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Despite inflammation being implicated in cardiovascular disease 
(CVD) in people with human immunodeficiency virus (PWH), 
considerable heterogeneity within populations of PWH exists. 
Stratifying CVD risk based on inflammatory phenotype could 
play an important role. Using principal component analyses and 
unsupervised hierarchical clustering, we examined 38 biomarkers 
to identify inflammatory phenotypes in 2 independent cohorts of 
PWH. We identified 3 distinct inflammatory clusters present 
in both cohorts that were associated with altered risk of 
both subclinical CVD (cohort 1) and prevalent clinical CVD 
(cohort 2) after adjusting for CVD risk factors. These data 
support precision medicine approaches to enhance CVD 
risk assessment in PWH. 
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Cardiovascular disease (CVD) is a leading cause of death in 
adults with human immunodeficiency virus (HIV) on antire-
troviral therapy (ART) [1] with traditional CVD risk factors, al-
though prevalent in people with HIV (PWH), not fully 
accounting for the additional observed risk [2]. 

Multiple inflammatory pathways are implicated in the path-
ogenesis of atherosclerosis, including endothelial activation, 
vascular inflammation [3], and type 1 T-helper (Th1) cell acti-
vation [4], all contributing to coronary plaque development 
and instability [5]. Innate immune activation and systemic in-
flammation are associated with subclinical coronary artery dis-
ease (CAD) in PWH [6], with high-sensitivity C-reactive 
protein (hsCRP) and interleukin (IL) 6 associated with worse 
outcomes [7]. 

However, whether 1 specific inflammatory dysfunction pre-
dominates in HIV-related CVD is unknown and whether a spe-
cific, high-risk inflammatory phenotype exists in PWH remains 
unclear. To address these data gaps, we aimed to explore in-
flammatory phenotypes in a cohort of individuals with and 
without HIV, with no known history of CAD, to determine 
how inflammatory phenotypes associate with subclinical 
CAD, measured by coronary computed tomographic angiogra-
phy (CCTA) and, in a larger independent cohort of PWH, 
prevalent clinical CVD. 

METHODS 

Inflammatory phenotypes were examined in 2 separate cohort 
studies: Understanding the Pathology of Comorbid Disease in 
HIV-Infected Individuals With Coronary Artery Disease (HIV 
UPBEAT CAD) substudy, a cross-sectional study of PWH and 
HIV-negative subjects (Supplementary Materials); and the All 
Ireland Infectious Diseases (AIID) Cohort, a prospective, mul-
ticenter cohort study enrolling people presenting to the infec-
tious diseases services in a number of clinical sites in Ireland, 
with only PWH on suppressive ART included in this analysis. 
Within the HIV UPBEAT CAD substudy, PWH and controls 
were considered for inclusion if they were >40 years old with 
no known history of CVD and were propensity score matched 
for traditional CAD risk factors, ensuring an even distribution 
across both groups. Participants underwent CCTA to assess for 
subclinical CAD, reported as presence of any plaque, noncalci-
fied plaque, partially calcified plaque, and calcified plaque, in 
addition to 2 coronary calcification scores: the Agatston score 
and calcium volume score (Supplementary Materials). 

Participants of both studies attended for fasting blood sam-
ple collection and CVD risk assessment, with data collected on 
prevalence of comorbidities including CVD, hypertension, dys-
lipidemia, and chronic kidney disease (CKD) at time of sample 
collection. 

Inflammatory Biomarker Analysis 

Stored plasma and peripheral blood mononuclear cells were 
used to test for 28 inflammatory biomarkers (reflecting 
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systemic inflammation, innate immune activation, Th1 re-
sponse, microbial translocation, gut intestinal barrier function, 
endothelial inflammation, coagulation, and T-cell differentia-
tion and modulation) using custom multiplex chemilumines-
cence immunoassays on Luminex (R&D Systems, St Paul, 
Minnesota) and Meso Scale Discovery (Rockland, Maryland) 
platforms (Supplementary Table 1) and 10 T-cell surface bio-
markers using flow cytometry (Beckman Coulter Cytoflex) and 
analyzed using FlowJo version 10 (BD Biosciences) software. 

Statistical Analysis 

All biomarker data were entered into a principal component 
analysis (PCA) followed by unsupervised hierarchical cluster-
ing on the principal components to identify biomarker-derived 
clusters (Supplementary Materials). Individual biomarkers’ 
contribution to cluster formation was determined using R 
package FactoMineR with influencing variables sorted from 
the most to the less influential. 

We used logistic regression to investigate relationships 
between derived clusters and endpoints of interest: in the 
UPBEAT CAD study, subclinical CAD as measured by CCTA 
with calcification scores both reported as categorical variables 
(Agatston score >100, calcium volume score >100); in the 
AIID Cohort study, prevalent vascular disease (history of 
CVD, hypertension or CKD as previously described [8]) and 
CVD (myocardial infarction, angina, percutaneous coronary in-
tervention, stroke, transient ischemic attack, and/or peripheral 
vascular disease). Clinical and demographic variables associated 
(P < .1) with endpoints on univariate analysis were included in 
multivariable models. Analysis was undertaken using Stata 13.1 
(StataCorp, College Station, Texas) and R V3.5.1 (R Foundation 
for Statistical Computing, Vienna, Austria) software. 

RESULTS 

Of 100 HIV UPBEAT CAD participants (50% PWH), median 
age was 50 (interquartile range [IQR], 46–56) years, 73.3% 
were male, 76.2% White, and 22% were current smokers, 
with CVD risk factors evenly distributed between PWH and 
controls through propensity matching. However some differ-
ences remained; PWH were more likely to be on statins and 
have lower high-density lipoprotein cholesterol and diastolic 
blood pressure (Supplementary Table 2). 

Following PCA and unsupervised hierarchical clustering 
analysis (HCA), 3 distinct inflammatory clusters were identi-
fied: cluster 1 comprising 41% (32.5% PWH) of participants, 
cluster 2 comprising 40% (72.5% PWH), and cluster 3 compris-
ing 19% (50% PWH). 

Cluster 1 (reference cluster) was characterized by lower in-
flammation (Supplementary Figure 1), spanning both innate 
immunity (lower tumor necrosis factor [TNF]–α, TNF recep-
tors 1 and 2, and IL-1RA) and T-cell immunity (lower CD4+ 

and CD8+ T-cell senescence and activation). Cluster 2 (innate 
immune/inflamed) comprised a significantly higher proportion 
of PWH (72.5%), had elevated biomarkers of innate immune 
activation (soluble CD163 [sCD163], monocyte chemoattrac-
tant protein-1 [MCP-1]), coagulation (D-dimer, soluble 
CD40L), endothelial function (soluble intracellular adhesion 
molecule 1 [sICAM-1], vascular cell adhesion molecule 1 
[VCAM-1], E-selectin, and P-selectin), microbial translocation 
(sCD14 and lipopolysaccararide binding protein [LBP]), and 
T-cell senescence, markers all implicated in prior inflammatory 
studies in PWH [9]. In contrast, cluster 3 (gut/T-cell/inflamed) 
comprised 50% PWH who had elevated biomarkers of gut ep-
ithelial dysfunction (Intestinal fatty acid binding protein 
[I-FABP]), T-cell differentiation and regulation (IL-2, IL-4, 
IL-12, IL-10, and interferon gamma [IFN-γ]), and systemic in-
flammation (TNF, IL-6, and IL-1β). 

Despite these different inflammatory phenotypes, most demo-
graphic characteristics were similar across the 3 clusters (Table 1), 
with the exception of HIV status, which was overrepresented in 
cluster 2 (innate immune/inflamed). 

Overall, 36% (n = 36) of the cohort had subclinical CAD on 
CCTA; 32% (n = 32) calcified plaque, 20% (n = 20) partially 
calcified plaque, and 11% (n = 11) noncalcified plaque. Nine 
percent (n = 9) had a moderate-to-severe stenosis (>50% lumi-
nal stenosis). Sixteen percent had Agatston score >100 units and 
11% had calcium volume score >100. Coronary plaque burden 
was similar between PWH and controls, although more controls 
had coronary calcification (Supplementary Table 3). 

In analyses adjusted for HIV status, cluster 2 was signifi-
cantly associated with presence of any coronary plaque (odds 
ratio [OR], 3.0 [95% confidence interval {CI}, 1.1–9.2]), partial-
ly calcified plaque (OR, 13.2 [95% CI, 2.9–97.8]), and calcified 
plaque (OR, 2.9 [95% CI, 1.0–8.8]) relative to cluster 1 (refer-
ence cluster). In contrast, cluster 3 (gut/T-cell/inflamed) was 
associated only with partially calcified plaque (OR, 10.9 [95% 
CI, 2.1–83.5]) but, unlike cluster 2, was also associated with 
greater coronary calcification by calcification scores (OR, 4.3 
[95% CI, 1.1–19.1]) compared to cluster 1 (Figure 1A), with 
further adjustment for age, smoking status, and statin use 
strengthening these associations (Agatston score >100: OR, 
11.8 [95% CI, .9–150]; calcium volume score >100: OR, 15.5 
[95% CI, .94–256]). 

We next examined inflammatory phenotypes in the larger 
AIID cohort. Of 277 PWH, median age was 44 (IQR, 39–50) 
years, 57.4% were male, 45.8% White, and 43.0% African. 
The median time since HIV diagnosis and ART commence-
ment was 10 (IQR, 5–16) years and 5 (IQR, 2–11) years, respec-
tively, with median current CD4+ T-cell count of 651 (IQR, 
460–833) cells/μL. 

Following inflammatory biomarker PCA and HCA, 3 dis-
tinct inflammatory clusters were identified: cluster 1 compris-
ing 148 (53.4%) individuals, cluster 2 comprising 100 (36.1%)  
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individuals, and cluster 3 comprising 29 (10.5%) individuals. 
The demographics and HIV-related characteristics were simi-
lar across the 3 clusters (Table 1). We found almost identical 
patterns of inflammation contributing to the 3 clusters, with 
the exception of T-cell senescent markers, which no longer dis-
criminated between clusters in this cohort of exclusively PWH 
(Figure 1B). Cluster 1 was again characterized by overall lower 
inflammation while clusters 2 and 3 were characterized by high 
inflammatory markers: cluster 2 by higher markers of gut mi-
crobial translocation (sCD14, LBP), innate immune activation 
(sCD163, MCP-1), systemic inflammation (TNF receptors 1 
and 2, hsCRP), and vascular endothelial function (P-selectin, 
E-selectin, sICAM-1, sVCAM-1), and cluster 3 by gut epithelial 
dysfunction (I-FABP), T-cell differentiation and regulation 
(IFN-γ, IL-2, IL-4, IL-12, IL-10), and systemic inflammation 
(TNF-α, IL-6, IL-1β). 

When comparing inflammatory profiles to prevalent vascu-
lar comorbidities (n = 75) and CVD (n = 15), individuals in 
cluster 3 (gut/T-cell/inflamed) were more than twice as likely 

to have vascular comorbidities relative to those in cluster 1 (ref-
erence) (OR, 2.26 [95% CI, .95–5.38]; P = .06), an association 
that persisted in fully adjusted analyses (Figure 1C) and in sen-
sitivity analysis adjusting for other cardiovascular risk factors 
(history of diabetes mellitus, hypertension, and dyslipidemia) 
(OR, 8.03 [95% CI, .76–84.5]). Similarly, cluster 3 (gut/immune 
activated) was also significantly associated with prevalent CVD 
(OR, 7.24 [95% CI, 1.8–28.9]), an association which persisted 
on adjustment for other significantly associated variables 
(Figure 1D) and in fully adjusted analyses (OR, 7.06 [95% CI, 
1.16–42.8]; P = .03). 

DISCUSSION 

In this study, we identified clusters of individuals with HIV 
with distinct inflammatory phenotypes in 2 independent co-
horts, which not only shared similar inflammatory characteris-
tics but were also associated with both subclinical CAD and 
prevalent CVD. Importantly, that similar inflammatory profiles 

Figure 1. A, Associations between inflammatory phenotypes (Supplementary Figure 1) and subclinical coronary artery disease (CAD) in unadjusted and adjusted (for HIV 
status) analyses in the HIV UPBEAT CAD substudy. B, Biomarker contribution to cluster formation in the All Ireland Infectious Diseases (AIID) Cohort and C, associations with 
prevalent vascular disease adjusted for age, male gender, ethnicity, antiretroviral therapy duration, and smoking and D, prevalent cardiovascular disease. *adjusted for age 
and gender. Abbreviations: CAC, coronary artery calcification; CI, confidence interval; LDL, low-density lipoprotein.   
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were observed across 2 separate cohorts, and were indepen-
dently associated with different CVD measures (clinical and 
subclinical), with associations persisting after correction for 
relevant clinical factors, strongly suggests a causal link between 
the observed inflammatory patterns and CVD. 

The pattern of inflammation observed in cluster 2 within 
both cohorts is typical of that described in PWH [3], with ele-
vated markers of microbial translocation (sCD14, LBP), innate 
immune activation (sCD163, MCP-1), and vascular inflamma-
tion (VCAM, sICAM, P-selectin, and E-selectin). This is re-
flected by the higher prevalence of PWH in cluster 2 in the 
UPBEAT CAD substudy analysis. That we observed a similar 
inflammatory phenotype in the AIID Cohort analysis, which 
consisted exclusively of PWH, suggests that this pattern of in-
flammation persists as a differentiating phenotype even within 
the treated PWH population. That individuals with this pheno-
type had higher prevalence of coronary plaque and partially cal-
cified plaque on CCTA suggests a benefit in identifying 
individuals displaying a similar inflammatory phenotype for 
targeted primary prevention strategies. 

In contrast, cluster 3 displayed higher markers of gut epithe-
lial dysfunction, T-cell stimulation, and systemic inflammation 
within both cohorts and was distinguished from cluster 2 in the 
HIV UPBEAT CAD study by being significantly associated 
with higher coronary artery calcification and partially calcified 
plaque. The higher I-FABP in this cluster likely reflects in-
creased enterocyte turnover due to systemic metabolic de-
rangements rather than, in the absence of suggestive markers 
(sCD14, LBP), gut microbial translocation. Interestingly, it 
was this inflammatory phenotype in the AIID Cohort study, 
comprising exclusively PWH, that was most associated with 
prevalent vascular and CVD. That this phenotype comprised 
similar proportions of PWH and controls in the UPBEAT 
CAD study represents an unusual pattern of inflammation 
that lacks the usual markers of microbial translocation and in-
nate immune activation typical of PWH, and that it was most 
strongly associated with CVD argues for a causal relationship 
between this distinct pattern of inflammation and clinical 
CVD and warrants further research as a potential, novel athero-
genic inflammatory phenotype that may involve distinct path-
ways other than those more commonly seen in HIV infection. 

Previous studies have reported inflammatory phenotypes in 
cohorts of treated PWH similar to those identified in our anal-
ysis [10]; however none have been compared to subclinical and 
clinical CVD. In an analysis of the Pharmacokinetic and 
Clinical Observations in People Over Fifty (POPPY) cohort, 
the systemically inflamed/gut epithelial dysfunction grouping 
was associated with higher estimated CVD risk, again support-
ing our findings highlighting this phenotype as a particularly 
high-risk group [11]. 

Our study has limitations. Although independent cohorts, both 
analyses were cross-sectional, limiting causality determination 

and assessment of associations over time. The relatively low prev-
alence of CVD reduced precision of association estimates despite 
incorporating propensity score matching to reduce the need for 
extensive adjustments. Biomarker analysis was conducted on 
cryopreserved rather than fresh samples; however, quality assur-
ance and control measures were strictly observed to minimize 
cell death and protein degradation. Finally, although we explored 
the impact of variables on inflammatory cluster composition, 
there remains the possibility of unmeasured confounding. 

In conclusion, this study has identified clinically relevant in-
flammatory phenotypes in 2 independent cohorts of people 
with HIV that are associated with both subclinical CAD and 
prevalent CVD events. These results provide valuable insights 
into distinct inflammatory pathways contributing to pathogen-
esis of CAD in people with HIV and provide evidence for a 
precision medicine–based approach to enhance CVD risk pre-
diction and future CVD preventive strategies. 

Supplementary Data 

Supplementary materials are available at The Journal of 
Infectious Diseases online (http://jid.oxfordjournals.org/).  
Supplementary materials consist of data provided by the author 
that are published to benefit the reader. The posted materials 
are not copyedited. The contents of all supplementary data 
are the sole responsibility of the authors. Questions or messages 
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