Carotid inflammation on FDG-PET is associated with
lower cognitive performance in people with treated
HIV infection
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Objectives: Carotid atherosclerosis is an established risk factor for cognitive im-
pairment. FDG-PET detects subtle inflammatory changes in the arterial wall that may
precede plaque formation and rupture. We investigated whether carotid inflammation is
associated with cognitive function and its relative importance as a predictor of concur-
rent cognitive function compared with other factors.

Design/methods : In this cross-sectional study, we recruited individuals >40years with
undetectable viral load at moderate-to-high cardiovascular risk. Participants underwent
FDG-PET, stress and cognitive assessments. We used pairwise partial correlations to
identify significant associations between arterial inflammation and cognition. We
applied a machine learning analysis workflow to evaluate the ability of carotid inflam-
mation alone, and in combination with other factors, to predict cognition.

Results: Among 47 people, carotid inflammation was independently correlated with
global cognition [r=—0.405, 95% confidence interval (Cl) —0.618 to —0.100, P=
0.007]. In the machine learning analysis, the probability of carotid inflammation
predicting cognitive function within one standard deviation of the true value was
68% (95% Cl 52-80). The predictive accuracy improved marginally when individual
cardiometabolic factors were added to the model (73%, 95% CI 57-84). When all
potential variables were considered, predictive accuracy improved substantially (85%,
95% Cl 71-93), with carotid inflammation remaining as the most important cardiometa-
bolic predictor of cognitive function.

Conclusion: Carotid inflammation on FDG-PET outperformed most other factors in
predicting concurrent cognitive function and provided unique predictive information
beyond traditional cardiometabolic risk factors. Future longitudinal studies should
examine whether carotid inflammation predicts incident cognitive impairment, which
would support its use as a clinical risk marker in people with HIV.

Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.

AIDS 2026, 40:1624-1633

Keywords: arterial inflammation, atherosclerosis, carotid artery disease,
cognitive function, HIV

*Department of Neurology, Weill Institute for Neurosciences, "Center for AIDS Research (CFAR), “AIDS Research Institute, “Data
Science Colab, University of California, San Francisco, San Francisco, ®Cardiovascular Imaging Research Center, Massachusetts
General Hospital and Harvard Medical School, Boston, ‘Department of Psychiatry and Behavioral Sciences, Weill Institute for
Neurosciences, University of California, San Francisco, San Francisco, 8Department of Medicine (Cardiology), Massachusetts
General Hospital and Harvard Medical School, Boston, "Department of Medicine (Cardiology), University of California, Los
Angeles, Los Angeles, and 'Department of Medicine (lnfectlous Diseases), University of California, San Francisco, San Francisco,
USA.

Correspondence to Felicia C. Chow, MD, MAS, University of California, San Francisco, San Francisco, CA, USA.

E-mail: felicia.chow@ucsf.edu

Received: 22 December 2025; revised: 19 April 2026; accepted: 23 April 2026.

DOI:10.1097/QAD.0000000000004573

1624 ISSN 0269-9370 Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.
Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.


http://dx.doi.org/10.1097/QAD.0000000000004573

Carotid inflammation and cognition Wilson et al.

Introduction

Atherosclerosis is a chronic inflammatory condition of the
arteries that causes cardiovascular disease (CVD) events,
including stroke. Like individual cardiometabolic comor-
bidities such as hypertension, carotid atherosclerosis is an
established risk factor for cognitive impairment in the
general population [1-3]. A similar picture has emerged in
people with treated, virally suppressed HIV (people with
HIV, PWH) whereby mounting data suggest cardiometa-
bolic and other co-occurring conditions play a more
substantial role in the development of cognitive im-
pairment than HIV-specific factors [4,5]. Delineating
modifiable risk factors and specific mechanisms underlying
cognitive impairment in PWH is a critical first step toward
developing more tailored interventions that can slow or
prevent cognitive decline in this at-risk population [6].

"®E_Fluorodeoxyglucose-positron emission tomography
(FDG-PET) can detect arterial wall inflammation and
plaque vulnerability, hallmarks of the presence and
severity of atherosclerosis [7,8]. Arterial inflammation,
as indicated by increased FDG uptake, is strongly
predictive of ischemic stroke and other CVD events,
independent of cardiovascular risk prediction scores or a
history of cardiometabolic factors [10—12]. Excellent
reproducibility and favorable inter- and intraobserver
agreement [13] support the use of FDG-PET as a
surrogate endpoint to assess therapeutic response in
cardiovascular interventional trials [14]. Most studies have
employed ultrasound to assess carotid disease, including
quantifying carotid intima-media thickness and luminal
stenosis [4,15]. However, while ultrasound can charac-
terize the presence of arterial plaque and flow-related
changes due to stenosis, it is less sensitive than FDG-PET
in identifying subtle inflammatory changes in the arterial
wall that may precede plaque formation and rupture [16].

In this cross-sectional study, we investigated whether
arterial inflammation is associated with cognitive function
in PWH and its relative importance in predicting
concurrent cognitive function compared with individual
cardiometabolic and other factors. Given the ability of
FDG-PET to detect subtle atheroinflammatory changes
in the vessel wall, we hypothesized that arterial
inflammation would emerge as an important cross-
sectional predictor of cognitive function.

Methods

Study design

In this single-center, cross-sectional study, we analyzed data
from participants who were recruited between 2018 and
2021 from a parent study evaluating the impact of alirocumab
on cardiovascular risk in PWH (NCT03207945). The study
was completed in San Francisco, California, USA through

the University of California, San Francisco (UCSF) and
Zuckerberg San Francisco General Hospital and Trauma
Center and was approved by the UCSF Institutional Review
Board. Written informed consent was obtained from all
study participants.

Participants

The inclusion criteria for the parent trial included: age
>40years, on stable antiretroviral (ART) therapy,
undetectable plasma viral load, and at moderate to high
cardiovascular risk defined as a history of CVD [e.g., prior
myocardial infarction (MI) or stroke, coronary heart
disease, peripheral arterial disease] or of at least one
cardiometabolic comorbidity (e.g., hypertension, hyper-
lipidemia, diabetes mellitus, cigarette smoking). Partici-
pants completed all procedures for this neurologic sub-
study prior to randomization in the parent trial and within
3months of FDG-PET.

Procedures

Arterial inflammation on FDG-PET

For the parent trial, FDG-PET of the neck and chest were
performed at the UCSF Imaging Center at China Basin on
a GE Discovery STE PET/computed tomography (CT)
scanner, following a previously described protocol [14]. A
low-dose CT scan was performed for attenuation
correction before PET acquisition. FDG uptake corrected
for background venous activity was assessed in the target
vessels of interest (bilateral carotid arteries and ascending
aorta) using previously validated methods [9,12]. Briefly,
measurements were made in the axial plane, and maximum
standardized uptake values (SUVmax) were recorded from
predefined sections of the carotid and ascending aorta walls.
The target-to-background ratio was defined as the ratio of
the mean of the SUVmax measurements along the length
of the target vessel to the background venous activity
derived from either the internal jugular veins (for
correction of carotid values) or the superior vena cava
(for correction of aortic values).

Neuropsychological testing

Participants underwent the following neuropsychological
test battery: the Hopkins Verbal Learning Test-Revised
[17], Wechsler Adult Intelligence Scale-Revised Digit
Symbol subtest [18], Grooved Pegboard Test [19], Stroop
Color and Word Test [20], Controlled Oral Word
Association Test (COWAT-FAS) [21], and Trail Making
Test Parts A and B [22]. z-scores were derived by
comparing raw scores to demographics and education-
matched norms. Individual z-scores for each test were
averaged into a global cognitive score, which was the
primary measure of cognitive function. We also evaluated
performance on each neuropsychological test using
individual z-scores.

Psychological stress
The 10-item Perceived Stress Scale [23], which is a self-
appraisal of stress in the past month; the Chronic Burden
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Scale [24], which assesses chronic stress for a 6-month or
longer interval; Adverse Childhood Experiences (ACEs)
[25], which evaluates early life stress and trauma; the HIV
Stigma Scale [26]; and Post-Traumatic Stress Disorder
(PTSD) Civilian-Checklist were administered [27]. The
Patient Health Questionnaire-9 was used to measure the
presence and severity of depressive symptoms.

Other variables

Demographics, cardiometabolic comorbidities, health-
related behaviors, and HIV-specific variables were
extracted from data obtained at screening or entry for
the parent trial or neurologic sub-study. This included
information on prior MI or stroke; history of diabetes,
hyperlipidemia, or hypertension; use of statins or
antiplatelet medications; self-reported cigarette smoking
or use of alcohol, stimulants, marijuana, and/or injection
drugs; most recent and nadir CD4 count, year of HIV
diagnosis, and current ART regimen.

Statistical analyses

Associations between arterial inflammation and global
cognition and individual neuropsychological test z-scores
were evaluated using pairwise Spearman partial correla-
tions adjusted for age, race (dummy-coded), and
education. For each pair, variables and covariates were
rank-transformed, residualized on the full covariate set
using ordinary least squares, and the partial correlation was
computed as the Pearson correlation between residuals.
Two-sided P-values were obtained from Pearson
correlation tests on residuals (null: zero partial correla-
tion). Analyses used complete cases per comparison.
Although neuropsychological test z-scores were normed
for demographics and education, we additionally adjusted
for age, race, and education to minimize residual
confounding beyond normative standardization and to
account for cohort-specific associations of these factors
with inflammation and cognition. Ninety-five percent
confidence intervals (Cls) were estimated via nonpara-
metric bootstrapping (5000 resamples), repeating the full
procedure within each resample; Cls were defined by the
2.5th and 97.5th percentiles. Multiple comparisons were
controlled using the Benjamini—-Hochberg false discovery
rate (FDR) across unique off-diagonal pairs (g < 0.05).

Based on the correlation results, we focused on carotid
inflammation only. Cross-sectional machine learning
models were then used to evaluate prediction of global
cognition, using a Random Forest architecture to capture
nonlinear relationships. A baseline model included carotid
inflammation as the only predictor of global cognition.
This was extended by adding candidate cardiometabolic
variables (“CVD model”), followed by demographics,
health-related behaviors, stress, and HIV-specific variables
(“full model”). In a sensitivity analysis, a model that
considered all candidate cardiometabolic factors, except
for carotid inflammation, was compared with the CVD
model to assess the incremental predictive value of carotid

inflammation. Data on statin use, which was missing for
one participant, was imputed using the population mean
in the training set only. Continuous features (i.e.,
predictors) were z-standardized within each split using
training-set parameters; categorical variables were label-
encoded except for race (one-hot encoded).

Feature selection for CVD and full models was performed
once on the first train-test split by sequentially adding
predictors and only retaining those that improved
threefold cross-validated negative root-mean squared
error (RMSE). Model training and evaluation were then
repeated across eight random (90/10) train-test splits.
‘Within each split, hyperparameters (number of estimator
trees, maximum tree depth, minimum samples per split)
were optimized via grid search with threefold cross-
validation on training data only. The final model was refit
on the training set and evaluated on the held-out test set.

Performance was assessed by the probability that
predictions fell within one standard deviation (SD) of
observed values, along with RMSE and mean absolute
error (MAE) scores. Ninety-five percentage Cls for the
probability metric were computed using the Wilson score
method across pooled test predictions. Alternatively,
RMSE and MAE uncertainty was estimated by boot-
strapping across splits (10 000 resamples of per-split
metrics; percentile ClIs). A null model predicting the
training-set mean was included for comparison. All
evaluation procedures were repeated across eight random
splits to improve robustness.

After training and evaluating the CVD and full models,
feature importance was estimated using permutation
importance on held-out test data, defined as the change in
negative RMSE after permuting each predictor. This
procedure used 50 permutation repeats per feature within
each split and was repeated across eight splits; importance
was summarized as mean & SD, and within-split rankings
were used to assess stability.

Finally, we repeated the same methodology that was
applied to global cognition to develop models evaluating
the cross-sectional predictive performance of carotid
inflammation for the individual neuropsychological tests
that were significantly associated with carotid inflamma-
tion in the initial pairwise partial correlation analyses.

All analyses were conducted in Python using Pandas

(1.5.3), Pingouin (0.5.3), scikit-learn (1.2.2), SciPy
(1.10.1), and Matplotlib (3.7.1).

Results

Forty-seven ART-treated, virally suppressed PWH
(mean age 60years [SD 8], 98% male sex) were included
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in the study. By virtue of the parent study enrolling
participants at moderate to high cardiovascular risk,
cardiometabolic factors were prevalent. Over half of
participants (53%) had hypertension, and 37 (79%) had
hyperlipidemia. The median carotid and aorta inflamma-
tion, quantified by the target-to-background ratio, were
2.11 [IQR 0.39] and 2.96 [IQR 0.62], respectively. The
median global cognitive score was —0.42 [IQR 1.32].
Additional demographic and clinical characteristics are
shown in Table 1.

Carotid inflammation was significantly correlated with

global cognition (r=—0.405, 95% CI —0.618 to —0.100; P
=0.007), as well as Trail Making Test Part B (r=—0.408,

Table 1. Demographics and clinical variables of participants.

Characteristic, no. (%), unless stated Participants (n=47)

Demographics

Age (years), mean (SD) 60 (8)
Male sex at birth 46 (98)
Education (years), mean (SD) 16 (2)
Race
White 37 (79)
Black 8 (17)
Other 2 (4)

Cardiometabolic

History of prior Ml or stroke 4 (9)
Hyperlipidemia 37 (79)
Hypertension 25 (53)
Diabetes mellitus 10 21)
Use of antiplatelet therapy 20 (43)
Use of statin® 28 (61)
Health-related behaviors
Cigarette smoking
Current 9 (19)
Prior 25 (53)
Never 13 (28)
Marijuana use
Current 25 (53)
Prior 15 (32)
Never 7 (15)
Cocaine use
Current 3 (6)
Prior 27 (57)
Never 17 (36)
Methamphetamine use
Current 1Q2)
Prior 21 (45)
Never 25 (53)
Injection drug use
Current 0 (0)
Prior 9 (19)
Never 38 (81)
HIV-related variables
CD4* cell count (cells/mm?), 539 (159)
mean (SD)
Global cognitive z-score, median —0.42 (1.32;
(IQR; min, max) —3.42, 0.97)
Aorta inflammation (TBR), median 2.96 (0.62;

(IQR; min, max) 1.63, 4.67)
Carotid inflammation (TBR), median 2.11 (0.39;
(IQR; min, max) 1.45, 3.08)

IQR, interquartile range; SD, standard deviation; TBR, target-to-back-
ground ratio.
“One participant missing data for statin use.

95% CI —0.623 to —0.125; P=0.007), Stroop word-
reading trial (r=—0.411, 95% CI —0.623 to —0.147; P=
0.006), and Stroop interference trial (r=—0.346, 95% CI
—0.574 to —0.042; P=0.025). In contrast, aorta inflam-
mation was not significantly correlated with global
cognition or performance on any individual neuropsycho-
logical tests.

In the baseline model, the overall probability of carotid
inflammation predicting global cognitive function within
one SD of the true value (i.e., predictive performance) was
68% (95% CI 52-80) (Table 2). When individual
cardiometabolic factors were added to the model, we
observed marginal improvement in the cross-sectional
predictive accuracy of the CVD model compared with
the baseline model (73%, 95% CI 57—84 versus 68%, 95%
CI 52-80) (Table 2). In the CVD model, carotid
inflammation remained as one of the top two most
important cross-sectional predictors of global cognition,
along with cigarette smoking (Fig. 1a).

With the addition of demographics, health-related
behaviors, stress measures, and HIV-specific variables to
the CVD model, the cross-sectional predictive accuracy of
the full model was substantially higher than the baseline
model, with an increase in predictive performance from
68% (95% CI 52-80) to 85% (95% CI 71-93) (Table 2).
The overall trends in predictive performance among the
different models of global cognition were consistent with
the RMSE on the test samples (Fig. 2, Supplemental Table,
Supplemental Digital Content, http://links.lww.com/
QAD/D928). In the full model, the most important
cross-sectional predictors of global cognition were race and
carotid inflammation, followed by the PTSD Checklist and
early life stress (Fig. 1b). After carotid inflammation, the
next most important cardiometabolic factor in predicting
cognitive function was hyperlipidemia, which was the
seventh most important variable overall.

In a sensitivity analysis, a cross-sectional predictive
model that considered only candidate individual cardio-
metabolic factors without carotid inflammation performed
worse than the CVD model (58%, 95% CI 42-72 versus
73%, 95% CI 57-84). In the model that considered
only individual cardiometabolic factors, cigarette smoking
ranked as the most important feature, trailed by antiplatelet
and statin use, prior Ml/stroke, and hyperlipidemia.
When carotid inflammation was also considered, it
emerged as one of the top two most important cross-
sectional predictors of global cognition, alongside cigarette
smoking.

The cross-sectional predictive accuracy of the baseline,
CVD, and full models for performance on individual
neuropsychological tests that were significantly correlated
with carotid inflammation in the partial correlation
analyses — Trail Making Test Part B, Stroop word-reading
and interference trials — are shown in Table 2. The cross-
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Table 2. Predictive performance® of models.

Cognitive outcome Null model® [95% Cl|

Baseline model® [95% Cl|

CVD model? [95% CI] Full model® [95% Cl]

Global cognition 55% (40, 69) 68% (52, 80) 73% (57, 84) 85% (71, 93)
Trail Making Test Part B 63% (47, 76) 60% (45, 74) 70% (55, 82) 90% (77, 96)
Stroop Word-Reading Trial 60% (45, 74) 65% (50, 78) 73% (57 84) 80% (65, 89)
Stroop Interference Trial 73% (57, 84) 75% (60, 86) 78% (63, 88) 78% (63, 88)

CVD, cardiovascular disease.

aDefmed as the overall probability of being within 1 standard deviation of the true score.
Comparator (null) model predicting the training set mean (constant) for each train-test split.

“Variables in the baseline model: carotid inflammation.

YVariables tested in the CVD model: carotid inflammation + individual cardiometabolic comorbidities (prior MI or stroke; history of diabetes,
hyperlipidemia, or hypertension; use of statins and antiplatelet medications; cigarette smoking).

®Variables tested in the full model: carotid inflammation + individual cardiometabolic comorbidities (prior Ml or stroke; history of diabetes,
hyperlipidemia, or hypertension; use of statins and antiplatelet medications; cigarette smoking) + demographics (age, race, education, ethnicity) +
stress measures (Perceived Stress Scale, Chronic Burden Scale, Adverse Childhood Experiences, HIV Stigma Scale, Post-Traumatic Stress Disorder
Civilian-Checklist, Patient Health Questionnaire-9) + health-related behaviors (alcohol, stimulants, marijuana, injection drugs) + HIV-specific (CD4*

cell count, year of HIV diagnosis, current ART regimen).

sectional predictive accuracy of the full model for Trail
Making Test Part B, which had the highest performance
overall at 90% (95% CI 77-96), was higher than both the
baseline model (60%, 95% CI 45—74) and the CVD model
(70%, 95% CI 55-82)(Table 2). In the CVD model,
cigarette smoking was nearly twice as important in
predicting performance on the Trail Making Test Part B
as carotid inflammation (Fig. 3a), while in the full model,
carotid inflammation was again the most important
cardiometabolic factor and the second most important
cross-sectional predictor overall after race (Fig. 3b).

In contrast to Trail Making Test Part B, the CVD and full
models did not substantially improve cross-sectional
predictive performance compared with carotid inflam-
mation alone for the Stroop word-reading and interfer-
ence trials (Table 2). In the CVD models, carotid
inflammation remained the most important cross-
sectional predictor of the Stroop interference trial and
second most important for the Stroop word-reading trial,
after only cigarette smoking (Fig. 3E and C). In the full
models, carotid inflammation was again the most
important cardiometabolic feature for both Stroop tests

(a) CVD Model (b) Full Model
Race { 0.382+0.269
Cigarette
A 0.289 +0.190
Smekng Carotid 0.160 £ 0.100
Inflammation e
Post Traumatic Stress
Disorder Checklist | e122x0190
Carotid | 029520234  Adverse Childhood
Inflammation < 0.063 £ 0.097
Experiences
Year of HIV
Diagnosis 0.049300%
Patient Health
Hyperlipidemia 0.090 +0.130 Questionnaire-9 { = 0.03610.022
Hyperlipidemia | T 0.009:0.012
Anti-Platelet Age 1 —0.017+0.023
1 0.033 £0.040
Use
Anti-PlateletUse | — 0.010+0.017

Importance Score for Predictors of Global Cognition

Fig. 1. Relative importance of predictors of global cognition. The relative importance scores of the variables that improved the
cross-sectional predictive capability of the CVD model (a) and full model (b) for global cognitive function are shown. The full model
was more accurate in predicting global cognition than carotid inflammation alone by almost 17%. In contrast, addition of individual
cardiometabolic factors to the baseline model that contained only carotid inflammation to create the CVD model improved the
ability to predict global cognition by only 5%. CVD, cardiovascular disease.
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Fig. 2. Root-mean squared error to estimate predictive accuracy of global cognition. Box plots of the root-mean squared errors of
the null (comparator), baseline, CVD, and full models on each sample using repeated (n=8) stratified hold-out (10%) evaluation on

the test set. CVD, cardiovascular disease.
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CVD Model
(a) A
Cslf:;:ttz 0.83020.457
inj
Trails Carotid 048720511
Making Inflammation o
Test Part ;
B Anh-Platﬁlel —_— 0.82:0228
se
Statin Use —_— 010920214
(c) Cigarette - 011240144
Smoking
Stl’OOp Carotid | 006620115
Word- Inflammation
R?admg Anti-Platelet | L 50510,0016
Trial Use
Statin Use £0.00420.005
(e)
Carotid
Inflammation |7 R
Stroop
Interference
Trial )
Cigarette | —_,
Smoking R

Full Model
(b)

120
Race 0.92140.708

Carotid 0.408.2 0,233

Cigarette Smoking 018520244

Anti-Platelet Use B 0.123:0.178

Adverse Childhood Experiences 0.209.2 0450

04754 0.466

(d) Race
CD4 Count

Carotid Inflammation
Cigarette Smoking
Hypertension [+— 0.021:0046

0.21820.134
0.19220.191
- 0.076 £ 0.068

Age | = 0.03840.024
Education | = 0.03510.038
Alcohol Use |+ 0.0080.008
Statin Use |~ 0.00520.008
Cocaine Use |~ 0.00120017
(f) Age 0.37120.268

Carotid Inflammation DRATZON1S

Adverse Childhood Experiences
Cigarette Smoking

Race

Marijuana Use
Methamphetamine Use

0.17220.142
— 0.06620.066

L 3 0.06320.096
o 0.06820.063

#- 0.01820.021

CocaineUse | = 001620012

Importance Score for Predictors of Individual Neuropsychological Tests
Fig. 3. Relative importance of predictors of individual neuropsychological test performance. The relative importance scores of the
variables that improved the cross-sectional predictive capability of the CVD model (a) and full model (b) for performance on Trail
Making Test Part B are shown. The cross-sectional predictive accuracy of the full model was higher than the baseline model that
contained only carotid inflammation and the CVD model by 30% and 20%, respectively. In contrast, the cross-sectional predictive
accuracy of the full model was only marginally higher than the baseline model and observed to be the same as the CVD model in
predicting performance on the Stroop interference trial. For the Stroop word-reading trial, the full model's predictive performance
was higher than the baseline and CVD models by 15% and 7%, respectively. The relative importance scores of the variables that
improved the predictive performance of the CVD models and full models for the Stroop word-reading and Stroop interference trials

are presented in (c)—(f). CVD, cardiovascular disease.

and consistently ranked in the top three most important
cross-sectional predictors overall (Fig. 3D and F).

RMSE and MAE performance metrics were generally
consistent with performance trends based on our
predefined metric (Supplemental Table, Supplemental
Digital Content, http://links.lww.com/QAD/D928).

Discussion

In this cohort of wvirally suppressed PWH, carotid
inflammation was the most important cardiometabolic
cross-sectional predictor of global cognition. In fact, the
addition of individual cardiometabolic risk factors (e.g.,
hypertension, cigarette smoking) to a model that
contained only carotid inflammation did not substantially
enhance the ability of the model to predict cognitive
function. When evaluated in combination with carotid
inflammation and other factors that could plausibly impact
cognition, including age, stress, and health-related
behaviors, most individual cardiometabolic factors were
not important features in the cross-sectional predictive

model. One noteworthy example is cigarette smoking,
which was comparable in predictive importance to carotid
inflammation in the CVD model but no longer an
important predictive feature in the full model. This
pattern suggests that the variance captured by cigarette
smoking in the CVD model was subsumed by correlated
variables in the full model, such as early life stress and
depression-related symptoms, which likely encode over-
lapping behavioral and psychosocial information. When
these exposures were included, the independent predic-
tive contribution of cigarette smoking was attenuated. In
contrast, carotid inflammation remained an important
feature across all models, indicating it contributes unique
predictive information not captured by other cardiome-
tabolic or psychosocial variables.

These findings build upon existing evidence that carotid
atherosclerosis assessed by ultrasound is associated with
cognitive impairment in PWH, independent of individual
cardiometabolic factors [4,5,28,29]. Some studies of
PWH have demonstrated an association between carotid
atherosclerosis, but not individual cardiometabolic factors,
and cognitive function [29]. This is in line with the
general framework of vascular cognitive impairment as

Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.


http://links.lww.com/QAD/D928

Carotid inflammation and cognition Wilson et al.

the culmination of cardiometabolic comorbidities in
aggregate, as opposed to a single factor alone [30]. Taken
together, our findings suggest that carotid inflammation,
which may reflect the collective impact of multiple
comorbidities, may outperform individual cardiometa-
bolic factors in risk stratification for cognitive impairment
in PWH.

A related concept has been observed regarding the
enhanced performance of cardiovascular risk scores over
individual cardiometabolic factors in predicting cognitive
function in PWH. In the AIDS Clinical Trials Group HIV
Infection, Aging, and Immune Function Long-term
Observational Study, few individual cardiometabolic
factors were significantly associated with cognitive
function, whereas both the Atherosclerotic CVD risk
score and the Framingham Heart Study Global CVD risk
score predicted future cognition in the cohort [31]. When
taken into account individually, cardiometabolic factors
may not reach the required threshold to impact cognitive
function; rather, consideration of the compound effect of
comorbid vascular burden across the life course on brain
health may be a more informative approach.

Carotid FDG-PET is superior to ultrasound in predicting
future CVD and stroke events, in part due to its ability to
characterize plaque inflammation and instability, which
ultrasound cannot assess [32]. One hypothesis is that the
greater sensitivity of FDG-PET to identify early and high-
risk atheroinflammatory changes that strongly predict
stroke risk may translate into a more accurate risk estimate
for cognitive impairment than the presence of athero-
sclerotic changes on ultrasound. We found that inflam-
mation of the carotid arteries, but not the aorta, predicted
poorer cognitive function in cross-sectional assessment.
The internal carotid arteries, proximate to the end organ
of interest (i.e., the brain), supply the anterior cerebral
circulation. This suggests that carotid inflammation may
be a specific indicator of cognitive function beyond
merely reflecting a higher comorbid vascular burden,
which would be expected as much in the aorta as in the
carotid arteries.

In addition to global cognition, carotid inflammation was
an important cross-sectional predictor of executive
function, measured by performance on Trail Making
Test Part B (cognitive flexibility, task-shifting) and the
Stroop interference trial (response inhibition, manage-
ment of cognitive interference). Other studies have
similarly found that executive function may be particu-
larly sensitive to cardiovascular insult compared with
other domains [33,34]. Moreover, patients who suffer
from a vascular-predominant dementia often present with
subcortical white matter injury and small vessel infarcts
affecting the frontal lobes and connectivity with
subcortical regions of the brain responsible for mental
flexibility, organization, and other core executive
functions [35].

Although a discussion of vascular cognitive impairment is
relevant when exploring the link between carotid
atherosclerosis and cognition, carotid inflammation is, in
fact, a marker of large artery disease rather than
microvascular ischemia, which is the dominant pathology
in vascular dementia [36]. The association between carotid
disease and cognitive impairment may be related to shared
risk factors between large artery and small vessel disease (e.
g., hypertension, cigarette smoking). Other mechanisms,
however, are likely at play, including subclinical brain
injury from microemboli and chronic cerebral hypoperfu-
sion secondary to carotid atherosclerosis that could result in
cognitive impairment even in the absence of clinical strokes
[15]. Carotid inflammation may also be a marker of
widespread chronic systemic inflammation, including of
the brain, that is associated with adverse health outcomesin
PWH, including stroke and cognitive impairment.

The identification of a core group of modifiable risk
factors for brain health highlights the opportunity to
potentially intervene on upstream determinants like
carotid inflammation to prevent or delay cognitive
impairment in PWH. Arterial inflammation has been
shown to be highly responsive to lipid-lowering and anti-
inflammatory therapies and to changes in health-related
behaviors like exercise [14,37—40]. Precision medicine
interventions that target cardiovascular risk and atheroin-
flammation to preserve and promote cognitive health
should be evaluated in PWH and other populations at
increased risk for CVD due to chronic inflammation.

Aside from carotid inflammation, psychosocial factors like
stress and depressive symptoms were also strongly
associated with cognition, similar to results from other
studies of PWH [41-43]. Although data on social support,
coping, resilience, and other potential moderators of the
impact of stress on brain health were unavailable, they
represent promising interventional targets that may be
among the most actionable strategies for reducing stress-
related cognitive dysfunction in PWH. In none of the
models developed were HIV-related variables important
features in the prediction of cognitive function, with the
exception of CD4" cell count, which was the second
most important predictor of performance on the Stroop
word-reading trial. This echoes comparable findings in
the current era of effective ART and well controlled
infection that point to co-occurring conditions as playing
a more substantive role in the development of cognitive
impairment than HIV itself [28].

Our findings should be interpreted in the context of several
limitations. First, we did not perform ultrasound or other
vessel imaging to assess luminal stenosis or dynamic flow-
related changes in response to a vasodilatory stimulus. Data
from ultrasound, a more accessible, lower-cost alternative
to FDG-PET, would have provided complementary
information. Second, the cross-sectional design of the
study precludes inferences about the direction of the
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observed association between carotid inflammation and
cognition, though the plausibility of reverse causation is
low. Third, the sample size was small, and observed results
may have been subject to sampling variability. Fourth, our
study population was a convenience sample recruited from
a parent trial of primarily white male participants with
higher educational attainment, many of whom are active in
the research community and frequently volunteer for
studies. This may limit the generalizability of our study
results to the broader population of people with treated
HIV, including harder to reach HIV populations. A final,
major limitation was the absence of data on social and
structural determinants of health that disproportionately
affect racial and ethnic minority groups and exert powerful
independent effects on cognitive function and risk of
dementia. Race emerged as the most predictive feature for
global cognition in the full model, a finding that should be
interpreted not as evidence of biological determinism but as
areflection of the influence of these unmeasured structural
exposures for which race serves as an imperfect surrogate.
Future studies should incorporate measures of structural
racism and social disadvantage to better characterize the
drivers of cognitive disparities in PWH.

In summary, this study offers preliminary evidence that
carotid inflammation may provide unique information to
predict concurrent cognitive function beyond cardiome-
tabolic and other risk factors. Future studies should
evaluate whether carotid inflammation can be used in a
clinical setting in conjunction with medical history,
laboratory biomarkers, and other data to risk stratify PWH
who are vulnerable to developing cognitive impairment.
Further, carotid inflaimmation may be a potential
therapeutic target to prevent cognitive decline in PWH.
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