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Objective: Aim of this study was to evaluate the associations of non-invasive central aortic and peripheral (brachial) blood pressure (BP) for Hypertension-mediated organ damage (HMOD) and atherosclerotic cardiovascular disease (ASCVD) risk.

Methods: We evaluated associations of HMOD with 24-h ambulatory blood pressure monitoring (ABPM) of central aortic and peripheral BP indices in patients with primary hypertension and presence of several cardiovascular risk factors. BP measurements were performed by means of a non-invasive automated oscillometric device (Mobil-O-Graph). HMOD was defined as the presence of carotid intima-media thickness (IMT) above normal values and/or carotid plaque, left ventricular hypertrophy (LVH), and/or renal abnormalities as assessed by urine albumin/creatinine ratio above normal values and/or estimated glomerular filtration rate (eGFR) <60 ml/min per 1.73 m2.

Results: In the study cohort of 273 (age 55.2 ± 13.4 years, 71.8% male) patients with primary hypertension, documented HMOD was present in 180 (65.9%), LVH in 70 (25.6%), increased IMT in 129 (47.3%). Fifty-six patients (20.5%) had kidney organ damage (20.5% albuminuria and 2.6% impaired eGFR). When accounting for confounding factors (age, sex, body-mass-index, antihypertensive treatment, smoking, triacylglycerol, statin treatment, glucose, hypoglycemic therapy, or heart rate) only peripheral 24-h pulse pressure (PP) maintained statistical significance with HMOD indices (OR: 1.126, 95% CI: 1.012~1.253; p = 0.029). Using ASCVD risk score as the independent continuous variable in multiple linear regression, 24-h central systolic pressure (SBP) (β = 0.179; 95% CI:0.019~0.387; p = 0.031), daytime central PP (β = 0.114; 95% CI:0.070~0.375; p = 0.005, night-time central SBP (β = 0.411; 95% CI:0.112~0.691; p = 0.007) and night-time PP (β = 0.257; 95% CI:0.165~0.780; p = 0.003) were all positively associated with ASCVD risk.

Conclusions: Blood pressure obtained by 24-h ABPM was better correlated with HMOD than office BP. Whilst 24-h peripheral BP showed a stronger association with HMOD than 24-h central BP, the prognostic value of 24-h central BP for the 10-year ASCVD risk was superior to 24-h peripheral BP.
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INTRODUCTION

With the change of lifestyle, the total number of hypertension patients in China has reached the alarming number of 245 million (1). As the most important risk factor for cardiovascular disease, hypertension has brought us a serious burden of disease. Statistics show that the prevalence and mortality of cardiovascular diseases in the Chinese are still on the rise. In 2017, 2.54 million people in China died due to high blood pressure (BP), of which 95.7% died of cardiovascular disease (2). Interventions for hypertension, especially early intervention, are urgently needed.

Changes in large arteries and microcirculation play a role in the mechanism of BP and HMOD (hypertension-mediated organ damage) (3). The increase in arterial stiffness caused by aging and other factors lead to an increase in systolic BP (SBP). The increase in SBP and pulse pressure (PP) transmit to the distal vascular system, leading to microcirculation damage, remodeling, and related endothelial dysfunction. Eventually, target organs such as heart, brain and kidney and blood vessels themselves are damaged.

HMOD is related to increased vascular risk and death, and their prevention should become the target of hypertension treatment and a surrogate sign of whether BP is well-controlled (4). It is theorized that at the time of diagnosis, all adult hypertension patients have HMOD, but the severity varies. Cardiovascular death, myocardial infarction, stroke, end-stage renal disease (ESRD) or heart failure are common and irreversible late complications (4). For young hypertensive patients, it is more important to prevent the development of HMOD.

The Chinese Hypertension Guidelines have pointed out that assessing HMOD is an important part of the diagnosis and evaluation of hypertension. After early detection and treatment, asymptomatic subclinical HMOD can be reversed, which helps to improve the prognosis of patients (5).

In this study, we investigated the use different indicators to evaluate the correlation between different BP indices and HMOD such as heart, kidney, and large blood vessel damage, hoping to clearly distinguish the intervention targets for early detection, intervention and reversal of HMOD.



MATERIALS AND METHODS


Study Population

In this cross-sectional study between July 2018 and July 2020, 273 (196 men, age 55.21 ± 13.37 years) inpatients enrolled in the Department of Geriatrics, Shanghai Ruijin Hospital, China, who suffered from primary hypertension with presence of several cardiovascular risk factors or complications involving clinical HMOD were recruited. The inclusion criteria were 3 consecutive measurements of office SBP ≥140 mmHg or consultation diastolic BP (DBP) ≥90 mmHg after resting for 5 min in the supine position, or the use of antihypertensive drugs without the diagnosis of secondary hypertension. Exclusion criteria were clinical or laboratory evidence confirming the acute cardiocerebrovascular disease within the previous 3 months before enrollment or any life-threatening disease.

Patients' medical history, smoking habits, medication history, and auxiliary examinations [serum total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), blood glucose, serum creatinine, and urine albumin/creatinine ratio (ACR)] were collected in the form of standardized questionnaires. Cardiovascular risk was determined according to the American College of Cardiology/American Heart Association-Atherosclerotic Cardiovascular Disease (ACC/AHA-ASCVD) risk score (6).

Current smoking was defined as having smoked in their lifetime or smoked in the past 7 days of BP measurement (7, 8). Diabetes mellitus was defined as a fasting blood glucose concentration of at least 7 mmol/l, or a random blood glucose level of over 11.1 mmol/l, or the use of antidiabetic drugs. Dyslipidemia was defined as serum TC ≥240 mg/ dl, LDL-C ≥160 mg/dl, HDL-C ≤ 35 mg/dl, TG ≥150 mg/dl, or the use of antilipidemic drugs according to Adult Treatment Panel III cardiovascular risk factor definitions (9). The study protocol was reviewed and approved by the Ethics Committee of Ruijin Hospital, Shanghai Jiaotong University School of Medicine. All patients provided written informed consent.



Blood Pressure Measurements

Both office and 24-h BP measurements were performed by means of a non-invasive automated oscillometric device (Mobil-O-Graph PWV; IEM, Stolberg, Germany), validated for brachial BP measurement, according to the European Society of Hypertension International protocol (10).

The monitor was fitted on a weekday between 8:00 am and 8:00 am. After 5-min rest, BP was measured four times consecutively at 1-min intervals. The mean of these measurements was settled as office(clinic) BP. The device was set to function under the manufacturer's inbuilt protocol number 11, namely: four BP recordings per hour from 0800 to 2,359 h and two recordings per hour from 0000 to 0759 h. In this mode of function, the device performs both brachial BP measurement and brachial pressure wave recording simultaneously. The aortic (central) BP is assessed by software analysis [with the application of validated generalized transfer functions (11, 12)] after the data are downloaded to the manufacturer's software (HMS version 4.6).The aortic BP derived by the Mobil-O-Graph NG apparatus has been compared vs. the non-invasive “gold standard” apparatus for central BP estimation (Sphygmocor device) in four studies (12–17), as well as vs. the invasive aortic BP recordings in one study (13), with consistently quite acceptable results (11, 14). The feasibility and/or reproducibility of the device to assess central hemodynamics, both in large populations at rest (17) and during ambulatory monitoring (15, 18), has been also evaluated with satisfactory results.

All patients included in the study had recordings of good technical quality (at least 80% of valid readings). Otherwise, ABPM was repeated in 1 week.

PPA was defined as the peripheral-to-central pulse pressure ratio and was calculated using the formula: PPA = (brachial SBP– brachial DBP)/(central SBP – central DBP).



HMOD Indices

HMOD was defined as the presence of carotid intima-media thickness (IMT) above normal values (0.9 mm) and/or carotid plaque, left ventricular hypertrophy (LVH), and/or renal abnormalities as assessed by urine albumin/creatinine ratio (ACR) above normal values (>3.5 mg/mmol in females and >2.5 mg/mmol in males) and/or an estimated glomerular filtration rate (eGFR) <60 ml/min per 1.73 m2.


Intima-Media Thickness

We used high-resolution echocardiography Doppler ultrasound (HD11EX Ultrasound; Philips Medical Systems, Andover, MA, USA) with a broadband linear array transducer (multiple frequency: 4–12 MHz) to examine Carotid IMT.IMT was measured on both the left and right common carotid artery starting ~1.5 cm proximal to the carotid artery bulb. During the test, three records were collected from the left and right carotid arteries, and the average value of each side was calculated. When IMT> 1.3 mm, carotid plaque was diagnosed. When IMT ≥ 0.9 mm and/or carotid plaque was present, carotid artery abnormality was diagnosed.



Left Ventricular Hypertrophy

LVH was defined as a left ventricular mass index (LVMI) ≥ 115 g/m2 in men or ≥95 g/m2 in women and was calculated by means of echocardiography, performed according to the American Society of Echocardiography recommendations (19).



Renal Abnormalities

The definition and the diagnostic criteria for chronic kidney disease (CKD) were proposed in the Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines: (eGFR <60 ml/min/1.73 m2) as calculated by the MDRD formula (20) or urinary ACR > 3.5 mg/mmol in females and >2.5 mg/mmol in males were used to screen hypertensive patients with CKD.




The Atherosclerotic Cardiovascular Disease (ASCVD) Risk

The ACC/AHA-ASCVD risk score was determined using values of TC, HDL-C, LDL-C, age, BP, gender, presence of diabetes, and smoking status (6). The ACC/AHA-ASCVD risk score was defined as high risk when the score ≥7.5% and low risk when score <7.5% (21).



Statistical Analysis

We use SPSS 24.0 for Windows (SPSS Inc., Chicago, IL, USA) for statistical analysis. When p < 0.05 on both sides, it is considered statistically significant.

Continuous variables are expressed as mean ± SD, and frequencies (percentage) are reported for categorical variables. Student's t-test or Chi-square test were used for the comparison between patients with and without HMOD. Pearson correlation was used to assess the relations between brachial, central aortic BP and LVMI, ACR, eGFR, or IMT. The association of each BP estimate with the presence of HMOD was assessed by means of logistic regression analyses, with odds ratio (OD) calculation adjusted for age, sex, body mass index (BMI), antihypertensive treatment, smoking, TG, statin treatment, fasting glucose, glucose, hypoglycemic therapy, heart rate.

Furthermore, the relative impact of central vs. peripheral BP estimates was assessed by the simultaneous introduction of each pair of central and peripheral measurements (office, 24-h, daytime, and night-time) in the logistic regression models, and then calculating the adjusted ODs. The association of each BP estimate with the presence of ASCVD risk was assessed by means of linear regression with adjustment for baseline covariates including age, sex, BMI, antihypertensive treatment, smoking, TG, statin treatment, fasting glucose, glucose, hypoglycemic therapy, heart rate.




RESULTS


Characteristics of Participants

The study cohort comprised 273 (71.8% men) patients with primary hypertension. A total of 180 (65.9%) patients had documented HMOD. LVH was present in 70 patients (25.6%), increased IMT in 129 (47.3%). A total of 56 patients (20.5%) had kidney organ damage (20.5% albuminuria and 2.6% impaired eGFR). From them, 66 patients (24.2%) presented HMOD in more than one organ.

Table 1 shows the difference in clinical parameters and BP measurements between patients with and without HMOD. Patients with HMOD had significantly higher brachial and aortic (central) BP, measured during 24-h, day or night except clinic peripheral PP and clinic aortic PP. Patients with HMOD were older, more frequently treated, and more with associated glucose disorders. As expected, values of serum creatinine, ACR, LVMI, IMT, and ASCVD risk score were increased and eGFR reduced in the group with HMOD. The PPA was higher in HMOD group, but there was no statistical significance.


Table 1. Characteristics of the study subjects.

[image: Table 1]

Table 2 summarizes the correlations between peripheral and central BP and HMOD indices. There were different strengths of correlation between BP and HMOD indices. LVMI was significantly associated with both brachial and central SBP parameters for clinic, 24-h, day and night (r = 0.121–0.281, p < 0.001). ACR was significantly associated with both brachial and central SBP as well as PP parameters for clinic,24-h, day and night (r = 0.151–0.299, p < 0.01) except clinic aortic SBP and clinic aortic PP. It was also significantly associated with Clinic PPA and Night-time PPA (r = 0.147–0.148, p < 0.05) except 24-h PPA and Daytime PPA.There was a significant negative association between eGFR and the brachial and central PP for 24-h, day and night (r = −0.205 to −0.234, p < 0.001) except night-time aortic PP. It was also significantly associated with Clinic PPA and Night-time PPA (r = −0.134 to −0.144, p < 0.05) except 24-h PPA and Daytime PPA.IMT was significantly associated with both brachial and central PP parameters for 24-h, day and night (r = 0.141–0.163, p < 0.05).


Table 2. Relationship between BP and HMOD.
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Table 3 shows adjusted ODs for office and ambulatory BP estimates. When each pair of BP value (central and peripheral) were introduced in the same logistic regression model, only peripheral BP estimates (24-h pPP) maintained their statistical significance, whereas none of the central BP parameters were significant after adjustment for age, sex, BMI, antihypertensive treatment, smoking, TG, statin treatment, glucose, hypoglycemic therapy, heart rate (Figure 1).


Table 3. Odds ratios and 95% confidence intervals for each mmHg increase of the association of each blood pressure value with the presence of Hypertension-mediated organ damage.
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FIGURE 1. Odds ratio (OR) and 95% Confidence Interval (CI) of Hypertension-mediated organ damage with the all BP measurements.


When PPA (Clinic, 24-h PPA, Daytime, Night-time) were introduced in the same logistic regression model, none of PPA parameters were significant after adjustment for age, sex, BMI, antihypertensive treatment, smoking, TG, statin treatment, glucose, hypoglycemic therapy, heart rate.

The left ventricular mass was further used as an independent HMOT index and analyzed as the independent continuous variable in multiple linear regression, we found that 24-h peripheral SBP was more relevant to LVMI than 24-h central SBP (β = 0.161; 95% CI:0.064~0.562; p = 0.014) after adjustment for age, sex, BMI, antihypertensive treatment, smoking, TG, statin treatment, glucose, hypoglycemic therapy, heart rate. Night-time central SBP is more relevant to LVMI than night-time peripheral SBP (β = 0.134; 95% CI:0.008~0.473; p = 0.042) when accounting for confounding factors, Using ASCVD risk score as the independent continuous variable in multiple linear regression, central but not peripheral 24-h SBP, daytime PP, night-time SBP and PP were all positively associated with ASCVD risk after adjusted for traditional cardiovascular risk factors (Table 4). In addition, Daytime PPA(β = −0.096; 95% CI:−0.238 to −0.036.387; p = 0.008) and Night-time PPA (β = −0.098; 95% CI:−0.193 to −0.030; p = 0.007)were all negatively ssociated with ASCVD risk after adjusted for confounding factors except Clinic PPA and 24-h PPA.


Table 4. Linear regression analysis of associations between each blood pressure value and ASCVD.
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DISCUSSION

ABPM data of HMOD patients showed significantly higher BP compared to patients without HMOD, but the clinic (office) BP did not increase significantly. This suggested that even for patients with normal clinic BP, we need to be vigilant and realize that clinic BP does not provide complete information.

Although HMOD and non-HMOD patients had no difference in clinic peripheral and central PP and SBP, HMOD patients showed significantly higher BP levels on multiple indicators during ABPM. Furthermore, only central but not peripheral BP was associated with increased 10-year ASCVD risk.

BP measurement is a fundamental means and method for evaluating BP levels, diagnosing hypertension, and observing the efficacy of antihypertensive treatment. In clinical and population prevention work, the main use of office BP measurement and out-of-office BP measurement, the latter includes ABPM and home BP monitoring (HBPM), can provide a large amount of BP data outside the medical environment (5).

Clinic BP, recommend by most clinical guidelines (22), has been considered as the basis for guiding therapeutic decisions focused on the cardiovascular protection (23), closely related to prognosis. However, in the last two decades, ABPM, developed initially to study the circadian changes in BP and to determine the influence of BP-lowering drugs on the 24-h BP profile (24), has become important in determining BP of individuals, as it provides a more accurate prognosis and a better association with HMOD in hypertensive patients with respect to clinic BP (25–28). In our study, compared to clinic BP, BP obtained during 24-h ABPM had a stronger correlation with HMOD, which suggests it could be routinely used for assessment of hypertensive patients with suspected HMOD.

We found that different BP indicators have different correlations with HMOD: SBP and PP are better correlated with ACR, PP is better correlated with eGFR and IMT, and SBP is better correlated with LVMI.

The increase of SBP will increase the vascular pressure at the end of systole, and the increase of PP will cause vascular endothelial damage and mechanical fatigue, leading to atherosclerosis. Kong MG et al. showed SBP and PP are better HMOD indicators (29).It showed patients undergoing elective invasive coronary angiography (CAG), SBP, and PP had stronger relationships with E/e' and coronary artery disease than DBP and mean arterial pressure (MAP).

Jokiniitty et al. (30) suggested that PP is the most significant BP indicator in predicting future LVMI and change in LVMI. Cirillo et al. (31) suggested that in non-diabetic, middle-aged adults, PP and isolated systolic hypertension are directly related to microalbuminuria. The South Korean study (29) suggested that neither SBP nor PP was related to LVMI and eGFR. A study by Chinese investigators (32) suggested that SBP and severe hypertension (grade 3) were common independent risk factors for HMOD. These differences may be related to sample size, BP level, and age of study cohort.

In general, PP is an independent risk factor for cardiovascular disease and mortality, and there is a clear link between PP and HMOD (29). In addition, the influence of SBP and overall BP levels cannot be ignored.

It is well-known that SBP and PP are higher when assessed at the brachial artery compared to the aorta because of PP amplification across the arterial tree (33). Therefore, target organs, especially the heart and large arteries, which are directly exposed to central rather than brachial BP, could be more strongly affected by the former (33). In fact, central BP has been increasingly considered to be a better estimator than the traditional peripheral BP measurement, found to be more closely related with HMOD, such as LV mass, carotid intima-media thickening, and pulse wave velocity (34). What is more, as shown by some longitudinal studies, central BP has a better predictive value of future cardiovascular events and mortality in hypertensive patients (35–38).

In most of the studies showing better predictive value of central BP, central and peripheral BP estimates were taken at clinic measurements of BP. In this study we investigated if ABPM might give the same result: whether it be assumed that 24-h central arterial pressure is superior to peripheral arterial pressure in predicting HMOD and long-term prognosis. However, seemingly contradictory results have been obtained in this study. The 24-h central BP did indeed show a greater predictive value for the 10-year ASCVD risk than 24-h peripheral BP. But when it comes to correlation with HMOD, the opposite is true: 24-h peripheral BP showed a stronger association with HMOD than 24-h central BP.This result is consistent with the findings of Spanish investigators (39).

The conclusion appears paradoxical. Why is the central ABPM better than the peripheral in 10-year CV risk but poorer in HMODs? In fact, in the past few years, research in this area has consistently shown conflicting results. Studies have suggested that the correlation between central BP and cardiovascular events is better than peripheral BP (35, 36). Other studies, like ours, have not found the advantage of central BP (37, 38) specific to HMOD, but rather for ASCVD. The difference in measurement and correction methods may be the reason for the different conclusions reached in different studies. In addition, we think the more critical point is that patients were mostly treated and this might have significantly influenced the results. After early detection and timely treatment, subclinical HMOD can be reversed (40). In contrast, the adverse association between cardiovascular outcomes and aortic sclerosis cannot be reversed by antihypertensive therapy, which may be one of the apparent reasons for the contradictory results of this study.

The finding of a lack of association with 24 h brachial BP and IMT is surprising and differs from several other findings in the general population (41) or in hypertensive patients (42). We postulate that the difference may be related to the following factors. Most of the selected population received antihypertensive therapy in our study, while the patients in the other two studies had no history of hypertension or were in the drug washout period. The effect of antihypertensive medication on patients' SBP and PP may be the main reason for the difference. In addition, the measurement method of IMT is different. Our IMT measurement is only for one carotid site, while the other two studies carried out 6~12 carotid sites. Further research in a larger sample size of the population may provide further clarification.

Our research results also show that if LVMI is analyzed as a stand-alone HMOD, 24-h peripheral SBP is more relevant to LVMI than 24-h central SBP. Night-time central SBP is more relevant to LVMI than night-time peripheral SBP. This is also contrary to what is generally accepted. It is generally believed that, compared with peripheral blood pressure, central BP is more closely correlated with LVMI (43). The paradox found in our study is most likely related to changes in antihypertensive treatment and arterial stiffness. Central SBP and PWV parameters are significantly correlated to hypertension (43). To address this issue, we are planning to analyze different PWV phenotypes in patients with hypertension.

Our study also showed that the clinic PPA, 24-h 24PPA, day PPA, night-time PPA had no prognostic value for HMOD. As the day PPA increased, the ASCVD risk decreased, while the Night-time PPA increased, the ASCVD risk decreased. 24-h PPA and clinic PPA had no prognostic value for ASCVD risk. In other words, PPA only has a prognostic effect on ASCVD risk, and has no correlation with HMOD. The Northern Shanghai Study (44) showed that PPA is a cardiac-related biomarker in community-based elderly. It seems understandable that, PPA is an indicator of cardiac pressure load, and it is related to cfPWV. As a vascular biomarker, cfPWV reflects the vessel elasticity of the aorta and is significantly associated with arterial changes, including glomerulus damage (44). PPA is only related to cardiac HMOD, so PPA and cfPWV have different prognostic values for HMOD, but they have similar values in ASCVD risk.

Due to the hypervagal function, night-time SBP decreased significantly (> 10%) so the day time peripheral PP was slightly higher than the night-time peripheral PP. Since the PPA of night time is less than the day time, day time SBP does not decrease significantly, resulting in a slightly higher night-time central PP than the day time central PP. Since the relation between central and peripheral PP is highly dependent on heart rate, is expected that changes in heart rate would result in different degree of amplification of PP from the aorta to the periphery.

In future research, we will address the PPA effect of ABPM at different times, especially the prognostic value of nighttime changes to the risk of HMOD and ASCVD.

In this study, HMOD was defined as the presence of carotid IMT above normal values (0.9 mm), LVH, and/or renal abnormalities as assessed by urine ACR above normal values (>3.5 mg/mmol in females and >2.5 mg/mmol in males) and/or an eGFR <60 ml/min per 1.73 m2.

Carotid artery plaque was classified as abnormal carotid artery in this study, and ABI and PWV measurements were not considered to be a manifestation of target organ damage. We adopt this definition of target organ damage to refer to the definition in the 2018 Chinese guidelines for the management of hypertension (40). It was a relatively simple and convenient method for detecting target organ damage. The predictive effect of ABI and PWV on patients' cardiovascular risk has been reported in many studies, but at present in China, it is still an investigative indicator rather than a clinical indicator, so we did not include these two indicators for analysis. We will conduct further analysis in future research.


Limitations

This study has some limitations. As a cross-sectional study with a small sample size, the results need to be further confirmed in prospective studies. The cohort of this study is a physical examination population and the risk factors such as antihypertensive treatment werenot collected, therefore it is unknown whether results are applicable for other disease populations. The study was conducted in an Asian population, and it is not known whether the results will hold true for other ethnic groups.




CONCLUSION

Blood pressure obtained by 24-h peripheral ABPM was better correlated with HMOD than office BP and 24-h central BP. However, the prognostic value of 24-h central BP for the 10-year ASCVD risk was superior to 24-h peripheral BP.
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Characteristics Total Without HMOD ‘With HMOD P-value

(n=273) (n=93) (n = 180)
Agey 55.21 % 13.37 50.10 £ 12.59 57682+ 13.02 <0.001
Sex (% men) 282 289 269 0727
BMI/(kg/m?) 26.49+5.00 26324553 26,57 + 4.87 0.701
Antihypertensive treatment (%) 835 753 87.8 0,008
Glucose (mmol/L) 592 +1.59 55+1.10 6.14+1.76 0.002
Triglycerides (mmol/L) 206+ 197 2.09+1.29 204224 0854
Total cholesterol (mmol/L) 473098 480+078 469+ 1.07 0384
LDL-C (mmolL) 3183075 319+ 0.60 300+ 0.82 0320
Creatinine (umol/L) 7859 % 15.50 7740 £ 12,11 79.36 + 16.96 0256
ASOVD(%) 15.00 + 18.07 9.54+863 17.60 + 14.01 <0.001
eGFR(mU/min per 1.73 m?) 90.24 % 15,53 93.19  13.50 8871+ 1631 0024
LM (g/m?) 98.18 23,09 86.47 + 13.68 104.23  24.62 <0001
IMT (mm) 0.73£0.10 0.69 = 0.07 075+ 0.11 <0.001
LGACR (mg/mmol) 043+ 0.45 025024 053+ 0.50 <0001
Clinic Peripheral SBP 133.17 £ 18.45 129.76 + 18.01 134.94 £ 18.44 0.029
Clinic Aortic SBP 123.81 £ 16.90 120.78  16.60 125.38 = 17.37 0.044
Clinic Peripheral PP 44,86+ 13.39 42.72 £ 12.93 45.97 + 1352 0.059
Clinic Aortic PP 33.72 £ 10.90 32.41 £ 1051 34.41 £11.07 0.176
Clinic PPA 1.32+£047 181013 1.33£0.19 0380
24-h Peripheral SBP 126,60+ 11.94 122.76 & 11.41 12874 % 11.72 <0.001
24-h Aortic SBP 11811 £ 11.05 115.46 % 11.30 11951 % 10.69 0.004
24-h Peripheral PP 43.00 +9.27 40.35 +7.79 44.38+9.70 0.001
24-h Aortic PP 33.07 +7.09 31.87 +7.00 3871£7.08 0043
24-h PPA 1.81£0.42 1.29+007 1.32 015 0.051
Daytime Peripheral SBP 128.06 + 12.06 124.41 £ 12.03 120.97 £ 11.67 <0.001
Daytime Aortic SBP 119,00+ 11.07 116.17 & 10.84 12062  10.90 0,002
Daytime Peripheral PP 42.79 £ 9.05 40.58 + 8.02 43.94 +£935 0.004
Daytime Aortic PP 32.33+6.86 3094 £ 600 3807718 0015
Daytime PPA 1.33+0.10 1.31+008 1.34£0.10 0.081
Night-time Peripheral SBP 122,95 + 14.52 117.66 £ 12.27 125.66 + 14.86 <0.001
Night-time Aortic SBP 115.43 £ 18.12 111.05 & 11.32 117.67 & 13.44 <0001
Night-time Peripheral PP 42.86.+9.92 30.93 + 857 4435 +10.25 <0.001
Night-time Aortic PP 34.20+7.34 324703 35.14+7.35 0,004
Night-time PPA 1.25+0.42 1.24+009 1.26+0.13 0.127

Data are mean + SD or percentage as marked. P-value: independent t-test analysis of variance for numeric variables and chi-square test for categoric variables.
BMI, body mass index; LDL-C, low density lipoprotein cholesterol; SBF, systolic blood pressure; PP, pulse pressure; ASCVD, atherosclerotic cardiovascular disease; eGFR, an estimate
of GFR for the modified MDRD formula; ACR, Urine albumin-to-creatinine; PPA, peripheral-to-central pulse pressure ratio.
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