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Background: Antecedents to human immunodefi-
ciency virus–dementia (HIV-D) are poorly understood.

Objective: To identify risk factors for HIV-D.

Methods: Subjects who are positive for HIV who have
CD4+ counts either below 200/µL or below 300/µL with
evidence of cognitive impairment were enrolled in this
study. Neurologic, cognitive, functional, and laboratory
assessments were done semiannually for up to 30 months.
Human immunodeficiency virus–dementia was diag-
nosed using American Academy of Neurology criteria for
probable HIV-1–associated dementia complex.

Results: One hundred forty-six nondemented patients
were enrolled, 45 of whom subsequently met criteria
for incident HIV-D. In univariate analyses using the
Cox proportional hazards regression model, the follow-
ing variables were significantly associated with time to
develop dementia: cognitive: abnormal scores on Timed

Gait, Verbal Fluency, Grooved Pegboard, and Digit Sym-
bol tests; attention-memory, psychomotor, and execu-
tive function domain scores; and the diagnosis of minor
cognitive/motor disorder; neurologic and medical:
increased abnormalities on the neurologic examination,
extrapyramidal signs, history of HIV-related medical
symptoms; functional: higher reported role or physical
function difficulties. Depression was also a strong risk
factor, along with sex, hematocrit, hemoglobin, and
b2-microglobulin levels. In a multivariate model that
used cognitive domain scores, covariates with signifi-
cant hazard ratios included depression, executive dys-
function, and the presence of minor cognitive/motor
disorder.

Conclusion: Cognitive deficits, minor cognitive/motor
disorder, and depression may be early manifestations of
HIV-D.
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F EW STUDIES have examined
the risk factors for dementia
in patients with human im-
munodeficiency virus (HIV)
infection and these have

focused primarily on demographic and
medical factors. Previous studies have
suggested that older age, history of HIV-
related medical symptoms, lower hemo-
globin levels, higher plasma viral load,1

lower CD4+ cell counts,2 and intravenous
drug use3 are associated with a greater risk
of developing dementia. There has been
some suggestion that zidovudine treat-
ment isprotective.4 Whilemanystudieshave
demonstrated subtle cognitive changes in
patients with HIV, and psychomotor slow-
ing has been associated with an increased
risk of dementia,5 it is unclear whether these
are unrelated to later dementia or repre-
sent the early stages of a dementing pro-
cess. Similarly, diagnostic criteria have been
proposed for HIV-associated minor cogni-
tive/motor disorder (MCMD), which ap-
plies to HIV-positive patients with subtle

cognitive, neurologic, and psychiatric symp-
toms but minimal functional complaints.6

To our knowledge, the relationship be-
tween this diagnosis and a later diagnosis
ofdementiahasbeenunexplored.This study
prospectively followed up HIV-positive pa-
tients to evaluate which clinical features
noted at the initial visit were associated with
an increased risk of developing dementia.
Potential correlates of incident dementia in-
cluded demographic, medical, neurologic,
functional, and psychiatric features as well
as laboratory study results. In addition, all
participants completed a battery of neuro-
psychological tests, allowing us to assess the
predictive use of poor test performance and
the presence of MCMD.

RESULTS

FOLLOW-UP

The follow-up experience of the 146 sub-
jects was as follows: 146 at 6 months, 126
at 12 months, 99 at 18 months, 58 at 24
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months, and 29 at 30 months. There were 33 subjects
who prematurely dropped out of the study, 23 because
of death.

DEMOGRAPHICS

During the course of follow-up, 45 of the 146 subjects
met criteria for incident HIV-D. Baseline characteristics
of the subjects who did and did not become demented
are listed in Table 1 and Table 2. Compared with the

subjects who did not become demented, those who be-
came demented were more likely to be female, non-
white, have higher macroneurologic and motor Unified
Parkinson Disease Rating Scale scores, have lower he-
matocrit and hemoglobin levels, and have higher b2-
microglobulin levels. They were also more likely to have
poorer role function, Karnofsky performance scale23 and
physical function scores, and higher Center for Epide-
miologic Studies–Depression Scale scores. A Kaplan-
Meier curve summarizing time to reach the dementia end

SUBJECTS AND METHODS

SAMPLE

The Dana Consortium on the Therapy of HIV–Dementia and
Related Cognitive Disorders was formed in 1994 to recruit a
cohort of HIV-infected individuals and examine risk factors
for human immunodeficiency virus–dementia (HIV-D). Sub-
jects were recruited from infectious disease clinics or through
targeted advertising at 3 sites: Columbia University, New York,
NY; Johns Hopkins University, Baltimore, Md; and the Uni-
versity of Rochester, Rochester, NY. Subjects were eligible
for inclusion in the cohort if they were positive for HIV, had
subjective reports of memory or concentration problems, and
had CD4+ cell counts either below 200/µL or below 300/µL,
and cognitive impairment on neuropsychological testing (see
“Neuropsychological Testing” subsection). They were ex-
cluded from the cohort if they were not ambulatory or if they
had other neuropsychiatric conditions (eg, current or past
central nervous system infection, head injury, or schizo-
phrenia) that might cause cognitive impairment.

PROCEDURES

Assessments were performed semiannually for up to 30
months. At each visit, subjects underwent a neurologic ex-
amination; completed a battery of neuropsychological, func-
tional, and psychiatric assessments; and had blood drawn
for laboratory studies. Data collected from all of these evalu-
ations were used to examine potential risk factors for in-
cident HIV-D.

POTENTIAL CORRELATES OF INCIDENT HIV-D

Demographic Data

Age at initial visit, number of years of education, sex, race
(white vs other), use of antiretroviral therapy at the initial
visit, consumption of alcohol (at least weekly, less than
weekly), and intravenous drug use during the year prior to
enrollment (all intravenous drug users in our study had used
drugs during that year) were used as independent variables.

Neurologic and Medical Examinations

A standardized history of HIV-related diagnoses was col-
lected. The presence of any one diagnosis (yes, no) was used
as an independent variable in our analyses. The neuro-
logic examination was designed to capture signs associ-
ated with HIV-D. The macroneurologic examination cre-
ated for the AIDS (Acquired Immunodeficiency Syndrome)
Clinical Trials Group was used. The motor subscale (Part
III) of the Unified Parkinson Disease Rating Scale7 was

administered to rate the presence or absence of extrapyra-
midal signs. Total scores for the macroneurologic exami-
nation and the Unified Parkinson Disease Rating Scale were
dichotomized at or near their median values for analysis.

Neuropsychological Testing

The neuropsychological battery was designed to delineate
HIV-D and MCMD. Where possible, tests recommended
by the National Institute of Mental Health8 and the AIDS
Clinical Trials Group were included.

The 8 tests included in the core neuropsychological
battery covered 6 domains. Verbal memory was assessed
with the Rey Auditory Verbal Learning Test.9 Visual memory
was assessed with the Rey-Osterrieth Complex Figure De-
layed Recall Test.9 Constructional skills were assessed with
the Rey-Osterrieth Complex Figure Immediate Recall Test.
Psychomotor skills were measured with the Digit Symbol
Test.10 Motor skills were assessed with the Grooved Peg-
board (dominant and nondominant hand)11 and Timed Gait
tests. Frontal systems were assessed with Verbal Flu-
ency12 and the Odd-Man-Out tests.13,14

Performance for each test was referenced to age- and edu-
cation-appropriate norms. Norms for subjects with an edu-
cational level above high school were those reported for the
Multicenter AIDS Cohort Study, a cohort of homosexual
men15; norms for subjects with an education at the high school
level or below were those reported for the ALIVE (AIDS Link
to Intravenous Experience) cohort, a cohort of intravenous
drug users.16 For the Odd-Man-Out Test, unpublished norms
from the homosexual men and intravenous drug user co-
horts followed up at Columbia University17,18 were used.

At the initial visit, the presence of cognitive impair-
ment sufficient to meet study enrollment criteria was de-
fined as performance 2 SDs below the appropriate mean
on 1 test, or 1 SD below the mean on 2 tests. If Timed Gait
performance was the only measure in which subjects scored
2 SDs below the mean, subjects were not considered to have
met criteria for cognitive impairment.

For statistical analysis, neuropsychological test scores
were dichotomized at 1 SD below the mean. For the
Grooved Pegboard Test, a score greater than 1 SD below
the appropriate norm for either the dominant or nondomi-
nant hand was considered to be a deficit. For Timed Gait
performance, 1.5 SDs below the mean was used as the cut-
off because of the nature of the available normative data.

Composite scores were created from the neuropsy-
chological test battery with the aid of a principal compo-
nent factor analysis using Varimax rotation. Three factors
were identified that accounted for 68.4% of the total vari-
ance: attention-memory (Rey Auditory Verbal Learning
Test—total score, trial 5 score, recall after interference, de-
layed recall, and correct recognition), psychomotor speed
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point across the entire group of patients is shown in the
Figure. In our cohort of 146 subjects, the estimated prob-
ability of incident HIV-D was approximately 25% at 12
months and 40% at 24 months.

UNIVARIATE ANALYSES

We first examined the associations between the presence
of individual features noted on the initial evaluation and
incident dementia; results are summarized in Table3 and

Table 4. For individual tests in the neuropsychological
battery, defective scores on Timed Gait performance, Ver-
bal Fluency, Grooved Pegboard, and Digit Symbol tests were
associatedwithan increased riskof incidentdementia (Table
3). Also, the composite z scores for attention-memory, psy-
chomotor speed, and executive function, as well as the di-
agnosis of MCMD at baseline, were associated with an in-
creased risk of incident dementia (Table 3). Survival curves
for patients with and without a diagnosis of MCMD at base-
line are shown in the Figure.

(Grooved Pegboard, dominant and nondominant hands and
Digit Symbol Test), and executive function (Rey-Osterreith
Complex Figure Immediate Recall Test, Odd-Man-Out Test,
and Verbal Fluency Test). Composite scores for each of these
factors were formed by first creating a z score for each neu-
ropsychological test variable (using the Multicenter AIDS Co-
hort Study and ALIVE age- and education-based norms) and
then averaging the z scores across the appropriate vari-
ables. These composite scores (average z scores) were di-
chotomized at 0 for statistical analysis.

We also used the presence of HIV-associated MCMD
at the initial study visit as an independent variable. Sub-
jects received this diagnosis if they had at least 2 deficits
in cognitive tests (Digit Symbol Test, Rey Auditory Verbal
Learning Test) or neurologic examination (finger agility,
alternating movement, gait and coordination, limb coor-
dination, emotional lability) and a deficit in at least 1 role
function. These are the same criteria used in the diagnos-
tic algorithm previously published based on American Acad-
emy of Neurology guidelines,19 except in this study we did
not require the role function deficit to be attributed to a
cognitive source.

Functional Measures

Functional measures were chosen that would reflect the de-
gree to which cognitive deficits compromised everyday func-
tion. Measures were derived from the Instrumental Activi-
ties of Daily Living (IADL) scales of Lawton and Brody,20

the Katz Instrumental Activities of Daily Living/Lawton Per-
sonal Self-Maintenance Scale,21 and the role functioning
items of the Medical Outcomes Study.22 Two functional out-
comes that reflect stress and stamina were also included:
the Karnofsky performance scale23 and the Medical Out-
comes Study physical function subscale.22 All scores were
dichotomized at or near their median values for analysis
except for the Karnofsky performance scale, which was cat-
egorized as less than 80, 80 to 89, and 90 to 100. A score
of less than 80 on this scale would suggest the need for as-
sistance with some Instrumental Activities of Daily Living
and an inability to work outside the home.

Psychiatric Assessment

The 20-item Center for Epidemiologic Studies–
Depression Scale24 was used to assess mood. The Center
for Epidemiologic Studies–Depression Scale score was con-
sidered a continuous variable in the statistical analyses.

Laboratory Assessment

The CD4+ cell counts, hemoglobin and b2-microglobulin
levels, and hematocrit were obtained. For analysis, these

were treated as continuous variables. The CD4+ cell count
and b2-microglobulin level were transformed using the natu-
ral logarithm.

DIAGNOSIS OF HIV-D

The primary end point for all analyses was the diagnosis
of HIV-D. A standardized algorithm was used to diagnose
HIV-D, based on data from the neurologic, neuropsycho-
logical, psychiatric, and functional assessments.19 To re-
ceive the HIV-D diagnosis, subjects had to fulfill cognitive
criteria based on a set of test cutoff scores, as well to re-
port a deficit in at least 1 of 8 Instrumental Activities of
Daily Living items. In addition subjects were required to
meet fixed criteria for either neurologic or neuropsychiat-
ric problems characteristic of HIV-D.

DATA ANALYSIS

The primary outcome variable for this investigation was the
time from enrollment to the development of HIV-D, as de-
termined at a subsequent follow-up visit. The original co-
hort consisted of 272 subjects; however, 71 of these were
diagnosed as having HIV-D at the baseline visit. An addi-
tional 55 subjects did not have follow-up (postbaseline) as-
sessments for HIV-D. All analyses were performed on the
resulting cohort of 146 subjects. For subjects who did not
develop HIV-D, the follow-up time was censored at the last
available visit at which an assessment for HIV-D was per-
formed.

The analytic strategy focused on examination of the
associations between independent variables measured at the
initial study visit (baseline) and the time to development
of HIV-D. The Cox proportional hazards regression model
was used.25 An initial set of analyses was performed to ex-
amine these associations separately for each of the inde-
pendent variables described earlier. A best subsets model
selection procedure based on the score statistic26 was used
in conjunction with clinical judgment to help identify rea-
sonable Cox proportional hazards regression models for time
to development of HIV-D. Two sets of multiple regression
analyses were performed: one that included all of the in-
dividual neuropsychological test scores as independent vari-
ables, and another that instead used the composite neuro-
psychological test scores. All Cox proportional hazards
regression analyses included study site as a stratification
factor.

Baseline variables were compared among subjects
who did and did not reach the end point of HIV-D using t
tests or x2 tests, as appropriate. A Kaplan-Meier curve was
constructed for the time to dementia outcome.25 All analy-
ses were performed at the 5% level of significance
(2-tailed).
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For demographic and medical variables, female sex,
race (nonwhite), increased abnormalities on the neuro-
logic examination, the presence of extrapyramidal signs,
and a history of HIV-related medical symptoms were all
associated with an increased risk of incident HIV-D. In-
creased risk was also noted in subjects with higher re-
ported role or physical function difficulties and with
higher depression scores. Finally, lower hematocrits and
hemoglobin levels and higher b2-microglobulin levels were
associated with an increased risk of HIV-D (Table 4).

MULTIVARIATE ANALYSES

Best-subsets model selection was used to generate a se-
ries of multivariate models for the HIV-D end point. A
series of models containing 1 to 8 independent vari-
ables were generated. The first model considered demo-
graphic and medical variables and individual neuropsy-
chological test results as potential covariates. The selected
model included depression as assessed with the Center
for Epidemiologic Studies–Depression Scale, sex, Digit

Table 1. Summary Statistics for Demographic and Medical Variables Measured at the Initial Visit*

Variable†
All Subjects
(N = 146)

Nondemented Subjects
(n = 101)

Subjects Who
Became Demented

(n = 45) P

Age, y 40.5 (7.1) 40.7 (6.8) 40.2 (7.8) .69
Female sex 21.2 14.9 35.6 .005
Educational level, y 13.7 (2.9) 13.9 (2.8) 13.4 (3.0) .39
White 52.1 57.4 40.0 .05
Antiretroviral therapy use (any type) 61.0 61.4 60.0 .87
Alcohol use (at least weekly, less than weekly) 35.2 34.0 37.8 .66
Intravenous drug use 12.0 9.5 17.7 .23
History of HIV-related diagnoses 32.2 27.7 42.2 .08
Macroneurological score .8 35.7 25.3 59.1 ,.001
Motor UPDRS score .4 29.2 22.3 44.2 .009
Hematocrit 0.39 (0.44) 0.39 (0.40) 0.38 (0.50) .05
Hemoglobin level, g/L 133 (16) 135 (14) 129 (18) .05
b2-Microglobulin level, nmol/L 297 (127) 280 (110) 323 (136) .06
CD4+ cell count, cells/µL 1.81 (1.47) 1.77 (1.46) 1.90 (1.50) .49
Self-maintenance ADL score ,18 4.1 3.0 6.7 .31
Instrumental ADL score ,24 18.1 14.0 27.3 .06
Role function score ,11 42.3 34.7 59.1 .006
Karnofsky performance score‡

90-100 64.1 70.0 51.1
80-89 20.7 16.0 31.1 .07
,80 15.2 14.0 17.8

Physical function score ,23 45.5 37.8 62.2 .006
CES-D score 18.4 (10.4) 15.8 (9.1) 24.4 (10.7) ,.001

*Values are expressed as either means (SDs) for continuous variables or percentages for categorical variables.
†HIV indicates human immunodeficiency virus; UPDRS, Unified Parkinson Disease Rating Scale; ADL, Activities of Daily Living, and CES-D, Center for

Epidemiologic Studies−Depression Scale.
‡Scoring was determined using the scale created by Karnofsky et al.23

Table 2. Summary Statistics for Neuropsychological Tests Administered at the Initial Visit*

Test Name†
All Subjects
(N = 146)

Nondemented Subjects
(n = 101)

Subjects Who Became Demented
(n = 45) P

Rey AVLT, total score 33.6 33.7 33.3 .97
Rey-Osterrieth Complex Figure, Copy 28.2 24.5 36.4 .15
Rey-Osterrieth Complex Figure, Recall 23.2 19.4 31.8 .11
Timed Gait 33.3 26.9 46.7 .02
Grooved Pegboard 33.3 27.8 46.7 .03
Verbal Fluency 14.2 11.3 20.5 .15
Odd-Man-Out 15.9 15.1 18.0 .68
Digit Symbol 22.5 16.3 36.4 .008
Attention-memory 59.4 53.8 71.1 .05
Psychomotor speed 57.9 51.0 72.7 .02
Executive function 54.6 46.7 73.7 .005
MCMD 65.7 56.8 85.7 ,.001

*All values are expressed as percentages of patients meeting criteria for performance deficit. Performance deficit was defined as 1 SD below the norm for all
individual tests except for timed gait (1.5 SDs below norm). See “Potential Correlates of Incident HIV-D” subsection of the “Subjects and Methods” section for the
sources of normative data. z score less than 0 for domain scores.

†AVLT indicates Auditory Verbal Learning Test; MCMD, minor cognitive/motor disorder.
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Symbol Test, Verbal Fluency Test, history of HIV-
related diagnoses, and Timed Gait performance
(Table 5). A second, similar model was created using
the cognitive domain scores. The selected model in-
cluded depression, sex, executive function, history of HIV-
related diagnoses, Timed Gait performance, and the pres-
ence of MCMD (Table 6).

COMMENT

This prospective study identified a set of variables that
were associated with increased risk of dementia in a co-
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Cumulative of incidence of human immunodeficiency virus–dementia
(HIV-D) in the study cohort (solid line). In addition to incidence in the entire
cohort, incidence in patients with (long dashed line) and without (short
dashed line) a diagnosis of minor cognitive/motor disorder at the initial visit
is shown.

Table 3. Hazard Ratios for Univariate Analyses
of Neuropsychological Test Results Administered
at the Initial Visit*

Test Name† Hazard Ratio
95% Confidence

Interval P

Rey AVLT, total score 1.16 0.62-2.17 .65
Rey-Osterrieth Complex

Figure, Copy
1.30 0.70-2.42 .40

Rey-Osterrieth Complex
Figure, Recall

1.44 0.75-2.75 .27

Timed Gait 2.99 1.46-6.10 .003
Grooved Pegboard 2.24 1.23-4.07 .008
Verbal Fluency 2.20 1.03-4.73 .04
Odd-Man-Out 1.29 0.55-3.02 .57
Digit Symbol 2.80 1.49-5.28 .002
Attention-memory 1.97 1.02-3.80 .04
Psychomotor speed 2.45 1.25-4.80 .009
Executive function 2.44 1.16-5.13 .02
MCMD 3.95 1.66-9.42 .002

*Performance deficit was defined as 1 SD below the norm for all individual
tests except for Timed Gait (1.5 SDs below the norm). See “Potential
Correlates of Incident HIV-D” subsection of the “Subjects and Methods”
section for the sources of normative data. z score less than 0 for domain
scores. The hazard ratio for a continuous variable may be interpreted as
follows: for every 1-unit increase in that variable, the ratio of the risk of
reaching the end point per unit of time is multiplied by the given hazard ratio.

†AVLT indicates Auditory Verbal Learning Test; MCMD, minor
cognitive/motor disorder.

Table 4. Hazard Ratios for Univariate Analyses
of Demographic and Medical Variables Measured
at the Initial Visit*

Variable† Hazard Ratio
95% Confidence

Interval P

Age, y 1.00 0.95-1.04 .93
Female sex, % 1.99 1.04-3.78 .04
Educational level, y 0.96 0.86-1.06 .40
Antiretroviral therapy

use (any type)
0.88 0.47-1.64 .69

Alcohol use (at least weekly,
less than weekly)

1.08 0.59-1.98 .81

Intravenous drug use 1.52 0.62-3.73 .36
White 0.53 0.28-1.00 .05
History of HIV-related

diagnoses
1.95 1.06-3.56 .03

Macroneurological score .8 3.48 1.89-6.40 ,.001
Motor UPDRS score .4 2.47 1.29-4.73 .006
Hematocrit 0.90 0.84-0.97 .004
Hemoglobin level, g/L 0.76 0.62-0.92 .006
b2-Microglobulin level, log 3.18 1.16-8.73 .02
CD4+ cell count, log 0.98 0.76-1.25 .85
Self-maintenance ADL

score ,18
1.67 0.50-5.57 .41

Instrumental ADL score ,24 1.70 0.87-3.33 .12
Role function score ,11 2.23 1.22-4.08 .01
Karnofsky performance score‡

90-100 1.00
80-89 2.39 1.21-4.72 .04
,80 1.35 0.57-3.17

Physical function
score ,23

2.49 1.34-4.60 .004

CES-D score 1.06 1.03-1.10 ,.001

*The hazard ratio for a continuous variable may be interpreted as follows:
for every 1-unit increase in that variable, the ratio of the risk of reaching the
end point per unit of time is multiplied by the given hazard ratio.

†HIV indicates human immunodeficiency virus; UPDRS, Unified Parkinson
Disease Rating Scale; ADL, Activities of Daily Living; and CES-D, Center for
Epidemiologic Studies−Depression Scale.

‡Scoring was determined using the scale created by Karnofsky et al.23

Table 5. Selected Multivariate Model, Including
Individual Neuropsychological Test Results*

Variable† Hazard Ratio
95% Confidence

Interval

CES-D Score 1.05 (1.02-1.08)
Female sex 1.60 (0.70-3.62)
History of HIV-related diagnoses 1.55 (0.76-3.15)
Digit Symbol Test‡ 2.23 (1.02-4.89)
Verbal Fluency Test‡ 2.74 (1.10-6.82)
Timed Gait Test§ 2.70 (1.22-5.96)

*The hazard ratio for a continuous variable may be interpreted as follows:
for every 1-unit increase in that variable, the ratio of the risk of reaching the
end point per unit of time is multiplied by the given hazard ratio.

†CES-D indicates Center for Epidemiologic Studies−Depression Scale; HIV,
human immunodeficiency virus.

‡Performance deficit was defined as 1 SD below the norm for all individual
tests.

§Performance deficit was defined as 1.5 SDs below the norm for timed gait.
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hort of HIV-positive subjects identified as having cogni-
tive deficits and/or severe immunosuppression. In the uni-
variate analyses, variables were identified in all of the
categories evaluated. For medical variables, similar to ob-
servations in a separate cohort studied by McArthur et
al,1 an increased risk of dementia was associated with his-
tory of HIV-related medical symptoms and lower hemo-
globin levels. In addition, lower hematocrit and in-
creased b2-microglobulin levels were associated with
greater risk, consistent with previous observations link-
ing these variables with cognitive deficits and dementia
in HIV-D. The observation that abnormalities on the neu-
rologic examination and the presence of extrapyramidal
signs were associated with an increased risk is also con-
sistent with the observation that these features are typi-
cally noted as parts of the AIDS dementia complex. It is,
therefore, logical to expect that in some cases their pres-
ence would precede the actual onset of dementia. Simi-
larly, depression is one of the defining features of the de-
mentia complex and, thus, logically might precede the
onset of the entire syndrome. Lower role and physical
function scores were associated with an increased risk
of dementia; this may represent the earliest manifesta-
tion of the dementing process.

Poor performance on a series of neuropsychologi-
cal tests, including Timed Gait, Verbal Fluency, Grooved
Pegboard, and Digit Symbol, was also associated with an
increased risk of incident dementia. Similarly, poorer per-
formance in the following cognitive domains was asso-
ciated with greater risk: attention-memory, psychomo-
tor, and executive function. In an analysis of data from

the Multicenter AIDS Cohort Study, Sacktor et al5 re-
ported that sustained psychomotor slowing was associ-
ated with an increased hazard of dementia, AIDS, and
death. Cognitive decline in other domains was not pre-
dictive, however. Their analysis differs from ours be-
cause we considered only performance at the initial visit,
as opposed to change in performance over time. In ad-
dition, the current study specifically recruited individu-
als with cognitive deficits or advanced immunosuppres-
sion, perhaps increasing the probability that they would
become demented.

The association between cognitive performance at
baseline and later dementia suggests that poorer perfor-
mance could represent the earliest sign of a dementing
process. However, the significance of mild cognitive
changes in individuals who are HIV positive has been un-
clear. To our knowledge, it has not been previously es-
tablished whether the presence of subtle cognitive defi-
cits has any implications for the later development of
dementia. Further, it has not been clear whether the pres-
ence of MCMD has any relation to dementia. This study
suggests that at least in some cases, cognitive deficits and
MCMD are related to the later advent of dementia.

Female sex may also be a risk factor for dementia.
This observation is consistent with previous reports that
HIV-positive women have more rapid progression of neu-
rologic signs and symptoms.27

The multivariate models presented herein were se-
lected from several candidate models and require vali-
dation in other samples. Still, they provide some insight
into the independent contribution of the variables iden-
tified in the univariate analyses. It is notable that sex, de-
pression, Timed Gait performance, and a history of HIV-
related diagnoses are included in both models. In addition,
both models implicate poorer executive function as an
independent risk factor for dementia. Since executive dys-
function is often one of the earliest cognitive changes
noted in HIV, this suggests that there may be a common
underlying mechanism between dementia and early cog-
nitive change. Finally, in the second model presented,
MCMD remained a significant risk factor for dementia,
independent from depression and executive dysfunc-
tion. Thus, the presence of this syndrome seems to have
unique predictive value, over and above the presence of
some features that contribute to its diagnosis.
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Table 6. Selected Multivariate Model, Including
Neuropsychological Summary Scores*

Variable† Hazard Ratio
95% Confidence

Interval

CES-D score 1.06 1.02-1.10
Female sex 1.46 0.65-3.27
Executive function test‡ 3.71 1.59-8.68
History of HIV-related diagnoses 1.90 0.87-4.12
Timed Gait Test§ 2.17 0.95-4.97
MCMD 3.47 1.19-10.13

*The hazard ratio for a continuous variable may be interpreted as follows:
for every 1 unit increase in that variable, the ratio of the risk of reaching the
endpoint per unit of time is multiplied by the given hazard ratio.

†CES-D indicates Center for Epidemiologic Studies−Depression Scale; HIV,
human immunodeficiency virus; and MCMD, minor cognitive/motor disorder.

‡Based on z scores that were dichotomized at 0.
§Performance deficit was defined as 1.5 SDs below the norm for Timed

Gait.
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