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Abstract 

Background 

• Cardiovascular disease (CVD) is a leading cause of death in people with HIV 
infection.  
 

• Chronic HIV-1 infection is characterized by systemic immune activation and 
inflammation and may contribute to increased CVD risk.  
 

• Circulating peripheral monocytes and macrophages are involved in the 
pathogenesis of atherosclerotic plaques. 
 

• Carotid intima-media thickness (cIMT) has been shown to predict cardiac 
events.  
 

• In our cross-sectional study, soluble VCAM-1, and expansion of 
CD14dimCD16 monocytes  (transitional monocytes)  were each associated 
with higher cIMT independently of age and systolic blood pressure.  
 

• The objective of this study was to assessed the relationship between 
monocyte subsets, CD8 T cell activation and plasma cytokines, with change in 
cIMT over 2 years.  

 

Methods 

We thank our study participants and community physicians for their roles in 
this study. 
 
This work was supported by NIH grants U54RR026136, U54MD007584, 
R01HL095135 , K23 HL088981, G12MD007601, and P20GM103466 

Conclusions 

Acknowledgements 

Our findings highlight the role of non-classical monocytes and MCP-1 in the 
progression of cIMT in HIV-infected individuals on stable ART independent of 
transitional cardio-metabolic and HIV virology factors. 
 
Levels of non-classical monocytes level parallel increases in the pro-
inflammatory cytokine MCP-1. 
 
Non-classical monocytes may serve as diagnostic index of CVD risk and a 
potential therapeutic target to ameliorate CVD risk in this vulnerable 
population. 

BACKGROUND: Chronic HIV-1 infection is characterized by systemic immune 
activation and inflammation and may contribute to increased cardiovascular 
disease (CVD) risk among HIV infected individuals on stable antiretroviral therapy  
(ART). We assessed relationships of monocyte subsets, CD8 T cell activation 
and plasma cytokines, to change in carotid intima-media thickness (cIMT).   
 
METHODS: A longitudinal analysis of CVD risk in a cohort of HIV-infected 
subjects with age > 40 years on stable antiretroviral therapy (ART) > 6 months. 
Peripheral blood mononuclear cells (PBMC) were immunophenotyped by flow 
cytometry to quantify the number of classical (CD14++CD16-), intermediate 
(CD14++CD16+) and non-classical (CD14low/+CD16++) monocyte subsets and level 
of CD8+ T cell activation (% frequency of CD38+HLA-DR+ expression) at baseline. 
Plasma inflammatory biomarkers (sE-selectin, sVCAM-1, sICAM-1, MMP-9,  tPA-
1, CRP, IL-6, IL-8, IL-10, TNF-α, MCP-1, VEGF, IFN-α) were performed measured 
in plasma using a Lumines multiplex cytokine platform. High resolution B-mode 
ultrasound images of the right carotid bifurcation were obtained at baseline and 
year 2. Changes in cIMT over 2 years were assessed as the outcome variable. 
Statistical Analysis: Pearson correlation and linear regression were used for 
statistical analysis.   
 
RESULTS: We studied 50 subjects: 84% male, median age 49 (Q1, Q3; 46, 56) 
years, median CD4 count 461 (317, 578) cells/mm3, with HIV RNA<50 copies/ml 
in 84%. Change in cIMT correlated positively with log values of baseline absolute 
count (r=0.37, p=0.020) of non-classical monocytes and its percentage (r=0.36, 
p=0.025), MCP-1 (r=0.42, p=0.0024) and TNF-α (r=0.30, p=0.036) levels. The 
count and percentage of non-classical monocytes correlated with MCP-1 (r=0.37, 
p=0.019 and r=0.32, p=0.045, respectively). Among the monocyte subsets, only 
non-classical monocytes predicted the change in cIMT at the bifurcation  (β=0.13, 
p=0.028), independent of Framingham risk score, BMI, and baseline cIMT. 
Additionally, if study subjects were stratified by the percentage of non-classical 
monocytes into high and low with a median value (5.44%), then the baseline 
cIMT value itself tended to predict the change in cIMT at the high (R2=19.6%), but 
not low level of non-classical monocytes (R2=0.2%). No correlation was noted 
with CD8 call activation and cIMT change.  
 
CONCLUSIONS: Non-classical monocytes predict progression of cIMT at the 
bifurcation in HIV-infected individuals on suppressive ART, independent of 
traditional cardio-metabolic and HIV immune-virologic factors. Levels of non-
classical monocytes level parallel increases in the pro-inflammatory cytokine 
MCP-1. Non-classical monocytes may serve as diagnostic index of CVD risk and 
a potential therapeutic target to ameliorate CVD risk in this vulnerable population. 

• Longitudinal data from Hawaii Aging with HIV - Cardiovascular Disease (HAHC-
CVD) Study, a study examining the role of oxidative stress and inflammation in 
HIV cardiovascular risk.  

• HAHC-CVD enrolled HIV-infected adults ≥ 40 years old on stable ART > 6 
months.  

• Carotid Intima-Media Thickness (cIMT) Measurements 
• High-resolution B-mode ultrasound images of the right carotid artery was 

obtained.  
• A single reader measured the intima-media thickness of the far wall of the 

distal carotid artery distal to the carotid artery bulb with automated edge 
detection (Images acquired at Queens Medical Center in Honolulu, and 
analyzed at University of Southern California Atherosclerosis Research Unit). 

• Measurements were obtained at each segment (common and bifurcation 
regions). 

• Both external and internal landmarks were then identified and used at the 
subsequent visit to ensure that the measurements were performed at the 
same locations on the follow-up visits.  

• Repeat scans and measurements were performed at baseline and again 24 
months later. 

• Plasma biomarker multiplexing was performed on HAHC-CVD subjects by 
Milliplex Human Cardiovascular Disease panels (EMD Millipore, USA) which 
included sE selectin, sVCAM-1, sICAM-1, MMP-9, MPO, tPA-1, CRP, SAA, SAP, 
IL-1β, IL-6, IL-8, IL-10, TNF-α, MCP-1, VEGF, IFN-γ, and NT ProBNP. 

• CHD risk profiles including the CVD risk factors, clinical profile, lipid panel, and 
CAC score were assessed in all participants.  

• Cell Staining and Flow Cytometric Analysis 
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Results  

 
 

Results  

Baseline Characteristics 
All Subjects (N = 50) 

Variables 
Demographics 

Age, median years (interquartile range(IQR)) 49 (46, 56) 
Male (N, %) 42 (84%) 
Ethnicity (N, %) White 27 (54%) 

Clinical Data 
BMI, kg/m2 26 (25, 29) 
hsCRP, mg/L 0.9 (0.6, 2.1) 
Framingham risk score (ATP 3) 0.045 (0.02, 0.10) 
Framingham risk class 
     Low, n(%) 38 (76%) 
      Intermediate, n(%) 4 (8%) 
      High, n(%) 8 (16%) 
History of CVD event (N, %)   6 (12%) 
Systolic blood pressure, median mmHg (IQR) 122 (116, 133) 
Total cholesterol, median mg/dL (IQR) 181 (155, 209) 
HDL cholesterol, median mg/dL (IQR) 46 (34, 57) 
LDL cholesterol, median mg/dL (IQR) 115 (97, 132) 
Triglyceride, mg/dL (IQR) 106 (77, 167) 
Diabetes, n (%) 1 (2%) 
Current smoker, n (%) 5 (10%) 
Protease Inhibitor use 26 (52%) 
        Current Atazanavir use, n (%)  16 (32%) 

HIV data 
Nadir CD4 cell count cells/mmᶟ (IQR) 135 (29, 235) 
undetectable plasma HIV-1 RNA, n (%) 42 (84%) 
CD4+ T cell count, median cell/ul (IQR) 461 (317, 578) 

Carotid Intima-media Thickness (cIMT)  measures 
Right Common Carotid, mm (IQR) 0.73 (0.66, 0.83) 
Right Bifurcation, mm (IQR) 0.80 (0.73, 0.87) 
Maximal plaque thickness, mm (IQR) 2.89 (2.48, 3.39) 
Number of plaques (plaque > 2 mm), n (%) 9 (18%) 

Cytokines 
hsCRP, pg/mL (IQR) 0.60 (0.90, 2.10) 
Log IFN-γ, pg/mL (IQR) -0.21 (-0.44, 0.02) 
Log IL-6, pg/mL  (IQR) 0.14 (-0.07, 0.38) 
Log IL-8, pg/mL  (IQR) 0.54 (0.44, 0.63) 
Log IL-10, pg/mL  (IQR) 0.21 (-0.04, 0.65) 
Log MCP-1, pg/mL  (IQR) 2.13 (2.04, 2.21) 
Log MMP-9, pg/mL  (IQR) 1.71 (1.54, 1.86) 
Log selectin, pg/mL  (IQR) 1.49 (1.30, 1.66) 
Log sICAM-1, pg/mL  (IQR)   2.12 (2.03, 2.19) 
Log sVAM-1, pg/mL  (IQR)   3.07 (3.00, 3.11) 
Log TNF-α, pg/mL  (IQR)   0.50 (0.27, 0.63) 
log_tPA-1, pg/mL (IQR)   1.96 (1.86, 2.06) 
CD8 Activation % 10.5% (8.1%, 16.7%) 
CD8 Activation count, cells/uL (IQR) 88 (39, 113) 
log CD8 Activation count (IQR) 1.95 (1.59, 2.05) 

Monocyte Sub-Types    
Classical, % (IQR) 78.3% (72.6%, 82.5%) 
Intermediate, % (IQR)     1.36% (0. 57%, 4.41%) 
Transitional, % (IQR)      13.6% (10.5%, 15.6%) 
Non-Classical, % (IQR)    5.44% (4.48%, 8.61%) 
log Absolute total monocyte count (cells/L) (IQR) 8.62 (8.51, 8.71) 
    log Classical (CD14++CD16-) (IQR) 8.51 (8.36, 8.62) 
    log Intermediate (CD14++CD16+) (IQR) 6.82 (6.38, 7.19) 
    log Transitional CD14+CD16-) (IQR) 7.76 (7.61, 7.89) 
    log Non-classical (CD14+/lowCD16++) (IQR) 7.33 (7.16, 7.48) Correlation of monocyte and monocyte subtypes with cIMT 

  
Total 

Monocytes 
(cells/µL) 

Classical 
Monocytes, 

% 

Intermediate 
Monocytes,  

% 

Transitional 
Monocytes, 

% 

Non-
Classical 

Monocytes, 
% 

Δ cIMT between year 2 
and baseline, bifurcation -0.015 -0.106 0.086 -0.086 0.355* 

cIMT at baseline, 
bifurcation 0.224 -0.270 0.181 0.308 -0.105 

cIMT at year 2,  
Bifurcation 0.221 -0.277 0.187 0.300 -0.078 

* p < 0.05 

Multivariable linear regression analysis of the association of non-classical 
monocytes and Δ cIMT 

  
Regression 
coefficient  

 Standard 
Error 

T-
value p-value  

95% Confidence 
Interval 

cIMT at baseline, bifurcation 0.004 0.012 0.31 0.759 -0.020 0.027 

Framingham Risk Score 0.023 0.026 0.87 0.389 -0.031 0.077 

Body Mass Index (kg/m2) 0.0007 0.0005 1.35 0.185 -0.0003 0.0017 

Non-classical monocyte, %  0.131 0.057 2.30 0.028* 0.015 0.246 
* p < 0.05 

Multivariable regression of Δ cIMT 

  
Regression 
coefficient  

 Standard 
Error 

T -
value p-value  

95% Confidence 
Interval 

cIMT at baseline, 
bifurcation 0.011 0.010 1.08 0.285 -0.009 0.031 

Framingham Risk Score 0.001 0.024 0.05 0.960 -0.048 0.051 
Body Mass Index 
(kg/m2) -0.0004 0.0004 -0.82 0.415 -0.001 0.0005 

MCP-1 0.032 0.010 3.32 0.0018* 0.013 0.052 
* p < 0.05 
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Simple linear regression of change Δ cIMT with respect to cIMT baseline 

Correlation between monocyte subtypes and cytokines 
  

hsCRP log IFN-γ log IL-10 log IL-6 log IL-8 log MCP-1 log MMP-9 log TNF-α log  
tPa-1 

Classical Monoytes, % -0.023 -0.256 0.247 0.120 -0.007 0.031 0.011 0.036 -0.190 

Intermediate 
Monocytes, % 0.066 0.149 -0.199 -0.268 -0.202 0.160 -0.023 -0.211 0.022 

Transitional 
Monocytes, % 0.021 0.110 -0.049 0.022 0.176 -0.274 -0.077 0.004 0.113 

Non-Classical 
Monocytes, % -0.068 0.282 -0.334* -0.098 -0.147 0.319* 0.146 0.097 0.229 

* p < 0.05 
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Multiparametric flow cytometry gating strategy to phenotype four distinct 
monocyte sub populations from peripheral blood based on CD16 and CD14 
expression:  (1) classical monocytes lacking CD16 expression (CD14++CD16-) and 
those expressing CD16 comprised of (2) intermediate (CD14++CD16+) and (3) non-
classical (CD14low/+CD16++) monocytes. A fourth MO subset which we have termed (4) 
‘transitional’ monocyte subset is characterized by reduced but still detectable levels of 
CD14 (CD14+CD16-)  
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