
RESEARCH ARTICLE

Inflammatory biomarkers and subclinical

carotid atherosclerosis in HIV-infected and

HIV-uninfected men in the Multicenter AIDS

Cohort Study

Vinita SubramanyaID
1☯, Heather S. McKay2☯, Rebeccah M. Brusca3, Frank J. Palella4,

Lawrence A. Kingsley5, Mallory D. Witt6, Howard N. Hodis7, Russell P. Tracy8, Wendy

S. Post1,2, Sabina A. HaberlenID
2*

1 Division of Cardiology, Johns Hopkins School of Medicine, Baltimore, Maryland, United States of America,

2 Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland,

United States of America, 3 Department of Medicine, Johns Hopkins School of Medicine, Baltimore,

Maryland, United States of America, 4 Division of Infectious Diseases, Northwestern University, Feinberg

School of Medicine, Chicago, Illinois, United States of America, 5 Department of Epidemiology, University of

Pittsburgh School of Public Health, Pittsburgh, Pennsylvania, United States of America, 6 Department of

Medicine, Los Angeles Biomedical Research Institute at Harbor-University of California Los Angeles,

Torrance, California, United States of America, 7 Atherosclerosis Research Unit, Keck School of Medicine at

University of Southern California, Los Angeles, California, United States of America, 8 Departments of

Pathology & Laboratory Medicine, and Biochemistry, University of Vermont, Larner College of Medicine,

Colchester, Vermont, United States of America

☯ These authors contributed equally to this work.

* shaberlen@jhu.edu

Abstract

Background

HIV-infected persons have an increased risk of atherosclerosis relative to uninfected individ-

uals. Inflammatory processes may contribute to this risk. We evaluated the associations of

10 biomarkers of systemic inflammation (CRP, IL-6, sTNF-αR1 and 2), monocyte activation

(CCL2, sCD163, sCD14), coagulation (fibrinogen, D-dimer), and endothelial dysfunction

(ICAM-1) with subclinical carotid atherosclerosis among participants in the Multicenter AIDS

Cohort Study (MACS).

Methods

Carotid plaque and intima media thickness (IMT) in the common carotid (CCA-IMT) and

bifurcation region were assessed by B mode ultrasound among 452 HIV-infected and 276

HIV-uninfected men from 2010–2013. Associations between levels of each biomarker and

presence of focal plaque and IMT were assessed by logistic and linear regression models,

adjusting for demographics, risk behaviors, traditional cardiovascular disease (CVD) risk

factors, and HIV disease characteristics.

Results

Compared to HIV-uninfected men, HIV-infected men had significantly higher levels of 8 of

the 10 biomarkers. Overall, men with sCD163, CCL2, IL-6, and CRP levels in the highest
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quintile had approximately 2 times the odds of carotid plaque relative to those with levels in

the lowest quintile, independent of demographic and CVD risk factors. Fibrinogen levels

were positively associated with CCA-IMT while ICAM-1, CCL2, and sTNF-αR1 levels were

positively associated with bifurcation-IMT. Among HIV-uninfected men, higher levels of

sTNF-αR2 were positively associated with CCA-IMT, fibrinogen with bifurcation-IMT and

carotid plaque, and ICAM-1 with carotid plaque.

Conclusion

In addition to greater levels of systemic inflammation, heightened monocyte activation

(sCD163, CCL2) may contribute to the burden of atherosclerosis among HIV-infected persons.

Introduction

HIV-infected individuals have a greater risk of subclinical atherosclerosis and cardiovascular

disease (CVD) events, even among those with suppressed HIV RNA levels [1–3], compared to

HIV-uninfected persons [4, 5]. Mechanisms underlying this increased HIV-associated risk

may include HIV viremia, immune activation, metabolic side effects of antiretroviral therapy,

and a higher prevalence of traditional CVD risk factors among HIV-infected persons [6–8].

Dysregulation of the immune system, persistent inflammation, and endothelial dysfunction,

possibly as a consequence of ongoing residual low-level viral replication, may play a central

role in excess CVD risk among HIV-infected persons [2, 5, 9–12].

Although systematic reviews demonstrate mixed results regarding the associations between

levels of specific biomarkers and surrogate markers of cardiovascular disease among HIV-

infected persons [13, 14], studies have reported associations between levels of CRP, IL-6, TNF

alpha receptors 1 and 2 (sTNF-αR1 and 2), sCD14, sCD163, CCL2, and D-dimer with subclin-

ical or incident CVD [5, 11, 14–18]. However, many studies had small sample sizes, lacked an

HIV-uninfected comparison group, or did not adequately adjust for confounding factors.

Moreover, comparisons across studies are complicated by the differences in subclinical athero-

sclerosis measurement, including carotid intima-media thickness (IMT), carotid and coronary

plaque, and coronary artery calcium.

In previous reports involving HIV-infected and uninfected men in the Multicenter AIDS

Cohort Study (MACS), prevalent subclinical coronary atherosclerosis was positively associated

with elevated levels of monocyte activation biomarkers—sCD14, sCD163, CCL2 (previously

MCP-1)—[18] and other biomarkers of inflammation (IL-6, ICAM-1, and sTNF-αR1 and 2)

[19], independent of traditional cardiovascular risk factors. Building on this prior work, the

aim of the current study was to evaluate the relationship between levels of biomarkers of sys-

temic inflammation (CRP, IL-6, sTNF-αR1 and 2), monocyte activation (CCL2, sCD163,

sCD14), coagulation (fibrinogen, D-dimer), and endothelial dysfunction (ICAM-1) with three

measures of subclinical carotid atherosclerosis—focal carotid plaque, common carotid IMT

(CCA-IMT) and bifurcation-IMT—in the same well-characterized study population of HIV-

infected and uninfected men. Our secondary aim was to determine whether these associations

differed by HIV serostatus.

Methods

Study design, population, and setting

The MACS is an ongoing prospective cohort study of the natural and treated history of HIV

infection conducted in Baltimore/Washington DC, Pittsburgh, Los Angeles, and Chicago.
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Participants are men who have sex with men with or at risk for acquiring HIV infection [20]

who enrolled during three periods beginning in 1984. Study procedures have been described

previously [20, 21]. Briefly, six-month study visits include standardized interviews, physical

examinations, and the collection of blood for concurrent testing and storage in local and

national repositories. MACS highlights, protocols, and data collection forms may be found at

http://aidscohortstudy.org.

From 2010–2013, the MACS CVD sub-study enrolled participants 40–70 years of age who

weighed�300 lb and had no prior history of cardiac surgery or percutaneous coronary inter-

vention. Details of the study have been published [22]. A total of 912 participants were evalu-

ated for subclinical carotid atherosclerosis. After excluding participants with missing

biomarker, covariate, or carotid data (missing data ranged from 4.4–8.5%), our analytic sample

consisted of 728 men (276 HIV-uninfected and 452 HIV-infected). Among them, 672 had

evaluable IMT measurements of the bifurcation region. Participants provided written

informed consent, and the study was approved by the Institutional Review Boards of all MACS

sites: The Chesapeake Institutional Review Board, the Cook County Bureau of Health Services

Institutional Review Board, the Johns Hopkins Bloomberg School of Public Institutional

Review Board, the Johns Hopkins Medicine Institutional Review Boards, the Los Angeles Bio-

Medical Research Institute at Harbor-UCLA Medical Center John F. Wolf, Human Subjects

Committee, the Northwestern University Institutional Review Board, the Ohio State Biomedi-

cal Sciences Institutional Review Board, the University of Pittsburgh Institutional Review

Board, the University of California Los Angeles Institutional Review Board.

Main outcome measures

At a separate CVD sub-study visit, participants underwent a high-resolution B mode carotid

artery ultrasound at eight different sites in the right carotid artery system using a standardized

protocol. The presence of focal carotid plaque at any of these sites was the primary outcome

measure, due to its previously reported association with HIV infection in the MACS and the

Women’s Interagency HIV Study (WIHS) [1]. The presence of plaque was defined as a local-

ized intima media thickness>1.5 mm [23]. The secondary outcome measures were IMT at the

common carotid artery (CCA-IMT) and at the bifurcation of the right branch of the common

carotid (bifurcation-IMT), which were quantified using computerized edge tracking multi-

frame image processing [24]. Study personnel performing the ultrasound received uniform

training from the University of Southern California Atherosclerosis Research Unit Core Imag-

ing and Reading Center and were masked to participant HIV serostatus [25].

Biomarker exposures and other variables

Levels of the ten biomarkers were measured in serum and plasma obtained from blood drawn

at the CVD sub-study visit and stored at -70 C. Details of the biomarker assay methods are

described in S1 Table [18].

Sociodemographic, behavioral, and traditional cardiovascular risk factors were assessed at

the MACS semi-annual study visit. Self-reported sociodemographic variables included age,

race/ethnicity, and baseline education. Risk behaviors included self-reported recent alcohol

consumption and cigarette smoking, including current smoking status and cumulative pack-

years calculated from the baseline cohort visit. Hepatitis C virus infection status (HCV) was

determined using antibody and plasma viral RNA levels. Cardiovascular risk factors included

measured body mass index (BMI, weight (kg)/height (m)2), systolic blood pressure (SBP), fast-

ing glucose levels, total and high-density lipoprotein cholesterol levels (HDL), and self-

reported current use of medication for hypertension, diabetes, and high cholesterol.
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Positive ELISA confirmed by Western blot determined HIV seropositivity. Plasma HIV

RNA (viral load) levels were determined by the Roche ultrasensitive assay, sensitive to 50 cop-

ies/mL. Participants were classified as having durable viral suppression over the 5 years prior

to the ultrasound scan if viral load measures during this period were<50 copies/mL, with a

single blip up to 500 copies/mL permitted. Standardized flow cytometry enumerated CD4+ T

lymphocyte cell counts/μL (CD4) [26]. The use of highly active antiretroviral therapy

(HAART) was self-reported. An AIDS diagnosis was defined clinically by the presence of one

or more AIDS-defining illness according to the 1993 CDC criteria (with the exception of

CD4< = 200 cells/μL).

Statistical methods

Differences in distributions of sociodemographic, behavioral, and cardiovascular risk factors

by HIV serostatus were assessed using Student t-tests or Wilcoxon rank-sum tests for continu-

ous variables and χ2 tests for categorical variables. Separate analyses were conducted for each

biomarker. Regression analyses were used to evaluate the relationship of each biomarker inde-

pendently with the presence of focal carotid plaque (logistic regression) and CCA-IMT and

bifurcation-IMT (linear regression). Due to their skewed distributions, biomarker levels were

divided into quintiles and modeled as categorical variables. Primary results were presented for

men with biomarker levels in the highest compared to the lowest quintile. Regression models

were first adjusted for sociodemographic and behavioral characteristics: age (years), race/eth-

nicity (White, non-Hispanic; Black, non-Hispanic; and other), education (did not complete

high school, completed high school, any college experience, any graduate school experience),

study center, HIV serostatus, and enrollment in the MACS cohort (pre- and post-2001). Sub-

sequent models adjusted for all cardiovascular and behavioral risk factors, including SBP (per

10 mm Hg), BMI (modeled continuously), total and HDL cholesterol levels (per 5 mg/dl),

alcohol consumption (none, 1 to 3 drinks/week, 4 to 13 drinks/week and more than 13 drinks/

week since last visit), smoking status (never, former, or current) and cumulative pack-year use,

and use of medication for hypertension, diabetes and high cholesterol. Analyses conducted

among HIV-infected men were further adjusted for contemporaneous HAART use, 5-year

viral suppression, current CD4 cell count, the lowest historically-measured CD4 cell count

prior to HAART initiation, and history of AIDS diagnoses. Finally, interaction terms assessed

whether associations between biomarker levels and each carotid atherosclerosis outcome var-

ied by HIV serostatus.

Statistical significance was determined by a 2-sided p<0.05. Analyses were conducted using

Stata, version 14.2 (College Station, Texas).

Results

Participant characteristics

Participant characteristics, stratified by HIV serostatus, are depicted in Table 1. Compared to

the HIV-uninfected men, HIV-infected participants were younger, more likely to be current

smokers, and had lower BMI and HDL cholesterol. Participants were comparable by HIV ser-

ostatus with respect to other cardiometabolic factors. Among HIV-infected men, 82.5% were

virally suppressed with a median duration of HAART use of 9.2 years. The median current

CD4 was 592 cells/mm3. About 15% had a history of AIDS, and the median nadir CD4 was

290 cells/mm3. Among 184 participants with missing data (excluded from our study sample),

the distribution of characteristics remained largely the same (S2 Table).
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Table 1. Study population characteristics, by HIV serostatus.

Characteristic HIV-uninfected (n = 276) HIV-infected (n = 452) p value

Demographic factors

Age, years 55.5 ± 7.3 52.5 ± 6.6 <0.001

Race/ethnicity <0.001

White, non-Hispanic 67.8 52.0

Black, non-Hispanic 23.9 34.7

Other 8.3 13.3

Baseline education <0.001

Did not complete high school 4.7 7.5

Completed high school 9.4 17.3

Any college experience 47.5 54.7

Any graduate school experience 38.4 20.6

Cohort <0.001

Pre-2001 65.2 48.7

Post-2001 34.8 51.3

Behavioral risk factors

Smoking <0.01

Never 26.1 23.7

Former 53.6 44.7

Current 20.3 31.6

Cumulative pack year; median (IQR) 0.5 (0, 19.9) 6.9 (0, 22.3) 0.02

Current alcohol use (since last visit) <0.001

None 13.0 25.0

1–3 drinks/week 48.6 53.3

4–13 drinks/week 27.9 16.6

>13 drinks/week 10.5 5.1

Current Hepatitis C infection 3.3 10.4 <0.001

Cardiometabolic risk factors

Body mass index, kg/m2 27.3 ± 4.5 26.2 ± 4.6 <0.001

Systolic blood pressure, mm Hg 128.8 ± 14.6 126.3 ± 15.1 0.03

Antihypertensive medication 31.2 34.3 0.38

Fasting glucose, mg/dl� 97 (89, 103) 97.5 (90, 107) 0.33

Diabetes medication 7.6 9.5 0.38

Total cholesterol, mg/dl� 195.3 ± 35.8 187.3 ± 41.1 0.01

HDL cholesterol, mg/dl� 51.6 (42.3, 60.3) 46.1 (38.4,54.4) <0.001

Cholesterol-lowering medication 31.5 34.7 0.37

HIV-specific factors

CD4+ T-cell count, cells/mm3

Current 592 (422, 763)

Nadir 290 (176, 413)

Current HIV viral suppression (<50 copies/mL) 82.3

5-year virologic suppression 52.7

HAART use 88.1

History of AIDS 15.0

Abbreviations: HAART, highly active antiretroviral therapy; HDL, high-density lipoprotein; AIDS, Acquired

Immune Deficiency Syndrome; CD, cluster of differentiation

Categorical data are described by percent. Continuous data are described by mean and standard deviation (SD) for

normally distributed variables or by median and interquartile range (IQR). P values were obtained from Student t-
tests or Wilcoxon rank-sum tests for continuous variables and χ2 tests for categorical variables. Level of significance,

p<0.05.

�Multiply by 0.06 (per 1 mg/dl) to obtain glucose and 0.02586 (per 1 mg/dl) to obtain cholesterol levels in mmol/L

https://doi.org/10.1371/journal.pone.0214735.t001
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The prevalence of focal carotid plaque was 30% in our study population. The median bifur-

cation-IMT was greater than the median CCA-IMT (0.89 mm vs 0.76 mm) (S1 Fig) and the

correlation coefficient was 0.64.

Inflammatory biomarkers

With the exception of fibrinogen and D-dimer, biomarker levels were significantly higher

among HIV-infected men compared with uninfected men, even after adjusting for differences

in cardiovascular risk factors (Table 2). The difference persisted when limiting to men with

durable virologic suppression over the past 5 years, though differences in levels of CRP and IL-

6 became non-significant (S3 Table). The majority of pairwise correlations between biomark-

ers were weak (<0.3) with correlation coefficients ranging from 0.04 to 0.71 (S4 Table).

Associations of inflammatory biomarkers with focal carotid plaque

In the overall study population, higher levels of 8 of the 10 biomarkers were significantly asso-

ciated with a greater odds of focal carotid plaque in unadjusted analyses; four biomarkers—

sCD163, CCL2, CRP, and IL-6—remained significantly or nearly significantly associated after

adjustment for demographic, behavioral, and traditional CVD factors (Fig 1). Generally, the

odds of plaque were greater with each increasing quintile of biomarker levels, consistent with a

dose-response relationship (S5 Table). Higher levels of CCL2 (quintile 5, relative to quintile 1)

were associated with nearly three times the odds of focal carotid plaque in fully-adjusted mod-

els (aOR = 2.94, p<0.001). Higher levels of sCD163 (aOR = 1.93, p = 0.04), CRP (aOR = 2.21,

p = 0.01), and IL-6 (aOR = 1.82, p = 0.05) were also positively associated with carotid plaque.

With the exception of IL-6, when the biomarkers were all included in a single, fully-adjusted

model these findings generally persisted: CCL2 (aOR = 3.16, p = 0.001), CRP (aOR = 2.27,

Table 2. Levels of inflammatory biomarkers, by HIV serostatus.

Biomarker Cut point for Upper

Quintile

HIV-uninfected (n = 276) Median

(IQR)

HIV-infected (n = 452) Median

(IQR)

Unadjusted

p value

Adjusted� p value

sCD163 (ng/ml) >873 554 (449, 696) 679 (519, 876) <0.001 <0.001

sCD14 (ng/ml) >1,810 1,292 (1,130, 1,458) 1,615 (1,393, 1,895) <0.001 <0.001

ICAM-1 (ng/ml) >315 228 (192, 270) 258 (215, 314) <0.001 0.04

CCL2 (pg/ml) >354 235 (183, 313) 273 (211, 350) <0.001 <0.001

CRP (ug/ml) >3.2 1.0 (0.54, 1.98) 1.3 (0.7, 2.8) 0.01 <0.01

IL-6 (pg/ml) >2.7 1.3 (0.89, 2.17) 1.5 (1.0, 2.4) 0.01 0.01

sTNF-αR1 (pg/

ml)

>1,516 1,165 (956, 1,354) 1,167 (950, 1,463) 0.04 0.06

sTNF-αR2 (pg/

ml)

>8,188 5,905 (4,961, 6,949) 6,575 (5,436, 8,017) <0.001 <0.001

Fibrinogen (ml/

dl)

>391 336 (294, 380) 326 (282, 377) 0.07 0.11

D-dimer (ug/ml) >0.4 0.2 (0.13, 0.30) 0.3 (0.1, 0.3) 0.14 0.99

Abbreviations: IQR, interquartile range; sCD163, soluble cluster of differentiation 163; sCD14, soluble cluster of differentiation 14; CCL2, chemokine (C-C motif) ligand

2; ICAM-1, intercellular cell adhesion molecule-1; CRP, C reactive protein; IL-6, interleukin-6; sTNF-αR1, soluble tumor necrosis factor-alpha receptor 1; sTNF-αR2,

soluble tumor necrosis factor-alpha receptor 2.

Unadjusted p values were obtained using the Wilcoxon rank sum test.

�Adjusted p values were obtained from Wald tests from multivariable linear regression models that adjusted for age, race/ethnicity, baseline education, study center,

enrollment in the MACS cohort (pre- and post-2001), systolic blood pressure, body mass index, total cholesterol, high-density lipoprotein (HDL) cholesterol, alcohol

consumption since last visit, smoking status with cumulative pack year use, hepatitis C infection, and use of medication for hypertension, diabetes and high cholesterol.

https://doi.org/10.1371/journal.pone.0214735.t002
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p = 0.04), and sCD163 (aOR = 2.0, p = 0.05) (S6 Table). The statistical significance of the asso-

ciations with focal plaque observed for sCD14, ICAM-1, sTNF-αR2, and fibrinogen in unad-

justed analyses was attenuated in fully-adjusted models, while levels of TNF-αR1 and D-dimer

were not associated with carotid plaque.

In stratified analyses (Fig 1, S7 Table), among HIV-infected men, higher levels of CCL2 and

sCD163 were associated with greater odds of prevalent focal carotid plaque after adjusting for

demographic and cardiovascular factors (aOR = 3.24, p<0.01 and aOR = 2.62, p = 0.02, respec-

tively). The association of elevated CRP levels with focal plaque did not reach statistical signifi-

cance (aOR = 2.05, p = 0.06). These associations persisted, and, in the case of sCD163 and

CRP, increased in magnitude (aOR = 3.39, p = 0.01 and aOR = 2.26, p = 0.04, respectively),

after additional adjustment for CD4, CD4 nadir, use of HAART, history of AIDS diagnosis,

and 5-year HIV viral suppression (S7 Table). These inferences were unchanged in sensitivity

analyses restricted to men with virologic suppression (S8 Table).

Among the HIV-uninfected men, higher levels CCL2 and CRP were also associated with

focal carotid plaque at a similar magnitude, though not statistically significantly. However,

there was no association between focal carotid plaque with sCD163. The association between

IL-6 levels and focal carotid plaque was larger in magnitude among HIV-uninfected men

(aOR = 3.15, p = 0.05) than the HIV-infected men (aOR = 1.59, p = 0.24), though the effect

measure modification was not significant on the multiplicative scale. Higher levels of ICAM-1

and fibrinogen were associated with significantly higher odds of focal carotid plaque

Fig 1. Association of inflammatory biomarkers (fifth quintile, relative to first quintile) with the presence of focal carotid plaque. Models are adjusted

for age, race/ethnicity, baseline education, study center, enrollment in the MACS cohort (pre- and post-2001), SBP, BMI, total cholesterol, HDL cholesterol,

alcohol consumption since last visit, smoking status with cumulative pack year use, HCV, and use of medication for hypertension, diabetes and high

cholesterol. Data points are adjusted odds ratios (aOR), and bars denote 95% confidence intervals (CI). Dark gray horizontal line represents the null value

(aOR = 1.00). Level of significance, �p<0.05, ��p<0.01, ���p<0.001. Values of the aOR (95% CI), from left to right: All participants (N = 728): CCL2 [2.94

(1.60, 5.40)], CRP [2.21(1.20, 4.06)], sCD163 [1.93 (1.02, 3.68)], IL-6 [1.82 (0.99, 3.36)], Fibrinogen [1.55 (0.86, 2.80)], sCD14 [1.47 (0.77, 2.81)], ICAM-1

[1.43 (0.78, 2.59)], sTNF-αR2 [1.21 (0.66, 2.24)], D-dimer [0.91 (0.52, 1.59)] and sTNF-αR1 [0.76 (0.42, 1.38)]. HIV-infected (N = 452): CCL2 [3.24 (1.45,

7.24)], CRP [2.05 (0.98, 4.28)], sCD163 [2.62 (1.15, 5.97)], IL-6 [1.59 (0.73, 3.45)], Fibrinogen [1.29 (0.64, 2.60)], sCD14 [1.00 (0.44, 2.28)], ICAM-1 [0.77

(0.36, 1.65)], sTNF-αR2 [1.54 (0.72, 3.29)], D-dimer [0.92 (0.47, 1.80)] and sTNF-αR1 [0.68 (0.33, 1.44)]. HIV-uninfected (N = 276): CCL2 [2.93 (0.98, 8.78)],

CRP [3.23 (0.97, 10.82)], sCD163 [1.25 (0.35, 4.570], IL-6 [3.15 (1.01, 9.81)], Fibrinogen [4.09 (1.10, 15.18)], sCD14 [4.91 (0.84, 28.82)], ICAM-1 [6.8 (2.15,

21.54)], sTNF-αR2 [0.71(0.22, 2.32)], D-dimer [0.76 (0.26, 2.19)] and sTNF-αR1 [0.82 (0.25, 2.63)].

https://doi.org/10.1371/journal.pone.0214735.g001
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(aOR = 6.80, p = 0.001 and aOR = 4.09, p = 0.04, respectively). ICAM-1 was the only bio-

marker whose association with carotid plaque differed significantly by HIV serostatus, with an

association apparent only among the HIV-uninfected men (interaction term p<0.001).

Associations of inflammatory biomarkers with common carotid IMT

In the overall study population, higher levels of six biomarkers (sTNF-αR1, sTNF-αR2, IL-6,

CCL2, CRP, and fibrinogen) were significantly associated with greater CCA-IMT in unad-

justed analyses, with mean differences ranging from β = 0.03 mm to 0.07 mm for biomarker

levels in the highest relative to the lowest quintile (Table 3A, S9 Table). Only fibrinogen

remained positively associated with CCA-IMT after adjustment for sociodemographic and

CVD risk factors (β = 0.04 mm, p = 0.01). Conversely, the fifth (highest) quintile of D-dimer

was inversely associated with CCA-IMT (β = 0.04 mm, p = 0.01) after adjusting for sociodemo-

graphic and CVD risk factors. There were no associations between levels of sCD14, sCD163,

and ICAM-1 and CCA-IMT.

Among the HIV-infected men, fibrinogen levels were significantly associated with

CCA-IMT in the minimally-adjusted models but the association disappeared after further

adjustment for CVD risk factors (S10 Table). Among the HIV-uninfected men, both fibrino-

gen and sTNF-αR2 levels were significantly associated with CCA-IMT in fully-adjusted mod-

els, while ICAM-1 and CRP were significantly associated in minimally-adjusted models

(p = 0.03 and p = 0.01) but not after adjusting for traditional CVD risk factors.

Associations of inflammatory biomarkers with bifurcation region IMT

In the overall cohort, levels of six biomarkers were significantly associated with bifurcation-

IMT in unadjusted analyses but only three remained significant in fully-adjusted models:

ICAM-1 (β = 0.05 mm, p = 0.02), CCL2 (β = 0.04 mm, p = 0.05), and sTNF-αR1 (β = 0.04 mm,

Table 3. Associations between inflammatory biomarkers and intima media thickness of the right common carotid artery (CCA-IMT) (N = 728).

Biomarkers Model A� Model B† Model C‡

β (95% CI) p value β (95% CI) p value β (95% CI) p value

sCD163 0.03 [-0.00, 0.06] 0.06 0.01 [-0.02, 0.04] 0.48 0.01 [-0.03, 0.04] 0.74

sCD14 0.03 [-0.01, 0.06] 0.11 0.01 [-0.02, 0.05] 0.42 0.01 [-0.02, 0.05] 0.54

ICAM-1 0.02 [-0.01, 0.06] 0.13 0.02 [-0.02, 0.05] 0.33 0.00 [-0.03, 0.04] 0.81

CCL2 003 [0.00, 0.07] 0.04 0.02 [-0.01, 0.05] 0.26 0.01 [-0.02, 0.04] 0.58

CRP 0.05 [0.02, 0.08] <0.01 0.03 [0.00, 0.06] 0.03 0.02 [-0.02, 0.05] 0.32

IL-6 0.05 [0.02, 0.08] <0.01 0.02 [-0.01, 0.06] 0.13 0.00 [-0.03, 0.04] 0.80

sTNF-αR1 0.05 [0.01, 0.08] <0.01 0.03 [-0.00, 0.06] 0.09 0.02 [-0.01, 0.05] 0.19

sTNF-αR2 0.05 [0.02, 0.09] <0.001 0.03 [-0.00, 0.06] 0.06 0.03 [-0.00, 0.06] 0.08

Fibrinogen 0.07 [0.04, 0.11] <0.001 0.06 [0.02, 0.09] <0.001 0.04 [0.01, 0.07] 0.01

D-dimer 0.00 [-0.03, 0.03] 0.92 -0.03 [-0.06, -0.00] 0.02 -0.04 [-0.06, -0.01] 0.01

Abbreviations: sCD163, soluble cluster of differentiation 163; sCD14, soluble cluster of differentiation 14; CCL2, chemokine (C-C motif) ligand 2;

ICAM-1, intercellular cell adhesion molecule-1; CRP, C reactive protein; IL-6, interleukin-6; sTNF-αR1, soluble tumor necrosis factor-

alpha receptor 1; sTNF-αR2, soluble tumor necrosis factor-alpha receptor 2. Results are presented as β coefficients and 95% CI. Bolded results are significant (p<0.05).

�Model A: Unadjusted

†Model B: Adjusted for HIV status, age, race/ethnicity, baseline education, study center, enrollment period in the MACS cohort (pre- and post-2001)

‡Model C: Adjusted for variables in model B and systolic blood pressure, body mass index, total cholesterol, high-density lipoprotein (HDL) cholesterol, alcohol

consumption since last visit, smoking status with cumulative pack year use, hepatitis C infection, and use of medication for hypertension, diabetes and high cholesterol

https://doi.org/10.1371/journal.pone.0214735.t003
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p = 0.05) (Table 4, S11 Table). The magnitudes of these associations were similar after stratifi-

cation by HIV serostatus, in both strata, but were not statistically significant (S12 Table).

Among HIV-uninfected men, higher levels of fibrinogen were positively associated with

bifurcation-IMT (p<0.05), but this was not observed in HIV-infected men (interaction term

p = 0.08). No significant associations between sCD163, sCD14, D-dimer, or sTNF-αR2 with

bifurcation-IMT were observed.

Discussion

In this large, well-characterized cohort of HIV-infected and otherwise similar uninfected men

who were assessed for subclinical carotid atherosclerosis, we found that HIV-infected men,

even those with durable virologic suppression, had significantly higher levels of nearly all eval-

uated biomarkers. Furthermore, we found that elevated levels of two monocyte activation bio-

markers, CCL2 and sCD163, and two systemic inflammation biomarkers, CRP and IL-6, were

significantly (borderline for IL-6) associated with the presence of focal carotid plaque, inde-

pendent of sociodemographic and traditional CVD risk factors. Fibrinogen levels were posi-

tively associated with CCA-IMT while ICAM-1, CCL2, and sTNF-αR1 were positively

associated with bifurcation-IMT, our secondary measures of subclinical carotid atherosclero-

sis. In stratified analyses, associations with focal carotid plaque were generally consistent by

HIV serostatus, with the exception of a large measure of association for monocyte activation

marker sCD163 among the HIV-infected but not the uninfected, and stronger associations

with ICAM-1, IL-6, and fibrinogen among the uninfected. Differences by HIV serostatus were

more evident for associations with the IMT measures, with significant associations observed

only among the HIV-uninfected men.

Our findings provide additional support for a primary role of monocyte activation in vascu-

lar plaque pathogenesis, particularly among HIV-infected individuals. The biomarker with the

Table 4. Associations between inflammatory biomarkers and intima media thickness at the bifurcation of the right common carotid artery (bifurcation-IMT)

(N = 672).

Biomarkers Model A� Model B† Model C‡

β (95% CI) p value β (95% CI) p value β (95% CI) p value

sCD163 0.03 [-0.01, 0.07] 0.21 0.02 [-0.02, 0.06] 0.36 0.02 [-0.02, 0.07] 0.27

sCD14 0.01 [-0.03, 0.05] 0.66 0.01 [-0.04, 0.05] 0.77 0.01 [-0.03, 0.05] 0.64

ICAM-1 0.05 [0.01, 0.09] 0.01 0.06 [0.02, 0.10] <0.01 0.05 [0.01, 0.09] 0.02

CCL2 0.06 [0.02, 0.10] <0.01 0.05 [0.01, 0.09] 0.02 0.04 [0.00, 0.08] 0.05

CRP 0.04 [0.00, 0.08] 0.03 0.03 [-0.01, 0.07] 0.10 0.02 [-0.02, 0.05] 0.44

IL-6 0.06 [0.02, 0.09] 0.01 0.03 [-0.01, 0.07] 0.14 0.02 [-0.02, 0.06] 0.43

sTNF-αR1 0.05 [0.01, 0.09] 0.01 0.04 [-0.00, 0.08] 0.06 0.04 [0.00, 0.08] 0.05

sTNF-αR2 0.03 [-0.01, 0.07] 0.13 0.01 [-0.03, 0.05] 0.60 0.02 [-0.02, 0.06] 0.42

Fibrinogen 0.07 [0.03, 0.11] <0.001 0.05 [0.01, 0.09] 0.02 0.03 [-0.01, 0.07] 0.11

D-dimer 0.02 [-0.02, 0.06] 0.29 -0.02 [-0.06, 0.01] 0.22 -0.02 [-0.06, 0.02] 0.25

Abbreviations: sCD163, soluble cluster of differentiation 163; sCD14, soluble cluster of differentiation 14; CCL2, chemokine (C-C motif) ligand 2;

ICAM-1, intercellular cell adhesion molecule-1; CRP, C reactive protein; IL-6, interleukin-6; sTNF-αR1, soluble tumor necrosis factor-

alpha receptor 1; sTNF-αR2, soluble tumor necrosis factor-alpha receptor 2. Results are presented as β coefficients and 95% CI. Bolded results are significant (p<0.05).

�Model A: Unadjusted

†Model B: Adjusted for HIV status, age, race/ethnicity, baseline education, study center, cohort

‡Model C: Adjusted for variables in model B and systolic blood pressure, body mass index, total cholesterol, high-density lipoprotein (HDL) cholesterol, alcohol

consumption since last visit, smoking status with cumulative pack year use, hepatitis C infection, and use of medication for hypertension, diabetes and high cholesterol

https://doi.org/10.1371/journal.pone.0214735.t004
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most robust association with subclinical carotid atherosclerosis in the present study, based on

magnitude, consistency of associations regardless of HIV serostatus, and coherence across

carotid measures, was CCL2. A chemokine involved primarily in regulating the migration and

infiltration of monocytes, CCL2 has been implicated as an essential mediator in the pathogene-

sis of atherosclerotic plaque formation, [27] and has been associated with carotid, femoral,

[28–30] and thoracic aortic atherosclerosis [31, 32]. Additionally, consonant with prior stud-

ies, our results support the role of sCD163 in atherosclerosis among HIV-infected persons

[33–39]. sCD163 is shed from the cell surface upon monocyte/macrophage activation, a central

component of the atherosclerotic process [40]. In the present analysis, higher CCL2 and

sCD163 levels were each associated with over 3 times the odds of focal carotid plaque in HIV-

infected men, independent of traditional demographic, CVD risk factors, and HIV-related

characteristics. A previous study in the MACS found that elevated CCL2 and sCD163 levels

were associated with subclinical coronary atherosclerosis [18]. That CCL2 and sCD163 were

associated with atherosclerotic plaque at both coronary and carotid sites in this cohort of HIV-

infected and uninfected men provides valuable evidence of its role in subclinical atherosclero-

sis [41].

Despite the signal between the monocyte activation markers and carotid atherosclerosis,

the fact that CCL2 and sCD163 were associated with carotid plaque but not with CCA-IMT in

our study is, to our knowledge, a novel finding. This pattern of association is congruent with

previous associations observed between HIV infection and carotid plaque, but not CCA-IMT,

providing further coherence to the hypothesis that monocyte activation is one mechanism

underlying the increased risk of subclinical atherosclerosis among HIV-infected individuals

Similarly, the differential association of CCL2 with bifurcation IMT, but not CCA-IMT, has

not been previously reported to our knowledge. The progression of atherosclerosis among

HIV-infected individuals has been found to be more pronounced in the bifurcation region

compared to the common carotid artery [10].

While substantial evidence has demonstrated that chronic generalized inflammation plays a

pivotal role in the pathogenesis of atherosclerosis, [14] the associations between levels of sys-

temic biomarkers of inflammation and subclinical atherosclerosis have not been fully charac-

terized, especially among HIV-infected persons. In the current study, HIV-infected men had

significantly higher levels of CRP, IL-6, and ICAM-1 than the uninfected men, although

among those with durable virologic suppression only ICAM-1 remained significantly higher.

Higher levels of CRP and IL-6 were associated with increased odds of carotid focal plaque even

after adjusting for traditional CVD risk factors, though some of the HIV-stratified results were

of borderline significance. Previously, we observed that higher levels of IL-6, but not CRP,

were associated with increased prevalence of coronary stenosis�50% and greater coronary

artery calcification score among HIV-infected men in the MACS [19]. These findings provide

further evidence of the role of generalized inflammation in the development of both subclinical

carotid and coronary atherosclerosis. Conversely, no associations between CRP and IL-6 levels

with IMT were observed; this finding diverges from previous reports in which elevated CRP

was associated with progressive wall thickening of the carotid bifurcation region among HIV-

infected patients [42] and higher levels of IL-6 were associated with overall and bifurcation-

IMT [43]. There appears to be a more consistent association between CRP, IL-6, and D-dimer

and CVD events compared to with subclinical measures such as IMT in HIV-infected popula-

tions [14].

In contrast to the other markers of inflammation, elevated levels of ICAM-1 and fibrinogen

were associated with focal plaque only among HIV-uninfected men. Fibrinogen, which medi-

ates leukocyte adhesion through an ICAM-1-dependent pathway [44], was also associated with

greater CCA-IMT and bifurcation-IMT among HIV-uninfected men, independent of CVD
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risk factors. This consistency across all three plaque measures corroborates previous studies

associating fibrinogen with subclinical atherosclerosis measures, including increased

CCA-IMT [45–47] and coronary artery calcification [47, 48] in the general population. Ele-

vated levels of ICAM-1 were also strongly associated with higher odds of focal plaque but not

CCA-IMT among the HIV-uninfected men, a pattern supported by some previous studies [49,

50] but not by others [51–54]. Inconsistent findings in the literature may reflect methodologi-

cal differences, different study populations, or divergent pathophysiologies. Furthermore, it is

unclear why the relationships observed between ICAM-1 and fibrinogen with carotid markers

of disease among uninfected men were not seen among the HIV-infected men. Complex

immune dysregulation associated with HIV infection, such as its influence on hepatocyte pro-

tein synthesis and inflammation [55, 56], may be involved in this discordance.

Taken together, our findings provide further evidence for the role of generalized inflamma-

tion, as well as specific monocyte activation pathways, in subclinical atherosclerosis, with the

latter having greater significance among HIV-infected individuals. The implications for pre-

vention include the potential for a greater role of statins, which, despite their effectiveness in

reducing cholesterol and immune activation in the general population, remain under study in

the context of HIV infection and concurrent ART use in the ongoing REPRIEVE trial. In addi-

tion, therapy targeting specific inflammatory pathways are being evaluated. Notably, the CAN-

TOS trial demonstrated that Canakinumab, an inhibitor of the interleukin-1β inflammatory

pathway, lowered the rate of recurrent cardiovascular events, independent of cholesterol-low-

ering medication [57]. Though in its earliest stages, preliminary experimental and preclinical

studies suggest that targeted pharmacological agents may effectively regulate monocyte activa-

tion pathways and have the potential to inhibit the progression of atherosclerosis, which might

be particularly relevant for HIV-infected populations [58].

The present study has limitations. First, the cross-sectional design precludes the ability to

make temporal inferences about relationships between biomarker levels and the carotid out-

come measures, though a prior study of HIV-infected men in the MACS found that levels of

many of these biomarkers do not change appreciably after the first year of HAART-induced

viral suppression [59, 60]. Given that some of the CVD risk factors are also implicated in

inflammatory pathways (e.g. BMI, cholesterol), regression models adjusting for these factors

may have over-adjusted, potentially attenuating the observed associations with inflammatory

biomarker levels and rendering the presented estimates conservative. Moreover, the male

study population may preclude the generalizability of these findings to women. Finally, our

study evaluated the associations between multiple biomarkers and markers of subclinical

carotid atherosclerosis, and it is possible some findings were significant solely due to chance.

Results of borderline statistical significance should be interpreted cautiously with consider-

ation regarding the magnitude of the reported measure of association and be further evaluated

in other populations.

This study has several strengths. The MACS is a large, well-characterized cohort study of

both HIV-infected and uninfected men similar in sociodemographic and other risk factor pro-

files, many of whom have been followed for more than 25 years with in-depth and standard-

ized data collection, specimen collection, processing, and storage. In addition, this study

evaluated a diverse selection of biomarkers representing different inflammatory, immune acti-

vation, and vascular domains, allowing us to investigate whether multiple pathways are impli-

cated in subclinical atherosclerosis in this population. Finally, we conducted a detailed

assessment of subclinical carotid atherosclerosis utilizing three measures obtained via high-

resolution ultrasound, including intima media thickness at the branching of the right carotid

artery, a location where carotid atherosclerosis has been found to progress more rapidly

among HIV-infected persons [10]. The consistent associations across, and distinctions among,

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 11 / 17

https://doi.org/10.1371/journal.pone.0214735


the three carotid sites indicate the value of including additional measurements beyond

CCA-IMT to extend our understanding of the role of inflammation in carotid atherosclerosis.

In conclusion, levels of biomarkers of monocyte activation, systemic inflammation, and

endothelial dysfunction were significantly elevated among HIV-infected men, and seven of

these inflammatory markers were associated with subclinical carotid atherosclerosis indepen-

dent of traditional cardiovascular risk factors in a large sample of HIV-infected and HIV-unin-

fected men. These findings, taken together with previously reported associations of levels of

these markers with coronary atherosclerosis in the same cohort, provide further evidence that

monocyte activation, in addition to generalized inflammation pathways, contribute to subclin-

ical atherosclerosis, especially in the context of HIV-related immune dysregulation. The

observed association between monocyte activation markers and carotid focal plaque, but not

CCA-IMT, is unique and supplements evidence that these biomarkers may explain some of

the increased risk of subclinical atherosclerosis in HIV infection. Ongoing longitudinal studies

will clarify these relationships and investigate the utility of inflammatory biomarker level

measurement for disease risk stratification and as targets for prophylactic or therapeutic

interventions.

Supporting information

S1 Fig. Intima media thickness (in mm) at the right common carotid artery (CCA-IMT)

and at the bifurcation of the right common carotid artery (bifurcation-IMT).

(TIFF)

S1 Table. Biomarker assay description and coefficient of variation.

(PDF)

S2 Table. Comparison of study participants included in the analytic sample to those

excluded due to missing biomarker or covariate values.

(PDF)

S3 Table. Levels of inflammatory biomarkers, by HIV serostatus and level of viral suppres-

sion.

(PDF)

S4 Table. Correlation between inflammatory biomarkers, stratified by HIV serostatus.

(PDF)

S5 Table. Associations between inflammatory biomarkers and the presence of focal carotid

plaque (N = 728).

(PDF)

S6 Table. Adjusted associations between inflammatory biomarkers (mutually adjusted for

each other) and focal carotid plaque (N = 728).

(PDF)

S7 Table. Associations between inflammatory biomarkers and focal carotid plaque, by

HIV serostatus (n = 728).

(PDF)

S8 Table. Associations between biomarkers and markers of subclinical carotid atheroscle-

rosis among HIV-infected men with suppressed viral load.

(PDF)

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 12 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s009
https://doi.org/10.1371/journal.pone.0214735


S9 Table. Associations between inflammatory biomarkers and intima media thickness at

the right common carotid artery (N = 728).

(PDF)

S10 Table. Associations between the fifth quintile of the inflammatory biomarkers and

intima media thickness at the right common carotid artery, by HIV serostatus (n = 728).

(PDF)

S11 Table. Associations between inflammatory biomarkers and IMT at the bifurcation of

the right common carotid artery (N = 672).

(PDF)

S12 Table. Associations between the fifth quintile of the inflammatory biomarkers and

intima media thickness at the bifurcation of the right common carotid artery, by HIV ser-

ostatus (n = 672).

(PDF)

Acknowledgments

The authors wish to thank Ruibin Wang for assisting with data management. The authors

would like to express their gratitude to the participants, study staff, and investigators of the

Multicenter AIDS Cohort Study (MACS).

Author Contributions

Conceptualization: Vinita Subramanya, Wendy S. Post, Sabina A. Haberlen.

Formal analysis: Vinita Subramanya, Sabina A. Haberlen.

Supervision: Wendy S. Post, Sabina A. Haberlen.

Writing – original draft: Vinita Subramanya, Heather S. McKay, Sabina A. Haberlen.

Writing – review & editing: Vinita Subramanya, Heather S. McKay, Rebeccah M. Brusca,

Frank J. Palella, Lawrence A. Kingsley, Mallory D. Witt, Howard N. Hodis, Russell P.

Tracy, Wendy S. Post, Sabina A. Haberlen.

References

1. Hanna DB, Post WS, Deal JA, Hodis HN, Jacobson LP, Mack WJ, et al. HIV Infection Is Associated

With Progression of Subclinical Carotid Atherosclerosis. Clin Infect Dis. 2015; 61(4):640–50. https://doi.

org/10.1093/cid/civ325 PMID: 25904369

2. Hsue PY, Hunt PW, Schnell A, Kalapus SC, Hoh R, Ganz P, et al. Role of viral replication, antiretroviral

therapy, and immunodeficiency in HIV-associated atherosclerosis. Aids. 2009; 23(9):1059–67. Epub

2009/04/25. https://doi.org/10.1097/QAD.0b013e32832b514b PMID: 19390417

3. Pereyra F, Lo J, Triant VA, Wei J, Buzon MJ, Fitch KV, et al. Increased coronary atherosclerosis and

immune activation in HIV-1 elite controllers. Aids. 2012; 26(18):2409–12. Epub 2012/10/04. https://doi.

org/10.1097/QAD.0b013e32835a9950 PMID: 23032411

4. Freiberg MS, Chang CC, Kuller LH, Skanderson M, Lowy E, Kraemer KL, et al. HIV infection and the

risk of acute myocardial infarction. JAMA internal medicine. 2013; 173(8):614–22. Epub 2013/03/06.

https://doi.org/10.1001/jamainternmed.2013.3728 PMID: 23459863

5. Triant VA, Meigs JB, Grinspoon SK. Association of C-reactive protein and HIV infection with acute myo-

cardial infarction. J Acquir Immune Defic Syndr. 2009; 51(3):268–73. Epub 2009/04/24. https://doi.org/

10.1097/QAI.0b013e3181a9992c PMID: 19387353

6. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial infarction rates and cardiovas-

cular risk factors among patients with human immunodeficiency virus disease. J Clin Endocrinol Metab.

2007; 92(7):2506–12. Epub 2007/04/26. https://doi.org/10.1210/jc.2006-2190 PMID: 17456578

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214735.s013
https://doi.org/10.1093/cid/civ325
https://doi.org/10.1093/cid/civ325
http://www.ncbi.nlm.nih.gov/pubmed/25904369
https://doi.org/10.1097/QAD.0b013e32832b514b
http://www.ncbi.nlm.nih.gov/pubmed/19390417
https://doi.org/10.1097/QAD.0b013e32835a9950
https://doi.org/10.1097/QAD.0b013e32835a9950
http://www.ncbi.nlm.nih.gov/pubmed/23032411
https://doi.org/10.1001/jamainternmed.2013.3728
http://www.ncbi.nlm.nih.gov/pubmed/23459863
https://doi.org/10.1097/QAI.0b013e3181a9992c
https://doi.org/10.1097/QAI.0b013e3181a9992c
http://www.ncbi.nlm.nih.gov/pubmed/19387353
https://doi.org/10.1210/jc.2006-2190
http://www.ncbi.nlm.nih.gov/pubmed/17456578
https://doi.org/10.1371/journal.pone.0214735


7. Pirro M, Mannarino MR, Francisci D, Schiaroli E, Bianconi V, Bagaglia F, et al. Urinary albumin-to-creat-

inine ratio is associated with endothelial dysfunction in HIV-infected patients receiving antiretroviral ther-

apy. Sci Rep. 2016; 6:28741. Epub 2016/06/30. https://doi.org/10.1038/srep28741 PMID: 27353425

8. Pirro M, Bianconi V, Schiaroli E, Francisci D, Mannarino MR, Bagaglia F, et al. Elevated serum uric acid

levels are associated with endothelial dysfunction in HIV patients receiving highly-active antiretroviral

therapy. Atherosclerosis. 2018; 272:101–7. Epub 2018/03/30. https://doi.org/10.1016/j.atherosclerosis.

2018.03.031 PMID: 29597116

9. Tien PC, Choi AI, Zolopa AR, Benson C, Tracy R, Scherzer R, et al. Inflammation and mortality in HIV-

infected adults: analysis of the FRAM study cohort. J Acquir Immune Defic Syndr. 2010; 55(3):316–22.

Epub 2010/06/29. https://doi.org/10.1097/QAI.0b013e3181e66216 PMID: 20581689

10. Hsue PY, Scherzer R, Hunt PW, Schnell A, Bolger AF, Kalapus S, et al. Carotid intima-media thickness

progression in HIV-infected adults occurs preferentially at the carotid bifurcation and is predicted by

inflammation. Journal of the American Heart Association. 2012; 1(2):e000422.

11. Ford ES, Greenwald JH, Richterman AG, Rupert A, Dutcher L, Badralmaa Y, et al. Traditional risk fac-

tors and D-dimer predict incident cardiovascular disease events in chronic HIV infection. Aids. 2010; 24

(10):1509–17. Epub 2010/05/28. https://doi.org/10.1097/QAD.0b013e32833ad914 PMID: 20505494

12. Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol. 2006; 47(8 Suppl):C7–12. Epub 2006/04/

25. https://doi.org/10.1016/j.jacc.2005.09.068 PMID: 16631513

13. Vos AG, Hulzebosch A, Grobbee DE, Barth RE, Klipstein-Grobusch K. Association between Immune

Markers and Surrogate Markers of Cardiovascular Disease in HIV Positive Patients: A Systematic

Review. PLoS One. 2017; 12(1):e0169986. Epub 2017/01/14. https://doi.org/10.1371/journal.pone.

0169986 PMID: 28085961

14. Vos AG, Idris NS, Barth RE, Klipstein-Grobusch K, Grobbee DE. Pro-Inflammatory Markers in Relation

to Cardiovascular Disease in HIV Infection. A Systematic Review. PLoS One. 2016; 11(1):e0147484.

Epub 2016/01/26. https://doi.org/10.1371/journal.pone.0147484 PMID: 26808540

15. De Luca A, de Gaetano Donati K, Colafigli M, Cozzi-Lepri A, De Curtis A, Gori A, et al. The association

of high-sensitivity c-reactive protein and other biomarkers with cardiovascular disease in patients

treated for HIV: a nested case-control study. BMC Infect Dis. 2013; 13:414. Epub 2013/09/06. https://

doi.org/10.1186/1471-2334-13-414 PMID: 24004495

16. Duprez DA, Neuhaus J, Kuller LH, Tracy R, Belloso W, De Wit S, et al. Inflammation, coagulation and

cardiovascular disease in HIV-infected individuals. PLoS One. 2012; 7(9):e44454. Epub 2012/09/13.

https://doi.org/10.1371/journal.pone.0044454 PMID: 22970224

17. Longenecker CT, Sullivan C, Baker JV. Immune activation and cardiovascular disease in chronic HIV

infection. Current opinion in HIV and AIDS. 2016; 11(2):216–25. Epub 2015/11/26. https://doi.org/10.

1097/COH.0000000000000227 PMID: 26599166

18. McKibben RA, Margolick JB, Grinspoon S, Li X, Palella FJ Jr., Kingsley LA, et al. Elevated levels of

monocyte activation markers are associated with subclinical atherosclerosis in men with and those with-

out HIV infection. J Infect Dis. 2015; 211(8):1219–28. https://doi.org/10.1093/infdis/jiu594 PMID:

25362192

19. Bahrami H, Budoff M, Haberlen SA, Rezaeian P, Ketlogetswe K, Tracy R, et al. Inflammatory Markers

Associated With Subclinical Coronary Artery Disease: The Multicenter AIDS Cohort Study. J Am Heart

Assoc. 2016; 5(6). Epub 2016/06/30. https://doi.org/10.1161/jaha.116.003371 PMID: 27353609

20. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR Jr. The Multicenter AIDS Cohort

Study: rationale, organization, and selected characteristics of the participants. Am J Epidemiol. 1987;

126(2):310–8. Epub 1987/08/01. PMID: 3300281

21. Hacioglu Y, Gupta M, Choi TY, George RT, Deible CR, Jacobson LP, et al. Use of cardiac CT angiogra-

phy imaging in an epidemiology study—the Methodology of the Multicenter AIDS Cohort Study cardio-

vascular disease substudy. Anadolu kardiyoloji dergisi: AKD = the Anatolian journal of cardiology. 2013;

13(3):207–14. Epub 2013/02/05. https://doi.org/10.5152/akd.2013.065 PMID: 23376648

22. Post WS, Budoff M, Kingsley L, Palella FJ Jr., Witt MD, Li X, et al. Associations between HIV infection

and subclinical coronary atherosclerosis. Annals of internal medicine. 2014; 160(7):458–67. Epub

2014/04/02. https://doi.org/10.7326/M13-1754 PMID: 24687069

23. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim carotid

intima-media thickness and plaque consensus (2004-2006-2011). An update on behalf of the advisory

board of the 3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th European Stroke

Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011.

Cerebrovascular diseases (Basel, Switzerland). 2012;34(4):290–6. Epub 2012/11/07. https://doi.org/

10.1159/000343145

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 14 / 17

https://doi.org/10.1038/srep28741
http://www.ncbi.nlm.nih.gov/pubmed/27353425
https://doi.org/10.1016/j.atherosclerosis.2018.03.031
https://doi.org/10.1016/j.atherosclerosis.2018.03.031
http://www.ncbi.nlm.nih.gov/pubmed/29597116
https://doi.org/10.1097/QAI.0b013e3181e66216
http://www.ncbi.nlm.nih.gov/pubmed/20581689
https://doi.org/10.1097/QAD.0b013e32833ad914
http://www.ncbi.nlm.nih.gov/pubmed/20505494
https://doi.org/10.1016/j.jacc.2005.09.068
http://www.ncbi.nlm.nih.gov/pubmed/16631513
https://doi.org/10.1371/journal.pone.0169986
https://doi.org/10.1371/journal.pone.0169986
http://www.ncbi.nlm.nih.gov/pubmed/28085961
https://doi.org/10.1371/journal.pone.0147484
http://www.ncbi.nlm.nih.gov/pubmed/26808540
https://doi.org/10.1186/1471-2334-13-414
https://doi.org/10.1186/1471-2334-13-414
http://www.ncbi.nlm.nih.gov/pubmed/24004495
https://doi.org/10.1371/journal.pone.0044454
http://www.ncbi.nlm.nih.gov/pubmed/22970224
https://doi.org/10.1097/COH.0000000000000227
https://doi.org/10.1097/COH.0000000000000227
http://www.ncbi.nlm.nih.gov/pubmed/26599166
https://doi.org/10.1093/infdis/jiu594
http://www.ncbi.nlm.nih.gov/pubmed/25362192
https://doi.org/10.1161/jaha.116.003371
http://www.ncbi.nlm.nih.gov/pubmed/27353609
http://www.ncbi.nlm.nih.gov/pubmed/3300281
https://doi.org/10.5152/akd.2013.065
http://www.ncbi.nlm.nih.gov/pubmed/23376648
https://doi.org/10.7326/M13-1754
http://www.ncbi.nlm.nih.gov/pubmed/24687069
https://doi.org/10.1159/000343145
https://doi.org/10.1159/000343145
https://doi.org/10.1371/journal.pone.0214735


24. Selzer RH, Mack WJ, Lee PL, Kwong-Fu H, Hodis HN. Improved common carotid elasticity and intima-

media thickness measurements from computer analysis of sequential ultrasound frames. Atherosclero-

sis. 2001; 154(1):185–93. Epub 2001/01/04. PMID: 11137099

25. Kaplan RC, Kingsley LA, Gange SJ, Benning L, Jacobson LP, Lazar J, et al. Low CD4+ T-cell count as

a major atherosclerosis risk factor in HIV-infected women and men. Aids. 2008; 22(13):1615–24. Epub

2008/08/02. https://doi.org/10.1097/QAD.0b013e328300581d PMID: 18670221

26. Giorgi JV, Cheng HL, Margolick JB, Bauer KD, Ferbas J, Waxdal M, et al. Quality control in the flow

cytometric measurement of T-lymphocyte subsets: the multicenter AIDS cohort study experience. The

Multicenter AIDS Cohort Study Group. Clinical immunology and immunopathology. 1990; 55(2):173–

86. Epub 1990/05/01. PMID: 1969782

27. Gonzalez-Quesada C, Frangogiannis NG. Monocyte chemoattractant protein-1/CCL2 as a biomarker

in acute coronary syndromes. Curr Atheroscler Rep. 2009; 11(2):131–8. Epub 2009/02/21. PMID:

19228487

28. Alonso-Villaverde C, Coll B, Parra S, Montero M, Calvo N, Tous M, et al. Atherosclerosis in patients

infected with HIV is influenced by a mutant monocyte chemoattractant protein-1 allele. Circulation.

2004; 110(15):2204–9. Epub 2004/10/07. https://doi.org/10.1161/01.CIR.0000143835.95029.7D

PMID: 15466648

29. Joven J, Coll B, Tous M, Ferre N, Alonso-Villaverde C, Parra S, et al. The influence of HIV infection on

the correlation between plasma concentrations of monocyte chemoattractant protein-1 and carotid ath-

erosclerosis. Clinica chimica acta; international journal of clinical chemistry. 2006; 368(1–2):114–9.

Epub 2006/02/01. https://doi.org/10.1016/j.cca.2005.12.014 PMID: 16445900

30. Coll B, Parra S, Alonso-Villaverde C, de Groot E, Aragones G, Montero M, et al. HIV-infected patients

with lipodystrophy have higher rates of carotid atherosclerosis: the role of monocyte chemoattractant

protein-1. Cytokine. 2006; 34(1–2):51–5. Epub 2006/05/16. https://doi.org/10.1016/j.cyto.2006.03.013

PMID: 16697654

31. Floris-Moore M, Fayad ZA, Berman JW, Mani V, Schoenbaum EE, Klein RS, et al. Association of HIV

viral load with monocyte chemoattractant protein-1 and atherosclerosis burden measured by magnetic

resonance imaging. Aids. 2009; 23(8):941–9. Epub 2009/03/26. https://doi.org/10.1097/QAD.

0b013e328329c76b PMID: 19318907

32. Tabara Y, Kohara K, Yamamoto Y, Igase M, Nakura J, Kondo I, et al. Polymorphism of the monocyte

chemoattractant protein (MCP-1) gene is associated with the plasma level of MCP-1 but not with carotid

intima-media thickness. Hypertension research: official journal of the Japanese Society of Hyperten-

sion. 2003; 26(9):677–83. Epub 2003/11/19.

33. Burdo TH, Lo J, Abbara S, Wei J, DeLelys ME, Preffer F, et al. Soluble CD163, a novel marker of acti-

vated macrophages, is elevated and associated with noncalcified coronary plaque in HIV-infected

patients. J Infect Dis. 2011; 204(8):1227–36. Epub 2011/09/16. https://doi.org/10.1093/infdis/jir520

PMID: 21917896

34. Moreno JA, Dejouvencel T, Labreuche J, Smadja DM, Dussiot M, Martin-Ventura JL, et al. Peripheral

artery disease is associated with a high CD163/TWEAK plasma ratio. Arterioscler Thromb Vasc Biol.

2010; 30(6):1253–62. Epub 2010/03/20. https://doi.org/10.1161/ATVBAHA.110.203364 PMID:

20299688

35. Urbonaviciene G, Martin-Ventura JL, Lindholt JS, Urbonavicius S, Moreno JA, Egido J, et al. Impact of

soluble TWEAK and CD163/TWEAK ratio on long-term cardiovascular mortality in patients with periph-

eral arterial disease. Atherosclerosis. 2011; 219(2):892–9. Epub 2011/10/04. https://doi.org/10.1016/j.

atherosclerosis.2011.09.016 PMID: 21962403

36. Hanna DB, Lin J, Post WS, Hodis HN, Xue X, Anastos K, et al. Association of macrophage inflammation

biomarkers with progression of subclinical carotid artery atherosclerosis in HIV-infected women and

men. The Journal of infectious diseases. 2017; 215(9):1352–61. https://doi.org/10.1093/infdis/jix082

PMID: 28199691

37. Subramanian S, Tawakol A, Burdo TH, Abbara S, Wei J, Vijayakumar J, et al. Arterial inflammation in

patients with HIV. Jama. 2012; 308(4):379–86. Epub 2012/07/24. https://doi.org/10.1001/jama.2012.

6698 PMID: 22820791

38. Fitch KV, Looby SE, Rope A, Eneh P, Hemphill L, Lee H, et al. Effects of aging and smoking on carotid

intima-media thickness in HIV-infection. Aids. 2013; 27(1):49–57. Epub 2012/08/10. https://doi.org/10.

1097/QAD.0b013e328358b29c PMID: 22874518

39. Lo J, Abbara S, Shturman L, Soni A, Wei J, Rocha-Filho JA, et al. Increased prevalence of subclinical

coronary atherosclerosis detected by coronary computed tomography angiography in HIV-infected

men. Aids. 2010; 24(2):243–53. Epub 2009/12/10. https://doi.org/10.1097/QAD.0b013e328333ea9e

PMID: 19996940

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 15 / 17

http://www.ncbi.nlm.nih.gov/pubmed/11137099
https://doi.org/10.1097/QAD.0b013e328300581d
http://www.ncbi.nlm.nih.gov/pubmed/18670221
http://www.ncbi.nlm.nih.gov/pubmed/1969782
http://www.ncbi.nlm.nih.gov/pubmed/19228487
https://doi.org/10.1161/01.CIR.0000143835.95029.7D
http://www.ncbi.nlm.nih.gov/pubmed/15466648
https://doi.org/10.1016/j.cca.2005.12.014
http://www.ncbi.nlm.nih.gov/pubmed/16445900
https://doi.org/10.1016/j.cyto.2006.03.013
http://www.ncbi.nlm.nih.gov/pubmed/16697654
https://doi.org/10.1097/QAD.0b013e328329c76b
https://doi.org/10.1097/QAD.0b013e328329c76b
http://www.ncbi.nlm.nih.gov/pubmed/19318907
https://doi.org/10.1093/infdis/jir520
http://www.ncbi.nlm.nih.gov/pubmed/21917896
https://doi.org/10.1161/ATVBAHA.110.203364
http://www.ncbi.nlm.nih.gov/pubmed/20299688
https://doi.org/10.1016/j.atherosclerosis.2011.09.016
https://doi.org/10.1016/j.atherosclerosis.2011.09.016
http://www.ncbi.nlm.nih.gov/pubmed/21962403
https://doi.org/10.1093/infdis/jix082
http://www.ncbi.nlm.nih.gov/pubmed/28199691
https://doi.org/10.1001/jama.2012.6698
https://doi.org/10.1001/jama.2012.6698
http://www.ncbi.nlm.nih.gov/pubmed/22820791
https://doi.org/10.1097/QAD.0b013e328358b29c
https://doi.org/10.1097/QAD.0b013e328358b29c
http://www.ncbi.nlm.nih.gov/pubmed/22874518
https://doi.org/10.1097/QAD.0b013e328333ea9e
http://www.ncbi.nlm.nih.gov/pubmed/19996940
https://doi.org/10.1371/journal.pone.0214735


40. Swirski FK, Libby P, Aikawa E, Alcaide P, Luscinskas FW, Weissleder R, et al. Ly-6Chi monocytes

dominate hypercholesterolemia-associated monocytosis and give rise to macrophages in atheromata.

The Journal of clinical investigation. 2007; 117(1):195–205. Epub 2007/01/04. https://doi.org/10.1172/

JCI29950 PMID: 17200719

41. Feinstein MJ, Lloyd-Jones DM. Macrophage Inflammation and Cardiovascular Disease in HIV: Mecha-

nistic Insights and Future Directions. J Infect Dis. 2017; 215(9):1343–5. Epub 2017/02/16. https://doi.

org/10.1093/infdis/jix085 PMID: 28199660

42. Hsue PY, Lo JC, Franklin A, Bolger AF, Martin JN, Deeks SG, et al. Progression of atherosclerosis as

assessed by carotid intima-media thickness in patients with HIV infection. Circulation. 2004; 109

(13):1603–8. Epub 2004/03/17. https://doi.org/10.1161/01.CIR.0000124480.32233.8A PMID:

15023877

43. Hsu DC, Ma YF, Hur S, Li D, Rupert A, Scherzer R, et al. Plasma IL-6 levels are independently associ-

ated with atherosclerosis and mortality in HIV-infected individuals on suppressive antiretroviral therapy.

Aids. 2016; 30(13):2065–74. Epub 2016/05/14. https://doi.org/10.1097/QAD.0000000000001149

PMID: 27177313

44. Languino LR, Plescia J, Duperray A, Brian AA, Plow EF, Geltosky JE, et al. Fibrinogen mediates leuko-

cyte adhesion to vascular endothelium through an ICAM-1-dependent pathway. Cell. 1993; 73

(7):1423–34. Epub 1993/07/02. PMID: 8100742

45. Folsom AR, Qamhieh HT, Flack JM, Hilner JE, Liu K, Howard BV, et al. Plasma fibrinogen: levels and

correlates in young adults. The Coronary Artery Risk Development in Young Adults (CARDIA) Study.

Am J Epidemiol. 1993; 138(12):1023–36. Epub 1993/12/15. PMID: 8266905

46. Baldassarre D, De Jong A, Amato M, Werba JP, Castelnuovo S, Frigerio B, et al. Carotid intima-media

thickness and markers of inflammation, endothelial damage and hemostasis. Annals of medicine. 2008;

40(1):21–44. Epub 2007/10/16. https://doi.org/10.1080/07853890701645399 PMID: 17934910

47. Green D, Foiles N, Chan C, Schreiner PJ, Liu K. Elevated fibrinogen levels and subsequent subclinical

atherosclerosis: the CARDIA Study. Atherosclerosis. 2009; 202(2):623–31. Epub 2008/07/08. https://

doi.org/10.1016/j.atherosclerosis.2008.05.039 PMID: 18602107

48. Bielak LF, Klee GG, Sheedy PF 2nd, Turner ST, Schwartz RS, Peyser PA. Association of fibrinogen

with quantity of coronary artery calcification measured by electron beam computed tomography. Arter-

ioscler Thromb Vasc Biol. 2000; 20(9):2167–71. Epub 2000/09/09. PMID: 10978265

49. Amar J, Fauvel J, Drouet L, Ruidavets JB, Perret B, Chamontin B, et al. Interleukin 6 is associated with

subclinical atherosclerosis: a link with soluble intercellular adhesion molecule 1. Journal of hyperten-

sion. 2006; 24(6):1083–8. Epub 2006/05/11. https://doi.org/10.1097/01.hjh.0000226198.44181.0c

PMID: 16685208

50. Bongard V, Elias A, Bal dit Sollier C, Ruidavets J, Boccalon H, Drouet L, et al. Soluble intercellular adhe-

sion molecule-1 is associated with carotid and femoral atherosclerosis but not with intima-media thick-

ness in a population-based sample. Atherosclerosis. 2002; 164(2):297–304. Epub 2002/09/03. PMID:

12204801

51. Gross MD, Bielinski SJ, Suarez-Lopez JR, Reiner AP, Bailey K, Thyagarajan B, et al. Circulating soluble

intercellular adhesion molecule 1 and subclinical atherosclerosis: the Coronary Artery Risk Develop-

ment in Young Adults Study. Clin Chem. 2012; 58(2):411–20. Epub 2011/12/20. https://doi.org/10.

1373/clinchem.2011.168559 PMID: 22179741

52. Rohde LE, Lee RT, Rivero J, Jamacochian M, Arroyo LH, Briggs W, et al. Circulating cell adhesion mol-

ecules are correlated with ultrasound-based assessment of carotid atherosclerosis. Arterioscler Thromb

Vasc Biol. 1998; 18(11):1765–70. Epub 1998/11/13. PMID: 9812916

53. Kondo K, Kitagawa K, Nagai Y, Yamagami H, Hashimoto H, Hougaku H, et al. Associations of soluble

intercellular adhesion molecule-1 with carotid atherosclerosis progression. Atherosclerosis. 2005; 179

(1):155–60. Epub 2005/02/22. https://doi.org/10.1016/j.atherosclerosis.2004.09.018 PMID: 15721022

54. Papagianni A, Kalovoulos M, Kirmizis D, Vainas A, Belechri AM, Alexopoulos E, et al. Carotid athero-

sclerosis is associated with inflammation and endothelial cell adhesion molecules in chronic haemodia-

lysis patients. Nephrology Dialysis Transplantation. 2003; 18(1):113–9.

55. Baker JV, Brummel-Ziedins K, Neuhaus J, Duprez D, Cummins N, Dalmau D, et al. HIV replication

alters the composition of extrinsic pathway coagulation factors and increases thrombin generation. J

Am Heart Assoc. 2013; 2(4):e000264. Epub 2013/07/31. https://doi.org/10.1161/JAHA.113.000264

PMID: 23896681

56. Deeks SG, Tracy R, Douek DC. Systemic effects of inflammation on health during chronic HIV infection.

Immunity. 2013; 39(4):633–45. Epub 2013/10/22. https://doi.org/10.1016/j.immuni.2013.10.001 PMID:

24138880

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 16 / 17

https://doi.org/10.1172/JCI29950
https://doi.org/10.1172/JCI29950
http://www.ncbi.nlm.nih.gov/pubmed/17200719
https://doi.org/10.1093/infdis/jix085
https://doi.org/10.1093/infdis/jix085
http://www.ncbi.nlm.nih.gov/pubmed/28199660
https://doi.org/10.1161/01.CIR.0000124480.32233.8A
http://www.ncbi.nlm.nih.gov/pubmed/15023877
https://doi.org/10.1097/QAD.0000000000001149
http://www.ncbi.nlm.nih.gov/pubmed/27177313
http://www.ncbi.nlm.nih.gov/pubmed/8100742
http://www.ncbi.nlm.nih.gov/pubmed/8266905
https://doi.org/10.1080/07853890701645399
http://www.ncbi.nlm.nih.gov/pubmed/17934910
https://doi.org/10.1016/j.atherosclerosis.2008.05.039
https://doi.org/10.1016/j.atherosclerosis.2008.05.039
http://www.ncbi.nlm.nih.gov/pubmed/18602107
http://www.ncbi.nlm.nih.gov/pubmed/10978265
https://doi.org/10.1097/01.hjh.0000226198.44181.0c
http://www.ncbi.nlm.nih.gov/pubmed/16685208
http://www.ncbi.nlm.nih.gov/pubmed/12204801
https://doi.org/10.1373/clinchem.2011.168559
https://doi.org/10.1373/clinchem.2011.168559
http://www.ncbi.nlm.nih.gov/pubmed/22179741
http://www.ncbi.nlm.nih.gov/pubmed/9812916
https://doi.org/10.1016/j.atherosclerosis.2004.09.018
http://www.ncbi.nlm.nih.gov/pubmed/15721022
https://doi.org/10.1161/JAHA.113.000264
http://www.ncbi.nlm.nih.gov/pubmed/23896681
https://doi.org/10.1016/j.immuni.2013.10.001
http://www.ncbi.nlm.nih.gov/pubmed/24138880
https://doi.org/10.1371/journal.pone.0214735


57. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne C, et al. Antiinflammatory

therapy with canakinumab for atherosclerotic disease. New England Journal of Medicine. 2017; 377

(12):1119–31. https://doi.org/10.1056/NEJMoa1707914 PMID: 28845751

58. Bianconi V, Sahebkar A, Atkin SL, Pirro M. The regulation and importance of monocyte chemoattractant

protein-1. Current opinion in hematology. 2018; 25(1):44–51. https://doi.org/10.1097/MOH.0000000

000000389 PMID: 28914666

59. Wada NI, Jacobson LP, Margolick JB, Breen EC, Macatangay B, Penugonda S, et al. The effect of

HAART-induced HIV suppression on circulating markers of inflammation and immune activation. AIDS

(London, England). 2015; 29(4):463.

60. Freiberg MS, Bebu I, Tracy R, So-Armah K, Okulicz J, Ganesan A, et al. D-Dimer Levels before HIV

Seroconversion Remain Elevated Even after Viral Suppression and Are Associated with an Increased

Risk of Non-AIDS Events. PLoS One. 2016; 11(4):e0152588. Epub 2016/04/19. https://doi.org/10.

1371/journal.pone.0152588 PMID: 27088215

Biomarkers and subclinical atherosclerosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0214735 April 4, 2019 17 / 17

https://doi.org/10.1056/NEJMoa1707914
http://www.ncbi.nlm.nih.gov/pubmed/28845751
https://doi.org/10.1097/MOH.0000000000000389
https://doi.org/10.1097/MOH.0000000000000389
http://www.ncbi.nlm.nih.gov/pubmed/28914666
https://doi.org/10.1371/journal.pone.0152588
https://doi.org/10.1371/journal.pone.0152588
http://www.ncbi.nlm.nih.gov/pubmed/27088215
https://doi.org/10.1371/journal.pone.0214735

