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ABSTRACT

Objective: To study the incidence and pattern of neurologic disorders in a large cohort of HIV-
positive men, compared with HIV-negative men, in the era of highly active antiretroviral therapy
(HAART).

Methods: The Multicenter AIDS Cohort Study is a prospective study of men who have sex with
men enrolled in 4 cities in the United States. We compared HIV-positive vs HIV-negative men for
incidence and category of neurologic diagnoses in the HAART era (July 1, 1996, to last known
follow-up or death, on or before July 1, 2011).

Results: There were 3,945 participants alive during the HAART era (2,083 HIV negative, 1,776
HIV positive, and 86 who became infected with HIV during the study period) including 3,427 who
were older than 40 years of age. Median age at first neurologic diagnosis among all participants
alive in the HAART era was lower in HAART-treated HIV-positive vs HIV-negative men (48 vs 57
years of age, p � 0.001). Incidence of neurologic diagnoses was higher in HAART-treated HIV-
positive vs HIV-negative men (younger than 40 years: 11.4 vs 0 diagnoses per 1,000 person-
years [p � 0.001]; 40–49 years: 11.6 vs 2.0 [p � 0.001]; 50–60 years: 15.1 vs 3.0 [p � 0.001];
older than 60 years: 17.0 vs 5.7 [p � 0.01]). Excess neurologic disease was found in the catego-
ries of nervous system infections (p � 0.001), dementia (p � 0.001), seizures/epilepsy (p � 0.01),
and peripheral nervous system disorders (p � 0.001), but not stroke (p � 0.60).

Conclusions: HIV-positive men receiving HAART have a higher burden of neurologic disease
than HIV-negative men and develop neurologic disease at younger ages. Neurology® 2012;79:

1873–1880

GLOSSARY
CNSL � CNS lymphoma; HAART � highly active antiretroviral therapy; ICD-9 � International Classification of Diseases,
Ninth Revision; MACS � Multicenter AIDS Cohort Study; MSM � men who have sex with men; PML � progressive multifocal
leukoencephalopathy.

More than 30 million adults are infected with HIV globally.1 The introduction of highly active
antiretroviral therapy (HAART) has improved survival among people infected with HIV
and leads to long life expectancies among those who have access to and regularly take
HAART. This decade is the first opportunity to study a large cohort of HIV-infected
individuals of all age groups who are expected to approximate the life expectancy of those
who are uninfected.2,3

In the early AIDS epidemic, neurologic disorders were a major cause of morbidity and
mortality among people with HIV because of direct infection of the nervous system and
susceptibility to opportunistic infections of the nervous system. Later, effects of antiretroviral
therapy led to concerns of neurotoxicity among people treated for HIV. In the current era of
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HAART, other neurologic disorders, such as
ischemic stroke, are becoming increasingly
important to assess among people with
chronic, treated HIV infection. An increased
risk of neurologic disorders in the adult HIV-
positive population receiving HAART would
have important scientific and policy implica-
tions in many countries.

Using data from the Multicenter AIDS
Cohort Study (MACS), a large, ongoing, pro-
spective study of men who have sex with men
(MSM) in 4 cities in the United States, we
report the distribution and incidence of neu-
rologic diagnoses in HIV-1–positive men
during 15 years of the HAART era. We com-
pare the incidence of neurologic diagnoses by
decade of life in HIV-positive men compared
with HIV-negative men of similar lifestyle,
behaviors, and age in the same cohort. We
also expand the time period over which the
mean incidence of key HIV-1–associated neu-
rologic diseases has been reported in the
MACS (previously 1985–19924 and 1990–
19985) including HIV dementia, cryptococcal
meningitis, toxoplasmosis, progressive multi-
focal leukoencephalopathy (PML), and CNS
lymphoma (CNSL).

METHODS Ethics approval. The MACS was approved by
the Institutional Review Board at each site, and informed con-
sent was obtained from each participant. The analysis of neuro-
logic diagnoses was approved by The Johns Hopkins Bloomberg
School of Public Health Institutional Review Board.

Cohort. Since 1984, the MACS enrolled 6,992 men in Balti-
more, Chicago, Los Angeles, and Pittsburgh. The MACS was
designed to understand early pathophysiologic events in the
course leading to AIDS and AIDS-related conditions, including
infections, sexual practices, and specific psychoactive drugs.6 In
the early 1980s, MSM represented the optimal population in
which rates were high enough to provide a meaningful longitu-
dinal inquiry into the study of AIDS with sufficient long-term
follow-up.6 HIV-negative MSM in the MACS were considered
as a control group in this study.

MACS participants were enrolled in various ways. This in-
cluded active recruitment through media, personal connections
with activists and enrolled study participants (for recruitment
after 1984), communication with physicians and clinics with
high numbers of MSM, and drawing from preexisting cohorts of
MSM.

MACS participants continue to undergo a standardized in-
person interview, clinical evaluation, neurologic screening tests,
and laboratory tests every 6 months. Participants also provide
information on preselected reportable diseases including seizure
and stroke, current medications including HAART, medication
adherence, interim medical history, health behaviors, and activi-
ties of daily living. Each visit involves testing of HIV-negative

men for possible HIV seroconversion, ensuring continued en-
rollment in the HIV-negative group. All HIV-positive men are
tested for T-cell subsets and HIV viral load at each visit, using
Roche ultrasensitive assay (�50 copies/mL; Roche Molecular
Systems, Somerville, NJ), and standardized and quality-
controlled flow cytometry.7

Ascertainment of neurologic diagnoses. Neurologic diag-
noses were preselected by the authors using ICD-9 codes and
searched among all participants in the MACS. Additional
searches were performed by selecting neurologic conditions from
the MACS status form, which includes Centers for Disease Con-
trol and Prevention–defined diagnoses such as PML, CNSL,
and 24 other neurologic conditions of relevance including pri-
mary HIV-related and non–HIV-related dementia, neuropa-
thies, myelopathies, myopathies, and meningitides.

Self-report forms were searched to ascertain whether the par-
ticipant reported a stroke or seizure since his last study visit. Each
chart of the person who self-reported a neurologic event was
verified by request of medical records, and 1 neurologist
(F.J.M.), blinded to the participant’s HIV serostatus, reviewed
all available MACS participants’ files for accuracy and confirma-
tion of neurologic diagnoses.

Neurologic diagnoses that could be confirmed by receipt of
records from medical providers are included in the analysis pre-
sented in this report. Self-report data that could not be con-
firmed by review of available medical records were deemed
“unconfirmed” and reported separately in the Results and in ta-
ble e-1 on the Neurology® Web site at www.neurology.org.

In the case of seizures, if a participant was reported to have
the diagnosis “seizure” on multiple occasions, only the first sei-
zure was considered to be a neurologic diagnosis. Subsequent
seizures were excluded as events and the diagnosis was considered
to be a “seizure disorder.” Data on injuries were not routinely
collected in the MACS; traumatic injuries of the nervous system
were therefore excluded from this analysis. Diagnoses related to
asymptomatic or incidental findings on neuroimaging, such as
carotid stenosis, were also excluded.

Deaths are continuously monitored by the MACS and all
deaths are attempted to be recorded by the study. All death cer-
tificate diagnoses were searched for neurologic diagnoses. Death
due to a neurologic disease was considered as a neurologic diag-
nosis in this study. Participants who died were no longer consid-
ered at risk after death.

Categorization of neurologic diagnoses. Neurologic diag-
noses were categorized as follows: 1) infectious diseases, includ-
ing opportunistic and comorbid nervous system infections; 2)
dementia and neurodegenerative conditions, including HIV-
associated dementia and dementia related to alcohol and other
causes; 3) seizures and epilepsy; 4) stroke; 5) peripheral neurop-
athies and myopathies; 6) myelopathies; and 7) other neurologic
diagnoses, such as multiple sclerosis, neurofibromatosis, and
other diseases not categorized in the above groups. Diagnoses
were based on the medical charts, neurologic examinations, and
neuropsychological testing where appropriate. Consensus diag-
noses were made by neurologists and neuropsychologists from all
MACS sites. Dementia diagnoses conformed to the criteria for
HIV dementia established by the American Academy of Neurol-
ogy in 1991.8

Definition of the HAART era. HAART became available to
more than 50% of MACS participants by July 1, 1996.9 The
HAART era in this study is defined as July 1, 1996, to present,
although the main medications that comprise antiretroviral ther-
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apy have changed over time. All neurologic diagnoses reported
from July 1, 1996, until the participant’s last known study visit
or death before July 1, 2011, were considered within the
HAART era and included in this analysis.

Statistical analysis. Statistical calculations were implemented
using R (version 2.12.0, 2011; R Foundation for Statistical
Computing, Vienna, Austria). Missing values were excluded on a
study visit basis for both exploratory analyses and incidence esti-
mation. Incidence of disease, stratified by age group, HIV status,
and HAART status, was modeled using Poisson regression mod-
els of subject-specific periods of person-time contributions. Esti-
mates of model parameters were obtained using generalized
estimating equations.10 Robust standard errors were used when
performing two-sided hypothesis testing and constructing confi-
dence intervals. Similar Poisson models fitted via generalized es-
timating equations were used to compare the diagnostic
category-specific incidence rates between HIV-positive and

HIV-negative individuals. The distribution of age at neurologic

diagnosis was compared between HIV-positive and -negative

subjects using the Wilcoxon rank sum test. For descriptive pur-

poses, men over the age of 40 were also reported as a subgroup in

some cases. The participant’s 40th birthday represented a cutoff

point, decided by the MACS team a priori, that could be used to

depict participants in middle and older age groups yet still have

an adequate sample size to represent a large group of MACS

participants.

RESULTS Cohort characteristics. There were 3,945
MACS participants alive during the HAART era
including 2,083 HIV-negative men, 1,776 HIV-
positive men, and 86 men who converted from HIV-
negative to HIV-positive status during the period
(table 1). The total time at risk was 38,780 person-

Table 1 Baseline characteristics of subjects included in this study

All subjects
(n � 3,945)

HIV-negative
(n � 2,169)

HIV-positive
(n � 1,862)

Race, n (%)

White, non-Hispanic 2,641 (67) 1,610 (74) 1,088 (58)

White, Hispanic 217 (6) 96 (4) 126 (7)

Black, non-Hispanic 862 (22) 374 (17) 505 (27)

Black, Hispanic 28 (0.7) 8 (0.4) 22 (1)

Native American 11 (0.3) 9 (0.4) 2 (0.1)

Asian or Pacific Islander 18 (0.5) 14 (0.6) 4 (0.2)

Other 166 (4) 57 (3) 114 (6)

Smoking, n (%)

Former 1,047 (27) 606 (28) 470 (25)

Current 1,628 (41) 828 (38) 832 (45)

Recreational drug use, n (%)

Cocaine 1,457 (37) 715 (33) 772 (41)

Crack 269 (7) 105 (5) 169 (9)

Marijuana/hash 2,425 (61) 1,319 (61) 1,155 (62)

Poppers 2,065 (52) 1,123 (52) 985 (53)

Uppers 843 (21) 388 (18) 472 (25)

Other drugs 1,212 (31) 603 (28) 638 (34)

CD4 count, median (IQR), cells/mL

Minimum 636 (418–876) 775 (599–1,008) 437 (274–649)

Average 782 (561–1,034) 935 (738–1,166) 585 (428–790)

Viral load, median (IQR)

Maximum NA NA 10,130 (�50–63,960)

Average 4,820 (�50–25,520)

HIV duration, median (IQR), y NA NA 31 (22–34)

Hepatitis C infected, n (%) 424 (11) 141 (7) 286 (15)

Education, n (%)

<8th grade 26 (0.7) 7 (0.3) 19 (1)

At least some high school 594 (15) 272 (13) 329 (18)

At least some college 978 (25) 488 (22) 519 (28)

College degree or more 2,329 (59) 1,389 (64) 989 (53)

Abbreviations: IQR � interquartile range; NA � not applicable.
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years (21,621 HIV negative and 17,159 HIV posi-
tive). By age group, the number of persons
contributing person-time by age was as follows: n �
1,584 for younger than 40 years of age (754 HIV
negative and 859 HIV positive), n � 2,739 for 40 to
49 years old (1,406 HIV negative and 1,374 HIV
positive), n � 2,091 for 50 to 60 years old (1,226
HIV negative and 879 HIV positive), and n � 886
for older than 60 years (607 HIV positive and 281 HIV
negative). The average duration of HAART was 10.6
years for all HIV-positive participants.

Men 40 years of age and older. There were 3,427 in-
dividuals 40 years and older (age range, 40–88 years)
alive during the HAART era. Among HIV-positive

participants 40 years and older, 593 men (39%)
turned 40 years old while enrolled in the MACS and
946 (61%) entered after their 40th birthday. Among
men older than 40 years in the MACS, the average
duration of HAART was similar (11.4 years).

Confirmed neurologic diagnoses. There were 279 neuro-
logic diagnoses: 49 among HIV-positive men never
taking HAART, 221 among HIV-positive men tak-
ing HAART, and 58 among HIV-negative men.
Among MACS participants aged 40 years and older
(age range, 40–82 years), there were 241 neurologic
diagnoses: 36 among HIV-positive men never taking
HAART, 147 among HIV-positive men taking
HAART, and 58 among HIV-negative men (figure).
One participant could have more than 1 neurologic
diagnosis. Overall, 21% of HIV-positive participants
with a neurologic diagnosis were not receiving
HAART at the time of the neurologic diagnosis. The
incidence of all confirmed neurologic events by HIV
status and decade of adult life is provided in table 2.
Median age at first neurologic diagnosis among all
participants alive in the HAART era was lower in
HAART-treated HIV-positive vs HIV-negative men
(48 vs 57 years old, p � 0.001).

Combined confirmed and unconfirmed neurologic

diagnoses. The incidence of neurologic diagnoses,
when including self-reported cases that could be nei-
ther confirmed nor refuted by medical chart review,
is higher (total number of participants with neuro-
logic diagnoses, n � 367; HIV negative, n � 97
diagnoses; HIV positive receiving HAART, n � 217
diagnoses; and HIV positive not receiving HAART,
n � 53 diagnoses). For unconfirmed and confirmed
neurologic diagnoses combined, the median age at
first neurologic diagnosis among all participants alive
in the HAART era was 50 years (48 years for HIV-
negative vs 56 years for HIV-positive participants,
p � 0.001). Table e-1 provides the incidence estima-

Figure Incidence of neurologic events in the Multicenter AIDS Cohort Study
by HIV and highly active antiretroviral therapy (HAART) status

Table 2 Incidence of neurologic diagnoses in HIV-positive vs HIV-negative participants using diagnoses
confirmed by medical records

HIV� and
HAART treated

p Value
(vs HIV�)

HIV� and not
HAART treated

p Value
(vs HIV�) HIV�

Median age at neurologic
diagnosis including
participants of all ages, y

49.4 �0.001 45.2 �0.001 57.4

Incidence of neurologic diagnoses
(per 1,000 person-years)

<40 y 11.4 (7.1–18.5) �0.001 11.7 (5.7–23.8) �0.001 0.0

40–49 y 11.6 (8.5–15.7) �0.001 13.2 (8.6–20.3) �0.001 2.0 (1.1–3.6)

50–60 y 15.1 (10.9–20.9) �0.001 11.3 (5.9–21.7) �0.01 3.0 (1.8–4.8)

>60 y 17.0 (10.1–28.6) �0.01 15.6 (2.2–110.2) 0.3 5.7 (3.4–9.4)

Abbreviation: HAART � highly active antiretroviral therapy.
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tion for combined confirmed and unconfirmed neu-
rologic diagnoses for HIV-positive vs HIV-negative
participants.

Pattern of neurologic diagnoses. Description of neu-
rologic diagnoses among men by disease category and
HIV treatment status is given in table 3. The major
excess burden of neurologic disorders among older
HIV-positive participants occurred in the categories
of infectious illnesses, dementia, seizures, and pe-
ripheral nervous system disorders. Peripheral neu-
ropathy was the most frequently reported neurologic
diagnosis among HIV-positive participants. Dis-
tinct entities included painful sensory peripheral
neuropathy, toxic neuropathy, entrapment neu-
ropathy, other HIV-related neuropathy, and de-
myelinating polyneuropathy.

There were 35 diagnoses of neurologic infections,
excluding HIV-neurocognitive disorders and periph-
eral neuropathies, among HIV-positive participants,
including 11 diagnoses in participants who were
HIV positive but never took HAART. Diagnoses in-
cluded acute hepatitis C with hepatic coma (n � 1),
aspergillus infection of the CNS (n � 1), cryptococ-

cal meningitis (n � 8), cytomegalovirus polyradiculi-
tis (n � 2), herpes infection of the CNS (n � 1),
HIV aseptic or unspecified viral meningitis (n � 7),
HIV vacuolar myelopathy (n � 5), neurosyphilis
(n � 5), PML (n � 3), and CNSL (n � 2).

An increased incidence of stroke among HIV-
infected MSM was not found in this study when
considering chart-confirmed cases of stroke. How-
ever, when considering both confirmed and uncon-
firmed self-reported stroke diagnoses together, the
incidence of stroke was higher in HIV-infected vs
HIV-uninfected MSM (57 vs 38 cases, p � 0.01).

In table 4, the mean incidence rates of selected HIV-
associated neurologic diseases in men of all ages during
the HAART era are compared with reports of incidence
rates in this same cohort during earlier time periods. All
cases in the most recent observation period were con-
firmed by review of the participants’ medical records.

DISCUSSION MSM represent more than half of all
cases of HIV among males in the United States10 and
the incidence of HIV among MSM has risen since
the early 1990s.11 In this large cohort study, we have
found that HIV-positive MSM in the HAART era
experience a higher incidence of neurologic disease
compared with their age-matched HIV-negative
counterparts. HIV-positive men also experience neu-
rologic diagnoses at an earlier age. The majority of
neurologic disorders involved the peripheral nervous
system, but neuroinvasive infections and cognitive
disorders were also important burdens of neurologic
disease in HIV-positive MSM. The higher burden of
neurologic disorders experienced in HIV-positive
MSM represents potentially treatable and prevent-
able neurologic disease.

By using data from the MACS, we extend the
reporting of the incidence of key neurologic diseases

Table 4 Mean incidence rate of HIV-1–associated neurologic diseases during
4 time periods in the Multicenter AIDS Cohort Study, all ages
(expanded from reference5)

Diagnosis

1990–1992,
predominantly
monotherapy5

1993–1995,
predominantly
dual therapy5

1996–1998,
predominantly
early HAART5

1999–2011,
HAART
(current study)

HIV dementia 21.1 17.8 10.5 1 (0.6–1.7)

Cryptococcal meningitis 5.0 2.5 1.5 0.4 (0.2–0.9)

Toxoplasmosis 5.4 3.8 2.2 0

Progressive multifocal
leukoencephalopathy

2.0 1.8 1.5 0.07 (0–0.05)

CNS lymphoma 2.8 4.3 0.4 0.1 (0–0.5)

Abbreviation: HAART � highly active antiretroviral therapy.

Table 3 Confirmed diagnosis counts by category of neurologic diagnoses by HIV-1 and HAART
treatment status

HIV�
HIV� on
HAART

HIV� never
on HAART

Combined
HIV� Total

p Value comparing HIV�
and HIV� participantsa

Nervous system infections 2 21 9 30 32 �0.001

Dementia/degenerative 5 26 12 38 43 �0.001

Seizures/epilepsy 8 18 2 20 28 �0.01

Stroke 23 22 0 22 45 0.6

Peripheral nerve and muscle 11 69 19 88 99 �0.001

Myelopathy 0 4 3 7 7 —

Otherb 9 12 4 16 25 0.07

Total 58 172 49 221 279

Abbreviation: HAART � highly active antiretroviral therapy.
a Unadjusted for age because of small sample sizes.
b Includes multiple sclerosis, hepatic coma, obstructive hydrocephalus, neurofibromatosis type 1, and encephalopathy not
otherwise specified.
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that have been monitored since the beginning of the
HIV epidemic. There is a low but persistent burden
of HIV-related infectious neurologic diseases, in-
cluding cryptococcal meningitis, PML, CNSL, and
HIV dementia. In the HAART era, these diseases
were found mostly among the diagnosed but un-
treated HIV-positive MSM. No cases of CNS toxo-
plasmosis were observed after 1998.

HIV-positive MSM, untreated with HAART,
comprise a significant minority of HIV-positive par-
ticipants with neurologic disorders in this study. In
the HAART era, 21% of MACS participants with
HIV and a first neurologic diagnosis were not on a
HAART regimen. This has led to the continued ob-
servation of the untreated history of HIV infection
and its sequelae. Approximately one-third of neuro-
logic infectious diagnoses and HIV dementia cases in
HIV-positive men were reported among HAART-
naive individuals. This relatively large untreated
group has important implications for continued ef-
forts to improve access to care for people with HIV
and to ensure availability of HIV testing and
HAART treatment.

More than 85% of HIV-positive men in this
study were older than 40 years, providing an initial
look at neurologic diseases in a large middle-aged and
elderly cohort of HAART-treated HIV-positive men.
The MACS was not designed to study diseases of
aging and indeed aimed to recruit participants
younger than 60 years during initial enrollment.6

However, the MACS is now useful to examine broad
estimations of incidence of neurologic disease in
older HIV-positive individuals. The possibility that
the nervous system ages differently in people with
chronic HIV infection, even in the setting of long-
term suppression of HIV viral load, suggests that ag-
ing with HIV may lead to a different pattern or
earlier burden of neurologic disorders.

Previous clinical studies have found multiple ex-
planations for this higher neurologic disease inci-
dence. HIV testing among older persons is delayed
compared with younger individuals,12 and older
HIV-positive men are more likely to present with
AIDS.13,14 Thus, the incidence in all HIV-positive
MSM may be even higher than observed in this
study.

There are other explanations for an actual increase
in incidence. HAART is an incomplete treatment for
HIV infection and imperfectly prevents HIV-related
nervous system manifestations, most notably periph-
eral neuropathy and cognitive disorders.15,16 HAART
itself may be related to neurotoxicity. This may occur
directly, as in the case of length-dependent toxic
polyneuropathy, or indirectly, by increasing the ten-
dency toward important risk factors, such as hyper-

glycemia. It remains uncertain whether long-term
HAART has any adverse effects on the CNS, al-
though a toxic effect has been suggested.17 Notably,
HIV infection is often associated with other high-risk
behaviors, nervous system diagnoses, and physiologic
risk profiles that act synergistically or are comorbid
with HIV infection. Some examples of this include
IV injection drug use, head trauma, alcohol abuse,
and hepatitis C and neurosyphilis coinfections.
Given that the opportunity to study older HIV-
positive individuals has heretofore been limited, the
higher burden of neurologic diagnoses in older HIV-
positive men may have multiple underlying causes,
not all of which can be fully explained in an inci-
dence study.

Our study has limitations. The number of HIV-
positive individuals older than 60 years is not high
and inferences to the eldest age groups should be
made with caution. In the MACS, it is likely that
neurologic diagnoses are incompletely captured
rather than overcounted, contributing to a conserva-
tive estimation of incidence. To demonstrate the dif-
ficulties with chart confirmation of all neurologic
diagnoses from multiple centers over 15 years, we
have presented estimates based on diagnoses that
could be confirmed with medical records review by
the MACS team. To provide a comparative estima-
tion, we also include all cases, including confirmed
and unconfirmed diagnoses, as a supplementary ta-
ble. These estimates are overall similar but demon-
strate that some events can be difficult to confirm.
Importantly, results based on self-report of partici-
pants may differ from medically diagnosed cases. As-
certainment of certain diagnoses, including stroke
and epilepsy, were not initially recorded in the
MACS and longitudinal estimations are therefore
difficult. The number of HIV-related peripheral neu-
ropathy and dementia diagnoses may be undercounted,
particularly given the more recent introduction of
newer forms of HIV-associated neurocognitive disor-
der, such as asymptomatic neurocognitive impair-
ment and mild neurocognitive disorder. Dropout
bias may have occurred. Participants experiencing or
at risk for severe neurologic disease may have been
lost to follow-up in the MACS. The generalizability
of these findings among MSM to other high-risk
groups for HIV infection with different health be-
haviors, such as IV drug users, or to women with
chronic HIV infection, is not known.

However, this study, the largest US cohort study
of HIV-positive MSM, now extending over a quarter
of a century, has the advantage of utilizing a large
HIV-negative control group of similar demographics
and derived from the same population as the HIV-
positive MSM. This cohort has been used to estimate
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important trends in the incidence of neurologic dis-
orders in HIV infection since its inception in the
mid-1980s. The current finding that older HIV-
positive individuals have a higher burden of neuro-
logic disease, mainly attributable to peripheral
nervous system, cognitive, and infectious disorders,
has important implications. The findings in the
MACS are consistent with reports from Europe,18

Canada,19 Southeast Asia,20 Japan,21 Puerto Rico,22

and Nigeria23 that treated HIV-positive individuals
have a relatively high incidence of various neurologic
disorders.

Our findings are also consistent with a growing
literature on a potentially increased burden of HIV-
associated neurologic disorders in aging individu-
als.24 –26 Middle-aged and elderly HIV-positive
individuals require in-depth clinical studies to fully
understand the various mechanisms that may con-
tribute to their excess burden of neurologic disease.
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