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Background. Memory impairment occurs in human immunodeficiency virus (HIV)-associated neurocognitive disorders 
(HAND) and amnestic mild cognitive impairment (aMCI), the precursor to Alzheimer disease (AD). Methods are needed to dis-
tinguish aMCI-associated from HAND-associated impairment in people with HIV (PWH). We developed a neuropsychological 
method of identifying aMCI in PWH and tested this by relating AD neuropathology (β-amyloid, phospho-Tau) to aMCI versus 
HAND classification.

Methods. Seventy-four HIV-positive cases (aged 50−68  years) from the National NeuroAIDS Tissue Consortium had 
neurocognitive data within 1 year of death and data on β-amyloid and phospho-Tau pathology in frontal brain tissue. High aMCI 
risk was defined as impairment (<1.0 SD below normative mean) on 2 of 4 delayed recall or recognition outcomes from a verbal 
and nonverbal memory test (at least 1 recognition impairment required). Differences in β-amyloid and phospho-Tau by aMCI and 
HAND classification were examined.

Results. High aMCI risk was more common in HAND (69.0%) versus no HAND (37.5%) group. β-amyloid pathology was 4.75 
times more likely in high versus low aMCI risk group. Phospho-Tau pathology did not differ between aMCI groups. Neither neuro-
pathological feature differed by HAND status.

Conclusions. Amnestic mild cognitive impairment criteria that include recognition impairment may help to detect AD-like 
cognitive/biomarker profiles among PWH.

Keywords.  mild cognitive impairment; HAND; memory; β-amyloid; phospho-Tau.

Half of people with human immunodeficiency virus (PWH) 
in the United States are older than 50 years [1]. Even with ef-
fective antiretroviral therapy (ART), 45% of PWH experi-
ence neurocognitive complications, labeled HIV-associated 
neurocognitive disorders (HAND) [2]. Older PWH are also at 
risk for neurodegenerative disorders including Alzheimer dis-
ease (AD) and its precursor, amnestic mild cognitive impair-
ment (aMCI). In fact, some evidence suggests a higher risk for 
aMCI/AD in PWH compared to the general population [3] pos-
sibly due to synergistic effects of HIV and aging on the brain [4, 
5] and evidence of premature or accelerated aging phenotypes 
among PWH [6]. However, identifying aMCI among PWH is 
challenging given that episodic memory deficits are the de-
fining feature of aMCI/AD and commonly characterize HAND. 
Methods of disentangling HAND from aMCI/AD are needed 
to provide early intervention options for the more progressive 
profile of aMCI/AD [7]. The annual rate of progression to AD 

dementia is 10%–15% among persons with aMCI in contrast to 
1%–2% among cognitively normal older adults [8].

Differences in neurocognitive and neuropathological char-
acteristics of HAND and aMCI/AD provide opportunities to 
differentiate the conditions. Whereas aMCI/AD is character-
ized by hippocampus-based encoding, storage, and retention 
deficits observed on recall and recognition tests [8], HAND is 
more dependent on frontal and subcortical structures with rela-
tively normal memory retention but impaired memory retrieval 
(recall but not recognition deficits) [9–11]. The neuropatholog-
ical hallmarks of AD, neuritic β-amyloid (Aβ)-based plaques 
and phospho-Tau (p-Tau)-based neurofibrillary tangles, are not 
commonly found in the neocortex of PWH [12–16] although 
diffuse Aβ plaques [12–14, 17, 18] and p-Tau neuropil threads 
[19] have been observed [13].

We aimed to develop a neuropsychological method of 
identifying PWH who are more likely to be on the AD tra-
jectory and to validate this method by examining its relation 
to AD pathological markers. We exploited the differences 
between aMCI/AD and HAND neurocognitive profiles by 
adapting the actuarial Jak/Bondi criteria for aMCI [20] to in-
clude recognition impairment (more common in aMCI/AD) 
to identify aMCI risk among PWH. To test this approach, 
we leveraged a subsample of HIV-positive postmortem cases 
from the National NeuroAIDS Tissue Consortium (NNTC) 
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that had an antemortem neuropsychological assessment 
within 1 year of death and had been previously evaluated for 
Aβ 42 and p-Tau pathology in frontal brain tissue. The frontal 
lobe is an early site of Aβ pathology in AD and a late site of 
p-Tau pathology after progressing from the medial temporal 
lobe [21]. We compared the prevalence of AD-associated 
neuropathological markers by antemortem aMCI risk and 
HAND status. We hypothesized that our results would 
provide validation for our neuropsychological method of 
detecting aMCI among PHW in that prevalence rates of 
AD-associated neuropathological markers would be higher 
in the high versus low aMCI risk group but would not differ 
by HAND status.

METHODS

Study Cohort

This study examined postmortem HIV-positive cases from the 
NNTC [22] (www.nntc.org) from 4 sites (University of Texas 
Medical Branch at Galveston, University of California San 
Diego, University of California Los Angeles, and Mount Sinai 
Medical Center in New York). Our inclusion criteria were: (1) 
having antemortem neuropsychological data within 1  year of 
death; (2) at least 50  years old at death; and (3) the presence 
(or absence) of frontal lobe Aβ and p-Tau pathology was meas-
ured in a prior study [23]. Eighty-three cases met inclusion cri-
teria and, among these, we excluded 9 cases without relevant 
covariate data (eg, apolipoprotein E [APOE]-ɛ4 allele status, 
antemortem plasma HIV-1 RNA load). Our final sample com-
prised 74 cases with year of death ranging from 1999 to 2013. 
This study was approved by the Institutional Review Board at 
each NNTC site and written consent for participation in NNTC 
was obtained from all participants prior to death.

Neurocognitive Evaluation

A neuropsychological battery assessed 7 cognitive domains 
commonly affected by HIV: verbal fluency, working memory, 
processing speed, episodic memory for verbal and visual 
stimuli, executive function, and complex motor function. 
The specific cognitive tests are described elsewhere [24]. Raw 
test scores were transformed into age-, sex-, education-, and 
race-adjusted T-scores based on a normative sample of HIV-
seronegative participants [25, 26]. Our criteria for HAND and 
aMCI classification were retroactively applied to participants’ 
neuropsychological data from the visit most proximal to death.

HAND Classification

HAND classification was based on one well-established ap-
proach [27] that required impairment in at least 2 cognitive do-
mains, defined by performance of at least 1 standard deviation 
(SD) below the demographically adjusted normative mean on 
neuropsychological tests. HAND status was further categorized 

as asymptomatic neurocognitive impairment (no interference 
in everyday function), mild neurocognitive disorder (at least 
mild interference in everyday function), and HIV-associated 
dementia (marked interference in everyday function). A  des-
ignation of “neuropsychological impairment due to other or 
undetermined causes” was provided when neurocognitive im-
pairment was likely not HIV-related and was considered non-
HAND. Due to low numbers within HAND subcategories, our 
comparisons were by overall HAND status although HAND 
subcategories were provided for descriptive purposes.

Adapted Jak/Bondi Classification for aMCI

The Jak/Bondi criteria are an established, neuropsychological 
method of classifying MCI in the general population [20]. As 
described in Bondi et al (2014), the Jak/Bondi criteria for MCI 
are an actuarial approach that requires 2 impaired neuropsy-
chological tests (ie, >1 SD below demographically corrected 
normative mean) within a given domain [20, 28]. Classification 
of the aMCI subtype requires impairment on 2 memory-related 
outcomes including tests of free recall and/or recognition. 
Diagnosis of MCI using Jak/Bondi criteria produces greater 
diagnostic stability and stronger relationships between MCI 
status and biomarkers and rates of progression to AD than 
conventional criteria that typically include crude global cog-
nitive screens and subjective cognitive complaints [20, 28]. To 
capitalize on the retention deficit that is unique to aMCI/AD 
rather than the retrieval deficit that is common to both aMCI/
AD and HAND [8–11], we adapted the Jak/Bondi criteria for 
aMCI to require at least 1 of the 2 impaired memory outcomes 
be a recognition test. The Jak/Bondi criteria for general MCI 
was previously applied to an older cohort of PWH; however, 
it was not adapted to distinguish memory impairment that is 
more characteristic of aMCI versus HAND [3]. Application of 
our adapted Jak/Bondi criteria for aMCI requires 2 or more 
assessments of episodic memory with at least 1 being recog-
nition. The episodic memory outcomes used in these criteria 
were the Hopkins Verbal Learning Test-Revised [29] and the 
Brief Visuospatial Memory Test-Revised [30] delayed free re-
call and recognition subtests. Participants were classified as 
high aMCI risk if they demonstrated impaired performance on 
at least 2 of the 4 measures with the conditional requirement 
that at least 1 of the impaired scores was a recognition measure. 
Impairment on memory outcomes was defined as >1 SD below 
the demographically corrected normative mean (T-score < 40). 
Participants that did not fulfill criteria for high aMCI risk were 
categorized as low aMCI risk.

More research is needed to identify differences in MCI- 
versus HAND-related profiles of deficits in other cognitive do-
mains. We can leverage methods developed here to examine 
broader classifications of single-domain versus multidomain or 
nonamnestic MCI.
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Neuromedical Evaluation

Participants completed a standardized neuromedical evalu-
ation at the same visit as the neurocognitive evaluation. HIV 
disease characteristics were determined either by self-report 
or laboratory testing. Estimated duration of HIV disease was 
self-reported. Nadir CD4+ T-cell count was the lowest lifetime 
value among self-report and study-obtained CD4+ T-cell counts 
and released medical records. Antemortem CD4+ T-cell count 
was measured with flow cytometry. Antemortem plasma HIV-1 
RNA level was measured by ultrasensitive polymerase chain re-
action (Amplicor, Roche Diagnostic System; lower limit of de-
tection <50 copies/mL) in a Clinical Laboratory Improvement 
Amendments-certified clinical laboratory. History of substance 
use disorders was assessed via the Composite International 
Diagnostic Interview [31], a computer-based, structured inter-
view and diagnoses based on the DSM-IV. Genotyping of the 
APOE ɛ4 allele, the strongest genetic risk factor for sporadic 
AD, was described elsewhere [32]. History of antemortem 
medical comorbidities (eg, hypertension, cerebrovascular dis-
ease, non-AIDS–defining cancer, renal disease) were available 
for 53 participants and were determined by self-report or self-
reported medication records.

Neuropathological Characterization

Brain tissue was sampled from the frontal lobe of cases as soon 
as possible after death (range, 0–120 hours postmortem delay) 
with 78% of cases autopsied within 24 hours. Five-μm-thick 
formalin-fixed paraffin-embedded tissue sections with no sig-
nificant histopathologic changes were immunohistochemically 
stained with primary antibodies to Aβ (mouse monoclonal, 
clone 4G8, No. SIG-39220, Covance; 1:20  000 dilution) and 
p-Tau (mouse monoclonal, clone AT8, No. MN1020, Pierce 
Biotechnology; 1:1000). For antigen retrieval, the sections were 
incubated with 88% formic acid (5 minutes for Aβ staining) or 
10 mM sodium citrate/0.05% Tween 20 buffer (pH 6) in 121°C au-
toclave (20 minutes for p-Tau staining). Immunohistochemical 
signals were developed using ImmPRESS anti-mouse IgG 
(peroxidase) polymer detection kit (Vector Laboratories) and 
diaminobenzidine (ImmPACT DAB peroxidase substrate; 
Vector Laboratories). The sections were counterstained with 
hematoxylin. Isocortex sections from AD cases were used as 
positive tissue controls. For negative reagent controls, the pri-
mary antibodies were omitted, as previously described [32].

On light microscopic examination, Aβ plaque pathology was 
considered present when extracellular Aβ-immunoreactive 
plaques were observed in the frontal cortex, regardless of their 
type (eg, diffuse plaques, cored plaques) or density (ie, focal, 
widespread). In cases showing Aβ plaque pathology, the ma-
jority of plaques were of diffuse type. Neuronal p-Tau pathology 
was considered present when there were p-Tau–immunoreactive 
neuropil threads, pretangle neuronal soma, neurofibrillary tan-
gles, or their combinations in the frontal cortex, as previously 

described [23]. In cases showing p-Tau pathology, the density of 
p-Tau lesions was sparse (ie, barely present at ×100 magnifica-
tion) except in 1 case in which the p-Tau lesions were moderate 
in density (ie, easily noted at ×100 magnification) [23].

Statistical Analyses

We examined differences in sample characteristics by HAND 
and aMCI risk status using χ 2 tests for categorical variables, 
t tests for normally distributed continuous variables, and 
Kruskal-Wallis H-tests for nonnormally distributed contin-
uous variables as determined by the Shapiro-Wilk test. We used 
Fisher exact test to examine the frequency of high aMCI risk 
classification by HAND status.

Separate logistic regression models examined the odds of 
presence of Aβ plaque and p-Tau pathology by (1) aMCI risk 
group and (2) HAND groups. If a significant difference was 
detected between either grouping, this difference was further 
probed by examining differences among the 4-way categori-
zation of aMCI risk status (+/−) by HAND status (+/−) with 
the aMCI−/HAND− group as the reference. Demographic char-
acteristics (age, education, race/ethnicity, sex), HIV disease 
characteristics (nadir CD4+ T-cell count, duration of HIV in-
fection, antemortem CD4+ T-cell count, log10 plasma HIV-1 
RNA load, and ART status), APOE ɛ4 carrier status, and time 
between neurocognitive assessment and death were included 
as covariates in the models if they related to aMCI or HAND 
classification or presence of Aβ and p-Tau pathology at P ≤ .10 
in univariate analyses. Covariates that were not significant in 
the multivariable model at P ≤ .10 were removed from the final 
model.

RESULTS

The sample was 81% male, 61% White with a mean age at death 
of 57  years (SD  =  4.8). The time between neuropsycholog-
ical assessment and death ranged from 1 to 12 months; how-
ever, this time span was less than 6 months for 70% of cases 
(mean = 4.3, SD = 3.8, median = 4.4). Forty-one cases (55%) 
were classified as high aMCI risk. Forty-two cases were classi-
fied as HAND (56.8%). As expected, high aMCI risk classifica-
tion was more prevalent in the HAND (n = 29, 71.0%) versus 
non-HAND (n = 12, 37.5%) group (χ 2 = 7.32, P = .007; Table 1). 
Among HAND subcategories, all 15 HIV-associated dementia 
cases were in the high aMCI risk group (χ 2 = 15.14, P < .001), 

Table 1. Proportion of aMCI Risk Groups as a Function of HAND Status

HAND Status High aMCI Risk Low aMCI Risk

HAND 29 (4 ANI, 10 MND, 15 HAD) 13 (7 ANI, 6 MND, 0 HAD)

No HAND 12 (3 normal, 9 NPI-O) 20 (17 normal, 3 NPI-O)

Abbreviations: aMCI, amnestic mild cognitive impairment; ANI, asymptomatic 
neurocognitive impairment; HAD, HIV-associated dementia; HAND, HIV-associated 
neurocognitive disorders; MND, mild neurocognitive disorder; NPI-O, neuropsychological 
impairment due to non-HIV–related or undetermined causes.
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indicating greater cognitive impairment overall in the high 
versus low aMCI risk group. Although not significant, there 
was a higher proportion of cases deemed “neuropsychological 
impairment due to other or undetermined causes” in the high 
versus low aMCI risk group (χ 2 = 2.23, P = .13) suggesting that 
these “other/undetermined” causes of cognitive impairment 
may be AD related.

Table  2 displays sample characteristics by aMCI risk and 
HAND status. The proportion of men (χ 2 = 5.03, P = .03) and 
cases with detectable plasma HIV-1 RNA load prior to death 
(χ 2  =  8.38, P  =  .02) was higher in the high versus low aMCI 
risk group. The proportion of APOE ɛ4 carriers (χ 2  =  6.86, 
P =  .009) and cases with detectable plasma viral load prior to 
death (χ 2 = 12.40, P =  .002) was higher in the HAND versus 
non-HAND group. All other sample characteristics did not sig-
nificantly differ between groups.

In the initial logistic regression modeling Aβ plaque pa-
thology, covariates that met criteria for inclusion in the model 

included age at death, years of education, APOE ɛ4 status, nadir 
CD4+ T-cell count and antemortem ART status, log10 plasma 
HIV-1 RNA load, and CD4+ T-cell count. Due to their signif-
icance in the multivariable model, whereby greater years of 
education, use of ART, and APOE ɛ4 carrier status related to 
higher likelihood of Aβ plaques (P ≤ .10), these covariates were 
retained in the final model for Aβ plaque pathology. Table 3 dis-
plays statistical results. The likelihood of Aβ plaque pathology 
did not differ between HAND (43%) and non-HAND (38%) 
groups; however, Aβ plaque pathology was almost 5 times 
more likely in the high (51%) versus low (27%) aMCI risk 
group (Figure  1). When examining the 4-way categorization 
of aMCI+/− by HAND+/− status, Aβ plaque pathology was most 
prevalent in the aMCI+/HAND− group (58%) compared to the 
aMCI+/HAND+ (48%), aMCI−/HAND+ (30%), and aMCI−/
HAND− (25%) groups with the difference being significant in 
the aMCI−/HAND− versus aMCI+/HAND+ comparison (odds 
ratio [OR],  5.31; 95% confidence interval [CI],  1.26–22.49; 

Table 2. Sample Characteristics by aMCI Risk and HAND Classification

Characteristics
High aMCI 

Risk (n = 41)
Low aMCI 

Risk (n = 33)
High vs Low aMCI 

Risk P Value
HAND  

(n = 42)
No HAND  
(n = 32)

HAND vs 
no HAND 
P Value

Demographic/clinical factors       

 Age, y, mean (SD) 56.9 (4.2) 56.5 (5.6) .74 57.2 (4.3) 56.2 (5.5) .40

 Education years, mean (SD) 12.6 (3.6) 12.5 (2.5) .92 12.4 (3.2) 12.7 (3.1) .75

 Sex, No. (% male) 37 (90.2) 23 (69.7) .08 34 (80.9) 26 (81.2) .97

 Race   .50   .32

  White 26 (63.4) 19 (57.6)  26 (61.9) 19 (59.4)  

  Black 11 (26.8) 12 (36.4)  12 (28.6) 11 (34.4)  

  Other 4 (9.8) 2 (6.0)  4 (9.5) 2 (6.2)  

Ethnicity       

 Hispanic 4 (9.7) 4 (12.1) .75 6 (14.3) 2 (6.3) .27

 APOE ε4 carrier 10 (24.4) 5 (15.2) .33 13 (30.9) 2 (6.3) .009

Disease characteristics       

 Nadir CD4+ T-cell count, cells/μL, mean 
(SD)

103.1 (133.0) 63.4 (63.2) .13 85.8 (122.3) 85.0 (88.7) .98

 Antemortem CD4+ T-cell count, cells/μL, 
mean (SD)a

218.1 (238.4) 182.3 (184.6) .49 210.4 (233.7) 190.7 (190.1) .70

 Antemortem detectable plasma viral loadb 30 (73.2) 14 (42.4) .02 31 (73.8) 13 (40.6) .002

 Duration of HIV disease, y, mean (SD) 12.5 (7.7) 15.2 (6.7) .13 13.9 (6.6) 13.5 (8.3) .83

 Antemortem ART status, No.  
(% prescribed)

30 (73.2) 30 (90.9) .053 33 (78.6) 27 (84.4) .53

Antemortem clinical comorbiditiesc       

 History of a substance use disorder 28 (75.7) 28 (87.5) .21 33 (82.5) 23 (79.3) .74

 Hypertension 14 (46.7) 7 (28.0) .16 14 (40.0) 7 (35.0) .71

 Diabetes 5 (17.2) 3 (12.0) .59 5 (14.7) 3 (15.0) .98

 Hyperlipidemia 9 (32.1) 3 (13.0) .11 9 (28.1) 3 (15.8) .31

 Non-AIDS–defining cancer 11 (40.7) 8 (38.1) .85 14 (46.7) 5 (27.8) .19

 Cerebrovascular disease 5 (17.8) 0 (0) .06 3 (9.4) 2 (14.3) .62

 Chronic renal disease 5 (17.8) 3 (13.6) .69 7 (21.2) 1 (5.9) .16

Data are No. (%) except where indicated. Differences in sample characteristics by HAND and aMCI risk status were tested using χ 2 tests for categorical variables, t tests for normally dis-
tributed continuous variables, and Kruskal-Wallis H-tests for nonnormally distributed continuous variables.

Abbreviations: aMCI, amnestic mild cognitive impairment; APOE ε4, apolipoprotein E ɛ4 allele; ART, antiretroviral therapy; HAND, HIV-associated neurocognitive disorders. 
aData on antemortem CD4 T-cell count was missing in 2 of the 74 cases. 
bData on antemortem viral load was missing in 6 of the 74 cases. 
cData on antemortem comorbid conditions was available on 53 of the 74 cases. 
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P  =  .02), and a trend in the aMCI−/HAND− versus aMCI+/
HAND− comparison (OR,  4.35; 95% CI,  .74–25.47; P  =  .10) 
likely due to the greater statistical power in comparisons of the 
larger aMCI+/HAND+ group.

In the initial logistic regression modeling p-Tau pathology, 
covariates that met criteria for inclusion in the model were age 
at death and antemortem log10 plasma HIV-1 RNA load, and 

CD4+ T-cell count. Higher plasma log10 HIV-1 RNA load re-
mained significantly associated with a lower likelihood of p-Tau 
pathology (P = .002) in the multivariable model and so was re-
tained in the final model for p-Tau pathology. The likelihood of 
p-Tau pathology did not differ between high (46%) versus low 
(54%) aMCI risk groups or between HAND (43%) versus non-
HAND (59%) groups.

DISCUSSION

This study is an initial attempt to develop neuropsychological 
methods of distinguishing aMCI from HAND among PWH by 
leveraging differences in their cognitive profiles. We focused on 
neuropsychological methods because they represent the pheno-
typic manifestations of disease and are less costly and invasive 
than biomarker assessments. Specifically, we adapted neuropsy-
chological criteria for aMCI classification to include recogni-
tion memory impairment that is more characteristic of aMCI/
AD than HAND [9–11]. We tested this approach by com-
paring the AD neuropathological markers (Aβ and p-Tau) be-
tween aMCI risk and HAND groups. Using our adapted aMCI 
criteria, 55% of our sample was classified as high aMCI risk. 
This is higher than aMCI prevalence estimates in the general 
population, which range from 0.5% to 32% [33] depending 
on the diagnostic criteria. However, the current sample repre-
sents a high-risk group as it is an end-of-life, multimorbidity, 
HIV-seropositive sample. Additionally, some overlap or mis-
classification is possible until further research can advance our 
diagnostic methods.

When comparing the prevalence of AD neuropathology, 
frontal Aβ plaque pathology was significantly more likely in 
the high versus low aMCI risk group but did not differ between 
HAND groups, suggesting that the adapted aMCI criteria is 
detecting underlying AD neuropathology that the HAND clas-
sification is not. Conversely, the likelihood of frontal p-Tau pa-
thology did not differ between aMCI risk or HAND groups, 
and we offer a few reasons why this may be. First, given regional 
and temporal differences in Aβ and p-Tau pathogenesis, with 
Aβ pathology typically initiating in the neocortex in AD while 
p-Tau pathology typically initiates in the medial temporal lobe 
[21], our frontal lobe measures of AD pathology may have al-
lowed us to detect early stages of Aβ, but not p-Tau, pathology. 
A  study is underway examining AD neuropathology in 
hippocampal tissue to better inform the ability of the adapted 
aMCI criteria to detect early-stage p-Tau pathology. Second, 
when examining covariate associations with neuropatholog-
ical outcomes, we curiously found that HIV-1 RNA load was 
inversely related to the mostly sparse p-Tau, but not Aβ, pa-
thology. We can only speculate as to why this may be, including 
an amplifying effect of ART, which typically lowers viral load, 
on p-Tau and/or a protective effect of an HIV-related viral 
mechanism on p-Tau, although it is unclear what that mech-
anism may be, and we are unaware of any studies examining 

Table 3. Results of Logistic Regression Models Modelling the Likelihood 
of Aβ Plaque and p-Tau Pathology by aMCI Risk and HAND Groups and 
Relevant Covariates

Outcomes
Odds Ratio  
(95% CI)

Standard 
Error

P 
Value

Presence of Aβ plaque pathology    

Model 1    

 Years of education (1-y increase) 1.30 (1.06–1.58) 0.10 .01

 Antemortem ART use (vs no use) 7.00 (1.24–37.9) 0.87 .03

 APOE ε4+ (vs APOE ε4−) 2.37 (.59–9.45) 0.71 .22

 aMCI+ (vs aMCI−) 4.75 (1.47–15.37) 0.60 .009

Model 2    

 Years of education (1-y increase) 1.28 (1.05–1.55) 0.10 .01

 Antemortem ART use (vs no use) 6.88 (1.25–37.8) 0.87 .03

 APOE ε4+ (vs APOE ε4−) 2.47 (.62–9.85) 0.71 .19

 HAND+ (vs HAND−) 1.26 (.41–3.89) 0.57 .69

Presence of p-Tau pathology    

Model 1    

Antemortem plasma viral load 
(1-unit increase)

0.50 (.32–.77) 0.02 .002

 aMCI+ (vs aMCI−) 0.95 (.32–2.79) 0.55 .93

Model 2    

  Antemortem plasma viral load 
(1-unit increase)

0.50 (.32–.77) 0.22 .002

  HAND+ (vs HAND−) 0.61 (.21–1.80) 0.55 .37

Logistic regression models estimated odds ratios and 95% CIs. Separate models were run 
adjusting for the significant covariates of years of education and antemortem ART use to 
examine aMCI risk status versus HAND as a predictor of presence (versus nonpresence) 
of Aβ pathology. Separate models were run adjusting for the significant covariates of an-
temortem plasma viral load to examine aMCI risk status versus HAND as a predictor of 
presence (versus nonpresence) of p-Tau pathology. 

Abbreviations: Aβ, β-amyloid; aMCI, amnestic mild cognitive impairment; APOE ε4, 
apolipoprotein E ɛ4 allele; ART, antiretroviral therapy; CI, confidence interval; HAND, HIV-
associated neurocognitive disorders; p-Tau, phospho-Tau.
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Figure 1. A comparison of the difference in the proportion of those with versus 
without Aβ plaque pathology between aMCI risk classification versus HAND classi-
fication. Abbreviations: Aβ, β-amyloid; aMCI, amnestic mild cognitive impairment; 
HAND, HIV-associated neurocognitive disorders.
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these speculated links. A previous study reported lower levels 
of cerebrospinal fluid p-Tau in cognitively impaired (n = 49) or 
cognitively normal (n = 21) PWH (most on ART) compared to 
age-matched HIV-seronegative controls (n  =  50) [34], which 
also hints at an inverse relationship between HIV-related dis-
ease factors and p-Tau pathology.

Another curious finding among covariates was the sig-
nificant relationship between higher years of education and 
higher likelihood of Aβ plaque pathology. Given the end-of-
life, multimorbidity nature of this sample, higher education 
may reflect improved morbidity/mortality by way of access to 
healthcare and health literacy. Indeed, higher years of education 
was significantly associated with older age at death (R = 0.26, 
P = .02). Given that Aβ plaque accumulation is strongly associ-
ated with older age [35], the association between education and 
Aβ plaques may be driven by age.

As expected, most (71%) of the high aMCI risk cases were 
also classified as HAND. Given the high prevalence of HAND 
among older PWH and similarities in biological mechanisms 
contributing to aMCI/AD and HAND (eg, low-grade inflam-
mation, immune senescence, and compromised blood-brain 
barrier) [36–39], it is likely that a proportion of cases are on an 
AD trajectory either with or without comorbid HAND, but im-
pairment has been solely attributed to HAND because of their 
HIV-seropositivity. Our results can inform and contribute to 
the urgent need for identifying methods to detect aMCI amid a 
background of HAND.

Our results indicate the existence of 4 distinct groups 
(aMCI−/HAND−, aMCI−/HAND+, aMCI+/HAND−, and 
aMCI+/HAND+) among PWH. The smallest group (n = 12) was 
the aMCI+/HAND− group and represented those that were only 
impaired in the memory domain (ie, single-domain aMCI) and, 
thus, did not meet HAND criteria (ie, impairment in ≥2 cogni-
tive domains). It is possible that these cases are demonstrating 
the earliest signs of aMCI, as cognitive dysfunction in AD is 
typically observed in memory function initially followed 
by other cognitive domains [28, 29]. It is interesting that the 
aMCI+/HAND− group showed a larger proportion of Aβ plaque 
pathology (58%) compared to the aMCI+/HAND+ group (48%), 
although not significantly (P  =  .10), possibly due to the lim-
ited power in comparisons of the small aMCI+/HAND+ group 
(n  =  12). Perhaps a memory deficit (inclusive of recognition 
impairment) in the absence of other cognitive deficits may 
particularly suggest risk of early-stage AD pathology in older 
PWH. A larger, longitudinal study is underway to compare the 
individual aMCI/HAND status groups by AD biomarkers and 
cognitive change.

Distinguishing between aMCI/AD and HAND is important 
for clinical and experimental reasons. Clinically, the more pro-
gressive profile of aMCI/AD requires different life planning and 
treatment options compared to HAND, which tends to be more 
stable [7]. A delayed aMCI/AD diagnosis in PWH would limit 

the opportunity to intervene early in the AD trajectory when 
interventions are most effective and life planning is better im-
plemented. Clinicians could also assuage fears of pending AD in 
PWH that are not classified as high aMCI risk. Experimentally, 
the identification of aMCI/AD among PWH will improve 
studies of the prevalence and biopsychosocial determinants of 
HAND. Characterizing AD in the context of HIV will improve 
our understanding of the mechanisms linked to AD versus 
HAND and the potential for overlap that may increase risk for 
AD among PWH.

Our study has limitations. First, although 70% of cases died 
within 5 months of their neuropsychological battery, this time 
span was longer for other cases (6–12 months), suggesting that 
neurocognitive performance was less reflective of neuropa-
thology in these cases. However, the inclusion of a time interval 
variable was not significant in statistical models and did not im-
pact results. Second, neuropathological data was limited to the 
frontal lobe and cannot be generalized to other brain regions. 
The generalizability of our results is also limited in that our 
sample was predominantly male and white and a postmortem 
cohort, which tends to be sicker with more comorbidities than 
PWH in the general population. Third, the categorical char-
acterization of Aβ and p-Tau pathology precluded us from 
examining the degree or deposition pattern of Aβ and p-Tau 
pathology as a function of classification group.

A major strength of our study was the ability to test our 
adapted aMCI criteria by relating it to postmortem neuropa-
thology. Our initial findings give promise to the utility of rec-
ognition performance in aMCI criteria in detecting a higher 
likelihood of AD-related neuropathology and encourage fur-
ther research to build on this work by identifying other clinical 
differences between aMCI and HAND, examining aMCI risk 
classification by cognitive trajectories and in-life cerebrospinal 
fluid biomarkers, and comparing aMCI risk groups in PWH to 
HIV-seronegative aMCI/AD and cognitively normal persons. 
Our hypothesis would be that PWH with high aMCI risk would 
demonstrate cognitive decline that is steeper than PWH classi-
fied as low aMCI risk but similar to HIV-seronegative persons 
with aMCI. Further research is also needed to identify and lev-
erage cognitive characteristics that may help tease apart HAND 
from nonamnestic MCI.
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