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Purpose: People living with HIV are twice as likely to develop cardiovascular diseases (CVDs) and myocardial infarction related to
atherosclerosis than the uninfected population. This study aimed to evaluate the prevalence of subclinical atherosclerosis in a young,
mid-eastern European population of PLWH receiving ART for undetectable viremia.

Patients and Methods: This was a single-centre study. We included 34 patients below 50 years old, treated in Szczecin, Poland, with
confirmed HIV-1 infection, treated with antiretroviral therapy (ART), and undetectable viremia. All patients underwent coronary artery
computed tomography (CACT), carotid artery intima-media thickness (IMT) evaluation, and echocardiography.

Results: In the primary assessment, only two (5.8%) patients had an increased CVD risk calculated using the Framingham Risk Score
(FRS), but we identified coronary or carotid plaques in 26.5% of the patients. Neither traditional risk factors nor those associated with
HIV significantly influenced the presence of the plaque. IMT was significantly positively correlated with age and the FRS (R=0.38,
p=0.04). Relative wall thickness assessed in echocardiography was higher in those with plaque (0.49 vs 0.44, p=0.04) and significantly
correlated with IMT (R=0.38, p=0.04).

Conclusion: In our population, more than a quarter of PLWH with undetectable viremia had subclinical atherosclerosis in either the
coronary or carotid arteries. The FRS underpredicted atherosclerosis in this population. The role of RWT as a possible early marker of
atherosclerosis needs further studies.
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Introduction

Modern antiretroviral treatment (ART) for human immunodeficiency virus (HIV) infection has changed the long-term
prognosis of people living with HIV (PLWH). There has been a significant decrease in the mortality rate of patients living
with HIV, as well as a decrease in the incidence of AIDS-defying illnesses. A significant improvement is also observed in
both the life expectancy of patients and their quality of life, including significantly fewer HIV-related both cardiovascular
and neurodegenerative diseases. Nevertheless, PLWH are more likely to develop cardiovascular diseases (CVDs) than the
uninfected population with incidence of cardiovascular disease being 61.8 (95% CI, 45.8-83.4), in comparison with non-
HIV population where hazard ratio was 2.16 (95% CI, 1.68-2.77) per 10000 person-years.' There is also higher risk of
myocardial infarction related to atherosclerosis in PLWH with hazard ratio (HR) of 2.57 (95% CI, 2.30-2.86) per
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1000 person-years, with comparison to non-HIV population with HR of 1.30 (95% CI, 1.09-1.56) per 1000 person-
years.” The global burden of HIV-associated CVDs has tripled over the past two decades.'

The mechanism underlying atherosclerosis is multifactorial and includes inflammation caused by HIV infection or
residual viremia (persisting despite ART), high prevalence of traditional CVD risk factors, unfavorable effects of ART on
the metabolic profile, endothelial dysfunction, and increased pro-thrombotic activity.® CVDs were the fourth leading
cause of death in the French HIV-infected population, following non-acquired immunodeficiency syndrome (AIDS),
nonviral hepatitis-related malignancies, non-AIDS infections, and AIDS.* The importance of cardiovascular diseases in
the risk of death in patients living with HIV was also confirmed in multicenter cohorts: EUROSIDA and D:A:D.’

The prevalence of subclinical atherosclerosis is high, ranging from 12% to 70.3%.%"'° However, some studies showed
the incidence comparable to that in matched uninfected controls.*' HIV infection may be associated with more

1911 and more rapid progression of atherosclerosis.'> Moreover, it seems that the HIV

prevalent uncalcified plaques
infection itself plays the leading role in atherosclerosis development since increased atherosclerosis can occur in so-
called HIV controllers, that is, untreated PLWH with undetectable viremia.'?

Subclinical atherosclerosis in younger PLWH (precisely age <50 years) with or without other cardiovascular risk
factors has not been excessively examined. This study aimed to evaluate the prevalence of subclinical atherosclerosis in

a young, mid-eastern European population of PLWH receiving ART for undetectable viremia.

Material and Methods
Study Population

We conducted a single-center study of patients treated at the local Department of Infectious and Tropical Diseases and
Immune Deficiencies. We invited volunteers to participate in a comprehensive cardiovascular risk assessment using
coronary artery computed tomography (CACT), carotid artery ultrasonography, and echocardiography.

Table 1 shows the inclusion and exclusion criteria. Baseline CD4 " count data were retrospectively obtained from the
records. Data regarding the actual viral load, CD4" count, comorbidities, total cholesterol (TC) and high density
cholesterol (HDL) concentrations, treatment, and informed consent were collected during routine follow-up visits.
BMI was calculated with standard equation and reported in kg/m”. Framingham Risk Score (FRS) was calculated on-
line using following variables: age, gender, smoking status, TC and HDL cholesterol concentrations, systolic BP or
hypertension treatment.

In this study, we focused on subclinical atherosclerosis diagnosed using CACT, particularly the calcium score
(coronary artery calcification [CAC]), carotid intima-media thickness (IMT), and the presence of atherosclerotic plaque

Table | The Inclusion and Exclusion Criteria Used in the Study

Inclusion criteria

Age 35-50 years

Confirmed infection with HIV-1 (molecular method or Western blotting test)

Treatment with antiretroviral therapy

Undetectable HIV-1 viral load (defined as serum HIV-RNA levels <50 copies/mL) for at least 6 months before study enrollment

Exclusion criteria

Prior diagnosis of ischemic heart disease confirmed by coronary angiography

Type 2 diabetes mellitus

Ineffective antiretroviral therapy (HIV-1 viral load >50 copies/mL)

Low adherence to antiretroviral therapy (<80% in the last year before enroliment in the study based on the number of packs dispensed)

Abbreviation:HIV-1, Human Immunodeficiency Virus type I.
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in the carotid arteries. We also investigated the relationship between subclinical atherosclerosis and echocardiographic
abnormalities.

The study protocol was approved by the local bioethics committee (KB-006/28/2022, 18 May 2022). The study
received funding from the “Regional Initiative of Excellence” during 2019-2022, project number 002/RID/2018/19.

Coronary Artery Computed Tomography

Coronary artery computed tomography was performed by a 128-slice multidimensional computed tomography scanner
Siemens Somatom Edge Plus (Siemens AG, Erlangen, Germany), using non-contrast and contrast retrospective electro-
cardiography-gated acquisition. The acquisition was made using coronary presets with a slice thickness of 0.6 mm.
A single radiologist well trained in CTA analyzed scans of left main coronary artery, left anterior descending artery, left
circumflex coronary artery, right coronary artery, and posterior descending artery on Syngo. via software in CT Cardiac
application (Siemens AG, Erlangen, Germany). Stenosis severity was reported using Coronary Artery Disease —
Reporting and Data System 2.0 (CAD-RADS) categories (score from 0 to 5).

Intima Media Thickness (IMT)

Carotid artery ultrasonography was performed using a linear probe with Philips Epiq 7C (software version 3.0.3; Philips
Ultrasound Inc., Bothell, WA, USA). All sub-cranial segments of the common carotid artery, bulb, internal, and external
carotid arteries were visualized whenever possible. IMT, defined as the distance between the leading edge of the first
and second echogenic lines of the far wall of the common carotid artery (CCA), was measured in B-mode imaging>1 cm
below the bulb in the CCA using automatic software on both sides, and the mean value was calculated. The IMT
measurement was performed in plaque-free segments. Blood flow was evaluated using color and pulse-wave Doppler in
all visible segments of the carotid artery. Plaque was defined as increase in IMT by >1.5 mm in any segment of the
carotid artery. All examinations were performed by the same examiner.

Echocardiography

All the patients underwent transthoracic echocardiography, performed by two echocardiographers using Philips Epiq 7C
and GE Vivid E95 (software version 202; GE Vingmed Ultrasound AS, Horten, Norway). Standard echocardiographic
measurements were obtained in two dimensions and with Doppler to assess cardiac muscle size, function, and valve
sufficiency. The analysis of echocardiography findings and the exact methodology have been described elsewhere.'*

Statistical Analyses

Statistical analyses were performed using Statistica 13 (StatSoft, Inc., Tulsa, OK, USA). Quantitative data are presented
as means with standard deviations or medians with interquartile ranges, depending on the distribution, and were
compared using Student’s t-test or Mann—Whitney U-test. Qualitative data were compared using the chi-squared test
with Fisher’s correction. Logistic regression was used to determine the odds ratios. The Spearman correlation coefficient
was used to determine the correlation between two quantitative variables. Statistical significance was set at p<0.05.
Graphs were created using Microsoft Excel (version 16.48).

Results
Study Population

Table 2 presents the demographic and clinical characteristics of the analytic sample of the study, which consists of 34
patients living with HIV. The mean age was 41.2 years and the mean BMI was 25.65 (+4.1) kg/m®. The table also shows
the results of other variables that are related to cardiovascular risk, such as smoking, blood pressure, TC, HDL, and
variables related to HIV infection history and actual status, such as baseline CD4" count, actual CD4" count, cellular
reconstruction and time from diagnosis (Table 2). We evaluated the baseline cardiovascular risk using the Framingham
Risk Score (FRS). According to the FRS, only one patient had a medium risk (10-20%), and one had a high risk (>20%).

CT scans were available for 33 participants (one reported echocardiography and CA ultrasonography but not CACT);
six participants did not undergo CA ultrasonography. Seven (21%) participants had CAC>0 (range, 0.1-85.3), five
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Table 2 Demographics and Cardiovascular Risk Factors of the Study

Population

Characteristic

Mean (£SD)/ Median

(IQR)/ N (%)

Number of patients

34

Sex (%men)

29 (85.3%)

Age (years) 41.2 (£.595)
Weight (kg) 78.3 (£12.99)
Height (m) 1.75 (20.07)
BMI (kg/m?) 25.65 (14.1)
Smoking 12 (35.3%)
Current antihypertensive therapy 4 (11.8%)
Systolic blood pressure (mmHg) 135 (£11.4)

Framingham Risk Score (%)

3.68 (2.43-6.44)

Low risk (<10%) 32 (94.1)
Medium risk (10-<20%) 1 (2.9)
High risk (>20%) 1 (29)

Total cholesterol (mg/dl)

176.82 (£36.01)

High-density cholesterol (mg/dl)

46.15 (39.9-64.1)

Non-high-density cholesterol (mg/dl) 126.5 (£36.9)
Baseline CD4" count (cells/pL) 406 (191-590)
Actual CD4" count (cells/uL) 712 (¥291.21)
Cellular reconstruction > 500 cells/uL 21 (61.8%)
Cellular reconstruction > 800 cells/uL 11 (32.4%)
Time from diagnosis (months) 135 (£86.9)

Abbreviations: SD, standard deviation; IQR, interquartile range; N, number of patients; BMI,
body mass index.

(17.8%) participants had a CA plaque, and two participants had both. None of the participants with an elevated FRS had
visible plaques on CACT or CA USG (Figure 1).

Plaque Presence
Six (18.2%) participants had a Coronary Artery Disease-Reporting and Data System (CAD-RAD) score of 1 (minimal
stenosis or plaques with no stenosis), and two had a CAD-RAD score of 2 (mild stenosis). In two participants, narrowing
of the coronary artery (up to 20 and 50%) was caused by cardiac muscle bridging without plaque (one participant with
a CAD-RAD score of 2 and one with a CAD-RAD score of 1). The most severe was narrowing of the proximal left
anterior descending artery by up to 40-50% (CAC, 85.5). In the plaque analysis we included 28 patients with the results
of both examinations.

Nine (32.1) patients had plaques in the arteries (both coronary and/or carotid arteries). Table 3 shows a comparison
between patients with and without plaques. We compared the demographics and cardiac risk factors between both groups
(with and without plaques) and did not find any significant differences.
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® CT scan unavailable
® CAC>0
FRS<10%
FRS 10-20%
FRS>20%

Carotid artery USG unavailable
Carotid artery plaque
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Figure | The study population with marked baseline calculated cardiovascular risk in terms of the Framingham Risk Score (FRS), coronary artery calcium score (CAC)>0,
plaques in carotid artery ultrasonography, and unavailable data.

The univariate logistic regression showed that neither traditional risk factors nor those associated with HIV
significantly influenced the presence of the plaque (Figure 2).

Intima Media Thickness
There was no difference in IMT between participants with and without plaques. We analyzed the correlation of the IMT with
traditional and HIV-related risk factors. IMT was significantly positively correlated only with age and the FRS (Table 4).

Echocardiography
Echocardiography was performed to assess the size and function of the cardiac muscle, focusing on left ventricular
hypertrophy, remodeling, and diastolic function. We have already reported that most participants had concentric

Table 3 The Comparison of Variables Between Patients with and without Plaques in Arteries

Characteristic Plaque N=9 Mean (£SD)/ No plaque N=19 Mean (¥SD)/ P
Median (IQR)/ N (%) Median (IQR)/ N (%)

Number of patients (N, %) 9 (32.1) 23 (67.9)

Sex (%men) 9 (100) 15 (78.9) 0.273
Age (years) 43.3 (£5.1) 41.7 (£5.6) 0.478
Weight (kg) 77 (76-86) 73 (67-80) 0.073
Height (m) 1.77 (1.74-1.78) 1.75 (1.68-1.80) 0.806
BMI (kg/m?) 27.3 (£5.8) 24.5 (£3.1) 0.098
Smoking (N,%) 4 (44.4) 7 (36.8) |
Current antihypertensive therapy (N,%) I (IL.T) 3 (15.8) |

(Continued)
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Table 3 (Continued).

Characteristic Plaque N=9 Mean (xSD)/ No plaque N=19 Mean (xSD)/ P
Median (IQR)/ N (%) Median (IQR)/ N (%)

Lipid-lowering drugs (N,%) 4 (44.4) 2 (10.5) 0.064

Systolic blood pressure (mmHg) 133 (£12.1) 136 (£12.6) 0.575

Framingham Risk Score (%) 6 (3-7) 4 (2-6) 0.768

Total cholesterol (mg/dl) 167.22 (£30.09) 176.84 (+£35.99) 0.526

High-density-cholesterol (mg/dl) 49.04 (x11.18) 52.14 (£20.17) 0.673

Baseline CD4" count (cells/uL) 338 (160-557) 395 (191-578) 0.794

Actual CD4" count (cells/uL) 764.4 (£234) 635.6 (£298) 0.332

Cellular reconstruction>500 cells/pL (N, %) 6 (85.7) 10 (71.4) 0.624

Cellular reconstruction>800 cells/uL (N,%) 4 (57.1) 4 (28.6) 0.346

IMT (mm) 0.62 (£0.12) 0.57 (£0.10) (0.49-0.61) 0.273

Antiretroviral treatment (N,%)Pls

Pls 0 2 (14.3)

INSTIs 3 (42.9) 4 (28.6)

NNRTIs 4 (57.1) 8 (57.1)

Time from diagnosis (months) 105.9 (+43.6) 160.1 (x100.1) 0.158

Abbreviations: SD, standard deviation; IQR, interquartile range; N, number of patients; BMI, body mass index; IMT, intima media thickness; Pls, protease inhibitors;
INSTIs, integrase strand transfer inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors.

remodeling (based on relative wall thickness [RWT] measurements); none had diastolic dysfunction, but one-fifth had
left atrium enlargement, which was significantly associated with worse immune reconstruction (data published
elsewhere).'* We analyzed the correlation of echocardiographic results with the presence of IMTs and plaques.
Increased RWT was associated with the presence of plaque and significantly correlated with IMT (Table 5).

Discussion
In this study, we analyzed the cardiovascular risk in young PLWH. In the primary assessment, only two (5.8%) patients
had an increased CVD risk calculated using the FRS, but we identified coronary or carotid plaques in 26.5% of the
patients. Notably, those with an elevated FRS had no plaques. We were unable to identify the significant factors
associated with plaque formation. IMT was significantly correlated with age and the FRS. The echocardiographic
parameter RWT, which describes left ventricle remodeling, was associated with both the presence of plaque and IMT.
A healthy lifestyle should be advised to all individuals as part of cardiovascular prevention. To identify individuals
with greater CVD risk and therefore implement more intensive prophylactics or treatment strategies, including lipid or
hypertension management, the American Heart Association and European Society of Cardiology (ESC) recommends
using validated risk scores.'>'® According to the 2021 ECS CVD prevention guidelines,'® Poland is considered a country
with a high CVD risk, and the use of the SCORE2 chart is recommended. The SCORE2 scale has been validated for
individuals aged > 40 years and age is a leading risk modifier. The FRS can be used in younger populations (30+). The
FRS considers age, sex, total cholesterol and high-density cholesterol levels, smoking, systolic blood pressure, and
antihypertensive therapy and estimates the 10-year risk of cardiovascular events.'” Other calculators can be used to
assess cardiovascular risk in a cohort of patients living with HIV. For example, the REPRIEVE cohort evaluating the
effectiveness of pitavastatin in preventing cardiovascular risk used the American Heart Association and American
College of Cardiology 2013 Pooled Cohort Equation risk calculator.'®'? Some cohorts, such as D:A:D or
EUROSIDA, use other risk calculators, such as Framingham risk score, or create their own.”® Results of a recent
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Factors

Age>40 years

CD4+ baseline

Cellular recontruction to 500 cells/ul

Cellular recontruction to 500 cells/ul

SBP>140 mmHg

Total cholesterol >200 mg/dl

High density cholesterol <40 mg/dl

Smoking

0,04 02 1 5 25
Odds Ratio

Figure 2 The influence of traditional and human immunodeficiency virus-related risk factors on the presence of plaque. Univariate logistic regression. Odds ratio with 95%
confidence interval.

systematic review and meta-analysis comparing the outcomes of the general population and HIV-specific CVD risk
models tended to underpredict the risk with general risk scores. However, the FRS had the highest discrimination
performance.?! Approximately 20% of patients with FRS>10% have no detectable calcifications in CACT, and almost
20% of those with low risk (FRS<10%) have CAC>0.?* In our study group, the FRS and CAC>0 did not match at all.

Table 4 Correlation Between Carotid Intima-Media Thickness and Traditional
and Human Immunodeficiency Virus-Related Risk Factors

Factor Spearman P
Correlation Coefficient (rs)
Age (years) 0.54 0.002
Sex 0.15 0.421
BMI (kg/m?) 0.32 0.087
Baseline CD4" count (cells/ulL) 0.19 0.407
Actual CD4" count (cells/uL) -0.01 0.962
Cellular reconstruction>500 cells/pL 0.08 0.733
Cellular reconstruction>800 cells/uL —-0.07 0.747
Systolic blood pressure (mmHg) —-0.03 0.987
Current antihypertensive therapy 0.12 0.537
(Continued)
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Table 4 (Continued).

Factor Spearman P
Correlation Coefficient (rs)

Total cholesterol (mg/dl) -0.03 0.858

High-density-cholesterol (mg/dl) -0.19 0.328

Non-high-density cholesterol (mg/dl) 0.04 0.847

Smoking 0.02 0913

Framingham Risk Score 0.38 0.041

Abbreviation: BMI, body mass index.

Table 5 The Association Between Echocardiographic Parameters of Diastolic Function and

Remodeling
Echocardiographic Parameter Plaque Mean (¥SD)/ | No plaque Mean (¥SD)/ | P
Median (IQR)/ N (%) Median (IQR)/ N (%)

LAVIZ34 cm®/m? 3(33.3) 4.(19.1) 0.651
LAVI (cm*/m?) 28.2 (£7.5) 26.8 (£7.9) 0.651
Concentric remodeling (yes, N (%)) 9 (100) 12 (63 0.2) 0.062
RWT 0.49 (+0.06) 0.44 (+0.06) 0.028
Ele’ 6.5 (£ 1.04) 6.5 (£0.97) 0.968
LVMI (g/m?) 86.4 (x13.4) 91.0 (£15.8) 0.463
Echocardiographic parameter Spearman correlation coefficient (r;) with IMT | P
RWT 0.38 0.04
LVMI (g/m?) -0.27 0.17
LAVI (cm*/m?) 0.04 0.83
Ele’ 0.17 0.38

Abbreviations: SD, standard deviation; IQR, interquartile range; N, number of patients; BMI, body mass index; LAVI, left atrial
volume index; RWT, relative wall thickness; LVMI, left ventricle mass index; IMT, intima media thickness; E/e’, the ratio of early
mitral inflow velocity and mitral annular velocity in tissue Doppler imaging.

The prevalence of subclinical atherosclerosis measured using CACT in PLWH depends on the population ethnicity
and inclusion criteria. It is lower in patients with a lower burden of traditional risk factors. For example, a study
comparing the prevalence of CAC>0 in Uganda and the USA reported a significantly lower prevalence of atherosclerosis
in Uganda than in the USA (12% vs 47%).'? In an Asian population, CAC>0 was found in 50% of patients,’ similar to
that in the Danish population of PLWH without viral replication in which almost half had angiographically verified
atherosclerosis.”® In a Canadian study, the plaques were present in 70.3% of CACTs, with a higher incidence of
uncalcified plaques in the HIV+ population.'” In our population, 21% of the patients had CAC>0, which is
a significantly lower incidence than that previously reported, but our population was restricted to young patients with
or without few other CVD risk factors.

Several HIV-related factors are associated with plaques in CACT: nadir CD4" count, soluble intercellular adhesion
molecules, soluble CD163, oxidized low-density lipoprotein levels,® and CD4/CD8 ratio <0.7.8 However, results of
studies on the role of ART in plaque formation differ. Treatment with protease inhibitors may be associated with a higher
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volume of plaque,'® but the duration and type of antiretroviral therapy do not influence the prevalence of
atherosclerosis.”**> Traditional risk factors play a dominant role in CVD risk. The factors considered in FRS and
associated with atherosclerosis are age, smoking, and hypercholesterolemia.®** In our cohort none of them met statistical
significance.

The rapid progression of atherosclerotic plaques may also increase the risk of CVD. In a longitudinal study from
Switzerland, the FRS was associated with the progression of subclinical atherosclerosis; however, HIV infection itself
was not.?® Suboptimal HIV infection suppression may mediate more rapid artery stenosis progression.'? Age, low-density
lipoprotein cholesterol level, visceral abdominal fat, and current T-helper cell count were significantly associated with
absolute CAC progression.?” The risk of disease progression and subclinical coronary stenosis also increases in long-term
cocaine users.”®*’

Ultrasonography of carotid arteries is a less invasive and easily accessible diagnostic test for detecting atherosclerosis.
The incidence rate of plaques in the carotid arteries in PLWH ranges from 15 to 83%.%%* In our study, two out of five
patients with plaques present in the carotid artery also had CAC>0, but the median IMT did not differ between patients
with and without plaques. In a meta-analysis of studies on this topic, HIV-positive patients demonstrated significantly
elevated IMT, which was higher in patients receiving ART than in ART-naive patients, suggesting a role for ART in the
thickening of CIMT.*" In another study, the current use of raltegravir was associated with a higher prevalence of
pathological findings in the carotid artery, in addition to traditional (age, sex, dyslipidemia) and HIV-related (nadir CD4"
count<200 cells/p) risk factors.” From traditional risk factors, age, Black race, body mass index, type 2 diabetes, and
smoking (pack-years) were positively associated with higher IMT, but only age and prior myocardial infarction were
positively associated with the presence of a carotid plaque in PLWH.*°

There are little data connecting atherosclerosis to echocardiographic results, although the mechanism underlying
myocardial injury seems similar to that of atherosclerotic plaque formation and includes inflammation, microvascular
dysfunction, and endothelial injury.** In a study by Athanasiadi et al, early left ventricular systolic dysfunction, defined
as a global longitudinal strain>18%, was associated with diastolic dysfunction, left ventricular hypertrophy, increased
RWT, and any carotid atherosclerosis.*® In our study, RWT was associated with the presence of plaques and increased
IMT. Further studies are necessary to evaluate the usefulness of RWT as an early marker of atherosclerosis.

This study has some limitations. Our main limitation was the small sample size. We did not compare HIV-negative
sex and age-matched controls, but multiple data sources have already shown a greater frequency of atherosclerosis in
HIV cohorts. Employing “elite” controllers who naturally control virus replication without ART might have served as
a valuable control group in this study. Ultrasonography is not a perfect technique, and the measurements and interpreta-
tion vary across readers. To reduce the possibility of bias, two independent clinicians were employed to evaluate
echocardiography and one to assess IMT with a standardized automatic method. A lot of additional risk factors may
contribute to cardiovascular risk—we do not have the data on drug usage, lifestyle choices, diet, or physical activity, but
tracking them retrospectively was impossible. Our study is unique because it combines two methods for establishing
atherosclerosis diagnosis with echocardiographic measurements.

Conclusion

In our population, more than a quarter of PLWH with undetectable viremia had subclinical atherosclerosis in either the
coronary or carotid arteries. The FRS underpredicted atherosclerosis in this population; none of the participants with
plaques had an FRS>10%. RWT was correlated with both CIMT and plaque presence, and its role as an early marker of
atherosclerosis should be established in further studies.

Disclosure
The authors report no conflicts of interest in this work.
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