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Abstract

BACKGROUND—Lower CD4* cell count in people with HIV infection (PWH) is associated
with increased cardiovascular disease (CVD) risk. Whether subsets of CD4* T helper cells are
linked with CVD is unclear.

OBJECTIVES—The aim of this study was to explore the association between peripherally
circulating CD4* T cell subsets and incident CVD.

METHODS—Data from 1,860 participants (1,270 PWH) without prevalent CVD from the VACS
(\Veterans Aging Cohort Study), a prospective, observational cohort of veterans with and without
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HIV infection, were analyzed. T cell subsets were quantified in baseline samples using flow
cytometry. Incident CVD events were identified using International Classification of Diseases-9th
Revision and International Classification of Diseases-10th Revision diagnosis and procedure
codes. Participants were followed from baseline date (2005-2006) to the first of CVD incidence,
death, or September 30, 2016. Cox proportional hazards regression was used to model associations
between these T cell subsets and the risk for incident CVD while adjusting for demographics and
other CVD risk factors.

RESULTS—The median participant age at baseline was 51.6 years. Most were male (94%) and
of Black race (69.1%). There were 344 incident CVD events (219 in PWH) during follow-up
(median 9.8 years). In PWH, higher proportions (per SD increment) of T helper type 17 cells
(adjusted HR: 1.19; 95% CI: 1.08-1.31), T effector memory cells re-expressing CD45RA (adjusted
HR: 1.19; 95% Cl: 1.07-1.34), and CD28"! cells (adjusted HR: 1.18; 95% CI: 1.03-1.34) were
significantly associated with an increased risk for incident CVD. Among those without HIV
infection, no T cell subsets were significantly associated with CVD.

CONCLUSIONS—Among PWH, T helper type 17 cells, senescent cells, and CD4* T effector
memory cells re-expressing CD45RA were significantly associated with incident CVD that was
not explained by CVD risk factors.
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People with HIV infection (PWH) have higher risks for coronary artery disease, ischemic
stroke, and heart failure than the general population.l:2 The multifactorial mechanisms
driving this excess risk for cardiovascular disease (CVD) include HIV-specific factors, such
as inflammation,3 that become elevated with HIV infection; side effects of antiretroviral
therapy such as dyslipidemia and insulin resistance?; a high prevalence of smoking and
other CVD risk factors; and nontraditional risk factors such as hepatitis C.2 Although the
relationship between inflammation and cardiovascular risk in PWH and people without HIV
infection has been described,® granular data on how alterations in specific adaptive immune
cell subsets contribute to this excess risk for CVD are limited.

Prior studies among PWH report that low total CD4* cell count is associated with an
increased risk for CVD events.® Studies of PWH, people without HIV infection, and
murine models implicate certain CD4* T cell subsets (eg, T helper type 1 [Th1] cytokine-
producing CD4 cells) in subclinical measures of atherosclerosis (eg, carotid atherosclerosis,
coronary artery calcium)’-8 and cardiac fibrosis.? In contrast, higher levels of regulatory
T (Treg) cells (CD4*CD25"FoxP3*), which down-regulate inflammatory responses, are
associated with lower levels of atherosclerosis.19 Findings linking Th17 (CD4*1L17%)
to atherosclerosis are inconsistent.1 Furthermore, chronic infections, including HIV
infection!? and cytomegalovirus (CMV),213 increase the number of CD4*28"!! T cells,
a measure of cellular senescence, and terminally differentiated CD4 T cells, CD4* T
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effector memory cells re-expressing CD45RA (Tepmra) (CD4TCD45RATCD28-CD57+).14
Like HIV infection, CMV seropositivity, which is more common among PWH than people
without HIV infection, has been linked to incident CVD events!® and is associated with the

JAm Coll Cardiol. Author manuscript; available in PMC 2024 March 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kundu et al.

METHODS

Page 3

expansion of potentially proatherosclerotic T cell subsets. Whether these CD4* subsets are
associated with incident CVD events in humans is unclear.

The objective of this study was to examine the associations between Th1, Th17, Treg, and
senescent (CD28™9 and Tgpmra) CD4* T cells and incident CVD among PWH and people
without HIV infection to better understand the role of these cells in CVD in general and to
help explain the excess CVD risk observed among PWH.

STUDY SAMPLE.

The VACS (Veterans Aging Cohort Study) Survey Cohort is a prospective, observational,
longitudinal cohort study of veterans living with and without HIV infection receiving
clinical care from U.S. Veterans Health Administration. Those with and without HIV
infection are group-matched on age, race/ethnicity, sex, and geographic location.16:17 The
VACS Biomarker Cohort consists of a subset of VACS Survey Cohort participants who
agreed to provide blood specimens, including peripheral blood mononuclear cells, between
2005 and 2007.3 Because of the voluntary nature of participation in the Biomarker Cohort,
the matching present in the VACS Survey Cohort was not retained in the Biomarker

Cohort. Information regarding demographic and clinical data are extracted from the U.S.
Department of Veterans Affairs (VA) corporate data warehouse and from self-reported
surveys administered at annual VVACS visits. The Veterans Health Administration Vital
Status File contains mortality data from multiple VA and non-VA data sources, including the
Veterans Benefits Administration Integrated Benefits System Death File (formally known as
the Beneficiary Identification Records Locator Subsystem Death File), Medicare Vital Status
File, and the Social Security Administration Death Master File. The Institutional Review
Boards of Vanderbilt University Medical Center, Tennessee Valley Health System, the West
Haven VA Medical Center, and Yale University approved this study.

For this analysis we included all VACS Biomarker Cohort participants without prevalent
CVD at baseline, defined as the date the participant provided the blood specimen.
Participants were followed from the baseline date to the earliest of CVD incidence, death,
or censoring on September 30, 2016, to correspond to the end of available Medicare
administrative data. From a starting sample of 2,389 VACS Biomarker Cohort participants,
we excluded participants with prevalent CVVD on or before their baseline dates or within
180 days postbaseline to account for delayed reporting. As we have done in our prior
work,® prevalent CVD was defined as the presence of acute myocardial infarction, unstable
angina, coronary heart disease (including revascularization), heart failure, or ischemic stroke
identified using International Classification of Disease-9th Revision (ICD-9) and/or Current
Procedural Terminology codes from VA, VA fee-for-service, or Centers for Medicare and
Medicaid Services administrative files (n = 506). We further excluded participants with no
further clinical encounters after baseline (n = 11), those with indeterminate HIV status (ie,
had a negative result on HIV screening but underwent testing for HIV viral load or CD4 T
cell count [n = 10]), and those who seroconverted during the follow-up period (n = 3).
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IMMUNE CELL PHENOTYPING.

T cell subsets are expressed as percentage of CD4* cells using flow cytometry. Detailed
methods, including specific antibodies (Supplemental Table 1) used, are provided in the
Supplemental Appendix and have been previously published.18 Gating strategies are shown
in Supplemental Figures 1 to 3.

MONOCYTE ACTIVATION, INFLAMMATORY, AND COAGULATION MARKERS.

We examined 3 biomarkers: the monocyte activation marker soluble CD14, the
inflammatory marker interleukin (IL)-6, and the coagulation marker D-dimer. These
biomarker variables have been used in previous VACS Biomarker Cohort projects.3 Methods
for these biomarkers are provided in the Supplemental Appendix.

INCIDENT CVD EVENTS.

The primary outcome of interest was total incident CVD, defined as the composite of the
following incident events: acute myocardial infarction, unstable angina, coronary artery
revascularization (ie, percutaneous coronary intervention or coronary artery bypass graft),
ischemic stroke, and heart failure using ICD-9, International Classification of Diseases-10th
Revision, and Current Procedural Terminology codes from VA, VA fee-for-service, and
Medicare administrative files through September 2016, as detailed in Supplemental Table 2.

BASELINE COVARIATES.

Covariate data were obtained closest to the date of blood sample collection. Age, sex, and
race/ethnicity were determined through administrative data. Hypertension was categorized
as no hypertension (blood pressure <140/90 mm Hg and no antihypertensive medication),
controlled hypertension (<140/90 mm Hg with antihypertensive medication), or uncontrolled
hypertension (=140/90 mm Hg). Renal function was measured using estimated glomerular
filtration rate). Diabetes (yes or no) was defined by a previously validated metric using
glucose values, diabetes medication use, and/or at least 1 inpatient or 2 outpatient ICD-9
codes for diabetes.1® Hepatitis C virus (HCV) seropositivity was defined as a positive

HCV antibody test result or at least 1 inpatient or 2 outpatient ICD-9 codes for this
diagnosis. “HCV negative” indicates negative HCV antibody test result(s) only, “chronic
HCV” indicates positive HCV RNA test result(s), “HCV exposure” indicates positive

HCV antibody test result(s) but no positive HCV RNA test result(s), and “never tested

in the VA” indicates that no HCV laboratory test results were available from the VA.20
Laboratory results, including hemoglobin, low-density lipoprotein cholesterol level, high-
density lipoprotein cholesterol level, and triglyceride level, were obtained from the VA
corporate data warehouse. Body mass index was defined by 1 outpatient measurement of
weight and height collected during routine clinical care. Smoking status was self-reported on
the VACS survey closest to the date of blood draw. The Alcohol Use Disorders Identification
Test—Concise (AUDIT-C) and alcohol abuse or dependence ICD-9 codes were used to create
a 4-level alcohol-use variable: not current, not hazardous (AUDIT-C score <4), hazardous or
heavy episodic (AUDIT-C score >4), and abuse or dependence (ICD-9 code). Cocaine use
was assessed by self-report and by the presence of cocaine-use disorder ICD-9 codes. CMV
immunoglobulin G concentration was determined using an enzyme-linked immunosorbent
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assay from Diamedix, and CMV seropositivity was defined as CMV immunoglobulin

G concentration >8 EU/mL. Performance characteristics of the assays, correlation plots,
and distribution of T cells by CMV titer are described in the Supplemental Appendix,
Supplemental Figure 4, and Supplemental Table 3. B cell proportions (CD19* cells) were
added as an additional covariate.

HIV status was ascertained on the basis of 2 criteria: 1) at least 1 inpatient or 2 outpatient
ICD-9 codes for AIDS (042), asymptomatic HIV infection (\V08), or diagnosis-related group
codes (488-490) in the VA electronic medical record; and 2) participant inclusion in the
VA Immunology Case Registry. HIV variables were CD4" cell count, HIV-1 RNA level,
and antiretroviral therapy use. CD4* cell count and HIV-1 RNA level, measured as part

of routine clinical care, were determined from VA electronic medical record data obtained
closest to the blood collection date (up to 180 days afterward). Baseline antiretroviral
therapy use (yes or no) was determined from VA pharmacy data 180 days prior to or up to
7 days after the blood collection date and was categorized into the following drug classes:
nucleoside reverse transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors,
and protease inhibitors.

STATISTICAL ANALYSIS.

Baseline characteristics are presented as median (IQR) for continuous variables and as
frequencies with percentages for categorical variables stratified by HIV and total CD4* cell
count status. Cox proportional hazards regression models were used to estimate the HR and
95% CI for each 1-SD increase in each immune cell. The proportional hazards assumption
was tested using Schoenfeld residuals and including the interaction term of the covariates
by time. We constructed 4 Cox models to estimate the association of T cells and incident
CVD risk. Each model was constructed for the total cohort and then for PWH and people
without HIV infection separately. For models analyzing the total cohort, HIV status was

a covariate. Model 1 was adjusted for age and race/ethnicity. Model 2 was additionally
adjusted for CMV antibody status, hypertension, diabetes, lipid levels, body mass index,
hepatitis C, hemoglobin, smoking status, and estimated glomerular filtration rate. Model 3
built upon model 2 and additionally adjusted for alcohol use and cocaine abuse. Model 4
further included IL-6, D-dimer, and soluble CD14. Model 4 was our primary model. As a
sensitivity analysis, we incorporated time-updated HIV-1 RNA and total CD4 T cell count
(PWH only). Because the CVVD components may have unique underlying pathophysiology,
we also used incident heart failure and atherosclerotic CVD (acute myocardial infarction,
ischemic stroke, or coronary artery revascularization) as 2 separate outcome variables.

Missing data were imputed using multiple imputation by chained equations with 5 separate
imputed datasets on the basis of predictive mean matching using the mice library (version
3.11.0) of the R programming language.?! Cox survival models were fitted in each imputed
dataset and then combined to obtain pooled HRs and SEs. P values and 95% Cls presented
in this paper were not adjusted for multiplicity, and therefore inferences drawn from these
statistics may not be reproducible. All analyses were performed using R version 4.0.2 (The
R Project for Statistical Computing).
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PARTICIPANT CHARACTERISTICS.

A total of 1,860 VACS Biomarker Cohort participants free of prevalent CVD were included
in this analysis. The median age was 51.6 years, and most participants were male (94%)
and of Black race (69.1%). There was higher prevalence of obesity, diabetes, and serum
low-density lipoprotein >160 mg/dL among people without HIV infection and a higher
prevalence of hepatitis C, serum high-density lipoprotein cholesterol <40 mg/dL, and serum
triglyceride > 200 mg/dL among PWH; prevalence increased with decreasing CD4 count
(Table 1).

PROPORTIONS OF SOLUBLE BIOMARKERS, IMMUNE CELLS BY HIV STATUS, AND CD4 T
CELL COUNT.

Th1, Th2, and Th17 cells, Temra, and senescent and Treg cells were lower among people
without HIV infection; in PWH, proportions of T cells increased as CD4 count declined.
These differences were all significant (P < 0.01 for all, except Thl with £=0.06) (Table
2). A similar trend was observed for IL-6, D-dimer, and soluble CD14, with the lowest
values observed in people without HIV infection and the highest in PWH, particularly in
immunocompromised persons (CD4 count <200 cells/mm?3; < 0.01) (Table 2).

ASSOCIATIONS BETWEEN IMMUNE CELLS AND CVD RISK.

During a median follow-up period of 9.8 years, there were 344 incident CVD events.
Incidence rates per 1,000 person-years were lower among PWH compared with people
without HIV infection (19.9 vs 23.7, respectively). In the total cohort, after adjustment for
traditional and nontraditional CVD risk factors, higher proportions (per SD increment) of
Th17 (HR: 1.20; 95% Cl: 1.09-1.33; A< 0.001), Temra (HR: 1.16; 95% CI: 1.04-1.29; P
< 0.001), senescent (HR: 1.14; 95% CI: 1.02-1.28; £=0.02), and Thl (HR: 1.12; 95% CI:
1.01-1.24; P=0.04) CD4" T cells were significantly associated with an increased risk for
incident CVD (Central Illustration, Supplemental Table 4).

When the cohort was stratified by HIV status, the associations between Th17, Temra, and
senescent CD4* T cells and CVD among PWH were similar to the overall cohort (Central
Illustration, Supplemental Table 4). Further adjustment for time-updated HIV viral load and
total CD4 cell count did not diminish these associations (Table 3). For people without HIV,
none of the T cell subsets was significantly associated with incident CVD. Furthermore, the
measures of association between Tgpra cells and senescent CD4* T cells approached 1
(HRs: 0.99 [95% CI: 0.73-1.33] and 0.99 [95% CI: 0.74-1.31]). In contrast, the magnitude
of association for Th17 and CVD among people without HIV infection was similar to that
among PWH (HR: 1.16; 95% CI: 0.81-1.68). The Pvalues for the interaction between HIV
status and T cell subsets were 0.55 (Th1), 0.45 (Th2), 0.31 (Th17), 0.31 (Temra), 0.23
(senescent), and 0.13 (Treg).

As shown in the Central Illustration, for the total cohort, higher proportions of Th17,
Temra, and senescent CD4* T cells were significantly associated with an increased risk
for incident heart failure, similar to the results for incident total CVD. However, for
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atherosclerotic CVD, Th17 and Treg CD4"* T cells were the only T cell subsets significantly
associated with this outcome. In stratified analyses, these same significant associations were
also present among PWH but not people without HIV infection.

DISCUSSION

In a large cohort of people living with and without HIV, each SD increment in peripheral
circulating T helper cell subsets (Th1, Th17, Tepmra, and senescent) was associated with
an increased risk for total incident CVD. Similarly, Th17 cells, Tepmra, and senescent cells
were also significantly associated with heart failure. In contrast, only Th17 and Treg helper
cells were significantly associated with atherosclerotic CVD.

In stratified analyses, the association between these T cell subsets and CVD among
PWH was similar to that in the overall cohort, with the exception of Thl cells. Among
people without HIV infection, the associations were not significant, although these
findings may have been influenced by the smaller sample size of the non-HIV-infected
population. Importantly, the associations between these T cell subsets and incident CVD
were not attenuated by traditional and nontraditional CVD risk factors, other measures
of comorbidity or substance use, or biomarkers of inflammation, altered coagulation, or
monocyte activation.

Prior studies examining the role of T cells and CVVD were confined largely to experimental
models in mice and human studies focusing on atherosclerotic plaque.2223 In those

studies, T cells represented a large proportion of immune cells within atherosclerotic
plaques. Within these plaques, T cell subsets are often categorized as “proatherosclerotic,”
“atheroprotective,” or both. For example, CD4* Th1l and senescent cells are generally
“proatherosclerotic,” as they produce interferon-gamma and tumor necrosis factor-alpha
and are associated with subclinical atherosclerosis and inflammation.8 Th2 and Treg cells
are generally thought to be atheroprotective. Th2 cells inhibit Thl cell differentiation, are
inversely associated with subclinical atherosclerosis,® and produce IL-4, IL-5, and IL-13,
which can decrease vascular cell adhesion molecule expression by endothelial cells and
activate M2 macrophages.?4:25 Treg cells produce transforming growth factor-beta and
IL-10, which promote plaque stabilization and a reduction in inflammation.28 Th17 cells can
be “proatherosclerotic” in the presence of cytokines, such as interferon-gamma, IL-1p, and
tumor necrosis factor-alpha, increasing IL-6 and 1L-8 production.?” Whether these T cells,
measured in peripheral circulation (ie, not inside an atherosclerotic plaque), are associated
with incident CVD is less clear but important to investigate because peripheral circulation is
the more clinically accessible compartment.

Among PWH, a reduction in total CD4™ cell count is associated with an increased risk
for incident acute myocardial infarction, ischemic stroke, and heart failure.6:28:29 Studies
also reveal a significant association between peripheral circulating T cell subsets (eg,
subsets of CD4* T cells) and prevalent CVD and subclinical atherosclerosis.10:11:30 To
our knowledge, this is the first study of this magnitude to report that greater proportions
of specific peripheral circulating CD4* T cell subsets are significantly associated with
incident total CVD, incident heart failure, and atherosclerotic CVD in PWH. Importantly,
only Th17 cells were significantly associated with all 3 phenotypes, suggesting that they
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may play a key role in the risk for future CVD among PWH. Surprisingly, Treg CD4*

T cells were associated with an increased risk for atherosclerotic CVD. These cells are
thought to be “anti-inflammatory” and thus cardioprotective. The balance between Th17
and Treg cells appears to be driven by transforming growth factor—beta, which up-regulates
Treg and Th17 cells but favors the Th17 pathway in the presence of IL-6,3! which is
elevated in PWH. However, in this case, it is possible that an increase in such cells is a
compensatory measure for the increase in other proinflammatory processes co-occurring in
PWH or represents a process whereby Treg cells can become dysfunctional (ie, during acute
myocardial infarction) and thus are not effective in controlling inflammation. Furthermore,
the proportions of these cells were highest among PWH who had lower total CD4" cell
counts and lowest among people without HIV infection. Among PWH with CD4" cell
counts <200 cells/mm3, for example, CD4*CD28™ cells represent one-quarter of circulating
T cells compared with only 6% of circulating T cells among people without HIV infection
(Table 2). Such profound differences in the proportion of T cells that are known to

be proinflammatory may help partially explain the excess risk for CVD among PWH,
particularly among those with lower total CD4 cell counts.

Among people without HIV infection, results from prior studies examining peripheral
circulating T cells and incident CVD events are inconsistent.21 Our earlier work in the
MESA (Multi-Ethnic Study of Atherosclerosis) and CHS (Cardiovascular Health Study)
cohorts revealed no association between peripheral blood circulating proinflammatory T
cell subsets and incident myocardial infarction.32 Our findings in VACS, albeit with

a smaller cohort, are consistent with those observed in CHS and MESA. Differences
between prior studies and our findings by HIV status may be partially explained by

the lack of data on T cell antigen specificity (eg, lipoprotein A, HIV, and CMV) and
chemokine-chemokine receptor interactions (eg, C-C motif chemokine ligand 5 [CCL5]-
C-C chemokine receptor type 5 [CCR5] axis), an admitted limitation of this study given
potential within-subset functional heterogeneity. Not all T cells within a given subset are
necessarily proatherosclerotic or atheroprotective. Depending upon the antigen presented or
the localized cytokine milieu, a given T cell may be biased toward atherosclerosis, neutral,
or biased toward atheroprotective activity.33 In experimental models, antigen specificity

is critical for assessing the proatherogenic nature of an individual T cell.3* Whether

this antigen specificity contributes to the development of specific types of CVD and by
extension may help explain the different T cell profiles for heart failure and atherosclerotic
CVD observed in this study is unclear. Both CMV and HIV have been proposed as
atherosclerosis relevant antigens. Reports suggest that CMV biases T cell differentiation
toward activated, terminally differentiated phenotypes, which may in turn lead to CVD.3°
Such a mechanism is consistent with epidemiologic findings linking CMV to heightened
CVD risk.36:37 Similarly, chemokines (eg, CCL5) are common in atherosclerotic plaque
and the chemokine-chemokine receptor interaction (eg, CCL5-CCR5) may play arole in T
cell recruitment to atherosclerotic plaques. The CCRS5 receptor, which HIV uses to enter
CD4™* T cells, has been shown, when blocked by maraviroc, a CCR5 antagonist, to reduce
atherosclerotic lesions in proatherosclerotic mice and to reduce atherosclerotic progression
in humans.38 Thus, for PWH, HIV infection, coinfection with CMV, and the CCR5 receptor
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may all play critical roles in biasing the adaptive immune system toward atherosclerosis and
subsequent CVD.

Our findings may have important implications for elucidating the underlying mechanisms
driving the excess risk for CVD and help improve risk stratification for PWH. Cellular
senescence is a hallmark of aging resulting from repeated immune cell activation and
overuse of the immune system. Our findings add support to the hypothesis that accelerated
senescence, as captured by Temra and CD28"!! CD4 cells, is associated with increased
risk for CVD. Furthermore, our finding that this association is independent of CVD risk
factors suggests that these T cell subsets may aid in CVD risk prediction. Coronary heart
disease risk prediction tools, even with HIV-specific factors such as total CD4 count, often
underperform among PWH.1 Whether incorporation of proinflammatory T cell subsets
improves risk prediction is not known.

Our finding that Th17 cells were significantly associated with incident CVD, including heart
failure and atherosclerotic CVD, among PWH adds support to the hypothesis that Th17
cells are preferentially up-regulated in the presence of chronic inflammation, as measured
by 1L-6.31 Our Th17 cell findings are also supported by the association of IL-17A with
flow-mediated dilation in PWH.3% The Th17 cell associations with CVD in PWH may also
be the result of altered gut microbiota, which has been shown to produce myosin heavy
chain 6-specific Th17 cells that drive lethal cardiomyopathy.40

It is worth noting that the VACS represents an important group of PWH: those who are older
and possess a higher burden of comorbid disease and substance use. As comorbidities and
substance use are linked to CVD among PWH, it is possible that these health conditions
may have influenced our results. However, as presented in the Central Illustration, Table 3,
and Supplemental Table 4, our findings were robust even after adjustment for demographics,
traditional and nontraditional risk factors, substance use, and biomarkers of inflammation,
monocyte activation, and altered coagulation.

STUDY LIMITATIONS.

First, as our population was older, was mostly male, and had a high burden of comorbid
disease, our findings may not be generalizable to the general population or all PWH,
including women. Second, our cardiovascular outcomes were determined using ICD-9 and
International Classification of Diseases-10th Revision codes, so it is possible that some
misclassification occurred (ie, some true cardiovascular events were not captured by these
codes). However, we used validated codes, and this finding would have biased our results
toward the null.

Third, we used cryopreserved cells rather than fresh samples. However, there are data,
including those from MESA and CHS, demonstrating the validity of this approach.32
Fourth, we collected T cell subsets only at baseline, not during follow-up. Thus, we did
not incorporate alterations in T cell proportions over time.

Fifth, we did not observe a significant association between T cell subsets and CVD among
people without HIV infection. However, the sample size for those without HIV infection
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was smaller than for PWH, and we did not observe any significant interaction between HIV
status and any of the T cell subsets; thus it remains unclear whether these T cell subsets play
a role in the development of CVD among people without HIV infection.

Last, we did not examine CD8 T cells in this analysis. Our choice was based on large
epidemiologic studies that linked CD4 but not CD8 T cells to incident CVD events among
PWH.4!

CONCLUSIONS

Peripheral circulating CD4 T cell subsets were significantly associated with incident CVD,
including both heart failure and atherosclerotic CVD, among PWH. The proportions of
these cells were highest among PWH who had low CD4 cell counts. This association
persisted even after adjustment for CVD risk factors, substance use, and biomarkers of
inflammation, altered coagulation, and monocyte activation. Whether this association exists
among people without HIV infection is unclear. Future studies should further explore the
role of adaptive immunity, including T cell antigen specificity and chemokine-chemokine
receptor interactions, as possible mechanisms for the excess risk for CVD among PWH and
whether inclusion of these T cell subsets improves CVD risk prediction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS AND ACRONYMS

AUDIT-C Alcohol Use Disorders Identification Test-Concise
CCL5 C-C motif chemokine ligand 5

CCR5 C-C chemokine receptor type 5

CMV cytomegalovirus

CVvD cardiovascular disease

HCV hepatitis C virus

ICD-9 International Classification of Diseases-9th Revision
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IL interleukin
PWH people with HIV infection
TEMRA T effector memory cells re-expressing CD45RA
Th T helper type
Treg regulatory T
VA U.S. Department of Veterans Affairs
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:

Lower total CD4"* cell count alone does not explain the excess risk for CVD in
PWH. Instead, the relative abundance of certain CD4* T cell subsets is associated with
increased cardiovascular risk among PWH.

TRANSLATIONAL OUTLOOK:

Future investigations should seek strategies that target specific types of CD4™ T cells to
modify the inflammatory response to HIV infection.
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A Incident CVD

CD4* T Cell Subset HR (95% CI)
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M Full Cohort @ HIV Negative A HIV Positive

The P values of interaction between HIV status and T cell subsets are 0.55 (Th1),
0.45 (Th2), 0.31 (Th17), 0.31 (Tgpra). 0-23 (senescent), and 0.13 (Treg)
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B Incident Heart Failure

CD4* T Cell Subset HR (95% CI)
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The P values of interaction between HIV status and T cell subsets are 0.25 (Th1),
0.30 (Th2), 0.62 (Th17), 0.06 (TgpRra). 0.04 (senescent), and 0.51 (Treg)
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C Incident Atherosclerotic CVD

CD4* T Cell Subset HR (95% CI)
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The P values of interaction between HIV status and T cell subsets are 0.33 (Th1),
0.45 (Th2), 0.30 (Th17), 0.78 (Tgpgra). 0.50 (senescent), and 0.04 (Treg)

CENTRAL ILLUSTRATION. CD4 Subsets and Incident Cardiovascular Disease, Heart Failure,
and Atherosclerotic Cardiovascular Disease

Adjusted Cox proportional hazards model assessing the relationship of baseline T cell
subsets and (A) composite cardiovascular disease (CVD) (including heart failure, acute
myocardial infarction, unstable angina, coronary artery revascularization, and ischemic
stroke), (B) incident heart failure, and (C) incident atherosclerotic CVD (including acute
myocardial infarction, unstable angina, coronary artery revascularization, and ischemic
stroke). Adjusted for age, race/ethnicity, cytomegalovirus antibody status, hypertension,
diabetes, lipid levels, body mass index, hepatitis C virus status, hemoglobin, smoking status,
estimated glomerular filtration rate, history of alcohol abuse, cocaine abuse, interleukin-6,
D-dimer, and soluble CD14. HRs are reported per SD increment with 95% Cls, and no
corrections for multiple testing were applied.
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