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Background: People with HIV have an increased risk for cardiovascular morbidity and
mortality. Inflammation and immune activation may contribute to this excess risk.

Methods: We assessed thirty-one biomarkers in a subset of POPPY participants and
identified three distinct inflammatory profiles: ‘gut/immune activation’, ‘neurovascu-
lar’, and ‘reference’ (relatively low levels of inflammation). Ten-year cardiovascular
disease (CVD) risk predictions were calculated using the QRISK, Framingham Risk
Score (FRS) and the Data Collection on Adverse effects of anti-HIV Drugs (D:A:D)
algorithms. The distributions of CVD risk scores across the different inflammatory
profiles, stratified by HIV status, were compared using median quantile regression.

Results: Of the 312 participants included [70% living with HIV, median (interquartile
range; IQR) age 55 (51–60) years; 82% male; 91% white], 36, 130, and 146 were in
the ‘gut/immune activation’, ‘neurovascular’, and ‘reference’ cluster, respectively. The
median (IQR) QRISK scores were 9.3% (4.5–14.5) and 10.2% (5.5–16.9) for people
with and without HV, respectively, with similar scores obtained with the FRS and D:A:
D. We observed statistically significant differences between the distributions of scores
in the threeclustersamongpeoplewithHV. Inparticular,medianQRISK [5.8%(1.0–10.7)
and 3.1% (0.3–5.8)] scores were higher, respectively, for those in the ‘gut/immune
activation’ and ‘neurovascular’ clusters compared to those in the reference cluster.

Conclusions: People with HIV with increased gut/immune activation have a higher
CVD risk compared to those with relatively low inflammation. Our findings highlight
that clinically important inflammatory subgroups could be useful to differentiate risk
and maximise prediction of CVD among people with HIV.
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Introduction
Increased access to antiretroviral therapy (ART) has
significantly reduced HIV-associated morbidity and
mortality [1,2]. Although HIV is now a manageable
long-term condition, concerns have shifted to non-
AIDS-related complications which may compromise the
overall health of people living with HIV. Among these
complications, cardiovascular disease (CVD) is a major
cause of morbidity and mortality in people with HIV,
including those with suppressed HIV RNA [3–7]. A
recent large UK analysis of primary care data found that
people with HIV had a 50% higher risk of a composite
CVD outcome which comprised myocardial infarction
(MI), stroke, ischemic heart disease, heart failure, and
peripheral vascular disease, compared with the general
population of similar age, gender, ethnicity, and
geographic location [8]. The cause of this increased risk
is likely multifactorial and extends beyond people with
HIV having a higher prevalence of traditional CVD risk
factors such as smoking, diabetes mellitus, and obesity [9].
Unique drivers of CVD risk hypothesized to play a role
include HIV associated immune dysfunction and inflam-
mation [10,11]. This is supported by several studies that
have reported elevated biomarkers of inflammation,
thrombosis, apoptosis, and myocardial injury in people
with HIV compared to HIV-negative controls [12–14].
Several of these markers were also individually associated
with cardiac dysfunction, independent of traditional and
HIV-related risk factors [12].

Over the past decade, there have been increasing efforts to
develop and evaluate CVD risk prediction tools to reduce
incidence of CVD and aid clinical management in HIV
populations. General population-derived algorithms
include QRISK [15], which is recommended by The
National Institute for Health and Care Excellence
(NICE) for UK research and clinical practice, and the
Framingham CVD Risk Score (FRS) [16], which was
developed using data from the United States-based
FraminghamHeart Study. However, neither the FRS nor
QRISK consider independent HIV-related risk factors
that may drive CVD risk in an HIV population. In an
attempt to improve CVD predictions in people with HIV,
the Data Collection on Adverse Events of Anti-HIV
Drugs (D:A:D) risk score was developed, using data from
a large cohort of predominantly European people living
with HIV (N> 30 000), and incorporates information on
CD4 lymphocyte count, exposure to protease inhibitors
(PIs), and current use of abacavir, as well as traditional
CVD risk factors. It is important to note that several
studies have suggested that specific protease inhibitors
(PIs), particularly those associated with PI-boosted
regimens incorporating ritonavir, may directly increase
proinflammatory signalling (regardless of concomitant
HIV infection) [17,18]; highlighting the importance of
their inclusion in the algorithm. Despite this, established
CVD risk models may not accurately estimate CVD risk
among people with HIV as they do not consider the
relative contributions of HIV-associated inflammation
and immune dysregulation. Incorporating such bio-
marker data could improve CVD risk stratification,
elucidate underlying immunologic abnormalities associ-
ated with CVD risk in people with HIV, and guide
clinical decision making.

In previous work, we used data from the Pharmacokinetic
and clinical Observations in People over Fifty (POPPY)-
Sleep sub-study to generate clinically relevant individual
subgroups based on 31 plasma protein biomarkers [19].
Building on this work, the aim of the current study was
to evaluate the associations between the inflammatory
profiles and 10-year CVD risk, predicted using the
QRISK, FRS, and D:A:D equations, in people with
HIVand demographically/lifestyle-similar people without
HIV.
Methods

Study population
The POPPY study is a prospective observational study,
initiated in 2013, to examine the clinical outcomes of
people with HIV from seven clinics in the UK, and one in
Ireland. Characteristics and eligibility criteria of the
POPPY cohort are detailed elsewhere [20]. Briefly,
POPPY includes three cohorts: people with HIV aged
�50 years (older people with HIV), people with HIV
aged 18–49 years (younger people with HIV), and HIV-
negative controls aged �50 years who were frequency-
matched to the older people with HIV on gender,
ethnicity, sexual orientation, and location (in or out of
London). Participants were recruited from April 2013 to
January 2016. Information on socio-demographic char-
acteristics, established CVD risk factors, prescribed co-
medications, comorbidities, and laboratory measure-
ments were collected at study visits by trained clinical
staff, and through data linkage with the UK Collaborative
HIV Cohort (UK CHIC) study and the Mater
Misericordiae University Hospital (MMUH) Infectious
Diseases (ID) Cohort in Dublin.

A subset of 483 POPPY participants, selected indepen-
dently of any existing sleep symptoms, were recruited into
the POPPY-Sleep sub-study [21], if they were able/
willing to wear a fingertip oximetry device and wrist
actigraph for a week and based on the investigator’s
judgement about whether participants could adhere to
study procedures. Of these, 465 had reliable biomarker
measurements (collected at or near enrolment between
March 2017 and July 2018) and were subsequently
included in the analysis to identify inflammatory profiles.
For the present study, participants were additionally
required to have complete data for the calculation of the
selected CVD risk algorithms and for the covariates
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included in the adjusted regression models. We restricted
our analyses to those aged 40–75 years (n¼ 4 excluded)
to ensure consistency and validity with the risk
algorithms. Individuals who reported prior CVD at
baseline were not excluded as the number of people
affected was very small (Table 1, Supplemental Digital
Content, http://links.lww.com/QAD/C773).

All participants provided written informed consent and
ethical approval was granted by the UK National
Research Ethics Service (NRES; Fulham London, UK
number 12/LO/1409) for the POPPY study and the UK
Health Research Authority & Research Ethics Commit-
tee (number 16/LO/2175) for the POPPY-Sleep sub-
study.

Cardiovascular disease risk prediction algorithms
The primary outcome of this study was 10-year CVD
risk, which was determined using each of three validated
algorithms: the QRISK, FRS, and D:A:D score (with the
latter calculated only for those with HIV). These
algorithms were selected since they are recommended
by the UK (QRISK) and European (FRS and D:A:D)
HIV treatment guidelines. An adapted version of the
QRISK2 equation, that assumed no variation in risk
scores across the UK (i.e. that excluded information on
postcode), was used as we did not collect individual
postcodes. However, similar to previous work [22], a
sensitivity analysis was conducted using the participant’s
hospital postcode as a proxy (excluding participants from
the Dublin cohort with no postcode data available).
Although the D:A:D score was originally developed to
estimate 5-year CVD risk, we used the 10-year risk
equation [23] to ensure consistency with the other
included algorithms.

Variables and covariates
A comparison of the CVD risk factors and predictors used
by the three CVD risk models are described in Table 2,
Supplemental Digital Content, http://links.lww.com/
QAD/C773. Smoking status was ascertained from the
self-reported questionnaires completed at the POPPY
visit. Conditions associated with cardiovascular risk
(diabetes and hypertension, rheumatoid arthritis, kidney
disease, and atrial fibrillation) were defined as: use of
relevant medication, and/or a self-reported diagnosis.
Participants with no self-reported records of family
history of CVD were subsequently coded as having no
family history of CVD. HIV-related information for the
D:A:D equation, that is, use of ART drugs (cumulative PI
and/or nucleoside reverse transcriptase inhibitor (NRTI)
use and current abacavir use) and CD4þ cell count were
obtained from linkage with the UK CHIC and the
Dublin ID cohort. In addition to the components of the
CVD risk prediction algorithms, we also accessed data on
statin use, current and nadir CD4þ T-cell counts, and
plasma HIVRNA load (undetectable viral load defined as
�50 copies/mL).
Statistical analysis
The distribution of demographic characteristics, CVD
risk factors, and HIV-related factors are presented as
counts (percentages) for categorical variables and medians
(interquartile ranges [IQRs]) for quantitative variables.
The analysis presented are based on inflammatory profiles
(generated using data from both people with HIVas well
as HIV-negative controls) identified from a previous study
[19]. These profiles were generated using thirty-one
biomarkers, related to eight inflammatory pathways
(Table 3, Supplemental Digital Content, http://links.
lww.com/QAD/C773), that were analysed at the Centre
for Experimental Pathogen Host Research (CEPHR),
University College Dublin (UCD) using two immuno-
assay platforms based on Enzyme Linked Immunosorbent
Assay (ELISA); Meso Scale Discovery (MSD; Rockland,
Maryland, USA) and Luminex � MAGPIX (Luminex;
R&D Systems, Minneapolis, Minnesota, USA). As
previously published, principal component analysis
(PCA) followed by unsupervised agglomerative hierar-
chical cluster analysis identified three distinct inflamma-
tory profiles: a ‘gut/immune activation’ cluster
(upregulation in cytokines and biomarkers associated
with gut microbial translocation); a ‘neurovascular’ cluster
(upregulation in vascular, neuronal and coagulation-
associated markers); and a final cluster (no distinct
upregulation in any included biomarkers associated with
inflammatory pathways) that we have designated as the
‘reference cluster’. The association between these profiles
and CVD risk (predicted using QRISK, FRS and D:A:D
score) was assessed using a series of median quantile
regression models. Confounder variables included in the
adjusted models were identified a priori and differed for
each CVD risk algorithm, reflecting the fact that each
algorithm incorporated a slightly different set of factors.
All three risk models adjusted for statin use. Additional
confounders adjusted in the FRS and D:A:Dmodels were
ethnicity and BMI (already incorporated in QRISK
algorithm). The D:A:D model (calculated only in the
subgroup with HIV) allowed us to adjust for additional
HIV-related factors including time since HIV diagnosis,
nadir CD4þ cell count, years of ARTuse, and plasmaHIV
RNA load. Furthermore, the FRS and QRISK models
were stratified by HIV status to identify whether the
associations of inflammatory profiles with predicted CVD
risk differed between those with and without HIV.
Missing data were handled using listwise deletion,
excluding any participants with missing data on any
variable. Three sensitivity analyses were conducted
(Tables 4–6, Supplemental Digital Content, http://
links.lww.com/QAD/C773): QRISK analysis using
hospital postcodes as a proxy, analysis excluding
participants with a prior CVD event at baseline, and
analysis excluding statin use as a confounder as the nature
of our analysis (cross-sectional) could not ascertain
whether statins were used as a result of a prior CVD
event or in a preventive way. For the purpose of these
analyses, the two cohorts of older and younger people
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with HIV were combined to allow HIV status and age to
be considered as individual factors. All analyses were
performed using Stata, version 17 (StataCorp, College
Station, Texas, USA). A two-sided P-value �0.05 was
considered statistically significant for all analyses.
Results

Participant characteristics
Of the 465 participants, 153 (33%) were excluded to
ensure QRISK, FRS, and D:A:D scores were all
measured in the same population (i.e., participants were
excluded if they did not have complete data for the
predictors included in any of the three algorithms),
leaving 312 participants, 218 of whom were living with
HIV. The population excluded reported similar baseline
characteristics to those included (Table 7, Supplemental
Digital Content, http://links.lww.com/QAD/C773).
The baseline demographic and clinical characteristics
of those included are detailed in Table 1, stratified by HIV
status and cluster. Included participants had a median age
of 55 years (IQR 51–60), were predominately male
(82.3%) and of white ethnicity (91.4%). With respect to
the traditional CVD risk factors, 24.4% of the total
cohorts were current smokers, 20.8% had diabetes, and
the median (IQR) BMI was 25.6 kg/m2 (23.1–28.4).
The median (IQR) systolic blood pressure was 126
mmHg (116–140) and 58 participants (19.5%) were
reported to be taking statins. Of the HIV parameters, the
median years since HIV diagnosis was 16.1 (8.2–21.9),
the median CD4þcell count was 607 cells/ml (468–756),
93.6% had an undetectable viral load, and the median
duration of ART use was 10.3 years (5.4–17.1).

Cardiovascular disease risk across inflammatory
profiles
Whole study population
The median (IQR) 10-year CVD risk scores using FRS
and QRISK were 11.8% (6.8–18.7) and 9.5% (5.0–
15.7), respectively (Table 2). The number of participants
categorized as being at moderate (10–19%) or high
(�20%) CVD risk, respectively, were 119 (38.1%), and 66
(21.2%) using the FRS score and 115 (36.9%) and 35
(11.2%) using QRISK. Both the median (IQR) FRS and
QRISK scores were higher among those in the ‘gut/
immune activation’ [FRS: 13.5% (8.1–25.4); QRISK:
13.0% (4.7–17.4) and ‘neurovascular’ cluster [FRS:
13.6% (8.4–19.6); QRISK: 10.7% (5.9–16.2)] compared
to those in the ‘reference’ cluster [FRS: 10.2 (5.9–16.0);
QRISK: 7.8% (4.1–12.8)].

People with HIV subgroup
The D:A:D algorithm presented a median (IQR) 10-
year risk score of 9.0% (5.0–14.7), with 68 (31.2%) and
25 (11.5%) participants identified as having moderate
and high CVD risk, respectively (Table 2). A larger
median (IQR) risk was observed among people with
HIV in the ‘gut/immune activation’ cluster [14.2%
(7.0–19.7)] than those in the ‘neurovascular’ cluster
[9.8% (5.8–16.0)], when compared with the ‘reference’
cluster [7.3% (4.3–12.4)].

Association of Framingham Risk Score and
QRISK with inflammatory profiles by HIV status
People with HIV in the ‘gut/immune activation’ and
‘neurovascular’ cluster demonstrated a higher median
FRS and QRISK score, compared to their HIV-negative
counterparts, in both the unadjusted and adjusted models
(Fig. 1). Among the HIV-negative cohort, median FRS
and QRISK scores were relatively higher for those in the
‘neurovascular’ cluster than the ‘gut/immune activation’
cluster, when compared to the ‘reference’ cluster.
However, these associations were not statistically signifi-
cant prior to or after adjustment for relevant covariates. In
contrast, among people with HIV, the adjusted median
scores, when compared with the ‘reference’ cluster, were
significantly higher for those in the ‘gut/immune
activation’ cluster, with a higher risk reported by QRISK
{FRS: 5.8% [95% confidence interval (CI): 1.0–10.7];
QRISK: 6.5% (95% CI: 2.2–10.7)}, than the ‘neuro-
vascular’ cluster [FRS: 3.1% (95% CI: 0.3–5.8); QRISK:
3.1% (95% CI: 0.7–5.5)].

Association of Data Collection on Adverse
effects of anti-HIV Drugs risk with inflammatory
profiles among people with HIV
In the subgroup of people with HIV, median D:A:D
scores were also higher for those in the ‘gut/immune
activation’ cluster compared to the ‘neurovascular’ cluster
(Fig. 1). The unadjusted median D:A:D scores [6.9%
(95% CI: 2.5–11.4)] remained significantly higher for
people with HIV in the ‘gut/immune activation’ cluster
after adjustment for potential confounders [5.4% (95%
CI: 0.7–10.2)]. However, this statistical significance was
not retained for the median D:A:D score for people with
HIV in the ‘neurovascular’ cluster, compared to those in
the ‘reference’ cluster, after adjustment [unadjusted
model: 2.6% (95% CI: 0.1–5.1), P¼ 0.05; adjusted
model: 1.7% (95% CI: �1.0–4.4), P¼ 0.21].

Sensitivity analyses
The first sensitivity analysis conducted applied postcode
limits to the sample for QRISK calculation. We observed
that including postcodes (hospital postcodes as a proxy)
resulted in very similar CVD risk to that observed in the
primary analyses (Table 4, Supplemental Digital Content,
http://links.lww.com/QAD/C773). The second sensi-
tivity analysis excluded participants that reported a prior
CVD event at baseline (reduced sample size by 43%;
n¼ 177). Similar results to the primary analysis were
observed with CVD risk among HIV-negative controls
and people with HIV when calculated using the FRS and
QRISK algorithms (Table 5, Supplemental Digital
Content, http://links.lww.com/QAD/C773). However,
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Table 1. Demographic and clinical characteristics stratified by HIV status and cluster.

Population Cluster

Characteristic
n (%) or median (IQR)

Whole study
population (n¼312)

People without
HIV (n¼94)

People with
HIV (n¼218)

Reference
(n¼146)

Gut/immune
activation (n¼36)

Neurovascular
(n¼130)

Cluster
Reference 146 (46.8) 47 (50.0) 99 (45.4) – – –
Gut/immune activation 36 (11.5) 17 (18.1) 19 (8.7) – – –
Neurovascular 130 (41.7) 30 (31.9) 100 (45.9) – – –

Demographic
Age, years 55 (51–60) 58 (54–61) 54 (50–59) 55 (50–60) 57 (52–62) 55 (51–60)
Male 258 (82.3) 62 (66.0) 196 (89.9) 119 (81.5) 27 (75) 112 (86.2)
White 285 (91.4) 285 (91.4) 198 (90.8) 135 (92.5) 32 (88.9) 118 (90.8)

Cardiovascular risk factors
Statin use 58 (18.6) 12 (12.8) 46 (21.1) 27 (18.5) 3 (8.3) 28 (21.5)
Diabetes mellitus 65 (20.8) 21 (22.3) 44 (20.2) 31 (21.2) 10 (27.8) 24 (18.5)
Systolic blood pressure mmHg 126 (116–140) 130 (116–142) 126 (116–137) 126 (116–136) 134 (125–154) 126 (115–140)
Total cholesterol mmol/l 5 (4.3–5.7) 5.4 (4.6–6.0) 4.9 (4.2–5.5) 5 (4.3–5.7) 4.9 (4.2–5.6) 5.1 (4.4–5.7)
HDL cholesterol mmol/l 1.3 (1.1–1.6) 1.4 (1.2–1.7) 1.3 (1.0–1.5) 1.3 (1.1–1.6) 1.4 (1.1–1.6) 1.3 (1.1–1.5)
Body mass index kg/m2 25.6 (23.1–28.4) 26.2 (24.1–29.2) 25.1 (22.9–28.2) 24.8 (22.5–27.3) 25.8 (24–29.1) 26.4 (23.7–29.7)
Smoking
Never 130 (41.7) 45 (47.9) 85 (39.0) 62 (42.5) 17 (47.2) 51 (39.2)
Former 106 (34.0) 34 (36.2) 72 (33.0) 57 (39.0) 10 (27.8) 39 (30.0)
Current 76 (24.4) 15 (16.0) 61 (28.0) 27 (18.5) 9 (25.0) 40 (30.8)

HIV-related factors
Reference
(n¼99)

Gut/immune activation
(n¼19)

Neurovascular
(n¼100)

Years since HIV diagnosis - - 16.1 (8.2�21.9) 13.9 (7.7�21.7) 13.0 (8.2�18.0) 17.3 (9.6�22.6)
CD4þ cell count, cells/ml - - 607.5 (468�756) 597 (472�760) 656 (460�792) 606 (458�750)

Nadir CD4þ cell count, cells/ml - - 180 (99�280) 218 (120�302) 160 (108– 250) 143 (75�250)

HIV-RNA undetectable (<50 copies/ml) - - 204 (93.6) 95 (96.0) 16 (84.2) 93 (93.0)
ART duration, years - - 10.3 (5.4�17.1) 8.5 (4.4�15.6) 12.6 (7.1�16.7) 11.7 (5.9�17.6)
Current abacavir use - - 29 (13.3) 13 (8.9) 2 (5.5) 14 (10.8)
Any PI use - - 99 (45.4) 42 (42.4) 11 (57.9) 46 (46.0)
Cumulative PI use - - 2.31 (0.0�7.8) 1.91 (0.0–7.5) 3.7 (0.0–8.7) 2.3 (0.0–7.9)
Any NRTI use - - 190 (87.2) 88 (88.9) 16 (84.2) 86 (86.0)
Cumulative NRTI use - - 9.0 (3.7–13.9) 6.8 (3.0–13.2) 9.8 (5.0–13.4) 10.2 (4.4–14.8)

ART, antiretroviral therapy; IQR, interquartile range; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
statistical significance observed in the association between
D:A:D score and people with HIV in the ‘neurovascular’
cluster was lost. The final sensitivity analysis, where we
excluded statin use as a confounder, also presented similar
results to the primary analysis (Table 6, Supplemental
Digital Content, http://links.lww.com/QAD/C773).
Discussion

In this well characterized cohort of 218 people with HIV
and 94 HIV-negative individuals, we found that
inflammatory phenotypes, identified using biomarker-
derived clusters, were associated with well established
CVD risk prediction scores. All three CVD risk
algorithms included in our study reported a higher
median CVD risk for people with HIV in the ‘gut/
immune activation’ cluster and the ‘neurovascular’
cluster, when compared to those in the ‘reference’
cluster. The magnitude and significance of most of these
associations remained after controlling for potential
confounders. In particular, median FRS and QRISK
scores for people with HIV in the ‘gut/immune
activation’ cluster were almost double that of those in
the ‘neurovascular’ cluster, suggesting that, as anticipated,
differences in distribution of CVD risk among people
with HIV may be dependent on immunological factors.
This also supports previous work that reported associa-
tions between gut microbial translocation markers and
both CVD events and surrogate markers of CVD (e.g.
carotid intimal/medial thickening) among people with
HIV [24,25]. Thus, our work further emphasizes the
potential importance of using biomarker data to improve
our understanding on the role of inflammation and
immune activation in CVD risk prediction in people
living with HIV. Associations between traditional risk
factors and the clusters were also observed in the present
study. People with HIV in both the ‘gut/immune
activation’ and ‘neurovascular’ clusters had a higher BMI
compared to those in the ‘reference’ cluster. People with
HIV in both these clusters also had lower nadir CD4þ cell
counts consistent with having more advanced HIV
disease. The former cluster was also characterized by older
age and a higher prevalence of diabetes, while the latter
had a higher proportion of current smokers and higher
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Table 2. CVD risk by HIV status and inflammatory biomarker profiles.

Population Cluster

CVD risk algorithm
Whole study

population (n¼312)
People without
HIV (n¼94)

People with
HIV (n¼218)

Reference
(n¼146)

Gut/immune
activation (n¼36)

Neurovascular
(n¼130)

QRISK
Median (IQR) 9.5 (5.0�15.7) 10.2 (5.5�16.9) 9.3 (4.5�14.7) 7.8 (4.1–12.8) 13.0 (4.7�17.4) 10.7 (5.9�16.2)
Level of risk

Low (<10%) 162 (51.9) 45 (47.9) 117 (53.7) 89 (61.0) 16 (44.4) 57 (43.9)
Moderate (10–20%) 115 (36.9) 35 (37.2) 80 (36.7) 43 (29.5) 15 (41.7) 57 (43.9)
High (�20%) 35 (11.2) 14 (14.9) 21 (9.6) 14 (9.6) 5 (13.9) 16 (12.3)

FRS
Median (IQR) 11.8 (6.8–18.7) 11.0 (7.3�19.6) 12.1 (6.8�18.4) 10.2 (5.9�16.0) 13.5 (8.2�25.4) 13.6 (8.4�19.9)
Level of risk

Low (<10%) 127 (40.7) 44 (46.8) 83 (38.1) 72 (49.3) 12 (33.3) 43 (33.1)
Moderate (10–20%) 119 (38.1) 29 (30.9) 90 (41.3) 54 (37.0) 10 (27.8) 55 (42.3)
High (�20%) 66 (21.2) 21 (22.3) 45 (20.6) 20 (13.7) 14 (38.9) 32 (24.6)

Whole
population (n¼218)

People without
HIV (n¼94)

People with HIV
(n¼218)

Reference
(n¼99)

Gut/immune
activation (n¼19)

Neurovascular
(n¼100)

D:A:D
Median (IQR) – – 9.0 (5.0�14.7) 7.3 (4.3�12.4) 14.2 (7.1�19.7) 9.8 (5.8�16.0)
Level of risk – –

Low (<10%) – – 125 (57.3) 66 (66.7) 7 (36.8) 52 (52.0)
Moderate (10–20%) – – 68 (31.2) 24 (24.2) 8 (42.1) 36 (36.0)
High (�20%) – – 25 (11.5) 9 (9.1) 4 (21.1) 12 (12.0)

CVD, cardiovascular disease; D:A:D, Data Collection on Adverse effects of anti-HIV Drugs; FRS, Framingham Risk Score.
statin use, compared to the ‘reference’ cluster. A higher
use of statins among individuals in the neurovascular
cluster may explain the lower CVD risk in this group than
among individuals in the gut/immune activation cluster.
Further work is required to explore the relationship
between statin use and CVD risk across the inflammatory
profiles. Clustering techniques have been used by several
previous studies to identify clinically relevant subgroups
within other, similarly complex, conditions such as
Parkinson’s disease and COPD, improving understanding
on their pathophysiology [26,27]. In particular, McGet-
trick et al. recently reported associations between
inflammatory clusters (characterized by either T-cell
senescence and exhaustion or systemic inflammation) and
subclinical coronary artery disease in individuals with
HIV [28]. However, to our knowledge this is the first
study to explore associations between inflammatory
phenotypes and existing CVD risk prediction models in a
cohort of people with HIV. Although associations
between single-biomarker models and CVD risk have
been well documented among people with HIV [29–31],
the associations between these biomarkers when consid-
ered together and CVD risk are unclear. To date, novel
biomarkers have not been evaluated with regards to their
ability to improve CVD risk stratification models among
people with HIV. Our findings suggest that unique HIV-
related factors such as immune dysregulation and
inflammation may provide additional predictive infor-
mation alongside traditional CVD risk factors when
differentiating risk and maximizing prediction of CVD
among people with HIV and inform appropriate
implementation of preventive and therapeutic measures.
The main limitation of our study is that our analysis was
cross-sectional, and therefore we did not have any
information on incident CVD to examine the predictive
performance of these CVD risk algorithms for future
cardiovascular events across the different inflammatory
profiles among people with HIV. Our results should also
be interpreted with caution given the small sample sizes of
the clusters, especially in that of the gut/immune
activation cluster, thus further validation is needed from
other cohorts. The inflammatory profiles were restricted
to data on 31 biomarkers; although other biomarkers may
have been involved with the profiles identified (e.g.
lipopolysaccharide and bacterial rRNA and the gut/
inflammation cluster), we deliberately chose to focus on
host biomarker responses (e.g. SCD14 and i-FABP) [32],
rather than markers of bacterial burden or translocation,
as the latter are suggested to provide less reliable
measurements due to susceptibility to contamination
and inhibition by components of plasma [33]. Further-
more, our findings may not be generalizable to other HIV
populations with different demographic characteristics, as
our cohort was predominately men of white ethnicity.
Analyses therefore could not include gender- or race-
stratified results given the small number of female and
non-white participants. Thus, larger, and more diverse,
populations are essential to investigate whether our
findings are comparable across other subgroups such as
women and people of black African origin.

In summary, the findings presented highlight the need for
more tailored and detailed descriptions of CVD risk
among distinct subgroups of people with HIV, especially
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Fig. 1. Differences in the median CVD risk scores across inflammatory profiles relative to the reference cluster. 95% confidence
intervals are displayed. All three risk models adjusted for statin use. FRS and D:A:D also adjusted for ethnicity and BMI. D:A:D
further adjusted for time since HIV diagnosis, nadir CD4þ cell count, years of ART use, and plasma HIV RNA load. CVD,
cardiovascular disease; FRS, Framingham Risk Score; D:A:D, Data Collection on Adverse effects of anti-HIV Drugs.
when considering that the difference in CVD risk – a
common comorbidity among people with HIV – was
statistically significant across the three inflammatory
profiles identified. Additionally, we highlight that immu-
nological pathways may be an important factor to consider
alongside traditional CVD- and HIV-related risk factors in
validatedCVD risk algorithms. Future longitudinal studies
are needed to assess temporal relationships and whether
risk prediction models, accounting for immunological
mechanisms, can improve predictions of future cardiovas-
cular events among people with HIV.
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