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Synopsis (word count: 249) 

Background: Switching from boosted protease inhibitors (PIr) to dolutegravir (DTG) in virologically 

suppressed HIV-infected patients with high cardiovascular risk significantly decreased total 

cholesterol and other proatherogenic lipid fractions at 48 weeks. The impact of this strategy on 

subclinical cardiovascular disease is unknown. 

Methods: NEAT022 is a European, multicenter, open-label, randomized, non-inferiority trial. HIV-

infected adults >50 years or with a Framingham score >10% were eligible if plasma HIV RNA <50 

copies/mL for >24 weeks on a PI/r-based regimen. Patients were randomized 1:1 to switch from 

PI/r to DTG or to continue on PI/r. Common carotid arteries intima media thickness (CIMT) and 

pulse wave velocity (PWV) were measured following a standardized protocol in a sub-group of 

NEAT022 study participants at baseline and at week 48. 

Results: One hundred and fifty-six patients participated in the ultrasonography and arterial 

stiffness sub-studies respectively. In each sub-study, population characteristics did not differ 

between arms and matched those of the main study. At 48 weeks, patients who switched to DTG 

had lower mean progression of both right (+4 vs. +14.6 μm) and left (-6.1 vs. +1.6 μm) CIMT and 

also smaller increase in mean PWV (-0.49 vs. -0.21 m/s) than patients continuing on PI/r although 

differences were not statistically significant. CIMT trends were consistent across Framingham 

score, age, and country. Inconsistent effects were seen in arterial stiffness. 

Conclusions: Relative to continuing on PI/r, switching to DTG in virologically suppressed patients 

with high cardiovascular risk showed consistent favorable although non-significant effects on CIMT 

progression at 48 weeks.  
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Introduction 

Effective antiretroviral therapy has changed the natural course of HIV infection from a fatal 

condition to a chronic manageable disease. HIV-infected patients have a longer life expectancy 

and their major medical problems have shifted from AIDS-related conditions to non-AIDS 

comorbidities (1, 2). Atherosclerotic cardiovascular disease has emerged as an increasing cause of 

morbidity among HIV-infected adults (3-6). Multiple studies across different settings have shown a 

risk of ischemic heart disease in HIV-infected adults 1.5- to 2-fold higher than that of the general 

population (3, 6-8). Traditional cardiovascular risk factors such as smoking, dyslipidemia, diabetes 

and hypertension are more prevalent in HIV-infected persons than in the general population (9, 

10). Factors directly linked to HIV infection such as immune depression, chronic inflammation, and 

immune activation also play a role (4, 11-13). Although antiretroviral therapy has a doubtless 

overall benefit on HIV infection, some antiretroviral drugs have been linked to a higher risk of 

cardiovascular disease (CVD). Exposure to first-generation protease inhibitors (14) and to 

lopinavir/ritonavir (15) was associated with an increased risk of cardiovascular disease at least in 

part due to drug effects on plasma lipids. More recently, darunavir/ritonavir has been also 

associated with an increase in CVD due to unknown mechanisms (16). Current guidelines 

recommend antiretroviral therapy modification switching to non-nucleoside reverse transcriptase 

inhibitors, integrase inhibitors or another protease inhibitor known to cause less metabolic 

disturbances and/or lower CVD risk in HIV-infected adults with a 10-year cardiovascular risk score 

of 10% or higher as a first step to prevent CVD (17). 

Because cardiovascular events are rare, interventional studies with clinical endpoints will need 

thousands of patients and many years of follow-up (18). Subclinical CVD progression may be more 

accurate than use of predictive scores and more cost-effective than detection of cardiovascular 

events to assess CVD (19). Carotid artery intima-media thickness (CIMT) has been commonly used 
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as an anatomical surrogate marker of CVD in the general (20-22) and HIV-infected (23-29) 

populations. Increased pulse wave velocity (PWV) is associated with arterial stiffening and has 

been proposed as a marker of microvascular structure and function that may contribute to tissue 

damage, particularly in susceptible high flow organs such as the heart, brain and kidneys (30-33). 

The NEAT022 study has shown that switching the ritonavir-boosted protease inhibitor (PI/r) 

component to dolutegravir (DTG) in virologically suppressed HIV-infected adults with high 

cardiovascular risk was non-inferior and significantly improved lipid profile after 48 weeks of 

follow-up (34). Patients switched to DTG had a 7.7% LDL cholesterol reduction from baseline 

values after 48 weeks. In the general population, this level of LDL cholesterol reduction is 

associated with a significant reduction in the relative risk of major cardiovascular events in all 

baseline strata of cardiovascular risk (35, 36). As 60% of study participants switched away from 

regimens containing ritonavir-boosted lopinavir or darunavir, both independently associated with 

an increased CVD risk in the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study 

through mechanisms other than dyslipidaemia (15, 16), there might have been additional 

favorable effects on CVD. Moreover, switching from a PI/r regimen to an integrase inhibitor 

regimen may have additional potential benefits in reducing inflammation (37, 38), immune 

activation (39) and residual viral replication (40, 41). In the NEAT022 study, there were only 3 

major cardiovascular events throughout 48 weeks (34). Although the study was not powered to 

detect differences in cardiovascular events, there might be measurable anatomical or functional 

benefits of the switching strategy on subclinical CVD. We hypothesized that switching from PI/r to 

DTG in virologically suppressed HIV-infected patients with high cardiovascular risk would have a 

favorable impact on the progression of subclinical CVD.  
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Methods 

Patients 

NEAT022 is an open-label, randomized, non-inferiority trial conducted in 32 clinical sites in 6 

European countries. Briefly, eligible patients were HIV-infected adults older than 50 years or older 

than 18 years with a 10-year Framingham CVD risk score higher than 10%. They required to be 

treated with a stable triple antiretroviral regimen consisting on a PI/r plus two nucleoside reverse 

transcriptase analogues and to have a plasma HIV RNA <50 copies per mL for at least the previous 

six months. Patients with prior evidence of primary viral resistance to backbone nucleos(t)ides or 

previous episodes of documented virological failures were excluded. Eligible participants were 

randomly assigned (1:1) to switch the PI/r component to DTG 50mg/day maintaining the two 

NtRTIs unchanged or to continue with the same PI/r-based triple therapy regimen for 48 weeks 

and subsequently all patients in the PI/r arm were switched to DTG (34). Of 415 patients 

randomized in NEAT022, 100 and 56 respectively agreed to participate in the CIMT 

ultrasonography and arterial stiffness sub-studies. Ultrasonography of common CIMT and arterial 

stiffness (PWV) were measured locally following a standardized protocol at baseline and at week 

48. These evaluations were performed by independent experts blinded to patient’s therapy. The 

subclinical CVD substudy protocol was approved by the ethics committees of all participating 

centres. All participants gave their written informed consent prior to study procedures. The study 

is registered on ClinicalTrials.gov NCT02098837 and EudraCT 2013-003704-39. 

Carotid intima media thickness 

CIMT measurement procedures followed the Mannheim consensus (42). Measurements were 

performed on both common carotid arteries using a commercially validated ultrasound scanner 

equipped with a linear 7-10 MHz probe following a standardized procedure. CIMT was 

automatically assessed on the far wall of the common carotid artery at one centimeter from the 
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bulb to avoid inter-individual variability. Plaque was defined as an area with localized carotid 

thickness >1.5 mm as measured from the intima-lumen interface to the media-adventitia 

interface.  

Arterial stiffness 

Measurement of brachial cuff blood pressure (BP) was performed prior to central hemodynamic 

assessment. After resting for a period of 5 minutes in seated position, brachial BP was recorded as 

the mean of two readings in the non-dominant arm using an oscillometric BP monitor. Pulse wave 

analysis was used to determine central BP by non-invasive tonometry with one of two validated 

devices, SphygmoCor (AtCorMedical, Sydney, Australia) or Complior (Alam Medical, Saint Quentin 

Fallavier, France), on the same arm used for brachial BP measurements. The central systolic, 

diastolic and pulse pressures were calculated following manufacturer’s instructions. Collected data 

included augmentation index (AIx), which is the supplementary increase in systolic BP as 

determined by the reflected pressure waves according to the following formula Alx= (AP/PP) x100, 

where AP is the pressure difference between the shoulder of the wave and the peak systolic 

pressure and PP is the pulse pressure. Because of their dependence on heart rate, the data are 

automatically normalized to 75 b.p.m. (AIx@HR75). Carotid-femoral pulse wave velocity (cfPWV) 

was then obtained using ECG-gated pulse waveforms over the carotid and femoral arteries in 

supine position. PWV was calculated as the distance between recording sites measured over the 

surface of the body, divided by the time interval between the feet of the pressure waves. PWV 

measurements were collected in duplicate and averaged. Only high-quality recordings, defined as 

an in-device quality index of > 80%, were accepted for analysis. Central BP and PWV were assessed 

at baseline and at week 48. 

Statistical analysis 
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As there are no reliable data on arterial stiffness progression, sample size estimation was based on 

CIMT progression. Considering the CIMT changes from baseline in A5260s (28), a sub-study of the 

randomized clinical trial A5257 evaluating two PI/r versus the integrase inhibitor raltegravir (43), 

we estimated that the pooled changes in the PI/r arm would be 11.4 µm/year with a standard 

deviation of 0.92 µm. We assumed that DTG would obtain similar results of CIMT changes as those 

observed with raltegravir in A5260s, i.e. 10.7 μm per year. Therefore, the expected difference 

between the DTG arm and the PIr arm would be at least 0.7 µm per year.  With 38 patients per 

arm, the study would have more than 90% power to detect a between treatment difference of 0.7 

µm per year in the mean change from baseline in the CIMT, with a standard deviation of 0.92 µm, 

a type I error of 0.05, and a two-tailed test. 

The mean change and mean percentage change from baseline in right and left common CIMT (µm) 

at week 48 were compared between DTG and PI/r arms using the non-parametric Mann Whitney 

test. The mean change and mean percentage change from baseline in arterial stiffness parameters 

(PWV (m/s) and AIx@HR75 (%)) at week 48 were compared using the non-parametric Mann 

Whitney test. Subgroups analyses were also conducted to study the treatment effect across 

groups: PI/r drugs at screening (darunavir, atazanavir, other PI), age and cardiovascular risk score 

(<50yr and >10%, ≥50yr and >10%, ≥50yr and ≤10%), cardiovascular risk score (<15% vs ≥15%) and 

participating country (France, Italy, and Spain) for all parameters. Differences in outcomes 

between intervention arms were also assessed by t-tests and interaction between randomisation 

arms and strata were assessed by an analysis of variance. The 95% two sided confidence intervals 

of the difference in the change from baseline in parameters at week 48 between randomisation 

arms (DTG containing regimen – PI/r containing regimen) were calculated. We used local readings 

of CIMT and arterial stiffness for the analysis because the availability of data was higher than that 

of central readings. There was a high degree of concordance between both assessments (Figure 1).   
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Results 

Carotid intima media thickness (CIMT) 

Population characteristics in the CIMT sub-study (Table 1) did not differ between arms and 

matched those of the main study: >50 years 88%, Framingham score ≥10% 72%, men 80%, 

Caucasian 89%, median time with undetectable viral load 4.2 years, current smokers 55%, diabetes 

5%, family history of cardiovascular disease 36%, hypertension 26%, and lipid-lowering therapy 

32%.  

Mean absolute progression was lower in both right (4.0 vs. 14.6 µm) and left (-6.1 vs. 1.6 µm) 

common CIMT in patients switched to DTG as compared with patients continuing on PI/r, 

respectively (Figure 2). There was also a lower mean percentage change from baseline in both 

right (3% vs. 3.2%) and left (0.4% vs. 0.6%) common CIMT in patients switched to DTG as 

compared with patients continuing on PI/r (Figure 2). However, differences were not statistically 

significant because of the high dispersion of the results.  

Patients with a Framingham score ≥15% (vs. <15%), treated with PIs other than darunavir or 

atazanavir (almost all patients not receiving darunavir or atazanavir were treated with 

lopinavir/ritonavir), those with an age <50 years and a Framingham score >10%, and those from 

France or Italy (vs. Spain) showed more favorable right common CIMT changes with DTG switch at 

48 weeks (Table 2). 

At baseline, 38.5% patients in the DTG arm and 43.8% in the PI/r arm had carotid plaques detected 

without differences between arms. At week 48, the percentages rose to 40.4% and 45.8%, 

respectively. The change from baseline in the proportion of patients with carotid plaques at week 

48 showed no difference between the two groups (Figure 3). 

Arterial stiffness 
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Population characteristics in the arterial stiffness sub-study (Table 3) did not differ between arms 

and reflected also those of the main study: >50 years 89%, Framingham score ≥10% 70%, men 

86%, Caucasian 84%, median undetectable viral load 3.9 years, current smokers 52%, diabetes 9%, 

family history of cardiovascular disease 51%, hypertension 32%, and lipid-lowering therapy 25%.  

Figure 4 shows the mean change and mean percentage change from baseline in PWV and 

AIx@HR75 at week 48. Mean PWV change and mean percentage PWV change showed smaller 

increases in patients switched to DTG compared with patients continuing on PI/r (0.18 vs. 0.39 

m/s, and 4.47 vs. 5.77%, respectively) although these differences were not statistically significant. 

There were higher mean AIx@HR75 (1.59 vs. -0.36) and a higher mean percent AIx@HR75 (43.99% 

vs. 5.86%) changes in patients switched to DTG as compared with patients continuing on PI/r, but 

none of these differences was statistically significant. Table 4 shows the subgroup analysis for 

change from baseline in PWV at week 48. Patients treated with atazanavir (vs. darunavir) showed 

more favorable PWV changes with DTG switch at 48 weeks. 
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Discussion 

This sub-study of NEAT 022 study was unable to detect significant changes between arms in 

subclinical cardiovascular disease progression at 48 weeks as measured by both ultrasonography 

and arterial stiffness. Due to the scarcity of reliable arterial stiffness data, sample size calculation 

was based on 1-year CIMT changes in A5260s (28), a sub-study of the randomized clinical trial 

A5257 (43), that compared first-line atazanavir/r, darunavir/r and raltegravir in combination with 

emtricitabine-tenofovir disoproxil. In contrast with the NEAT022 sub-study, patients in the A5260s 

sub-study were antiretroviral-naïve and had a low cardiovascular risk (28). Although the 

magnitude of mean CIMT changes in the A5260s and NEAT022 sub-studies was similar, the 

variability of CIMT measurements found in the NEAT022 sub-study was unexpectedly higher than 

that reported in the A5260s sub-study.  

Relative to continuing PI/r, switching the PI/r component to DTG in virologically suppressed 

patients with high cardiovascular risk showed consistent although not significant effects on 

absolute and percent CIMT progression in both common carotid arteries. In contrast to CIMT 

changes, the changes in AIx@HR75 and PWV were not consistent. While both absolute and 

relative PWV showed smaller increases in patients switching to DTG relative to patients remaining 

on PI/r, both absolute and relative AIx@HR75 values increased and this is inconsistent with the 

smaller increases in PWV and CIMT seen in those patients. Increases in both PWV and AIx@HR75 

suggest worse subclinical cardiovascular status; however, they do not measure exactly the same. 

PWV is considered the non invasive gold standard measure of arterial stiffness. Although AIx is 

frequently referred as an arterial stiffness measure, it is the result of several arterial factors, 

including (but not limited to) arterial stiffness (32). Altogether these data suggest that arterial 

stiffness may be less reliable than CIMT as an indicator of subclinical cardiovascular disease in 

virologically suppressed HIV-infected patients with high cardiovascular risk.  
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Subgroup CIMT analyses showed that patients switching to DTG had more favorable CIMT changes 

when Framingham Score (rather than age) was higher or when the PI switched was other than 

darunavir or atazanavir, a proxy of lopinavir/ritonavir. A high Framingham score gives an estimate 

of the risk of developing cardiovascular disease and points out who is most likely to benefit from 

prevention.  Lopinavir/ritonavir is associated with higher lipid values than atazanavir/ritonavir (44) 

or darunavir/ritonavir (45); furthermore, lopinavir/ritonavir has been associated with an additional 

lipid-independent higher risk of cardiovascular disease (15). Despite having similar lipid impact, 

atazanavir and darunavir have shown very distinct cardiovascular profiles [16,46]. 

Integrase inhibitors in general and dolutegravir in particular have been associated with more 

weight gain than PI or non-nucleoside reverse transcriptase inhibitors in randomized clinical trials 

(46). Beyond favorable lipid effects, integrase inhibitors may promote weight gain and other 

unfavorable metabolic changes which might also impact on cardiovascular health of the HIV 

infected population. Most studies evaluating the possible effects of antiretroviral drug switching 

strategies on cardiovascular health have been focused on plasma lipid changes. A few randomized 

studies have directly assessed subclinical atherosclerosis (28,29), but these studies were 

addressed to patients starting antiretroviral therapy. There are no data available on switching 

strategies addressed to reduce CVD in patients with high cardiovascular risk. NEAT022 sub-studies 

aimed to evaluate subclinical atherosclerosis with both anatomical and functional parameters. 

Although the observed CIMT trends were in agreement with the improvement in lipid profile after 

48 weeks of follow-up (34), changes were not statistically significant.  

The main limitation of this substudy was the lack of power. A higher number of patients with 

longer follow-up would have been necessary to allow for detection of significant effects. The 

negative results of this study are important as they contribute to a better knowledge of the topic 

and can inform other scientists with similar objectives. Results suggest that the 1-year impact of 



 

12 
 

antiretroviral therapy switch on subclinical CVD is scarce at most and cannot be taken as given by 

lipid effects only. 

In summary, switching the PI/r component to DTG in virologically suppressed patients with high 

cardiovascular risk showed consistent favorable although non-significant effects on CIMT 

progression at 48 weeks relative to continuing on PI/r. These findings may be useful in designing 

future studies.  



 

13 
 

Acknowledgements 

We thank the patients who have participated and their families. NEAT022 trial was supported by 

NEAT-ID Foundation, a not for profit private foundation to promote research and education 

projects in the HIV field. NEAT022 trial was also supported by SSAT and ViiV Healthcare. We thank 

the NEAT022 study participants and their partners, families, caregivers, and the staff of all the 

centres taking part in the study. We also thank the European AIDS Treatment Group for their 

collaboration. Spanish centres and Spanish investigators were partially supported by the project 

RD12/0017 integrated in the Plan Nacional I+D+i and cofunded by ISCIII – Subdirección General de 

Evaluación and European Regional Development Fund (ERDF). We also acknowledge the Spanish 

HIV HGM biobank supported by the Spanish Instituto de Salud Carlos III, which is integrated in the 

Spanish AIDS research network (RIS). 

NEAT 022 study group investigators:  

Belgium: Linos Vandekerckhove, Els Caluwé, Stephane De Wit, Coca Necsoi, Eric Florence, and 

Maartje Van Frankenhuijsen;  

France: François Raffi, Clotilde Allavena, Véronique Reliquet, David Boutoille, Morane Cavellec, 

Elisabeth André-Garnier, Audrey Rodallec, Thierry Le Tourneau, Jérôme Connault, Jean-Michel 

Molina, Samuel Ferret, Miresta Previlon, Yazdan Yazdanpanah, Roland Landman, Véronique Joly, 

Adriana Pinto Martinez,Christine Katlama, Fabienne Caby, Nadine Ktorza and Luminita Schneider;  

Germany: Christoph Stephan, Timo Wolf, Gundolf Schüttfort, Juergen Rockstroh, Jan-Christian 

Wasmuth, Carolynne Schwarze-Zander, Christoph Boesecke, Hans-Jurgen Stellbrink, Christian 

Hoffmann, Michael Sabranski, Stephan Esser, Robert Jablonka, Heidi Wiehler, Georg Behrens, 

Matthias Stoll, and Gerrit Ahrenstorf;  



 

14 
 

Italy: Giovanni Guaraldi, Giulia Nardini, Barbara Beghetto, Antonella D’Arminio Montforte, Teresa 

Bini, Viola Cogliandro, Massimo Di Pietro, Francesco Maria Fusco, Massimo Galli, Stefano Rusconi, 

Andrea Giacomelli, and Paola Meraviglia;  

Spain: Esteban Martinez, Ana González-Cordón, José Maria Gatell, Berta Torres, Pere Domingo, 

Gracia Mateo, Mar Gutierrez, Joaquin Portillo, Esperanza Merino, Sergio Reus, Vicente Boix, Mar 

Masia, Félix Gutiérrez, Sergio Padilla, Bonaventura Clotet, Eugenia Negredo, Anna Bonjoch, José L. 

Casado, Sara Bañón-Escandell, Jose Saban, Africa Duque, Daniel Podzamczer, Maria Saumoy, Laura 

Acerete, Juan Gonzalez-Garcia, José Ignacio Bernardino, José Ramón Arribas, and Victor Hontañón;  

United Kingdom: Graeme Moyle, Nicole Pagani, Margherita Bracchi, Jaime Vera, Amanda Clarke, 

Tanya Adams, Celia Richardson, Alan Winston, Borja Mora-Peris, Scott Mullaney, Laura Waters, 

Nahum de Esteban, Ana Milinkovic, Sarah Pett, Julie Fox, Juan Manuel Tiraboschi, Margaret 

Johnson, Mike Youle, Chloe Orkin, Simon Rackstraw, James Hand, Mark Gompels, Louise Jennings, 

Jane Nicholls and Sarah Johnston. 

 

This work was supported by NEAT-ID Foundation, St Stephen AIDS Trust (SSAT), ViiV Healthcare, 

and by the project RD12/0017 integrated in the Plan Nacional I+D+i and co-funded by ISCIII- 

Subdirección General de Evaluación and European Regional Development Fund (ERDF) for the 

Spanish participating centers. 

 

Presented in part as an Oral Communication at the 16th European AIDS Conference, October 25-

27, 2017, Milan, Italy. 

  



 

15 
 

Contributions 

AG-C, MC, MD, JMG and EM designed the study. MC and MD established standardized protocols 

on carotid ultrasonography and arterial stiffness respectively, trained the operators on local sites, 

and performed central measurements. LA undertook the statistical analyses. AG-C, MC, MD, GG, 

PD, SR, FR, CK, MM, JIB, MS, AP, JMG, and EM were involved in the interpretation of data. AG-C 

and EM drafted the manuscript. All authors critically reviewed and subsequently approved the 

final version. 

  



 

16 
 

References 

1  Palella FJ, Delaney KM, Moorman AC, et al. Declining Morbidity and Mortality among 

Patients with Advanced Human Immunodeficiency Virus Infection. N Engl J Med 1998; 

338:853–860. 

2  The Antiretroviral Therapy Cohort Collaboration. Causes of Death in HIV‐1–Infected 

Patients Treated with Antiretroviral Therapy, 1996–2006: Collaborative Analysis of 13 HIV 

Cohort Studies. Clin Infect Dis 2010; 50:1387–1396. 

3  Shah ASV, Stelzle D, Lee KK, et al. Global Burden of Atherosclerotic Cardiovascular Disease 

in People Living With HIV. Circulation 2018; 138:1100–1112. 

4  Aberg JA. Aging, inflammation, and HIV infection. Top Antivir Med 2012; 20:101–5. 

5  Smit M, Brinkman K, Geerlings S, et al. Future challenges for clinical care of an ageing 

population infected with HIV: a modelling study. Lancet Infect Dis 2015; 15:810–8. 

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

cardiovascular risk factors among patients with human immunodeficiency virus disease. J 

Clin Endocrinol Metab 2007; 92:2506–12. 

7  Currier JS, Taylor A, Boyd F, et al. Coronary heart disease in HIV-infected individuals. J 

Acquir Immune Defic Syndr 2003; 33:506–12. 

8  Hanna DB, Ramaswamy C, Kaplan RC, et al. Trends in Cardiovascular Disease Mortality 

Among Persons With HIV in New York City, 2001–2012. Clin Infect Dis 2016; 63:1122–1129. 

9  Friis-Møller N, Weber R, Reiss P, et al. Cardiovascular disease risk factors in HIV patients--

association with antiretroviral therapy. Results from the DAD study. AIDS 2003; 17:1179–



 

17 
 

93. 

10  Schouten J, Wit FW, Stolte IG, et al. Cross-sectional Comparison of the Prevalence of Age-

Associated Comorbidities and Their Risk Factors Between HIV-Infected and Uninfected 

Individuals: The AGEhIV Cohort Study. Clin Infect Dis 2014; 59:1787–1797. 

11  Hsue PY, Deeks SG, Hunt PW. Immunologic basis of cardiovascular disease in HIV-infected 

adults. J Infect Dis 2012; 205 Suppl:S375–82. 

12  Lichtenstein KA, Armon C, Buchacz K, et al. Low CD4+ T cell count is a risk factor for 

cardiovascular disease events in the HIV outpatient study. Clin Infect Dis 2010; 51:435–447. 

13  Sabin CA, Ryom L, De Wit S, et al. Associations between immune depression and 

cardiovascular events in HIV infection. AIDS 2013; 27:2735–48. 

14  DAD study group. Class of Antiretroviral Drugs and the Risk of Myocardial Infarction. N Engl 

J Med 2007; 356:1723–1735. 

15  Worm SW, Sabin C, Weber R, et al. Risk of Myocardial Infarction in Patients with HIV 

Infection Exposed to Specific Individual Antiretroviral Drugs from the 3 Major Drug Classes: 

The Data Collection on Adverse Events of Anti‐HIV Drugs (D:A:D) Study. J Infect Dis 2010; 

201:318–330. 

16  Ryom L, Lundgren JD, El-Sadr W, et al. Cardiovascular disease and use of contemporary 

protease inhibitors: the D:A:D international prospective multicohort study. Lancet HIV 

2018; 5:e291–e300. 

17.  European AIDS Clinical Socity (EACS). Guidelines. Version 10.0 November 2019. In: 

https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf. 

https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf


 

18 
 

18 Grinspoon SK, Fitch KV, Overton ET, et al. Am Heart J 2019; 212: 23-35 

19 Martinez E. Time to change cardiovascular prevention in people with HIV. Lancet HIV 2019 

Oct 18. doi: 10.1016/S2352-3018(19)30329-7. [Epub ahead of print]. 

20  Lorenz MW, Polak JF, Kavousi M, et al. Carotid intima-media thickness progression to 

predict cardiovascular events in the general population (the PROG-IMT collaborative 

project): a meta-analysis of individual participant data. Lancet 2012; 379:2053–2062. 

21  Naqvi TZ, Lee M-S. Carotid Intima-Media Thickness and Plaque in Cardiovascular Risk 

Assessment. JACC Cardiovasc Imaging 2014; 7:1025–1038. 

22  Den Ruijter HM, Peters SAE, Anderson TJ, et al. Common carotid intima-media thickness 

measurements in cardiovascular risk prediction: a meta-analysis. JAMA 2012; 308:796–803. 

23  Grunfeld C, Delaney JAC, Wanke C, et al. Preclinical atherosclerosis due to HIV infection: 

carotid intima-medial thickness measurements from the FRAM study. AIDS 2009; 23:1841–

9. 

24  Hanna DB, Post WS, Deal JA, et al. HIV Infection Is Associated With Progression of 

Subclinical Carotid Atherosclerosis. Clin Infect Dis 2015; 61:640–50. 

25  Hsue PY, Scherzer R, Hunt PW, et al. Carotid Intima-Media Thickness Progression in HIV-

Infected Adults Occurs Preferentially at the Carotid Bifurcation and Is Predicted by 

Inflammation. J Am Heart Assoc 2012; 1:jah3–e000422. 

26  Hulten E, Mitchell J, Scally J, Gibbs B, Villines TC. HIV positivity, protease inhibitor exposure 

and subclinical atherosclerosis: a systematic review and meta-analysis of observational 

studies. Heart 2009; 95:1826–35. 



 

19 
 

27 Krikke M, Arends JE, Van Lelyveld S, Hoepelman A, Visseren F. Greater carotid intima media 

thickness at a younger age in HIV-infected patients compared with reference values for an 

uninfected cohort. HIV Med 2017; 18:275–283. 

28  Stein JH, Ribaudo HJ, Hodis HN, et al. A prospective, randomized clinical trial of 

antiretroviral therapies on carotid wall thickness. AIDS 2015; 29:1775–83. 

29  González-Cordón A, Doménech M, Camafort M, et al. Subclinical cardiovascular disease in 

patients starting contemporary protease inhibitors. HIV Med 2018; 19:497–503. 

30  Ben-Shlomo Y, Spears M, Boustred C, , et al. Aortic pulse wave velocity improves 

cardiovascular event prediction: an individual participant meta-analysis of 

prospective observational data from 17,635 subjects. J Am Coll Cardiol 2014; 63:636–46. 

31  Kooij KW, Schouten J, Wit FWNMNM, et al. Difference in aortic stiffness between treated 

middle-aged HIV type 1-infected and uninfected individuals largely explained by traditional 

cardiovascular risk factors, with an additional contribution of prior advanced 

immunodeficiency. JAIDS J Acquir Immune Defic Syndr 2016; 73:55–62. 

32  Townsend RR, Wilkinson IB, Schiffrin EL, et al. Recommendations for Improving and 

Standardizing Vascular Research on Arterial Stiffness. Hypertension 2015; 66:698–722. 

33 Mitchell GF, Hwang S-J, Vasan RS, et al. Arterial stiffness and cardiovascular events: the 

Framingham Heart Study. Circulation 2010; 121:505–11. 

34  Gatell JM, Assoumou L, Moyle G, et al. Switching from a ritonavir-boosted protease 

inhibitor to a dolutegravir-based regimen for maintenance of HIV viral suppression in 

patients with high cardiovascular risk. AIDS 2017; 31:2503–2514. 



 

20 
 

35  Silverman MG, Ference BA, Im K, et al. Association Between Lowering LDL-C and 

Cardiovascular Risk Reduction Among Different Therapeutic Interventions. JAMA 2016; 

316:1289–97. 

36  Cholesterol Treatment Trialists. The eff ects of lowering LDL cholesterol with statin therapy 

in people at low risk of vascular disease: meta-analysis of individual data from 27 

randomised trials. Lancet 2012; 380:581–590. 

37  Martínez E, D’Albuquerque PM, Llibre JM, et al. Changes in cardiovascular biomarkers in 

HIV-infected patients switching from ritonavir-boosted protease inhibitors to raltegravir. 

AIDS 2012; 26:2315–2326. 

38  Silva EF, Charreau I, Gourmel B, , et al. Decreases in Inflammatory and Coagulation 

Biomarkers Levels in HIV-Infected Patients Switching from Enfuvirtide to Raltegravir: ANRS 

138 Substudy. J Infect Dis 2013; 208:892–897. 

39  Hileman CO, Kinley B, Scharen-Guivel V, et al. Differential Reduction in Monocyte 

Activation and Vascular Inflammation With Integrase Inhibitor–Based Initial Antiretroviral 

Therapy Among HIV-Infected Individuals. J Infect Dis 2015; 212:345–354. 

40  Buzón MJ, Massanella M, Llibre JM, et al. HIV-1 replication and immune dynamics are 

affected by raltegravir intensification of HAART-suppressed subjects. Nat Med 2010; 

16:460–5. 

41  Hatano H, Strain MC, Scherzer R, et al. Increase in 2–Long Terminal Repeat Circles and 

Decrease in D-dimer After Raltegravir Intensification in Patients With Treated HIV Infection: 

A Randomized, Placebo-Controlled Trial. J Infect Dis 2013; 208:1436–1442. 

42  Touboul P-J, Hennerici MG, Meairs S, et al. Mannheim carotid intima-media thickness and 



 

21 
 

plaque consensus (2004-2006-2011). An update on behalf of the advisory board of the 3rd, 

4th and 5th watching the risk symposia, at the 13th, 15th and 20th European Stroke 

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

Cerebrovasc Dis 2012; 34:290–6. 

43  Lennox JL, Landovitz RJ, Ribaudo HJ, et al. Efficacy and Tolerability of 3 Nonnucleoside 

Reverse Transcriptase Inhibitor–Sparing Antiretroviral Regimens for Treatment-Naive 

Volunteers Infected With HIV-1. Ann Intern Med 2014; 161:461. 

44  Molina J-M, Andrade-Villanueva J, Echevarria J, et al. Once-daily atazanavir/ritonavir 

compared with twice-daily lopinavir/ritonavir, each in combination with tenofovir and 

emtricitabine, for management of antiretroviral-naive HIV-1-infected patients: 96-week 

efficacy and safety results of the CASTLE study. J Acquir Immune Defic Syndr 2010; 53:323–

32. 

45  Mills AM, Nelson M, Jayaweera D, et al. Once-daily darunavir/ritonavir vs. 

lopinavir/ritonavir in treatment-naive, HIV-1-infected patients: 96-week analysis. AIDS 

2009; 23:1679–1688. 

45  Chow D, Shikuma C, Ritchings C, Guo M, Rosenblatt L. Atazanavir and Cardiovascular Risk 

Among Human Immunodeficiency Virus-Infected Patients: A Systematic Review. Infect Dis 

Ther 2016; 5:473–489. 

46  Sax PE, Erlandson KM, Lake JE, et al. Weight gain following initiation of antiretroviral 

therapy: risk factors in randomized comparative clinical trials. Clin Infec Dis 2019 Oct 14. 

doi: 10.1093/cid/ciz999. [Epub ahead of print]. 

 



 

22 
 

  



 

23 
 

Figure 1. Correlation between local and central readings in right and left common carotid intima 

media thickness (CCA IMT), pulse wave velocity, and augmentation index. 

Right common CIMT 

 
 

Left common CIMT 
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Pulse wave velocity (PWV) 

 
 

Augmentation index (AIx@HR75) 
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Figure 2. Mean change and mean percentage change from baseline in right (R-CCA) and left (L-CCA) common carotid intima media thickness 

(CIMT). 
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Figure 3.  Carotid plaques 

Change from baseline in the proportion of patients with carotid plaques at 

week 48 between the 2 groups, using a GEE model 

 

GEE: Generalized estimating equation 
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Figure 4. Mean change and mean percentage change from baseline in pulse wave velocity (PWV) and augmentation index (AIx@HR75).  
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 Table 1. Characteristics of the population included in the common carotid intima media 

thickness (CIMT) sub-study (N=100).  

 DTG (n=52) PI/r (n=48) Total (n=100) 

Age, years, median(IQR) 53 (51 – 57) 54 (52 – 56) 54 (51 – 57) 

Age > 50 years 44(84.6) 44(92.7) 88(88.0) 

Framingham score at 10 years    

<10% 13 (25.0) 15 (31.3) 28 (28.0) 

10-15% 17 (32.7) 14 (29.2) 31 (31.0) 

15-20% 12 (23.1) 8 (16.7) 20 (20.0) 

>20% 10 (19.2) 11 (22.9) 21 (21.0) 

Male gender 41 (78.8) 39 (81.3) 80 (80.0) 

White race 45(86.5) 44(91.7) 89(89.0) 

Mode of HIV transmission    

Male homosexual sexual intercourse 22 (42.3) 23 (47.9) 45 (45.0) 

Heterosexual sexual intercourse 20 (38.5) 16 (33.3) 36 (36.0) 

Other 10 (19.2) 9 (18.8) 19 (19.0) 

CD4+ count (cells per µL) 672 (571 – 928) 610 (427 – 878) 657 (552 – 920) 

HIV RNA >50 copies/mL 1(2.9) 0(0.0) 1(1.0) 

Hepatitis C IgG antibodies 10 (19.2) 11 (24.4) 21 (21.0) 

Time since undetectable viral load 
 (< 50 copies per mL); years 

3.6 (1.7 – 6.8) 5.7 (2.8 – 8.9) 4.2 (2.2 – 8.2) 

Bacbone nucleos(t)ides    

Tenofovir disoproxil fumarate/Emtricitabine 34 (65.4) 27 (56.3) 61 (61.0) 

Abacavir /Lamivudine 16 (30.8) 19 (39.6) 35 (35.0) 

Other 2 (3.8) 2 (4.2) 4 (4.0) 

PI/r at baseline       

Lopinavir 26 (50.0) 27 (56.3) 53 (53.0) 

Darunavir 21 (40.4) 12 (25.0) 33 (33.0) 

Atazanavir 5 (9.6) 9 (18.7) 14 (14.0) 

Current Smokers 30 (57.7) 25 (52.1) 55 (55.0) 

Diabetes mellitus 2 (3.8) 3 (6.3) 5 (5.0) 

Family history of cardiovascular disease 21 (40.4) 15 (31.3) 36 (36.0) 

Receiving lipid lowering agents 16(30.8) 16(33.3) 32 (32.0) 

High blood pressure a 13(25.0) 13(27.1) 26(26.0) 

Daily exercise 9(17.3) 10(20.8) 19(19.0) 

Cardiovascular risk factors b     

0 13 (25.0) 10 (20.8) 23 (23.0) 

1 16 (30.8) 18 (37.5) 34 (34.0) 

2 14 (26.9) 14 (29.2) 28 (28.0) 

≥3 9 (17.3) 6 (12.5) 15(15.0) 

Fasting plasma lipids (mmol/L)    

Total cholesterol 5.3(4.4-5.6) 5.2(4.4-5.8) 5.2(4.4-5.6) 

Triglycerides 1.7(1.1-2.3) 1.6(1.1-2.2) 1.7(1.1-2.3) 

Non-HDL cholesterol 4.0(3.5-4.4) 3.9(3.3-4.6) 4.0(3.3-4.5) 

LDL-cholesterol 3.2(2.5-3.7) 3.1(2.6-3.6) 3.2(2.6-3.7) 

HDL-cholesterol 1.2(0.9-1.4) 1.1(1.0-1.4) 1.1(1.0-1.4) 
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Total Cholesterol/HDL cholesterol ratio 4.4(3.4-5.6) 4.3(3.5-5.7) 4.3(3.5-5.7) 

eGFR (mL/minute) 94(81-98) 94(76-101) 94(81-100) 

Data are n (%) or median (IQR) 
a Defined by systolic blood pressure >140mmHg or diastolic blood pressure > 110 mmHg or 
receiving anti-hypertensive treatment addition 
b An addition of male patients with age more than 50 years or female patients with age more than 
60 years, current or past smoker within the  last 3 years, HDL CHOLESTEROL less than 1 mmol/L, 
high blood pressure, diabetes mellitus, family history of cardiovascular diseases. HDL 
CHOLESTEROL levels above 1.5 mmol/L, implicates a subtraction of one risk factor. 
 eGFR=estimated glomerular filtration rate (CKD-EPI method54). PI/r= ritonavir boosted protease 
inhibitors. DTG= dolutegravir  
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Table 2. Subgroup analysis for change from baseline in Right CCA IMT (µm) at week 48 (Total 

N=100) 

  
Subgroup 

Percentage 
in group 

DTG 
mean (SE) 

PI/r 
mean (SE) 

Mean difference 
 (95% CI) 

P Value for 
interaction 

All participants 100 +4.0 (19.7) 
+14.6 
(20.5) 

    -10.6 (-67.2;+45.8)   

      
Framingham Cardiovascular risk score       0.446 

 
<15% 59 -1.5 (24.2) -9.1 (24.2) 

 
+7.6 (-61.1; +76.4) 

 

 
≥15% 41 +9.4 (35.0) +47.3 (37.7) 

 
-37.9 (-141.9 ; +66.2) 

 
PI/r regimen           0.603 

 
Darunavir 54 +16.3 (34.2) +18.7 (33.5) 

 
-2.4 (-98.5; +93.6) 

 

 
Atazanavir 33 -1.0 (16.3) -7.8 (21.5) 

 
+6.8 (-41.2; +61.9) 

 

 
Others 13 -59.3 (72.7) +32.3 (48.5) 

 
-91.6 (-283.9; +100.8) 

 
 Age and Framingham Cardiovascular (CVS) risk        0.527 

 
Age≥50yr and 
CVS≤10% 

28 +15.1 (38.6) -24.8 (35.9) 
 

+39.9 (-68.5;+148.2) 
 

 
Age≥50yr and 
CVS>10% 

60 +7.4 (23.1) +33.2 (23.8)  -25.8 (-92.2; +40.6) 
 

  
Age<50yr and 
CVS>10% 

12 -27.4 (77.5) +28.3 (109.5)  -55.6 (-354.5; +243.3)   

Country      0.830 
 France 18 -8.2 (21.8) +37.1 (27.3)  -45.3 (-119.5; +28.8)  
 Italy 27 -12.8 (33.1) -4.6 (34.3)  -8.2 (-106.5; +90.0)  
 Spain 53 +22.2 (34.2) -18.0 (32.3)  +4.2 (-90.1; +98.6)  
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Table 3.  Characteristics of the population included in the arterial stiffness sub-study (N=56).  

 DTG (n=27) PI/r (n=29) Total (n=56) 

Age, years, median(IQR) 55 (53 – 59) 54 (52 – 56) 54 (52 – 58) 

Age > 50 years 26(96.3) 27(96.6) 56(88.9) 

Framingham score at 10 years    

<10% 9 (33.3) 8 (27.6) 17 (30.4) 

10-15% 6 (22.2) 7 (24.1) 13 (23.2° 

15-20% 6 (22.2) 5 (17.2) 11 (19.6) 

>20% 6 (22.2) 9 (31.0) 15 (26.8) 

Male gender 21 (77.8) 25 (86.2) 46 (86.1) 

White race 22(81.5) 25(86.2) 47(83.9) 

Mode of HIV transmission    

Male homosexual sexual intercourse 8 (29.6) 15 (51.7) 23 (41.1) 

Heterosexual sexual intercourse 13 (48.1) 8 (27.6) 21 (37.5) 

Other 6 (22.2) 6 (20.7) 12 (21.4) 

CD4+ count (cells per µL) 654 (547 – 938) 731 (482 – 1024) 658 (547 – 970) 

HIV RNA >50 copies/mL 0(0.0) 0(0.0) 0(0.0) 

Hepatitis C IgG antibodies 4 (15.4) 6 (21.4) 10 (18.5) 

Time since undetectable viral load 
 (< 50 copies per mL); years 

3.5 (2.2 – 6.3) 4.3 (2.9 – 8.8) 3.9 (2.4 – 6.9) 

Backbone nucleos(t)ides    

Tenofovir disoproxil fumarate/Emtricitabine 18 (66.7) 15 (51.7) 33 (58.9) 

Abacavir /Lamivudine 8 (29.6) 13 (44.8) 21 (37.5) 

Other 1 (3.7) 1 (3.4) 2 (3.6) 

PI/r at baseline       

Lopinavir 10 (37.0) 14 (48.3) 24 (42.9) 

Darunavir 15 (55.6) 9 (31.0) 24 (42.9) 

Atazanavir 1 (3.7) 6 (20.7) 7 (12.5) 

Other 1(3.7) 0(0.0) 1(1.8) 

Current Smokers 14 (51.9) 15 (51.7) 29 (51.8) 

Diabetes mellitus 1 (3.7) 4 (13.8) 5 (8.9) 

Family history of cardiovascular disease 14 (53.8) 13 (48.1) 27 (50.9) 

Receiving lipid lowering agents 6(22.2) 8(27.6) 14(25.0) 

High blood pressure a 7(25.9) 11(37.9) 18(32.1) 

Daily exercise 4(16.7) 7(28.0) 11(22.4) 

Cardiovascular risk factors b     

0 7 (25.9) 7 (24.1) 14 (25.0) 

1 7 (25.9) 7 (24.1) 14 (25.0) 

2 8 (29.6) 8 (27.6) 16 (28.6) 

≥3 5 (18.5) 7 (24.1) 12 (21.4) 

Fasting plasma lipids (mmol/L)    

Total cholesterol 5.2(4.3-5.6) 5.1(4.2-5.8) 5.2(4.2-5.8) 

Triglycerides 1.6(1.1-2.3) 1.6(1.2-2.2) 1.6(1.2-2.2) 

Non-HDL cholesterol 3.9(3.0-4.7) 3.8(3.2-4.6) 3.8(3.0-4.6) 

LDL-cholesterol 3.1(2.3-3.7) 3.0(2.2-3.6) 3.0(2.3-3.7) 

HDL-cholesterol 1.1(0.9-1.4) 1.1(1.0-1.4) 1.1(1.0-1.4) 
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Total Cholesterol/HDL cholesterol ratio 4.4(3.4-6.0) 4.0(3.3-5.6) 4.2(3.3-5.7) 

eGFR (mL/minute) 94(81-98) 99(90-106) 96(82-103) 

Data are n (%) or median (IQR) 
a Defined by systolic blood pressure >140mmHg or diastolic blood pressure > 110 mmHg or 
receiving anti-hypertensive treatment addition 
b An addition of male patients with age more than 50 years or female patients with age more than 
60 years, current or past smoker within the  last 3 years, HDL CHOLESTEROL less than 1 mmol/L, 
high blood pressure, diabetes mellitus, family history of cardiovascular diseases. HDL 
CHOLESTEROL levels above 1.5 mmol/L, implicates a subtraction of one risk factor. 
 eGFR=estimated glomerular filtration rate (CKD-EPI method54). PI/r= ritonavir boosted protease 
inhibitors. DTG= dolutegravir  
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Table 4. Subgroup analysis for change from baseline in Pulse Wave Velocity (m/s) at 

week 48 (Total N=36) 

  
Subgroup 

Percentage 
in group 

DTG 
mean (SE) 

PI/r 
mean (SE) 

Mean difference 
 (95% CI) 

P Value for 
interaction 

All participants 100 +0.18 (0.42) +0.39(0.40)     -0.21 (-1.37;+0.96)   

      
Framingham Cardiovascular risk score       0.765 

 
<15% 57.6 +0.09 (0.50) +0.47 (0.43) 

 
-0.38 (-1.77;+1.01) 

 

 
≥15% 42.4 +0.09 (0.86) +0.08 (0.86) 

 
+0.01 (-2.6;+2.7) 

 
PI/r regimen           0.012 

 
Darunavir 40.0 +1.53(0.78) -0.12 (0.58) 

 
+1.65 (-0.48;+3.78) 

 

 
Atazanavir 45.7 -0.36 (1.96) +1.26 (0.63) 

 
-1.62 (-3.24 ;+0.00) 

 

 
Others* 14.3   

   
 Age and Framingham Cardiovascular (CVS) risk        0.795 

 
Age≥50yr and 
CVS≤10% 

38.9 +0.49 (0.54) +0.46 (0.47) 
 

+0.03(-1.53;+1.60) 
 

 
Age≥50yr and 
CVS>10% 

58.3 +0.04 (0.64) +0.33 (0.61)  -0.29 (-2.15; +1.57) 
 

  
Age<50yr and 
CVS>10%** 

2.8       

Country      0.101 
 France 30.6 -0.52 (0.70) +0.89 (0.76)  -1.41 (-3.75; +0.93)  
 Italy 41.7 -0.26 (0.34) +0.19 (0.32)  -0.45 (-1.47; +0.57)  
 Spain*** 27.8 +2.00 (1.18) +0.23 (0.96)  +1.77 (-1.75; +5.28)  

PI/r= ritonavir boosted protease inhibitors. DTG= dolutegravir. SE= Standard error 
*Not estimated because there are only 1 patient in the DTG arm and 6 in the PI/r arm 
**Not estimated because there are only 1 patient in the DTG arm and 1 in the PI/r arm 
***Included 1 patient from Germany and 1 from UK 

 
 


