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ABSTRACT 

Introduction: Chronic inflammation is a unique contributor to cardiovascular disease (CVD) risk among people living with HIV, 
yet there is a lack of consensus on the predictive utility of inflammatory biomarkers in this population. We conducted a systematic 
review assessing the predictive value of inflammatory biomarkers for major adverse cardiovascular events in people living with 
HIV to inform their potential integration into CVD risk assessment. 
Methods: MEDLINE, Embase and Google Scholar were searched for articles published up to 01 May 2024. We included prospective 
cohort and nested case-control studies of adults living with HIV with inflammatory biomarker measurements in blood and at least 
one year of follow-up to major adverse cardiovascular events. Risk of bias was assessed using the Quality in Prognostic Studies 
(QUIPS) tool. Where at least two studies reported the same type of effect measure for a biomarker, results were pooled using an 
inverse variance heterogeneity model. 
Results: Among 5156 screened citations, 21 studies reporting 31 inflammatory biomarkers met inclusion criteria. Meta-analysis 
showed high-sensitivity C-reactive protein (hsCRP) positively associated with future cardiovascular events (hazard ratio = 1.86 
per log10 unit; 95% CI 1.39–2.50, n = 5,254). Three biomarkers, interleukin 6 (IL-6), D-dimer, and N-terminal pro-brain natriuretic 
peptide (NT-proBNP), demonstrated positive, statistically significant associations with adverse cardiovascular outcomes in at least 

Abbreviations: ACC, American College of Cardiology; aHR, Adjusted Hazard Ratio; AIDS, Acquired Immunodeficiency Syndrome; aOR, Adjusted Odds Ratio; ART, Antiretroviral Therapy; BNP, 
B-type Natriuretic Peptide; CC, Case-Control; CCL2, Chemokine Ligand 2; CCL25, Chemokine Ligand 25; CIMT, Carotid Intima-Media Thickness; COH, Cohort Study; CRP, C-Reactive Protein; CVD, 
Cardiovascular Disease; Gal-9, Galectin-9; GM-CSF, Granulocyte-Macrophage Colony-Stimulating Factor; HIV, Human Immunodeficiency Virus; HR, Hazard Ratio; hsCRP, High-Sensitivity 
C-Reactive Protein; hsTNT, High-Sensitivity Troponin T; ICAM-1, Intercellular Adhesion Molecule 1; IFN- γ, Interferon Gamma; IL, Interleukin; IL-1R1, Interleukin-1 Receptor 1; IL-1Ra, Interleukin-1 
Receptor Antagonist; IP-10, Interferon Gamma-Induced Protein 10; IQR, Interquartile Range; ITGA11, Integrin Subunit Alpha 11; IVhet, Inverse Variance Heterogeneity; LDL, Low-Density Lipoprotein; 
LMIC, Low- And Middle-Income Country; MACE, Major Adverse Cardiovascular Events; MPO, Myeloperoxidase; NPX, Normalised Protein eXpression; NT-proBNP, N-terminal Pro B-type Natriuretic 
Peptide; OR, Odds Ratio; oxLDL, Oxidised Low-Density Lipoprotein; PAI-1, Plasminogen Activator Inhibitor-1; PICOTS, Population, Index prognostic factor, Comparator prognostic factors, Outcome, 
Timing, Setting; PLA2G7, Phospholipase A2 Group VII; PLWH, People Living with HIV; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PROSPERO, International 
Prospective Register of Systematic Reviews; QUIPS, Quality in Prognosis Studies; RCT, Randomised Controlled Trial; ROS, Reactive Oxygen Species; sCD, Soluble Cluster of Differentiation; SD, 
Standard Deviation; sTNFR-I / sTNFR-II, Soluble Tumour Necrosis Factor Receptors I and II; TIMP-1, Tissue Inhibitor of Metalloproteinases-1; TMAO, Trimethylamine N-oxide; TNF- α, Tumour 
Necrosis Factor Alpha; VCAM-1, Vascular Cell Adhesion Molecule 1. 
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 Introduction 

eople living with HIV (PLWH) experience a two-fold higher risk 
f cardiovascular disease (CVD) [ 1 ]. While both traditional risk 
actors and HIV-specific risks contribute [ 2 ], chronic inflamma- 
ion has been posited as a unique contributor towards CVD risk 
n PLWH [ 3 ]. 

he HIV virus can cause persistent inflammation and immune 
ell activation that promotes vascular change [ 4, 5 ]. Additionally, 
o-infections in PLWH, such as hepatitis, cytomegalovirus and 
pstein-Barr virus, exacerbate ongoing inflammation [ 6 ]. Per- 
istent immune activation leads to endothelial dysfunction and 
ascular plaque formation, resulting in vascular injury [ 4, 5, 7, 8 ] 
Figure 1 ). 

Measuring inflammatory biomarkers in patients through non-
invasive means offers a promising approach to help quantify this
risk. A biomarker is a measurable indicator of biological activity,
which can signal normal function, risk of disease, or the body’s
response to illness [ 9 ]. Biomarkers can be detected in body fluids,
excretions or tissues and offer valuable insights into physiological
processes. Inflammatory biomarkers measured in the serum or
plasma can reflect the underlying pathophysiological processes
and serve as indicators of vascular injury and immune cell
activation [ 8 ]. 

However, existing cardiovascular risk prediction models do
not incorporate such inflammatory biomarker information [ 10 ].
These models, largely developed using general populations
of 12
es precluded meta-analysis. Most research (14/21 studies) was 
ntation was low (median proportion = 15.5%; IQR 8.4–20.9%). 
one domain. 
otential prognostic value, but most associations were derived 
s reduced by methodological heterogeneity, few high-quality 
untries (LMICs). 
tory biomarkers and future CVD in people living with HIV 

sentative, large-scale studies that include women and LMICs 
VD risk prediction models. 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions: Consistent positive associations between inflamma
support a central role of inflammation in HIV-related CVD. Repre
are needed to guide the integration of candidate biomarkers into C
PROSPERO Number: CRD42024542944 

IGURE 1 The role of inflammation in progressing atherosclerosis. A) HIV immune activation and concomitant infections lead to T-cell and
onocyte activation. B) Inflammatory cytokines released by activated immune cells increase the expression of adhesion molecules on the endothelium,
romoting the recruitment and adhesion of monocytes which differentiate into macrophages. C) Macrophages engulf oxLDL and form foam cells,
ontributing to plaque formation. D) Chronic inflammation and metalloproteinases weaken the fibrous cap of plaques, increasing the risk of rupture,
hrombosis and ischaemia. Systemic inflammation also induces the liver to produce acute-phase proteins. Images used in this figure were provided
y Servier Medical Art ( https://smart.servier.com/ ), licensed under CC BY 4.0 ( https://creativecommons.org/licenses/by/4.0/ ). LDL, Low-Density
 

 

 

 

 

 

two non-overlapping studies, though heterogeneous effect measur
conducted exclusively in high-income settings, and female represe
All but three studies had a moderate or high risk of bias in at least 
Discussion: We identified several inflammatory biomarkers with p
from single or heterogeneous studies. The certainty of evidence i
studies and the underrepresentation of low- and middle-income co

ipoprotein; oxLDL, Oxidised Low-Density Lipoprotein; ROS, Reactive Oxygen Species. 
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TABLE 1 PICOTS* Framework. 

Population Index Comparator Outcome Timing Setting 

Adults living with 
HIV 

Inflammatory biomarkers 
measured in plasma or serum 

N/a Major adverse 
cardiovascular events 

At least one year of 
longitudinal data 

Any 

*Population, Index Prognostic Factor, Comparator Prognostic Factors, Outcome, Timing, Setting. 

from high-income settings, demonstrate moderate discriminatory 
ability (C-statistic ranging between 0.7-0.8) when applied in a 
population of PLWH and frequent miscalibration, reported to 
typically underestimate cardiovascular risk [ 11, 12 ]. 

Given the growing interest in clinical risk prediction mod- 
els and their suboptimal performance in PLWH [ 11–13 ], it is 
worth exploring whether inflammatory biomarkers are a pre- 
dictive, yet unmeasured, factor in cardiovascular risk in PLWH. 
However, there remains insufficient consensus on the level of 
evidence regarding the utility of inflammatory biomarkers in 
predicting future CVD in PLWH. This systematic review aims 
to evaluate the prognostic utility of circulating inflammatory 
biomarkers in predicting major adverse cardiovascular events 
(MACE) in PLWH to inform future risk stratification in this 
population. 

2 Methods 

The study methods were drafted in accordance with recommen- 
dations outlined by the Cochrane Prognosis Methods Group [ 14 ]. 
The protocol was registered on PROSPERO (CRD42024542944). 

2.1 Review Question and Eligibility 

The review question was developed using the PICOTS (Popu- 
lation, Index prognostic factor, Comparator prognostic factors, 
Outcome, Timing, Setting) framework [ 14 ] (Table 1 ). 

We included adults ( ≥ 18 years old) living with HIV across 
all geographical locations and any healthcare setting, and we 
excluded studies where the prevalence of known antecedent CVD 

in the cohort exceeded 80% to ensure applicability to primary 
prevention populations. Studies including a subset of participants 
living with HIV were considered eligible if data for this subset was 
analysed and presented separately. Participants were included 
both with and without antiretroviral therapy (ART) exposure. 

Biomarkers related to systemic inflammation and atherosclerotic 
inflammation measured in plasma or serum were included. Based 
on key categories outlined in the literature [ 8, 15–17 ], we con- 
sidered cytokines, acute phase proteins, adhesion molecules and 
modulation factors, prothrombotic factors, tissue-remodelling 
factors, oxidative stress markers and markers of tissue damage 
to be eligible. We excluded genetic markers, radiological findings 
or gastrointestinal microbiome profiling. Studies that measured 
biomarkers at baseline were considered eligible. Where studies 
reported biomarkers from multiple time points, we extracted 
data from the measurement closest to ART initiation, where 
applicable, given the current era of universal treatment. Details of 

biomarker collection timepoints are outlined in Supporting Table 
S1 . 

Studies were included if their reported endpoint included at least 
one of the following cardiovascular outcomes, consistent with 
the components of MACE as outlined by the American College 
of Cardiology Guidelines [ 18 ]: (i) acute myocardial infarction, 
(ii) acute coronary syndromes, (iii) stable or unstable angina, 
(iv) coronary or other arterial revascularisation, (v) stroke, (vi) 
transient ischemic attack, (vii) peripheral arterial disease and 
(viii) cardiovascular-related death. We also included heart failure 
as an outcome, as a chronic and novel immune response in PLWH 

has been directly implicated in the mechanism of heart failure 
[ 19 ]. Outcomes could be recorded through clinical evaluation, 
participant self-report, examination of medical records or billing 
information. 

We included studies that temporally measured biomarkers prior 
to outcome collection in a longitudinal framework. Prospective 
studies had to contain at least one year of follow-up, and for retro- 
spective studies, we required at least a one-year interval between 
the biomarker measurement and the occurrence of the outcome 
event. If the timing was unclear, we contacted the authors for 
clarification. We included data from longitudinal cohort studies, 
case-control studies nested in cohorts and observational segments 
of randomised controlled trials. We excluded case reports, case 
series, editorials and research letters without primary data, and 
cross-sectional studies. Full published papers were preferred to 
conference abstracts or unpublished data, where these originated 
from the same study. 

When eligible studies involved overlapping populations, we 
included all relevant studies in the review, but the analysis was 
restricted to the largest study to avoid duplicating data. 

2.2 Search Strategy and Selection Process 

MEDLINE and Embase were searched using the search queries 
without language or publication date restrictions until 01 May 
2024. Records were screened for eligibility between May and 
October 2024. A search query using keywords and controlled 
vocabulary was developed in consultation with a university librar- 
ian (Supporting Information file 1). ProQuest and Google Scholar 
were used to search for grey literature, and Google Scholar 
was used for forward citation searching. Duplicate screening of 
all records was performed by two reviewers (AM and one of 
NL, AL, AP, NM, HP, KW or CFG), who screened all records 
independently against the eligibility criteria. Discrepancies were 
resolved by consensus or consultation with a third senior reviewer 
(JD, RJS or TRF). No automated tools were used to assess the 
eligibility of reports. 
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2.3 Data Extraction 

A data extraction template followed the modified CHARMS- 
PF (Checklist for Critical Appraisal and Data Extraction for 
Systematic Reviews of Prognostic Factor studies) checklist [ 14 ]. 
Extraction was performed by AM and checked by TRF to 
ensure consistency. Where results critical for calculating effect 
estimates were unavailable, the study team contacted the authors 
for further information. Where confidence intervals were not 
reported and authors did not respond to requests, the stan- 
dard error was estimated from the effect estimate and the 
p -values. To ensure comparability across studies with different 
log-transformed biomarker scales, we applied a standardised 
conversion where feasible (Supporting Information file 1 ). 

The quality of the included studies was evaluated using the 
QUIPS (Quality in Prognosis Studies) tool [ 20 ]. Two reviewers 
(AM and NL) independently judged the quality of the stud- 
ies against the QUIPS criteria. Disagreements were resolved 
through consultation with a third senior reviewer (JD, RJS or 
TRF). We presented our results as a domain-level summary, 
as it is recommended against summing individual domains 
into an overall score [ 20 ]. As the QUIPS domain relating to 
study attrition is poorly applicable to case-control studies, after 
discussion with the authors of the QUIPS tool, we marked 
this domain as ‘not applicable’ for those studies due to study 
design rather than methodological weakness. We considered 
the potential for selective reporting bias by examining whether 
studies reported results for all measured biomarkers or only 
a subset. 

2.4 Data Analysis and Narrative Synthesis 

If the same biomarker was reported with the same type of 
effect estimate in at least two cohorts or studies, then a meta- 
analysis was performed. As substantial heterogeneity is expected 
in prognostic studies [ 21 ], hazard ratios (HRs) were pooled 
together using the inverse variance heterogeneity (IVhet) model 
to account for between-study heterogeneity and produce con- 
servative confidence interval estimates, particularly for smaller 
studies [ 22 ]. 

While we pre-specified quantifying heterogeneity, guidelines note 
that these measures have limited power to detect heterogeneity 
when there are few studies [ 23 ]. We also planned to carry out 
a sensitivity analysis using the largest studies and a subgroup 
analysis excluding studies with a high risk of bias, but there were 
insufficient studies to conduct these preplanned analyses. 

When effect estimates were reported differentially across studies 
(odds ratios and hazard ratios), we did not pool these and instead 
provided a narrative synthesis. Where multiple estimates were 
reported within a study, we prioritised adjusted over unadjusted 
results and continuous measures over binary or categorical out- 
comes. Similarly, where multiple adjusted models were reported, 
we prioritised the most fully adjusted model that did not include 
other inflammatory biomarkers. We assessed whether reported 
associations were statistically significant, defined as p < 0.05 
or confidence intervals excluding the null value. Furthermore, 
we assessed the overall strength of evidence underpinning our 

conclusions for each biomarker in terms of the risk of bias 
of studies, whether studies reported all planned analyses, the 
variability of estimates and the width of confidence intervals for 
effect estimates across studies. 

Data analysis was performed using R Statistical Software version 
4.4.1 [ 24 ]. Meta-analysis using the IVhet method was carried 
out using the ‘admetan’ package in Stata 18 [ 25, 26 ], and the 
visualisation of risk of bias was carried out using the ‘robvis’ 
package in R [ 27 ]. 

Ethical approval and participant consent were not required for 
this systematic review, as it involved analysis of publicly available 
and previously published evidence. 

3 Results 

3.1 Study Selection & Characteristics 

The search strategy yielded 6913 citations, of which 21 articles 
were included in the review (Figure 2 ). 

Table 2 outlines the characteristics of the included studies. 
Extended characteristics of the studies are outlined in Supporting 
Table S1 . 

Of the 21 studies, 12 were case-control studies nested within 
larger cohorts [ 29–35, 37, 39, 40, 42, 46 ]. One study was a 
conference abstract [ 39 ]. Fourteen of the twenty-one studies 
were conducted exclusively in high-income settings. Among 
studies that comprehensively reported participant ethnicity, the 
median proportion of White participants was 81.0% (IQR: 70.9–
90.2%, range: 78.2%–100%). Female representation was low, with 
a median proportion of 15.5% (IQR: 8.4–20.9, range: 1.9–58.6%). 
From the studies that reported smoking status as a cardiovascular 
risk factor, the median proportion of participants who were 
current or past smokers was 66.0% (IQR: 38.8–87.0%, range: 
4.2–96.6%) (Supporting Table S1 ). 

3.2 Study Results 

We identified 31 eligible inflammatory biomarkers reported 
across these eligible studies. hsCRP (high-sensitivity C-reactive 
protein), D-dimer and IL-6 (interleukin 6) were the biomarkers 
most frequently reported. Of all eligible biomarkers reported, 
seven biomarkers were reported with effect estimates in at least 
two studies, namely hsCRP [ 29, 36, 38, 41, 43 ], IL-6 [ 34, 36, 38, 40, 
41 ], D-dimer [ 34, 36, 38, 41 ], NT-proBNP (N-terminal pro-brain 
natriuretic peptide) [ 37, 43 ], TMAO (Trimethylamine N-oxide) 
[ 31, 47 ], sCD163 (Soluble Cluster of Differentiation 163) [ 42, 49 ] 
and sCD14 (Soluble Cluster of Differentiation 14) [ 34, 42 ]. Of 
the seven biomarkers reported with effect estimates in at least 
two studies, the issue of overlapping cohorts applied only to the 
SMART cohort in relation to hsCRP, IL-6 and D-dimer [ 36, 38, 
41 ]. In this case, we retained the estimate from Duprez et al. 
[ 38 ], as it included the largest (n = 5098) analysis of the SMART 
cohort. Table 3 summarises the effect measures for these seven 
biomarkers. 

4 of 12 Journal of the International AIDS Society, 2026



FIGURE 2 PRISMA flow diagram. Adapted from Page et al. [ 28 ]. Licensed under CC BY 4.0 ( https://creativecommons.org/licenses/by/4.0/ ). 

hsCRP, IL-6, D-dimer, and NT-proBNP were each associated with 
increased risk of adverse outcomes in at least one study [ 29, 34, 
38, 43 ]. Odds ratio estimates from Tenorio et al. [ 34 ] for both 
IL-6 and D-dimer had limited precision due to wide confidence 
intervals. Studies of TMAO, sCD163 and sCD14 generally reported 
effect estimates with wide confidence intervals and confidence 
intervals that crossed the null [ 30, 31, 34, 47, 49 ]. hsCRP was the 
only biomarker reported by at least two non-overlapping studies 
using the same measure of effect where conversion of scales was 
possible. The pooled hazard ratio for hsCRP was 1.86 (95% CI: 1.39- 
2.50) per log10 unit (Supporting Figure S1 ). Biomarkers reported 
by only a single study are summarised separately (Supporting 
Table S2 ). 

3.3 Risk of Bias 

Study quality varied considerably (Figure 3 ). All but three studies 
scored a moderate or high risk of bias in at least one domain 
(Supporting Figure S2 ). For study participation, 13 studies were 
rated at moderate risk of bias [ 29, 30, 32–37, 40, 42, 45–47 ], one 
study had a high risk of selection bias [ 31 ], while six were low 

risk [ 38, 41, 43, 44, 48, 49 ]. Study attrition was generally unclear 
for most cohort studies except for two studies [ 43, 45 ], and 
the domain was not applicable for case-control studies. Studies 
generally performed well in the domains of prognostic factor and 
outcome measurement, with most demonstrating a low risk of 
bias for prognostic factor measurement [ 30, 32–38, 40, 42–45, 
48, 49 ] and outcome measurement [ 29–38, 40, 41, 43, 44, 47–
49 ]. The domains at higher risk of bias were those related to 

confounding and statistical analysis and reporting. There was 
moderate risk of bias related to confounding in six studies [ 29, 30, 
32, 33, 46, 49 ], and seven studies at a high risk of bias either due 
to no or inadequate adjustment for confounders [ 31, 35, 41–43, 45, 
47 ]. Ten studies were at a moderate risk of statistical analysis and 
reporting bias [ 30, 33, 35, 39–43, 46 ], and four were at a high risk 
of bias, three of which were largely due to selective reporting of 
biomarker results [ 29, 31, 32 ]. 

When considering the risk of bias alongside reported biomarkers 
with evidence synthesised across multiple studies, studies con- 
tributing data for IL-6 and D-dimer were not assessed to be at 
high risk of bias across most domains [ 34, 38, 40 ]. For hsCRP, 
which was the only biomarker eligible for meta-analysis, one of 
the studies meta-analysed did not raise major concerns [ 38 ], while 
the other had a high risk of bias due to confounding [ 43 ]. A third 
study reporting odds ratios on a categorical scale for hsCRP was 
excluded from the meta-analysis and had a high risk of bias due to 
selective reporting of results [ 29 ]. Similarly, for NT-proBNP, while 
one study generally had a low risk of bias across domains [ 37 ], 
the other was found to have inadequate control of confounding 
[ 43 ]. For studies reporting TMAO, sCD163 and sCD14, there was 
generally a high risk of bias due to confounding [ 31, 42, 47 ] and 
selective reporting [ 31 ]. 

Most studies did not report or account for ART interruptions 
or adherence. Among the SMART trial studies, some used 
participants from both randomisation arms and adjusted for 
or matched on treatment assignment [ 37, 38, 40 ], while others 
restricted analyses to the continuous ART arm only [ 36, 41 ]. 
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TABLE 2 Characteristics of included studies. 

Case-control 
(CC) or cohort 

(COH) 

Eligible biomarker(s) reported 

Authors Year Location D-dimer hsCRP IL-6 Other 

Danish HIV Cohort Study 
Knudsen et al. [ 29 ] 2014 Denmarka CC ✓ PAI-1 
Knudsen et al. [ 30 ] 2013 Denmarka CC sCD163 
Haissman et al. [ 31 ] 2016 Denmarka CC TMAO 

Hoel et al. [ 32 ] 2020 Denmarka CC IL-1Ra, IL-1R1 
Rasmussen et al. [ 33 ] 2016 Denmarka CC suPAR 

AIDS Clinical Trials Group Longitudinal Linked Randomized Trials 
Tenorio et al. [ 34 ] 2014 USAb CC ✓ ✓ IP-10, sTNFR-I, 

sTNFR-II, sCD14 
Premeaux et al. [ 35 ] 2021 USAb CC Gal-9 
Strategies for Management of Antiretroviral Therapy Study 
Borges et al. [ 36 ] 2016 Globalc COH ✓ ✓ ✓

Duprez et al. [ 37 ] 2011 Globalc CC NT-proBNP 
Duprez et al. [ 38 ] 2012 Globalc COH ✓ ✓ ✓

Duprez et al. [ 39 ] 2014 Globalc CC Glyc A 

Safo et al. [ 40 ] 2023 Globalc CC ✓ ITGA11, CCL25, 
PLA2G7 

Grund et al. [ 41 ] 2016 Globalc COH ✓ ✓ ✓

Bernardino et al. [ 42 ] 2023 Spain CC sCD14, sCD163, 
CCL2 

de Leuw et al. [ 43 ] 2021 Germany COH ✓ hsTNT, 
NT-proBNP 

Marconi et al. [ 44 ] 2018 USA COH Total bilirubin 
Mocumbi et al. [ 45 ] 2020 Mozambique COH ✓

Ford et al. [ 46 ] 2010 USA CC ✓ ✓ ✓ VCAM-1, ICAM-1, 
TIMP-1, MPO, 

IL-2, IL-10, sCD14, 
TNF- α, TNF- γ

Missailidis et al. [ 47 ] 2018 Sweden COH TMAO 

Reinsch et al. [ 48 ] 2019 Germany COH BNP 
Kirkegaard-Klitbo et al. [ 49 ] 2017 Denmark COH sCD163 

Abbreviations: BNP, B-type Natriuretic Peptide; CC, Case-Control; CCL2, Chemokine Ligand 2; CCL25, Chemokine Ligand 25; COH, Cohort Study; CRP/hsCRP, 
(High-Sensitivity) C-Reactive Protein; Gal-9, Galectin-9; GM-CSF, Granulocyte-Macrophage Colony-Stimulating Factor; ICAM-1, Intercellular Adhesion Molecule 
1; IFN- γ, Interferon Gamma; IL, Interleukin; IL-1Ra, IL-1 Receptor Antagonist; IL-1R1, IL-1 Receptor 1; IP-10, Interferon Gamma-Induced Protein 10; ITGA11, 
Integrin Subunit Alpha 11; MPO, Myeloperoxidase; NT-proBNP, N-terminal Pro B-type Natriuretic Peptide; PAI-1, Plasminogen Activator Inhibitor-1; PLA2G7, 
Phospholipase A2 Group VII.; sCD, Soluble Cluster of Differentiation; sTNFR-I/sTNFR-II, Soluble TNF Receptors I and II; suPAR, Soluble Urokinase-Type 
Plasminogen Activator Receptor; TIMP-1, Tissue Inhibitor of Metalloproteinases-1; hsTNT, (High Sensitivity) Troponin T; TNF- α, Tumor Necrosis Factor Alpha; 
TMAO, Trimethylamine N-oxide; VCAM-1, Vascular Cell Adhesion Molecule 1. 
a Overlapping cohort (Danish HIV Cohort Study). 
b Overlapping cohort (AIDS Clinical Trials Group Longitudinal Linked Randomized Trials). 
c Overlapping cohort (Strategies for Management of Antiretroviral Therapy Study). Conducted across Africa, Asia, Australia, Europe, North America, South 
America. 

However, adjusting for randomised treatment assignment is not 
equivalent to accounting for real-world ART interruptions or 
variable adherence during follow-up, which no studies directly 
addressed. 

4 Discussion 

This systematic review identified 31 inflammatory biomark- 
ers and investigated the predictive utility of seven biomarkers 
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TABLE 3 Biomarkers with evidence summarised across multiple studies. 

Biomarker Study Association (95% CI) Comparison 

hsCRP de Leuw et al., 2021 HR = 1.22 (0.53–2.82) Per log10 
Duprez et al., 2012 aHR = 1.94 (1.49–2.50) Per log10 a 

Knudsen et al., 2014 OR = 8.5 (1.1–67.5) > 3 vs ≤ 3 mg/L 
IL-6 Duprez et al., 2012 aHR = 2.63(1.93–3.56) Per log10 a 

Safo et al., 2023 aOR 1.54 (1.18–2.00) Per 1 SD in NPX 

Tenorio et al., 2014b aOR = 2.8 (0.7–10.5) Per log10 
D-dimer Duprez et al., 2012 aHR = 2.23(1.57–3.11) Per log10 a 

Tenorio et al., 2014b aOR = 6.2 (1.1–35.6) Per log10 
NT-proBNP de Leuw et al., 2021 HR = 2.61 (1.42–4.80) Per log10 

Duprez et al., 2011 aOR = 1.16(1.06–1.27) Per log10 c 

TMAO Haissman et al., 2016b OR = 1.6 (0.404–6.327)d > 5 or ≤ 5 
Missailidis et al., 2018 HR = 2.76 (0.29–26.70) > 4.93 or ≤ 4.93 

sCD163 Bernardino et al., 2023 aOR = 1.0 (1.0–1.0) Per pg/mL 
Kirkegaard-Klitbo et al., 2017 aHR = 1.04 (0.97–1.12) Per mg/l 

Knudsen et al., 2013 OR = 1.05 (0.85–1.29) Per log10 
sCD14 Bernardino et al., 2023 aOR = 1.0 (1.0–1.0) Per pg/mL 

Tenorio et al., 2014b aOR = 9.0 (0.2 –339) Per log10 
Abbreviations: aHR, Adjusted Hazard Ratio; aOR, Adjusted Odds Ratio; CI, Confidence Interval; HR, Hazard Ratio; hsCRP, (High-Sensitivity) C-Reactive Protein; 
IL-6, Interleukin 6; NPX, Normalised Protein eXpression; NT-proBNP, N-terminal Pro B-type Natriuretic Peptide; OR, Odds Ratio; sCD, Soluble Cluster of 
Differentiation; SD, Standard Deviation; TMAO, Trimethylamine N-oxide. 
a Effect sizes were originally reported per 1 SD increase in log10 -transformed hsCRP. This was converted to per-log10 using the reported SD of hsCRP in the study 
population. 
b Effect sizes are based on post-antiretroviral therapy baseline measurements for comparability between cohorts. 
c Effect sizes were originally reported per loge . This was converted to per-log10 to be comparable. 
d Confidence intervals were calculated from p -value and effect estimate. 

with reported effect sizes across multiple studies for major 
adverse cardiovascular events in people living with HIV. Among 
the biomarkers reported, hsCRP, IL-6 and D-dimer were the 
most frequently studied. hsCRP, IL-6, D-dimer and NT-proBNP 
demonstrated positive, statistically significant associations with 
major adverse cardiovascular outcomes in at least two non- 
overlapping studies. However, we were only able to conduct 
a meta-analysis of two studies that contributed data towards 
hsCRP due to methodological heterogeneity across studies. The 
pooled result and average direction of effect for hsCRP indicated 
a significant, positive association with future major adverse 
cardiovascular outcomes. However, given the limited number of 
studies contributing to this analysis, these findings should be 
interpreted with caution. 

While hsCRP, IL-6, D-dimer and NT-proBNP were associated 
with adverse cardiovascular outcomes in at least two studies each, 
the strength of this evidence varied. Studies contributing data on 
IL-6 and D-dimer were generally at lower risk of bias [ 34, 38, 
40 ]. Of the three studies without a moderate or high risk of bias 
across domains, one of them [ 38 ] contributed pooled data towards 
the hsCRP meta-analysis, potentially strengthening confidence in 
the association between hsCRP and MACE despite the limited 
number of studies. Meanwhile, the evidence for NT-proBNP came 
from studies of mixed methodological quality [ 36, 42 ]. In contrast, 
the certainty of evidence supporting associations between TMAO, 
sCD163 and sCD14 with MACE was low. Across the included 

studies reporting these biomarkers, confidence intervals were 
wide, and no statistically significant associations were observed. 
Moreover, the majority of these studies were at high risk of 
bias, particularly due to inadequate adjustment for confounding 
variables and selective reporting [ 31, 42, 47 ]. These limitations 
temper confidence in the observed associations. 

To our knowledge, there is only one previous systematic review 

examining the relationship between inflammatory biomarkers 
and cardiovascular outcomes in PLWH in relation to clinically 
manifest CVD [ 50 ]. Their findings included eight studies con- 
tributing data on clinical CVD outcomes and suggested that 
C-reactive protein (CRP), IL-6 and D-dimer appeared to be 
associated with increased CVD risk, which is in keeping with our 
results. The authors also examined carotid intima-media thick- 
ness (CIMT) as a surrogate marker for CVD, yet most included 
studies were cross-sectional by design, making it difficult to 
establish causality or compare effect estimates directly. Of the 
studies included in the aforementioned review, our review also 
identified Ford et al. [ 46 ], Knudsen et al. [ 30 ], Tenorio et al. [ 34 ] 
and Duprez et al. [ 38 ], with our review additionally including a 
broader and more recent evidence base of 21 studies. Our review 

differs by focusing exclusively on studies that reported major 
adverse cardiovascular events only, as our focus was on clinical 
outcomes rather than surrogate or proxy endpoints. Furthermore, 
we excluded cross-sectional studies entirely in order to focus 
on the prognostic function of biomarkers, as cross-sectional 
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FIGURE 3 Summary of risk of bias assessment across QUIPS domains. 

designs do not establish temporality and limit inferences about 
the directionality of associations with clinical outcomes. 

Our findings associating specific biomarkers to cardiovascular 
outcomes are consistent with the chronic immune activation 
and inflammation associated with HIV acquisition, supporting 
their biological plausibility. Macrophage activation is commonly 
marked by elevated levels of IL-6, sCD14 and sCD163, while IL- 
6 itself can additionally stimulate the release of acute phase 
reactant proteins while simultaneously driving endothelial dys- 
function and coagulation [ 51, 52 ]. CRP is produced in response to 
IL-6 and directly promotes atherogenesis by inducing endothelial 
adhesion molecule expression and enhancing monocyte recruit- 
ment into the vascular intima [ 53 ]. D-dimer, a marker of fibrin 
degradation, reflects ongoing activation of coagulation and fibri- 
nolysis and is elevated in atherosclerosis, reflecting ongoing clot 
formation and breakdown associated with plaque inflammation, 
rupture and thrombosis [ 54 ]. NT-proBNP is secreted in response 
to increases in myocardial wall stress, vascular stiffness and 
afterload on the heart, and atherosclerotic processes could also 
plausibly drive its release [ 55, 56 ]. 

In studies of the general population, fibrinogen, IL-6, galectin-3 
and CRP have been associated with the risk of CVD outcomes 
[ 57 ]. However, while biologically plausible and associated with 
outcomes, real-world application with clinical risk prediction 
scores remains uncertain. Shah et al. found that, while elevated 
CRP levels were consistently associated with increased coronary 

heart disease, the discriminative ability of the biomarker was 
modest both on its own and when added to the Framingham Risk 
Score in the general population [ 58 ]. However, the pathogenesis 
of CVD in PLWH may differ given the prominent role of chronic 
immune activation [ 4 ]. Traditional risk scores, which do not 
incorporate markers of immune activation or inflammation, 
may therefore incompletely capture an important pathogenic 
mechanism in PLWH. 

Moreover, inflammatory processes are likely different in PLWH, 
potentially influencing biomarker expression, interpretation and 
clinical relevance. Ashuro et al. emphasise the challenge of gen- 
eralising biomarker utility, demonstrating variability in treatment 
responses across different profiles of PLWH [ 59 ]. The authors 
investigated the effect of rosuvastatin therapy on hsCRP, IL-6 and 
D-dimer levels in PLWH and found that rosuvastatin significantly 
reduced IL-6 levels, while changes in hsCRP and D-dimer 
were not statistically significant. While these results highlight 
the potential for targeted interventions to modify inflammatory 
pathways implicated in HIV-associated CVD, biomarker levels 
and responses varied based on individual characteristics such 
as age, antiretroviral therapy duration and baseline immune 
status, complicating the clinical utility of biomarker-based risk 
stratification in PLWH. 

This study had several notable strengths. We employed a com- 
prehensive search strategy and searched multiple databases, 
reducing the risk of selection bias. There were no time or language 
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restrictions, and we included grey literature to thoroughly assess 
the current state of the literature and minimise publication bias. 
We excluded cross-sectional studies, as they do not allow for the 
assessment of temporal relationships between biomarker levels 
and future major adverse cardiovascular disease risk, thereby 
strengthening the validity of the conclusions drawn. 

Careful handling of missing data was undertaken by reaching out 
to study authors, estimating standard errors where necessary and 
standardising effect estimates across different log-transformed 
biomarker scales. Furthermore, the decision to restrict the anal- 
ysis to the largest dataset prevented duplication of results and 
inflating associations. 

Despite the strengths of our approach, several limitations should 
be considered when interpreting our findings. Our comprehen- 
sive search meant that we included a range of study designs 
and biomarker measurement protocols, which introduced het- 
erogeneity, making direct comparisons challenging. For retro- 
spective studies, we required at least a one-year interval between 
biomarker measurement and the occurrence of the outcome 
event to ensure appropriate temporality between exposure and 
outcome, but this may have excluded studies with shorter follow- 
up times. Furthermore, while we followed guidance per Cochrane 
recommendations, the QUIPS tool was not fully applicable to 
case-control studies and required modifications. 

Almost all included studies exhibited a moderate or high risk 
of bias in at least one domain. The domains most frequently at 
risk were those related to confounding and statistical analysis 
and reporting, with the latter often reflecting selective reporting 
of biomarker-outcome associations. Selective reporting bias was 
evident in several studies, where results were presented only 
for a subset of measured biomarkers results [ 29, 31, 32 ]. These 
reporting limitations are particularly important in prognostic 
research, where multiple biomarkers may be explored but only 
a few are presented based on post hoc findings [ 60 ]. The absence 
of covariate adjustment or the failure to include CVD risk factors 
further limited interpretability [ 31, 35, 41–43, 45, 47 ]. 

Two studies enrolling participants diagnosed with heart failure 
were excluded [ 61, 62 ], and included studies had a low or 
unreported prevalence of prior CVD. Consequently, our findings 
may not be generalisable to secondary prevention settings or 
PLWH with established cardiovascular disease. Furthermore, 
most included studies did not report how ART interruptions 
during follow-up were handled in analyses. Treatment interrup- 
tions could affect both inflammatory marker trajectories and 
cardiovascular risk, potentially confounding observed associa- 
tions. Future studies should incorporate repeated assessments of 
ART adherence and viral suppression throughout follow-up. 

Additionally, due to the small number of eligible studies per 
biomarker, pre-planned subgroup and sensitivity analyses could 
not be performed. The included studies span periods when there 
was a shift towards universal test-and-treat strategies, as well as 
the adoption of integrase inhibitor treatment. Because we did 
not conduct a formal meta-analysis with a subgroup analysis, 
we are unable to quantify this heterogeneity, yet these differ- 
ences are likely to limit the comparability of findings between 
studies. Although ART may reduce systemic inflammation, the 

relationship between specific regimens, treatment duration and 
inflammatory biomarker levels remains complex, with evidence 
suggesting that biomarker trajectories vary according to regimen 
[ 5, 6, 61 ]. However, biomarkers may also remain elevated despite 
viral suppression from therapy [ 34, 38, 41 ]. Therefore, it remains 
challenging to interpret biomarker levels and downstream risk 
for individual people living with HIV and, without sensitivity 
analyses, we could not account for how individual and treatment- 
related characteristics may have influenced findings. 

The limited number of studies, particularly from low- and middle- 
income countries (LMICs), also raises concerns about the com- 
pleteness of the evidence base and the potential for publication 
bias. Although our review incorporated studies from multiple 
geographical settings, the predominance of high-income cohorts 
with limited representation of women and non-White partici- 
pants raises concerns about generalisability. This demographic 
imbalance is particularly concerning given the disproportionate 
burden of CVD in PLWH in LMICs [ 1 ]. Similar systematic biases 
affect cardiovascular risk prediction research in this population, 
with a recent analysis of the REPRIEVE data showing how 

existing CVD risk scores underpredict risk in women and Black or 
African Americans living in high-income countries [ 12 ]. Future 
studies should prioritise more diverse populations to ensure 
broader applicability of biomarker-based risk prediction. 

While our review demonstrates associations between inflamma- 
tory biomarkers and cardiovascular outcomes, translation into 
clinical practice will require consideration of local resources and 
infrastructure. Future research should not only validate these 
biomarkers in underrepresented populations but also assess their 
cost-effectiveness and feasibility of implementation in different 
healthcare settings. Point-of-care testing technologies that can 
measure inflammatory markers more affordably and accessibly 
may ultimately be necessary to make biomarker-based risk 
stratification viable in resource-limited settings where the burden 
of HIV-associated CVD is greatest. 

5 Conclusions 

As CVD continues to emerge as a leading cause of morbidity and 
mortality among people living with HIV, improving risk predic- 
tion remains a pressing priority. Our findings highlight that sev- 
eral biomarkers, including hsCRP, IL-6, D-dimer and NT-proBNP, 
are consistently associated with an increased risk of cardiovascu- 
lar disease in this population. While these associations are biolog- 
ically plausible and reflect the chronic inflammation and immune 
activation characteristic of HIV, their predictive performance 
for individual risk stratification remains uncertain due to the 
limited number of high-quality studies assessing each biomarker 
consistently across different settings and patient groups. 

High-quality, standardised longitudinal studies with consistent 
biomarker measurement timing and confounder adjustment are 
needed to better define their clinical relevance among PLWH. 
Future research should focus on validating promising biomarkers 
in more diverse populations, including women and individuals in 
low- and middle-income settings, and integrating these markers 
into risk prediction models developed for PLWH. Such efforts 
will be critical for improving cardiovascular risk stratification 
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and guiding targeted prevention strategies in this growing at-risk 
population. 
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