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Résumé 

Objectif: Évaluer l’association des caractéristiques biomécaniques des parois carotidiennes et de 

l'épaisseur intima-média (EIM) « Intima-media Thickness » (IMT) carotidienne, telles qu'évaluées 

par échographie, lorsque celles-ci sont incluses dans les modèles de prédiction de la charge de 

plaque coronarienne évaluée par tomodensitométrie (CT) chez les personnes vivant avec le VIH 

(PVVIH) et les personnes contrôles séronégatives. 

Méthodes : Dans notre étude transversale, 164 participants (âge moyen 57 ans ± 8 ans ; 134 

hommes) présentant un risque cardiovasculaire faible/intermédiaire ont été recrutés, provenant 

tous de l’étude prospective Cohorte canadienne VIH et vieillissement (CHACS, Canadian HIV an 

Aging Cohort Study). Parmi les 164 participants recrutés, un total de 154 participants (âge moyen, 

56.5 ans ±7.55 ans; 83 PPLWH, 54 %; 137 hommes; 88%) ont été évalués. Dix participants ont été 

exclus en raison de données de plaques non disponibles. L’intervalle de temps moyen entre le CT 

et l’élastographie carotidienne était de 7.7 ± 20.1 mois 

Avec l’imagerie par ultrasons, nous avons mesuré la déformation axiale cumulée, la déformation 

de cisaillement cumulée, la translation axiale cumulée, la translation latérale cumulée et l'IMT 

des artères carotides commune et interne. Les participants ont également subi une 

tomodensitométrie cardiaque pour l'évaluation de la plaque coronarienne. Des analyses de 

régression de Poisson univariées et multivariées avec une variance robuste ont été réalisées pour 

identifier comment les facteurs de risque cardiovasculaire, les paramètres IMT et élastographie 

sont indépendamment associés à la présence de plaque coronarienne.  La fonction d’efficacité 

du récepteur (« caractéristique de fonctionnement du récepteur ») (ROC, receiver operating 

characteristic) et l'analyse de l'aire sous la courbe (AUC, area under the curve) ont également été 

utilisées pour comparer différents modèles de prédiction de la présence de plaque coronarienne. 

Résultats: Il y avait 83 PVVIH et 71 contrôles (N=154). Le score médian de risque de Framingham 

sur 10 ans était de 12% [IQR, 8 - 16] chez les PLWH and de 9% [IQR,7 -15] chez les témoins (p = 

0.045).  Dans le groupe PVVIH, des plaques coronaires étaient présentes chez 55 participants 

(61,1 %) contre 42 (56,8 %) dans le groupe contrôle non VIH (p = 0,46).  
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Après ajustement pour les facteurs de risque cardiovasculaire, on note que le tabagisme est 

associé à la présence de plaque coronarienne (ratio de prévalence 1.10, 95% CI 1.04 – 1.13, p < 

0.001). Aucune autre association significative n’a été démontré avec d’autres facteurs de risque 

cardiovasculaire, ou avec le statut VIH, dans les analyses multivariées.  L’analyse multivariée 

démontre que l'ajout des données d’IMT ou d’élastographie n'augmente pas la précision des 

modèles, au-delà du modèle n’incluant que les facteurs de risque traditionnels. 

Les analyses des courbes ROC et AUC n'ont montré aucune différence significative dans la 

précision prédictive entre les modèles qui incluent les paramètres d'élastographie, d'IMT et les 

facteurs de risque cardiovasculaire, versus les modèles qui n’incluent que les facteurs de risque 

cardiovasculaire, avec des AUC allant de 0,65 à 0,68. 

Conclusion: Dans notre étude, les modèles incluant l'élastographie carotidienne et l'IMT n'ont 

pas montré d’augmentation de la prédiction de la présence de plaque coronarienne chez les 

PVVIH ou les contrôles, en comparaison aux modèles incluant uniquement les facteurs de risque 

traditionnels. 

 

Mots clés : VIH, tomodensitométrie, angiographie, élastographie, athérosclérose 
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Abstract 

Aim: This study aims to assess the association of biomechanical characteristics of carotid walls 

and carotid intima-media thickness (IMT), as assessed by ultrasound, when incorporated into 

prediction models for coronary CT plaque burden in both people living with HIV (PLWH) and HIV-

negative control individuals. 

Methods:  In this cross-sectional study, 164 participants (mean age 57 years ± 8 years; 134 males) 

with low to intermediate cardiovascular risk were recruited from the ongoing prospective 

Canadian HIV and Aging Cohort Study (CHACS). Among the 164 recruited participants, a total of 

154 individuals (mean age, 56.5 years ± 7.55 years; 83 PLWH, 54%; 137 males; 88%) were 

evaluated. Ten participants were excluded due to unavailable coronary plaque data. The mean 

time interval between coronary CT and carotid ultrasound per participant was 7.69 ± 20.1 

months. 

Using ultrasound, cumulated axial strain, cumulated shear strain, cumulated axial translation, 

cumulated lateral translation, and IMT of the common and internal carotid arteries were 

measured. Participants also underwent cardiac CT for coronary plaque assessment. Univariate 

and multivariate Poisson regression analyses with robust variance were performed to identify 

independent associations of cardiovascular risk factors, IMT, and elastography parameters with 

coronary plaque presence. Receiver operating characteristic (ROC) curve analysis and the area 

under the curve (AUC) were used to compare different prediction models for coronary plaque 

presence. 

Results: The study included 83 PLWH and 71 controls (N=154). The median 10-year Framingham 

risk score was 12% [IQR, 8 - 16] in PLWH and 9% [IQR, 7 - 15] in controls (p = 0.045). In the PLWH 

group, coronary plaques were observed in 55 participants (61.1%) compared to 42 (56.8%) in the 

non-HIV control group (p = .46). Carotid IMT and all elastography features for both the internal 

and common carotid arteries were similar between PLWH and healthy volunteers. 
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After adjusting for cardiovascular risk using multivariate Poisson regression, smoking exposure 

was significantly associated with coronary plaque presence on CT (prevalence ratio 1.10, 95% CI 

1.04 – 1.13, p < 0.001). No significant associations were found with other coronary artery disease 

risk factors or HIV status in multivariate analysis. Carotid elastography parameters and carotid 

intima-media thickness were not associated with coronary atherosclerosis after adjustment. 

AUC analyses did not reveal any significant differences in predictive accuracy between models 

when adding either elastography parameters, IMT, or both elastography parameters and IMT 

results to the cardiovascular risk factor model, with AUC ranging from 0.647 to 0.681 in all 

models. 

Conclusion: In our study, models incorporating carotid elastography and IMT did not enhance the 

prediction of coronary plaque presence in PLWH or controls, compared to models including only 

traditional cardiovascular risk factors. 

 

Key words: HIV, computed tomography, angiography, us elastography, atherosclerosis 
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HIV-1 and HIV-2, both part of the Retroviridae family, have the capacity to infect and 

replicate within the human body. Notably, HIV-1 is responsible for the majority of cases 

of acquired immunodeficiency syndrome (AIDS). As of the end of 2020, the estimated 

number of newly acquired HIV cases worldwide stood at 1.5 million [1.0 million to 2.0 

million], contributing to a cumulative total of 79.3 million [55.9 million to 110 million] 

people infected with HIV since the global outbreak began (1). Globally, the highest 

concentrations of infected individuals are found in Eastern and Southern Africa. At the 

end of 2018, Canada reported approximately 62,050 people living with HIV (PLWH). In 

other words, there were 167 HIV-positive individuals for every 100,000 Canadians. Among 

the provinces, Quebec recorded the third-highest provincial diagnosis rate at 7.4 per 

100,000 population, trailing behind Saskatchewan (16.9 per 100,000) and Manitoba (8.8 

per 100,000))(2). 

 

1.1.1.  Epidemiological Observations 

Epidemiological studies have consistently indicated that the most common mode of HIV 

transmission is through unprotected sexual contact with an HIV-infected partner (3, 4). 

HIV can also be transmitted via contaminated blood, through transfusions or the shared 

use of infected needles among individuals who inject drugs or in healthcare settings (5). 

Vertical transmission of HIV from mothers to their infants during pregnancy, labor, 

delivery, or breastfeeding has also been documented in cases where mothers are not 

receiving antiretroviral therapy  (6).Globally, an estimated 37.7 million [30.2 million–45.1 

million] people were living with HIV in 2020. That same year, approximately 680 000 [480 

000–1 million] people worldwide lost their life due to AIDS-related illnesses, compared to 

1.9 million [1.3 million–2.7 million] recorded in 2004 and 1.3 million [910 000–1.9 million] 

in 2010. This represents a 47% reduction since 2004 (1). 

Despite the notable increase in accessibility to antiretroviral treatment by the end of June 

2021—reaching 28.2 million people compared to 7.8 million [6.9 million to 7.9 million] in 

2010 (1), there remain 10.2 million [9.8 million to 10.2 million] individuals who have not 
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yet received any form of HIV therapy. This underscores the ongoing need for global efforts 

to ensure the availability of antiretroviral treatment to all infected individuals, particularly 

in low-income countries. 

 

 

1.1.2.  Origin of HIV 

The origins of HIV are believed to be traced back to a species of monkeys in West Central 

Africa, where it evolved from the simian immunodeficiency virus (SIV). Subsequently, the 

virus was transmitted to humans following contact with the infected blood of these 

primates (7, 8). 

 

Intriguingly, four distinct classes of HIV-1 have been identified and classified based on 

four separate events leading to human transmission, denoted as groups M (Main), O 

(Outlier), N (New), and P (possible) (9, 10) .  

 

The M group accounts for a large proportion of HIV-1 infections worldwide and was first 

identified in 1981. It comprises nine different subtypes (A, B, C, D, F, G, H, J, K), with 

subtype B being the most prevalent in North America (11). Group O was first identified in 

Central Africa in 1990 (12), while the N subgroup was discovered in Cameroon in 1998, 

albeit in only a few cases (13). Additionally, the P group was isolated from two individuals, 

also in Cameroon (14).  

 

Phylogenetically, two possible origins of HIV have been proposed. The HIV-1-related 

genome is believed to have originated from the chimpanzee species Pan troglodyte 

(troglodytes), known as SIVcpzPtt  (15). Conversely, HIV-2 is likely derived from the SIV of 

sooty mangabey (SIVSM) lineages (7, 16). and is predominantly found in West Africa, with 

milder infection effects compared to HIV-1 (16). 
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These phylogenetic investigations have enabled researchers to estimate the time of HIV 

transmission to humans. The initial three groups (M, N, and O) were transmitted to 

humans in the early 20th century, while the precise timing of the P group's transmission 

remains unclear (17). Regardless of its origins, HIV spreads rapidly due to frequent 

mutational changes driven by the error-prone nature of the virus's reverse transcriptase 

enzyme and recombination events affecting its human hosts. 

 

1.1.3.  HIV Discovery  

In the summer of 1981, an increase in the occurrence of rare cancers, including Kaposi's 

sarcoma, and specific opportunistic infections like Pneumocystis jiroveci, was reported 

among homosexual couples in New York and California (18). Furthermore, some of these 

patients exhibited significantly reduced CD4+ lymphocyte counts and persistent 

lymphadenopathy. These observations raised concerns among clinicians that these 

individuals might be suffering from a similar immunodeficiency condition, prompting 

them to seek an etiologic agent behind this ailment. Initially, sexual transmission was 

hypothesized due to its high incidence among homosexual men (19, 20). Concurrently, in 

the United States, similar patterns were observed among individuals for whom blood 

transmission was suspected (21).  

 

In 1983, in France, Françoise Barré-Sinoussi and her colleague Luc Montagnier at Institut 

Pasteur identified the HIV-1 virus by culturing T-cells from an infected lymph node  (22). 

Initially, this infectious agent was referred to as lymphadenopathy-associated virus (LAV). 

Interestingly, this virus bore similarities to the Type I and Type III Human T-Lymphotropic 

Viruses (HTLV-I and III) previously discovered by Robert Gallo in the United States  (23). 

By 1986, LAV and HTLV-III were recognized as a single virus and were named the human 

immunodeficiency virus (HIV) (24). 
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1.1.4. Anti-Retroviral Therapy for HIV-1 Infection  

The primary objective of antiretroviral therapy (ART) is to reduce HIV-related illnesses and 

mortality. This is accomplished by employing effective ART that suppresses HIV-1 viremia 

to low, preferably undetectable levels, as per available tests. Maintaining plasma HIV-1 

RNA at undetectable levels offers several benefits to individuals with HIV. It not only 

extends their lifespan but also enhances their immune system and overall well-being. This 

reduction in viral load decreases the risk of AIDS-related comorbidities. Ultimately, it 

helps them achieve a life expectancy nearly equivalent to that of individuals without HIV 

(25). 

 

Another goal of ART is to minimize the risk of HIV transmission between sexual partners 

and from HIV-positive parents to their children through vertical transmission. Increased 

plasma HIV RNA concentrations are a significant risk indicator for HIV transmission (26, 

27, 28).  

A groundbreaking advancement in HIV treatment was witnessed in the mid-1990s. 

Widespread use of ART in the advanced world led to a substantial decrease in illnesses 

and deaths (29). 

Initially, in 1987, treatment began with a nucleoside reverse transcriptase inhibitor, 

namely zidovudine (AZT) (30). However, AZT had significant side effects, including high 

initial doses that were exceedingly toxic. This led to inadequate viral inhibition, resulting 

in the emergence of numerous drug-resistant strains (31).  

Subsequently, the combination of drugs showed remarkable progress in slowing the 

progression of HIV disease and proved superior to monotherapy treatment (32). 

Nevertheless, the landscape of HIV treatment has evolved significantly over the last two 

decades, highlighting the changing challenges in managing HIV treatment. 

Currently, approved antiretroviral (ARV) medications are categorized into seven drug 

classes, each affecting different stages of the viral life cycle: 
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Figure 1 

A) HIV-1 infection pathway and (B) Antiretroviral drug (ARV) action site. The numbers 

in part (A) show the ARVs target action site of part (B).  

vRNA, viral RNA genome; vDNA, complimentary viral DNA(33). 

Reproduced with permission from copyright 2022. 

 

1- Nucleoside Reverse Transcriptase Inhibitors 

Nucleoside reverse transcriptase inhibitors (NRTIs) were the initial medications used for 

HIV treatment. They function by inhibiting the reverse transcriptase enzyme, which 

converts HIV RNA into DNA. This inhibition effectively blocks the process of reverse 

transcription, preventing HIV replication. This class comprises abacavir (ABC), didanosine 

(ddl), emtricitabine (FTC), lamivudine (3TC), stavudine (d4T), tenofovir alafenamide (TAF), 

tenofovir disoproxil fumarate (TDF), and zidovudine (ZDV) (34). 
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2-Non-Nucleoside Reverse Transcriptase Inhibitors 

The introduction of the non-nucleoside reverse transcriptase inhibitors (NNRTIs) class 

occurred in 1996. The primary generation of NNRTIs includes nevirapine, delavirdine, and 

efavirenz. The subsequent generation, marked by enhanced resistance capabilities, 

includes etravirine and rilpivirine (35). These inhibitors bind directly to the HIV-1 reverse 

transcriptase at a hydrophobic site distinct from the enzyme's active site, inducing a 

conformational change that prevents substrate binding  (36). 

 

3-Protease Inhibitors  

In contrast to reverse transcriptase inhibitors that interfere with transcription, protease 

inhibitors (PIs) act by suppressing the protease enzyme's activity within infected cells, 

thereby impeding further viral replication (37).  

This class encompasses atazanavir (ATV), darunavir (DRV), fosamprenavir (FPV), indinavir 

(IDV), lopinavir + ritonavir (LPV/r), nelfinavir (NFV), ritonavir (RTV), saquinavir (SQV), and 

tipranavir (TPV). 

 

4-Integrase Strand Transfer Inhibitors 

Integrase strand transfer inhibitors halt HIV replication by blocking the action of the HIV 

integrase enzyme, responsible for inserting viral DNA into the host CD4 cells' DNA (38).  

This category encompasses bictegravir (BIC), cabotegravir, rilpivirine, dolutegravir (DTG), 

elvitegravir (EVG), and raltegravir (RAL). 

 

5-Fusion Inhibitors 

Fusion inhibitors operate by preventing the fusion of the HIV envelope with the 

membrane of host CD4 cells. Enfuvirtide (ENF) or T-20 stands as the sole FDA-approved 

drug in this category (39). 

 

6-CCR5 Antagonists  
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This class prevents HIV from entering immune cells, such as CD4 T-lymphocytes, by 

obstructing the CCR5 co-receptors located on their surface. Maraviroc serves as an 

example within this class and received FDA approval in 2007 for use in combination with 

other HIV drugs (40). 

 

7-Post-Attachment Inhibitors 

Post-attachment inhibitors attach to receptors on the surface of CD4 host cells. 

Consequently, they prevent the virus from binding to CCR5 and CXCR4 co-receptors and 

entering the cell. Ibalizumab-uiyk, approved in 2018, falls within this category (41). 

 

1.1.5. Timing of HAART Initiation 

The World Health Organization (WHO) currently recommends initiating antiretroviral 

therapy (ART) as soon as seroconversion is confirmed, regardless of CD4 counts (42). Early 

treatment reduces the risk of opportunistic infections associated with HIV and curtails 

substantial CD4 T cell depletion. Additionally, it diminishes the likelihood of significant 

HIV reservoir development (43). Furthermore, prompt treatment initiation is advised as 

part of comprehensive prevention measures. This recommendation is based on the 

findings of various studies that explored the advantages of commencing ART early, 

including the Strategic Timing of Anti-Retroviral Therapy (START) study and the Strategies 

for Management of Anti-Retroviral Therapy (SMART) trials (44). In the SMART study, 

which compared continuous ART with CD4+ count-guided interrupted ART, it was 

revealed that ongoing ART (regardless of CD4 counts) reduced the risk of opportunistic 

infections and lowered mortality risk  (45). Moreover, the HIV Prevention Network Trial 

052 (HPNT052), conducted across multiple countries, examined the efficacy of 

antiretroviral therapy among individuals in sero-discordant couples who had HIV-1. The 

study found that early initiation and management of antiretroviral treatment in this 

group, until they achieved viral suppression, significantly reduced the sexual transmission 

of HIV infection to their partners because they were no longer infectious (26). 



22 
 

ART has effectively lowered plasma viral load in PLWH, but it is not sufficient to 

completely eliminate the virus. Despite increased investment, the quest for an efficient 

HIV vaccine remains unfulfilled (46, 47). 

 

1.1.6. Antiretroviral Therapy for HIV Prevention 

Antiretroviral therapy can effectively prevent HIV infection in individuals who do not have 

the virus but are at a higher risk of contracting it. This includes serodiscordant 

heterosexual couples and men who have sexual intercourse with other men. This 

preventive strategy is known as pre-exposure prophylaxis (PrEP) (48). Research studies, 

such as the Proud study (which examined continuous PrEP use) and the Ipergay study 

(which examined intermittent PrEP use), have demonstrated that the use of PrEP before 

engaging in sexual contact reduces the risk of HIV transmission by 86% (49). Additionally, 

PrEP has been shown to be a cost-effective prevention method(50). 
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1.2. Atherosclerosis in HIV 

 

1.2.1. Background 

Atherosclerosis is more prevalent in PLWH, whether they receive ART or not (51). Due to 

improved access to antiretroviral medications, PLWH receiving regular ART now enjoy 

longer life expectancy but are susceptible to age-related ailments, including 

neurocognitive conditions associated with HIV (52) and cardiovascular diseases (CVD) (46, 

47, 53). Myocardial infarction and stroke, both linked to atherosclerosis-related CVD, are 

currently among the leading causes of mortality in HIV-positive patients (54, 55). 

However, the mechanisms responsible for HIV-induced atherogenesis remain 

incompletely understood. The available information, which primarily stems from clinical 

observations, explains the pathological aspects of HIV infection, immune cell activation, 

and the molecular and cellular processes contributing to atherosclerosis. 

 

1.2.2. Role of ART in Atherosclerosis-Associated CVD 

Cardiovascular diseases associated to atherosclerosis, including conditions like 

myocardial infarction and heart failure, have been increasingly observed with the 

development of ART(56). In the D:A:D study (Data Collection on Adverse Effects of Anti-

HIV Drugs), the use of PI or NNRTI drug classes, either individually or in combination with 

other ART regimens, was found to lead to dyslipidemia, elevating the risk of coronary 

heart disease, particularly among older participants with normal CD4 cell counts and 

suppressed viral load (57). Results from Strategies for Management of Antiretroviral 

Therapy (SMART) study revealed that HIV patients with CD4 counts below 350/µl who 

adhere to ART have a reduced likelihood of experiencing CVD and AIDS-related 

complications. Conversely, individuals who fail to adhere to their ART regimen face a 70% 

higher risk of developing cardiovascular disease, underscoring the importance of 

treatment adherence in achieving optimal outcomes in HIV management (58). 
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1.2.3. High-Risk Atherosclerotic Plaque Characteristics in HIV  

 

In the general population, noncalcified coronary plaques identified through coronary 

computed tomography angiography (CCTA) are typically associated with a higher 

incidence of acute coronary syndrome when compared to calcified or mixed plaques (59, 

60, 61).On the contrary, in HIV+ patients, non-calcified plaques are detected in the 

earliest stages of atherosclerotic changes and pose a greater risk of rupture and 

subsequent blood clot formation than calcified plaques (59). Consequently, HIV 

individuals are at an elevated risk of developing acute coronary syndrome (59). 

Moreover, it has been observed that asymptomatic HIV-infected individuals without 

recognized cardiovascular disease are more likely to exhibit a higher burden of 

noncalcified coronary plaques compared to non-HIV individuals (62). 

A meta-analysis study has shown a correlation between lower CD4 cell counts in HIV+ 

patients and the presence of noncalcified coronary artery plaques, supporting the theory 

that systemic inflammatory dysregulation in HIV+ patients contributes to coronary heart 

disease (59). All this evidence underscores the role of inflammatory processes and 

immune cell activation triggered by HIV in the increased prevalence of atherosclerosis in 

HIV+ patients. 

 

 

1.2.4. Biomarkers Related to HIV-Associated Atherosclerosis 

Biomarkers play a crucial role in initiating immune system responses and inflammatory 

processes in HIV-related cardiovascular diseases. Clinical studies have linked the 

activation of monocytes and specific substances in plasma macrophages to HIV-related 

cardiovascular diseases. For instance, there is an association between the presence of 

plasma-soluble CD163, a monocyte macrophage activation marker, and the existence of 
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non-calcified plaques in HIV+ males (63). A higher likelihood of cardiovascular conditions 

has also been linked to the presence of certain nonspecific immune markers, including D-

dimer, IL-6, and CRP. This association was observed in the SMART trial, independent of 

other common causes of cardiovascular disease  (64). Additionally, it has been reported 

that elevated D-dimer and IL-6 levels are linked to increased mortality. Atherogenesis 

primarily depends on the presence of inflammation (65). Cardiovascular disease has also 

been linked to elevated levels of IL-6, CRP, and D-dimer. Furthermore, IL-6 and D-dimer 

levels are elevated in PLWH, and these levels decrease with regular ART use, suggesting 

that discontinuing ART could lead to increased inflammatory processes and a higher risk 

of cardiac events  (65, 66).  

 

1.2.5. Cellular Mechanism in HIV-Associated Atherosclerosis 

Atherosclerosis is an ongoing inflammatory process that initiates endothelial cell damage 

through both immune and non-immune mechanisms, marking the initial phase of 

atherosclerosis. Subsequent endothelial cell damage triggers the production of pro-

thrombotic and pro-inflammatory cytokines, along with adhesive substances that 

promote the expansion of inflammatory reactions by recruiting T-cells and monocytes. 

Within the intima, oxidized low-density lipoproteins (oxLDL) are phagocytized by 

macrophages, forming foam cells, and eventually leading to plaque formation—the 

hallmark of atherosclerosis. Plaque may then rupture, and cause thrombosis and MI. 

Plaques may subsequently rupture, causing thrombosis and myocardial infarction (MI). 

An overview of this entire process is illustrated in Figure 2. 
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Figure 2. 

A) Cellular Players in the Initiation, Progression, and Plaque Rupture of HIV-Associated 

Atherosclerosis  

1. As part of the inflammatory process, the HIV virus increases atherogenic 

monocytes, HLA-DR+, CD38+ T cells, cytokines, and chemokines. 

2. The elevation of atherogenic monocytes and chemokines facilitates monocyte 

migration into the vasculature. 
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3. HIV accelerates the formation of foam cells. 

4. HIV reduces smooth muscle cell proliferation while increasing endothelial and 

foam cell apoptosis, rendering the plaque more susceptible to rupture. 

 

B)  Atherogenesis-Related Molecular Mechanisms in an HIV-Infected macrophage  

1) Elevated oxidative stress (OS). 

2) Increased endoplasmic reticulum (ER) stress, which activates the unfolded 

protein response (UPR) present at all stages of atherosclerotic lesions. 

3) Heightened inflammasome activation and cytokine production. 

4) Reduced autophagy. 

These molecular processes reinforce each other and are further complicated by ART and 

HIV risk factors and comorbidities. 

ART: Antiretroviral Therapy. CRP: C-Reactive Protein. ER: Endoplasmic Reticulum. 

HCV: Hepatitis C Virus. HIV: Human Immunodeficiency Virus. IL: Interleukin. LDL: 

Low-Density Lipoprotein. NADPH: Nicotinamide Adenine Dinucleotide 

Phosphate. OS: Oxidative Stress. oxLDL: Oxidized Low-Density Lipoprotein. PRR: 

Pathogen Recognition Receptor. ROS: Reactive Oxygen Species. TNF: Tumor 

Necrosis Factor. VCAM-1: Vascular Cell Adhesion Molecule-1(67). 

This article is in the public domain and may be used and reproduced without special 

permission, as it is an open-access article from PMC. 

 

1.2.5.1 Macrophages monocytes and foam cells 

The macrophage and its role in triggering inflammation and plaque development are 

arguably the most crucial factors in HIV-related atherosclerosis (68). While T cells are 

considered the primary cell reservoir for HIV, macrophages and monocytes also play a 

role in the HIV replication process. They remain continuously infected as the HIV virus 

remains latent within these cells in patients receiving ART. Tat, Nef, and other potent viral 
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regulatory proteins are produced at low levels in T cells and monocytes, which can affect 

their activity (68, 69). Furthermore, during HIV infection, chemokines and their receptors, 

including CCL2, CX3CR1, and CCR5, are increased and may enhance monocyte attraction 

to the vasculature. Nearly all monocyte movement and accumulation in sclerotic artery 

walls can be attributed to these chemokines and adhesive particles. The size of 

atherosclerotic areas has been strongly linked to the quantity of circulating monocytes, 

thereby facilitating HIV-associated atherogenesis (70). Additionally, HIV Nef protein 

impairs cholesterol efflux from infected macrophages by interfering with the normal 

activity of the ATP-binding cassette transporter A1 (ABCA1) (71). This inhibition leads to 

lipid proliferation, transforming macrophages into foam cells (71). 

 

1.2.5.2. T-Cells 

In comparison with HIV-negative participants, activated CD38+, HLA-DR+ types of T cells 

were found to be twice as abundant in HIV+ patients with viral suppression (72, 73). These 

T cells release proatherogenic substances that contribute to plaque formation and local 

inflammation (74). Numerous studies have demonstrated the correlation between these 

types of activated T-cells and the progression of atherosclerosis (72, 75).  
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1.2.6. Molecular Mechanisms in HIV-related Atherosclerosis 

The molecular processes associated with HIV-related atherosclerosis remain less 

understood compared to the cellular processes. Here, we elucidate some of the key 

molecular mechanisms involved in HIV-related atherosclerosis: 

 

1.2.6.1 Oxidative stress (OS) 

During the cellular phase, normal oxidation-reduction reactions produce reactive oxygen 

species (ROS) in regular amounts. When ROS production exceeds normal levels or the 

cell's antioxidant capacity diminishes, ROS becomes toxic. In HIV-infected patients, ROS 

levels increase, leading to oxidative stress (OS) (76). HIV+ patients with high HIV viral 

replication, low CD4 counts, and elevated cytotoxicity experience heightened OS due to 

mutational processes affecting antioxidant capacity (69). Several HIV proteins, such as 

Nef, contribute to endothelial dysfunction by increasing ROS production.  

 

1.2.6.2. Endoplasmic Reticulum (ER) Stress, GP120  

The ER regulates calcium levels and oxidation-reduction potential.  

In HIV infection, elevated ROS and other factors stimulate the ER stress response, causing 

vascular endothelial apoptosis (77).  

Gp120, an HIV substance, induces type 1 programmed cell death through ER stress via 

various pathways (78). HIV ART further stimulates ER stress, releasing large amounts of 

inflammatory cytokines like tumor necrosis factor-alpha (TNF-α) and IL-6, enhancing 

programmed cell death, and promoting foam cell formation within macrophages (79).  

 

1.2.6.3. NLRP3 inflammasome activation  

The inflammasome, a multiprotein complex within cells, detects pathogens like HIV and 

activates highly pro-inflammatory cytokines. Excessive inflammasome activation occurs 

in many autoimmune and chronic inflammatory diseases, including atherosclerosis (80). 

NLRP3 inflammasome activation occurs in HIV-infected T cells, leading to T cell depletion.  
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1.2.6.4. Inhibition of autophagy  

Autophagy is a programmed process that removes toxigenic proteins and degrades 

defective organelles by merging with lysosomes, enhancing cell survival (86). (81). 

Autophagy is heightened in macrophages, a key contributor to atherosclerosis 

progression. However, during HIV infection, these events are altered. Autophagy protects 

infected immune cells by reducing excess oxidative and ER stress, but it is also inhibited 

in macrophages of the infected host (67). 
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1.3. Carotid Artery Disease 

 

1.3.1. Carotid Artery Stenosis 

Stroke has emerged as the second leading cause of fatal illness and the third major 

contributor to disability worldwide (82). Extracranial carotid artery stenosis accounts for 

approximately 20% of all strokes (83), while stenosis of intracranial carotid artery results 

in 5 to 10% of strokes among white people (84).  Atherosclerosis stands out as a primary 

factor leading to the narrowing of the carotid artery. As atherosclerosis progresses, 

atherosclerotic clots may rupture, forming thrombi that subsequently obstructs the 

carotid artery. Additionally, small fragments from the plaques can dislodge and block 

smaller branches of the carotid artery (85). Carotid artery disease accounts for roughly 

half of all transient ischemic attacks (TIAs)  (86). 

Clinical manifestations of carotid artery stenosis span from asymptomatic cases to 

symptomatic ones. TIAs and ischemic strokes occur when ipsilateral retinal or cerebral 

hypoxia takes place. Patients with carotid artery stenosis of 50% or more who exhibit no 

symptoms commonly suffer from peripheral arterial conditions (15%) (87). Studies have 

demonstrated that the risk of stroke escalates in tandem with the severity of carotid 

artery stenosis (88).  
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Figure 3. Carotid Artery Disease: Atherosclerotic Plaque at the Carotid Artery's 

Bifurcation. Plaque causes narrowing of the artery's lumen, disrupts normal blood flow, 

and fosters the development of thrombi and emboli. These effects result from the 

deposition of cholesterol and the proliferation of cellular structures(89). Reproduced with 

permission from copyright 2022.  

 

Serious carotid artery disease is considered when the carotid artery is stenosed by more 

than 50%, either with or without symptoms. It is crucial to differentiate between 

asymptomatic and symptomatic carotid artery stenosis, as treatment approaches vary. 

Typically, asymptomatic patients are treated medically. For hypertensive patients, 

maintaining their blood pressure below 140/90 mm Hg is essential (90). However, 

diabetics or patients with renal failure should aim for blood pressure below 130/80 mm 

Hg (91). Currently, there's uncertainty regarding whether some antihypertensive agents 

are more effective than others in slowing the progression of carotid atherosclerosis (92). 

The target LDL cholesterol level should be below 100 mg/dL, preferably achieved with 
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statin therapy. Additionally, asymptomatic carotid artery stenosis patients should be 

treated with aspirin, while dipyridamole should be reserved for patients with aspirin 

sensitivity(93). Lifestyle changes are advised for all diagnosed patients with asymptomatic 

carotid artery stenosis, including regular aerobic exercise (more than 30 minutes, five or 

more days a week). Smoking cessation is imperative, and adopting a low-saturated-fat 

diet is essential to achieve a body mass index lower than 25 kg/m².(94). Finally, all patients 

with carotid artery stenosis should receive information about stroke symptoms and be 

educated on the importance of seeking medical attention immediately if symptoms 

appear. On the other hand, individuals experiencing symptoms of carotid artery stenosis 

exceeding 50%, as well as those without symptoms but with stenosis exceeding 60%, 

require invasive intervention (95, 96). 

 

1.3.1.1. Epidemiology of Carotid Artery Stenosis: 

Atherosclerosis most commonly affects the area where the carotid artery bifurcates into 

the external and internal carotid arteries, primarily impacting the internal carotid artery's 

ostium. Atherosclerosis has a less severe impact on the intracranial internal carotid artery 

and its smaller trees.(97). According to the Framingham Heart Trial, the incidence of 

carotid artery stenosis was 9% in males and 7% in females aged around 65 to 90 (98). 

Notably, approximately 15% of patients with extracranial carotid artery stenosis also had 

intracranial CAS (99). Several studies have reported a higher prevalence of asymptomatic 

carotid artery stenosis among patients with peripheral arterial disease (100, 101, 102). 

Furthermore, carotid atherosclerotic plaques exhibit variations in size and composition 

between carotid arteries. Left-sided carotid plaques are more prone to intraplaque 

hemorrhage, suggesting greater susceptibility to rupture compared to right-sided lesions, 

which tend to be more rigid due to higher calcification levels (103). 
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1.3.1.2. Pathogenesis of Carotid Artery Stenosis 

Carotid artery stenosis involves the regional expansion of the arterial wall intima, 

resulting in a gradual reduction in the carotid artery's lumen due to atherosclerosis. 

The typical categories of lesions include fatty streaks, fibrous caps, and complex elements 

that vary depending on the progression of atherosclerosis (104). Carotid atherosclerotic 

lesions consist of a central fatty area infiltrated by inflammatory cells, encased by a 

fibrous cap.  

This fibrous cap consists of the following: (A) smooth muscular cells, white blood cells, 

thick connective tissue (including elastic tissue, collagen fibres, proteoglycans), and a 

basement layer (B). Just beneath it lies a cellular layer composed of macrophages, smooth 

muscle tissue, and T lymph cells (C).  Finally, the deep necrotic core contains calcium 

deposits, lipids, and fat particles. 

 

 

Figure 4. (A) Cross section of a coronary artery plaque prone to rupture, characterized by: 

(1) a large lipid-rich necrotic core (orange asterisk), (2) a thin fibrous cap (blue arrows), 

(3) expansive remodeling (green arrows), and (4) vasa vasorum and neovascularization 

(red circles). Reproduced from Falk et al., 2006(105) (B) (B) Schematic of a vulnerable 

plaque depicting a vulnerable plaque, showcasing the features associated with plaque 

instability (106).  
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Note: This figure is part of an open-access article from PMC and is in the public domain, 

allowing its use and reproduction without requesting special permission. 

 

Over time, plaques can grow large enough to narrow the lumen of the carotid artery. 

These plaques may remain stable, causing no symptoms, or they may become mobile, 

leading to embolization. Vulnerable or unstable plaques, which are more prone to 

rupture, are characterized by extensive inflammation, substantial macrophage 

production, a thin fibrous cap surrounding a large lipid center, endothelial denudation 

with surface-level platelet accumulation, scars, and significant stenosis (107). Plaque 

rupture occurs when leukocytes within the intima secrete metalloproteinases due to 

extracellular matrix remodeling. This process leads to a thinning of the fibrous cap, 

making the plaque more susceptible to rupture (108). 

 

1.3.2.1. Carotid Artery Stiffness  

Arterial stiffness can be influenced by various factors, including aging, inflammation, and 

cardiovascular disease. Inflammation itself can lead to early changes that affect the 

structural formation of arterial walls. (109). Aging also induces alterations in arterial 

structure and function that may lead to arterial wall stiffening (110). Numerous studies 

have established a link between evidence of carotid artery stiffness and an increased 

incidence of stroke (109, 111, 112, 113).  

However, the relationship between arterial stiffness and stroke may involve multiple 

mechanisms.  

Increased arterial stiffness results in the early return of reflecting waves at the end of 

systole, leading to elevated systolic pressure and an increase in central pulse pressure. 

This, in turn, places more strain on the left ventricle, potentially leading to left ventricular 

hypertrophy and heart failure. Additionally, changes in the diameter of the arterial lumen, 

distensibility of the common carotid artery, and an increase in arterial volume are 

associated with an enlargement of the left ventricular cavity. Consequently, arterial wall 

stiffness can be considered a robust predictor of cardiovascular morbidity (114). 
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Alterations in wall diameter and stiffness, influenced by vascular endothelial function, 

also impact arterial compliance, contributing to the development of cardio-

cerebrovascular diseases (115). 

 

Several studies have investigated the molecular and cellular factors influencing arterial 

stiffness (116, 117). The stiffness of the vascular wall is primarily determined by the 

relative contribution of two major proteins: collagen and elastin. Vascular stiffness results 

from an excess of abnormal collagen and a reduction in the quantity of normal elastin. 

Recent immunohistochemical and ultrastructural research findings clearly indicate that 

arterial stiffness is not only influenced by the quantity and density of these stiff wall 

components but also by their spatial organization. These two components are 

predominantly located in the intercellular matrix of the blood vessel wall and are 

responsible for its strength and flexibility. Collagen has a slow hydrolytic turnover rate, 

leading to its accumulation during the arterial stiffness process. Elastin, normally 

stabilized in the matrix as desmosine and isodesmosine, experiences weakening due to 

deposits of minerals such as calcium and phosphorus during the inflammatory process 

associated with arterial stiffness (118, 119). 

Elevated arterial pressure leads to arterial remodeling, which occurs concurrently with 

thickening of the arterial wall, the promotion of plaque formation, and the development 

of atherosclerosis. This process can eventually result in ulceration or rupture of 

atherosclerotic plaques. As arterial stiffness increases, the ability to regulate pulsatile 

circulation diminishes, leading to increased resistance within the aorta and arterial 

branches. These resistances subsequently affect cerebral microvascular function and 

cognitive performance. (120).  

 

Stiffness can be assessed using a range of techniques and at different arterial segments 

or sites.  Some techniques are: “segmental carotid-femoral pulse wave velocity (cfPWV)” 

(121), “local carotid, femoral, or brachial artery stiffness, and systemic arterial 
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compliance (SAC) assessment” (122). additionally, “the aortic augmentation index (Aix) 

can be used as a wave reflection surrogate” (122).  

Given the variability in arterial stiffness across the arterial network and the distinct 

characteristics of elastic and muscular arteries, assessing arterial stiffness at different 

points is essential for a comprehensive evaluation. 

 

1.3.2.2. Carotid Artery Stiffness in HIV   

Arterial stiffening is a complex process characterized by changes in the structure and 

function of the arterial wall, which naturally occur with aging and are exacerbated by 

various conditions, including type 2 diabetes mellitus, arterial hypertension, and renal 

failure (123). In addition to these traditional risk factors, endothelial dysfunction induced 

by acute and chronic inflammation is associated with arterial stiffness (124).  

This association is exemplified in chronic inflammatory diseases such as rheumatoid 

arthritis (125). 

One explanation for this chronic inflammation is that people living with HIV exhibit 

elevated levels of circulating pro-inflammatory cytokines and an increased number of 

circulating CD4+ and CD8+ T cells, indicating ongoing activation through elements like 

CD38 and HLA-DR. These atypical T cell counts may only be reversed in the short term 

with successful antiretroviral therapy (126, 127). Subclinical carotid artery abnormalities 

have been linked to HIV-associated T cell alterations, which can persist even in patients 

who have achieved viral suppression through effective antiretroviral therapy (128).  

 

While most studies have linked HIV-related immune-mediated consequences with 

increased arterial wall thickness (73, 129), it's important to note that vasculitis, a 

pathological vascular condition, could also account for arterial stiffness in PLWH. The 

pathogenesis of systemic vasculitis has been linked to viral infections, and HIV, like some 

other viruses, has been associated with vasculitis.  In the context of HIV, various types of 

vasculitis affecting small, medium, and large vessels have been reported (130). Typically, 

it is confined to specific vessels in individuals with a progressive decline in the immune 
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system and may be linked to T lymphocyte infiltration (131). Recent research suggests 

that chronic HIV infection can lead to modifications in arterial tissue, resulting in a 

reduction of typical arterial elastic properties and vasoreactivity. Carotid artery biopsies 

from HIV-infected patients with carotid artery stenosis have revealed destruction of 

elastic fibers and infiltration of inflammatory cells into the vascular wall (132).  

Furthermore, co-infections can trigger HIV-related vasculitis. For example, co-infection 

with “CMV, Herpes zoster virus, toxoplasmosis, pneumocystis, salmonella, and 

Mycobacterium tuberculosis” has been reported to cause vasculitis in PLWH (139). 

Infection can lead to vasculitis through two primary mechanisms: direct microbial 

invasion causing vessel wall damage or immune-mediated injury (both cellular and 

humoral).  

 

The use of ART has also been associated with increased carotid artery stiffness. The 

Multicenter AIDS Cohort Study (MACS) found that rigidity increased with the introduction 

of ART(133). 

 

 

 

 

1.4.1 Carotid Intima-Media Thickness  

Carotid intima-media thickness (CIMT) is a test that measures the space between the 

intima and media adventitia layers of the arterial wall. It is useful for detecting changes 

in vessel wall thickness and the presence of arterial plaques. IMT is visualized and 

assessed as a double-line arrangement on the two walls of the common carotid artery 

longitudinal images (CCA)(134). It is a widely used indicator for assessing subclinical 

atherosclerosis in the general population and predicting future cardiovascular disease 

(CVD) events (135), as well as in HIV population (129, 136). Therefore, for the accurate 
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assessment and management of potential strokes, precise measurements of IMT and 

plaque in vessel walls are invaluable (137). 

 

Figure 5. Intima-Media Thickness (IMT). Measurement of carotid intima-media thickness 

(IMT) with a double-line arrangement on the far wall of the common carotid artery (138). 

Note: This figure is part of an open-access article from PMC and is in the public domain, 

allowing its use and reproduction without requesting special permission. 

In a healthy carotid artery, the intima-media thickness can reach 0.8 mm (139), It is 

considered abnormal when values exceed 1.20 mm (140).  Moreover, CIMT increases by 

0.005 to 0.010 mm annually (141). Consequently, in young adults, a CIMT measurement 

exceeding 1.00 mm is typically indicative of abnormal thickness (142).  The thickening of 

IMT is associated with endothelial dysfunction, resulting in abnormal vasomotion and 
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smooth muscle cell hypertrophy, preceding the appearance of plaques. When the 

measured IMT value exceeds the specified threshold (see above), it indicates the 

presence of subclinical atherosclerosis. Additionally, factors such as the thickness of the 

vessel wall (including intima-media thickness), the degree of carotid artery narrowing, 

and the presence or absence of symptoms all play pivotal roles in determining whether 

medical or surgical treatment, such as carotid endarterectomy, is warranted (143, 144).  

In a study aimed at evaluating the utility of CIMT and coronary artery calcium (CAC) score 

(CACS) in detecting mild arterial diseases, 86 asymptomatic middle-aged females, 

considered to have a low risk by the Framingham risk score but with at least one 

cardiovascular risk factor, were included. This study calculated the average intima 

thickness, the presence of plaques on CIMT, and the Agatston calcium score for CACS. For 

this specific population, the results suggest that CIMT, as compared to CACS and other 

traditional risk measures, may be a more accurate tool for evaluating cardiovascular risk. 

In contrast, the measurement of IMT was not found to significantly enhance the 

predictability of cardiovascular risk in another group of individuals. In attempts to 

improve cardiovascular risk stratification in the general population, the mean common 

CIMT measurement was used to assess whether there was any improvement over ten 

years in predicting the risk of first-time stroke or myocardial infarction (MI) in 

hypertensive patients (145). An extensive individual data meta-analysis involving 17,254 

hypertensive individuals from sixteen cohort trials was conducted. In this study, the 

baseline model included the Framingham Risk Score risk factors of participants without 

symptoms, and this model was updated by adding measurements of mean common CIMT 

(CIMT model). The ten-year risk of having a myocardial infarction or stroke was calculated 

using data from both models. The results indicated that measuring mean common CIMT 

did not provide additional value in improving cardiovascular risk prediction for individuals 

with high blood pressure (140). 
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1.4.2. Carotid Intima-Media Thickness and HIV 

Numerous studies have investigated the relationship between HIV infection and CIMT, 

yielding conflicting results. Some studies have reported higher CIMT values in HIV-

infected individuals (146, 147, 148), while others have found associations between PLWH 

on HAART and higher IMT compared to uninfected individuals (149), particularly those 

taking protease inhibitors (150). Additionally, some studies revealed no difference in 

baseline IMT measurements between HIV-infected and non-HIV-infected subjects (151), 

nor did they observe CIMT progression over time (152). 

These conflicting findings can be attributed to various factors, including limited sample 

sizes in some studies, differences in patient populations, and variations in CIMT 

measurement methods (average or highest for one assessment, average of the average 

or highest of multiple measurements). IMT measurements obtained at a single site may 

differ significantly from measurements taken at another site (153).  

Therefore, measuring CIMT at a single location can reduce the accuracy of diagnosing 

changes in arterial walls.  

Furthermore, the timing of CIMT measurements within the cardiac cycle varies across 

studies. Parameters measured during peak systole yielded smaller values compared to 

those calculated from end-diastole due to luminal size changes during systole, leading to 

a decrease in CIMT over systole (154). 

The anatomical measurement site of CIMT may cause a difference in measurement. The 

carotid bifurcation area exhibited the most significant differences between HIV-infected 

and uninfected groups.  

Researchers from the Fat Redistribution and Metabolic Change in HIV Infection (FRAM) 

study discovered a stronger correlation between HIV infection and carotid IMT   in the 

internal and bifurcation regions of the carotid arteries compared to the common carotid 

(146). 
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Therefore, for accurate assessment and effective management of potential stroke risk, 

precise measurements of IMT are essential. 
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1.5. Cardiac Imaging 

 

1.5.1. X-ray Imaging 

The journey of X-ray imaging began in 1895 when Wilhelm Rontgen made the 

groundbreaking discovery that X-rays could be utilized to image biological tissues. Due to 

various optical characteristics, the quantity of radiation undergoes changes when passing 

through different tissues—some are scattered, while others are attenuated. When this 

radiation interacts with photographic film, it creates a 2D image. Initially, X-ray imaging 

found its first applications in the medical field for imaging bones, capitalizing on X-rays' 

high photon attenuation in calcium-rich bones (155).   

In X-ray vascular imaging (X-ray angiography), the injection of a contrast agent becomes 

necessary to visualize blood flow within blood vessels. Contrast agents, often containing 

iodine, enhance radiation attenuation as they traverse through blood. 

 

1.5.2. Digital Subtraction Angiography (DSA) 

Digital subtraction angiography (DSA) or mask mode subtraction, is a procedure 

employed for visualizing the vascular lumen and blood flow within vessels under X-ray 

exposure. Remarkably, DSA uses a reduced amount of contrast agent compared to 

conventional angiography (156) . In DSA, highly contrasted images of blood vessels are 

generated by subtracting two X-ray images—one acquired before injecting the contrast 

agent (the mask) and another taken after the injection. In a comparative study involving 

100 participants for carotid artery visualization, DSA demonstrated 95% sensitivity, 99% 

specificity, and 97% accuracy (157). 
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Figure 6. Subtraction image technique employed in DSA (166), utilizing mask and contrast 

images. Note: This figure is part of an open-access article from PMC and is in the public 

domain, allowing its use and reproduction without requesting special permission. 

 

1.5.3 Computed Tomography Angiography (CTA) 

Obtaining detailed anatomical information through a conventional angiography's 2D 

images is often limited. The CT scanner was introduced in 1973 to address this issue. This 

advanced equipment proved to be significantly more precise than conventional X-ray 

angiography (157, 158). while also reducing the volume of contrast material needed for 

testing when compared to traditional angiography (159). A CTA scanner comprises an X-

ray radiation source aimed at a specific region of the 3D body from one side, with 

detectors on the opposite side to capture these signals. To create a complete 360° scan, 

a series of these source-detector pairs rotate around the human body, capturing slice-by-

slice images. Newer CTA scanners require less contrast material compared to traditional 

angiography (159). Advancements in imaging analysis technology have led to the 

development of semi- and fully automated 3D CTA systems. In semi-automated 

algorithms, the crucial steps include the manual identification of a segmentation point as 
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a reference and the selection of appropriate upper or lower limits for contrast intensity. 

Conversely, in fully automated segmentation techniques, the process involves more 

intricate technical steps, resulting in a noteworthy 75% accuracy in detecting carotid 

arteries(160). 

 

Figure 7. Carotid artery CTA with a 3D reconstruction (a) and a 2D slice image (b) (166). 

Note: This figure is part of an open-access article from PMC and is in the public domain, 

allowing its use and reproduction without requesting special permission. 

Limitation 

Diagnostic radiation exposure and the potential for radioactive materials, including 

ionizing radiation, have raised significant concerns, particularly in cases requiring long-

term monitoring (161, 162). However, newer CT systems empower radiologists to employ 

more effective dose-saving strategies (163). CT A also presents a significant drawback due 

to the potential for hypersensitivity reactions to contrast agents (164). Another serious 

complication of angiographic procedures is contrast-induced nephropathy, which can be 

caused by the use of contrast agents (165).  
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1.5.4 MRI  

Magnetic resonance imaging technique is achieved by stimulating rotation of protons 

inside a tissue with various chemical characteristics. by radio frequency pulses. Moving 

protons line up themselves with the exact direction of the applied field when they meet 

an externally generated stable field of magnets. However, some protons in a state that 

have an increased energy, line up in the reverse order to applied magnetic field. 

When the radio frequencies signals are removed, the protons go back to their first 

position and begin to release magnetic resonance signal energies at an amount set by 

T1and T2 relaxation intervals(166).  

When the protons of the increased energy condition begin to fall back to the decreased 

energy condition in the same way of the external magnetic field, this causes growing 

again of magnetization in the parallel direction. Measurement of this is done by the T1 

relaxation time (spin–lattice relaxation).   The time different T1 or T2 is assessed according 

to the molecular framework under study, and thus provides the basic for creating an MRI 

image. Such an image gives informative details about the inner structures and boundaries 

(167).  

 

1.5.5. Magnetic resonance angiography (MRA) 

MRA projection imaging is used to introduce image contrast related to the blood moving 

in the vessels and to reduce the unmoved tissue nearby. To create estimation pictures, 

techniques such as “temporal subtraction, inversion excitation, stimulating adjacent 

regions, and phase shift are used” (168). In temporal subtraction process, a contrast-

enhanced movable tissue picture is created by subtracting a pair of pictures with the same 

unmoved tissue signals and the blood (different moveable tissue signals.  

Time of flight  (169) is another method which involves applying particular reversal 

magnetic field to the rotation of the passing molecules of tissue and deducting one from 

both pictures containing and excluding inversion are subtracted to remove the static 
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cellular signal. Both phase-contrast and Time of flight methods are commonly used to 

detect carotid artery diseases.  

 

1.5.6. Duplex Ultrasound 

Duplex ultrasound (DUS) has emerged as one of the most frequently employed 

techniques for evaluating carotid artery diseases, owing to its precision, non-invasive 

nature, and cost-effectiveness. This technique amalgamates two distinct approaches: 

conventional B-mode (greyscale) ultrasound, which captures static images of bodily 

structures and organs through transmitted sound waves during rest, and color-Doppler 

ultrasound, which visualizes the dynamics of mobile components or fluids (such as blood) 

to assess flow parameters like velocity. 

B-mode, often referred to as brightness mode, is typically used to generate two-

dimensional (2D) cross-sectional images by capturing the reflection of ultrasound waves 

(echo) from surrounding organs. This imagery is created by placing an ultrasound 

transducer on the body's external surface and emitting ultrasound pulses. This is 

commonly referred to as the pulse-echo technique. The resulting 2D image is composed 

of numerous B-mode lines generated by a pulse-echo sequence. 

The pulse-echo pattern is generated by highlighting the bright point corresponding to the 

object that represents the impulse (170, 171). 

In 1986, measuring intima-media thickness using B-mode ultrasound, yielding results that 

closely match histological details was a significant accomplishment. (172). 

Since then, numerous studies have assessed intima-media thickness (IMT) through B-

mode ultrasound, aiming to establish a link between the development of carotid 

atherosclerosis and various cardiovascular disease risk factors (173). For more in-depth 

information about IMT, please refer to section 1.4.1 on page 38. 
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1.5.7. Cardiac Computed Tomography 

Cardiac computed tomography (CT) is a radiological procedure that enables the imaging 

of both individual cardiac structures and the heart as a whole. Commonly examined 

structures include the atria, ventricles, intra-cardiac valves, myocardium, pericardium, 

and major cardiac vessels. Standard cardiac CT can also offer insights into pulmonary and 

other mediastinal structures in close proximity to the heart. 

A contrast-enhanced CT examination that focuses on the evaluation of the epicardial 

coronary arteries is known as coronary CT angiography (CCTA). CCTA provides a non-

invasive alternative to traditional coronary angiography, offering a swift means to assess 

patients with intermediate risk for CAD, all without the associated risks of an invasive 

intra-arterial catheter procedure (174). 

The moving epicardial coronary arteries are typically of a few millimeters in diameter. 

Consequently, to effectively examine them with CCTA, both good spatial and temporal 

resolution are essential. 

Spatial resolution refers to the shortest distance at which two points can be distinguished 

from each other, whereas temporal resolution is defined as the ability to rapidly acquire 

images of a movable structure. 

The temporal and spatial resolution of cardiac CT has seen significant advancements in 

recent years. CCTA's improved resolution now allows for the identification of even the 

distal-most segments of the coronary arteries. With the evolution of CT systems, spatial 

resolution has significantly improved. It has progressed from 0.5 mm with a 64-slice CT 

scanner to 0.4 mm with a 128-slice scanner, further advancing to 0.35 mm with a 320-

slice CT scanner and 0.17 mm in a 640-slice CT scanner (175). Temporal resolution can 

now reach less than 50 ms, enabling the imaging of the heart in less than 1 second during 

a single breath-hold (acquisition time) (176). One clinical indication for CCTA is to assess 

chest pain conditions in individuals with a moderate pre-test likelihood of cardiovascular 

disease, especially when they face limitations in conventional testing, such as an 

uninterpretable ECG or difficulties in performing exercise tests (177). Under optimal 
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conditions, such as when there is a low pre-test probability of cardiovascular disease, CT 

can be employed as a screening test. This means that if the CT coronary angiography 

yields negative (normal) results, no further invasive investigations are required (176). 

However, in cases where it produces positive findings, additional tests, such as perfusion 

studies in nuclear medicine or conventional catheter coronary angiography, may be 

considered, particularly in symptomatic patients. In addition to its advantage of imaging 

the degree of luminal narrowing, CCTA offers the benefit of simultaneously recognizing 

and characterizing coronary atherosclerotic plaques. CCTA can identify calcified, mixed, 

and non-calcified coronary plaques (178, 179, 180). Furthermore, it enables the 

assessment of the number of coronary plaques, their size, composition, and any changes 

in the plaques over time. 

Non-contrast CT can be utilized to assess the coronary artery calcium (CAC) score (178, 

181) (182). The Agatston method is the most commonly employed approach for 

calculating the CAC score. The Agatston calcium score is determined by assessing the area 

of each calcified coronary lesion with a peak attenuation density exceeding 130 

Hounsfield units (HU), with greater weighting factors applied to lesions exhibiting higher 

peak attenuation values (174, 183). 

The CAC score is valuable for categorizing individuals into low, moderate, or high-risk 

groups for potential future cardiovascular events. The American College of Cardiology and 

American Heart Association (ACC/AHA) endorse CAC scoring as a suitable test for certain 

asymptomatic patients with an intermediate risk of CAD (184). Nevertheless, despite its 

favorable performance characteristics, CT has several limitations. Firstly, CT coronary 

angiography encounters challenges related to artifacts arising from high or irregular heart 

rates. Even though most modern CT scanners boast exceptional temporal resolution, 

patients with elevated or irregular cardiac beats may still experience suboptimal image 

quality (174, 185). Stepladder artifacts, as illustrated by example (186). and the presence 

of extensive calcified changes in arterial walls, leading to blooming artifacts, represent 

additional limitations. Consequently, the evaluation of coronary artery luminal narrowing 

can be challenging, potentially leading to incorrect assessments of stenosis severity and 
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false-positive CT results (187). Furthermore, dense coronary stents can also produce 

blooming artifacts (188) 

Moreover, radiation exposure associated with cardiac CTA can induce gene changes 

related to the regulation of apoptosis and DNA repair processes (189). In recent years, CT 

techniques have made significant advancements aimed at reducing the radiation dose in 

cardiac CT, including prospective ECG-gating (163), axial adjustment of the x-ray tube 

output (190), and iterative reconstruction of CT images (191).  A multicentric analysis of 

dose-saving strategies for CCTA in daily practice has demonstrated a 78% reduction in 

radiation dose from 2007 to 2017, with a median dose-length product (DLP) of 195 

mGy*cm in 2017 (163).  

 

1.5.8. Elastography 

Tissue stiffness has long been acknowledged as a significant biomarker for tissue 

pathology. Ultrasound elastography, an innovative ultrasound technique, can assess the 

physical properties of tissue by observing how it responds to energy from sound waves. 

Common disease processes that induce alterations in tissue mechanical properties 

encompass fibrotic changes, inflammatory conditions, and neovascularization. 

Ultrasound elastography serves as an apt diagnostic tool to assess these changes, 

facilitating the study of various tissues and diseases. 

1.5.8.1 Elastography Physics 

Elastography comprises a spectrum of methods employed to gauge the elastic 

characteristics of tissue. Elasticity, in this context, refers to a tissue's capacity to either 

resist deformation when subjected to a force or return to its original state once the force 

is removed. The tissue's stiffness is assessed as a physical property and is referred to as 

Young's modulus (E). Young's modulus serves as a proportionality parameter that 

illustrates the correlation between the applied force per unit area (stress) and the 

resultant relative change in the dimensions of tissue (strain). Ultrasound elastography is 
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categorized into two distinct types based on the nature of the external mechanical 

stimulus method: "quasi-static, or strain-based," and "dynamic, or shear wave-based.” 

In strain-based elastography, the mechanical force is generated by endogenous sources 

such as carotid pulsation or the prob force generate the force. Conversely, in shear wave 

elastography, the imaging system is responsible for generating a shear wave within the 

tissue. In both methods, the mechanical properties of the tissue are estimated based on 

the tissue's response to these mechanical stimuli. 

Strain imaging adheres to a direct relationship, described by Hooke's Law, between the 

externally applied stress and strain (192, 193). Nevertheless, in clinical strain imaging 

systems, the calculation of Young's modulus is typically not determined because the exact 

force applied to the area of interest is often unknown. In contrast, Young's modulus is 

computed in shear wave imaging systems(192, 193).  

Moreover, many vendors typically offer automatic calculation systems. Upon completing 

the ultrasound examination, most systems provide stiffness values in both kPa 

(kilopascals) and m/s (meters per second). 



52 
 

 

1.5.8.2 Strain Elastography (SE) 

Strain elastography (SE) assesses tissue stiffness by applying external force to the tissue 

(203), which induces changes in tissue dimensions and deformations. These alterations in 

shape and dimensions are termed strain. Stiffer regions exhibit minimal deformation, 

resulting in lower strain values and a higher Young's modulus. The strain ratio is calculated 

by dividing the strain observed in the tissue of interest by the strain measured in a specific 

reference area of tissue. Furthermore, there is no requirement to know the exact applied 

force when calculating the strain ratio. Therefore, it is commonly employed in medical 

procedures and is analogous to the proportion of Young's modulus between two areas, 

assuming that the applied force remains consistent across these areas. Strain 

elastography is further divided into two subgroups based on the method used for tissue 

excitation, which can either involve external manual pressure or be induced by internal 

physiological motion (192).  

In the case of external manual excitation, elasticity is primarily measured in superficial 

tissues, and the manual stress applied is not effectively transmitted to deeper tissues. 

Conversely, when using natural physiological movements such as respiration or cardiac 

pulsation as a means to generate tissue stress, it becomes possible to assess deeper 

organs as well. 

Tissue deformation in strain imaging (elastograms) can be quantified by analyzing 

radiofrequency (RF) data collected before and after the application of pressure to the 

tissue using an ultrasonic transducer (194). To enhance anatomical information, 

translucent and colorful strain overlays can be added to B-mode images. The strain map 

is often depicted using colored pixels overlaid on a gray-level or red/blue-level 

background(195).  

Typically, for deeper organs like the kidneys and liver, tissue stress is obtained from the 

natural movements associated with cardiac/arterial or respiratory motion. In contrast, 
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manual compression is employed to induce tissue stress in superficial organs, such as the 

thyroid. 

 

1.5.8.3. Shear Wave Elastography (SWE) 

In traditional B-mode image generation, compressive acoustic waves travel rapidly 

through soft tissue at speeds ranging from 1450 to 1550 m/s. In contrast, mechanical 

shear waves employed in shear wave elastography propagate at a significantly lower 

speed, typically ranging from 1 to 10 m/s. The speed at which shear waves propagate is 

influenced by tissue stiffness (193, 194). Most available shear wave elastography systems 

generate and monitor shear waves using compressed sound waves. Shear waves in 

acoustics move perpendicular to the compressed waves, and the displacement of tissue 

induced by these shear waves is measured at various points using the ultrasound probe, 

enabling the assessment of shear wave speed (194). Young’s modulus can be algebraically 

calculated using the shear wave speed (SWS). SWS is employed for characterizing, 

evaluating, and diagnosing various tissue diseases, including the characterization of renal 

lesions (196), hepatic lesions (197), thyroid lesions (198), or for the evaluation of diffuse 

liver and renal disease (199, 200), and the examination of breast masses (201, 202). SWS 

is also utilized in cancer detection in the prostate (203), and in imaging  tendons (204). 

 

1.5.9. Non-Invasive Vascular Elastography (NIVE) 

NIVE offers a comprehensive assessment of the elasticity of the vessel wall. It assesses 

the biomechanics of vessel walls by harnessing the natural cardiac pulse and generates 

two-dimensional images that detect any specific deformities in the vessel wall (205).   

Non-invasive elastography targets a specific segment of the artery to generate 2D 

displacement maps across consecutive ultrasound images. These maps are used to create 

an elastogram that encompasses elastography parameters, including translations (axial 

or lateral), shear strain, and strain. “Axial” refers to the direction along the ultrasound 
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beam, while “lateral” indicates the direction that is opposite to the ultrasound beam. 

Additionally, “translations” denote changes that occur over the cardiac cycle. Axial strain 

demonstrates how pulsating blood pressure compresses or dilates the vessel wall, while 

shear strain reflects the curved deformation resulting from the mechanical heterogeneity 

of the vessel wall. Elastograms are averaged across the entire vessel wall at various 

timescales to generate time-varying slopes that depict the translation and deformity of 

the vessel wall throughout the cardiac cycle (206). 
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2.1. Rationale and Methodological Considerations of my Research Project 

Cardiovascular disease remains a significant cause of mortality among people living with HIV 

(PLWH) under antiretroviral therapy (ART). Existing cardiovascular risk calculation algorithms 

consistently underestimate the risk in PLWH. Hence, it is imperative to achieve accurate 

prediction of cardiovascular risk in PLWH. Recent studies conducted in the general population 

have demonstrated that the atherosclerotic burden identified through coronary computed 

tomography (CT) angiography serves as a robust predictor of future major cardiovascular events 

(207, 208). Despite its reliability, coronary CT still entails radiation exposure (163) and the use of 

iodinated contrast agents. In contrast, carotid ultrasound elastography stands as a non-invasive 

tool capable of evaluating subclinical atherosclerosis. It detects deformations and strains in the 

arterial wall, as well as atherosclerotic plaque, prompted by the pulsating blood flow. 

In a study from the prospective Canadian HIV and Aging Cohort study, ultrasound elastography 

demonstrated that carotid artery walls in PLWH with low or intermediate cardiovascular risk 

were more rigid (axial strains and displacements were smaller), in comparison to healthy 

volunteers (16).  In the same study, IMT was not different in PLWH and non-HIV controls. 

Elastography also showed carotid artery premature stiffening in children with elevated body-

mass index (BMI) (17). As reported by the authors of both studies (16, 17), biomechanical vessel 

wall assessment in these at-risk populations shows premature subclinical atherosclerosis.  Based 

on the previous results, we hypothesize that the inclusion of carotid elastography biomarkers 

alongside conventional cardiovascular risk factors will enhance the predictive accuracy of 

coronary atherosclerosis burden in both HIV+ and HIV- individuals.  Furthermore, we hypothesize 

that the incorporation of carotid intima-media thickness (CIMT) into the aforementioned 

algorithms will not result in a significant improvement in predictive power for both HIV+ and HIV- 

individuals (209, 210). 

 

In this study, our objective was to evaluate models that combine carotid elastography, intima-

media thickness (IMT), cardiovascular risk factors, and HIV-related factors, including 
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antiretroviral therapy (ART), for the prediction of coronary artery disease in both PLWH and non-

HIV controls. 

2.2. Hypotheses 

a. We hypothesize that the inclusion of carotid elastography biomarkers alongside 

conventional cardiovascular risk factors will enhance the predictive accuracy of coronary 

atherosclerosis burden in both HIV+ and HIV- individuals. 

b.  Additionally, we hypothesize that the incorporation of carotid intima-media thickness 

(CIMT) into the aforementioned algorithms will not result in a significant improvement in 

predictive power for both HIV+ and HIV- individuals.  
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3. Materials and Methods  

This study has received approval from the institutional review board of ethics at the Centre 

Hospitalier de l’Université de Montréal (CHUM). Written informed consent was obtained from all 

participants (211). 

 

3.1. Study design  

This is a cross-sectional study, nested in the Canadian HIV and Aging Cohort Study (CHACS) (204). 

CHACS is an ongoing multicenter, prospective, controlled cohort study actively following more 

than 1100 people living with HIV (PLWH) and non-HIV-infected participants in 10 Canadian 

centers. 

At enrollment, HIV-infected individuals must be either 40 years old or younger or have had HIV 

for at least 15 years, confirmed by an anti-HIV antibody test. They should also be capable of 

providing informed consent and have a minimum one-year life expectancy. Participants in the 

control group must be under 40 years old or younger, and able to provide informed consent.  

 

3.2. Study Population  

3.2.1 Canadian HIV and Aging Cohort Study (CHACS)  

CHACS recruits participants both from hospital-based and community-based clinics. In includes 

HIV-positive individuals diagnosed through a positive HIV serology test who are receiving follow-

up care in HIV clinics. Additionally, recently diagnosed HIV- positive individuals who meet the 

inclusion criteria are also recruited into this cohort, as well as non-HIV participants who are 

defined as HIV-seronegative individuals. Hospital-based recruitment includes PLWH aged 40 

years or older enrolled from the HIV clinics of the University of Montreal Hospital. Non-HIV 

healthy volunteers of similar ages are recruited from outpatient internal medicine clinics at the 

same hospital. Community recruitment for PLWH is conducted within family medicine clinics in 
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Montreal. In the case of healthy volunteers, recruitment is conducted among non-HIV friends 

and family members (proximity recruitment) to minimize disparities in socioeconomic variables 

between the two groups. 

 

3.2.2 Participants in the Imaging Subcohort of the CHACS and Present Study 

The CHACS includes a prospective imaging subcohort initially formed for cardiac CT imaging, later 

expanded to include carotid ultrasound imaging. These two imaging examinations were offered 

to participants in the CHACS. 

Imaging Subcohort of the CHACS 

All PLWH and control participants in the imaging subcohort were recruited from the CHACS 

between 2013 and 2019. 

Participants in the imaging subcohort were consecutively included based on the following 

criteria: low or intermediate cardiovascular risk (10-year Framingham score of 5% to 20%) and 

no history or symptoms of coronary artery disease. The Framingham Risk Score calculates the 10-

year risk of coronary heart disease (CHD) as a percentage. Low-risk participants have a CHD risk 

of 10% or less after 10 years, intermediate-risk participants have a risk of 10% to 20% to develop 

CHD after 10 years, and high-risk participants have a risk of 20% or greater (212).  

Other exclusion criteria are a history of contrast media allergy, creatinine clearance of less than 

50 mL/min and pregnancy. 

Present Study 

The present study included all participants from the imaging subcohort who had undergone both 

carotid ultrasound with elastography and cardiac CT prospectively. Exclusions were made in cases 

of unavailable data, for example imaging artifacts, unavailable postprocessing results, missing 

values, etc. Participants who underwent only non-enhanced cardiac CT without contrast-

enhanced CT (coronary CT angiography) were not included. 
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3.2.3 Data Collection 

CHACS participants are followed for three consecutive years (first visit, one year after, and two 

years after), followed by visits in years five and eight based on their initial enrollment date. During 

each study visit, participants complete questionnaires, undergo a comprehensive medical history 

and physical examination by a doctor, and have a series of blood tests. At the initial visit, all 

necessary data, including previous and present treatments, as well as any prior and current 

health issues such as high blood pressure, diabetes, lipid disorders, family history of premature 

cardiovascular disease (CVD), and lifestyle habits like smoking and physical activity levels, are 

collected and recorded in an electronic case report form. However, diagnoses are primarily based 

on study questionnaires rather than made during the visits. 

During study visits, nurses measure blood pressure using an electronic sphygmomanometer with 

the participant's arm at heart level while seated with feet touching the floor. They also record 

weight, height, and waist circumference. High waist circumference is defined as over 102 cm in 

males or 88 cm in females. 

Smokers are participants who currently smoke cigarettes, while ex-smokers are individuals who 

reported smoking cigarettes in the past but have quit at the time of the study visits. Pack-years 

is calculated as the product of the number of packs of cigarettes smoked per day multiplied by 

the number of years the person has smoked. For additional information about the CHACS study, 

refer to The Canadian HIV and Aging Cohort Study - Determinants of Increased Risk of 

Cardiovascular Diseases in HIV-Infected Individuals: Rationale and Study Protocol (213).   
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3.3. Ultrasound Imaging  

Carotid ultrasound assessed the arterial walls of the right and left common and internal carotid 

arteries. For each patient, four cine-loops were acquired. Longitudinal views of each vessel were 

obtained using an Aixplorer system (SuperSonic Imagine) equipped with a 256-element linear 

array probe (SuperLinear™ SL15-4) operating at a central frequency of 7.5 MHz. The examinations 

were conducted with the patient at rest in a supine position, with the head tilted at a 45° angle 

opposite to the direction of the scanned artery. Beamforming was performed by the Aixplorer, 

and the specific angles used are unknown. 

The vessel was positioned parallel to the probe. Cine-loops were recorded at a frame rate of 50 

frames per second, with each loop lasting approximately 5 seconds. The examinations were 

conducted by a technologist with over 20 years of experience. 

3.4. Image Analysis 

B-mode cine-loops were generated from radiofrequency images using the NIVE platform, 

employing Hilbert transform and logarithmic compression techniques. The reconstructed B-

mode images had pixel dimensions of 20.5 μm axially × 200 μm laterally. A semiautomated 

segmentation method was applied to all frames of the B-mode cine-loops in order to detail a 

normal portion of the carotid far wall, excluding calcium or plaque. 

Plaques were defined as a CIMT greater than 1 mm or a portion of the vessel wall thicker than 1 

mm protruding into the lumen, or IMT > 1.5 mm, following the Mannheim recommendations. 

Manual segmentation of carotid wall contours was performed on a single B-mode image by an 

experienced technologist and reviewed by a radiologist (GS) with over 20 years of experience. 

The carotid IMT was defined as the mean distance between two segmented carotid wall 

contours, specifically the lumen-intima and media-adventitia interfaces. It was calculated from 

automated segmentations for all frames within each 5-second cine-loop and then averaged. 

Measurements for the CCA walls were taken at a segment located at least 5 mm before the bulb, 

with a minimum length of 10 mm. For the ICA walls, measurements were taken above the flow 

divider. If this was not feasible due to geometric constraints or image quality issues, 
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measurements were made as far above the bulb widening as possible. The average values for 

IMT from both the right and left sides were used for analysis, and all analyses in this study were 

conducted using the average values. All segmentations were performed independently of 

elastography analysis. 

Elastograms were generated for each pair of time-varying radiofrequency images to assess the 

mechanical properties of carotid artery walls and plaques (209). Elastography cine-loops of 

lateral and axial translation motions (in mm), axial strains (in %), and axial shear strains (in %) 

were computed. Translations represent rigid displacements within the cardiac cycle. Axial strain 

reflects compression or dilation of the arterial wall due to pulsating blood flow, while shear strain 

indicates angular deformation resulting from the mechanical heterogeneity of the arterial 

wall(210). 

For each mechanical parameter, the spatial average over the segmented region was calculated 

over consecutive cardiac cycles and displayed over time. Our analysis focused on the average 

over the entire cardiac cycle, and we did not isolate data from diastole to investigate potential 

differences in results(209).  

 

3.5. Coronary CT Angiography 

All participants underwent both non-contrast and contrast-enhanced cardiac CT. Before the CT 

scan, participants received sublingual nitroglycerin (0.4 mg) and oral metoprolol (50–75 mg) if 

their pre-scan heart rate exceeded 60 beats per minute, unless contraindicated. Contrast-

enhanced coronary CT angiography (ECG-gated) was conducted using a 256-slice CT scanner 

(Brilliance iCT; Philips Healthcare). Iopamidol at a concentration of 370 mg/mL (Bracco Imaging) 

was administered at a rate of 5 mL/sec. The gantry had a rotation time of 270 msec, with an axial 

slice thickness of 0.625 mm and a slice interval of 0.45 mm. 

3.6. Exposure of Interest 

• US Elastography Parameters 
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Imaging biomarkers were derived from elastography time-varying curves, including 

cumulated axial translation (CAT), cumulated lateral translation (CLT), maximum and 

cumulated axial strains (CAS), and maximum and cumulated axial shear strain magnitudes 

(CShS). The term 'cumulated' used for each biomarker quantifies the total strain or translation 

occurring during the cardiac cycle, representing the range of variation in the cumulated curve 

over one cycle. The cumulated range is calculated for each complete cardiac cycle within the 

5-second acquisition. The cumulated parameter is the average range of the cumulated curves 

across all available cardiac cycles. 

The ultrasound radiofrequency data processing and B-mode image segmentation methods 

were implemented in-house using the Visual-NIVE commercial imaging platform from Object 

Research Systems. 

• Intima-media thickness, also measured by NIVE. 

 

3.7. Outcome of Interest: Coronary Plaque Presence  

Plaque presence on the CT angiograms was determined by a board-certified radiologist (CCL) with 

17 years of experience.  

All image assessors were blinded to the HIV status and clinical data. 

 

3.8. Main Confounding Variables 

Cardiovascular risk factors including age, sex, high blood pressure, family history of premature 

coronary artery disease, smoking exposure, low-density lipoprotein or high-density lipoprotein 

cholesterol levels, body mass index, statin use, and HIV serostatus. 
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3.9. Statistical Analysis 

Descriptive statistics are presented as means ± standard deviations (SDs) or median [25th – 75th 

interquartile range (IQR)], while categorical variables are shown as counts and percentages. 

Between-group comparisons utilized Student’s t-tests for normally distributed data, Mann–

Whitney tests for non-normally distributed data, and Chi-square tests for categorical data. 

Data normality was assessed using histograms for each characteristic variable. A histogram 

estimates the probability of a continuous variable. A roughly bell-shaped and symmetric 

histogram suggests normal distribution (214). 

Univariate and multivariate Poisson regression analyses with robust variance were conducted to 

determine the independent associations of cardiovascular risk factors, IMT, and elastography 

parameters with coronary plaque presence. All multivariate analyses were adjusted for HIV 

serostatus and cardiovascular risk factors, including age, sex, high blood pressure, family history 

of premature coronary artery disease, smoking exposure, low-density lipoprotein or high-density 

lipoprotein cholesterol levels, body mass index, and statin use. Variables with a univariate 

association with coronary plaque presence and a p-value of 0.1 or less were included. A p-value 

of 0.1 indicates a 10% or lower likelihood that the results are due to chance. 

In the multivariate analysis, we tested the association between cardiovascular risk factors, IMT, 

elastography parameters, and coronary plaque presence using a total of 19 models. The first 

model included only the cardiovascular risk factors significantly associated with coronary plaque 

presence: age, statin use, and smoking exposure. Subsequent models added individual 

elastography parameters from either CCA or ICA, both with and without IMT of CCA or ICA, to 

the cardiovascular risk factors model. Missing data for smoking exposure among patients with 

incomplete continuous covariable data were imputed using the median value (0.9 pack-years). 

Statistical significance was defined as a p-value less than 0.05, and no adjustments were made 

for multiple testing. 

Receiver operating characteristic (ROC) curve and area under the curve (AUC) analysis were used 

to compare various prediction models for coronary plaque presence.  
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Statistical analysis was conducted using R software, version R i386 4.0.3, provided by the R 

Foundation for Statistical Computing (https://www.r-project.org). 

  

https://www.r-project.org/
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Chapter 4: 

Results  
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4.1. Participant Characteristics 

Out of the 164 CHACS participants who underwent carotid elastography analysis and cardiac CT, 

154 participants with complete data were included, while ten were excluded due to missing 

coronary plaque data. The mean time interval between coronary CT and carotid ultrasound per 

participant was 7.69 ± 20.1 months (230.97 ± 607.24 days). 

 

 

Figure 8: Participant Flow Diagram. Out of 164 recruited participants, 154 with complete carotid 
ultrasound and cardiac CT data were evaluated, including 83 HIV+ and 71 HIV-. 

Participant characteristics stratified by HIV Status are summarized in Table 1. Of the 154 

participants, 83 were PLWH (53.8%), and 71 were healthy volunteers (47.4%). Participants with 

HIV had a mean age of 57.2 ± 7.3 years, while controls had a mean age of 55.7 ± 7.8 years (p = 

0.22). PLWH included a higher proportion of men compared to healthy volunteers (95.2% vs. 

81.7%, respectively; p = 0.01). The median Framingham risk score was 12% [IQR, 8 - 16] in PLWH 

and 9% [IQR, 7 - 15] in controls (p = 0.045). PLWH had a lower BMI than controls, with mean body 

 

164 participants from CHACS were 

recruited in present study 

154 (HIV+ and HIV- ) 

97 participants have coronary plaque on 

CT 

10 participants were excluded : 

data about plaque presences was not  

available 

71 HIV- 

42 participants have coronary plaque on 

CT 

83 HIV+ 

55 participants have coronary plaque on 

CT 

All participants underwent both coronary 

CT angiography and carotid US 

elastography for assessment of subclinical 

coronary atherosclerosis 
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mass indices of 25.3 ± 3.69 kg/m2 and 27.2 ± 4.69 kg/m2, respectively (p = 0.01). More PLWH 

had a history of tobacco smoking, with a median of 6.00 [IQR, 0 -18.0 pack-years], compared to 

controls with a median of 0 pack-years [IQR, 0 - 7.20 pack-years] (p < 0.001), and a higher 

proportion of smokers were among PLWH (21.7% [18 of 83] compared to 9.9% [7 of 71], p = 0.05). 

In the PLWH group, there were slightly more statin users (30% [25 of 83]) compared to the non-

HIV group (16% [11 of 71]; p = 0.051). Additionally, the mean HDL cholesterol level was 1.25 ± 

0.331 in the HIV-positive group and 1.42 ± 0.386 in the non-HIV group (p = 0.006). In the HIV 

group, the mean LDL cholesterol was 2.87 ± 0.911, and in the non-HIV group, it was 3.20 ± 0.862 

(p = 0.024). The mean total cholesterol was 4.84 ± 1.13 in the HIV-positive group and 5.27 ± 1.03 

in the non-HIV group (p = 0.01). No statistical differences were found for other clinical 

characteristics.  

In the PLWH group, the median HIV infection duration was 20.0 years [IQR, 15.0 - 26.0 years]. 

Among them, 90.3% [75 of 83] were on antiretroviral therapy, with a median duration of 15.9 

years [IQR, 7.83 - 19.7 years]. Detectable viral load (>40 copies/ml) was observed in 4.8% [4 of 

84] of PLWH. Details of exposure to different antiretroviral therapy classes are provided in Table 

1. 

Table 1. Clinical Characteristics of Participants, N = 154 

 HIV+ (N=83) HIV- (N=71) Total (N=154) P Value 

Age (years)* 57.2 ±7.31 55.7 ±7.81 56.5 ±7.55 0.229 

Sex, number (%)ꭞ 
Male 
Female 
Missing data 

 
79 (95.2%) 
4 (4.8%) 
0 (0%) 

 
58 (81.7%) 
13 (18.3%) 
0 (0%) 

 
137 (98.0%) 
17 (11.0%) 
0 (0%) 

0.02 

Raceꭞ 

Asian 

Black (African) 

Black (Haitian) 

Caucasian 

Hispanic 

 

 
2 (2.4%) 

1 (1.2%) 

2 (2.4%) 

74 (89.2%) 

 

3 (3.6%) 

 

 
0 (0%) 

0 (0%) 

1 (1.4%) 

67 (94.4%) 

 

3 (4.2%) 

 

 
2 (1.3%) 

1 (0.6%) 

3 (1.9%) 

141 (91.6%) 

 

6 (3.9%) 

 

0.46 
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Missing 1 (1.2%) 

 

0 (0%) 

 

1 (0.6%) 

 

10-year Framingham Risk 

Score (%) ♦ 
Median [Q25, Q75] 
Missing 

 
 
12.0 [8.00, 16.0] 
2 (2.4%) 
 

 
 
9.00 [7.00, 15.0] 
3 (4.2) 

 
 
11.0 [7.00, 16.0] 
5 (3.2%) 
 

0.04 

BMI (kg/m²) ♦ 
Mean ±SD  
Missing 

 
25.3 ±3.69 
3 (3.6%) 

 
27.2 ±4.69 
2 (2.8%) 

 
26.2 ±4.28 
5 (3.2%) 

0.02 

High waist circumference 
(cm)* ¹ 
Mean ±SD  
Missing (%) 

 
94.6 ±10.5 
 
1 (1.2%) 

 
96.0 ±11.2 
 
7 (9.9%) 

 
95.2 ±10.8 
 
8 (5.2%) 

0.44 

Diabetesꭞ 
Yes 
No 
Missing 

 
4 (4.8%) 
79 (95.2%) 
0 (0%) 

 
0 (0%) 
71 (100%) 
0 (0%) 

 
4 (2.6%) 
150 (97.4%) 
0 (0%) 

0.17 

Hypertensionꭞ 
Yes 
No 
Missing 

 
27 (32.5%) 
56 (67.5%) 
0 (0%) 

 
16 (22.5%) 
55 (77.5%) 
0 (0%) 

 
43 (27.9%) 
111 (72.1%) 
0 (0%) 

0.23 

Smoking statusꭞ 
Current smoker 
Ex-smoker 
Never smoked 
Missing 

 
18 (21.7%) 
35 (42.2%) 
27 (32.5%) 
3 (3.6%) 

 
7 (9.9%) 
29 (40.8%) 
35 (49.3%) 
0 (0%) 

 
25 (16.2%) 
64 (41.6%) 
62 (40.3%) 
3 (1.9%) 

0.05 

Smoking history (Pack-

year) ♦ ² 
Median [Q25, Q75] 
Missing 

 
6.00 [0, 18.0] 
 
6 (7.2%) 

 
0 [0, 7.20] 
 
2 (2.8%) 

 
0.900 [0, 14.9] 
 
8 (5.2%) 

0.01 

Family history of CVDꭞ 
Yes 
No 
Missing 

 
38 (45.8%) 
45 (54.2%) 
0 (0%) 

 
30 (42.3%) 
41 (57.7%) 
0 (0%) 

 
68 (44.2%) 
68 (44.2%) 
0 (0%) 

0.78 
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HDL_Cholesterol(mmol/L) 

♦ 
Mean ±SD  
Missing 

 
1.25 ±0.331 
 
2(2.4%) 

 
1.42 ±0.386 
 
0(0%) 
 

 
1.33 ±0.366 
 
2(1.3%) 

0.01 

LDL_Cholesterol(mmol/L) 
* 
Mean ±SD  
Missing 

 
2.87 ±0.911 
 
6 (6.0%) 

 
3.20 ±0.862 
 
2 (2.8%) 

 
3.02 ±0.901 
 
7 (4.5%) 
 

0.02 

Total 
Cholesterol(mmol/L) * 
Mean ±SD  
Missing 

 
4.84 ±1.13 
 
2(2.4%) 

 
5.27 ±1.03 
 
1(1.4%) 

 
5.04 ±1.10 
 
3(1.9%) 

0.01 

Triglyceride (mmol/L) ♦ 
Median [Q25, Q75] 
Missing 

 
1.40[1.02, 2.02] 
2(2.4%) 

 
1.30[0.940, 1.84] 
2(2.8%) 

 
1.34[0.945,1.98] 
4(2.6%) 

0.31 

Statin useꭞ 

Yes 

No 

Missing  

 

25 (30.1%) 

58 (69.9%) 

0 (0%) 

 

11 (15.5%) 

60 (84.5%) 

0 (0%) 

 

36 (23.4%) 

118 (76.6%) 

0 (0%) 

0.051 

HIV duration(years)  
Median [Q25, Q75] 
Missing 

 
20.0 [15.0, 26.0] 
1 (1.2%) 

   

Exposure to ART 
Missing 

75 (90.3%) 
6 (7.2%) 

   

Exposure to INSTI 
Missing 

31 (37.3%) 
6 (7.2%) 

   

Exposure to NNRT 
Missing 

37(44.5%) 
6 (7.2%) 

   

Exposure to NRTI 
Missing 

70 (84.3%) 
6 (7.2%) 

   

Exposure to PI  
Missing 

55 (66.2) 
6 (7.2%) 

   

Exposure to EI 
Missing  

3 (3.5) 
6 (7.2%) 

   

ARV duration (years) ♦ 
Median [Q25, Q75] 
Missing 

 
15.9 [7.83, 19.7] 
6 (7.2%) 

   

Detectable viral load ³ 
Missing 

4 (4.8%) 
8 (9.6%) 
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CD4 (cells/mm3) ♦ 
Median [Q25, Q75] 
Missing 

 
590 [460, 809] 
7 (7.8%) 

   

CD8 (cells/mm3) * 
Mean ±SD  
Missing 

800±404 

7 (7.8%) 

   

* Student’s t tests 

♦Mann–Whitney test 
ꭞ Chi-square test (Bold P-value refers to a significant p-value <0.05). Analysis of comparisons 
between groups was done using Student’s t-tests when data were normally distributed or Mann–
Whitney test when data were not normally distributed. Chi-square tests were used when data 
were categorical. 
CVD: Cardiovascular risk factors,  
ART: Antiretroviral therapy, 

NRTI: Nucleoside reverse transcriptase inhibitor,  

NNRTI: Nonnucleoside reverse transcriptase inhibitor,  

PI: Protease inhibitor,  

INSTI: Integrase strand transfer inhibitor 

EI: Entry inhibitors. 

¹ High waist circumference is defined as exceeding 102 cm in males or 88 cm in females. 
² Pack-years is calculated by multiplying the number of packs of cigarettes smoked per day by the 
number of years a person has smoked. 
³ Defined as viral load =<40 copies/mL. 

 

 

4.2. IMT, Elastography and Coronary Plaque Data    

Carotid IMT and all elastography features for both internal and common carotid arteries were 

similar between PLWH and healthy volunteers. Comparisons between groups were conducted 

using Student’s t-tests for normally distributed data and Mann–Whitney tests for non-normally 

distributed data. The analysis used the average of left and right-sided measurements, and we did 

not differentiate between the right and left sides in our study. Additionally, we analyzed only the 

average over the entire cardiac cycle, without specific focus on diastolic data (Table 2) 

At coronary CT angiography, coronary artery plaque prevalence for all participants was 63.0% [97 

out of 164], with 66.3% [55 out of 84] in PLWH and 59.2% [42 out of 71] in non-HIV participants 

(p = 0.46) (Table 2).   
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Table 2. Cardiac CT Results, IMT and Elastography Parameters of Participants, N = 154 

 HIV+ (N=83) HIV- (N=71) Total (N=164) P Value 

IMT and elastography results 

IMT_ CCA (mm)* 

Mean ±SD 

 
0.55 ±0.079 

 
0.53 ±0.05 

 
0.54 ±0.07 

0.10 

IMT_ ICA (mm)* 

Mean ±SD 

 
0.54 ±0.06 

 
0.53 ±0.05 

 
0.54 ±0.06 

0.28 

CAT_CCA (mm)* 

Mean ±SD  

 
0.26 ±0.09 

 
0.27 ±0.10 

 
0.26 ±0.09 

0.54 

CAT_ICA (mm) ♦ 

Mean ±SD 

 
0.17±0.07 

 
0.185 ±0.07 

 
0.18 ±0.07 

0.37 

CLT_CCA (mm)* 

Mean ±SD  

 
0.41 ±0.18 

 
0.44±0.16 

 
0.43 ±0.17 

0.37 

CLT_ICA (mm)* 

Mean ±SD 

 
0.29 ±0.15 

 
0.31±0.13 

 
0.304 ±0.14 

0.25 

 CAS_CCA (%) ♦ 

Median [Q25, 
Q75] 

 
2.83 [1.99, 
3.65] 

2.64[2.15, 3.14]  
2.67 [2.04, 3.50] 

0.53 

CAS _CCI (%) ♦ 

Mean ±SD 

 
2.39 ±1.20 

 
2.59 ±0.92 

 
2.48 ±1.08 

0.06 

CShS_CCA (%) * 

Mean ±SD 

 
0.19 ±0.09 

 
0.19 ±0.07 

 
0.19±0.08 

0.70 

CShS_CCI (%) ♦ 

Mean ±SD 

 
0.21 ±0.09 

 
0.22 ±0.07 

 
0.22 ±0.08 

0.37 

Cardiac CT results 

Coronary plaque 
presence on CTꭞ 
Yes 
No 
Missing 

 
 
55 (66.3%) 
28 (33.7%) 
0 (0%) 

 
 
42 (59.2%) 
29 (40.8%) 
0 (0%) 

 
 
97 (63.0%) 
57 (37.0%) 
0 (0%) 

0.46 

 
IMT_CCA Intima-media thickness of common carotid artery (mm) 
IMT_ICA Intima-media thickness of internal carotid artery (mm) 
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CAS_CCA Cumulated axial strain of common carotid artery (%) 
CAS_ICA Cumulated axial strain of internal carotid artery (%) 
CAT_CCA Cumulated axial translation of common carotid artery (mm) 
CAT_ICA Cumulated axial translation of internal carotid artery (mm) 
CLT_CCA Cumulated lateral translation (mm)of common carotid artery (mm) 
CLT_ICA Cumulated lateral translation (mm) of internal carotid artery (mm) 
CShS_CCA Axial shear strain magnitude of common carotid artery (%) 

CShS_ICA Axial shear strain magnitude of internal carotid artery (%) 

P-values are considered significant if they are less than 0.05. We used Student’s t-tests for 

normally distributed data, Mann–Whitney tests for non-normally distributed data, and Chi-

square tests for categorical data. 

* Student’s t tests 

♦Mann–Whitney test 

ꭞ Chi-square test 

 

 

4.3. Association of Cardiovascular Risk Factors, HIV Status, Elastography Parameters, and 

Carotid IMT with Coronary Plaque on CT  

Univariate Poisson regression analysis with robust variance showed associations of smoking 

exposure (p < 0.001) and IMT of the common carotid artery (p = 0.02) with coronary plaque 

presence (p < 0.001). 

 After adjusting for cardiovascular risk factors by multivariate Poisson regression, only smoking 

exposure remained significantly associated with coronary plaque presence on CT (prevalence 

ratio 1.10, 95% CI 1.04 – 1.13, p < 0.001). This association persisted even after further adjustment 

for common carotid artery IMT (prevalence ratio 1.08, 95% CI 1.04 – 1.13, p < 0.001) and internal 

carotid artery IMT (prevalence ratio 1.09, 95% CI 1.04 – 1.10, p < 0.001). No significant 

associations were found with other coronary artery disease risk factors or HIV status in the 

multivariate analysis. Additionally, carotid elastography parameters and carotid intima-media 

thickness were not associated with coronary atherosclerosis after adjustment (Table 3). 
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Table 3. Association of Cardiovascular Risk Factors, IMT and Elastography Parameters of CCA and 
ICA with Coronary Plaque Presence - Univariate Poisson Regression Analysis with Robust 
Variance, N=154. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

IMT_CCA Intima-media thickness of common carotid artery (mm) 
IMT_ICA Intima-media thickness of internal carotid artery (mm) 
CAS_CCA Cumulated axial strain of common carotid artery (%) 
CAS_ICA Cumulated axial strain of internal carotid artery (%) 
CAT_CCA cumulated axial translation of common carotid artery (mm) 

Variables  Univariable Analysis 

 RR and 95 % CI P Value 

Age (cof^10)   1.13(0.98 _ 1.31) 0.08 

BMI 0.99(0.98_1.01) 0.83 

Sex 1.01(0.84_1.21) 0.87 

Hypertension 0.91(0.80_1.03) 0.13 

Family history of 
premature CVD 

0.96(0.83_1.12) 0.66 

SmokingPack-
year (cof^10)   

1.10 (1.05 _1.14) <0.001 

Statin use 1.26 (0.99_1.60) 0.07 

HDL Cholesterol 1.07 (0.92_ 1.25) 0.35 

LDL Cholesterol 1.01 (0.95_1.08) 0.68 

HIV status 1.05 (0.94_1.18) 0.36 

IMT_CCA 0.45 (0.22_0.90) 0.02 

IMT_ICA 1.06 (0.43_ 2.60) 0.90 

CAT_CCA 1.08 (0.61_1.89) 0.79 

CAT_ICA 1.33 (0.64_2.72) 0.44 

CLT_CCA 0.95 (0.69_1.29) 0.75 

CLT_ICA 1.13 (0.78_1.64) 0.51 

CAS_CCA 1.02 (0.96_ 1.07) 0.53 

CAS_ICA 1.01 (0.96 _1.06) 0.72 

CShS_CCA 0.95 (0.91_1.00) 0.06 

CShS_ICA 1.05 (0.97_ 1.13) 0.17 
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CAT_ICA cumulated axial translation of internal carotid artery (mm) 
CLT_CCA cumulated lateral translation (mm)of common carotid artery (mm) 
CLT_ICA cumulated lateral translation (mm) of internal carotid artery (mm) 
CShS_CCA Axial shear strain magnitude of common carotid artery (%) 

CShS_ICA Axial shear strain magnitude of internal carotid artery (%) 

Averages from the right carotid and left sides IMT were obtained 

P value results have gotten by using from univariate Poisson regression analysis after adjusting 
of cardiovascular risk factors 
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Table 4. Association of Cardiovascular Risk Factors, IMT and Elastography Parameters of CCA 
and ICA with Coronary Plaque Presence using Multivariate* Poisson Regression with Robust 
Variance. N=154  

 
 
IMT_CCA Intima-media thickness of common carotid artery (mm) 
IMT_ICA Intima-media thickness of internal carotid artery (mm) 
Averages from both right and left carotid IMT were obtained. 

P-value results were obtained using multivariate Poisson regression analysis after adjusting for 

cardiovascular risk factors 

RR (Relative Risk): Relative risk represents the prevalence ratio for Poisson regression with robust 

variance. 

*: Multivariate analyses were conducted for predictors with a univariate association with 

coronary plaque presence and a p-value 0.1 or less (see Table 3).  

 

 

The additional multivariate models are provided in Chapter 8, Appendices, Page 131. 

 

4.4. Assessment of Predictive Models 

We used ROC analyses to assess the predictive accuracy of our multivariate Poisson regression 

models. ROC curves and area under the ROC curves (AUC) were generated. AUC is a measure of 

the predictive ability of the model, with values ranging from 0.5 to 1. An AUC of 0.5 corresponds 

Variables  Multivariable model 1 = 
Cardiovascular risk 

Multivariable model 2 A= 
Cardiovascular risk factors 
and CCA_IMT 

Multivariable model 2 B= 
Cardiovascular risk 
factors and ICA_IMT 

 RR and 95 % CI P value RR and 95 % CI P value RR and 95 % CI P 
value 

Age (cof^10)   1.10 (0.96 _1.26) 0.16 1.08 (0.93_1.24) 0.27 1.11 (0.95 _1.34) 0.16 

Smoking 
Pack-year 
(cof^10)   

1.10 (1.04 _1.13) <0.001 1.08 (1.04_ 1.13) <0.001 1.09 (1.04_ 1.10) <0.00
1 

Statin use 1.15 (0.90_1.46) 0.26 1.13 (0.89_1.43) 0.29 1.15 (0.90_1.46) 0.25 

IMT_CCA / / 2.77(0.75_10.2) 0.12 / / 

IMT_ICA / / / / 0.81 (0.13_ 4.91) 0.82 
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to a model no better than chance, while an AUC of 1 represents 100% accuracy. However, adding 

IMT or elastography data to the cardiovascular risk factors model did not improve prediction 

accuracy. The AUC results in all models ranged from 0.66 to 0.68, as shown in Table 5. 

To visualize the performance of the multivariate models, ROC curves for six models were plotted. 

Figures 9 to 12 illustrate these curves as follows:   

Figure 9: Cardiovascular risk factors with IMT and elastography parameters related to the 

common carotid artery;  

Figure 10: Cardiovascular risk factors with IMT and elastography parameters related to the 

internal carotid artery;  

Figure 11 Cardiovascular risk factors with elastography parameters related to the common 

carotid artery;  

Figure 12: Cardiovascular risk factors, with elastography parameters related to the internal 

carotid artery.  

Figures 9 to 12 show that all six curves of the models are moderately distant from the diagonal 

line, and similar to each other.  

 

Table 5. Predictive Value of Cardiovascular Risk, IMT, and Elastography Parameters of CCA and 

ICA for Detecting Coronary Plaques – AUC Analyses of ROC Curves 

 

 ICA CCA 

 AUC 95% CI AUC 95%CI 

Model 1: CVRF 0.66 (0.57_0.74) 

Model 2: CVRF + 
IMT 

0.66 0.57-0.74 0.67 0.589-0.76 

Model 3: CVRF +IMT+ Elastography parameters 

CAT 0.66 0.57-0.74 0.6 0.58-0.75 
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CAS 0.67 0.58-0.75 0.67 0.59-0.76 

CLT 0.67 0.58-0.75 0.67 0.58-0.75 

CShS 0.68 0.59-0.76 0.68 0.59-0.76 

Model 4: CVRF + Elastography parameters 

CAT 0.66 0.57-0.75 0.65 0.57-0.743 

CAS 0.67 0.58-0.75 0.67 0.58-0.75 

CLT 0.67 0.58-0.75 0.66 0.57-0.74 

CShS 0.6 0.59-0.76 0.67 0.58-0.75 

CVRF Cardiovascular risk factors 
IMT Intima-media thickness  
CAS Cumulated axial strain  
CAT Cumulated axial translation  
CLT Cumulated lateral translation 
CShS Axial shear strain magnitude   

 

Figure 9. ROC Curves: CDV Risk, IMT of CCA and Elastography Parameters of CCA for Detecting 

Coronary Plaques.  

 

CVFR cardiovascular risk factors  
IMT_CCA Intima-media thickness of common carotid artery 
CAT_CCA cumulated axial translation of common carotid artery 
CAS_CCA Cumulated axial strain of common carotid artery 
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CLT_CCA cumulated lateral translation (mm)of common carotid artery  
CShS_CCA Axial shear strain magnitude of common carotid artery  
 

Figure 10. ROC Curves: CDV Risk, IMT of ICA and Elastography Parameters of ICA for Detecting 

Coronary Plaques.  

 

 

CFRF cardiovascular risk factors 
IMT_ICA Intima-media thickness of internal carotid artery 
CAT_ICA cumulated axial translation of internal carotid artery  
CAS_ICA Cumulated axial strain of internal carotid artery 
CLT_ICA cumulated lateral translation (mm) of internal carotid artery  
CShS_ICA Axial shear strain magnitude of internal carotid artery  
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Figure 11. ROC Curves: CDV Risk and Elastography Parameters of CCA for Detecting Coronary 

Plaques.  

CVFR cardiovascular risk factors  
CAT_CCA cumulated axial translation of common carotid artery 
CAS_CCA Cumulated axial strain of common carotid artery 
CLT_CCA cumulated lateral translation (mm)of common carotid artery  
CShS_CCA Axial shear strain magnitude of common carotid artery  
 
 
Figure 12. ROC Curves: CDV risk and Elastography Parameters of ICA for Detecting Coronary 
Plaques. 

 

CFRF cardiovascular risk factors 
CAT_ICA cumulated axial translation of internal carotid artery  
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CAS_ICA Cumulated axial strain of internal carotid artery 
CLT_ICA cumulated lateral translation (mm) of internal carotid artery  
CShS_ICA Axial shear strain magnitude of internal carotid artery  
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Chapter 5: 

Discussion & Conclusion
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5.1. Discussion  

Compared to the general population, PLWH face an elevated risk of experiencing myocardial 

infarction (215, 216).  

In this study, our objective was to evaluate the added predictive value of models incorporating 

carotid elastography parameters and IMT in predicting the development of coronary artery 

disease, beyond the scope of conventional risk factors. Our research prospectively enrolled 154 

participants, comprising PLWH and HIV-negative healthy volunteers. All participants underwent 

coronary CT angiography and carotid US elastography to assess subclinical coronary 

atherosclerosis. At the time of recruitment, all enrolled participants were asymptomatic for 

cardiovascular issues and had mild to moderate cardiovascular risk scores. In the coronary CT 

angiography analysis, there was no difference in the overall prevalence of coronary artery plaque 

between PLWH and non-HIV participants (p = 0.46). Furthermore, there was no statistically 

significant disparity observed in either IMT or any elastography features of the internal and 

common carotid arteries between the two groups. 

 

Canadian HIV and Aging Cohort Study (CHACS) 

Firstly, this project is nested within the Canadian HIV and Aging Cohort Study (CHACS). CHACS is 

an ongoing, multicenter, prospective, controlled cohort study that currently monitors over 1,100 

individuals, comprising people living with HIV (PLWH) and non-HIV-infected participants, across 

ten Canadian centers. 

The advantage of a project nested within a large prospective controlled cohort is the ability to 

longitudinally track groups of individuals who share similarities in relevant variables (control 

variables), while also possessing a specific distinguishing characteristic (exposure of interest). 

Researchers can then compare the outcomes (outcomes of interest) within these groups, and 

crucially, between them, facilitating the investigation of causative relationships between specific 

characteristics and their corresponding results. Furthermore, within a prospective cohort, 
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researchers can delineate temporal sequences between an exposure and an outcome. Another 

notable advantage of employing a prospective cohort design is its inherent ability to mitigate 

selection bias. Since the outcome remains unknown at the time of establishing the initial status, 

data points are selected for evaluation without prior knowledge of the eventual outcome, 

reducing the potential for biased data selection. Conversely, one of the drawbacks associated 

with such studies is the necessity to track a substantial number of subjects over extended time 

periods. This undertaking can prove to be both expensive and time-consuming. Additionally, the 

potential for differential loss to follow-up between groups poses a risk, as it may introduce bias. 

Our study employs an observational cross-sectional design, nested in a prospective study. While 

this type of study (with a cross-sectional design) does not yield conclusive insights into cause-

and-effect relationships or temporal sequences of events, it does offer the advantage of 

simultaneously comparing multiple factors. Moreover, it serves as a basis for subsequent studies, 

facilitating the assessment of specific issues in greater depth. 

 

Summary of Our Main Results 

Following adjustment for cardiovascular risk factors, only smoking exposure retained a significant 

association with the presence of coronary plaque, demonstrating a prevalence ratio of 1.10 

(95%CI 1.04 – 1.13; p < 0.001) for plaque presence (see discussion below). Neither carotid 

elastography parameters nor carotid intima-media thickness showed any significant association 

with coronary atherosclerosis. Our ROC analyses revealed that adding IMT or elastography data 

to the model, which initially included only cardiovascular risk factors, did not enhance the 

prediction accuracy of these multi-source models. 

 

Ultrasound Non-Invasive Vascular Elastography 

Utilizing non-invasive vascular elastography (NIVE) based on our data, we found that 

elastography parameters did not exhibit statistically significant differences PLWH and the group 

of healthy volunteers. This finding contradicts the observations made by Roy Cardinal et al. (209), 

who reported that NIVE, based on radio-frequency data, was capable of detecting differences in 
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axial strain and translation motion PLWH and control subjects. In this study, the findings indicated 

that HIV-infected subjects exhibited lower cumulated lateral translations in both common and 

internal carotid arteries. Additionally, lower cumulated axial strains were observed in the internal 

carotid arteries of PLWH. This contradiction with the findings of Roy Cardinal et al. (209) may be 

attributed to differences in methodology and sample size.  

In our analysis, the total sample size comprised 154 participants, with 83 being HIV+ and 71 being 

HIV-. Comparatively, in Roy Cardinal's study, the total number of participants was 149, consisting 

of 74 HIV-infected individuals and 75 control subjects. In contrast, our sample included a higher 

proportion of males, comprising 137 participants (98.0%). Among these, 79 (95.2%) were HIV+, 

and 58 (81.7%) were HIV-. Conversely, in Roy Cardinal's study, there were 128 males (86%) of 

which 70 (95%) were HIV+, and 58 (77%) were HIV-. Furthermore, in our statistical analysis, we 

employed Student's t-tests for between-group comparisons when the data followed a normal 

distribution. For non-normally distributed data, we utilized the Mann–Whitney test. In contrast, 

in Roy Cardinal's study, the comparison between infected and control subjects was conducted 

using Mann–Whitney tests. 

In the previously mentioned study by Roy Cardinal et al., which was also part of the Canadian HIV 

and Aging Cohort Study, ultrasound elastography findings indicated that carotid artery walls in 

PLWH who had low or intermediate risk factors for cardiovascular disease exhibited greater 

rigidity, smaller axial strains, and more displacements compared to non-HIV controls (209). In the 

study by Tjan et al. wall stiffness measured using US elastography emerged as a robust predictor 

of cerebrovascular accidents (217). This research entailed a pair-matched case-control study 

involving 40 case subjects and 40 controls from the general population. Strain elastography 

ultrasound was employed to assess carotid arteries, and the findings revealed that carotid artery 

stiffness constituted a significant risk factor for stroke, with an odds ratio of 351 (p-value < 0.001) 

(217). Numerous studies have consistently demonstrated an association between the presence 

of carotid artery stiffness and the incidence of stroke (109, 112, 218). Additionally, this stiffness 

has been linked to the extent of atherosclerosis and the presence of carotid artery plaque (219). 

Furthermore, elastography assessments unveiled early carotid artery stiffening in children with 

high body mass index (BMI) (210). In line with the findings of two studies by the authors (209, 



87 
 

210), biomechanical vessel wall assessments in these high-risk populations revealed the presence 

of premature subclinical atherosclerosis. 

In our study, CIMT did not exhibit significant differences between PLWH and non-HIV controls. 

Moreover, our research demonstrated that the inclusion of CIMT alongside elastography 

parameters and cardiovascular models did not enhance the predictive capacity of these models. 

A similar observation was made in a meta-analysis encompassing 14 population-based cohorts, 

comprising data from 45,828 individuals. In the meta-analysis, studies were eligible for inclusion 

if they comprised participants from the general non-HIV population, measured common CIMT at 

baseline, and subsequently followed individuals for the occurrence of first-time myocardial 

infarction or stroke. The results of this study indicated that the augmentation of common CIMT 

measurements to the 10-year Framingham Risk Score in the general population had minimal 

added value (0.8% according to the prediction model). Such a finding is unlikely to have clinical 

significance (220). Additionally, another meta-analysis, comprising 15 articles aimed at evaluating 

the association of CIMT with future cardiovascular events, concluded that the inclusion of CIMT 

in cardiovascular risk prediction models did not enhance their performance compared to models 

incorporating only conventional risk factors (221). Similar findings were also reported in other 

studies involving different populations  (220, 222). 

It is noteworthy that the absence of added prognostic value in models incorporating CIMT could 

be attributed to the observation that early carotid atherosclerosis primarily develops in the bulb. 

This region may not be as readily detected using B-mode ultrasound, as indicated by Fin et al. in 

2009 (223). B-mode ultrasound's capability for detecting plaques with features such as lipid-rich 

necrotic cores, intraplaque hemorrhage, and thin fibrous caps, which are closely associated with 

plaque vulnerability and cardiovascular risk, is likely limited (224). 

While PLWH are experiencing a rising incidence of coronary artery disease (54), accurately 

predicting cardiovascular risk within this population continues to be a challenging endeavor (225, 

226, 227, 228).  

Our study confirms the strong association between smoking and heightened cardiovascular risk, 

as previously demonstrated by other researchers (see discussion below). Nevertheless, our data 
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did not reveal a significant improvement in predictive power when incorporating biomechanical 

assessments of the carotid artery wall into models for CAD prediction. 

 

Smoking 

Our prospective study encompassed participants characterized by low to intermediate 

cardiovascular risk, all of whom had no prior history of cardiovascular disease. One of our key 

findings is the confirmation of a significant association between smoking and subclinical coronary 

atherosclerosis within this low cardiovascular risk group. Specifically, we observed a prevalence 

ratio of 1.10 (50% confidence interval: 1.04 – 1.13; p < 0.001). 

Smoking is widely acknowledged as a significant contributing factor to cardiovascular diseases 

and mortality in the general population (229). Toxic compounds present in cigarette smoke, such 

as nicotine and nitric oxide, have been observed to accelerate the rate of endothelial cell 

destruction, suggesting that they may indeed promote vascular damage (230, 231). Smoking 

exerts its influence on atherogenic inflammatory pathways, for instance, through the interleukin-

6 pathway (232), local recruitment of leukocytes (232), and monocyte adherence to endothelial 

cells (233).  

PLWH have a higher exposure to smoking compared to individuals without HIV. In a systematic 

review, Johnston et al. reported pooled odds of smoking among PLWH to be 1.64 (95% CI: 1.45–

1.85) when compared to the general population (234). Helleberg et al. conducted a population-

based study in Denmark, revealing that the risk of mortality associated with smoking was 

significantly higher in PLWH compared to the general population (235). When smokers were 

compared to non-smokers, the excess mortality rate among PLWH was 17.6 per 1000 person-

years (95% CI, 13.3–21.9), while it was 4.8 (95% CI, 3.2–6.4) for individuals without HIV (235). 

Our study had several limitations. Firstly, it employed a cross-sectional design, which precludes 

the establishment of cause-and-effect relationships based solely on the associations observed. 

Secondly, our study had a higher proportion of male participants than females. Notably, gender 

has been noted to exert an influence on carotid elasticity, with females exhibiting greater 

vascular elasticity compared to males (236). Interestingly, Riley et al. (237) similarly observed 
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disparities in carotid artery wall elasticity between men and women. Consequently, it remains 

uncertain whether our findings can be generalized to women. Furthermore, it's worth noting that 

diabetes mellitus did not emerge as a significant confounding factor in our present study, given 

the minimal number of diabetic participants among our cohort. Nonetheless, examining the 

potential confounding influence of diabetes should be a crucial consideration in future studies of 

a similar nature. We also excluded participants with renal failure. While this exclusion might have 

led to an underestimation of CAD, it doesn't introduce bias into our results. However, it does 

constrain the generalizability of our findings to populations with renal failure. The limited sample 

size within our HIV group, coupled with the presence of HIV-related confounders like co-

infections (cytomegalovirus, hepatitis), variations in ART regimens, ART durations, nadir CD4+ 

and CD4+ T-cell counts, and the CD4+/CD8+ ratio, posed constraints on our ability in the current 

study to comprehensively evaluate the association between HIV-related factors and arterial wall 

stiffness. A larger dataset may be necessary to uncover any potential associations. Additionally, 

in our current study, elastography parameters were measured only once. However, the inclusion 

of repeated measures over several years could provide valuable insights into the relationship 

between elastography and either the incidence of new coronary plaques or the progression of 

existing ones. It is possible that a study employing such a design may offer more power compared 

to our current approach. However, due to the analysis of 2D longitudinal images of the carotid 

artery, it was inevitable to encounter out-of-plane motion artifacts. The measurement of CIMT 

specifically during diastole, as opposed to averaging measurements over systole and diastole, 

and considering the average of both carotid artery sides, were also limitations. Finally, we 

employed coronary atherosclerosis as a surrogate endpoint; in future longitudinal studies, our 

models could be assessed against clinical cardiovascular and non-cardiovascular events. 
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5.2. Conclusion 

In summary, our comprehensive study involved 154 consecutive PLWH and non-HIV controls, all 

nested within a large prospective cohort. Our primary aim was to determine the additional 

predictive value of incorporating carotid ultrasound elastography into existing models for the 

assessment of subclinical coronary atherosclerosis, beyond the use of conventional risk factors. 

Carotid intima-media thickness was not associated with coronary atherosclerosis. Furthermore, 

the inclusion of elastography or other ultrasound parameters did not result in an enhanced ability 

to predict subclinical coronary artery disease. Further research is warranted to explore how 

imaging modalities or other surrogate markers could improve cardiovascular risk assessment 

within the HIV population. 
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6.1. Abstract 

Purpose: To assess the association and use of biomechanical characteristics of carotid walls and 

carotid intima-media thickness (IMT), as evaluated by ultrasound, when included in prediction 

models of coronary CT plaque burden in people living with HIV (PLWH) and HIV-negative 

population individuals. 

Methods:  In this cross-sectional study, 164 participants (mean age 57 years ±8 years; 134 men) 

with low/intermediate cardiovascular risk were recruited from the ongoing prospective Canadian 

HIV and Aging Cohort Study (CHACS). Among the 164 recruited participants, a total of 154 

participants (mean age, 56.5 years ±7.55 years; 83 PPLWH, 54 %; 137 men; 88%) were evaluated. 

Ten participants were excluded because their coronary plaque data were not available. The mean 

time interval between coronary CT and carotid ultrasound per participant is 7.69 ± 20.1 months. 

By using ultrasound, we measured cumulated axial strain, cumulated shear strain, cumulated 

axial translation, cumulated lateral translation and IMT of the common and internal carotid 

arteries. Participants also underwent cardiac CT for the assessment of coronary plaque. 

Univariate and multivariate Poisson regression analyses with robust variance were performed to 

identify how cardiovascular risk factors, IMT and elastography parameters are independently 

associated with coronary plaque presence. Receiver operating characteristic (ROC) curve and 

area under the curve (AUC) analysis were also used to compare different prediction models for 

coronary plaque presence. 

Results: There were 83 PLWH and 71 controls (N=154).  The median 10-year Framingham risk 

score was 12% [IQR, 8 - 16] in PLWH and 9% [IQR,7 -15] in controls (p = 0.045). In PLWH group, 

coronary plaques were presented in 55 participants (61.1%) compared with 42 (56.8%) in non-

HIV control (p = .46).  Carotid IMT and all elastography features for both internal and common 

carotid arteries were similar between PLWH and healthy volunteers. 

After adjustment for cardiovascular risk by multivariate Poisson regression, smoking exposure 

was significantly associated for coronary plaque presence on CT (prevalence ratio 1.10, 95%CI 

1.04 – 1.13, p < 0.001). No significant association with other coronary artery disease risk factors 

nor with HIV status was shown at multivariate analysis. Carotid elastography parameters and 



94 
 

carotid intima-media thickness were not associated with coronary atherosclerosis, after 

adjustment. 

AUC analyses did not show any significant difference in predictive accuracy between models 

when adding either elastography parameters, IMT, or adding both elastography parameters and 

IMT results to cardiovascular risk factor model, with AUCs results in all models ranging from 0.647 

to 0.681. 

Conclusion: In our study, models including carotid elastography and IMT did not increase the 

prediction for the presence of coronary plaque in PLWH or controls, over models including only 

traditional cardiovascular risk factors.  

 

Key words: HIV, computed tomography, angiography, us elastography, atherosclerosis 
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6.2. INTRODUCTION 

Cardiovascular disease is as an important cause of death in people living with HIV infection 

(PLWH) under antiretroviral therapy (ART) (1). Increased risk of coronary artery disease (CAD) in 

this population has been demonstrated in several large cohort studies (2, 3). However, accurate 

prediction of cardiovascular risk in PLWH remains a significant unmet medical need. Currently 

used cardiovascular risk calculation algorithms still systematically underestimate the risk in 

PLWH, such as the Framingham risk score (4, 5). Also, underprediction of the American College 

of Cardiology/American Heart Association pooled cohort cardiovascular risk equations (PCEs) (6), 

which includes traditional risk factors, has been reported in PLWH with low to-moderate 

cardiovascular risk or in women with HIV. Moreover, attempts to improve risk models adding 

HIV-variables to the algorithms remained unsuccessful (7, 8). Consequently, clinical teams fail to 

identify PLWH who could benefit from aggressive cardiovascular risk reduction.   

In the light of this low accuracy of current cardiovascular risk equations in PLWH, developing and 

tailoring risk models incorporating a) traditional risk variables, b) HIV-specific variables and 

ultimately c) novel variables is of prime importance.   

Recent insights gained from studies performed in the general population demonstrated that 

atherosclerotic burden identified at coronary computed tomography (CT) angiography is a strong 

predictor of future major events (9, 10). Coronary CT, although robust, still involves radiation 

exposure and use of iodinated contrast agents.  In comparison, carotid ultrasound elastography 

is a novel non-invasive tool that can be used to assess subclinical atherosclerosis. It detects 

deformations and strains in arterial wall and atherosclerotic plaque, as induced by the pulsating 

blood flow (11-13). 

In the present controlled study, nested in a large prospective cohort, we assessed models that 

integrate carotid elastography and intima-media thickness (IMT), cardiovascular risk factors and 

HIV-related factors, including antiretroviral therapy (ART), for coronary artery disease prediction 

in PLWH and non-HIV controls. 
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6.3.MATERIALS AND METHODS  

This study has received approval from the institutional review board on ethics at the Centre 

Hospitalier de l’Université de Montréal. Written informed consent was obtained from all 

participants (14). 

 

6.3.1. Study design and population 

This is a cross-sectional study, nested in the Canadian HIV and Aging Cohort Study (CHACS) (14).  

CHACS is an ongoing multicenter, prospective, controlled cohort, actively following more than 

1100 people living with HIV (PLWH) and non-HIV-infected participants in 10 Canadian centers.  

In the CHACS, recruitment is hospital-based as well as community-based, for both HIV and non-

HIV participants. Hospital-based recruitment involves PLWH aged 40 years or older, enrolled 

from the HIV clinics of the University of Montreal Hospital. Non-HIV healthy volunteers with 

similar ages are recruited from outpatient internal medicine clinics of the same hospital. 

Community recruitment for the PLWH is performed within family medicine clinics in Montreal. 

For healthy volunteers, it is performed within non-HIV friends and family (proximity recruitment), 

in order to ensure with similar socioeconomic status between the two groups. 

 

All PLWH and healthy volunteer participants in the present study were recruited from the CHACS, 

between 2013 and 2019. They were consecutively included in an imaging subcohort if their 

cardiovascular risk was low or intermediate (10-year Framingham score 5% to 20%) and they had 

no history or symptoms of coronary artery disease. Exclusion criteria included history of contrast 

media allergy and creatinine clearance of less than 50 mL/min.  

Participants underwent both carotid ultrasound elastography and cardiac computed 

tomography. 
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6.3.2. Ultrasound imaging  

For carotid ultrasound, arterial walls of right and left common and internal carotids were 

assessed, and 4 cine-loops were acquired for every patient. Longitudinal views of each vessel 

were acquired with an Aixplorer system (SuperSonic Imagine) using a 256-element linear array 

probe (SuperLinear™ SL15-4) at 7.5 MHz. The set of the frame rate was 50 frames per s, and cine-

loops were documented for a duration of approximately 5 s. Examinations were performed by a 

technologist (> 20 year-experience). 

6.3.3. Image analysis 

By utilizing a Hilbert transform and logarithm compression, B-mode cine-loops were reproduced 

from radiofrequency pictures. The size of pixels of reconstructed B-mode images was 20.5 μm 

axially × 200 μm laterally.  A semiautomated segmentation method was used on all frames of B-

mode cine-loops in order to detail a normal portion of the carotid far wall (without calcium or 

plaque) (15). 

Plaques were defined as an intima-media thickness (IMT) more than 1 mm.  Manual 

segmentation of carotid wall contours was done on a single B-mode image by an expert 

technologist, then reviewed by a radiologist (GS) (> 20 year-experience). 

The carotid IMT was defined as the mean distance between two segmented carotid wall contours 

(lumen-intima and media-adventitia interfaces). It was calculated from automated 

segmentations, on all segmented frames and then averaged for each 5-s cine-loop; averages from 

the right and left sides IMT were obtained. All segmentations were performed blindly to 

elastography analysis. 

Elastograms were generated for each pair of time-varying radiofrequency images, in order to 

assess the mechanical properties of both carotid artery walls and existing plaques (16). 

Elastography cine-loops of lateral and axial translation motions, axial strains, and axial shear 

strains were computed. Translations refer to rigid displacements within the cardiac cycle. The 

axial strain corresponds to compression or dilation of the arterial wall produced by the pulsating 
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blood. The shear strain refers to the angular deformation caused by the mechanical 

heterogeneity of the arterial wall (17). 

For each mechanical parameter and over consecutive cardiac cycles, the spatial average over the 

segmented region was calculated and displayed as a function of time (16).  

6.3.4. Coronary CT angiography 

All participants underwent both non-contrast and contrast-enhanced cardiac CT.  Prior to CT, 0.4 

mg nitroglycerin was given sublingually, as well as metoprolol 50–75 mg orally if prescan heart 

rate was more than 60 beats per minute, unless contraindicated. Contrast-enhanced cardiac CT 

with electrocardiographic gating was performed using a 256-slice CT scanner (Brilliance iCT; 

Philips Healthcare), using370 mg/mL iopamidol (Bracco Imaging) at a rate of 5 mL/sec. Gantry 

rotation time was 270 msec, axial slice thickness 0.625 mm, and slice interval 0.45 mm.  

 

6.3.5. Exposure of interest: 

US Elastography parameters 

Imaging biomarkers were extracted from the elastography time-varying curves. These were 

cumulated axial translation (CAT), cumulated lateral translation (CLT), maximum and cumulated 

axial strains (CAS), and maximum and cumulated axial shear strain magnitudes (CShS). The term 

“cumulated” used for each biomarker quantifies the total strain or translation occurring during 

the cardiac cycle and referred to the range of variation of the cumulated curve over a that cycle. 

The ultrasound radiofrequency data processing and B-mode image segmentation methods were 

implemented inhouse in a commercial imaging platform (Visual-NIVE, Object Research Systems). 

Intima-media-thickness which was also measured by us elastography. 
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6.3.6. Outcome of interest:  

Coronary Plaque presence  

Plaques were identified on the CT angiograms by one board-certified radiologist (CCL, 17-year 

experience). 

All image assessors were blinded to the HIV status and clinical data. 

6.3.7. Statistical analysis 

Descriptive statistics are reported as means ± standard deviations (SDs), or median [25th –75th 

interquartile range (IQR)] and categorical variables are presented as count and percentage. 

Comparisons between-group were done using Student’s t tests when data was normally 

distributed, or Mann–Whitney test when data was not normally distributed.  Chi-square test was 

used when data was categorical.  

Univariate and multivariate Poisson regression analysis with robust variance were performed to 

identify how cardiovascular risk factors, IMT and elastography parameters are independently 

associated with coronary plaque presence. All multivariate analyses were performed with 

adjustment for HIV serostatus and cardiovascular risk factors including age, sex, high blood 

pressure, family history of premature coronary artery disease, smoking exposure, low-density 

lipoprotein or high-density lipoprotein cholesterol, body mass index, and statin use if they 

showed a univariate association with coronary plaque presence with a p value 0.1 or less. In 

multivariate analysis, there are 19 multivariate models in order to test the association between 

cardiovascular risk factors, IMT, elastography parameters and coronary plaque presence. The 

first model included only cardiovascular risk factors significantly associated with coronary plaque 

presence, namely: age, statin use, and smoking exposure. In further models, each elastography 

parameters of either CCA or ICA with and without IMT of CCA or ICA were added to the 

cardiovascular risk factors model. For patients with incomplete continuous covariable data of 

smoking exposure, the median value was used to impute the missing data. A p value less than 

0.05 was considered statistically significant. 
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Receiver operating characteristic (ROC) curve and area under the curve (AUC) analysis were used 

to compare different prediction models for coronary plaque presence. 

Statistical analysis was performed using R software (version R i386 4.0.3R Foundation for 

Statistical Computing, https://www.r-project.org). 

 

6.4. RESULTS: 

6.4.1. Participant characteristics 

Among 164 recruited participants, a total of 154 participants (mean age, 57 years ±8 years; 137 

men; 88%) were evaluated. The mean time interval between coronary CT and carotid ultrasound 

per participant is 8 ± 20 months. Ten participants were excluded because their coronary plaque 

data were not available.  

Participant’s characteristics stratified by HIV status are described in Table 1. PLWH were 83, and 

healthy volunteers were 73. Participants with HIV had a mean age of 57 ±7 years, whereas 

controls had a mean age of 56 ± 8 years (p = 0.23). PLWH included more men compared with 

healthy volunteers (95% vs 82%, respectively; p = 0.02). The median Framingham risk score was 

12% [IQR, 8 - 16] in PLWH and 9% [IQR,7 -15] in controls (p = 0.045). PLWH had lower BMI than 

controls (mean body mass index, 25.3 ±3.69 kg/m2 vs 27.2 ±4.69 kg/m2, respectively, p = 0.02). 

More PLWH were exposed to tobacco smoking (median 6.00 [IQR, 0 -18.0 pack-years] vs 0 pack-

years [IQR, 0 - 7.20 pack-years] in controls (p < 0.001), and more smokers were among PLWH 

(21.7% [18 of 83] vs 9.9% [7 of 71], p = 0.051) respectively. There were marginally more statin 

users (30% [25 of 83] vs 16% [ 11 of 71]; p = 0.051) in the PLWH group, and average lipid values 

were different between groups, accordingly. No statistical differences were found for other 

clinical characteristics. 

In the PLWH group, median HIV infection duration was 20.0 years [IQR,15.0 - 26.0 years]. Among 

them, 90.3% [75 of 83] were exposed to antiretroviral therapy, and median duration of 

antiretroviral therapy was 15.9 years [IQR,7.83 - 19.7years]. Viral load was detectable (˃40 

https://www.r-project.org/
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copies/ml) in 4.8% [4 of 84] of PLWH. Exposure to the different antiviral therapy classes is shown 

in Table 1. 

Table 1. Clinical characteristics of participants, N = 154 

 HIV+ (N=83) HIV- (N=71) Total (N=154) P Value 

Age (years)* 57.2 ±7.31 55.7 ±7.81 56.5 ±7.55 0.23 

Sex, number (%)ꭞ 

Male 

Female 

Missing 

 

79 (95.2%) 

4(4.8%) 

0(0%) 

 

58 (81.7%) 

13(18.3%) 

0(0%) 

 

137 (98.0%) 

17(11.0%) 

0.02 

Raceꭞ 

Asian 

Black (African) 

Black (Haitian) 

Caucasian 

Hispanic 

Missing 

 

2(2.4%) 

1(1.2%) 

2(2.4%) 

74(89.2%) 

3(3.6%) 

1(1.2%) 

 

 

0(0%) 

0(0%) 

1(1.4%) 

67(94.4%) 

3(4.2%) 

0(0%) 

 

 

2(1.3%) 

1(0.6%) 

3(1.9%) 

141(91.6%) 

6(3.9%) 

1(0.6%) 

 

0.46 

10-year Framingham Risk 

Score (%) ♦ 
Median [Q25, Q75] 
Missing 

 
 
12.0 [8.00, 
16.0] 
2(2.4%) 
 

 
  
9.00 [7.00, 
15.0] 
          3(4.2) 

 
 
11.0 [7.00, 
16.0] 
5(3.2%) 
 

0.045 

BMI (kg/m²) ♦ 
Mean ±SD  
Missing 

 
25.3 ±3.69 
3(3.6%) 

 
27.2 ±4.69 
2(2.8%) 

 
26.2 ±4.28 
5(3.2%) 

0.019 

High waist circumference 
(cm)* ¹ 
Mean ±SD  
Missing 

 
94.6 ±10.5 
1(1.2%) 

 
96.0 ±11.2 
7(9.9%) 

 
95.2 ±10.8 
8(5.2%) 

0.44 

Diabetesꭞ 
Yes 
No 
Missing 

 
4(4.8%) 
79 (95.2%) 
0(0%) 

 
0(0%) 
71 (100%) 
0(0%) 

 
4(2.6%) 
150 (97.4%) 
0(0%) 

0.17 

Hypertensionꭞ    0.23 
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Yes 
No 
Missing 

27 (32.5%) 
56(67.5%) 
0(0%) 

16 (22.5%) 
55(77.5%) 
0(0%) 

43 (27.9%) 
111(72.1%) 
0(0%) 

Smoking statusꭞ 
Current Smoker 
Ex Smoker 
Never Smoked 
 
Missing 

 
18(21.7%) 
35(42.2%) 
27(32.5%) 
3(3.6%) 

 
7(9.9%) 
29(40.8%) 
35(49.3%) 
0(0%) 

 
25(16.2%) 
64(41.6%) 
62(40.3%) 
3(1.9%) 

0.051 

Smoking history 

(Pack_year) ♦ ² 

Median [Q25, Q75] 

Missing 

 

6.00 [0, 18.0] 

6(7.2%) 

 

0 [0, 7.20] 

2(2.8%) 

 

0.900 [0, 14.9] 

8(5.2%) 

0.006 

Family history of CVDꭞ 
Yes 
No 
Missing 

 
38 (45.8%) 
45(54.2%) 
0(0%) 

 
30 (42.3%) 
41(57.7%) 
0(0%) 

 
68 (44.2%) 
68(44.2%) 
0(0%) 

0.78 

HDL_Cholesterol(mmol/L) 

♦ 
Mean ±SD  
Missing 

 
1.25 ±0.331 
2(2.4%) 

 
1.42 ±0.386 
0(0%) 
               

 
1.33 ±0.366 
2(1.3%) 

0.006 

LDL_Cholesterol(mmol/L) 
* 
Mean ±SD  
Missing 

 
2.87 ±0.911 
6(6.0%) 

 
3.20 ±0.862 
2(2.8%) 

 
3.02 ±0.901 
7(4.5%) 
 

0.02 

Total 
Cholesterol(mmol/L) * 

Mean ±SD  

Missing 

 

4.84 ±1.13 

2(2.4%) 

 

5.27 ±1.03 

1(1.4%) 

 

5.04 ±1.10 

3(1.9%) 

0.01 

Triglyceride (mmol/L) ♦ 

Median [Q25, Q75] 

Missing 

 

1.40 [1.02, 
2.02] 

2(2.4%) 

 

1.30 [0.940, 
1.84] 

2(2.8%) 

 

1.34 [0.945, 
1.98] 

4(2.6%) 

0.31 

Statin useꭞ 

Yes 

No 

 

25 (30.1%) 

58(69.9%) 

 

11 (15.5%) 

60(84.5%) 

 

36 (23.4%) 

118(76.6%) 

0.051 
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Missing 0(0%) 0(0%) 0(0%) 

HIV duration(years)  
Median [Q25, Q75] 
Missing 

 
20.0 [15.0, 
26.0] 
1 (1.2%) 

   

Exposure to ART 
Missing 

75 (90.3%) 
6 (7.2%) 

   

Exposure to INSTI 
Missing 

31 (37.3%) 
6 (7.2%) 

   

Exposure to NNRT 
Missing 

37(44.5%) 
6(7.2%) 

   

Exposure to NRTI 
Missing 

70(84.3%) 
6(7.2%) 

   

Exposure to PI  
Missing 

55(66.2) 
6(7.2%) 

   

Exposure to EI 
Missing  

3(3.5) 
6(7.2%) 

   

ARV duration(years) ♦ 

Median [Q25, Q75] 
Missing 

 

15.9 [7.83, 
19.7] 
6(7.2%) 

   

Detectable viral load ³ 
Missing 

4(4.8%) 
8 (9.6%) 

   

CD4 (cells/mm3) ♦ 

Median [Q25, Q75] 

Missing 

 

590 [460, 809] 

7 (7.8%) 

   

CD8 (cells/mm3) * 
Mean ±SD  
Missing 

800 ±404 
7(7.8%) 

   

 

* Student’s t test 

♦ Mann–Whitney test 
ꭞ Chi-square test 
Bold P-value refers to significant p value (<0.05) 
CVD: cardiovascular risk factors,  
ART: antiretroviral therapy, 

NRTI: nucleoside reverse transcriptase inhibitor,  

NNRTI: nonnucleoside reverse transcriptase inhibitor,  

PI: protease inhibitor,  

INSTI: integrase strand transfer inhibitor 
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EI: entry inhibitors. 

¹ High waist circumference is defined as over 102 cm in males or 88 cm in females 
² pack-years is the product of the number of packs of cigarettes smoked per day by the number 
of years the person has smoked 
³ Defined as viral load =<40 copies/mL. 

 

 

6.4.2. IMT and elastography, coronary plaques data 

Carotid IMT and all elastography features for both internal and common carotid arteries were 

similar between PLWH and healthy volunteers (Table 2).   

At coronary CT angiography, coronary artery plaque prevalence for all participants (N=154) was 

63.0% [97 of 154], with 66.3% [55 of 83] in PLWH and 59.2% [42 of 71] in non-HIV participants (p 

= 0.46) (Table 2).  

Table 2. Cardiac CT results, IMT and elastography parameters of participants, N = 154 

 HIV+ (N=83) HIV- (N=71) Total (N=154) P Value 

IMT and elastography results 

IMT_ CCA (mm)* 

Mean ±SD 

 

0.557 ±0.0796 

 

0.538 ±0.0579 

 

0.548 ±0.0708 

0.10 

IMT_ ICA (mm)* 

Mean ±SD 

 

0.546 ±0.0681 

 

0.535 ±0.0520 

 

0.541 ±0.0612 

0.29 

CAT_CCA (mm)* 

Mean ±SD  

 

0.265 ±0.0919 

 

0.274 ±0.107 

 

0.269 ±0.0990 

0.55 

CAT_ICA (mm) ♦ 

Mean ±SD 

 

0.175 ±0.0764 

 

0.185 ±0.0744 

 

0.180 ±0.0754 

0.38 

CLT_CCA (mm)* 

Mean ±SD  

 

0.419 ±0.187 

 

0.444 ±0.164 

 

0.431 ±0.177 

0.38 
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CLT_ICA (mm)* 

Mean ±SD 

 

0.292 ±0.158 

 

0.319 ±0.134 

 

0.304 ±0.147 

0.25 

 CAS_CCA (%) ♦ 

Median [Q25, 
Q75] 

 

2.83 [1.99, 3.65] 

 

2.64 [2.15, 3.14] 

 

2.67 [2.04, 3.50] 

0.53 

CAS _CCI (%) ♦ 

Mean ±SD 

 

2.39 ±1.20 

 

2.59 ±0.926 

 

2.48 ±1.08 

0.06 

CShS_CCA (%) * 

Mean ±SD 

 

0.194 ±0.0900 

 

0.193 ±0.0770 

 

0.193 ±0.0840 

0.70 

CShS_CCI (%) ♦ 

Mean ±SD 

 

0.215 ±0.0927 

 

0.228 ±0.0794 

 

0.221 ±0.0868 

0.37 

Cardiac CT results 

Plaque presence 

Yes 

No 

Missing 

 

55 (66.3%) 

28(33.7%) 

0(0%) 

 

42 (59.2%) 

29 (40.8%) 

0(0%) 

 

97 (63.0%) 

57 (37.0%) 

0(0%) 

0.46 

 

 

 

 

6.4.3. Association of cardiovascular risk factors, HIV status, elastography parameters, and carotid 

IMT with coronary plaque  

Univariable Poisson regression analysis with robust variance revealed an association of smoking 

exposure (p < 0.001) and IMT of common carotid artery (p = 0.02) with coronary plaque presence 

(p < 0.001) (Table 3).  
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 After adjustment for cardiovascular risk by multivariable Poisson regression, only smoking 

exposure remained significantly associated for coronary plaque presence on CT (prevalence ratio 

1.10, 95%CI 1.04 – 1.13, p < 0.001 after adjustment for cardiovascular risk factors; 1.08, 95%CI 

1.04 – 1.13, p < 0.001 after adjustment for cardiovascular risk factors and common carotid artery 

IMT; 1.09, 95%CI 1.04 – 1.10, p < 0.001 after adjustment for cardiovascular risk factors and 

internal carotid artery IMT). No significant association with other coronary artery disease risk 

factors nor with HIV status was shown at multivariate analysis. Carotid elastography parameters 

and carotid intima-media thickness were not associated with coronary atherosclerosis, after 

adjustment (Table 3). 
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Table 3. Association* of cardiovascular risk factors, IMT and elastography parameters of CCA and ICA with coronary plaque presence, N=154 

Variables  Univariable analysis Multivariable ** model 1 = 
Cardiovascular risk 

Multivariable ** model 2 
A= Cardiovascular risk 
factors and CCA_IMT 

Multivariable ** model 2B 
= Cardiovascular risk 
factors and ICA_IMT 

 RR and 95 % CI P value RR and 95 % CI P value RR and 95 % CI P 
value 

RR and 95 % CI P value 

Age (cof^10)   1.13(0.98 - 1.31) 0.08 1.10 (0.96 -1.26) 0.16 1.08 (0.93-1.24) 0.27 1.11 (0.95 -1.34) 0.16 

BMI 0.99(0.98-1.01) 0.83       

SEX 1.01(0.84-1.21) 0.88       

Hypertension 0.91(0.80-1.03) 0.13       

Family history of 
premature CVD 

0.96(0.83-1.12) 0.66       

Smoking Pack 
year (cof^10)   

1.10 (1.05 -1.14) <0.001 1.10 (1.04 -1.13) <0.001 1.08(1.04- 1.13) <0.00
1 

1.09 (1.04- 1.10) <0.001  

Statin use 1.26 (0.99-1.60) 0.07 1.15 (0.90-1.46) 0.26 1.13 (0.89-1.43) 0.29 1.15 (0.90-1.46) 0.25 

HDL Cholesterol 1.07 (0.92- 1.25) 0.36       

LDL Cholesterol 1.01 (0.95-1.08) 0.68       

HIV status 1.05 (0.94_1.18) 0.36       

IMT_CCA 0.45 (0.22_0.90) 0.02   2.77(0.75_10.2) 0.12   

IMT_ICA 1.06 (0.43_ 2.60) 0.90     0.81 (0.13_ 4.91) 0.82 

CAT_CCA 1.08 (0.61_1.89) 0.79       

CAT_ICA 1.33 (0.64_2.72) 0.44       

CLT_CCA 0.95 (0.69_1.29) 0.75       
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*:  Univariable and multivariable Poisson regression analysis with robust variance 

**:  Multivariate analyses were performed for a given predictor if this predictor showed a univariate association with coronary plaque presence with a 

p value 0.1 or less. 

CLT_ICA 1.13 (0.78-1.64) 0.51       

CAS-CCA 1.02 (0.96- 1.07) 0.54       

CAS-ICA 1.01 (0.96 -1.06) 0.72       

CShS-CCA 0.95 (0.91-1.00) 0.07       

CShS-ICA 1.05 (0.97- 1.13) 0.17       
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6.4.4. Assessment of predictive models 

Using ROC analyses to assess the predictive accuracy of our multivariate Poisson’s regression 

models, we generated ROC curves and Area Under the ROC curves (AUC), as AUC is a measure of 

the predictive ability of the model and typically ranges between 0.5 to 1, with 0.5 corresponding 

to a model that is no better than chance and 1 corresponding to 100% accuracy. In our analyses, 

adding IMT or elastography data to cardiovascular risk factors model did not increase the 

prediction accuracy of models. The AUCs results in all models ranging from 0.66 to 0.68 as shown 

in Table 4. 

Table 4. Predictive value of CDV risk, IMT and elastography parameters of CCA and ICA for 

detecting coronary plaques  

 ICA CCA 

 AUC 95% CI AUC 95%CI 

Model 1: CVRF 0.66 0.574-0.747 

Model 2: CVRF + 
IMT 

0.663 0.577-0.749 0.674 0.589-0.76 

Model 3: CV FR +IMT+ Elastography parameters 

CAT 0.663 0.576-0.749 0.67 0.585-0.756 

CAS 0.673 0.587-0.759 0.677 0.592-0.762 

CLT 0.672 0.586-0.758 0.674 0.589-0.759 

CShS 0.682 0.598-0.766 0.681 0.597-0.766 

Model 4: CVRF + Elastography parameters 

CAT 0.665 0.578-0.751 0.657 0.57-0.743 

CAS 0.671 0.585-0.757 0.670 0.585-0.756 

CLT 0.674 0.588-0.759 0.662 0.576-0.748 

CShS 0.68 0.595-0.764 0.672 0.587-0.757 
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Furthermore, in order to visualize the performance of the multivariate models, all models were 

plotted using ROC curves. Six models are illustrated on Figures 1 to 4 (see below). Figure 1 

illustrates the curves related to the cardiovascular risk factors, with the IMT and the elastography 

parameters related to the internal carotid artery; Figure 2 illustrates the curves related to the 

cardiovascular risk factors, with the IMT and the elastography parameters related to the common 

carotid artery; Figure 3 illustrates the curves related to the cardiovascular risk factors, with the 

elastography parameters related to the internal carotid artery; Figure 4 illustrates the curves 

related to the cardiovascular risk factors, with the elastography parameters related to the common 

carotid artery. 

Figures 1 to 4 show that all 6 curves of the models are moderately distant from the diagonal line, 

and similar one to another. 

 

Figure 1. ROC curves CDV risk, IMT of ICA and 
elastography parameters of ICA for detecting 
coronary plaques 

 

Figure 2. ROC curves CDV risk, IMT of CCA and 
elastography parameters of CCA for detecting 
coronary plaques 
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Figure 3. ROC curves CDV risk, and 
elastography parameters of ICA and for 
detecting coronary plaques 

 

 

 

 

 

Figure 4. ROC curves CDV risk, and 

elastography parameters of CCA and for 

detecting coronary plaques
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6.5. DISCUSSION AND CONCLUSION 

Our study involved 154 consecutive PLWH and non-HIV controls, nested in a large prospective 

cohort, and assessed the incremental value of models that includes carotid ultrasound 

elastography for the prediction of subclinical coronary atherosclerosis as assessed with cardiac 

CT, further from traditional risk factors. Participants were asymptomatic, well-characterized and 

selected with mild to moderate cardiovascular risk score. The median time interval per 

participant between cardiac CT and carotid ultrasound was 8 days.   

After adjustment for cardiovascular risk, only smoking exposure was significantly associated with 

coronary plaque presence, with a prevalence ratio of 1.10 (95% CI 1.04 – 1.13; p < 0.001) for 

plaque presence (Table 3).  Carotid elastography parameters and carotid intima-media thickness 

were not associated with coronary atherosclerosis. Using ROC analyses, adding intima-media 

thickness (IMT) or elastography data to cardiovascular risk factors model did not increase the 

prediction accuracy of the models. 

The finding of an association of smoking with subclinical coronary atherosclerosis in participants 

even with low to intermediate cardiovascular risk is worth to be emphasized. Smoking is well-

known as an important cause for cardiovascular morbidity and mortality in the general 

population. Smoking exposure promotes vasomotor dysfunction through an impairment of the 

nitric oxide regulatory availability (18, 19). It has an impact on atherogenic inflammatory 

pathways, e.g through interleukin-6 pathway (20), local recruitment of leukocytes (20), and 

monocyte adherence to endothelial cells (21).  

PLWH have an increased exposure to smoking that non-HIV individuals. In a systematic review, 

Johnston et al. showed the pooled odds of smoking to be 1.64 [(95% confidence interval, 95% CI: 

1.45–1.85) for PLWH, compared to the general population (22). Moreover, the risk of death 

associated with smoking is increased in PLWH, in comparison to the general population. In a 

nation-wide population-based study in Denmark, Helleberg et al. (23) assessed mortality 

attributable to smoking among PLWH. When smokers were compared to non-smokers, excess 

mortality rates in PLWH was 17.6 per 1000 person-years (95% CI, 13.3–21.9), versus 4.8 (95% CI, 

3.2–6.4) for non-HIV individuals. 
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Carotid ultrasound elastography enables to evaluate the deformation of carotid walls under 

stress (11, 24), ie the deformations of the arterial wall and plaque induced by the pulsating blood 

flow. None of the carotid elastography parameters assessed in the present study was significantly 

associated with the presence of subclinical coronary plaque, when included in models altogether 

with cardiovascular risk factors, either with or without IMT, respectively. In another study nested 

in our prospective cohort, ultrasound elastography previously showed that carotid artery walls 

in PLWH having low or intermediate cardiovascular risk were stiffer as axial strains and 

displacements were smaller, in comparison to non-HIV controls (16), whereas IMT was not 

different in PLWH and non-HIV controls. Elastography also showed carotid artery premature 

stiffening in children with elevated body-mass index (BMI) (17). As reported by the authors of 

both studies (16, 17), biomechanical vessel wall assessment in these at-risk populations shows 

premature subclinical atherosclerosis.  

PLWH are increasingly subject to coronary artery disease (1), but still, prediction of the 

cardiovascular risk in this population remains inaccurate (4, 7, 8, 25). Our study confirms the 

strong cardiovascular risk associated to smoking, as previously shown.  Our data did not show a 

significant incremental value of models that included biomechanics of the carotid artery wall for 

the prediction of CAD. The number of participants in our prospective study was moderate, which 

can be a limitation to our study.  Another limitation is that HIV-related factors, such as 

antiretroviral therapy and immune status were not included in our models.  Finally, we used 

coronary atherosclerosis as a surrogate end-point; in future longitudinal studies, our models 

could be assessed against clinical cardiovascular and non-cardiovascular events.  

In conclusion, our study involved 154 consecutive PLWH and non-HIV controls, nested in a large 

prospective cohort, and assessed the incremental value of models that includes carotid 

ultrasound elastography for the prediction of subclinical coronary atherosclerosis as assessed 

with cardiac CT, further from traditional risk factors.  None of the carotid wall elastography 

parameters was associated with coronary atherosclerosis, neither was carotid intima-media 

thickness. Further work should be performed to evaluate how imaging or other surrogate 

markers could improve cardiovascular risk assessment in the HIV population. 
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Table 1. Association of Cardiovascular Risk Factors and ICA_IMT, ICA_CAT, N=154 

 

Variables  Multivariable model of 
Cardiovascular risk factors 
and ICA_IMT, ICA_CAT 

 RR and 95 % CI P value 

Age (cof^10)   1.10 (0.95-1.34) 0.19 

Smoking Pack 
year (cof^10)   

1.09 (1.04 -1.10) <0.001 

Statin use 1.14 (0.89-1.45) 0.28 

IMT-ICA 0.82 (0.13-4.97) 0.83 

CAT-ICA 0.68 (0.14-3.37) 0.64 

 

Table 2. Association of Cardiovascular Risk Factors and ICA_IMT, ICA_CLT, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors 
and ICA_IMT, ICA_CLT 

 RR and 95 % CI P value 

Age (cof^10)   1.09 (0.94 -1.21) 0.23 

Smoking Pack 
year (cof^10)   

1.09 (1.05 -1.10) <0.001 

Statin use 1.14 (0.89-1.46) 0.27 

IMT_ICA 0.87 (0.14- 5.29) 0.88 

CLT_ICA 0.68 (0.27-1.67) 0.40 

 

Table 3. Association of Cardiovascular Risk Factors and ICA_IMT, ICA_CAS, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors 
and ICA_IMT, ICA_CAS 
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 RR and 95 % CI P value 

Age (cof^10)   1.11 (0.96 -1.34) 0.17 

Smoking Pack 
year (cof^10)   

1.09 (1.05 -1.10) <0.001 

Statin use 1.14 (0.90-1.46) 0.27  

IMT_ICA 0.77 (0.13-4.57) 0.77 

CAS_ICA 0.96 (0.86-1.08) 0.44 

 

 

Table 4. Association of Cardiovascular Risk Factors and ICA_IMT, ICA_CShS, N=154 

Variables Multivariable model of 

Cardiovascular risk factors 

and ICA_IMT, ICA_CShS 

 RR and 95 % CI P value 

Age (cof^10) 1.06 (0.90 -1.21) 0.48 

Smoking Pack 

year (cof^10) 

1.11 (1.06 -1.21) <0.001 

Statin use 1.13 (0.89-1.44) 0.23 

IMT_ICA 0.95 (0.15-5.97) 0.96 

CShS_ICA 0.84 (0.70- 1.02) 0.073 

 

Table 5. Association of Cardiovascular Risk Factors and CCA_IMT, CCA_CAT, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors and 
CCA_IMT, CCA_CAT 

 RR and 95 % CI P value 

Age (cof^10)   1.08 (0.92- 1.24) 0.29 

Smoking Pack 
year (cof^10)   

1.09 (1.04 -1.13) <0.001 

Statin use 1.12 (0.88-1.41) 0.34 

IMT_CCA 2.95 (0.76-11.45) 0.11 

CAT_CCA 0.73 (0.19-2.82) 0.65    
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Table 6. Association of Cardiovascular Risk Factors and CCA_IMT, CCA_CAS, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors and 
CCA_IMT, CCA_CAS 

 RR and 95 % CI P value 

Age (cof^10)   1.09 (0.93-1.24) 0.25 

Smoking Pack 
year (cof^10)   

1.09 (1.05- 1.14) <0.001 

Statin use 1.14 (0.90-1.44) 0.24 

IMT_CCA 2.54 (0.68 -9.43) 0.16 

CAS_CCA 0.94 (0.85-1.04) 0.28 

 

Table 7. Association of Cardiovascular Risk Factors and CCA_IMT, CCA_CLT, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors 
and CCA_IMT, CCA_CLT 

 RR and 95 % CI P value 

Age (cof^10)   1.09 (0.93 -1.25) 0.26 

Smoking Pack 
year (cof^10)   

1.08 (1.04 -1.13) <0.001 

Statin use 1.13 (0.89-1.43) 0.29 

IMT_CCA 2.76 (0.75-10.18) 0.12 

CLT_CCA 1.10 (0.59-2.06) 0.75 

 

Table 8. Association of Cardiovascular Risk Factors and CCA_IMT, CCA_CShS, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors 
and CCA_IMT, CCA_CShS 

Age (cof^10)   1.07 (0.92 -1.25) 0.37 
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Smoking Pack 
year (cof^10)   

1.08 (1.04 -1.13) <0.001 

Statin use 1.12 (0.89-1.41) 0.32 

IMT_CCA 2.76 (0.75-10.11) 0.12 

CShS_CCA 1.07 (0.98-1.16) 0.10 

 

Table 9. Association of Cardiovascular Risk Factors and CCA_CAT, Cardiovascular Risk Factors and 

ICA_CAT, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors and 

CCA_CAT 

Multivariable model of 
Cardiovascular risk factors and 

ICA_CAT 

 RR and 95 % CI P value RR and 95 % CI P value 

Age (cof^10)   1.11 (0.96 -1.26) 0.16 1.10 (0.95-1.26) 0.18 

Smoking Pack 
year (cof^10)   

1.09 (1.05-1.13) <0.001 1.09 (1.04 -1.13) <0.001 

Statin use 1.14 (0.89-1.45) 0.28 1.14 (0.89-1.45) 0.28 

CAT_CCA 0.81 (0.21-3.08) 0.76   

CAT_ICA   0.68 (0.14-3.35) 0.46 

 

Table 10. Association of Cardiovascular Risk Factors and CCA_CLT, Cardiovascular Risk Factors 

and ICA_CLT, N=154 

 

Variables  Multivariable model of 
Cardiovascular risk factors and 

CCA_CLT 

Multivariable model of 
Cardiovascular risk factors and 

ICA_CLT 

Age (cof^10)   1.11 (0.96-1.26) 0.15 1.09 (0.94-1.21) 0.23 

Smoking Pack 
year (cof^10)   

1.09 (1.05-1.13) <0.001 1.09 (1.05-1.21) <0.001 

Statin use 1.14 (0.89-1.45) 0.26 1.14 (0.89-1.46) 0.28 

CLT_CCA 0.81 (0.21-3.08) 0.75   

CLT_ICA   0.67 (0.27-1.66) 0.39 
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Table 11. Association of Cardiovascular Risk Factors and CCA_CAS, Cardiovascular Risk Factors 

and ICA_CAS, N=154 

Variables  Multivariable model of 
Cardiovascular risk factors and 

CCA_CAS 

Multivariable model of 
Cardiovascular risk factors and 

ICA_CAS 

 RR and 95 % CI P value RR and 95 % CI P value 

Age (cof^10)   1.11 (0.96-1.26) 0.15 1.11 (0.96-1.26) 0.16 

Smoking Pack 
year (cof^10)   

1.09 (1.05-1.14) <0.001 1.09 (1.05-1.14) <0.001 

Statin use 1.16 (0.91-1.47) 0.21 1.14 (0.89-1.45) 0.28 

CAS_CCA 0.94 (0.84- 1.04) 0.24   

CAS_ICA   0.96 (0.86-1.07) 0.50 

 

 

Table 12. Association of Cardiovascular Risk Factors and CCA_CShS, Cardiovascular Risk Factors 

and ICA_CShS, N=154 

 

Variables  Multivariable model of 
Cardiovascular risk factors and 
CCA_CShS 

Multivariable model of 
Cardiovascular risk factors and 
ICA_CShS 

 RR and 95 % CI P value RR and 95 % CI P value 

Age (cof^10)   1.09 (0.94 -1.25) 0.22 1.06 (0.90 -1.21) 0.48 

Smoking Pack 
year (cof^10)   

1.09 (1.04 -1.13) <0.001 1.11 (1.06 -1.21) <0.001 

Statin use 1.13 (0.89-1.44) 0.29 1.13 (0.89-1.44) 0.30 

CShS_CCA 1.07 (0.98-1.16) 0.10   

CShS_ICA   0.84 (0.70-1.01) 0.071 

 

 


