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Background. People living with HIV-1 (PLWH) have an increased risk of cardiovascular disease (CVD), influenced by chronic
inflammation, immune dysregulation, and antiretroviral therapy (ART). B cells regulate immune responses, but their contribution
to HIV-associated atherosclerosis remains poorly defined.

Methods. In a cross-sectional study, we enrolled 40 PLWH and 60 people without HIV (PWoH) in Uganda, matched 1:1.5 for
age and CVD risk. Peripheral blood mononuclear cells were profiled by mass cytometry to define immune cell subsets. Coronary
computed tomography angiography quantified coronary artery disease using the segment stenosis score (SSS). We used
multivariable hurdle regression to estimate the effect sizes of immune clusters, atherosclerotic cardiovascular disease (ASCVD)
risk score, HIV status, and gender.

Results. Median age was 60 years, with no difference by HIV status. People living with HIV had a lower proportion of CCR7~
naive B cells than PWoH (median 1.5% vs 1.8%; P-value adjusted [padj] = .03). Across all participants, higher CCR7 ™ naive B cells
(ratio = 0.55, P=.02), CXCR3"CX3CRI1" B cells (ratio = 0.54, P=.03), and plasmablasts (ratio = 0.57, P =.003) were associated
with lower SSS. HIV-positive status was linked to nearly 3-fold higher SSS (P <.01). In stratified analyses, classical monocytes
(CD14"CD167) correlated with higher SSS among PLWH. When classical monocytes were held at the median, higher CCR7~
naive B cells were protective in PLWH (ratio = 0.55, P =.02).

Conclusions. This exploratory study suggests that lower frequencies of naive B cells in PLWH are associated with differences in
subclinical atherosclerosis. However, the mechanisms cannot be inferred from this study.
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PBMCs were profiled by mass cytometry to define immune cell
subsets. Coronary CT angiography quantified subclinical CAD
(segment stenosis score). Associations were evaluated using
multivariable hurdle regression adjusting for ASCVD risk, HIV status,
and gender.

: We enrolled 40 PLWH and 60 people without HIV (PWoH)
in Uganda, matched 1:1.5 for age and CVD risk. |
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CONCLUSION: This exploratory study suggests that lower frequencies of naive B cells in PLWH are associated with differences in subclinical
atherosclerosis. However, the mechanisms cannot be inferred from this study.
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Cardiovascular disease (CVD) is a leading cause of morbidity
and mortality worldwide, with an elevated burden among
people living with HIV-1 (PLWH) [1]. This increased risk is
driven by a combination of traditional CVD risk factors,
ART-related metabolic effects, and persistent immune activa-
tion [2]. Despite effective ART, PLWH exhibit residual in-
flammation and immune dysregulation that contribute to
atherosclerosis [3].

While the role of T cells and monocytes in atherosclerosis
among PLWH has been extensively studied, B cells are increas-
ingly recognized as key regulators of vascular inflammation
[4, 5]. Naive B cells, which decline during chronic HIV infection
[6-8], have been shown to secrete atheroprotective IgM antibod-
ies that clear oxidized lipids and reduce foam cell formation [9].
Memory B cells and B cell-monocyte interactions may also con-
tribute to pro-inflammatory pathways that accelerate plaque for-
mation [10].

Most studies that have investigated the role of B cells in ath-
erosclerosis have been conducted in murine models [9, 11, 12],
with limited human data available. This study aims to evaluate
the association between B-cell subsets and coronary artery dis-
ease severity among PLWH and PWoH in Uganda. We hypoth-
esize that immune dysregulation in PLWH, particularly a
reduction in naive B cells, is associated with an increased risk
of CVD.

METHODS

Study Design and Participants

This is a cross-sectional secondary analysis of data from the
mUTIMA (Ugandan sTudy of HIV effects on the Myocardium
and Atherosclerosis) study, a prospective cohort study conducted
between 2017 and 2019. Participants for this sub-analysis com-
prised 100 individuals who underwent completed coronary com-
puted tomography angiography (CCTA), including 40 PLWH on
antiretroviral therapy (ART), matched 1:1.5 with 60 PWoH of sim-
ilar age and with shared cardiometabolic risk factors [13, 14].
Methods and findings from the initial baseline examination of
the original cohort have been previously published [13-15].

Patient Consent Statement

The mUTIMA study was approved by the University Hospitals of
Cleveland Institutional Review Board, the Joint Clinical Research
Centre Research Ethics Committee, and the Uganda National
Council for Science and Technology. All participants in this study
provided informed consent, including consent for future analyses
of stored samples. The Vanderbilt Institutional Review Board ap-
proved the mass cytometry analyses of de-identified samples.

Data Collection
Demographic data, clinical parameters, and cardiovascular risk
markers were gathered. Diabetes and hypertension were
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defined as self-reported or medical chart diagnosis or medica-
tion use for the condition. The 10-year ASCVD risk was esti-
mated using the 2013 pooled-cohort equations specific to the
“other” race category [16].

Coronary Computed Tomography Angiography

Coronary computed tomography angiographies were performed
as previously published [13]. The segment involvement score
(SIS) was determined by counting the number of coronary artery
segments with detectable atherosclerosis, irrespective of the degree
of luminal narrowing. Using an 18-segment model, non-evaluable
segments, due to technical limitations, were assumed to be normal
when their number was modest. The segment severity score (SSS)
accounts for both the extent and severity of CAD by assigning a
weight to each diseased segment based on the degree of luminal ob-
struction. The weights range from 1 for <25% obstruction to 5 for
total occlusion. The SSS was calculated by summing these weights
across all affected segments, with a maximum possible score of 90.
These scores together provide a comprehensive assessment of the
burden and severity of CAD [13]. There were 34 participants with
non-zero SSS, /4o PLWH and %*/c, PWoH (see Supplementary
Figure 1, for distribution).

Cytometry by Time-of-Flight

We assessed immune cell types using mass cytometry
(Supplementary Table 1). Cryopreserved peripheral blood
mononuclear cells were thawed, washed, and resuspended in
staining medium, then labeled with a metal-conjugated anti-
body panel (Supplementary Table 1, Standard BioTools Inc)
as previously published [17]. Data were acquired on a Helios
CyTOF (Fluidigm), tuned according to the manufacturer’s in-
structions, and normalized with EQ beads.

Raw CyTOF ECS files were exported with the sample run date
appended. Five-channel bright beads (mass channels 140, 151,
153, 165, and 175) were used to normalize marker intensities
over the set of raw FCS files without concatenation using the pre-
messa R package’s normalizer tool. Low-quality events were re-
moved using CyTOF Gaussian waveform parameters. Doublets,
including B-cell complexes, were not excluded. Files were gated
on TIME to remove fluidic clogs and trimmed to exclude unstable
start/end periods. CD4 versus CD8 tailing events from isotope mass
overlap (145 vs 146 amu) were removed, while rare +16 oxidation
artifacts were ignored. DNA (193/191) gating excluded debris, and
bead exclusion ensured complete removal of calibration beads. Live
CD45+ cells were gated in FlowJo (Supplementary Figure 2).

Each subset was exported for independent analysis.
Non-informative markers were excluded. Files were concatenated,
transformed (asinh[x/5]), and batch-corrected (25 PCs, Harmony
R package, A=4, batch = run date). Uniform manifold approxima-
tion and projection (UMAP) was used for visualization, and
Leiden clustering (kNN = 30, resolution = 3) defined populations.

Cluster abundances were calculated and compared between
groups stratified by HIV status (Supplementary Figure 3).

Statistical Analysis

Baseline characteristics between PLWH and PWoH were com-
pared using the Wilcoxon Rank-Sum test for continuous vari-
ables and Pearson’s Chi-squared test for categorical variables.
Continuous variables are reported as medians with interquartile
ranges, and categorical variables as frequencies and percentages.

The outcome, SSS, ranged from 0 to 21, with 66% of partic-
ipants scoring zero. The excess of zeros and the skewness to-
ward positive values necessitated the use of a hurdle
regression model. The hurdle model separates the binary pro-
cess of having any stenosis (zero vs non-zero) from the condi-
tional distribution of positive values. This allows more accurate
and interpretable inference than standard models. This ap-
proach explicitly addresses zero inflation and heterogeneity
in effect sizes, making it well-suited to this data structure.

Multivariable hurdle regression was used to estimate the as-
sociations between immune clusters, atherosclerotic cardiovas-
cular disease (ASCVD) risk score, HIV status, and gender with
SSS. Immune clusters were square root transformed to improve
normality and model fit. To assess whether associations varied
by HIV status or ASCVD risk, we included interaction terms
(clusterASCVD, clusterHIV-status, and ASCVD*HIV-status).
We also tested whether naive B cells modified the effects of oth-
er clusters.

Effect estimates for continuous predictors are reported as the
ratio of SSS comparing the upper (Q3) quartile with the lower
(Q1) quartile, along with 95% confidence intervals (Cls) and
P-values derived from the count component of the hurdle mod-
el. Forest plots were used to visualize effect sizes, and predicted
SSS values were plotted against ASCVD risk or immune clus-
ters, overall and stratified by HIV status.

All P values were 2-sided, with multiple-comparison adjust-
ments when comparing immune clusters by HIV status.
Analyses (heat maps, line graphs, and forest plots) were performed
in R (v4.3.2), with bar plots generated in GraphPad Prism (v10).

RESULTS

Demographics and Clinical Parameters

The median age was 60 years, and no significant differences
were observed based on HIV status. Females constituted 62%
of PLWH and 57% of PWoH. Diabetes was more prevalent
among PLWH (82%) than among PWoH (63%; P=.04).
Statin use was low (6%), with comparable rates across all
groups. The median nadir CD4" cell count was 146 cells/
mm> among PLWH, and the median ART duration was 13
years. A significant proportion (86%) achieved complete viral
suppression (<20 copies/mL), and no PLWH had a viral load
>254 copies/mL. Approximately 25% of participants were on
protease inhibitors, 7% were on integrase strand transfer
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B cell phenotyping using mass cytometry. UMAP shows immune cell clusters concatenated from all participants (n = 100). The B cell cluster is highlighted, and

markers expressed on the B cells are shown on the heatmap and UMAPs below (B). Box plots show individual proportions of B cell clusters by HIV status (C). Contribution of
individual participants from each group (PLWH, n =39, and PWoH, n = 60) to each of the B cell clusters (1, 16, 18, 25, 35, 41, and 45). Statistical analysis by the Mann—

Whitney U test.

inhibitors, and 7% received abacavir. The median (interquartile
range [IQR]) CD4" cell count among PLWH was 508 (380-
668 cells/mm”). The groups showed no clinical or statistically
significant differences in BMI (P =.18) and waist circumfer-
ence (P =.39). Median total cholesterol levels were higher but
not statistically significant in PLWH (224 mg/dL) than in
PWoH (195 mg/dL, P =.10; Supplementary Table 2).

Naive B Cells are Significantly Higher in Proportion in PWoH Compared
With PLWH

To determine differences in immune cells, we visualized high-
dimensional data using UMAP (Figure 14 and B). With CD45"

cells as the denominator, we distinguished CD8" T cells, mono-
cytes, CD4" T cells, NK cells, gd T cells, MAIT cells, ILCs, NKT
cells, and B cells in blood samples from all participants
(Figure 1A and B). For this study, we focused on B-cell subsets
(Figure 1A). The heatmap shows differential expression of
B-cell markers. Cluster 35 consists of B-cell-T-cell-monocyte
complexes. The remaining clusters are defined by additional
markers they express. Plasmablasts have high expression of
CD38 (Cluster 45). Cluster 18 consists of CD27" memory B
cells, cluster 41 consists of transitional B cells, cluster 25 con-
sists of CXCR3" CX3CRI1" B cells, and the rest are naive B cells
(Clusters 1, 16). When stratified by HIV status, the median per-
centage of CCR7™ naive B cells (Cluster 16, P=.011), memory
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Figure 2.  Associations of B cell subsets with SSS by HIV and ASCVD Risk. A, Shows the Hurdle model—predicted SSS against ASCVD, stratified by HIV status, with CCR7*
naive B cells set at the median value and sex (female) and diabetes (yes) at their mode. B-H, Present the ratios in SSS comparing Q3 to Q; for each cluster, while keeping
ASCVD at the median value, or comparing Qs to Q; of ASCVD among PWoH or PLWH, or female versus male (sex), yes versus no (diabetes), or PLWH versus PWoH
(HIV-positive). The P values for the interaction term between ASCVD and HIV status are 0.098 (B), 0.080 (C), 0.098 (D), 0.026 (£), 0.042 (F), 0.114 (G), and 0.062 (H). Qs:
upper quartile; Q;: lower quartile.
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B cells (Cluster 18, P=.032), B-T-monocyte complexes
(Cluster 35, P=.0059), and plasmablasts (Cluster 45,
P=.017) was lower among PLWH (Figure 1C). Differences
of all immune clusters by HIV status were performed
(Supplementary Table 3).

HIV Status and ASCVD Risk Independently Shape B-Cell Associations
With SSS

To investigate the role of B-cell subsets in the severity of coro-
nary artery disease, we evaluated their associations with the SSS
using a hurdle regression model. For all the subsets, we evalu-
ated whether there was an interaction between HIV status and
ASCVD risk score. We included sex and diabetes status in the
model because there was a statistical difference in diabetes
prevalence between PLWH and PWoH. The association of
CCR7" naive B cells (Cluster 1) with SSS was dependent on
the level of ASCVD risk but not statistically significant
(P=.098), as shown in Figure 2A. The shapes of the
ASCVD-SSS curves were similar for all other B-cell subsets,
with a significant association between SSS and CXCR3"
CX3CR1" B cells (Cluster 25, P=.026) and B cell complexed
with T cells and monocytes (Cluster 35, P=.042). However,
HIV-positive status and the ASCVD risk score among PWoH
were strong independent risk factors for SSS (Figure 2B-H).

Naive B-cell clusters and plasmablasts were negatively associ-
ated with SSS, while HIV status and ASCVD risk score among
PWoH were positively associated with SSS. Specifically, there
was a negative association between CCR7™ naive B cells
(Cluster 16, ratio 0.55; P=.022) but not CCR7* naive B cells
(Cluster 1, ratio 0.76; P=.23). Interestingly, plasmablasts
(Cluster 45) were also negatively associated with SSS (Cluster
45, ratio 0.57; P =.003). There was a small cluster of B cells that
was between CCR7" naive B cells and memory B cells,
CXCR3*CX3CR1" B cells (Cluster 25). These cells were also as-
sociated with a significantly lower SSS (ratio, 0.54; P=.031)
and exhibited an ASCVD-dependent relationship, with the
ASCVD-SSS association differing by HIV status (P-interaction
=.04). Memory B cells (Cluster 18, ratio, 0.85; P =.43) were
not associated with SSS. The other subsets, including transitional
B cells and T-B cell complexes, were also not significant.

In summary, HIV-positive status and the ASCVD risk score
among PWoH were strong independent risk factors for SSS.
Significant negative associations with SSS were observed for
CCR7™ -naive B cells (Cluster 16), plasmablasts (Cluster 45), in-
dependent of HIV status or ASCVD risk among PWoH.
CXCR3" CX3CR1" B cells (Cluster 25) exhibited an
ASCVD-dependent relationship with SSS.

CD57~ GPR56* CX3CR1* CD8* Memory T Cell Adjustment Strengthens the
Negative Relationship Between Memory B Cells and SSS

Cluster 10, a CD57~ GPR56" CX3CR1" CD8" memory T cell
subset, among other subsets, was significantly higher in
PLWH than PWoH (median 2.1 vs 1.4, adjusted P<.01,

Supplementary Table 2). Given the relationships between
antigen-presenting cells, such as B cells and monocytes, and
their interactions with T cells, we assessed whether cluster 10
modulates the association between a memory B cell subset
(Cluster 18), CD14" monocyte-B cell complexes (Cluster 35),
and SSS. Among all participants, memory B cells (Cluster 18)
were associated with lower SSS (ratio = 0.64; P =.052), while
HIV-positive status was associated with higher SSS (ratio =
2.59; P=.041). ASCVD score among PWoH was also signifi-
cantly associated with SSS (ratio = 1.04; P =.004) (Figure 3A).
There was also a negative association between CD14" mono-
cyte-B cell complexes (Cluster 35) and SSS among all partici-
pants, but it was not significant (ratio=0.54; P =.096)
(Figure 3B).

Among PLWH, the association between memory B cell
Cluster 18 and SSS was not significant (Figure 3C; ratio =
0.58; P =.086). However, in PWoH, Cluster 18 was associated
with lower SSS (Figure 3E; ratio = 0.49; P = .032). Paradoxically,
diabetes was associated with lower SSS in PLWH but not in
PWoH (Figure 3C, D). The T cell-monocyte-B cell (Cluster
35) was associated with lower SSS (ratio =0.27; P=.001) in
PLWH (Figure 3D) but not in PWoH (ratio = 0.49; P =.236)
(Figure 3F). Increasing proportions of Clusters 18 were associat-
ed with decreased SSS in individuals with higher ASCVD risk
(upper quartile, P=.028) but not Cluster 35 (upper quartile,
P=.997) (Figure 3G). The inclusion of CD57~ GPR56"
CX3CR1" CD8" memory T cells (Cluster 10) in the model un-
masked a significant negative association between memory B
cells and SSS, especially in PWoH (Figure 3E). This suggests
that the contribution of memory B cells to the vascular disease
burden may be obscured by the influence of CX3CR1" CD8"
T cells and that the effects of memory B cells on SSS are context
dependent.

CCR7~ Naive B Cells (Cluster 16) are Associated With Lower SSS in PWoH.
In the overall cohort (Figure 4A), SSS decreases as Cluster 16 in-
creases, a trend consistent across all levels of ASCVD risk, sug-
gesting no meaningful interaction between ASCVD and
Cluster 16 (ratio = 0.42; P = .84). The forest plot shows a nega-
tive association between Cluster 16 and SSS (ratio =0.35;
P =.031) and a positive association between HIV-positive status
and SSS (ratio =2.91; P=.038).

Among PLWH (Figure 4B), CCR7™ naive B cells (Cluster 16)
were not significantly associated with decreased SSS (ratio = 0.54;
P =.15). There was no interaction between the ASCVD risk score
and Cluster 16 (ratio=0.92; P=.12). In PWoH (Figure 4C),
naive B cells were significantly associated with decreased SSS (ra-
tio =0.22; P =.003). Including cluster 10 in the model did not
change the relationship between Cluster 16 and SSS
(Figure 4A-C). Increasing proportions of CCR7™ naive B cells
were significantly associated with reduced SSS in PWoH, where
the association was modified by ASCVD (P-interaction =.02).
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Figure 4. The effect of Cluster 16 on SSS varies the ASCVD risk score in PWoH. Panels to the left show the Hurdle model—predicted SSS against Cluster 16, while the
ASCVD is fixed at Qs, median, or Q;, among the entire cohort (A), PLWH (B), or PWoH (C). Panels to the right present the ratios in SSS comparing Qs to Q, for each cluster while
keeping ASCVD risk at the median value, or comparing Q5 to Q; of ASCVD among PWoH or PLWH while keeping each cluster at the median value, female versus male (sex),
yes versus no (diabetes), or PLWH versus PWoH while keeping ASCVD at the median value. The P-value for the interaction term between ASCVD and HIV status is 0.081 (A).
The Pvalues for the interaction term between ASCVD and cluster 16 are 0.41 (4), 0.07 (B), and 0.02 (C). Qs: Upper quartile; Q: Lower quartile.

In contrast, no significant interaction was observed in PLWH
(P-interaction = .07) or the overall cohort (P-interaction = .41),
suggesting that the protective effect of naive B cells may be atten-
uated in the context of HIV.

Protective Association of Naive B Cells Against SSS Emerges in the
Context of Classical Monocytes in PLWH

Both monocytes and CD8 T cells have been implicated in the
pathogenesis of atherosclerotic cardiovascular disease. The ma-
jority of the CD8" T cell clusters in this cohort, including clus-
ters 9 (CD8 TCM) and 11 (CD8 Naive), were significantly
higher in PLWH than PWoH (Figure 1B, Supplementary
Table 2). A higher CD4:CDS8 ratio is associated with decreased
risk of CAD among PLWH [18]. We investigated whether there
was any interaction between CD8" TCM cells (Cluster 9), phe-
notyped as CXCR3" NKG2D" CD27" CD28" CD127" CD8" T
cells, and naive B cells (Cluster 16) across different quartile

comparisons. The interactions were compared at higher fre-
quencies (Quartile 3, Q3) versus lower frequencies (Quartile
1, Q1) for each immune cell cluster. Additionally, we assessed
the modifying effect of naive B cells (Cluster 16) categorized
into quartiles (Q1-Q3). Thus, for 3 clusters (CD8 T cells —9,
and 11; and monocyte—7), each row represents a specific com-
bination of high/low frequencies of the T cells and monocyte
clusters and naive B cell Cluster 16.

Among all participants, a higher proportion of naive B cells
(Cluster 16) showed a significant inverse relationship with SSS.
When Cluster 9 (CD8 T cells) was set at the median, increased
naive B cells (Q3 vs Q1) were associated with 45% lower SSS
(ratio=0.55, 95% CI: 0.32-0.94, P =.028), suggesting better
clinical outcomes (Figure 5A). When Cluster 7, classical mono-
cytes, were held at the median, Cluster 16 levels did not associ-
ate with SSS (ratio = 0.64, 95% CI: 0.35-1.16, P =.139). Lastly,
when Cluster 11 (Naive CD8" T cells) were held at the median,
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Figure 5. Divergent associations of monocytes and naive B cells with SSS in PLWH. Forest plots show the effect estimates and 95% Cls for 3 models assessing the impact
of CD8" T cells (Clusters 9-top and 11-bottom), monocytes (Cluster 7-middle), and their interactions with naive B cells (Cluster 16). A-C, Present the ratios in SSS comparing Q3
to Q; for each of clusters 9, 7, and 11, while keeping cluster 16 at Q;, median or Q3. ASCVD risk at the median value, among all patients (A) or within PWoH (B) or PLWH (C)
subgroups. The Pvalues for the interaction terms between Cluster 9 and Cluster 16 are 0.787 (A4), 0.261 (B), and 0.261 (C). The Pvalues for the interaction terms between
Cluster 7 and Cluster 16 are 0.644 (A), 0.510 (B), and 0.132 (C). The Pvalues for the interaction terms between Cluster 11 and Cluster 16 are 0.138 (4), 0.020 (B), and 0.199 (C).
UMAPS on the right shows each cluster in the context of total B cells, monocytes, and CD8" T cells. Qs: upper quartile; Q;: lower quartile.
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higher Cluster 16 levels were associated with a 52% lower SSS
(ratio =0.48, 95% CI: 0.27-0.84, P=.010), again showing a
consistent protective effect.

Among PLWH, Cluster 9 (CD8 TCM) cells were negatively
associated with SSS in all quartiles. When they were set at the
median, the relationship between naive B cells and SSS was
not significant (ratio=0.65, 95% CIL: 0.26-1.64, P =.36)
(Figure 5B). On the other hand, all quartiles of Cluster 7
(CD163— classical monocytes) were positively associated with
SSS. When the classical monocytes were held at the median,
higher levels of Cluster 16 were associated with lower SSS (ratio
=0.55, 95% CI: 0.33-0.92, P =.022). When naive CD8" T cells
(Cluster 11) were held at the median, naive B cells were not sig-
nificantly associated with SSS (ratio = 0.81, 95% CI: 0.43-1.53,
P=51). However, the interaction between naive B cells and
naive CD8" T cells was significant in PLWH (P-interaction
=.020), indicating that the association of naive B cells with
SSS varied according to the frequency of naive CD8" T cells,
even though no effect was evident at the median.

Among PWoH, high naive B cells were significantly associat-
ed with lower SSS, except when classical monocytes were in-
cluded in the model (Figure 5C). Overall, the data suggest
that higher frequencies of naive B cells are associated with fa-
vorable outcomes (lower SSS) predominantly among PWoH.
In PLWH, this protective association was only evident when
classical monocytes were accounted for and was not observed
in the context of CD8" T cells. In contrast, classical monocytes
themselves were consistently associated with higher SSS.

DISCUSSION

In this exploratory study, we observed differences in circulating
B-cell subsets between PLWH and PWoH, and several immune
populations showed associations with measures of subclinical
CAD. PLWH had lower frequencies of naive, memory, and
CXCR3"CX3CR1" B-cell subsets, as well as plasmablasts, com-
pared with PWoH, despite long-term antiretroviral therapy.
While these findings align with prior descriptions of
HIV-associated B-cell alterations [6, 19], the implications for car-
diovascular disease among PLWH had not yet been investigated.
Several B-cell subsets showed divergent associations with SSS.
Naive B cells and plasmablasts may have a protective role, as in-
dicated by the negative association with SSS. In PLWH, the in-
verse association between naive B cells and SSS was clearer
when classical monocytes were included, suggesting that
monocyte-driven inflammation may obscure B-cell protection.
Together, we observed that the negative association between
B-cell subsets and SSS was strongest in PWoH, whereas in
PLWH, the relationship was detectable primarily when classical
monocytes were included in the model.

IgM expressed by naive B cells has been implicated in the
clearance of oxidized lipids and suppression of inflammatory

cascades [12, 20]. We found that naive B cell frequencies
were inversely associated with SSS, particularly among individ-
uals with higher ASCVD risk scores. These findings are
hypothesis-generating and motivate future studies to deter-
mine whether naive B cell-related immune features interact
with established cardiovascular risk factors.

CCR?7 directs lymphocyte homing to secondary lymphoid tis-
sues through its ligands CCL19/CCL21, on high endothelial ve-
nules and supports B-cell entry into lymph nodes, together with
CXCR4/CXCR5 [21]. CCR7" naive B cells likely reflect a
lymphoid-homing, GC-competent phenotype, whereas CCR7~
naive B cells may be more circulation-prone and shaped by
chronic inflammation. Beyond classic lymphoid homing,
CCRY expression on human B cells varies, and chronic HIV in-
fection perturbs this axis; reports describe reduced CCR7 and
broader disruption of trafficking receptors in exhausted/tissue-
like memory B cells [22]. In this context, the inverse association
between CCR7™ naive B cells and coronary disease measures in
PLWH may reflect broader disruptions in B-cell trafficking dur-
ing chronic HIV infection, but this relationship remains explor-
atory and requires validation in larger studies.

Cell-to-cell complexes are dynamic cellular interactions that
may contribute to inflammation and have been reported to be
increased in PLWH with diabetes, possibly contributing to the
pathogenesis of cardiometabolic conditions [17]. The role of
monocytes was notable in this study: classical monocytes
were positively associated with SSS among PLWH, consistent
with established links between monocyte activation and vascu-
lar dysfunction in HIV [23, 24]. In contrast, cell-to-cell com-
plexes involving B cells were inversely associated with SSS in
PLWH; this observation is intriguing but its biological rele-
vance remains unclear.

Traditional ASCVD risk scores remain valuable but do not
capture immune dysregulation [25]. Prior research shows these
models can underestimate risk in chronic inflammatory states
[26, 27]. Taken together, these findings indicate that immune
profiles differ between PLWH and PWoH, with distinct pat-
terns of association with measures of subclinical coronary artery
disease. However, given the modest sample size, subgroup de-
sign, and the heterogeneous clinical characteristics of the com-
parator group, these observations cannot establish causality or
directionality. Rather, they highlight areas warranting further
investigation, particularly the relationship among naive B cells,
monocyte-driven inflammation, and vascular disease in HIV.

CONCLUSION

Naive B cells were inversely associated with CAD burden, espe-
cially in PWoH with high ASCVD risk. On the other hand, clas-
sical monocytes correlated with higher SSS in PLWH. These
results suggest that immune profiling could strengthen predic-
tion models. Larger longitudinal studies with detailed
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mechanistic assessments are needed to clarify these relation-
ships and evaluate whether immune phenotypes could comple-
ment existing cardiovascular risk stratification approaches
in HIV.

LIMITATIONS

While these findings provide valuable insights into B cell subset
changes and their potential contributions to cardiovascular risk
in PLWH, several limitations should be considered. First,
ASCVD risk scores, though widely used, may not capture the
full spectrum of risk factors, particularly in HIV, where tradi-
tional risk prediction models may underestimate cardiovascu-
lar events. Although we adjusted for key confounders,
unmeasured factors, such as inflammatory biomarkers, antire-
troviral therapy duration, and lifestyle influences, may still con-
tribute to the observed associations. The relatively small sample
size and the inclusion of PWoH with existing cardiometabolic
risk factors limit the extent to which we can isolate the effect of
HIV status from shared comorbidities. As such, findings should
be interpreted as hypothesis-generating. Additionally, this
study is observational; causal inferences cannot be made.
Future studies using mechanistic approaches and longitudinal
designs are needed to further explore the role of immune cell
subsets in HIV-associated cardiovascular risk.
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