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ABSTRACT

Objective: To describe the prevalence of neurocognitive impairment (NCI) among early diagnosed
and managed HIV-infected persons (HIV1) compared to HIV-negative controls.

Methods: We performed a cross-sectional study among 200 HIV1 and 50 matched HIV-uninfected
(HIV2) military beneficiaries. HIV1 patients were categorized as earlier (,6 years of HIV, no AIDS-
defining conditions, and CD4 nadir.200 cells/mm3) or later stage patients (n5 100 in each group);
both groups were diagnosed early and had access to care. NCI was diagnosed using a comprehen-
sive battery of standardized neuropsychological tests.

Results: HIV1 patients had a median age of 36 years, 91%were seroconverters (median window
of 1.2 years), had a median duration of HIV of 5 years, had a CD4 nadir of 319, had current CD4
of 546 cells/mm3, and 64% were on highly active antiretroviral therapy (initiated 1.3 years after
diagnosis at a median CD4 of 333 cells/mm3). NCI was diagnosed among 38 (19%, 95% con-
fidence interval 14%–25%) HIV1 patients, with a similar prevalence of NCI among earlier and
later stage patients (18% vs 20%, p 5 0.72). The prevalence of NCI among HIV1 patients was
similar to HIV2 patients.

Conclusions: HIV1 patients diagnosed and managed early during the course of HIV infection had
a low prevalence of NCI, comparable to matched HIV-uninfected persons. Early recognition
and management of HIV infection may be important in limiting neurocognitive impairment.
Neurology� 2013;80:371–379

GLOSSARY
BDI5Beck Depression Inventory;CI5 confidence interval;GDS5Global Deficit Score;HAART5 highly active antiretroviral
therapy; HCV 5 hepatitis C virus; IQR 5 interquartile range; NCI 5 neurocognitive impairment; OR 5 odds ratio.

Despite the availability of highly active antiretroviral therapy (HAART), HIV-infected persons
remain at risk for neurocognitive impairment (NCI).1 Although severe forms of neurologic
disease (e.g., HIV-associated dementia) have declined, the risk of other forms of NCI remains
elevated compared to the general population.1–4 The burden of NCI among HIV-infected
persons remains substantial, occurring in approximately half (range 18%–73%) of patients.1,5–7

Since most studies have evaluated HIV-positive patients with unknown dates of HIV sero-
conversion and 35%–45% of newly diagnosed HIV-positive patients in the United States meet
AIDS-defining criteria within 1 year of diagnosis,8 elevated rates of NCI may result from late
diagnosis and uninhibited viral replication in the CNS causing irreversible brain injury prior to
diagnosis or initiation of therapy. A history of AIDS and low nadir CD4 counts has been
associated with NCI.1,2,9 However, few studies have determined the rate of NCI among
HIV-positive patients managed in an optimized setting of early diagnosis, free access to care,
and few concurrent comorbidities.
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We determined the prevalence of NCI
among US military HIV-infected persons
who have routine HIV testing, mandatory fol-
low-up evaluations after diagnosis, open access
to early antiretroviral treatment, and low rates
of comorbidities including active substance
use. We assessed the prevalence of neurocogni-
tive impairment evaluating HIV-positive
patients both earlier (i.e.,,6 years of HIV infec-
tion since diagnosis, no AIDS-defining condi-
tion, and CD4 nadir .200 cells/mm3) and
later in the course of HIV infection, and com-
pared these participants with a matched HIV-
uninfected group of military beneficiaries.

METHODS Study design and participants. We per-

formed a cross-sectional study among 200 HIV-infected and 50

HIV-uninfected military beneficiaries (active duty members, re-

tirees, or dependents). All active duty members, including those

in this analysis, are HIV seronegative upon entry into military ser-

vice and undergo repeated mandatory HIV testing. Active duty

members who become HIV-positive are evaluated by an HIV spe-

cialist at least semiannually, and all military beneficiaries have

open access to early antiretroviral treatment and low rates of

comorbidities including active substance use.

Of the 200 HIV-infected participants, 100 were classified as

earlier stage (,6 years of HIV infection since diagnosis, no prior

AIDS-defining condition, and CD4 nadir.200 cells/mm3), and

100 as later stage (not meeting all 3 criteria). A control group of

military beneficiaries (n5 50) were matched to the HIV-infected

subjects by age (,35 vs 35–50 years), gender, race/ethnicity

(Caucasian vs other), and rank (officer vs enlisted vs other includ-

ing retirees and spouses). Inclusion criteria for both HIV-infected

and HIV-uninfected groups included military beneficiaries who

were 18–50 years of age. Exclusion criteria were current/recent

suicidal ideation, inability or unwillingness to complete the neu-

ropsychological battery, and presence of an acute medical condi-

tion that could impact the participant’s ability to complete the

tests (e.g., febrile illness). The control group had an HIV-negative

ELISA test within 1 year of study enrollment.

Standard protocol approvals, registrations, and patient
consents. All study participants provided written informed con-

sent and the study was approved by a central military institutional

review board. The trial was registered at ClinicalTrials.gov (reg-

istration #NCT00893815).

Data collection. Clinical data were abstracted from medical

records including medical conditions, medications, body mass

index, and fasting lipid levels. Hepatitis C virus (HCV) was

defined as a positive antibody or RNA viral load. Among HIV-in-

fected subjects, data on last HIV seronegative and first HIV sero-

positive dates, AIDS-defining conditions,10 CD4 cell counts

(including current, nadir, and recovery [current CD4 2 CD4

nadir]), HIV RNA levels, and antiretroviral therapy (type, CNS

penetration effectiveness,11 duration, and percentage of time since

diagnosis on medications) were collected. HIV infection in our

cohort was primarily acquired by sexual routes12; data on sexual

orientation were not available.

Questionnaire data included demographics, military rank and

duty status, education, substance use, history of loss of consciousness

or traumatic brain injury, and self-reported assessment of cognitive

impairment. Illicit drug use was ascertained by a confidential ques-

tionnaire regarding drug use (past and current) and prior failure of

military mandatory drug screening. Questionnaires assessed lipodys-

trophy, neuropathy (AIDS Clinical Trial Group Peripheral Neurop-

athy Screening Tool),13 current and lifetime psychiatric diagnoses

(Composite International Diagnostic Interview modules A, E, F, J,

K, O, and X), and current mood (Beck Depression Inventory

[BDI]–II).

All participants underwent a comprehensive battery of stan-

dardized neuropsychological tests and questionnaires (administra-

tion time 3.5–4 hours) shown to be sensitive to HIV-associated

neurocognitive disorders.1 The neuropsychological measures

included an estimate of premorbid functioning (Wechsler Test

of Adult Reading), verbal fluency (letter fluency [FAS], category

fluency [animals], and action fluency [verbs]), attention/working

memory (Paced Auditory Serial Addition Task, Wechsler Adult

Intelligence Scale III [WAIS-III] Digit Span), visuospatial func-

tioning (Judgment of Line Orientation Tests, form H; Hooper

Visual Organization Test), speeded information processing

(WAIS-III Symbol Search, WAIS-III Digit Symbol, Trail Making

Test [TMT] A, Stroop Word and Color Tests), learning and

recall (Hopkins Verbal Learning Test–R, Brief Visuospatial

Memory Test–R), abstraction/executive functioning (Wisconsin

Card Sorting Tests, 64-card version; TMT B; Stroop Word and

Color Tests), motor speed and dexterity (Grooved Pegboard Test

[both hands]), and effort (Hiscock Digit Memory Test). Neuro-

psychological tests were scored by trained psychometrists and raw

scores were converted to demographically adjusted t scores cor-
rected for effects of age, education, gender, and ethnicity. Scores

were then converted to deficit scores that give differential weight

to impaired rather than normal scores as previously described.14,15

The Global Deficit Score (GDS) was used to summarize neuro-

psychological test results by quantifying the number and degree

of impaired performances. A score $0.5 has been shown to be a

sensitive and specific indicator of global NCI,14 and a deficit score

.0.5 was used within each domain. Importantly, impairment on

the GDS has been found to be associated with biomarkers of HIV

disease progression (e.g., CD4 count)16 as well as aspects of every-

day functioning declines (e.g., medication adherence).17,18

Statistical analyses. Descriptive statistics are presented as

medians with interquartile ranges (IQRs) or as counts with per-

cents, as appropriate. The Kruskal-Wallis rank-sum test was used

to compare medians, and x2 tests to compare percentages. For each

analysis, there were 2 comparisons: earlier vs later stage HIV-

infected participants, and HIV-infected vs HIV-uninfected partic-

ipants. The relationships between self-reported cognitive problems

and GDS and depression were explored with linear and logistic

regression. Univariate and multivariate associations of factors with

NCI were determined by logistic regression. Odds ratios (OR) for

the prevalence of NCI were estimated with 95% confidence in-

tervals (CI). Prespecified factors of interest (age, gender, race/eth-

nicity, years since HIV seropositivity, and cumulative years on

antiretroviral therapy since diagnosis) along with factors with a

p value #0.15 in univariate models were included in the multi-

variate model. All p values are 2-sided. Analyses were conducted

using SAS software (version 9.1; SAS).

RESULTS Study population. Two hundred HIV-
infected persons were studied (table 1); 91% were
documented HIV seroconverters with a median sero-
conversion window of 1.2 years. The study popula-
tion consisted of a population with low prevalence of
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Table 1 Baseline characteristics of study population

HIV1 stage, n (%) or median (IQR)

HIV1 Earlier stage Later stage p Valuea,b HIV2 p Valuea,c

No. 200 100 100 50

Demographics

Age, y 36.4 (28.1–43.6) 28.8 (25.6–35.9) 42.1 (36.9–46.5) ,0.001 36.0 (27.0–44.0) 0.56

Male 191 (95.5) 97 (97.0) 94 (94.0) 0.50 48 (96.0)

Race 0.15 0.001

White 97 (48.5) 44 (44.0) 53 (53.0) 25 (50.0)

Black 58 (29.0) 27 (27.0) 31 (31.0) 4 (8.0)

Hispanic 28 (14.0) 17 (17.0) 11 (11.0) 9 (18.0)

Other 17 (8.5) 12 (12.0) 5 (5.0) 12 (24.0)

Education

Total years 14.0 (12.0–16.0) 13.0 (12.0–15.0) 14.0 (13.0–16.0) ,0.001 13.0 (12.0–14.0) 0.06

Highest completed level 0.001 0.02

Less than high school 1 (0.5) 0 (0.0) 1 (1.0) 1 (2.0)

High school/diploma 130 (65.0) 77 (77.0) 53 (53.0) 39 (78.0)

Bachelor degree 37 (18.5) 15 (15.0) 22 (22.0) 9 (18.0)

Higher degree (e.g., master, PhD) 31 (15.5) 8 (8.0) 23 (23.0) 1 (2.0)

Medical history

Depression (BDI ‡ 20) 15 (7.5) 6 (6.0) 9 (9.0) 0.42 0 (0.0) 0.05

Significant medical conditionsd 75 (37.5) 20 (20.0) 55 (55.0) ,0.001

Hypertension 56 (28.0) 18 (18.0) 38 (38.0) 0.002 2 (4.0) ,0.001

Diabetes 6 (3.0) 0 (0.0) 6 (6.0) 0.03 1 (2.0) .0.99

Ever symptoms of peripheral neuropathy 63 (31.5) 21 (21.0) 42 (42.0) 0.001

HIV history

Years HIV seropositive 5.2 (2.1–11.1) 2.3 (1.1–3.5) 11.1 (8.0–16.0) ,0.001

Seroconverter 181 (90.5) 94 (94.0) 87 (87.0) 0.09

Seroconversion window5 (in years)e 1.2 (0.8–1.9) 1.3 (0.8–2.0) 1.2 (0.8–1.9) 0.89

CD41 (cells/mm3) 546 (417–706) 542 (434–688) 555 (397–737) 0.79

Nadir CD41 (cells/mm3) 319 (239–425) 366 (283–512) 278 (173–342) ,0.001

Nadir CD41 < 200 cells/mm3 30 (15.0) 0 (0.0) 30 (30.0)

CD4 recoveryf (cells/mm3) 195 (75–351) 119 (22–236) 291 (181–431) ,0.001

HIV RNA (log10 copies/mL) 1.7 (1.7–3.5) 2.8 (1.7–4.1) 1.7 (1.7–1.7) ,0.001

HIV RNA, undetectable (<50 copies/mL) 108 (55.1) 33 (34.4) 75 (75.0) ,0.001

Antiretroviral use ,0.001

On HAART 128 (64.0) 40 (40.0) 88 (88.0)

Prior HAART use 13 (6.5) 4 (4.0) 9 (9.0)

ART naive 59 (29.5) 56 (56.0) 3 (3.0)

CPE rank of current regimeng 7.0 (7.0–8.0) 7.0 (7.0–7.0) 7.0 (7.0–9.0) 0.007

Current regimen contains EFVf 74 (57.8) 33 (82.5) 41 (46.6) ,0.001

Cumulative years on HAARTg,h 4.3 (1.8–8.4) 1.4 (0.4–2.7) 7.1 (4.0–10.3) ,0.001

Percentage of time on HAARTg,h 62.3 (37.5–86.1) 58.2 (32.3–83.4) 63.0 (43.6–86.7) ,0.001

Abbreviations: ART 5 antiretroviral therapy; BDI 5 Beck Depression Inventory; CPE 5 CNS penetration effectiveness; EFV 5 efavirenz; HAART 5 highly
active antiretroviral therapy; IQR 5 interquartile range.
ap Values are calculated with x2 test or Fisher exact test, as appropriate, for proportions and Kruskal-Wallis rank sum tests for medians.
bEarlier stage vs later stage.
cHIV1 vs HIV2.
d Hepatitis C virus, clinical AIDS, cardiac disease, cerebrovascular disease, hypertension, diabetes, cirrhosis, renal failure, CNS infection, seizures.
e Time between last documented HIV-negative date and first documented HIV-positive date, limited to the 181 participants with both.
f Current CD4 count 2 nadir CD4 count.
g Limited to participants who have received ART (excludes ART-naive participants).
h Taking into account starts and stops of regimens, calculated from documented HIV1 date to enrollment date.
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substance use—18% used tobacco, 5.5% consumed
$6 alcoholic drinks per week, and 3.5% used illicit
drugs. Sixty-four percent were receiving HAART,
which was initiated a median of 1.3 years after HIV
diagnosis at a median CD4 count of 333 (IQR 248–
423) cells/mm3; 81% had a HIV RNA,50 copies/mL
at the time of enrollment. Among those off HAART,
their median CD4 count was 523 (IQR 417–685)
cells/mm3. Characteristics by earlier vs later stage
HIV-infected persons are shown in table 1. The
HIV-negative control group (n 5 50) was similar to
the HIV-infected group except they were less likely to
be African American and more likely to be “other”
races, less likely to have a higher education degree,
and less likely to have hypertension (table 1).

Prevalence of NCI among HIV-infected persons. NCI
(GDS $ 0.5) was diagnosed among 38 (19%, 95%
CI 14%–25%) HIV-infected participants. The prev-
alence of NCI was similar among earlier and later
stage patients (18% vs 20%, p 5 0.72). Later stage
patients were more likely to have impairments in ver-
bal fluency, learning, and recall, although none were
statistically different from earlier stage patients

(figure). The number of domains in which partici-
pants were impaired was also similar between earlier
and later stage HIV participants (earlier 1.27 and later
1.31, p 5 0.84).

We evaluated the association between self-reported
cognitive problems (“Do you feel that you have a prob-
lem with memory loss or cognitive functioning?”) and
battery-identified NCI and found no relationship of
self-reported cognitive complaints with NCI (OR 1.3,
p5 0.53) or with the mean GDS (p5 0.44). Among
the 55 participants who complained of cognitive issues,
12 (22%) had NCI, whereas 26 (18%) of those who
did not complain of cognitive issues had NCI (p 5

0.53). Those with symptoms of depression (BDI $
20) were more likely to self-report cognitive dysfunc-
tion compared to those without depression (73% vs
24%, p, 0.001); however, there was no association of
depression with NCI or with GDS.

Prevalence of NCI among HIV-uninfected persons. Fif-
teen of the HIV-uninfected participants (30%, 95%
CI 17%–43%) had NCI (figure). The percentage
with NCI among HIV-infected vs HIV-uninfected
persons was not statistically significantly different

Figure Impairment by ability area

*Domain deficit score .0.50, global deficit score $0.50.
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(p 5 0.09). HIV-infected persons had elevated rates
of impairment in speed of information processing,
attention/working memory, and recall, but none were
significantly different from HIV-uninfected persons
(all p values . 0.05). HIV-uninfected participants
were more likely to have impairment in learning than
HIV-infected persons (p 5 0.01) (figure). Additional
models adjusting for years of education and ethnicity
compared HIV-infected to HIV-uninfected partici-
pants for the outcomes of NCI and each domain,
separately, showed similar nonsignificant findings.

Factors associated with neurocognitive impairment among

HIV-infected persons. Factors associated with NCI
amongHIV-infected participants in the univariate mod-
els are shown in table 2. No demographic, behavioral, or
medical history variable was significantly associated with
NCI. A higher number of years of education was asso-
ciated with NCI (OR 1.2 per year, p 5 0.02). Regard-
ing HIV-specific factors, a higher current CD4 count
(OR 1.07 per 50 cells/mm3, p5 0.08) and higher CD4
recovery (OR 1.07 per 50 cells/mm3, p 5 0.10) were
marginally associated with NCI (table 2).

In a multivariate model including factors of interest
(age, gender, race, years HIV seropositive, and cumula-
tive years on antiretroviral therapy) and univariate fac-
tors with a p value #0.15, only more years of
education was associated with NCI (OR 1.24 per year,
p 5 0.02). Current CD4 count continued to have a
marginal association with NCI (OR 1.07, p 5 0.07);
no association was found with either CD4 nadir or
CD4 recovery. Analyses were also performed stratified
by earlier vs later stage and for each neurocognitive
domain with similar findings (data not shown).

We repeated our analyses restricted to HIV-
infected participants receiving HAART who had an
HIV RNA level ,50 copies/mL. Similar associations
were noted with additional findings that higher CD4
cell counts (OR 1.10 per 50 cells/mm3, p5 0.04) and
greater CD4 recovery (OR 1.15 per 50 cells/mm3, p5
0.01) were significantly associated with NCI. The nadir
CD4 count, HIV RNA level, andHAART information
were not associated with NCI (data not shown).

DISCUSSION We found a low prevalence of NCI
among HIV-infected persons diagnosed and managed
early during the course of HIV infection, and nearly
identical NCI rates among earlier and later HIV-infected
patients in this cohort. Of note, most patients classified
as later in their course of HIV infection met criteria by a
longer duration of HIV infection, but the majority had
preserved CD4 counts and few had prior AIDS-defining
conditions. Further, the prevalence of NCI among our
HIV-infected participants was not significantly greater
than a matched HIV-uninfected group. These data pro-
vide important and novel information suggesting that

the early recognition and management of HIV infection
may be important in limiting NCI.

The importance of preventing NCI is severalfold
as it impacts both the quantity and quality of life.
Regarding survival, HIV-infected patients with NCI
are at increased risk of death, even after controlling
for other medical factors.3,19 Further, NCI can have
a substantial impact on patients’ daily functioning
and their ability to pursue career endeavors.20 Finally,
NCI may reduce antiretroviral adherence, hence
adversely affecting the outcome of HIV-infected per-
sons.17 Hence, preserving cognitive function among
HIV-infected persons may be an important step in
further improving quality and life expectancies of
patients.

During the pre-HAART era, 16% of patients with
AIDS had HIV dementia, with an annual incidence
of 7%.21 After the introduction of HAART in
1996, there was a sharp decrease in HIV dementia;
however, milder forms of neurocognitive disease con-
tinued to be diagnosed.4,22 Studies demonstrated that
patients with symptomatic seroconverting illness as
well as high HIV RNA levels and low CD4 counts
early after infection were at highest risk.23,24

The prevalence of NCI in the HAART era has var-
ied in prior studies, likely related to clinical disease stage,
comorbid diseases, and other factors.6,7 A recent study
found a NCI prevalence of 52% among HIV-infected
patients seen at academic US HIV clinics regardless of
comorbidity level.1 Our study found a much lower
NCI rate (19%), but was similar to a recent study eval-
uating HIV-infected persons with suppressed HIV
RNA levels.25 The relatively low prevalence in our study
may be due to a combination of factors. Early diagnosis
and active disease management, few comorbid condi-
tions (low prevalence of concurrent medical conditions
including HCV, illicit drug use, and alcohol), young
age, frequent monitoring of vocational functioning, and
the lack of AIDS events or low CD4 counts likely con-
tributed to our low impairment rate. Further, despite
the later group having HIV for a median of 11 years,
their risk of NCI remained similar to the earlier group
(median 2 years). This suggests that length of HIV
duration itself may not be a risk factor if patients main-
tain good HIV control, avoiding AIDS-defining events
and low nadir CD4 counts.6

In our study, HIV-infected persons had a similar
prevalence of NCI compared to matched HIV-
uninfected persons. Further, HIV-infected patients
were not more likely to be impaired in any of the 7 cog-
nitive domains. A recent Danish study found the overall
risk of severe neurocognitive disorders is now similar
among HIV-positive and -negative persons.3 It should
be noted that the HIV-negative controls in this study are
likely to be an accurate control population relative to
prior studies, as the military is relatively homogeneous in
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Table 2 Factors associated with neurocognitive impairment (GDS ‡0.5) among HIV-infected persons

Neurocognitive impairment, n (%) or mean (SD) Univariate models

Yes, n 5 38 No, n 5 162 OR (95% CI) p Value

Demographics

Age, y 36.7 (8.7) 35.7 (8.5) 1.01 (0.97–1.06) 0.51

Race

White 18 (47.4) 79 (48.8) 1.0 —

Black 9 (23.7) 49 (30.2) 0.81 (0.34–1.94) 0.63

Hispanic 8 (21.1) 20 (12.3) 1.76 (0.67–4.62) 0.25

Other 3 (7.9) 14 (8.6) 0.94 (0.24–3.62) 0.93

Education

Total years 15.2 (2.3) 14.2 (2.3) 1.20 (1.03–1.39) 0.02

Highest completed level

Less than high school 0 (0.0) 1 (0.6) – –

High school/diploma 19 (50.0) 111 (68.5) 1.0 –

Bachelor degree 11 (28.9) 26 (16.0) 0.53 (0.21–1.36) 0.19

Higher degree (e.g., master, PhD) 8 (21.1) 23 (14.2) 1.32 (0.46–3.83) 0.61

Medical history

Depression (BDI ‡20) 4 (10.5) 11 (6.8) 1.61 (0.48–5.38) 0.43

Significant medical conditionsa 14 (36.8) 61 (37.7) 0.97 (0.46–2.01) 0.93

Hypertension 10 (26.3) 46 (28.4) 0.90 (0.41–2.00) 0.80

Diabetes 0 (0.0) 6 (3.7) – –

Ever symptoms of peripheral neuropathy 11 (28.9) 52 (32.1) 0.86 (0.40–1.87) 0.71

HIV history

Years HIV seropositive 8.1 (6.9) 7.1 (6.2) 1.03 (0.97–1.08) 0.35

Seroconverter, yes 34 (89.5) 147 (90.7) 0.87 (0.27–2.78) 0.81

Seroconversion windowb (in years) 1.4 (0.9) 1.5 (1.0) 0.97 (0.66–1.44) 0.90

HIV stage (earlier vs later) 18 (47.4) 82 (50.6) 0.88 (0.43–1.78) 0.72

Current CD41 (cells/mm3) 640.7 (282.2) 566.5 (214.2) 1.07 (0.99–1.15) 0.08

Nadir CD41 (cells/mm3) 344.0 (197.3) 339.1 (158.7) 1.01 (0.91–1.12) 0.87

Nadir CD41 <200 cells/mm3 7 (18.4) 23 (14.2) 1.36 (0.54–3.46) 0.51

CD4 recoveryc (cells/mm3) 296.7 (298.8) 231.6 (192.6) 1.07 (0.99–1.15) 0.10

HIV RNA (log10 copies/mL) 2.6 (1.3) 2.5 (1.1) 1.09 (0.81–1.47) 0.55

HIV RNA, undetectable (<50 copies/mL) 22 (57.9) 86 (54.4) 1.15 (0.56–2.36) 0.70

Antiretroviral use

On HAART 23 (60.5) 105 (64.8) 0.86 (0.39–1.87) 0.70

Prior HAART use 3 (7.9) 10 (6.2) 1.18 (0.28–4.95) 0.83

ART naive 12 (31.6) 47 (29.0)

CPE rank of current regimend 7.9 (2.1) 7.8 (2.0) 1.02 (0.83–1.27) 0.82

Current regimen contains EFVd 15 (65.2) 59 (56.2) 1.46 (0.57–3.74) 0.43

Cumulative years on HAARTd,e, 6.5 (4.6) 5.1 (3.9) 1.05 (0.97–1.14) 0.27

Percentage of time on HAARTd,e 61.7 (27.5) 59.0 (28.6) 1.02 (0.38–2.73) 0.96

Abbreviations: ART 5 antiretroviral therapy; BDI 5 Beck Depression Inventory; CI 5 confidence interval; CPE 5 CNS
penetration effectiveness; EFV 5 efavirenz; GDS 5 Global Deficit Score; HAART 5 highly active antiretroviral therapy;
OR 5 odds ratio.
aHepatitis C virus, clinical AIDS, cardiac disease, cerebrovascular disease, hypertension, diabetes, cirrhosis, renal failure,
CNS infection, seizures.
b Time between last documented HIV-negative date and first documented HIV-positive date, limited to the 181
participants with both.
cCurrent CD4 count 2 nadir CD4 count.
d Limited to participants who have received ART (excludes ART-naive participants).
e Taking into account starts and stops of regimens, calculated from documented HIV1 date to enrollment date.
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regards to socioeconomic status, lifestyle, and other fac-
tors such as substance abuse.

Early events in HIV infection such as loss of vital
CD4 reserves and uncontrolled HIV replication may
trigger irreversible CNS damage and may cause the
"residual" NCI seen in long-term survivors. Prospec-
tive studies are needed to determine if early diagnosis
and initiation of antiretroviral therapy would reduce
the burden of NCI among HIV-infected persons.26

A recent study showed that patients with early HIV
infection had similar neurocognitive functioning
compared to HIV-uninfected persons, suggesting that
detrimental effects of HIV on the brain may not
occur immediately, potentially providing an opportu-
nity for early intervention.27 Clinical trials are under-
way, including a substudy of the Strategic Timing of
Antiretroviral Treatment (START) trial, examining
neurocognitive functioning among those treated
immediately compared to later in their disease course.

We did not detect strong associations between
immunologic or virologic control and the presence of
NCI. A low CD4 nadir was not associated with NCI
as seen in other studies1,2,7,9 including a recent study
which suggested that these factors may lead to structural
brain damage.28 Our lack of association may reflect that
few of our patients experienced very low CD4 nadirs, or
that CD4 nadirs are not predictive in persons who are
managed early in infection and who avoid reaching very
low counts (,200 cells/mm3). Regarding current HIV
counts, we noted a marginal association between higher
current CD4 counts andCD4 recovery withNCI. Inter-
estingly, when restricting our analyses to participants
receiving HAART with a HIV RNA ,50 copies/mL,
these associations became stronger. We examined the
association of PI use (which may result in higher CD4
counts, but has limited CNS penetration) and found no
associations between specific antiretroviral class and
NCI. These data suggest a possible immunologic com-
ponent, such as immune reconstitution inflammatory
syndrome–like reaction, in the pathogenesis of NCI;
further studies are needed. Finally, we found no associ-
ations between HAART use and NCI. Although prior
studies have shown that cognition improves shortly after
HAART initiation,5,29 our data suggest that NCI may
persist despite ongoing HAART use, signifying that
chronic neuronal inflammation and injury may con-
tinue. Since the benefit of HAART is incomplete,30,31

strategies to prevent the initial development of NCI
are paramount.

The prevalence of NCI among our HIV-uninfected
persons was higher than expected with the estimated
rate in the general population of 16%.32 Although
the reasons for this are unknown, it may have been
due to self-selection bias as this group was enrolled
from different settings (military bases) than the
HIV-positive group (within HIV clinics). There

were also differences in education and ethnicity,
which may have contributed to the observed differ-
ences. The HIV-infected group had a reasonable pro-
portion of individuals with higher degrees (e.g.,
Master, PhD, MD), whereas only one individual in
our HIV-uninfected group had a higher degree. It
may be that the more highly educated subjects in
our HIV-infected group have greater levels of cognitive
reserve, making declines due to HIV infection less likely.
Moreover, our normative data adjust for African Amer-
ican and Caucasian ethnicities; the higher proportion of
Hispanic and “other” ethnicities in our HIV-uninfected
group may not have been appropriately corrected for
among the HIV-uninfected group, leading to higher
rates of NCI.

Our study had some limitations. We conducted a
cross-sectional study, hence could not assess tempo-
rality or causation between factors of interest and
the development of NCI. Furthermore, the low prev-
alence of NCI may have limited our ability to iden-
tify associated factors. We also evaluated a distinct
population consisting of military members who
may differ from other HIV-infected populations;
however, our data provide important information
about NCI in an optimized setting of early diagnosis,
comprehensive medical care, stable socioeconomic
factors, and few comorbidities (e.g., illicit drug use,
HCV). Further, our data provide important informa-
tion about the cognitive functioning of HIV-positive
military personnel, and suggest that rather than dis-
qualifying all seropositive members from performing
certain occupations (e.g., aviators) due to concerns of
NCI, it may be more prudent to perform neurocog-
nitive testing in these groups.33 Additionally, our
study advocates for formal neurocognitive testing as
self-reports of neurocognitive complications were
more strongly related to depressed mood than cog-
nitive functioning. Since we evaluated a US military
population consisting of mostly men, our study can-
not be generalized to women. Finally, the main
objective of the study was to determine the preva-
lence of NCI among HIV-infected persons, and it
was not specifically powered for comparisons to the
HIV-uninfected arm.

HIV-infected persons diagnosed and managed early
in infection have low rates of NCI, which are compara-
ble to those of HIV-uninfected persons. Patients with
longstanding HIV infection (median .10 years) had
similar NCI rates compared to those with more recent
infection, suggesting that early management and avoid-
ance of comorbid conditions may be important in pre-
serving cognitive function.
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