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Riassunto
Obiettivo di questo studio era la valutazione della prevalen-
za di ispessimento dell’intima-media (>1.00-1.20 mm) e di 
placche (>1.20 mm), in una coorte di persone che vivono 
con HIV, e i fattori di rischio per queste condizioni.
Il Progetto è iniziato nel 2019 e coinvolge otto centri italiani. 
Le misurazioni della carotide erano eseguite da un medico 
appositamente preparato, che valutava i seguenti parame-
tri: spessore medio-intimale delle carotidi comuni e interne, 
sia a sinistra che a destra. Sono state raccolte informazioni 
sui fattori di rischio per le malattie cardiovascolari, la conta 
dei CD4+, i lipidi serici, la glicemia, e l’indica di massa corpo-
rea (BMI). L’associazione tra risultati patologici e potenziali 
fattori di rischio è stata valutata utilizzando la regressione 
logistica, con gli odds ratio (OR) e gli intervalli di confidenza 
al 95% (95% CI).
Tra 1147 pazienti valutati, con età media di 50 anni, 347 
(30.2%) avevano risultati patologici (15.8% placche e 14.5% 
IMT). Oltre ai fattori di rischio soliti, come età avanzata, ses-
so maschile, sovrappeso e dislipidemia, una conta dei CD4+ 
nadir < 200 celle/mm3 era associata con una prevalenza 
maggiore di placche (OR aggiustato 1.79, 95% CI 1.23-2.61). 
L’uso di INSTI era suggerito come associato con risultati pa-
tologici.
Questi dati mostrano che la percentuale complessiva di le-
sioni della carotide è ancora elevata. L’ecografia color-Dop-
pler potrebbe ricoprire un ruolo chiave nell’indentificare e 
quantificare le lesioni aterosclerotiche nelle persone che vi-
vono con HIV, anche a uno stadio molto precoce, e dovreb-
be venire inclusa nell’algoritmo di gestione delle comorbidi-
tà in questi pazienti.

Abstract
Objective of this study was to evaluate the prevalence 
of carotid intima-media thickness >1.00-1.20 mm and 
plaques in a cohort of persons living with HIV and risk 
factors for these conditions.
This project was initiated in 2019 and involves eight 
Italian Centers. Carotid measurements were performed 
by a trained physician, who evaluated the following 
parameters: intima-media thickness of both the right 
and left common and internal carotids. Information was 
collected on risk factors for cardiovascular disease, CD4+ 
cell counts, serum lipids, glycaemia, and body mass index 
(BMI). The associations between pathological findings 
and potential risk factors were evaluated by logistic 
regression, with odds ratios (OR) and 95% confidence 
intervals (95% CI).
Among 1147 evaluated patients, aged 50 years on 
average, 347 (30.2%) had pathological findings (15.8% 
plaques and 14.5% IMT). Besides usual risk factors, such 
as older age, male sex, overweight and dyslipidemia, 
CD4+ cell nadir <200 cells/mL was associated with 
higher prevalence of plaques (adjusted OR 1.79, 95% CI 
1.23-2.61). INSTI use was suggested as associated with 
pathological findings.
Our data show that the overall percentage of carotid 
impairments is still high. Color-Doppler ultrasonography 
could play a pivotal role in identifying and quantifying 
atherosclerotic lesions among persons living with HIV, 
even at a very premature stage, and should be included 
in the algorithms of comorbidity management of these 
patients.
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Introduction
The natural history of HIV infection was deeply im-
pacted by the introduction of effective antiretrovi-
ral (ARV) regimens, that led to a dramatic decrease 
in its mortality rate and a considerable increase 
in the life expectancy of Persons Living with HIV 
(PLWH). However, a higher risk of developing se-
veral co-morbidities, such as cardiovascular disea-
se (CVD), id still present in these patients (1, 2). A 
well-validated research tool, widely used in clinical 
practice (3), is the measurement of the carotid in-
tima-media thickness (IMT) with color-Doppler ul-
trasonography. Besides IMT, this technique allows 
the measurement of arterial diameter, presence of 
plaques, blood flow and velocity. 
It is a non-invasive, sensitive, and highly reproduci-
ble technique aimed at identifying and quantifying 
atherosclerotic lesions, even at a very premature 
stage, besides assessing vascular anatomy and 
function. 
Considering that this technique is currently com-
mon in the Italian HIV outpatient facilities, we ge-
nerated a national cohort of color-Doppler ultraso-
nography (Archi-Prevaleat) to better evaluate the 
characteristics of vascular lesions in PLWH, based 
on a large amount of data. Archi-Prevaleat repre-
sent the continuation of PREVALEAT (PREmature 
VAscular LEsions and Antiretroviral Therapy), an 
ongoing multicenter, longitudinal cohort involving 
several Italian centers since 1998, aimed at evalua-
ting the cardiovascular (CV) risk in PLWH by means 
of color-Doppler ultrasonography (4). Over time, 
this project generated results on the association 
between lesions of the carotid vessels and type of 
ART and immune reconstitution (5-7). 
The aim of the present study is to evaluate the pre-
valence of carotid IMT and plaques, separately, and 
the role of CV risk factors in this population. We 
included classic CV risk factors as well as those re-
lated to HIV infection: immunological variables and 
antiretroviral regimens.

Methods
This project started in 2019 and involves, currently, 
eight Italian Infectious Diseases Centers in which 
the ultrasonographic examination is performed by 
specifically trained physicians. During a Continuing 
Medical Education training program organized by 
the coordinating Center (Università della Campa-
nia, Luigi Vanvitelli), they were specifically trained 

on the technique. Moreover, during annual follow 
up meetings comparison and standardization of 
the technique were performed, using images and 
filmed reports. 
The data were collected at the first exam and at 
all the subsequent follow up examinations. IMT 
of both the right and left common and internal 
carotids were recorded: ultrasonography of the 
epi-aortic vessels was performed using a power co-
lor-Doppler instrument with 7.5 MHz probes. The 
characteristics of the intima, the pulsation index, 
the resistance index, the minimal speed, the peak 
speed, and the mean speed were evaluated. A mi-
nimum of three measurements was requested: on 
the common carotid artery, 1 cm before the carotid 
bifurcation and at the carotid bifurcation, and on 
the internal carotid, 1 cm after the carotid bifurca-
tion and 2 cm after the carotid bifurcation. 
An IMT >1.0 mm was considered pathological. A 
carotid was classified as affected by plaques if a lo-
calized thickening >1.2 mm was present and did not 
uniformly involve the whole left or right common 
carotid bifurcation with or without flow disturban-
ce (8, 9). All relevant images were recorded and 
archived. 
Data regarding risk factors for CVD (family history, 
smoking, active drug addiction, alcohol consump-
tion) were collected at baseline, and re-evaluated 
every 12 months if susceptible of modification. 
Similarly, HIV viral load, CD4+ cell counts, serum 
total cholesterol, low density lipoprotein chole-
sterol (LDL-c), high density lipoprotein cholesterol 
(HDL-c), glycaemia, triglycerides, and body mass 
index (BMI) were recorded at annual controls. 
Written informed consent was obtained from each 
patient and data were anonymously collected. The 
study protocol conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki and approved 
by the coordinating center Ethics Committee on 
research on humans. 
The cohort data were recorded on an online 
platform (http: //www.archiprevaleat.com/).

Statistical methods
Categorical and ordinal variables were described 
as frequency (%) and were compared between 
groups using the heterogeneity χ2 test (or the 
Mantel-Hanszel χ2 test as appropriate). Numerical 
variables were described as mean, and standard 
deviation (SD) if normally distributed, or median, 
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Table 1. Main characteristics of 1147 HIV-positive patients included in the baseline analysis, according to the presence of plaques.

Normal IMT 1.01-1.20 Plaques
N=800, 69.8% N=166, 14.5% N=181, 15.8% P

Age (years), mean ± SD 50.0 ± 9.7 55.1 ± 9.1 58.2 ± 9.1 <0.0001
Male, n (%) 632 (79.0) 146 (88.0) 163 (90.1) <0.0001
Risk for HIV acquisition, n (%)
IDU 103 (12.9) 23 (13.9) 27 (14.9)
Sexual 513 (64.1) 89 (53.6) 109 (60.2)
Other 184 (23.0) 54 (32.5) 45 (24.9) 0.64
Smoking habits, n (%)
Never 172 (21.5) 31 (18.7) 28 (15.5)
Current 311 (38.9) 72 (43.4) 66 (36.5)
Former 153 (19.1) 40 (24.1) 45 (24.9)
Unknown 164 (20.5) 23 (13.9) 42 (23.2) 0.65
BMI (kg/m2), mean ± SD 24.6 ± 3.7 24.9 ± 3.9 25.6 ± 3.9 0.006
BMI class (kg/m2), n (%)
<18.5 22 (2.8) 2 (1.2) 4 (2.2)
18.5-25.0 411 (51.4) 81 (48.8) 73 (40.3)
>25.0-30.0 234 (29.2) 49 (29.5) 68 (37.6)
>30.0 55 (6.9) 14 (8.4) 21 (11.6) 0.001
missing 78 (9.8) 20 (12.0) 15 (8.3)
Cardiovascular diseases, n (%)
Hypertension 237 (29.6) 70 (42.2) 96 (53.0) <0.0001
Diabetes 60 (7.5) 15 (9.0) 35 (19.3) <0.0001
Ictus 8 (1.0) 2 (1.2) 5 (2.8) 0.08
Angina 3 (0.4) 0 5 (2.8) 0.003
IMA 10 (1.2) 6 (3.6) 6 (3.3) 0.02
PAD 3 (0.4) 1 (0.6) 3 (1.7) 0.06
HCV coinfection, n (%) 209 (26.1) 58 (34.9) 56 (30.9) 0.06
Systolic blood pressure (mm Hg), mean ± SD 125.2 ± 15.4 126.8 ± 15.8 130.1 ± 16.3 0.0009
Diastolic blood pressure (mm Hg), mean ± SD 79.2 ± 10.3 80.6 ± 10.8 78.8 ± 11.1 0.25
Cholesterol (mg/dL), mean ± SD 190 ± 41 187 ± 39 192 ± 41 0.57
HDL-C (mg/dL), mean ± SD 50 ± 17 46 ± 13 45 ± 19 0.004
LDL-C (mg/dL), mean ± SD 119 ± 37 119 ± 34 119 ± 36 0.99
Triglycerides (mg/dL), median (IQR) 120 (86-171) 113 (86-175) 157 (100-214) <0.0001
Blood glucose§ (mg/dL), mean ± SD 88 ± 12 89 ± 12 93 ± 17 <0.0001
AST (U/L), median (IQR) 24 (19-32) 24 (20-32) 27 (21-36) 0.02
ALT (U/L), median (IQR) 29 (22-43) 28 (22-42) 31 (23-45) 0.59
eGFR (mL/min), mean ± SD 95.9 ± 17.3 91.6 ± 17.1 91.3 ± 22.4 0.001

HIV infection duration (years), 13.9 ± 3.8 14.6 ± 2.9 14.5 ± 4.6 0.04
Nadir CD4 (cells/mL), median (IQR) 223 (127-229) 207 (100-323) 141 (90-272) 0.002
Current CD4 (cells/mL), median (IQR) 715 (522-919) 686 (486-936) 687 (498-904) 0.63
Current CD8 (cells/mL), * median (IQR) 888 (652-1190) 839 (597-1123) 895 (641-1212) 0.52
CD4/CD8 ratio, * median (IQR) 0.81 (0.54-1.16) 0.82 (0.53-1.09) 0.73 (0.46-1.15) 0.62
Naive, n (%) 17 (2.1) 0 0 0.01
NRTI, n (%)
Current use 673 (84.1) 134 (80.7) 151 (83.4) 0.60
Past use 601 (75.1) 126 (75.9) 125 (69.1) 0.14
PI, n (%)
Current use 378 (47.2) 80 (48.2) 91 (50.3) 0.46
Past use 377 (47.1) 83 (50.0) 94 (51.9) 0.21
NNRTI, n (%)
Current use 263 (32.9) 57 (34.3) 48 (26.5) 0.17
Past use 243 (30.4) 55 (33.1) 40 (22.1) 0.08
InSTI, n (%)
Current use 166 (20.8) 39 (23.5) 56 (30.9) 0.004
Past use 132 (16.5) 35 (21.1) 33 (18.2) 0.35

ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; eGFR: estimated glomerular filtration; HCV: hepatitis C virus; HDL-C: 
high density lipoprotein cholesterol; InSTI: integrase strand transferase inhibitors; LDL-C: low density lipoprotein cholesterol IQR: interquartile range; NNRTI: 
non-nucleoside reverse transcriptase inhibitor; PI: protease inhibitor; SD: standards deviation
*N=770
§ nondiabetic patients
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and interquartile range (IQR) if not normally distri-
buted. Comparisons were performed using the 
analysis of variance, the Mann-Whitney test (or the 
Kruskal-Wallis test as appropriate), respectively.
Odds ratios (ORs) and the corresponding 95% confi-
dence intervals (CI) were used to evaluate the asso-
ciation between pathological IMT and plaques, and 
patients’ characteristics and clinical variables. All 
variables that were significantly associated with pa-
thological results at the univariate analysis were con-
trolled in a model including sex and age. Variables 
still significantly associated with pathological IMT 
and plaques in this analysis were included in the fi-
nal model. To avoid losing observations, classes were 
created for missing values of selected variables.
All analyses were conducted with SAS for Windows 
9.4 (SAS Institute Inc., Cary, NC, USA).

Results
In 8 participating centers, we enrolled 1147 patien-
ts who underwent color-Doppler ultrasonography 
(82% males, mean age 52.1, SD 10.0 years). Preva-
lence of pathological IMT and plaques at the left 
carotid were 12.1% (n=139) and 12.5% (n=143) re-
spectively, and at the right carotid 11.2% (n=129) 
and 10.1% (n=116) respectively. Overall, 14.5% 
(n=166) had only pathological IMT (right, left or 
both), and 15.8% (n=181) of patients had plaques 
(right, left or both) (Figure 1). The overall percen-
tage of patients with carotid impairments (patholo-
gical IMT or plaques either in the right or left caro-
tid) was 30.2% (n=347) while the remaining 69.8% 
(n=800) were normal. 
Demographic and metabolic data, data regarding 
HIV infection and cardio-cerebral-vascular comor-
bidities according to pathological findings are sum-
marized in Table 1. 
We observed that, regarding demographics, ca-
rotid impairments were significantly related to 
age (p<0.0001), male sex (p<0.0001), and BMI 
(p=0.006 as a continuous variable and 0.04 in ca-

tegories). Regarding comorbidities, individuals with 
pathological findings had more frequently hyper-
tension (p<0.0001) and diabetes (p<0.0001), an-
gina (p=0.003) and previous myocardial infarction 
(p=0.02). Systolic blood pressure was also signifi-
cantly different among groups (p=0.0009), as well 
as HDL-C (p=0.0004), triglycerides (p<0.0001), blo-
od glucose (p<0.0001), and eGFR (p=0.001). Hepa-
titis C virus (HCV) coinfection showed a borderline 
association (p=0.06).
Considering variables related to HIV infection, the-
re was a significant relationship between the pre-
sence of IMT or plaques and HIV infection duration 
(p=0.04), CD4+ cell nadir (p=0.002) and current 
use of integrase inhibitors (p=0.004). Exploring de-
tails of current antiretroviral treatments, we found 
that the current use of raltegravir is significantly 
associated with pathological findings (p=0.0002, 
Table 2). On the contrary, all naïve patients had 
normal findings (p=0.01), although the sample had 
a very small size (17 patients).
Table 3 reported the sex- and age-adjusted ORs 
(aOR), with corresponding 95% CI). 
As regards IMT, it was associated with age, adjusted 
for sex (OR by 1 year 1.06, 95% CI 1.04-1.07) and 
sex, adjusted for age (OR for female 0.58, 95% CI 
0.35-0.96). HCV coinfection (OR 1.56, 95% CI 1.08-
2.26) and current raltegravir use (OR 1.70, 95% CI 
1.01-2.84) were significantly associated with incre-
ased risk of IMT between >1.00 and 1.20 mm.
As regards plaques, mutually adjusted ORs were 
significant for age (1.09, 95% CI 1.07-1.11) and 
sex (0.48, 95% CI 0.28-0.82). Higher BMI was asso-
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Figure 1. Pathological findings at left and right carotids

Table 2. Details of ARV treatment in 1147 HIV-positive patients included in the baseline 
analysis, according to the presence of plaques.

Normal IMT 1.01-1.20 Plaques P

N=800, 69.8% N=166, 14.5% N=181, 15.8%

Current NRTI, n (%)

Tenofovir 380 (47.5) 79 (47.6) 80 (44.2) 0.47

Abacavir 198 (24.7) 34 (20.5) 48 (26.5) 0.92

Lamivudine 294 (36.8) 55 (33.1) 71 (39.2) 0.76

Current PI, n (%)

Atazanavir 175 (21.9) 35 (21.1) 42 (23.2) 0.78

Darunavir 169 (21.1) 41 (24.7) 38 (21.0) 0.79

Current NNRTI, n (%)

Efavirenz 103 (12.9) 20 (12.0) 21 (11.6) 0.61

Current InSTI, n (%)

Raltegravir 65 (8.1) 24 (14.5) 30 (16.6) 0.0002

Dolutegravir 72 (9.0) 11 (6.6) 19 (10.5) 0.78

Elvitegravir 29 (3.6) 4 (2.4) 7 (3.9) 0.92
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Table 3. Age- and sex-adjusted odds ratios (OR) and 95% confidence interval (95% CI).

IMT 1.01-1.20
n=166

Plaques
N=181

OR 95% CI OR 95% CI
Age (by 1 year) 1.06 1.04 1.07 1.09 1.07 1.11
Female (ref. Male) 0.58 0.35 0.96 0.48 0.28 0.82
Smoking habits (ref. Never)
Current 1.23 0.72 2.09 1.57 0.94 2.62
Former 1.31 0.82 2.10 1.57 0.90 2.74
BMI (by 1 kg/m2) 1.02 0.97 1.07 1.07 1.02 1.12
BMI class (ref. 18.6-25.0 kg/m2)
<18.5 0.46 0.10 2.04 0.94 0.29 3.07
>25.0-30.0 1.02 0.68 1.52 1.63 1.10 2.41
>30.0 1.28 0.69 2.47 2.08 1.14 3.82
Hypertension 1.28 0.89 1.84 1.61 1.12 2.31
Diabetes 0.85 0.46 1.56 1.70 1.04 2.77
Angina n.d. 3.50 0.73 16.54
IMA 2.16 0.75 6.18 1.74 0.50 5.09
HCV coinfection (ref. N) 1.56 1.08 2.26 1.32 0.91 1.93
HDL-C (ref. ≥40 (M) ≥50 (F) mg/dL) 1.27 0.86 1.88 2.11 1.44 3.10
Triglycerides (ref. <150 mg/dL) 0.98 0.68 1.42 2.17 1.51 3.19
Blood glucose (ref. <100 mg/dL) 0.69 0.40 1.18 0.83 0.49 1.41
Systolic blood pressure (by 5 mm Hg) 0.99 0.94 1.05 1.03 0.98 1.09
AST (by 2 U/L) 0.99 0.98 1.01 1.00 0.99 1.02
eGFR 0.99 0.94 1.06 1.05 1.00 1.11
HIV infection (by 5 years) 1.08 0.82 1.44 0.96 0.75 1.24
Nadir CD4 (ref. ≥ 200 cells/mm3) 1.23 0.87 1.74 1.99 1.40 2.84
Past NNRTI (ref. N) 1.05 0.73 1.51 0.59 0.40 0.89
Current INSTI use (ref. N) 1.16 0.77 1.74 1.68 1.15 2.47
Current raltegravir use (ref. N) 1.70 1.01 2.84 1.83 1.11 3.02
Bold: p<0.05

Table 4. Adjusted odds ratios (OR) and 95% confidence interval (95% CI)

IMT 1.01-1.20
n=166

Plaques
N=181

OR 95% CI OR 95% CI
Age (by year) 1.06 1.03 1.08 1.09 1.07 1.11
Female (ref. Male) 0.55 0.32 0.93 0.55 0.31 0.97
BMI (ref. 18.6-25.0 kg/m2)
≤18.5 0.47 0.10 2.14 1.13 0.34 3.74
>25.0-30.0 1.01 0.67 1.52 1.60 1.06 2.44
>30.0 1.31 0.67 2.57 1.84 0.98 3.47
Hypertension 1.23 0.84 1.81 1.32 0.89 1.94
Diabetes 0.72 0.38 1.37 1.26 0.73 2.17
HCV coinfection (ref. N) 1.42 0.97 2.07 1.26 0.84 1.89
HDL-C (ref. ≥40 (M) ≥50 (F) mg/dL) 1.19 0.79 1.80 1.76 1.16 2.67
Triglycerides (ref. <150 mg/dL) 0.92 0.62 1.36 1.65 1.11 2.45
Nadir CD4 (ref. ≥ 200 cells/mm3) 1.20 0.84 1.70 1.79 1.23 2.61
Past NNRTI (ref. N) 1.10 0.76 1.60 0.67 0.44 1.04
Current INSTI use 1.15 0.75 1.75 1.49 0.99 2.25
Current raltegravir use (ref. N) 1.62 0.96 2.76 1.56 0.90 2.69
All variables significantly associated with pathological IMT or Plaques at the age- and sex-adjusted analysis were included in the model. Bold: p<0.05



15

original article

71

ciated with plaques both as a continuous variable 
(aOR 1.07 by 1 unit, 95% CI 1.02-1.12) and in ca-
tegories (aOR 1.63, 95% CI 1.10-2.41 for BMI 25-
30 and aOR 2.08, 95% CI 1.14-3.82 for BMI >30). 
Hypertension (aOR 1.61, 95% CI 1.12-2.31), diabe-
tes (aOR 1.70, 95% CI 1.04-2.77), low HDL-C (aOR 
2.11, 95% CI 1.44-3.10) and TGL>150 mg/dL (aOR 
2.17, 95% CI 1.51-3.19) were also significantly as-
sociated with plaques.
Considering HIV infection related variables, having 
a nadir CD4 <200 cells/mm3 was associated with 
higher risk of plaques (aOR 1.99, 95% CI 1.40-2.84), 
past use of NNRTIs (aOR 0.59, 95% CI 0.40-0.89) 
and current use of raltegravir (aOR 1.83, 95% CI 
1.11-3.02).
Thus, the final model included age, sex, BMI, hyper-
tension, diabetes, HCV coinfection, HDL-C, triglyce-
rides, nadir CD4, past NNRTI and, in turn, current 
INSTI and raltegravir use. In this model, age, sex, 
HDL-C, TGL and nadir CD4 maintained their asso-
ciation with a pathological IMT (Table 4). Current 
INSTI use was still indicating an increased risk but 
lost statistical significance.

Discussion
Previous studies showed that HIV-infected indi-
viduals are at higher risk of CVD than the general 
population (1-2). In HIV patients, since chronic 
inflammatory processes are activated, and athe-
rosclerosis accelerates (7, 10, 11), cardiovascular 
disease is one of the most common non-AIDS even-
ts, with overall increased morbidity and mortality. 
Although the mechanisms involved remain elusive, 
proinflammatory cytokines (7), pro-angiogenic he-
matopoietic and endothelial progenitor cells (10), 
circulating CD40 ligand, and Dickkopf-1 (11) could 
be involved, suggesting that endothelial activation 
due to the chronic inflammation might be the key-
stone of this phenomenon.
Carotid IMT and presence of plaque have been 
shown to predict cardiovascular events in large 
studies (12, 13). In the clinical practice, evaluation 
of the carotid artery by ultrasonography is a very 
useful, simple, and safe method to indirectly detect 
and prevent CVD. In asymptomatic patients, caro-
tid IMT and plaque assessment were more likely 
to revise Framingham Risk Score (FRS) than Coro-
nary Artery Calcium score (14), with implications 
for CVD screening in patients with low FRS (<10%). 
Common carotid blood flow (CBF) velocity was also 

independently predictive of CVD, using color du-
plex ultrasound and Doppler spectral analysis (15). 
In preventive medicine, IMT measurement is espe-
cially important for subjects with an intermediate 
CV risk, i.e., for subjects with a 10-year risk of CV 
disease between 6% and 20%. (16). 
Our data shows that the overall percentage of 
PLWH with carotid impairments, either IMT 
(14.5%) or plaques (15.8%), was still high. In fact, 
despite newer antiretroviral therapies have a lower 
impact on metabolism, leads to a better quality of 
life among PLWH, and increase their life expectan-
cy, the proportion of subjects with carotid impair-
ment did not show substantial decrease in the last 
decades, as compared with previous observations. 
We observed that 35.2% of patients had carotid le-
sions in 2000 (4) and 31.7% in 2004 (5). In 2017, in 
a prospective study on advanced naïve subjects, ca-
rotid lesions were observed in 38.7% of the patien-
ts, after one year of antiretroviral therapy (7). In all 
these studies, patients treated with some protease 
inhibitors showed a significantly higher percentage 
of lesions, consistent with data deriving from D: A: 
D cohort (17). 
On the contrary, the present study suggests that 
carotid impairment was only related to current 
use of raltegravir. By analyzing separately IMT and 
plaques, the role of the current use of raltegravir 
emerged for both, although not significantly in the 
final model. This is consistent with recent eviden-
ce showing that integrase inhibitors can determine 
weight gain in PLWH (18, 19). Moreover, another 
study (20) described increase in waist circumfe-
rence in patients on raltegravir, and a correlation 
between short-term weight gain and subsequent 
risk of cardiovascular disease has been evidenced 
in the D: A: D: cohort (21). It is possible that we 
only observed this correlation for raltegravir becau-
se the sample size of patients on elvitegravir or do-
lutegravir in our cohort is smaller, and dolutegravir 
approval is more recent than raltegravir. However, 
no suggestion of a correlation emerged from our 
analysis for INSTI other than raltegravir. 
On our subjects, past use of NNRTI seemed asso-
ciated with a lower risk of plaques. This finding was 
consistent with a body of evidence confirming the 
CV safety of this class of antiretrovirals (22-24).
It can be hypothesized that in PLWH the increased 
CV risk was due to the HIV-related inflammation, 
whereas the vascular damage is currently sustained 
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by the increase of the average age, and by the hi-
gher incidence of age-related comorbidities, despi-
te the advent of new antiretrovirals, more effective 
in controlling the infection and the consequent 
inflammation, and with a lower metabolic impact. 
In the present study, traditional risk factors, such 
as older age, male sex, overweight, hypertension, 
high systolic blood pressure, high blood gluco-
se, diabetes, previous myocardial infarction, low 
HDL-cholesterol, and high triglycerides, played a 
central role in carotid impairments. Variables rela-
ted to HIV infection, such as HIV infection duration 
and CD4+ cell nadir, still exerted a role. On the con-
trary, we did not observe any role of CDC classifica-
tion and CD4+ cell count, that were significantly re-
lated to epi-aortic impairments in previous studies 
(4,5). In the present study, no naïve patient had 
pathological measurements, although the number 
of such patients was very low. 
By analyzing separately IMT and plaques, we found 
that both were significantly related to male sex and 
age, while HCV infection was associated only with 
IMT. BMI, hypertension, diabetes, HDL-c, triglyceri-

des, CD4+ cell nadir were only related to plaques. 
As expected, plaques provided us more informa-
tion regarding the determinants of vascular dama-
ge, with respect to IMT that remains, nonetheless, 
a sensitive marker of an initial endothelial injury.
The main strengths of the present study are the 
large number of patients involved, and the fact 
that the cohort involves centers from all the na-
tional territory. The major limitation is that it is a 
cross-sectional analysis of baseline data, so we can 
observe association but not infer any causality.
In conclusion, in our experience, among PLWH, 
color-Doppler ultrasonography could play a pivo-
tal role in identifying and quantifying atheroscle-
rotic lesions, even at a very premature stage, and 
should be included in the algorithms of comorbi-
dity management of these patients. A registry of 
echoic images from all the national territory repre-
sents an important source of data, allowing us to 
track the CV risk of PLWH, to evaluate if the role 
of risk factors, both traditional and related to HIV 
infection, modifies over time, to assess the impact 
of different antiretroviral regimens on CV risk. 
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