings at the visits

that took place between 1994 and 1995, five
subjects were omitted from the study as they
proved to have neurological disorders which
aVected the results of their assessments. Thus
their CNS findings were attributable to cer-
ebral palsy, head injury, and toxoplasmosis,
and neuromuscular problems to surgery, her-
pes zoster radiculopathy, and a damaged knee
joint (quadriceps wasting). Not all subjects
completed all parts of the assessments so the
total numbers referred to in the results diVer.
The number providing data in each assessment
are indicated in the tables. Subjects were
initially categorised clinically as seropositive
asymptomatic (CDC II-III), and AIDS (CDC-
IV) using the 1986 CDC criteria that did not
include CD4 counts. For the current compari-
sons asymptomatic subjects with a CD4 count
below 200 were included in the AIDS category.
Statistical analysis was performed on SPSS-X
with ÷2 analysis used for categorical data and

analysis of variance (ANOVA) when appropri-
ate followed by post hoc analysis pairwise com-
parisons (SheVe) for continuous data.
The results of serial assessments over time

will form the basis of a further report.

Results
At the time of the 1994–5 HIV study routine
visit, there were 30 seronegative subjects, 39
asymptomatic HIV positive men, and 47 with
AIDS. No seronegative subjects had a CD4
count below 200, whereas nine asymptomatic
seropositive subjects did together with 33 with
a clinical diagnosis of AIDS. For all the results
to be presented the nine seropositive but
asymptomatic subjects with low CD4 counts
were recoded as AIDS cases. No diVerences
were found in the ages of the groups (table 2).
The mean (SD) CD4 counts, haemoglobin,

mean corpuscular volume (MCV), white
blood count, lymphocyte platelet counts, and
â2 microglobulin concentrations for the HIV
groups are shown in table 3.
The patients with AIDS predictably had the

lowest counts, but the highest MCV and â2
microglobulin results. This represents evidence
of immunosuppression, marrow suppression,
and probably in the case of the MCV, the use of
AZT in therapy.
The neurologists’ examination proforma was

available and complete for all but one seroneg-
ative, two seropositive, and six AIDS patients.
An abnormality was recorded most often in the
AIDS group (table 4). Some subjects had
evidence of more than one abnormality (for
example, encephalopathy and neuropathy). A
significant diVerence with increased prevalence
of detectable abnormality in the AIDS group
was found for any abnormality, encephalopa-
thy, and myelopathy (table 4). This remained
significant for each of these categories (p=0.02;
p=0.001, and p=0.03 respectively) when the
comparison was made between the AIDS and
seronegative groups.
Brain MRI reports indicated abnormalities

in 40.7% of the study population (17 of 30
seronegatives, 16 of 31 seropositives, and 36 of
57 patients with AIDS (÷2 33.8, p<0.001)).
The prevalence of signs of atrophy in the
patient groups is shown in table 5 together with
the segmentation derived measure of atrophy,
the ratio of CSF to intracranial volume
(ICV=brain and CSF). Sulcal widening was
diagnosed by the radiologists in six of 30 sero-
negative, one of 31 seropositive, and 12 of 57
patients with AIDS (p<0.001). They reported
ventricular dilatation in six of 30 seronegative,
three of 31 seropositive, and 12 of 57 patients
with AIDS (p=0.06). The calculated CSF/ICV
ratio was greatest in the AIDS group (0.14).
Thus with both methods of assessment there
was evidence of a greater degree of atrophy in
the patients with AIDS. DiVuse changes in
white matter were recorded in four of 30 (13%)
seronegative high risk controls, six of 31 (19%)
asymptomatic patients infected with HIV, and
12 of 57 (21%) patients with AIDS; a trend to
borderline significance (p=0.07).

Table 2 Age distribution in study population

Seronegative Seropositive AIDS

n 30 30 56
Age (y, mean (SD)) 42.4 (9.2) 38.4 (5.5) 38.0 (7.6)
Range 27–61 27–52 28–57

Table 3 Haematological variables (SD)

Seronegative Seropositive AIDS

n (30) (28–30) (55–56)
Hb (g/l) 15.2 (0.85) 14.2 (0.9) 12.9 (1.8)*
MCV (µm3) 92.1 (4.6) 92.1 (7.6) 98.2 (10.2)†
WBC (103/mm3) 6.4 (1.5) 5.5 (1.8) 3.99 (1.8)†
Lymphocytes (103/mm3) 1.9 (0.47) 2.1 (0.67) 1.27 (0.7)†
CD4 (103/mm3) 0.84 (0.25) 0.49 (0.21) 0.16 (0.14)*
Platelets (103/mm3) 242 (51) 213 (58) 197 (67)‡
â2 Microglobulin (mg/l) 1.79 (0.85) 2.66 (0.7) 3.36 (1.1)*

*DiVerences between all three groups p<0.001.
†DiVerences between AIDS and each of the other groups p<0.001.
‡DiVerences between AIDS and seronegative group only p<0.001. MCV=mean cell volume;
WBC=white blood cell count.

Table 4 Neurological findings

Seronegative Seropositive AIDS ÷2 p Value

n (29) (28) (50)
Any abnormality 9 13 31 37.8 0.001
Encephalopathy 1 4 22 39.7 0.001
Cerebellar deficit 4 5 14 14.2 0.003
Myelopathy 1 5 13 20.4 0.001
Neuropathy 4 5 13 14.2 0.003

Table 5 MRI evidence of atrophy

Seronegative Seropositive AIDS ÷2 p Value

Reported:
n 30 30 56
Wide sulci 6 1 12 16 0.001
Large ventricles 6 3 12 13.1 0.006

Calculated: F
n 25 25 52
CSF/ICV (mean (SD)) 0.13 (0.04) 0.12 (0.03) 0.14 (0.05) 4.19 0.007

Evidence of CNS impairment in HIV infection 303

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.65.3.301 on 1 S

eptem
ber 1998. D

ow
nloaded from

 

http://jnnp.bmj.com/


Relaxometry showed significant bilateral
abnormalities with lengthening of T2 in the
AIDS patients in several regions (p=0.001). T1
values only diVered in basal ganglia (not
shown). For convenience only the left sided
data are shown in table 6. Post hoc tests
(ScheVe) indicated that T2 values in the AIDS
group were significantly diVerent from each of
the other groups in the frontal, parietal, and
basal ganglia regions. In the occipital region the
AIDS group was found to be significantly
diVerent to the seropositive group.
Magnetic resonance spectroscopy (MRS)

ratios showed a significant diVerence between
the groups with a trend (non-significant) for a
relative reduction in NAA peak in the AIDS
group (table 7) in the subset tested. Too few
seropositive asymptomatic subjects were tested
for this comparison to be reliable.
There were no diVerences in years in educa-

tion or in the NART full scale (1982) IQ esti-
mate between the groups (table 8). Direct
comparisons of test performance are therefore
unconfounded with the potential influence of
education or permorbid IQ on the test
performance. The three groups’ mean z scores
(as calculated on the basis of the seronegative
group’s performance at the same visit, so
matching the number of previous attempts at
the same assessments) for each of the cognitive
tests and for the total performance on the bat-
tery of tests was examined by ANOVA. Signifi-
cant diVerences in performance were found
between the groups on the trail making test B,
Purdue pegboard, symbol digit test, and the
total score for neuropsychological performance
(table 9). Post hoc comparisons indicated that
in all cases the AIDS group performed at a sig-
nificantly poorer level than the other groups.
The EEG was interpreted as showing abnor-

mality (grade 3–5) in four of 30 (13%)
seronegative subjects, two of 25 (8%) asympto-
matic HIV infected subjects, and 13 of 53

(24.5%) patients with AIDS, a trend of
borderline significance.

COMPARISON OF RESULTS OF DIFFERENT

ASSESSMENTS

Among the seropositive persons, those diag-
nosed as having possible, probable, or definite
neurological abnormality were more likely to
show atrophy onMRI both by visual rating and
measured volumes and also to perform below
average (by 0.5 SD) on aspects of the Rey
auditory memory test and on choice reaction
time. Those considered to have encephalopa-
thy (possible, probable, or definite) were also
more likely to have atrophy and poorer
performance on the Rey test, and neuropathy
cases had more problems with the choice reac-
tion time. The MRS and EEG ratings were not
significantly associated with the clinical diag-
nostic rankings. Patients with encephalopathy
had significantly lower haemoglobin, lym-
phocyte, and CD4 counts.
Subjects with an abnormal MRI report of

any nature and more specifically relating to
wide sulci had poorer results on trail making B,
symbol digit, and aspects of the Rey test. Those
with changes in white matter did significantly
worse on trail making test B, symbol digit, and
the non-verbal memory tests. Those with an
average z score for all the tests of −0.5 SD or
below were more likely to have abnormalities of
white matter on imaging (÷2=7.1, p=0.008).
As expected, the report of visually abnormal

white matter correlated with quantification by
relaxometry of T1 and T2 measurements in
frontal parietal and occipital lobes (p values
0.02-<0.001). Changes in white matter were
not correlated with the finding of atrophy.
Magnetic resonance spectroscopy disclosed a
lower NAA/(NAA+Cho+Cr) ratio for those
with abnormal appearing white matter (0.52
(SD 0.03 v 0.56 (SD 0.04), t=2.01, p=0.048).
Such changes in white matter were not signifi-
cantly associated with the neurological assess-
ment findings, the EEG report of abnormality,
or the level of CD4 count (<200 or > 200).
In table 10 the frequency of abnormal find-

ings in the three main assessments is shown for
the diVerent groups of subjects. In each case
the data have been dichotomised. Any abnor-
mality on the visual assessment of the MRI was
taken as a “positive” result as was any possible,
probable, or definite diagnosis of CNS abnor-
mality by the clinician. In the case of the neu-
ropsychological testing the overall mean z score
was rated as abnormal if it fell 0.5 SD below the
composite mean of the seronegative group.
When a subject failed to complete all the indi-
vidual tests and no such score was available,
their performance was considered abnormal if
it fell below the mean score of the seronegative
controls by 0.5 SD for six or more completed
tests. As is clear from this simple tabulation
only the immunocompromised patients with
AIDS as a group showed an increased
prevalence of evidence of CNS disease as
witnessed by an abnormal evaluation in two or
more assessments when compared with the
seronegative controls (÷2 5.24, p<0.025). The
AIDS group was also more likely to be scored

Table 6 MR relaxometry

Seronegative Seropositive AIDS F value p Value

n 16–19 21–22 24–25
T2 frontal (l) 68.8 (4.1) 67.9 (4.5) 68.2 (3.3) 10.62
T2 parietal (l) 74.2 (5.4) 72.9 (6.1) 71.7 (7.9) 5.81
T2 occipital (l) 78.2 (4.2) 79.5 (4.0) 81.1 (8.2) 6.06

Values are mean (SD).

Table 7 MR spectroscopy

Seronegative Seropositive AIDS

n 13 6 28
NAA/NAA+Cho+Cr 0.54 (0.04) 0.50 (0.03) 0.52 (0.05)

F = 3.75 p = 0.014.
Values are mean (SD).

Table 8 Background for neuropsychological testing NART
and education

Seronegative Seropositive AIDS

n 29 39 47
Age (y) 41.7 (9.1) 38.2 (5.0) 38.0 (7.8)
NART 121.4 (4.5) 119.2 (5.4) 118.3 (6.1)
Education (y) 13.9 (3.2) 14.7 (2.8) 14.5 (3.3)

Values are mean (SD).
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as abnormal on two or more assessments than
the seropositive patients (÷2 3.55, p<0.1).
There were no significant diVerences in
performance between the asymptomatic serop-
ositive and seronegative groups.

Discussion
Neurological disease is a much feared, al-
though usually late, complication of HIV infec-
tion. There is good evidence that HIV may
enter the CNS at the time of seroconversion,27

and chronic CSF changes imply persistence of
low grade infection.28 HIV is detectable in the
brain29 and with polymerase chain reaction/
insitu hybridisation and immunocytochemistry
most infected cells prove to be macrophages
and microglia. A few astroglia also show
evidence of infection.30 Although neuronal
counts are low,31 neurons are apparently rarely
if ever infected. Their dysfunction and mor-
phological signs of damage with dendritic
pruning32 are therefore considered to be
secondary eVects of the microglial infection.
Viral gene products may be released and have
bystander eVects. The HIV envelope protein
Gp 120, for example, is cytotoxic to neurons in
tissue culture, as is tat, which also up regulates
HIV replication. The nef protein has also been
incriminated as it shares some homology with
scorpion neurotoxin. The products of activated
macrophage metabolism are also potential
causes of neuronal injury. Quinolinic acid,
which is a breakdown product of tryptophan
metabolism in macrophages, is raised in the
CSF of demented patients and is neurotoxic.
Arachidonic acid catabolites may also be raised
in the CSF and leukotrienes and platelet
activating factor can cause neuronal damage.33

Cytokines such as TNFá6 are also considered
to play a part in the myelin pallor and astrocy-
tosis aVecting cerebral white matter (HIV leu-
koencephalopathy) that is a common change
found at postmortem in patients with AIDS.
Oligodendrocytes are rarely infected.
The most characteristic pathological change

in the brain of patients dying of AIDS is a
multinucleated giant cell encephalitis.3 34 The

multinucleated cells represent aggregations of
HIV infected macrophages. Although the pres-
ence of HIV encephalitis is correlated with the
severity of dementia the correspondence of
clinical features and pathological appearances
is weak.2 34 This evidence all points to a
secondary eVect of HIV infection in the patho-
genesis of the dementia motor complex.
That immunodepression is important in the

aetiology of the dementing illness is suggested
by the evidence that cognitive changes are rare
before an AIDS diagnosis is made.13 After a
diagnosis of AIDS, dementia acrues at about
7% a year in longitudinal studies.35 The role of
immunosuppression could either be to permit
some as yet unidentified opportunistic infec-
tion (for which there is no definite neuropatho-
logical evidence), or to trigger a subacute
increase in viral load and therefore of cytokines
and viral or microglial products. There is also
evidence that the genomic drift shown by HIV
can lead to a more neurotrophic or neuroviru-
lent strain. For example, the Johns Hopkins
group have shown diVerences at codons 305
and 329 in the virus recovered from the brains
of demented patients with AIDS when con-
trasted with those from similar but non-
demented cases.36 It is possible that the reason
that dementia aVects some but not all patients
depends on whether critical mutations occur in
their resident HIV strain. A combination of
diVerences in trophism and viral load would
then combine to determine the clinical seque-
lae.
Our study set out to confirm or refute the

hypothesis that immunosuppression was criti-
cal to the emergence of evidence of CNS
disease related to HIV infection itself —that is,
excluding those situations where symptoms
and signs were demonstrably due to opportun-
istic infections by known infective agents or to
lymphoma. We have previously reported the
findings of a neuropsychological test battery in
our cohort11 which disclosed no evidence of
impairment in asymptomatic pre-AIDS HIV
infection. Five years on the findings were con-
firmed with little or no evidence of abnormality
in a multimodality assessment protocol. In the
present report, the detailed assessments of over
100 men infected with HIV have been
compared with those of seronegative subjects
from a comparable background. In general the
results of other large studies37 are confirmed
with no consistent evidence from clinical
examination, MRI/MRS, EEG, or neuropsy-
chological testing of any impairment in HIV
seropositive subjects without AIDS.
The implication of these findings is firstly

that, as in this study, at risk though seronega-
tive homosexual men may have subtle signs
suggestive of neurological sequelae but these
may reflect their lifestyle. Use of opiates and
stimulants was confined to one or two persons
only but half the group had some exposure to
cannabis. Nine of the 32 had a history of syphi-
lis.
The second implication is that theories of the

mechanism of HIV associated dementia com-
plex with and without associated myelopathy
must take account of the fact that even subtle

Table 9 Results of neuropsychological testing

Seronegative Seropositive AIDS F p Value*

n 25–30 24–30 45–56
Trails B 0.03 (1.0) 0.22 (0.58) −0.67 (1.3) 8.14 0.001
Purdue pegboard 0.13 (0.88) 0.06 (0.89) −0.4 (1.0) 3.92 0.023
Symbol digit 0.004 (0.9) −0.04 (1.2) −0.65 (1.4) 3.7 0.03
Total z score 0.15 (0.69) −0.07 (0.57) −0.33 (0.68) 5.56 0.005

*Significance between AIDS and each of the other groups.
Values are mean (SD).

Table 10 Number of assessments showing abnormality

Patient group

Number of assessments

0 1 2 3 2/3

SN 12 14 6 0 6
SP 9 15 7 0 7
AIDS 12 23 19 7 26*

*DiVerent from SN.
Criteria:MRI—any abnormality on visual rating; neurology—abnormality on clinical examination
indicative of CNS change; neuropsychology—mean z <−0.5, or >6 tests with individual z scores
<0.5 if less than all tests completed.
BL=potential blood donors; SN=seronegative homosexual men; SP=seropositive homosexual
men; AIDS=symptomatic or immunosuppressed patients.
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signs of these CNS complications follow rather
than precede clinical evidence of immunosup-
pression. This would support the current
hypothesis that viral load, which increases as
immunosuppression develops, may be critical,
whether through viral products or the produc-
tion of cytokines by activated macrophages.4

Magnetic resonance imaging is in wide-
spread diagnostic use in the investigation and
management of HIV related CNS diseases,
proving more sensitive than CT in lesion
detection for example.19 The present study has
also disclosed that both visually rated and
semiautomated quantitative measurements of
cerebral atrophy correlate with the clinical
diagnosis of neurological abnormality, particu-
larly of encephalopathy. Changes in white mat-
ter detected visually or by relaxometry were
correlated with neuropsychological test results
independently of the presence of atrophy. This
suggests that the impairment in cognition is
indeed subcortical and perhaps relates more to
encephalitis and leukoencephalopathy than to
loss of cortical cells.7 Unfortunately MRI can-
not always distinguish between changes in
white matter due to HIV encephalitis and leu-
koencephalopathy and the eVects of cytomega-
lovirus infection or non-specific astrocytosis38–40

More precise correlation of early cognitive
change and underlying pathology is not there-
fore possible with these data.
Only a subset of the subjects in this longitu-

dinal study had MRS and this may explain the
failure to find any clear pattern of abnormality.
Data from a large pool of patients from our
AIDS wards have suggested that MRS may
detect changes in AIDS, even at an asympto-
matic stage albeit in those with laboratory evi-
dence of immunosuppression.41

Although EEG abnormalities were detected
in a few of these subjects they did not seem to
be a sensitive indicator of CDC status or to
correlate well with clinical and imaging criteria
for early encephalopathy associated with atro-
phy. Others have similarly shown no consistent
EEG changes in asymptomatic HIV infection13

At a later stage EEG slowing does parallel
neurological deterioration.12 We have previ-
ously reported the results of somatosensory42

and long latency event related evoked poten-
tials in this cohort recorded at earlier
attendances.43 These too showed no definite
diVerences in amplitudes or latencies between
those who were seronegative, seropositive, but
asymptomatic, and those with early stages of
AIDS defined by clinical criteria.
The neuropsychological test battery dis-

closed significant diVerences on the overall
measure of performance and in three of the
tests. In all cases the AIDS group were found to
have performed at a significantly poorer level
than the other groups. This confirms the view
that cognitive decline occurs once patients are
immunocompromised and is not apparent in
asymptomatic seroposive subjects.37 When
comparison was made with the other assess-
ments the Rey verbal memory task was associ-
ated with the detection of clinical abnormality,
a diagnosis of encephalopathy, and of atrophy
on imaging. The result of trailmaking B,

symbol digit, and non-verbal memory tests
correlated with white matter changes. The
choice reaction time was more influenced by
physical impairment as in neuropathy. The
correlation of some tests with changes in white
matter is compatible with a subcortical demen-
tia and with results in patients with ischaemic
leukoariosis and even in healthy elderly
people.44

A comparison of the various assessments
used suggests that a combination of clinical
examination, imaging for atrophy, and a brief
neurocognitive test battery should be suYcient
to detect early changes in HIV related diVuse
CNS disease. This assessment protocol may
serve as an indicator of therapeutic response in
studies designed to delay the appearance of
damage to the CNS. There is some evidence
that MRS may also have a role if short term
response to intervention (for example, the use
of a powerful antiretroviral agent reducing viral
load) is the critical issue.45 46 These techniques
oVer a way of monitoring treatment and oVer
possible end points in trials of new strategies in
the prevention of HIV associated dementia in
particular.

This study was supported throughout by the Medical Research
Society.
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