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Background: There are scarce and controversial data on whether human immunodeficiency virus (HIV) infection is associated with changes in aortic pressure (aoBP) and waveform-derived indexes. Moreover, it remains unknown whether potential differences in aoBP and waveform indexes between people living with HIV (PLWHIV) and subjects without HIV (HIV-) would be affected by the calibration method of the pressure waveform.

Aims: To determine: (i) whether PLWHIV present differences in aoBP and waveform-derived indexes compared to HIV- subjects; (ii) the relative impact of both HIV infection and cardiovascular risk factors (CRFs) on aoBP and waveform-derived indexes; (iii) whether the results of the first and second aims are affected by the calibration method.

Methods: Three groups were included: (i) PLWHIV (n = 86), (ii) HIV- subjects (general population; n = 1,000) and (iii) a Reference Group (healthy, non-exposed to CRFs; n = 398). Haemodynamic parameters, brachial pressure (baBP; systolic: baSBP; diastolic: baDBP; mean oscillometric: baMBPosc) and aoBP and waveform-derived indexes were obtained. Brachial mean calculated (baMBPcalc=baDBP+[baSBP-baDBP]/3) pressure was quantified. Three waveform calibration schemes were used: systolic-diastolic, calculated (baMBPcalc/baDBP) and oscillometric mean (baMBPosc/baDBP).

Results: Regardless of CRFs and baBP, PLWHIV presented a tendency of having lower aoBP and waveform-derived indexes which clearly reached statistical significance when using the baMBPosc/baDBP or baMBPcalc/baDBP calibration. HIV status exceeded the relative weight of other CRFs as explanatory variables, being the main explanatory variable for variations in central hemodynamics when using the baMBPosc/baDBP, followed by the baMBPcalc/baDBP calibration.

Conclusions: The peripheral waveform calibration approach is an important determinant to reveal differences in central hemodynamics in PLWHIV.
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INTRODUCTION

Global mortality in people living with human immunodeficiency virus (PLWHIV or HIV+) has dramatically decreased over the last years due to significant improvements in both the access to highly active antiretroviral therapy and clinical care (1). However, these achievements were challenged by the higher risk of cardiovascular disease that experience these patients compared to non-HIV subjects (HIV-) (2, 3). HIV-related cardiovascular disease risk is thought to be multifactorial, involving the development of a pro-inflammatory state associated with the chronic infection (4), the use of highly active antiretroviral therapy with an adverse metabolic profile (5), and the HIV-related high prevalence of other cardiovascular risk factors (CRFs) (6). Accordingly, PLWHIV on highly active antiretroviral therapy have shown an elevated prevalence of other CRFs, as well as premature cardiovascular disease reflected by a high prevalence of early arterial alterations (e.g., increased arterial stiffness, impaired vascular reactivity) (7, 8). However, the impact of HIV infection itself on some cardiovascular variables remains controversial. More precisely, there are scarce, and above all, controversial data on whether HIV infection is independently associated with aortic blood pressure (aoBP) levels and waveform-derived indexes. Previous studies have reported that both aoBP and some waveform-derived indexes were either elevated (9, 10), unchanged (9, 11), or even reduced (12–14) in PLWHIV compared to HIV- subjects.

At least three factors could explain these controversies. First, prior studies that have reported aoBP levels and waveform-derived indexes in PLWHIV compared to HIV- subjects either (i) did not adjust for any CRF (9, 15) or (ii) only adjusted for some variables (e.g., age, sex, body mass index) without considering other cofactors such as cholesterol, triglycerides and diabetes (10–14). Thus, it remains to be determined at what extent potential differences in central hemodynamics associated with HIV infection would be directly related to the disease condition and/or would be determined by the presence of concomitant CRFs. Second, certain studies have considered control groups (HIV-) with relatively small sample size (e.g., n = 26–37) (9, 10, 15), which significantly reduces the statistical power of the tests to find significant differences between the groups (Type-II error). Last, these studies have not considered the relevance of the calibration of the pressure waveform at the time of assessing non-invasively central hemodynamics (16). Several studies that have compared the aoBP between PLWHIV and HIV- subjects either did not report the calibration method (9, 10, 13, 15) or used currently not recommended schemes (i.e., systolic-diastolic calibration; see below) (11, 14).

Non-invasive estimation of aoBP can be achieved by several devices, which differ in multiple features such as the principle applied to assess the pressure or surrogate signals, the arterial site for pulse waveform recording and/or the model or mathematical analysis considered to obtain central hemodynamic data (16). Most of the devices use oscillometry/plethysmography, applanation tonometry, or ultrasonography to obtain pulse waveforms from radial, brachial or carotid arteries. Then, from the acquired pulse waveform and posterior calibration, the devices quantify aoBP directly (i.e., calibration of carotid waveforms) or indirectly (e.g., applying generalized transfer functions to brachial or radial waveforms) (16–29). In both cases, research and clinical practice have mostly used two different brachial artery blood pressure (baBP)-derived calibration schemes, (i) calibration to brachial systolic (baSBP) and diastolic (baDBP) pressure (“systolic-diastolic calibration”) and calibration to baDBP and brachial mean blood pressure (baMBP) (“baMBP/baDBP calibration”) (27–29). It is noteworthy, that baMBP levels to be used for calibration could be measured directly by oscillometry (baMBPosc; “baMBPosc/baDBP calibration”) or calculated (baMBPcalc; “baMBPcalc/baDBP calibration”) from baSBP and baDBP, using different scaling forms (e.g., classically a form factor equal to 0.33) (27–29). Previous studies have strongly recommended to describe in detail the calibration scheme used during the hemodynamic measures, since it is essential when interpreting the results at the time of evaluating for statistical differences and when assessing the potential clinical value of quantifying central over peripheral parameters (16, 19, 21, 22, 25, 27, 28). In previous studies performed on subjects of the general population (children, adolescents and adults) we showed that calibration with the “baMBPosc/baDBP” scheme resulted in higher aoBP values and stronger association between aoBP and cardiac structural properties (27–29). In this context, it remains unknown whether potential differences in aoBP levels and waveform-derived indexes between PLWHIV and HIV- subjects would be significantly affected by the calibration method. At least in theory, the calibration scheme could mask the existence of differences between of central hemodynamic indexes measured in PLWHIV vs. HIV- subjects.

This study sought to determine: (1) whether PLWHIV present differences in aoBP levels and waveform-derived indexes, compared to HIV- subjects, matched by demographic, anthropometric and levels of exposure to CRFs; (2) the impact to which HIV infection itself and its treatment vs. classical CRFs contribute to the levels of affectation (deviation from the age-related expected [optimal] value) for the different aoBP levels and waveform-derived indexes; (3) to what extent the results of the first and second aims are affected by the calibration method.



MATERIALS AND METHODS


Study Population

This study was carried out in the context of the “Tandil Cardiovascular Project” (30–37), a population-based study developed in Provincia de Buenos Aires, Argentina. From this database, three different groups were assessed: (i) PLWHIV (n = 86), (ii) age range-matched non-HIV subjects (general population; n = 1,000) and (iii) a reference group (healthy subjects non-exposed to CRFs; n = 398). The reference group was selected to quantify differences between measured and “expected” values (see below). All procedures were conducted in agreement with the Declaration of Helsinki. The study protocol was approved by the Institution's Ethics Committee. Written informed consent was obtained prior to the evaluation.



PLWHIV Group

In addition to the general variables, the following data were obtained from the PLWHIV' electronic medical record: time since HIV diagnosis, highly active antiretroviral therapy exposure and time under this therapy and/or protease inhibitors, history of opportunistic infection, CDC's HIV category, HIV viral load < 50 copies/ml (%), and CD4+ lymphocytes count (cells/mm3). Subjects under chronic treatment with steroids or chemotherapy, and pregnant women, were excluded.



Clinical Evaluation

Blood samples were obtained after 9–12 h of fasting. Subject's body height and weight were measured and body mass index was calculated (weight/height2). Dyslipidemia, diabetes and hypertension were considered present if they had been previously diagnosed by referring physicians or the patient was receiving lipid-lowering, glucose-lowering or antihypertensive drugs (38). Diabetes was diagnosed based on abnormal plasma glucose levels (39). Dyslipidemia was defined as total cholesterol >240 mg/dL, low-density lipoprotein cholesterol >160 mg/dL, high-density lipoprotein cholesterol for men <40 mg/ and for women <50 mg/dL and/or triglycerides >250 mg/dL (40). Smokers (defined as usually smoking at least one cigarette/week) were identified. Obesity was defined as body mass index ≥30 kg/m2.



Cardiovascular Evaluation

Participants were asked to avoid exercise, tobacco, alcohol, caffeine, and food-intake four hours before the evaluation. All hemodynamic measurements were performed in a temperature-controlled room (21–23°C), with the subject in supine position and after resting for at least 10–15 min.

Peripheral baBP levels [baSBP, baDBP and baMBPosc (lowest cuff pressure at which the oscillations are maximal)] and waveforms were obtained by a brachial cuff based oscillometric device (Mobil-O-Graph system, I.E.M, Stolberg, Germany) (20, 29). The brachial pulse pressure (baPP, baPP=baSBP-baDBP) and baMBPcalc (baMBPcalc=baDBP+[baPP]/3) were obtained. Once baBP is measured, the cuff is instantly inflated, and baBP waveforms are recorded for 10 s. Subsequently, the device determines the aoBP levels and waveforms from peripheral recordings.

By means of pulse wave analysis, wave separation analysis and pulse contour analysis, the following variables were obtained: (i) aortic systolic, diastolic and pulse pressure (aoSBP, aoDBP and aoPP); (ii) heart rate; (iii) maximal amplitude of forward-traveling (Pf) and backward-traveling (Pb) wave components, and Pb/Pf ratio (Reflection Magnitude); (iv) first inflection pressure and time (difference in pressure and time, from the beginning of aoBP systolic phase [“foot wave”] to the first systolic inflection point [shoulder] in the aoBP waveform); (v) systolic time (duration of waveform-derived ejection phase); (vi) time from the “foot wave” to the peak or maximal amplitude of Pf and Pb components (TmaxForward and TmaxBackward); (vii) time of arrival of the backward wave (TstartBackward); (viii) aortic pulse wave velocity (aoPWV; calculated from the reconstructed aoBP waveform); (ix) augmentation index (AIx) and heart rate-adjusted AIx (AIxHR75)l; (x) stroke volume, cardiac output and index, and systemic vascular resistance (41). Definitive values were the average of at least six measures obtained in a single visit. Only high-quality recordings and satisfactory waves (visual inspection) were considered (29).

All values were quantified by using the three different methods of calibration: baSBP/baDBP, baMBPcalc/baDBPand baMBPosc/baDBP (27–29).



Statistical Analysis
 
Cardiovascular Differences Between PLWHIV and HIV- Subjects

After analyzing the characteristics of the included groups (Table 1, Supplementary Table 1), we compared (in each subgroup) the central hemodynamic levels obtained with different calibration schemes (Figure 1; ANOVA+Bonferroni). After that, the cardiovascular properties of HIV+ and HIV- were compared (ANCOVA) adjusting for cofactors (demographic, anthropometric and CRFs) (Table 2, Supplementary Tables 2–4).


Table 1. Characteristics of included subjects: PLWHIV, Non-HIV group and Reference group.
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FIGURE 1. (Top) Comparison of hemodynamic levels obtained with different calibration schemes. *Represents p < 0.05 with respect to the same variable quantified using other calibration scheme. (Bottom) Percentage of variation between the measured and optimal (expected) value of the cardiovascular variables for each of the calibration schemes that could be explained by the HIV status. (A–C) Percentage of variation between the measured and expected (“optimal”) value of the cardiovascular variables for each of the calibration schemes that could be explained by the HIV status (values ranked from the highest to the lowest value). (D) Presents comparatively the differences depending on the calibration scheme used. Abbreviations in the text.



Table 2. Adjusted pairwise comparisons between PLWHIV and HIV- subjects (ANCOVA).
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Explanatory Capacity of HIV Infection of the Differences Between the Measured and Expected (Optimal) Value of Cardiovascular Variables

Cardiovascular variables obtained in PLWHIV and non-HIV subjects were expressed as relative difference (%) with respect to age-matched healthy subjects not exposed to CRFs (reference group). To build the reference group, we identified a healthy sub-population from the project database that included subjects who did not meet any of the following exclusion criteria: history of cardiovascular disease, use of baBP-, lipid- or glucose-lowering drugs, hypertension or high baBP levels during the non-invasive evaluation, smoking, diabetes, dyslipidemia, obesity (29–36, 41–44).

Once the reference group was built, age-related equations were obtained for mean values (Supplementary Table 5). To this end, we implemented parametric regression methods based on various types of mathematical models (e.g., fractional polynomials) (29–36, 41–44). This procedure provides different equations for each model to calculate age-related mean values, then, the most adjusted model was chosen to calculate individual's relative difference between the expected and the measure value: [(measured-expected)/expected]*100 (Supplementary Table 6).

Finally, multiple linear regression (stepwise) models were constructed considering (i) the relative differences between the measured and expected values for the cardiovascular (dependent) variables and (ii) the presence of HIV infection and CRFs (similar cofactors included in ANCOVA; independent variables) (Table 3, Supplementary Tables 7, 8).


Table 3. Multiple linear regression models between (i) relative differences between measured and expected cardiovascular level [(%), dependent variable] and cardiovascular risk factors and HIV status (independent variables).

[image: Table 3]

Figure 1 highlights the relative difference between the measured and the expected value (ranked from highest to lowest for each calibration scheme) independently explained by the HIV infection.



Sample Size and Bootstrapping

A normal distribution was considered according to the central limit theorem, kurtosis, skewness coefficients distribution and the number of subjects studied (sample size >30) (45). The number of subjects included was higher than the minimum required sample size, both to build the reference group to obtain the mean values equations (included: 398, required size: 377) and to carry out association analyses (included: 1,086, required size: 103). The number of subjects studied was higher than the minimum number calculated for: α = 0.05, β = 0.20, anticipated effect size = 0.15 (medium) and a total number of predictors in the regression models = 7. Even in this adequate and conservative context (e.g., sufficient sample size, adjusted comparisons), when making comparisons and associations we performed Bootstrapping of the samples, as a strategy to evaluate whether potential differences and/or associations observed between cardiovascular variables and subject condition do maintain even after analyzing different random sampling settings (resampling with replacement from the original sample). In other words, with this mechanism, any initial p<0.05 may no longer be significant after the “fictional random re-sampling” (i.e., bootstrapping). This type of test obligates the investigators to consider only those significant p values that replicate in both statistical scenarios (the actual sample and bootstrapping sampling). To this end, Bootstrap-derived 95% confidence intervals (1,000 samples) were obtained applying bias-corrected and accelerated methods for computing lower and upper confidence interval limits. The difference between mean values or association was considered significant only if the bootstrapping-derived p value was < 0.05 or 95% confidence interval of regression coefficient, quantified by bootstrapping did not contain the 0 value. It should be taken into account that in all cases, the use of the Bootstrapping technique confirmed the results obtained before it was applied.

All analyses were performed using SPSS Software (v.26, IBM-SPSS Inc., IL, USA), MedCalc (v.14.8.1, MedCalc Inc., Ostend, Belgium) and NCSS 2020 (NCSS, Kaysville, UT). A p < 0.05 was considered statistically significant.





RESULTS


Central Hemodynamics: Impact of Different Calibration Schemes

As expected, in all subgroups of subjects, the baMBPosc/baDBP calibration scheme resulted in higher levels of aoBP and waveform-derived parameters (Figure 1, Supplementary Table 1).



PLWHIV and Central Hemodynamics: Impact of Different Calibration Schemes

Regardless of the exposure to CRFs, PLWHIV presented, compared to non-HIV subjects: (i) similar levels of cardiac output (increased heart rate but reduced stroke volume), (ii) similar baBP levels, (iii) a tendency to lower AIx levels, which dissipated after adjusting for heart rate (AIxHR75), and (iv) similar pressure inflection time (Table 2, Supplementary Tables 2–4).

PLWHIV presented, compared to HIV- subjects, a tendency of having lower levels of aoSBP, aoPP, inflection pressure, Pb, Pf, Pb/Pf ratio and aoPWV, which clearly reached significance (p < 0.001, p < 0.01, and p < 0.005) when using the baMBPosc/baDBP or baMBPcalc/baDBP as the calibration scheme (Table 2, Supplementary Tables 2–4). Conversely, aortic parameters calibrated by baSBP/baDBP did not reach statistical significance between the groups. Consequently, results were highly influenced by the calibration method and dictated whether PLWHIV is associated with lower aoBP levels and differences in wave-derived indexes with respect to HIV- subjects (Table 2, Supplementary Tables 2–4).



HIV+ Status and Central Hemodynamics: Deviation From the Optimal Level in the Context of CRFs

Differences between the expected and measured values for all the baBP levels (baSBP, baDBP, baPP, baMBPcalc, baMBPosc) were not associated with the HIV infection (Table 3, Supplementary Tables 7–8). In contrast, differences between the measured and expected values of global hemodynamic parameters were positively (heart rate and cardiac index) and negatively (stroke volume and systemic vascular resistance) associated with the HIV infection, regardless of the exposure to CRFs. HIV infection was also negatively associated with systolic time, Tmax Backward and Forward and AIx, independently of CRFs (Table 3, Supplementary Tables 7–8).

When analyzing the explanatory capacity (β standardized coefficients) of HIV infection as independent variable in the context of other CRFs, “HIV+” variable becomes (i) the first position, when considering heart rate, Systolic Time and Tmax Forward (e.g., surpassing age and sex), (ii) second position, after sex, when considering stroke volume (e.g., exceeding age and smoking), and (iii) third position when analyzing cardiac index and AIx. In each scenario, HIV infection status exceeded the ability of other CRFs, such as hypertension or obesity, to explain the changes in the hemodynamic parameters (Table 3, Supplementary Tables 7, 8).

Table 3, Supplementary Tables 7, 8 present the regression models for those variables whose values depend on the calibration scheme. When baMBPosc/baDBP and baMBPcalc/baDBP schemes were used, HIV was negatively associated with relative differences in aoSBP, aoPP, Inflection Pressure, Pb, Pf and aoPWV. The presence of HIV was only associated with the relative differences in the Pb/Pf ratio when the baMBPcalc/baDBP was the calibration scheme. With the sole exception of “Inflection Pressure,” HIV was not associated with the differences in the variables derived from the aoBP waveform analysis when baBSP/baDBP was used. Consequently, calibration by the baSBP/baDBP method was unable to reveal any cardiovascular variation associated with HIV infection.

When analyzing the position compared to other explanatory variables (e.g., CRFs) of the central hemodynamic variations (β standardized coefficients), while HIV infection positioned in the first place for the following variables: aoPP, Inflection Pressure, Pb, Pf, Pb/Pf and aoPWV (e.g., exceeding age and smoking) when considering baMBPosc/baDBP as the calibration method, it positioned in the third place when considering aoSBP. In each mentioned model, HIV+ status exceeded the relative weight of other CRFs, such as hypertension and obesity (Table 3, Supplementary Table 8).

When considering baMBPcalc/baDBP calibration scheme, the presence of HIV infection continued to surpass important CRFs in the explanatory ability, but it was no longer the main explanatory variable for any of the dependent variables analyzed (Table 3, Supplementary Table 8).

Finally, baSBP/baDBP calibration method only retains the presence of HIV infection as an explanatory variable of the Inflection Pressure behind other variables (Table 3, Supplementary Table 8). Interestingly, although HIV infection was not the main explanatory variable for aoSBP levels (regardless of the calibration scheme used), it was only exceeded by the presence of arterial hypertension, sex, or anti-hypertensive treatment, and in every case, its explanatory ability exceeded important CRFs (e.g., obesity, diabetes, dyslipidemia, smoking) (Table 3, Supplementary Table 8).



HIV+ Status and Central Hemodynamics: Comparative Analysis of Calibration Schemes

Figure 1 shows the percentage of variation between the measured and optimal value of the cardiovascular variables for each of the calibration schemes that could be explained by the HIV status (values ranked from the highest to the lowest value). Additionally, Figure 1 presents comparatively the differences depending on the calibration scheme used. Regardless of other CRFs the presence of HIV infection explained up to 35.6% of the differences between the measured and the expected value of the cardiovascular variables.

In general, when baMBPosc/baDBP was the calibration scheme, the HIV infection was able to explain a greater percentage of the differences of the cardiovascular variables compared to other calibration methods, regardless of the variable analyzed (Figure 1). However, deviations from the expected value of certain variables were explained by HIV infection for (i) Inflection Pressure regardless of the calibration method, (ii) Pb, Pf, aoPP, aoSBP, aoPWV when calibrating by baMBPosc/baDBP or baMBPcalc/baDBP, and (iii) Pb/Pf when baMBPosc/baDBP was the selected calibration scheme (Figure 1).

Table 3, Figure 1 show a hierarchical order between the calibration schemes, since the differences explained by HIV status begin to decrease in magnitude until they are no longer significant when calibrating sequentially by baMBPosc/baDBP, baMBPcalc/baDBP and baSBP/baDBP.




DISCUSSION

The Main Findings of Our Study can be Summarized as Follows:

First, despite presenting similar levels of baBP than CRFs-matched non-HIV subjects, PLWHIV presented significantly lower levels of aoSBP and aoPP. The lower levels of aoSBP and aoPP would be determined by lower magnitudes of Pf and Pb, as well as by lower reflection magnitude (Pb/Pf) and aoPWV. These results were specifically noted when using the calibration approaches recommended in the current literature (baMBP/baDBP) (16) and were not observed when calibrating by the baSBP/baDBP approach. As was hypothesized, the peripheral signal calibration scheme is a determining factor when assessing central hemodynamic variables in PLWHIV.

Second, HIV infection was an important explanatory factor of the differences of the levels of central hemodynamic variables, with respect to the expected value in healthy subjects not exposed to CRFs, exceeding in relative importance to classical CRFs (e.g., obesity, diabetes, dyslipidemia, smoking). Moreover, the presence of HIV infection was the main explanatory variable for variations in central hemodynamics when using the baMBPosc/baDBP calibration (followed by the baMBPcalc/baDBP scheme), exceeding CRFs such as age, sex, and hypertension. Consequently, the HIV status would be able to better explain variations in cardiovascular characteristics than classic CRFs. However, the relative importance of HIV status as an explanatory variable is highly dependent on the calibration scheme used, at the time that its explanatory capacity is reduced or even lost when calibrating by baSBP/baMBP. Therefore, the calibration scheme not only affects the absolute differences in the aortic cardiovascular variables measured in PLWHIV vs. non-HIV subjects, but also the relationship between these variables and the different (potential) explanatory variables of their values.

Third, within the central hemodynamic variables, HIV infection is more associated with variations in waveform-derived indexes (e.g., inflection pressure, AIx) than aoBP levels. In addition, regardless of the cardiovascular variable analyzed, baMBPosc/baDBP calibration determined that the presence of HIV infection explains a greater percentage of the differences of the cardiovascular variables.

These observations stressed out the relevance of reaching a consensus and systematization on the methodology used for the non-invasive assessment of central hemodynamics, since otherwise “different results” can be obtained despite analyzing the same patient. Consequently, it is not surprising, that controversial results have been reported on central hemodynamics between subjects with and without HIV infection (9–15). However, some considerations need to be pointed out. We found that regardless of exposure to CRFs, PLWHIV showed a tendency to present lower levels of stroke volume and cardiac index, higher heart rate, all of which led them to present unchanged cardiac output. The high heart rate observed in PLWHIV is consistent with previous reports (9, 13, 14). Ngatchou et al. (13) and Vlachopoulos et al. (14) reported that heart rate was higher in PLWHIV compared to non-HIV subjects, by an absolute mean value of 10 and 6.4 beats/min, respectively, results that are in line with our study in where the heart rate of PLWHIV was 11 beats/min more in average than the heart rate of HIV- subjects (Table 2).

Although it might be unexpected that HIV infection is associated with a “better hemodynamic profile,” lower levels of aoBP and wave reflection indexes have already been reported in previous studies (9, 13, 14). Ngatchou et al. (13) in Cameroon, measured waveform-derived parameters (e.g., AIx) in apparently healthy subjects (n = 96, 41 ± 12 years) and untreated PLWHIV (n = 108, 39 ± 10 years). Authors reported that age- and sex-adjusted AIx was significantly lower in PLWHIV compared to non-HIV subjects (6 ± 4 vs. 8 ± 7%, p = 0.01). Vlachopoulos et al. (14) in Greece studied PLWHIV (n = 51) with a recent HIV infection, free of antiretroviral treatment, and non-HIV subjects (n = 35), matched for age, sex, and smoking. The authors reported that while aortic stiffness was similar in the two groups (p = 0.74), aoSBP (by 4.6 mmHg, p = 0.059), aoDBP (by 5.7 mmHg, p = 0.017), Tr (the time the pulse wave needs to travel to the periphery and return to meet the incident wave), AIx (by 6.4%, p = 0.048) and augmentation pressure (by 3.3 mmHg, p = 0.010) were lower in PLWHIV. Consequently, these authors provided further evidence of PLWHIV having reduced aoBP and wave reflections, but similar aortic stiffness, at least in the early stages of the disease. Importantly, these authors calibrated the pressure waveform using the baSBP/baDBP scheme, so it would be expected that potential aoBP differences in PLWHIV vs. non-HIV subjects could have been greater (in the early stages) and/or notoriously significant if another calibration scheme were used (14).

Taken together, reduced aoBP levels in the setting of similar baBP in PLWHIV would suggest that both HIV infection and/or highly active antiretroviral therapy play a role in hemodynamics, with differential effects on different locations of the vasculature (central vs. peripheral vessels). As was discussed by Martínez-Ayala et al. (12) lower aoBP levels may be caused by a peripheral vasodilation of small and medium-sized arteries, possibly induced by prostaglandins and other inflammatory cytokines associated with the chronic HIV infection. The vasodilation effect on peripheral reflection sites (e.g., arterial bifurcations) might cause a reduced Pb and Pb/Pf, and a reduced contribution to aoSBP.

In previous works performed on healthy subjects of the general population we showed that peripheral waveform calibration with the “baMBPosc/baDBP” scheme resulted in higher aoBP values (27–29). In this work we confirm these results. In fact, in all subgroups, the baMBPosc/baDBP calibration scheme resulted in higher levels of aoBP and waveform-derived indexes (Figure 1, Supplementary Table 1).


Clinical Importance

By using an automated oscillometric device and performing rigorous analyses of different groups, our study revealed that despite similar levels of brachial pressure, PLWHIV presented lower aoBP levels, explained by lower wave reflections and arterial stiffness. Additionally, compared to other CRFs, HIV infection demonstrated the highest explanatory capacity for variations in central hemodynamics.

Taking into account that the baMBP/baDBP method is currently the most recommended calibration scheme, PLWHIV would have a condition of equal or even lower ventricular afterload compared to non-HIV subjects.

Additionally, these results evidenced that the calibration approach is an important determinant of the results non-invasively obtained in central hemodynamics in PLWHIV. Our study strongly emphasizes the need for methodological transparency and consensus for the non-invasive assessment of central hemodynamic parameters in PLWHIV, and possibly in the general population.



Strengths and Limitations

First, our non-invasive approach is unable to identify the “ideal” calibration strategy, since it requires invasive (catheterism) vs. non-invasive agreement analysis. By performing agreement analyses, we would be able to reveal which calibration method is the one that achieves a more accurate and reliable quantification of the blood pressure values existing in the aortic root. However, invasive aoBP measurements are commonly not performed in subjects for obvious ethical reasons (when not performed due to other strict clinical indications). Second, our results are derived from cross-sectional studies, and therefore our observations do not allow us to know which calibration method has the greatest predictive ability of future cardiovascular events and/or disease. Additionally, it provides no data on longitudinal HIV-related temporal variations in variables of interest. Third, in contrast to other studies (9), we have not divided the subjects according to whether they were or were not under pharmacologic treatment, or to the time of being exposed to it. However, previous studies showed that HIV treatment does not contribute significantly to changes in the aoBP associated with HIV infection (10). Fourth, we have not considered the HIV duration as possible determinant variable of the central hemodynamic parameters, given that different studies showed that there were no significant differences in baBP, aoBP, aoPWV or AIx between patients with shorter vs. longer duration of HIV infection (13).

Finally, our population of PLWHIV can be considered characteristic of a population of subjects in outpatient care. Our cohort has an acceptable rate of antiretroviral treatment (46, 47). Moreover, in our cohort, the coinfection rate with cytomegalovirus (48) and hepatitis B (49) was lower than that in other cohorts, possibly because of differences in HIV transmission routes, age, or geographical differences.




CONCLUSIONS

In PLWHIV and non-HIV subjects, the baMBPosc/baDBP calibration scheme resulted in higher levels of aoBP and waveform-derived parameters. Despite similar levels of baBP, PLWHIV presented lower levels of aoSBP and aoPP compared to non-HIV subjects. Lower aoSBP and aoPP would be determined by both lower Pf and Pb, as well as by the lower levels of Pb/Pf and aoPWV. These results were only observed when using the calibration approach currently recommended (baMBP/baDBP), while these differences were not revealed by the baSBP/baDBP calibration scheme. PLWHIV showed a tendency to present lower levels of stroke volume and cardiac index, higher heart rate, and unchanged cardiac output.

The presence of HIV infection was shown to be an important determinant of the differences in the levels of the central hemodynamic variables, with respect to the expected value in healthy subjects not exposed to CRFs, exceeding important classical CRFs. The presence of HIV infection was the main explanatory variable for variations in central hemodynamics when using the baMBPosc/baDBP calibration, followed by the baMBPcalc/baDBP approach.

The calibration approach is an important determinant of the results obtained in central hemodynamics in PLWHIV. Our study strongly emphasizes the need for transparency and consensus in the methodologies employed for the non-invasive assessment of aoBP levels and waveform-derived indexes in PLWHIV and possibly in the general population.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Comité de Ética de Investigación. Hospital Dr. Héctor M. Cura, Olavarría, Provincia de Buenos Aires, Argentina. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

AD, MG, YZ, and DB contributed to conception and design of the study. AD, FS, and MG performed the cardiovascular non-invasive recordings and constructed, and organized the database. YZ and DB performed the statistical analysis. AD, MG, and DB wrote the first draft of the manuscript. AD, MG, JT, YZ, FS, and DB performed revisions and critically discussed the complete manuscript. All authors, read, and approved the submitted version.



FUNDING

This research was partially funded by extra-budgetary funds provided by the CUiiDARTE Center (YZ and DB).



ACKNOWLEDGMENTS

The authors thank to all the subjects who participated in the study, with special attention to the subjects of the PLWHIV group. MG is a graduate student in the Environment and Health Applied Sciences Doctoral Program (DCAAS) at UNICEN, Argentina.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.772912/full#supplementary-material



REFERENCES

 1. Patel V, Chisholm D, Dua T, Laxminarayan R, Medina-Mora ME. Global mortality and morbidity of HIV/AIDS: mental, neurological, and substance use disorders. Disease Control Priorities World Bank. (2015) 3:4. doi: 10.1596/978-1-4648-0426-7_ch1

 2. Shah ASV, Stelzle D, Lee KK, Beck EJ, Alam S, Clifford S, et al. Global burden of atherosclerotic cardiovascular disease in people living with HIV: systematic review and meta-analysis. Circulation. (2018) 138:1100–12. doi: 10.1161/CIRCULATIONAHA.117.033369

 3. Rosenson RS, Hubbard D, Monda KL, Reading SR, Chen L, Dluzniewski PJ, et al. Excess risk for atherosclerotic cardiovascular outcomes among US adults with HIV in the current era. J Am Heart Assoc. (2020) 9:e013744. doi: 10.1161/JAHA.119.013744

 4. Neuhaus J, Jacobs DR, Baker JV, Calmy A, Duprez D, La Rosa A, et al. Markers of inflammation, coagulation, and renal function are elevated in adults with HIV infection. J Infect Dis. (2010) 201:1788–95. doi: 10.1086/652749

 5. Islam FM, Wu J, Jansson J, Wilson DP. Relative risk of cardiovascular disease among people living with HIV: a systematic review and meta-analysis. HIV Med. (2012) 13:453–68. doi: 10.1111/j.1468-1293.2012.00996.x

 6. Grand M, Bia D, Diaz A. Cardiovascular risk assessment in people living with HIV: a systematic review and meta-analysis of real- life data. Curr HIV Res. (2020) 18:1–14. doi: 10.2174/1570162X17666191212091618

 7. Stein JH, Kime N, Korcarz CE, Ribaudo H, Currier JS, Delaney JC. Effects of HIV infection on arterial endothelial function: results from a large pooled cohort analysis. Arterioscler Thromb Vasc Biol. (2021) 41:512–22. doi: 10.1161/ATVBAHA.120.315435

 8. Kuate Defo A, Chalati MD, Labos C, Fellows LK, Mayo NE, Daskalopoulou SS. Association of HIV infection and antiretroviral therapy with arterial stiffness: a systematic review and meta-analysis. Hypertension. (2021) 78:320–32. doi: 10.1161/HYPERTENSIONAHA.121.17093

 9. Gleason RL, Caulk AW, Seifu D, Parker I, Vidakovic B, Getenet H, et al. Current efavirenz (EFV) or ritonavir-boosted lopinavir (LPV/r) use correlates with elevate markers of atherosclerosis in HIV-infected subjects in Addis Ababa, Ethiopia. PLoS ONE. (2015) 10:e0117125. doi: 10.1371/journal.pone.0117125

 10. Maloberti A, Dozio D, Betelli M, Bandera A, Squillace N, Gori A, et al. Brachial and central blood pressure in HIV-infected subjects. Hypertens Res. (2015) 38:405–12. doi: 10.1038/hr.2015.25

 11. Lazar JM, Wu X, Shi Q, Kagame A, Cohen M, Binagwaho A, et al. Arterial wave reflection in HIV-infected and HIV-uninfected Rwandan women. AIDS Res Hum Retroviruses. (2009) 25:877–82. doi: 10.1089/aid.2008.0269

 12. Martínez-Ayala P, Alanis-Sánchez GA, González-Hernández LA, Álvarez-Zavala M, Cabrera-Silva RI, Andrade-Villanueva JF, et al. Aortic stiffness and central hemodynamics in treatment-naïve HIV infection: a cross-sectional study. BMC Cardiovasc Disord. (2020) 20:440. doi: 10.1186/s12872-020-01722-8

 13. Ngatchou W, Lemogoum D, Ndobo P, Yagnigni E, Tiogou E, Nga E, et al. Increased burden and severity of metabolic syndrome and arterial stiffness in treatment-naïve HIV+ patients from Cameroon. Vasc Health Risk Manag. (2013) 9:509–16. doi: 10.2147/VHRM.S42350

 14. Vlachopoulos C, Sambatakou H, Tsiachris D, Mariolis I, Aznaouridis K, Ioakeimidis N, et al. Impact of human immunodeficiency virus infection on arterial stiffness and wave reflections in the early disease stages. Artery Res. (2009) 3:104–10. doi: 10.1016/j.artres.2009.08.001

 15. Kaluba L, Goma F, Guure C, Munsaka S, Mutale W, Heimburger DC, et al. Immune activation and arterial stiffness in lean adults with HIV on antiretroviral therapy. South Afr J HIV Med. (2021) 22:1190. doi: 10.4102/sajhivmed.v22i1.1190

 16. Papaioannou TG, Karageorgopoulou TD, Sergentanis TN, Protogerou AD, Psaltopoulou T, Sharman JE, et al. Accuracy of commercial devices and methods for noninvasive estimation of aortic systolic blood pressure a systematic review and meta-analysis of invasive validation studies. J Hypertens. (2016) 34:1237–48. doi: 10.1097/HJH.0000000000000921

 17. Hope SA, Meredith IT, Cameron JD. Effect of non-invasive calibration of radial waveforms on error in transfer-function-derived central aortic waveform characteristics. Clin Sci. (2004) 107:205–11. doi: 10.1042/CS20030294

 18. Papaioannou TG, Lekakis JP, Karatzis EN, Papamichael CM, Stamatelopoulos KS, Protogerou AD, et al. Transmission of calibration errors (input) by generalized transfer functions to the aortic pressures (output) at different hemodynamic states. Int J Cardiol. (2006) 110:46–52. doi: 10.1016/j.ijcard.2005.07.014

 19. Nakagomi A, Okada S, Shoji T, Kobayashi Y. Crucial effect of calibration methods on the association between central pulsatile indices and coronary atherosclerosis. Am J Hypertens. (2017) 30:24–7. doi: 10.1093/ajh/hpw118

 20. Weber T, Wassertheurer S, Rammer M, Maurer E, Hametner B, Mayer CC, et al. Validation of a brachial cuff-based method for estimating central systolic blood pressure. Hypertension. (2011) 58:825–32. doi: 10.1161/HYPERTENSIONAHA.111.176313

 21. Wassertheurer S, Hametner B, Mayer CC, Hafez A, Negishi K, Papaioannou TG, et al. Aortic systolic pressure derived with different calibration methods: associations to brachial systolic pressure in the general population. Blood Press Monit. (2018) 23:134–40. doi: 10.1097/MBP.0000000000000319

 22. Negishi K, Yang H, Wang Y, Nolan MT, Negishi T, Pathan F, et al. Importance of calibration method in central blood pressure for cardiac structural abnormalities. Am J Hypertens. (2016) 29:1070–6. doi: 10.1093/ajh/hpw039

 23. Weber T, Wassertheurer S, Rammer M, Haiden A, Hametner B, Eber B. Wave reflections, assessed with a novel method for pulse wave separation, are associated with end-organ damage and clinical outcomes. J Hypertens. (2012) 60:534–41. doi: 10.1161/HYPERTENSIONAHA.112.194571

 24. Protogerou AD, Argyris AA, Papaioannou TG, Kollias GE, Konstantonis GD, Nasothimiou E, et al. Left-ventricular hypertrophy is associated better with 24-h aortic pressure than 24-h brachial pressure in hypertensive patients: the SAFAR study. J Hypertens. (2014) 32:1805–14. doi: 10.1097/HJH.0000000000000263

 25. Wassertheurer S, Baumann M. Assessment of systolic aortic pressure and its association to all cause mortality critically depends on waveform calibration. J Hypertens. (2015) 33:1884–8. doi: 10.1097/HJH.0000000000000633

 26. Wassertheurer S, Hametner B, Sharman J, Weber T. Systolic blood pressure amplification and waveform calibration. Hypertens Res. (2017) 40:518. doi: 10.1038/hr.2016.181

 27. Díaz A, Bia D, Zócalo Y. Impact of methodological and calibration approach on the association of central and peripheral systolic blood pressure with cardiac structure and function in children, adolescents and adults. High Blood Press Cardiovasc Prev. (2019). doi: 10.1007/s40292-019-00346-0

 28. Díaz A, Bia D. Association between central-peripheral blood pressure amplification and structural and functional cardiac properties in children, adolescents, and adults: impact of the amplification parameter, recording system and calibration scheme. High Blood Press Cardiovasc Prev. (2021) 28:185–249. doi: 10.1007/s40292-021-00440-2

 29. Zinoveev A, Castro JM, García-Espinosa V, Marin M, Chiesa P, Bia D, et al. Aortic pressure and forward and backward wave components in children, adolescents and young-adults: agreement between brachial oscillometry, radial and carotid tonometry data and analysis of factors associated with their differences. PLoS ONE. (2019) 14:e0226709. doi: 10.1371/journal.pone.0226709

 30. Díaz A, Zócalo Y, Bia D. Percentile curves for left ventricle structural, functional and haemodynamic parameters obtained in healthy children and adolescents from echocardiography-derived data. J Echocardiogr. (2020) 18:16–43. doi: 10.1007/s12574-019-00425-0

 31. Díaz A, Zócalo Y, Bia D. Normal percentile curves for left atrial size in healthy children and adolescents. Echocardiography. (2019) 36:770–82. doi: 10.1111/echo.14286

 32. Díaz A, Zócalo Y, Cabrera-Fischer E, Bia D. Reference intervals and percentile curve for left ventricular outflow tract (LVOT), velocity time integral (VTI), and LVOT-VTI-derived hemodynamic parameters in healthy children and adolescents: Analysis of echocardiographic methods association and agreement. Echocardiography. (2018) 35:2014–34. doi: 10.1111/echo.14176

 33. Díaz A, Zócalo Y, Bia D. Reference intervals and percentile curves of echocardiographic left ventricular mass, relative wall thickness and ejection fraction in healthy children and adolescents. Pediatr Cardiol. (2019) 40:283–301. doi: 10.1007/s00246-018-2000-y

 34. Diaz A, Bia D, Zócalo Y, Manterola H, Larrabide I, Lo Vercio L, et al. Carotid intima media thickness reference intervals for a healthy argentinean population aged 11-81 years. Int J Hypertens. (2018) 2018:8086714. doi: 10.1155/2018/8086714

 35. Diaz A, Zócalo Y, Bia D, Cabrera Fischer E. Reference intervals of central aortic blood pressure and augmentation index assessed with an oscillometric device in healthy children, adolescents, and young adults from Argentina. Int J Hypertens. (2018) 2018:1469651. doi: 10.1155/2018/1469651

 36. Diaz A, Zócalo Y, Bia D, Wray S, Fischer EC. Reference intervals and percentiles for carotid-femoral pulse wave velocity in a healthy population aged between 9 and 87 years. J Clin Hypertens. (2018) 20:659–71. doi: 10.1111/jch.13251

 37. Díaz A, Zócalo Y, Bia D, Sabino F, Rodríguez V, Cabrera FIscher EI. Reference intervals of aortic pulse wave velocity assessed with an oscillometric device in healthy children and adolescents from Argentina. Clin Exp Hypertens. (2019) 41:101–12. doi: 10.1080/10641963.2018.1445754

 38. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of the American college of cardiology/American heart association task force on clinical practice guidelines. Hypertension. (2018) 71:e13–e115. doi: 10.1161/HYP.0000000000000065

 39. Chamberlain JJ, Johnson EL, Leal S, Rhinehart AS, Shubrook JH, Peterson L. Cardiovascular disease and risk management: review of the American diabetes association standards of medical care in diabetes 2018. Ann Intern Med. (2018) 168:640–50. doi: 10.7326/M18-0222

 40. Authors/Task Force Members, Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, et al. 2016 ESC/EAS Guidelines for the management of dyslipidaemias: the task force for the management of dyslipidaemias of the European society of cardiology (ESC) and European atherosclerosis society (EAS) developed with the special contribution of the European assocciation for cardiovascular prevention & rehabilitation (EACPR). Atherosclerosis. (2016) 253:281–344. doi: 10.1016/j.atherosclerosis.2016.08.018

 41. Zócalo Y, García-Espinosa V, Castro JM, Zinoveev A, Marin M, Chiesa P, et al. Stroke volume and cardiac output non-invasive monitoring based on brachial oscillometry-derived pulse contour analysis: explanatory variables and reference intervals throughout life (3-88 years). Cardiol J. (2020). doi: 10.5603/CJ.a2020.0031. [Epub ahead of print].

 42. Zócalo Y, Bia D. Age- and sex-related profiles for macro, macro/micro and microvascular reactivity indexes: association between indexes and normative data from 2609 healthy subjects (3-85 years). PLoS ONE. (2021) 16:e0254869. doi: 10.1371/journal.pone.0254869

 43. Bia D, Zócalo Y. Physiological age- and sex-related profiles for local (Aortic) and regional (carotid-femoral, carotid-radial) pulse wave velocity and center-to-periphery stiffness gradient, with and without blood pressure adjustments: reference intervals and agreement between methods in healthy subjects (3-84 Years). J Cardiovasc Dev Dis. (2021) 8:3. doi: 10.3390/jcdd8010003

 44. Zócalo Y, Bia D. Sex-and age-related physiological profiles for brachial, vertebral, carotid and femoral arteries blood flow velocity parameters during growth and aging (4-76 y): comparison with clinical cut-off levels. Front Physiol. (2021) 12:729309. doi: 10.3389/fphys.2021.729309

 45. Lumley T, Diehr P, Emerson S, Chen L. The importance of the normality assumption in large public health data sets. Annu Rev Public Health. (2002) 23:151–69. doi: 10.1146/annurev.publhealth.23.100901.140546

 46. Piñeirúa A, Sierra-Madero J, Cahn P, Guevara Palmero RN, Martínez Buitrago E, Young B, et al. The HIV care continuum in Latin America: challenges and opportunities. Lancet Infect Dis. (2015) 15:833–9. doi: 10.1016/S1473-3099(15)00108-5

 47. Crabtree-Ramírez BE, Caro-Vega Y, Belaunzarán-Zamudio PF, Shepherd BE, Rebeiro PF, Veloso V, et al. Temporal changes in ART initiation in adults with high CD4 counts in Latin America: a cohort study. J Int AIDS Soc. (2019) 22:e25413. doi: 10.1002/jia2.25413

 48. Lichtner M, Cicconi P, Vita S, Cozzi-Lepri A, Galli M, Lo Caputo S, et al. Cytomegalovirus coinfection is associated with an increased risk of severe non-AIDS-defining events in a large cohort of HIV-infected patients. J Infect Dis. (2015) 211:178–86. doi: 10.1093/infdis/jiu417

 49. Tengan FM, Abdala E, Nascimento M, Bernardo WM, Barone AA. Prevalence of hepatitis B in people living with HIV/AIDS in Latin America and the caribbean: a systematic review and meta-analysis. BMC Infect Dis. (2017) 17:587. doi: 10.1186/s12879-017-2695-z



GLOSSARY

Aix, Aortic augmentation index; AIxHR75, Heart rate-adjusted aortic augmentation index (for heart rate equal 75 beats/min); aoBP, Aortic blood pressure; aoPWV, Aortic pulse wave velocity; aoSBP, Central aortic systolic blood pressure; aoPP, Central aortic pulse pressure; aoDBP, Central aortic diastolic blood pressure; baBP, Brachial artery blood pressure; baDBP, Brachial artery diastolic blood pressure; baMBP, Brachial artery mean blood pressure; baMBPcalc, Brachial artery mean blood pressure calculated using equations; baMBPcalc/baDBP, Calibration to baDBP and calculated brachial mean blood pressure; baMBPosc, Brachial artery mean blood pressure measured directly by oscillometry; baMBPosc/baDBP, Calibration to baDBP and oscillometry-derived brachial mean blood pressure; baPP, Brachial artery pulse pressure; baSBP, Brachial artery systolic blood pressure; baSBP/baDBP, Calibration to brachial systolic and diastolic pressure (systolic-diastolic calibration); CRFs, Cardiovascular risk factors; HIV, Human immunodeficiency virus; HIV-, Non-HIV subjects or non-HIV infection; HIV+, Subjects with HIV infection; Pb, Peak or maximal amplitude of backward (reflected) wave component; Pf, Peak or maximal amplitude of forward (incident) wave component; PLWHIV, People living with human immunodeficiency virus; Tmax Backward, Time from the “foot wave” to the peak of backward (reflected) wave component; Tmax Forward, Time from the “foot wave” to the peak of forward (incident) wave component; Tstart Backward, Time from the “foot wave” to the initial phase (arrival) of the backward component.
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MV, men value; SE, standard error; PLWHIV, people living with HIV; baSBF, baDBF, baPF, brachial artery systolic, diastolic and pulse pressure; baMBPosc and baMBPcalc, brachial
artery mean blood pressure directly derived by oscillometry and calculated, respectively; SVR, systemic vascular resistance; PWA, pulse wave analysis; tmax, time to maximal; Aix,
augmentation index; 20SBR, a0DBR, aoPP, gortic systolic, diastolic and pulse pressure; Pb and P¥, aortic backward and forward pressure component; aoPWV, aortic pulse wave velocity;
Mean Difference refers to, HIV- minus PLWHIV value; Covariates appearing in the modelswere evaluated as follows, age: 51.09 y; sex (1: females; 0: male): 0.49; BMI: 27.98 kg/m?;
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creatinine, 0.8895 mg/dl; total cholesterol, 189.55 mg/dl; LDL-cholesterol, 113.90 mg/di: HDL-cholesterol, 53.56 mg/d; triglycerides, 139.84 mg/dl.
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Constant ~ 0.120 0.002
HV+  -0046 -0.165 0.000
Hie  -0003 -0.120 0002
Smoking -0.021 -0092 0017
OWD 0043 0084 0025
Constant ~ 0.135 0,001
Hie  -0002 -0.102 0.008
CVD 0048 0099 0010
Age  -0001 -0.106 0.007
HV+ 0026 -0099 0011
Constant ~ 0.144 0,002
HV+  -0089 -0.176  0.000
Hic  -0004 -0.123 0001
Smoking -0.022 -0.083 0032
Constant 0585 0.086
Sex 0210 0178  0.000
TG 0000 -0089 0017
HV+ 0207 -0.106 0005
Hie  -0020 -0.118 0005
baSBP/baDBP
Indep.V  Bu Bs p-value
Constant  ~0.005 0.902
HTN 0159 0590  0.000
Anti-HTN -0.081 —0.307 0.000
BMI 0005 0.172  0.000
Age -0001 —0.151 0.000
Sex -0.083 -0.123 0.000
Anti—dysip ~0.034 —0.111  0.008
TC 0000 0070 0046
Constant  ~0.101 0.079
BMI 0005 0092 0021
Anti—dysiip ~0.051 —0.085 0.031
HIN 0127 0236 0002
Anti-HTN -0.092 -0.175 0.020
Constant ~ 0.681 0.095
Sex 0215 0154 0000
HIV+ —0229 0099 0.009
Hte —0021 0106 0012
TG 0000 -0076 0.045
Constant  ~0.087 0.150
BMI 0.004 0075 0.060
Anti~dyslip —0.054 —0.085 0.030
HIN 0143 0251 0.001
Anti—HTN —0.111 —0.200 0.008
Constant  ~0.153 0016
HTN 0121 0240 0002
BMI 0004 0085 0032
Anti—HTN 0087 —0.175 0.020
Age 0001 0082 0046
Constant  ~0.009 0679
Sex 0028 0125 0001
Age —0001 —0.125 0.001
Smoking  ~0.026 -0.086 0.023
Constant 0,017 0.440
BMI 0003 0188 0.000
HTN 0083 0525 0000
Age —0002 -0.264 0.000
Anti—HTN —0.041 —0.266 0.000
Sex —0021 —0.133  0.000
TC 0000 0079 002

0.06

0.03

0.06

0.08

aR?

023

0.03

0.06

0.08

0.08

0.08

0.23

Glye, Glycaemia (1: yes, 0: no); Sex, 1 (female), 0 (male); Obesity, 1 (ves), 0 (no); TC, total cholesterol; HDL, high-densiy lipoprotein cholesterol; Htc, hematocrit; Smoking, current
smoking (1: yes, 0: no); CVD, cardiovascular disease (1: yes, 0: o). Dyslp, dyslipidemia (1 yes, 0: no); BM), body mass index; TG, triglycerides; HTN, hypertension (1: yes, 0: no);
Anti-gyslip, Anti-dysliidemia treatment (1: yes, 0: no); Anti-HTN, Anti-hypertension treatment (1: yes, 0: no). Anti-DM, anti-diabetic melitus treatment (1: yes, 0: no); Dep. V, dependent
variable; Indep. V, independent or explanatory variable. Bu and Bs, un- and standardized beta coefficient; aR?, adjusted R p value; A, aortic augmentation indiex; 20SBP and aoPP,
aortc systolic and pulse pressure; Pb and P!, backward and forward aortic component. Units of independent variables are the same than in Table 1. Only variables in which HI infection
(HIV+) was statistically significant as an explanatory variable are shown. A variance inflation factor <5 was selected to evaluate (discard) significant multicollinearity.
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PLWHIV Non-HIV subjects (HIV -) Reference group

Variables MV SD Min p25 pSO p75 Max MV SD Min p25 p50 p75 Max MV SD Min p25 pS0 p75 Max

Demographic, anthropometric, and clinical characteristics

Female (%) 50.6 498 52.7

Age (years) 44 12 19 86 44 53 75 51 14 19 41 52 62 75 88 13 19 28 88 46 74
Height (m) 165 010 1.45 158 1.65 172 189 168 010 142 1.61 168 1.75 200 169 010 142 161 1690 1.75 200
Weight (k) 723 17.4 426 57.0 716 820 1192 799 17.6 87.0 680 790 900 1590 67.9 125 37.0 590 67.0 750 1130
BMI (kg/m?) 264 53 172 223 259 80.4 443 281 52 171 24.4 276 309 550 237 28 17.4 216 240 258 298
Hte (%) 409 49 256 380 409 444 530 420 33 260 400 420 440 550 41.7 23 360 400 420 430 460
Glye (mg/d) 101 20 67 90 96 103 208 101 29 55 & 97 107 427 81 10 65 72 78 88 109
Cr (mg/di) 09 04 06 07 08 10 89 09 02 04 07 09 10 21 09 02 06 08 09 10 14
TC (mg/cl) 174 42 97 149 172 191 380 190 41 40 164 189 217 528 168 22 118 150 169 186 246
LDL (mg/dl) 104 26 45 89 100 123 160 114 34 24 89 116 136 248 106 26 48 86 108 124 166
HDL (mg/cl) 44 14 24 33 39 52 93 54 15 18 43 52 62 160 58 12 40 51 57 66 93
TG (mg/di) 163 134 42 90 134 185 980 137 106 40 & 111 157 1737 90 29 40 70 98 111 212
Obesity (%) 27.7 303 00

HTN (%) 205 56.0 00

Diabetes (%) 8.4 12.2 00

Smoking (%) 386 12.8 00

Dysiipidermia 133 517 00

CVD (%) 24 3.4 0.0

Antihypertensive (%) 145 476 00

Anti-HLD drug (%) 133 280 00

Antidiabetic drug (%) 7.3 90 00

PLWHIV-Related Clinical Characteristics

Time HIV (mo) 50 71 0 6 19 64 303 — ——

CDC:A1, A2, A3 247,165,106 e e

CDC: B1, B2, B3 35,9.4,59 —_ _

cDe: c3 29.4 —_ —_

Hepatitis B and G 5.0and 0.0 — —

HAART use 87.0 —_— —_—

NNRTs 37.0 — —

NRTis 380 = —

Abacavir 30 — —

Pls 1.0 J— —

INSTIs 20 —_ _

HAART use (mo) 37 61 0 3 1 40 303 i =t

Use of PIs (mo) 4 48 0 0 0 0 270 — —

PO infection 306 — —

HIV Viral Load 67.1 — —

CD4count/mm® 549 414 19 282 466 769 2273 S— —

19G CMV + 58.8 — —

MV, mean value; SD, standard deviation; Min, minimal; Max, maximal; p25, p50, p75, percentie 25, 50 and 75; Mo, months; BMI, bodly mass index; Het, hematocrit; TC, LDL, HDL, total,
low-density, and high-density lipoprotein cholesterol; TG, triglycerides; HTN, hypertension; CVD, cardlovascular disease; PO infection, previous opporturistic infection; PLWHIV, people
liing with HIV: Time HIV, time since HIV diagnosis; HAART, highly active antiretroviral therapy; NRTls, nucleoside/nucleotide reverse transcriptase inhibitors; Pls, protease inhibitors;
INSTIs, Integrase strand transfer inhibitors; CMV, cytomegalovirus; Cr, creatinine; Glyc, glycemia; A1, A2, A3, B1, B2, B3 and C3 refers to CDC HIV clinical categories.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





