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Background. As people with human immunodeficiency virus (HIV) (PWH) age, it remains unclear whether they are at higher 
risk for age-related neurodegenerative disorders—for example, Alzheimer disease (AD)—and, if so, how to differentiate HIV- 
associated neurocognitive impairment from AD. We examined a clinically available blood biomarker test for AD (plasma 
amyloid-β [Aβ] 42/Aβ40 ratio) in PWH who were cognitively normal (PWH_CN) or cognitively impaired (PWH_CI) and 
people without HIV (PWoH) who were cognitively normal (PWoH_CN) or had symptomatic AD (PWoH_AD).

Methods. A total of 66 PWH (age >40 years) (HIV RNA <50 copies/mL) and 195 PWoH provided blood samples, underwent 
magnetic resonance imaging, and completed a neuropsychological battery or clinical dementia rating scale. Participants were 
categorized by impairment (PWH_CN, n = 43; PWH_CI, n = 23; PWoH_CN, n = 138; PWoH_AD, n = 57). Plasma Aβ42 and 
Aβ40 concentrations were obtained using a liquid chromatography–tandem mass spectrometry method to calculate the 
PrecivityAD amyloid probability score (APS). The APS incorporates age and apolipoprotein E proteotype into a risk score for 
brain amyloidosis. Plasma Aβ42/Aβ40 ratios and APSs were compared between groups and assessed for relationships with 
hippocampal volumes or cognition and HIV clinical characteristics (PWH only).

Results. The plasma Aβ42/Aβ40 ratio was significantly lower, and the APS higher, in PWoH_AD than in other groups. A lower 
Aβ42/Aβ40 ratio and higher APS was associated with smaller hippocampal volumes for PWoH_AD. The Aβ42/Aβ40 ratio and APS 
were not associated with cognition or HIV clinical measures for PWH.

Conclusions. The plasma Aβ42/Aβ40 ratio can serve as a screening tool for AD and may help differentiate effects of HIV from 
AD within PWH, but larger studies with older PWH are needed.

Keywords. HIV; Alzheimer disease; biomarkers.

Received 24 October 2022; editorial decision 27 December 2022; published online 5 January 
2023

aB. M. A. and J. O. contributed equally to this work.

Correspondence: S. A. Cooley, Department of Neurology, Washington University School of 
Medicine, Box 8111, 660 South Euclid Ave, St Louis, MO 63110 (SCooley22@wustl.edu); 
J. A. O’Halloran, Division of Infectious Diseases, Department of Medicine, Washington 
University School of Medicine, Box 8111, 660 South Euclid Ave, Saint Louis, MO 63110 
(janeaohalloran@wustl.edu).

Clinical Infectious Diseases® 2023;76(10):1776–83 
© The Author(s) 2023. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. All rights reserved. For permissions, please e-mail: journals.permission
s@oup.com
https://doi.org/10.1093/cid/ciad001

With the advent of effective antiretroviral therapy (ART) for hu
man immunodeficiency virus (HIV), people with HIV (PWH) 
are now living longer, reaching ages similar to people without 
HIV (PWoH). The Centers for Disease Control estimates that 
more than half of PWH in the United States are >50 years old, 
and an increasing proportion of PWH have reached or will reach 
the age of 65 years [1]. Consequently, differentiating between 
HIV-related neurocognitive disorders and age-related neurode
generative diseases, primarily Alzheimer disease (AD), has be
come a critical focus for clinicians caring for PWH.

Previous research has suggested that brain aging may be ac
celerated or accentuated in PWH [2–5]. Changes to brain in
tegrity have been reported to occur at younger ages in PWH 
than in PWoH [2–5], even in individuals on a stable ART reg
imen who are virologically well controlled [4]. In addition, 
these changes have also been linked to poorer cognitive func
tioning in PWH [2–4]. Although research is limited, several 
studies also indicate a potentially higher prevalence of AD 
among PWH compared with PWoH [6–8]. However, current 
research is divided as to whether these changes also imply 
greater risk for the accumulation of amyloid at younger ages, 
as reflected by AD-related biomarkers.

Amyloid-β (Aβ) deposition, a hallmark of AD, has been a 
primary focus for neuropathological studies. Research suggests 
that abnormal Aβ deposition may occur several decades before 
cognitive symptoms become apparent [9, 10]. Currently, the 
most common methods to evaluate cerebral Aβ pathology in
clude positron emission tomography (PET) and cerebrospinal 
fluid (CSF) analysis. Inconsistent results have been seen in 
studies that have previously used these 2 methods to evaluate 
for potential Aβ changes in PWH. Several PET imaging studies 
have not observed increased Aβ deposition in PWH compared 
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with PWoH [11–13], while another study suggests some evi
dence of elevated brain Aβ levels in an older person with 
HIV [14]. Similarly, results vary when CSF Aβ42 is considered. 
Reduced CSF Aβ42/Aβ40, indicative of greater cerebral Aβ pa
thology, has been reported in some studies of PWH with cog
nitive impairment compared with PWoH [15, 16] while 
others observed no relationship between HIV serostatus, cogni
tive impairment, and CSF Aβ42/Aβ40 [13, 17–19].

In addition to the inclusion of PWH both with and without vi
rological suppression, small group sizes resulting from difficulty in 
obtaining PET and CSF measures may influence these discrepant 
results. PET and CSF analyses are invasive, costly procedures, lim
iting their utility in certain clinical settings. Consequently, the need 
for more easily obtainable markers has led to the advent of poten
tial blood-based biomarkers (BBMs) for Aβ pathology. BBMs are 
less expensive and more convenient for patients and can be ob
tained quickly and easily, allowing collection to be completed at 
routine clinic or study visits [20]. BBMs may have particular utility 
as screening measures for Aβ pathology that can be easily and 
widely implemented in many clinics and used as screeners or pre
screeners for Aβ pathology, for entry into clinical trials [20].

One promising BBM to screen for Aβ pathology is the ratio of 
plasma Aβ42 to Aβ40. This ratio has been evaluated in relation to 
PET amyloid in both cognitively impaired and unimpaired older 
adults [21–23]. The first commercially available blood test uses 
immunoprecipitation mass spectrometry (PrecivityAD; C2N 
Diagnostics). In HIV, the serum Aβ42/Aβ40 ratio was previously 
found to be reduced in PWH compared with a small sample 
of PWoH but not individuals with AD [24]. Notably, that 
study used an electrochemiluminescence assay (Meso Scale 
Discovery; Meso Scale Diagnostics) to assess Aβ42/Aβ40. 
However, more recent work suggests that immunoprecipitation 
mass spectrometry may be more accurate in determining cerebral 
amyloid status than methods using immunoassays [25].

In addition, the amyloid probability score (APS) has been de
veloped, which incorporates plasma Aβ42/Aβ40, age, and apoli
poprotein proteotype into a risk score for brain amyloidosis. The 
APS has a stronger association with brain amyloidosis than the 
plasma Aβ42/Aβ40 ratio [26]. The current study compares the 
plasma Aβ42/Aβ40 ratio and APS between older, cognitively 
healthy PWoH, patients with symptomatic AD, and PWH 
with or without cognitive impairment. The plasma Aβ42/Aβ40 
ratio and APS were also correlated with hippocampal volumes 
within each group, and with HIV clinical characteristics (nadir 
and current CD4 T-cell count, CD8 T-cell count, CD4/CD8 ra
tio, and duration of HIV infection) within the PWH groups.

METHODS

Participants

Between 2017 and 2020, a total of 66 PWH (age, >40 years; 
range, 49–71 years) who were receiving ART and had HIV 

RNA levels <50 copies/mL were recruited from the 
Washington University School of Medicine Infectious 
Disease Clinic and the Washington University School of 
Medicine AIDS Clinical Trial Unit. Between 2004 and 2019, a 
total of 195 PWoH (age range, 43–88 years; cognitively normal, 
n = 138; symptomatic AD, n = 57) were recruited from studies 
performed at the Knight Alzheimer Disease Research Center. 
Exclusion criteria for all participants included current or past 
confounding neurological disorders (eg, stroke, untreated se
vere depression, head injury with loss of consciousness 
>30 minutes); a positive result on a urine drug screen for a sub
stance other than tobacco, alcohol, or marijuana; and <8 years 
of education. All participants provided written informed con
sent that was approved by the Institutional Review Board at 
Washington University in St Louis.

Plasma Aβ42 and Aβ40 Measurement

Blood samples were collected at study visits for participants and 
frozen using methods described elsewhere [21]. Plasma sam
ples were prepared and analyzed for Aβ42 and Aβ40 concentra
tions, using the analytically and clinically validated liquid 
chromatography–tandem mass spectrometry platform devel
oped at C2N Diagnostics [26–28]. In short, plasma Aβ isoforms 
(Aβ42 and Aβ40) were immunoprecipitated from 450 µL of 
ethylenediaminetetraacetic acid plasma via a monoclonal anti
body (HJ5.1) conjugated to magnetic beads (M-270 Epoxy 
Dynabeads; Thermo Fisher Scientific). Extracted proteins 
were digested (Lys-N; Thermo Fisher Scientific), C-terminal 
peptides (Aβ28–40 and Aβ28–42) were further purified using 
solid-phase extraction (Waters), separated, and quantified us
ing liquid chromatography–mass spectrometry (Thermo 
Fisher Scientific Fusion Lumos Tribrid Mass Spectrometer). 
Lower plasma Aβ42/Aβ40 ratios are concordant with a high 
likelihood of brain amyloidosis [21, 27, 28].

APOE Genotyping

For PWH, apolipoprotein E4 (APOE ϵ4) allele status was ex
tracted from 1 × 106 peripheral blood mononuclear cells using 
the Quick-DNA Miniprep kit (Zymo Research).

APOE ϵ4 allele status was obtained from the Knight 
Alzheimer Disease Research Center Genetics Core using meth
ods described elsewhere for PWoH [29]. APOE ϵ4 status was 
coded as a binary variable, with participants classified as having 
no APOE ϵ4 alleles or ≥1 APOE ϵ4 allele.

Calculation of APS

The APS was also calculated for all participants using a logistic 
regression formula that incorporates plasma Aβ42/Aβ40, age, 
and apolipoprotein E proteotype (1 of 6 possible genotypes). 
The output from this algorithm is scaled to a range from 0 
(low likelihood of amyloid positivity) to 100 (high likelihood 
of amyloid positivity) [26].
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Neuropsychological Evaluation

PWH completed a comprehensive neuropsychological test bat
tery that assessed the learning, delayed recall, recognition 
memory, executive function, processing speed, attention, lan
guage, and fine motor performance domains [30]. Raw test 
scores were standardized into demographically adjusted (age, 
sex, race, education) z scores [30]. Test z scores within each 
cognitive domain were averaged to created domain z scores, 
and domain z scores were averaged to create a global z score. 
Domain z scores were used to categorize PWH as cognitively 
normal (PWH_CN) or cognitively impaired (PWH_CI), with 
cognitive impairment defined as ≥2 cognitive domain z 
scores ≤ −1 or ≥1 domain z score ≤ −2 [31]. All PWoH were 
evaluated by experienced clinicians using a semistructured in
terview based on the clinical dementia rating scale [32]. 
Individuals with a clinical dementia rating scale score of 0 
were classified as cognitively normal (PWoH_CN), while those 
with a score >0 were classified as presenting with symptomatic 
AD (PWoH_AD).

HIV Clinical Characteristics

Current HIV RNA level, CD4 T-cell count, CD8 T-cell count, 
and CD4/CD8 ratio were obtained via blood sampling at the 
study visit for all PWH. The duration of known HIV infection 
and nadir T-cell count were obtained through self-report or 
medical records, when available.

Neuroimaging

Magnetic resonance imaging was collected on Siemens 3 T scan
ners at Washington University School of Medicine in St 
Louis. The imaging protocol included a high-resolution 
3D T1-weighted magnetization-prepared rapid acquisition 
gradient-echo (MPRAGE) sequence (repetition time, 2400 ms; 
echo time, 3.16 ms; 256 × 256 acquisition matrix with 1-mm iso
tropic resolution; flip angle, 8˚). Freesurfer software, version 5.3, 
was used to segment and calculate volume of the hippocampus. 
The intracranial volume was regressed out of the hippocampus, 
and the standardized residual was used as the outcome variables 
in applicable analyses.

Statistical Analyses

Demographic variables (age, sex, race, education level) were 
first compared between all groups using χ2 tests for categorical 
variables or Mann-Whitney U or Kruskal-Wallis tests for con
tinuous variables. Similarly, HIV clinical characteristics were 
compared between PWH_CN (n = 43) and PWH_CI (n = 
23). Plasma Aβ42/Aβ40 ratios were log-transformed. Group 
differences in plasma Aβ42/Aβ40 ratios were assessed using ge
neral linear models, using age, sex, race, and APOE ϵ4 status as 
covariates. In addition, group differences in the APS were as
sessed using general linear models, with sex and race included 
as covariates. Relationships between plasma Aβ42/Aβ40 ratios 

or APSs and cognitive domain z scores were also assessed using 
linear regression models within PWH. Domain z scores were 
not available for PWoH.

To assess relationships between the plasma Aβ42/Aβ40 ratio 
and hippocampus volumes, linear regression models using age, 
sex, race, APOE ϵ4 status, and plasma Aβ42/Aβ40 as predictors 
were conducted within each group. Similarly, regression anal
yses for PWH assessed relationships between plasma Aβ42/ 
Aβ40 and HIV disease characteristics (current and nadir CD4 
T-cell count, current CD8 T-cell count, CD4/CD8 ratio, and 
duration of infection). Relationships with the APS were as
sessed with similar analyses, using only sex and race as covar
iates when appropriate. The false discovery rate method was 
used to correct for multiple comparisons. In addition, plasma 
Aβ42/Aβ40 ratios for PWH in the oldest quartile of age were 
compared with PWoH_AD participants in the youngest age 
quartile. Further details are provided in the Supplementary 
Material, section I.

RESULTS

Participant demographic, clinical, and cognitive characteristics 
are provided in Table 1. The PWoH_AD group was signifi
cantly older and included more white participants than the 
other 3 groups (P < .001). In general, the 2 PWoH groups 
were more highly educated and had more female participants 
than the 2 PWH groups (P < .01). On average, among PWH, 
HIV had been diagnosed >20 years earlier (mean duration of 
known infection, 247.2 months; standard deviation [SD], 
109.6); ART duration, 212 months [104.7 months]) and had a 
mean CD4 T-cell count of 667.4/µL (280.5/µL). There were 
no differences in demographic or clinical characteristics be
tween PWH_CN and PWH_CI (P >.05).

For PWH, all cognitive domain z scores and the global cogni
tion z score were significantly lower in the PWH_CI than in the 
PWH_CN group (P <.01). The attention, psychomotor speed, 
and delayed recall domains demonstrated the largest differences 
in scores between the PWH_CN and PWH_CI groups (average 
group difference in z scores, 1.2, 1.0, and 1.0, respectively).

Effects of HIV and Cognitive Impairment on the Plasma  
Aβ42/Aβ40 Ratio and APS

Overall, analyses demonstrated a significant group difference in 
log Aβ42/Aβ40 ratios (P < .001) (Figure 1). Pairwise compari
sons revealed a significantly lower Aβ42/Aβ40 ratio for the 
PWoH_AD group (mean ratio [SD], −1.03 [0.03]) compared 
with the 3 other groups ( −0.97 [0.03], −0.98 [0.05], and 
−0.99 [0.06] for PWoH_CN, PWoH_CN, and PWH_CI, re
spectively; P < .01). There were no other significant differences 
between these groups, including between PWH who did and 
those who did not have cognitive impairment (P > .05). 
Results did not change when comparing the oldest PWH 
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with the youngest PWoH_AD participants (Supplementary 
Material, section II).

Similarly, the mean APS was significantly higher for the 
PWoH_AD group (mean [SD], 41.2 [28.9]) than for the other 
3 groups (4.73 [11.3], 6.63 [13.6], and 10.2 [17.7] for 
PWoH_CN, PWH_CN, and PWH_CI, respectively; P < .001). 
There were no other significant group differences in APS be
tween the PWoH_CN, PWH_CN, and PWH_CI groups (P > 
.05). For PWH, there were no significant correlations between 

the plasma Aβ42/Aβ40 ratio or APS and the global cognition z 
score or any of the cognitive domain z scores (all P > .05).

Relationships Between Aβ42/Aβ40 or APS and Hippocampus Volume

Regression analyses revealed lower plasma Aβ42/Aβ40 ratios 
(r = 0.46; P = .003) (Figure 2) and higher APSs (r = −0.40; 
P = .009) were significantly associated with smaller hippocampal 
volumes for the PWoH_AD group. These relationships did not 
reach significance for any other group (P > .05).

Table 1. Demographic, Clinical, and Cognitive Characteristics of Participants by Group

Characteristic PWoH_CN (n = 138) PWoH_AD (n = 57) PWH_CN (n = 43) PWH_CI (n = 23) P Value
Effect 
Size

Age, mean (SD), y 57.0 (6.9)a 66.2 (5.7) 57.3 (5.6)a 55.5 (4.8)a <.001b 0.28c

Male sex, % 46 61 77d 83d <.001b 0.28e

Educational level, mean (SD), y 16.0 (4.8) 15.2 (2.7) 13.4 (2.1)a,d 13.0 (2.9)a,d <.001b 0.16c

African American race, % 43a 7 63a 70a <.001b 0.41e

Hispanic ethnicity, % 0 0 2.3 0 .17 0.14e

≥1 APOE ϵ4 allele, % 43a 71 33a 39a <.001b 0.27e

T-cell count, median (IQR), cells/µL

Recent CD4 T-cell count, NA NA 639 (444–898) 580 (362–771) .1 0.04c

Nadir CD4 T-cell count NA NA 190 (17–275) 54 (24–300) .89 0.002c

Recent CD8 T-cell count NA NA 867 (606–1116) 1011 (559–1085) .97 0.00c

CD4/CD8 ratio, median (IQR) NA NA 0.7 (0.5–0.9) 0.7 (0.3–1.2) .19 0.02c

Duration of HIV infection, median (IQR), 
mo

NA NA 240 (126–288) 300 (204–372) .08 0.04c

Current cART medication, %

NRTI NA NA 95 96 .96 0.01e

NNRTI NA NA 40 30 .46 0.10e

PI NA NA 19 30 .27 0.14e

INSTI NA NA 65 74 .47 0.10e

Cognitive characterization

CDR >0.5, % 0% 37% NA NA <.001b 1.0e

z Score, mean (SD)

Learning domain NA NA 0.1 (0.7) −0.6 (0.7) <.001b 1.0f

Delayed recall domain NA NA 0.3 (0.8) −0.6 (0.7) <.001b 1.2f

Recognition domain NA NA −0. (0.5) −0.6 (0.8) .01b 0.4f

Executive function domain NA NA 0.05 (0.6) −0.5 (0.7) .003b 0.8f

Attention domain NA NA 0.2 (0.6) −1.0 (1.0) <.001b 1.5f

Fine motor domain NA NA −0.3 (0.9) −0.9 (0.8) .008b 0.7f

Psychomotor speed domain NA NA 0.3 (0.7) −0.3(0.5) .001b 1.0f

Language domain NA NA 0.1 (0.7) −0.6 (0.7) .002b 1.0f

Global cognition NA NA 0.1 (0.3) −0.6 (0.3) <.001b 2.3f

Hippocampus volume 0.36 (0.70)a −1.34 (0.94) 0.19 (0.82)a −0.09 (0.83)a <.001b 0.3c

Log Aβ42/Aβ40 ratio, median (IQR) −0.97 (−0.99 to 
−0.95)a

−1.03 (−1.04 to 
−1.01)

−0.98 (−1.00 to 
−0.94)a

−0.98 (−1.0 to 
−0.95)a

<.001b 0.1c

APS, median (IQR) 1.0 (0–3.3)a 17.0 (8.2–70.5) 1.5 (0–7.5)a 2.5 (0–15.5)a <.001b 0.4c

Abbreviations: Aβ, amyloid-β; APS, amyloid probability score; cART, combination antiretroviral therapy; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; IQR, 
interquartile range; NA, not available; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitors; PWH_CI, people with 
HIV (PWH) with cognitive impairment; PWH_CN, cognitively normal PWH; PWoH_AD, people without HIV (PWoH) who had symptomatic AD; PWoH_CN, cognitively normal PWoH; SD, 
standard deviation.  
aSignificant difference from PWoH_AD group (P < .05).  
bSignificant at P < .05.  
cEffect size given as partial η2.  
dSignificant difference from PWoH_CN group (P < .05).  
eEffect size given as Cramer V.  
fEffect size given as Cohen d.
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Relationships Between Aβ42/Aβ40 or APS and HIV Clinical 
Characteristics

Among PWH, there were no significant relationships between 
the plasma Aβ42/Aβ40 ratio or APS and the nadir CD4 T-cell 
count, current CD4 and CD8 T-cell counts, CD4/CD8 ratio, or 
duration of known HIV infection (P > .05).

DISCUSSION

As PWH continue to age, one of the most significant questions 
clinicians are facing is whether HIV results in increased risk for 
age-related neurodegenerative disorders, primarily AD, as as
sessed by increased AD biomarker accumulation compared 
with PWoH. The current study was among the first to evaluate 
a clinically available blood biomarker test for AD in a group of 
virologically well-controlled PWH, with or without cognitive 
impairment, compared with cognitively normal PWoH and 
PWoH with symptomatic AD.

Results indicated that the plasma Aβ42/Aβ40 ratio and APS 
were sensitive in discriminating the PWoH_AD group from 
PWoH_CN and the 2 PWH groups. Within PWH, the plasma 
Aβ42/Aβ40 ratio and APS did not significantly differ between 
cognitively normal and cognitively impaired PWH. In addition, 
neither the Aβ42/Aβ40 ratio nor the APS was associated with any 
of the examined HIV disease characteristics (eg, CD4 and CD8 
T-cell counts) in this sample. Finally, we observed the expected 
relationship between lower plasma Aβ42/Aβ40 ratio and smaller 

hippocampal volumes within the symptomatic AD group, but 
this relationship was not significant for the cognitively normal 
PWoH or the 2 PWH groups. These results suggest that, within 
this sample, HIV-related cognitive changes were likely not attrib
utable to brain amyloid accumulation and lower hippocampal 
volume, and the plasma Aβ42/Aβ40 ratio and APS may be useful 
in distinguishing AD-related cognitive changes from HIV-related 
cognitive changes.

Our results are consistent with those of previous studies of 
Aβ in HIV that demonstrated no significant differences in 
amyloid between PWH and cognitively unimpaired PWoH, 
using either CSF biomarkers or PET imaging [11–13, 17, 
19]. Taken together, these results suggest that while there 
may be some evidence of accelerated brain aging in PWH 
[2–5], it is unlikely that these changes can be attributed to 
an accelerated AD phenotype, as we observed no significant 
reduction in Aβ42/Aβ40 ratio or increase in APS in PWH 
compared with age-matched PWoH_CN. Instead, changes 
to brain integrity in older PWH may be more attributable to 
other factors, such as legacy effects of early untreated HIV in
fection, comorbid conditions (eg, cardiovascular disease and 
diabetes), environmental factors, and ongoing neuroinflam
mation [33–37].

Importantly, we also did not observe any significant differ
ences in the plasma Aβ42/Aβ40 ratio or APS in our sample 
of cognitively impaired PWH compared with PWH_CN, with 

Figure 1. Log-transformed plasma amyloid-β (Aβ) 42/Aβ40 ratios by group. People without human immunodeficiency virus (HIV) (PWoH) who had symptomatic Alzheimer 
disease (PWoH_AD) had significantly lower plasma Aβ42/Aβ40 ratios than the other 3 groups. People with HIV (PWH), regardless of cognitive impairment status, did not have 
lower ratios than cognitively normal PWoH (PWoH_CN). *P < .05; ***P < .001. Abbreviations: PWH_CI, cognitively impaired PWH; PWH_CN, cognitively normal PWH.
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both PWH groups demonstrating similarly normal plasma 
Aβ42/Aβ40 ratios and lower APSs compared with the 
PWoH_AD group. Notably, the pattern of cognitive deficits 
within our PWH_CI sample did not reflect those typically ob
served within individuals with AD. Specifically, the neuropsy
chological profile of PWH within the current study was 
largely heterogeneous, with significantly poorer performance 
recorded for PWH_CI compared with PWH_CN across all 
tested cognitive domains. The greatest differences in cognitive 
performance between the PWH groups were identified within 
the attention and psychomotor speed domains. These deficits 
more closely correspond to a pattern of HIV-related neurocog
nitive impairment compared with the episodic and recognition 
memory impairments that are characteristic of AD [38].

In addition, there were no significant associations between 
any of the cognitive domain z scores and the plasma Aβ42/ 
Aβ40 ratio or APS in PWH, even within AD-typical domains 
(eg, recognition memory). However, it should be noted that 
even within PWH_CI, cognitive deficits were relatively mild 
(mean global cognition z score [SD], −0.6 [0.3]). Although lon
gitudinal studies are needed to examine relationships between 
further cognitive decline and changes in the plasma Aβ42/Aβ40 
ratio, the observed differences in plasma Aβ42/Aβ40 ratios be
tween cognitively impaired PWH and individuals with sympto
matic AD suggest a potential utility of this ratio in infectious 

disease clinics as a screening method to differentiate between 
HIV-related cognitive impairment and brain amyloid accumu
lation typical of AD in older PWH who present with cognitive 
complaints.

Several limitations of the current study must be considered. 
First, this study was cross-sectional, limiting conclusions re
garding the progression of changes in plasma Aβ42/Aβ40 ratios 
over time in PWH. Importantly, PWH included in the study 
were relatively young (mean age [SD], 56.6 [5.4] years) and 
slightly younger than the cohort used to clinically validate the 
plasma Aβ42/Aβ40 ratios and APSs with amyloid PET status 
(age ≥60 years). While the younger and similar age ranges of 
our PWH and PWoH_CN groups further suggest a lack of ev
idence for an accelerated AD phenotype in PWH compared 
with the general population, longitudinal studies examining 
patterns of change in plasma Aβ42/Aβ40 ratios in PWH as 
they reach ages associated with increased AD risk (>65 years) 
are needed to elucidate any potential links between amyloidosis 
and aging with HIV. In addition, the PWoH and PWH groups 
were not well matched on other demographic variables (sex and 
race) that may affect results. Future studies need to focus on re
cruiting PWoH and PWH samples that are demographically 
more similar. Finally, cognitive impairment was assessed differ
ently in PWH and PWoH. Future studies using similar meth
ods across all participants are needed to establish patterns of 

Figure 2. Lower plasma amyloid-β (Aβ) 42/Aβ40 ratios were significantly correlated with smaller hippocampus volumes only in the people without human immunodefi
ciency virus (HIV) (PWoH) who had symptomatic Alzheimer disease (PWoH_AD). Abbreviations: PWH_CI, people with HIV (PWH) with cognitive impairment; PWH_CN, cog
nitively normal PWH; PWoH_CN, cognitively normal PWoH.
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associations between cognitive domains and plasma Aβ42/ 
Aβ40 ratios.

Virologically well-controlled PWH with or without cognitive 
impairment did not exhibit reduced plasma Aβ42/Aβ40 ratios 
or increased APSs compared with cognitively unimpaired 
PWoH. Only PWoH with symptomatic AD demonstrated sig
nificantly lower plasma Aβ42/Aβ40 ratios and higher APSs, 
which were also correlated with smaller hippocampus volumes. 
Clinical markers of HIV disease were not associated with the 
plasma Aβ42/Aβ40 ratio or APS. Overall, these results demon
strate that the plasma Aβ42/Aβ40 ratio, a marker that can be 
quickly and easily obtained during a clinical visit, may help dif
ferentiate the effects of HIV from AD within PWH, but larger 
studies with older PWH are needed. The ability to distinguish 
causes will help inform the best treatments to help relieve or 
potentially slow cognitive decline.
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