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Objectives: The aim of this study was to explore the risk of target organ damage (TOD) in different groups based on carotid-femoral pulse wave velocity (cfPWV) and central aortic blood pressure (CBP) in different populations.

Methods: The study cohort was divided into four groups according to the status of cfPWV and CBP [Group (cfPWV/CBP): high cfPWV and high CBP; Group (cfPWV): high cfPWV and normal CBP; Group (CBP): normal cfPWV and high CBP; Group (control): normal cfPWV and normal CBP]. TOD was determined by the assessment of carotid intima-media thickness (CIMT) abnormality, chronic kidney disease (CKD), microalbuminuria, and left ventricular hypertrophy (LVH).

Results: A total of 1,280 patients (mean age 53.14 ± 12.76 years, 64.1% male patients) were recruited in this study. Regarding Group (control) as reference, LVH was significantly higher in Group (cfPWV) and Group (CBP) [OR 2.406, 95% CI (1.301–4.452), P < 0.05; OR 2.007, 95% CI (1.335–3.017), P < 0.05]; microalbuminuria was significantly higher in Group (cfPWV/CBP) and Group (CBP) [OR 3.219, 95% CI (1.630–6.359), P < 0.05; OR 3.156, 95% CI (1.961–5.079), P < 0.05]. With age stratified by 60 years, the risk of CKD was significantly higher in Group (cfPWV/CBP) [OR 4.019, 95% CI (1.439–11.229), P < 0.05].

Conclusion: Different phenotypes based on the status of cfPWV and CBP were associated with different TOD. Individuals with both cfPWV and CBP elevated have a higher risk of microalbuminuria.
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INTRODUCTION

Various studies have demonstrated that arterial stiffness is associated with target organ damage (TOD), such as carotid intima-medium thickness (CIMT) abnormality, left ventricular hypertrophy (LVH), chronic kidney disease(CKD), and microalbuminuria (1–4). At present, the gold standard for evaluating arterial stiffness is carotid-femoral pulse wave velocity (cfPWV). cfPWV is one of the most frequently applied PWV measurements, which has a prognostic value not only for TOD but also for cardiovascular events.

Central aortic pressure is more closely associated with markers of vascular function and incidence of cardiovascular events compared with peripheral pressure (4). In 2019, the Taiwan Society of Cardiology (TSOC) and the Taiwan Society of Hypertension (THS) developed the consensus of clinical application of central blood pressure (CBP) in patients with hypertension, and CBP ≥ 130/90 mmHg was defined as hypertension. CBP is more predictive of TOD than peripheral blood pressure (PBP) (5). However, the potential clinical use of central aortic hemodynamic indices as markers of TOD has not been fully established (5, 6), and few studies have been conducted to elucidate the associations of TOD with cfPWV combined with CBP (1, 2). Based on this, we conducted this study aiming to risk stratify patients for TOD based on vascular risk parameters (cfPWV, CBP). Through this research, we hope to promote individualized diagnostic and therapeutic management of patients and to avoid overtreatment or insufficient treatment of patients by considering only a single biomarker (such as only cfPWV or CBP) in clinical practice.



METHODS


Study Population

A total of 1,335 patients from Ruijin Hospital affiliated to Shanghai Jiao Tong University School of Medicine between December 2017 and August 2020 were included in this study. The inclusion criteria were health assessment population and age ≥18 years and ≤ 85 years. All patients gave written informed consent and accepted cfPWV and CBP examinations. Exclusion criteria were clinical or laboratory evidence confirming acute cardiovascular and cerebrovascular disease within the previous 3 months before enrollment or any life-threatening disease, including severe arrhythmias, such as atrial flutter, atrial fibrillation, ventricular premature beats, and ventricular tachycardia. Of the 1,335 patients, 11 cases and 44 cases were excluded due to missing data and data duplication, respectively. Finally, 1,280 patients were recruited in this study. Patients were divided into four groups according to the status of cfPWV and CBP: Group (cfPWV/CBP) (high cfPWV and high CBP), Group (cfPWV) (high cfPWV and normal CBP), Group (CBP) (normal cfPWV and high CBP), and Group (control) (normal cfPWV and normal CBP). cfPWV >10 m/s was defined as “high cfPWV,” and cfPWV ≤ 10 m/s was defined as “normal cfPWV” for cfPWV >10 m/s is a high-risk factor of asymptomatic hypertensive target organ damage (7). “High CBP” refers to central systolic blood pressure (cSBP) ≥130 mmHg and/or central diastolic blood pressure (cDBP) ≥90 mmHg, and “normal CBP” refers to cSBP < 130 mmHg and cDBP < 90 mmHg (8). Medical records, including age, sex, height, body mass index (BMI), smoking history (yes or no), antihypertensive drugs (yes or no), antilipidemic drugs (yes or no), heart rate (HR), and cfPWV, were collected. A sample of venous blood was drawn, and a sample of urine was collected after obtaining informed consent. Serum fasting glucose, hemoglobinA1c (HbA1c), creatinine (Cr), uric acid, triglyceride and total, low-density lipoprotein (LDL), and high-density lipoprotein (HDL) cholesterol were measured with standard methods on the venous blood sample; urinary albumin and creatinine were measured from the urine sample. Body mass index (BMI) was calculated as body weight in kilograms divided by the square of body height in meters; body surface area (BSA) was calculated using the formula: BSA (m2) = 0.0061 × body height (m) + 0.0128 × body weight (kg)−0.1529 (9). The study protocol was reviewed and approved by the Ethics Committee of Ruijin Hospital (Ethics No. 2011-30), Shanghai Jiao Tong University School of Medicine. All patients provided written informed consent.



Indices of Central and Peripheral Hemodynamics

Radial waveforms and pulse wave analysis measurements were obtained by applanation tonometry using a high-fidelity SPT-304 micromanometer (Millar Instruments, Houston, TX) interfaced with a laptop computer. Central aortic pressure waveforms were derived from the radial waveforms with a validated transfer function using the SphygmoCor software, version 8.0 (AtCor Medical, Sydney, Australia) (10), and central hemodynamics indices, including central systolic blood pressure (cSBP), central diastolic blood pressure (cDBP), central mean arterial blood pressure (cMAP), central augmentation index (cAIx), and cAIx adjusted to heart rate of 75 bpm (beats per minute) (AIx@HR75), were generated. Radial waveforms were calibrated with the average of the peripheral systolic blood pressure (pSBP) and peripheral diastolic blood pressure (pDBP) measured 3 times at the left brachial artery with a validated Omron 705CP oscillometric device (Omron, Kyoto, Japan) (11), following at least 10 min of rest, and all measurements were performed in a quiet room with stable temperature with the subject in a supine position, avoiding smoking, caffeine, and exercise for 30 min (12). Peripheral mean arterial blood pressure (pMAP) was calculated for further study. Recordings were discarded when systolic or diastolic variability of consecutive waveforms exceeded 5% or when the amplitude of the pulse wave signal was <80 mV. All recordings met the manufacturer's quality control standards integrated into the software package.



Carotid-Femoral Pulse Wave Velocity

Carotid-femoral pulse wave velocity was calculated as the measured distance from the suprasternal notch to the femoral artery subtracted by the distance from the suprasternal notch to the carotid artery and then divided by the pulse transit time. The fiducial point at the foot of the pulse for the measurement of transit time was determined by the intersecting tangent method, where a linear fit is performed on the late diastolic portion of the pulse and the early systolic rise of the subsequent pulse. The pulse transit time between the two arterial sites was determined as the difference between the R-wave of the electrocardiogram and the diastolic foot at the respective sites averaged over 10 consecutive heartbeats. Following the measurement of office blood pressure, carotid and femoral arterial waveforms at the patient's right side were obtained by applanation tonometry sequentially a short time apart. Patients fasted overnight, and no caffeine beverage or smoking was allowed within 3 h of the measurement. A single high-fidelity applanation tonometer SphygmoCor V8.0 device (AtCor Medical, Sydney, Australia) was used for the PWV measurements. cfPWV > 10 m/s was defined as “high cfPWV,” and cfPWV ≤ 10 m/s was defined as “normal cfPWV” in our study. We also estimated the cardio-ankle vascular index (CAVIo) using the same cfPWV value (13, 14).



Target Organ Damage
 
Carotid Intima-Media Thickness

Carotid intima-media thickness was examined bilaterally using high-resolution Doppler ultrasound (HD11EX Ultrasound; Philips Medical Systems, Andover, MA, USA) with a broadband linear array transducer (multiple frequencies: 4–12 MHz). Three recordings were taken from the bulb origin (common carotid artery starting ~1.5 cm proximal to the carotid artery bulb) of both left and right carotid arteries during the diastolic portion of the cardiac cycle, and the average value of the three recordings was calculated for each side. Finally, CIMT was calculated as the average of the left CIMT and the right CIMT ([Left CIMT + Right CIMT]/2). CIMT > 1.3 mm was diagnosed with carotid plaque. CIMT abnormality was diagnosed as CIMT ≥0.9 mm and/or the presence of carotid plaque.



Left Ventricular Hypertrophy

Cardiac dimensions were measured based on a standardized reading protocol, and all indices were evaluated by an experienced sonographer or cardiologist. Cardiac dimensions were quantified using digital images and the leading-edge technique as recommended by the American Society of Echocardiography. M-mode echocardiography was used to obtain linear measurements of the left ventricular (LV) cavity [LV end-diastolic diameter and LV end-systolic diameter (LVESD), interventricular septum thickness (IVST), and posterior wall thickness (PWT)]. Left ventricular mass (LVM) was calculated according to the American Society of Echocardiography guidelines (15). LVM was calculated with the formula: LVM (g) = 0.8 × [1.04 × [(IVST + PWT + LVDD)3-(LVDD)3] + 0.6. Body surface area (BSA) was calculated using the formula: BSA (m2) = 0.0061 × body height (m) + 0.0128 × body weight (kg)−0.1529. Left ventricular mass index (LVMI) = LVM/BSA (g/m2). We defined LVH as LVMI >95 g/m2 and >115 g/m2 for women and men, respectively.



Renal Abnormalities

Urinary albumin-creatinine ratio (ACR) was used to screen patients with urinary albuminuria. ACR was measured from spot morning urine samples obtained from participants. ACR values have been shown to identify kidney disease that occurs as a complication with hypertension. Abnormal albuminuria was defined as a urine ACR >3.5 mg/mmol in female patients and >2.5 mg/mmol in male patients. The definition and the diagnostic criteria for chronic kidney disease were proposed in the K/DOQI guidelines (16): estimated glomerular filtration rate (eGFR <60 ml/min/1.73 m2) calculated by the MDRD formula: eGFR (ml/min/1.73 m2) = 175 × Cr (mg/dl)−1.234 × age (years old)−0.179 × 0.79 (if female patient).




Statistical Analysis

All analyses were performed using SPSS 24.0 for Windows (SPSS Inc, Chicago, IL, USA). A two-sided P < 0.05 was considered statistically significant. Quantitative and qualitative parameters were presented as mean ± standard deviation and numbers with the percentage in parentheses, compared among groups by one-way ANOVA and chi-squared test, respectively. Pearson's correlation analysis was applied to investigate the correlation of central and peripheral hemodynamic indices with TOD. Furthermore, the relative odds ratios by multivariate stepwise linear or logistic regressions analysis [forward likelihood ratio (LR)] were conducted to compare the associations of risk factors with TOD among different groups after adjusting for age, sex, BMI, height, smoking history, antihypertensive drugs (yes or no), HDL-c, LDL-c, FBG, HR, and pMAP. Only variables staying in the final model were presented.




RESULTS


Baseline Characteristics of the Studied Population

A total of 1,280 patients (mean age 53.14 ± 12.76 years, 64.06% male patients) were recruited in this study; 30.8% of patients were taking antihypertensive drugs; and 16.8% of patients had a smoking history. ACR was skewed so Log ACR was used for the logistic regression. Mean values of CIMT, LVMI, eGFR, and LogACR were significantly different in the four groups (P < 0.05). The percentages of TOD were significantly different among Group (cfPWV/CBP) to Group (control) (P < 0.001). Age, BMI, triglycerides, cholesterol, FBG, HbA1c, HR, cfPWV, and CAVIo were all significantly different among groups (P < 0.05). As for central and peripheral blood hemodynamic indices, patients in Group (cfPWV/CBP) had significantly higher levels of pSBP and cSBP than the other three groups (P < 0.05). Patients in Group (CBP) had higher levels of pDBP, cDBP, and cAIx than Group (cfPWV) and Group (control) (P < 0.05) (Table 1).


Table 1. Baseline characteristics of the studied population.
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Correlation Between Central or Peripheral Hemodynamic Indices and TOD

In the overall studied population, cfPWV and cSBP were positively correlated with CIMT (r = 0.283, P < 0.01; r = 0.186, P < 0.01) (Figures 1A,B). cfPWV and cSBP were negatively correlated with eGFR (r = −0.235, P < 0.01; r = −0.122, P < 0.01) (Figures 1C,D). Both cfPWV and cSBP were positively correlated with LVMI(r = 0.325, P < 0.01; r = 0.281, P < 0.01) (Figures 1E,F), and LogACR (r = 0.185, P < 0.01; r = 0.185, P < 0.01) (Figures 1G,H).


[image: Figure 1]
FIGURE 1. Correlations between target organ damage (TOD) and carotid-femoral pulse wave velocity (cfPWV), as well as central systolic blood pressure (cSBP), carotid intima-media thickness (CIMT), and cfPWV (A); CIMT and cSBP (B); estimated glomerular filtration rate (eGFR) and cfPWV (C); eGFR and cSBP (D); left ventricular mass index (LVMI) and cfPWV (E); LVMI and cSBP (F); Log (urinary albumin-creatinine ratio, ACR) (LogACR) and cfPWV (G); and LogACR and cSBP (H). Linear regression lines for (x) and (y) variables are shown with correlation coefficients and P-values.




Multivariate Stepwise Linear and Logistic Regression Analysis of the Relationship Between Arterial Stiffness Indices or CBP With the Presence of TOD

In the overall study population, according to multiple stepwise linear regression analysis, cSBP was positively correlated with CIMT (β = 0.095, P = 0.009), cSBP and cfPWV were positively correlated with LVMI (β = 0.105, P = 0.008; β = 0.137, P = 0.003), cDBP was negatively correlated with eGFR (β = −0.103, P = 0.001), whereas cAIx@HR75 was positively correlated with eGFR (β = 0.080, P = 0.017) and cSBP was positively correlated with LogACR (β = 0.186, P <  0.001) after adjusting for age, sex, height, BMI, smoking history, antihypertensive drugs (yes or no), HDL-c, LDL-c, FBG, pMAP, and HR. Age was the main independent influence factor of CIMT, eGFR, and LVMI, while cSBP affected LogACR more compared with age and FBG (Table 2).


Table 2. Multiple stepwise linear regression of risk factors of target organ damage in the overall studied population.
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According to multiple stepwise logistic regression, we found that cAIx@HR75 was significantly associated with LVH [OR 0.959, 95% CI (0.936–0.983), P = 0.001], cfPWV was significantly associated with CKD [OR 1.303, 95% CI (1.096–1.550), P = 0.003], and cSBP was significantly associated with ACR abnormality [OR 1.034, 95% CI (1.020–1.048), P < 0.001] after adjusting for age, sex, height, BMI, smoking history, antihypertensive drugs (yes or no), HDL-c, LDL-c, FBG, pMAP, and HR (Table 3).


Table 3. Multiple stepwise logistic regression of risk factors of target organ damage in the overall studied population.

[image: Table 3]



Comparing the Risk of TOD in Different Groups Based on the Status of cfPWV and CBP by Multiple Stepwise Logistic Regression Analysis

Without adjusting for covariates, regarding Group (control) as reference, CIMT abnormality was significantly higher in Group (cfPWV/CBP) and Group (cfPWV) [OR 3.182, 95% CI (1.854–5.460), P < 0.01; OR 4.544, 95% CI (2.487–8.302), P < 0.01]. LVH was significantly higher in Group (cfPWV/CBP), Group (cfPWV), and Group (CBP) [OR 1 3.012, 95% CI (1.787–5.077), P < 0.01; OR 2 3.920, 95% CI (2.330–6.597), P < 0.01; OR 3 2.101, 95% CI (1.456–3.032), P < 0.01]. CKD had a significantly higher prevalence in Group (cfPWV/CBP) [OR 6.667, 95% CI (2.901–15.321), P < 0.01]. ACR abnormality was significantly higher in Group (cfPWV/CBP) and Group (CBP) [OR 5.157, 95% CI (2.724–9.762), P < 0.01; OR 3.848, 95% CI (2.437–6.075), P < 0.01] (Figure 2).
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FIGURE 2. Multiple stepwise logistic regression of target organ damage among groups by cf-PWV and CBP without adjusted factors. Groups by cfPWV and CBP status: Group (cfPWV/CBP): high cfPWV and high CBP; Group (cfPWV): high cfPWV and normal CBP; Group (CBP): normal cfPWV and high CBP; Group (control): normal cfPWV and normal CBP.


After adjusting for covariates, such as age, sex, height, BMI, smoking history, antihypertensive drugs (yes or no), HDL-c, LDL-c, FBG, pMAP, and HR, we found that LVH was significantly higher in Group (cfPWV) and Group (CBP) [OR 2.406, 95% CI (1.301–4.452), P = 0.005; OR 2.007, 95% CI (1.335–3.017), P = 0.001]. ACR abnormality was significantly higher in Group (cfPWV/CBP) and Group (CBP) [OR 3.219, 95% CI (1.630–6.359), P = 0.001; OR 3.156, 95 % CI (1.961–5.079), P < 0.001] (Table 4). As age was the main susceptibility factor of CKD and CIMT abnormality, we performed the subgroup analysis of eGFR abnormality and CIMT abnormality in different groups by stratifying age by 60 years according to the international standards for the definition of elderly at 60 years (17). Furthermore, we found that CKD was significantly higher in Group (cfPWV/CBP) [OR 4.019, 95% CI(1.439–11.229), P = 0.008] (Table 5), and CIMT abnormality was significantly lower in Group (CBP) [OR 0.466, 95% CI (0.231–0.941), P = 0.033] (Table 6).


Table 4. Multiple stepwise logistic regression of target organ damage in different groups.
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Table 5. Subgroup analysis of eGFR abnormality adjusting for age in different groups.
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Table 6. Subgroup analysis of CIMT abnormalities adjusting for age among different groups by cfPWV and CBP.
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DISCUSSION

Through multiple stepwise linear or logistic regression analysis, we found that CBP parameters and cfPWV were significantly correlated with cardiovascular and renal damage indexes. By group comparison, Group (cfPWV/CBP), individuals with high cf-PWV and high CBP, had an increased risk of microalbuminuria; Group (cfPWV), individuals with high cf-PWV and low CBP, had an increased risk of LVH, while Group (CBP) of low cf-PWV and high CBP had an increased risk of both microalbuminuria and LVH, with OR values lower than the first two groups. The prevalence of CKD and CIMT abnormality in the three groups was not significantly different from that in the control group.

cf-PWV, identified by meta-analyses as a predictor of future CVD events and all-cause mortality independent of blood pressure (6, 18), has also been associated with a decreased renal function (19–21). On the contrary, a number of studies have shown that central aortic blood pressure could better reflect the load on the heart and central vasculature (22, 23) and is associated with cardiovascular outcomes and mortality independent of peripheral brachial arterial pressure (24). In this study, CBP parameters and cf-PWV were found to be significantly correlated with cardiovascular and renal damage indexes, consistent with previous studies.

Although there is a strong relationship between blood pressure and vascular stiffness, the correlation between various blood pressure parameters and cf-PWV could be different (25) and varies according to the age range of the population studied (26–28), not to mention that cf-PWV is influenced by many other factors, such as gender, heart rate, salt intake, or genetic factors. Therefore, it is not surprising that CBP and cf-PWV are partly inconsistent in the study population. We found discordant CBP and cf-PWV status in 378 of 1,280 participants (29.5%): 92 with normal CBP and high cf-PWV and 286 with high CBP and normal cf-PWV. We questioned if the population was divided into different subgroups based on cf-PWV and CBP, whether the groups would show inconsistency in screening TOD?

A small number of studies showed apparent inconsistencies between CBP and cf-PWV. In a sub-study of the Framingham Heart Study, a similar grouping method was used to investigate the relative predictive value of central pulse pressure and cf-PWV for LVH and CVD, and it was concluded that in the community-dwelling middle-aged population, disagreement between pulse pressure and cf-PWV is common, with the highest prevalence of LVH and highest risk of CVD in people with both being elevated (29). However, in our study, regarding Group (control) as a reference, LVH was significantly higher in Group (cfPWV/CBP), Group (cfPWV), and Group (CBP) without adjusting covariates. After adjusting for covariates, Group (cfPWV/CBP) was not associated with LVH [OR = 1.762, P = 0.064]. In accordance with “Framingham Heart Study” (29), we additionally adjusted for height and pMAP in multiple logistic regression analysis. By screening covariates, we found that age was the main factor. Hence, this result illustrates the significant role of adjusting potential confounding variables that influence the risk factors.

In our study, individuals with only cf-PWV elevated had the highest risk of LVH, while the risk of microalbuminuria was not significantly different from the control group. In contrast, individuals with only CBP elevated had a significantly increased risk of both TOD. This suggests that cf-PWV may be a more important driver of CVD than CBP, but inferior to CBP in screening for early manifestations of kidney damage, which may be because cf-PWV is more a measure of large artery stiffness and does not fully reflect the stiffness or function of smaller arteries. However, with the two combined, we found that individuals with both high cf-PWV and high CBP had an even greater risk of microalbuminuria than individuals with elevated CBP alone, which may suggest that the conjoint effect of cf-PWV and CBP on screening for early renal damage is additive.

Multiple stepwise linear regression analysis showed that cSBP was positively significantly associated with CIMT after adjusting for covariates, and age was the main independent influence factor of CIMT, eGFR, and LVMI, while cSBP affected LogACR more compared with age and FBG in our study. As age was a main susceptibility factor of CIMT (30), we stratified age by 60 years and then we found that CIMT abnormality was significantly lower in Group (CBP) compared with Group (control). A previous study suggested that each SD increase in pPP and cPP was associated with an increased risk of carotid IMT >0.9 mm (31). Various studies have illustrated that cf-PWV was significantly related to CIMT and arterial plaque (3, 32). However, there were few studies conducted to compare associations of CBP with CIMT in a certain level of cfPWV. For the sample size limitation and unclassified CIMT and carotid plaque of our study, further research could be carried out to investigate the relationship between CBP and CIMT in individuals with different degrees of arterial stiffness.

In our study, cAIx@HR75 was significantly associated with LVH [OR = 0.959, P = 0.001] after adjusting for covariates. Previous studies showed that pulse pressure amplification (PPA) was tightly associated with LVH (32); higher MAP and central pulse pressure were associated with incident LVH (4). However, opinion on the influence of cAIx@HR75 on LVH varies. In Obayashia's study (33), central AIx was lower in men than in women with hypertension, but the central AIx was not independently associated with the LVMI. It has been shown that in patients with never-treated hypertension, female sex, and shorter height are the important risk factors of elevated radial AIx 75 (34). In our study, cAIx@HR75 was significantly higher in female patients (28.51 ± 10.68 vs. 23.43 ± 12.09, P < 0.01). However, multiple logistical regression with age stratified by 60 years showed that cAIx@HR75 was not significantly associated with LVH. Aix was associated with arterial stiffness; however, it has been shown that central SBP, but not the central AIx, was an independent determinant of LVH in hypertensive patients in general (33). Further research needs to be conducted to explore the varying relationship of cAIx@HR75 and LVH.

Therefore, each subtype seems to show different associations with certain TOD, and we propose that this is an interesting study direction for further investigation. With larger sample size and prospective studies, by exploring the development trend of diseases in different subtypes of patients, more evidence might be provided for clinical work to guide the focus of screening for TODs and related therapy.

The use of measured systolic and diastolic pressure of brachial artery for calibration of the radial waveform is a conventional method that is applied to the SphygmoCor device and has been widely used. The effect of waveform morphology affecting the relationship between central and peripheral pulse pressure is taken into account by the mathematical transfer function in the device. This accounts for differences in pulse pressure, and the mean pressure is equivalent between central and peripheral locations. However, limitations still remain. Validation of data, as well as the clinical utility of these devices, varies (35); when the radial waveform was calibrated with the oscillometric brachial pressures, the SphygmoCor system could not provide an accurate estimation of central BPs measured invasively. The inherent error in the sphygmomanometric measurement of cuff pressure was the major limiting factor and not the use of the transfer function in clinical settings (36) when compared with invasive values. Recent studies have shown that among different calibration approaches of central aortic blood pressure, including systo-diastolic (SD), calculated mean (CM), and oscillometric mean (OscM) (37–39), CM and OscM were preferred. Further studies, such as validation of a novel method to derive central aortic systolic pressure from the radial pressure waveform using an N-Point moving average method, have been explored as well (13, 40). Hence, the results of this study should be considered in the context of the conventional measurement of BP using a brachial cuff sphygmomanometer when the radial pulse wave is calibrated using brachial SBP and DBP.

Arterial stiffness is influenced by BP, and cfPWV is BP dependent, which has hampered its use in clinical practice. To overcome the limitations, different approaches and parameters have been proposed. The cardio-ankle vascular index (CAVI) is essentially a BP independent index of arterial stiffness, overcoming the limitation of cfPWV. However, CAVI is not equal to the actual, intrinsic stiffness index of the pressure–diameter relationship (β0) but instead varies with BP. A straightforward modification of the formula for calculating CAVI yields a pressure independent version, that is, CAVIo. Actually, PWV in the formula is not equal to cfPWV but PWV measured between the aortic valve and the ankle. Even though some studies have shown that the CAVI formula can equally well be applied to any PWV measurement in pulsatile pressure vessels, including the carotid-femoral PWV (41, 42), we still would expect further studies on the accurate formula of cfPWV. Furthermore, our study calculated CAVIo as a derivation using cfPWV rather than estimating it directly; therefore, we focused on examining the associations of cfPWV with other hemodynamic parameters.

Nevertheless, there are still some limitations in our research. As a cross-sectional study with a small sample size, the results need to be further confirmed in prospective studies. The study was conducted in an Asian population, and it is not known whether the results will hold true for other ethnic groups. To account for possible measurement variations, in future studies consideration could be given to using the average value of the three measurements of cfPWV. In our study, although 10 m/s was chosen as the cutoff of cfPWV based on previous guidelines (7, 43), some limitations still remain. Arterial stiffness was age-related, distributing homogeneously. The age-related reduction in the central-to-periphery stiffness gradient is associated with adverse clinical outcomes (44). For the first time, the study of Bia et al. (42) gave the definition of population-based reference values for PWV, suggesting that age-related stiffness changes were less marked in middle-aged adults and became gradually greater after ~60 years. The majority of the studied population in our study was middle aged, so that cutoff 10 m/s of cfPWV might not adequately characterize the real variations of TOD in different groups in young and older adults. Therefore, additional information might be obtained by accounting for age- and sex-related reference intervals (RIs) for regional and local PWV.

In conclusion, different phenotypes based on the status of cf-PWV and CBP are associated with different TOD. For patients with both elevated cfPWV and CBP, screening for microalbuminuria facilitates the detection of early renal damage. Patients with elevated cfPWV or CBP are recommended to accept echocardiograph Doppler examination for the early detection of risks of LVH. Furthermore, patients with only elevated CBP have an increased risk of ACR abnormality, and central aortic blood pressure evaluation probably helps to assess the risk of early renal impairment. Patients with age over 60 years with both elevated cfPWV and CBP had an increased risk of CKD. The combination of cfPWV and CBP grouping has limited significance for the evaluation of CIMT abnormalities.
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low-density lipoprotein cholesterol; FBG, fasting blood glucose; pMAR peripheral mean arterial pressure; HR, heart rate beats per minute; VIF, variance infltion factor:
The bold values represent the values that are statistically significant (P < 0.05).
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Model 1 adjusted for sex (male or female), height, BMI, body mass index, smoking
history, antihypertensive drugs (yes or no), high-density lipoprotein cholesterol HDL-c,
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; HbATG,
hemoglobinATc; HR, heart rate; p-MARperipheral mean arterial pressure, and groups.
Model 2 adjusted for sex, height, BMI, smoking history, antihypertensive drugs (ves or no),
HDL-c, LDL-c, HbATc, heart rate, p-MAP, groups, and age.

The bold values represent the values that are statistically significant (P < 0.05).
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Model 1 adjusted for sex (male or female), height, BMI, bocy mass index, smoking history, heart rate, peripheral mean arterial pressure (o-MAP), glucose-lowering drugs (ves or no),
and antihypertensive drugs (ves or o)
Model 2 adjusted for sex, height, BMI, smoking history, heart rate, p-MAR, glucose-lowering drugs (ves or no), antihypertensive drugs (ves or no), and age.
Model 3 adjusted for sex, height, BMI, smoking history, heart rate, p-MAR glucose-lowering dugs (yes or no), antihypertensive drugs (ves or no), age, and lpic-lowering drugs (ves

or no).

Model 4 adjusted for sex, height, BMI, smoking history, heart rate, p-MAR glucose-lowering drugs (ves or no), antibypertensive rugs (ves or o), age, lpid-lowering drugs (yes or no),

and groups.

The bold values represent the values that are statistically significant (P < 0.05).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparison of Risk of Target Organ Damage in Different Phenotypes of Arterial Stiffness and Central Aortic Blood Pressure



		Introduction



		Methods



		Study Population



		Indices of Central and Peripheral Hemodynamics



		Carotid-Femoral Pulse Wave Velocity



		Target Organ Damage



		Carotid Intima-Media Thickness



		Left Ventricular Hypertrophy



		Renal Abnormalities









		Statistical Analysis







		Results



		Baseline Characteristics of the Studied Population



		Correlation Between Central or Peripheral Hemodynamic Indices and TOD



		Multivariate Stepwise Linear and Logistic Regression Analysis of the Relationship Between Arterial Stiffness Indices or CBP With the Presence of TOD



		Comparing the Risk of TOD in Different Groups Based on the Status of cfPWV and CBP by Multiple Stepwise Logistic Regression Analysis







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Comparison of Risk of Target Organ

Damage in Different Phenotypes of

Arterial Stiffness and Central Aortic
Blood Pressure





OPS/images/fcvm-09-839875-g001.gif
138833338
Al

%"«3@% o






OPS/images/fcvm-09-839875-g002.gif
ounc | o
comemmien | g
R S,

Group(ceP) |—F o s









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Cardiovascular Medicine





