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Abstract

:

Background: Pulse pressure (PP), a marker of arterial stiffening, is closely related to adverse outcomes in hypertensive patients. Correspondingly, less attention has been paid to the value of PP in the population with normal blood pressure. Methods: The study included normotensive elders aged over 60 years from the 1999–2014 National Health and Nutrition Examination Survey (NHANES). All included participants were followed up until the date of death or 31 December 2015. Restricted cubic spline analyses were used to explore the associations of PP with cardiovascular mortality and all-cause mortality. The population was categorized into two groups according to the optimal cut-off of PP for all-cause mortality by X-tile software. Propensity matching score analysis was further performed to reduce confounding bias. The Kaplan–Meier curves and Cox proportional hazard models were applied to estimate the associations of widening PP cardiovascular mortality and all-cause mortality. Subgroup analyses were also conducted. Results: A total of 6309 participants were included (52.9% men and median age 69 (63, 75) years). The median follow-up duration was 74 (42, 114) months. The restricted cubic spline analyses revealed that continuous PP was linearly related to cardiovascular mortality (p for linearity < 0.001; p for nonlinearity = 0.284) and nonlinearly related to all-cause mortality (p for nonlinearity = 0.001). After propensity score matching, 1855 subjects with widening PP and 1855 matched counterparts were included (50.2% men and average age 72 (66, 78) years, 50.9% men and average age 72 (66, 78) years, respectively), of which 966 (26.0%) died during a median follow-up duration of 71 (39, 105) months. In the Cox proportional hazards model, widening PP was associated with increased cardiovascular mortality Hazard Ratio (HR) 1.47; 95% Confidence Interval (CI) 1.07–2.00, p < 0.05] and all-cause mortality (HR 1.15; 95% CI 1.01–1.31, p < 0.05). After adjusting for other traditional risk factors, the association of widening PP with cardiovascular mortality (HR 1.44; 95%CI 1.05–1.98, p < 0.05) remained, and the association of widening PP with all-cause mortality was not statistically significant (p > 0.05). Conclusion: In the normotensive elder population, a low-risk population without traditional coronary risk factors, PP is an independent risk factor for cardiovascular mortality.
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1. Introduction


Blood pressure (BP) has been increasingly recognized as an important risk factor for cardiovascular events by the public for half a century. However, there is uncertainty about the relative importance of various BP components in predicting cardiovascular risk [1,2]. Widening pulse pressure (PP), as a marker of vascular aging and arterial stiffening, is considered to be probably the best predictor of the subject being elderly out of all other BP components [3,4,5]. However, previous evidence of the relationship between PP and cardiovascular or all-cause mortality was mainly collected from studies enrolling patients with hypertension, at least partly [6,7,8,9]. It has not yet been elucidated which components of blood pressure are superior for predicting the risk for cardiovascular and all-cause mortality in the normotensive elder population.



BP usually refers to two traditional components, i.e., systolic blood pressure (SBP) and diastolic blood pressure (DBP). From the perspective of the hemodynamic alterations, however, BP can be more clearly assessed by a model that consists of PP and mean artery pressure (MAP), regarded as a pulsatile component and a steady component, respectively [10]. PP is determined by both left ventricular ejection and total arterial compliance, while MAP is influenced mainly by cardiac output and systemic vascular resistance. Under the circumstances of similar left ventricular systolic function, PP tends to represent the properties of large elastic arteries, whereas MAP tends to reflect the properties of muscular arteries and arterioles.



The efficiency of MAP and PP in predicting cardiovascular risk is debated. For clinicians, PP could be a crude but valuable, easy-to-measure marker of arterial stiffening, especially suitable to health screening in the community-based population [4]. This study attempted to explore whether a widening PP is associated with increasing risk of cardiovascular mortality or all-cause mortality in a population with normal or controlled BP.



In this large-scale elderly population, including subjects without hypertension and hypertensive patients with controlled BP, the relationship between PP and cardiovascular mortality or all-cause mortality was investigated, and propensity score matching (PSM) analysis was performed to control confounding factors and to ensure the reliability of the analysis.




2. Materials and Methods


2.1. Study Participants and Data Collection


The National Health and Nutrition Examination Survey (NHANES) is a series of large-scale surveys sponsored by the National Center for Health Statistics for analyzing the health status of civilians and presenting the corresponding measures to promote national physical quality. Data from the 1999–2014 NHANES cycle were extracted and used in this analysis. The relevant data were obtained by questionnaire and medical examination with informed consent. The survey protocol was approved by the Ethics Review Board of the National Center for Health Statistics (https://www.cdc.gov/nchs/nhanes/irba98.htm, accessed on 1 August 2021), and the methods and procedure of data extraction complied with NHANES relevant guidelines.



Methods of data collection, including collection of BP measurements, have been described previously [11]. The mean measured BP of the first three measurements was used for this analysis. Elevated BP was defined as mean SBP ≥ 140 mmHg and/or mean DBP ≥ 90 mmHg. Participants aged 60–85 years with complete basic information and BP lower than 140/90 mmHg at enrollment were included in this study. They were divided into two groups with or without widening PP according to the cut-off value of 62 mmHg that was calculated by X-tile software. The diagnosis criterion of diabetes mellitus (DM) was glycosylated hemoglobin ≥ 6.5%. Hypercholesterolemia was defined as total cholesterol (TC) above 240 mg/dL, and low high-density lipoprotein cholesterolemia was defined as lower than 40 mg/dL in males and 50 mg/dL in females. Smoking was defined if the participant had smoked more than 100 cigarettes for a lifetime. The outcome of cardiovascular mortality and all-cause mortality was collected on 31 December 2015.




2.2. Statistical Analysis


All continuous variables were identified as non-normally distributed by the Kolmogorov–Smirnov test. Continuous variables were summarized as medians and interquartile ranges and compared using the Mann–Whitney test. Categorical variables were presented by counts and percentages and compared using Pearson’s c2 test. A restricted cubic spline was performed to explore the potential dose–response pattern in PP with mortality. The population was segmented into two groups according to the optimal cut-off value of PP for all-cause mortality calculated by X-tile software (Yale University, New Haven, CT, USA). PSM analysis was applied using a 1:1 nearest neighbor matching method with a caliper width value equal to 0.02 in this study to explore the association between widening PP and cardiovascular or all-cause mortality. The propensity score was calculated by the logistic regression model, in which the covariates included age, gender, body mass index (BMI), DM, TC, high-density lipoprotein cholesterol (HDL-C), and smoking status. The Kaplan–Meier analysis was used to depict and compare by log-rank tests. Unadjusted and adjusted Cox proportional hazard models were used to assess the association of widening PP and cardiovascular or all-cause mortality, described as hazard ratio (HR) and 95% confidence interval (CI). Multivariable Cox regression analysis adjusted for all variables with p < 0.1 in univariate Cox regression analysis. We further assessed the relationship between widening PP and cardiovascular mortality using subgroup analysis and interaction analysis. All analyses were performed in R version 4.0.3, and a two-sided p-value < 0.05 was considered significant.





3. Results


3.1. The Baseline Characteristics of All Subjects


There were 6309 subjects (52.9% men and average age 69 (63, 75) years) included in this study, and the median follow-up duration was 74 (42, 114) months. The baseline characteristics of all subjects in groups with normal PP or widening PP are shown in Table 1. There were 4294 subjects (54.8% men and average age 67 (63,73) years) with normal PP and 2015 subjects (48.9% men and average age 73 (66, 80) years) with widening PP; the median follow-up duration was 77 (44, 120) months and 69 (39, 101) months, respectively. Subjects with widening PP were commonly elderly and female, with a higher prevalence of DM and frequently higher TC and lower MAP (p < 0.001). Compared to subjects with normal PP, subjects with widening PP had higher cardiovascular mortality and all-cause mortality (p < 0.001).




3.2. Associations between PP and Mortality in All Subjects


As shown in Figure 1, higher PP was linearly associated with higher cardiovascular mortality (p for linearity < 0.001; p for nonlinearity = 0.284) and nonlinearly associated with all-cause mortality (p for nonlinearity = 0.001).




3.3. The Baseline Characteristics of the Study Subjects after PSM


After PSM, a total of 1855 subjects with widening PP (50.9% men and average age 72 (66, 78) years) were matched with 1855 subjects with normal PP (50.2% men and average age 72 (66, 78) years) (Table 2). The differences between groups were mostly unremarkable except for differences relating to MAP (p > 0.05). A similar, significant difference in cardiovascular mortality (p < 0.05) was found, while all-cause mortality (p > 0.05) was not significantly different between the two groups.




3.4. Survival Analysis before and after PSM


As shown in Figure 2, the association between widening PP and cardiovascular or all-cause mortality was evaluated by Kaplan–Meier curves. The cumulative incidence of cardiovascular mortality in subjects with widening PP was higher than that in subjects without widening PP both before PSM (log-rank test: p < 0.001) and after PSM (log-rank test: p = 0.016). Subjects with widening PP had higher all-cause mortality before PSM (log-rank test: p < 0.001) and after PSM (log-rank test: p = 0.029).



The Cox regression analysis is shown in Table 3. In the unadjusted Cox regression models, compared to subjects with normal PP, subjects with widening PP had a significant higher risk of cardiovascular (HR 1.96; 95% CI 1.52–2.52, p < 0.001) and all-cause mortality (HR 1.74; 95% CI 1.57–1.94, p < 0.001). After adjusting the variables with p < 0.1 in the multivariate Cox regression models, widening PP was considered an independent risk factor of cardiovascular mortality (HR 1.32; 95% CI 1.01–1.74, p = 0.045), while no difference was found for all-cause mortality (HR 1.11; 95% CI 0.99–1.24, p = 0.080). After further analysis of the matched cohort, subjects with widening PP still had higher risk of cardiovascular mortality (univariate: HR 1.47; 95% CI 1.07–2.00, p = 0.016; multivariate: HR 1.44; 95% CI 1.05–1.98, p = 0.024). Subjects with widening PP had higher risk of all-cause mortality in the univariate model (HR 1.15; 95% CI 1.01–1.31, p = 0.029), but the difference was not significant in the multivariate model (HR 1.10; 95% CI 0.91–1.33, p = 0.309).




3.5. Subgroup Analysis Stratified by Traditional Cardiovascular Risk Factors


As shown in Figure 3, there were significant differences in cardiovascular mortality between subjects with and without widening PP in most subgroups, except for the subgroup of subjects who were under 70 years old (HR 1.53, 95% CI 0.96–2.46; p = 0.075) with DM (HR 1.31; 95% CI 0.79–2.16, p = 0.296) and with hypercholesterolemia (HR 1.62; 95% CI 0.82–3.18, p = 0.163). Widening PP was associated with a 3.30-fold (95% CI, 2.04–5.33) increase in the risk of cardiovascular mortality in the subgroup who was female, whereas the association was weaker in the subgroup who was male (HR 1.69; 95% CI 1.24–2.31, p < 0.001). The association was stronger in the subgroups of non-smokers (HR 2.05; 95% CI 1.33–3.16, p < 0.001), participants with normal HDL-C (HR 2.14; 95% CI 1.55–2.94, p < 0.001), and participants without hypertension (HR 2.28; 95% CI 1.58–3.30, p < 0.001) compared to in the subgroups of smokers (HR 1.98; 95% CI 1.45–2.71, p < 0.001), participants with low HDL-C (HR 1.64; 95% CI 1.08–2.49, p = 0.021), and participants with well-controlled hypertension (HR 1.61; 95% CI 1.13–2.29, p < 0.001), respectively. Significant interaction was found between PP and gender (p for interaction = 0.023).





4. Discussion


In the large cohort survey of the non-institutionalized, normotensive elderly population of the United States, we found that PP was positively associated with cardiovascular mortality within about 6 years of follow up. Furthermore, there was a linear relationship between PP and cardiovascular mortality and a nonlinear relationship between PP and all-cause mortality. The subjects with widening PP had higher cardiovascular and all-cause mortality than those with normal PP. The optimal cut-off value of widening PP in this population was almost identical to the recommended value of PP as a marker of arterial stiffening in the 2018 European Society of Cardiology/European Society of Hypertension Guidelines for the management of arterial hypertension [4].



Arterial stiffening is a common pathogenesis mechanism in almost all age-related diseases [12]. Both PP ≥ 60 mmHg and pulse wave velocity (PWV) > 10 m/s are considered as the indication of arterial stiffening [8]. In recent years, a large amount of evidence has demonstrated that a widening PP is capable of predicting adverse cardiovascular outcomes, independent of traditional risk factors, in specific populations, especially in hypertensive patients [6,7,8,9]. Additionally, PP has unique advantages over PWV, i.e., availability and low cost, especially for health screening in primary hospitals and large-scale populations, while PWV measurement is still not publicly available.



Considering that hypertension and arterial stiffening usually coexist in elders, hypertension superimposes the cardiovascular risk on the basis of arterial stiffening, so the cardiovascular risk predicted by PP is hardly ever attributed to arterial stiffening in hypertensive patients [13,14]. Consequently, the cardiovascular risk originating from widening PP per se has not been convincingly differentiated from the influence of arterial stiffening. In this study, in order to filter out the impact of elevated BP on the outcome, we excluded the population with elevated BP and selected a normotensive population with relatively-low-to-moderate cardiovascular risk, including subjects without hypertension and hypertensive patients with controlled BP. Furthermore, we applied PSM and adjusted other traditional risk factors in the multivariate model to minimize their impact on the outcome. After PSM, the group of participants with normal PP had even higher MAP than the counterparts. We supposed that individuals with lower PP were less likely to suffer from arterial stiffening and, therefore, were more likely to have a higher DBP.



PP seems simple, but it has a complex physiological background. A study found that there is a U-shaped relationship between PP and mortality in acute coronary syndrome patients undergoing percutaneous coronary intervention [7]. This U-shaped relationship was not found in our study, possibly because our study population was a community population with normal cardiac function.



Widening PP raises the risk of cardiovascular death by increasing left ventricular afterload and wall stress, affecting ventricular remodeling and myocardial fibrosis and reducing diastolic coronary perfusion [12]. All of the above pathophysiological alterations contribute to the development of heart failure, ischemic heart disease, and other cardiovascular diseases. Widening PP is also related to cerebrovascular events and accelerates the progression of chronic kidney diseases, thereby increasing the risk of all-cause death [15,16]. Results from the the Meta-analysis Global Group in Chronic Heart Failure (MAGGIC) study showed that higher PP is associated with crude mortality but loses its predictive value after adjustment for covariates [17]. In our study, after strict adjustment of traditional cardiovascular risk factors, widening PP was still significantly associated with cardiovascular mortality, but the association of widening PP with all-cause mortality was not statistically significant.



Of interest, SBP, which is mainly determined by stroke volume, was unrelated to mortality in our study. This finding may also drop a hint that arterial stiffening, reflected by PP, may be the key point related to mortality in normotensive elders.



SBP is the most widely used BP component in current cardiovascular diseases risk estimation systems, which mainly focus on the middle-age group of those aged from 40 to 65 years old, so the accuracy of various assessment systems is equivocal when applied to the elderly population. Our study found that PP rather than SBP is an independent risk factor of cardiovascular mortality in the normotensive elders. It may be possible to consider using PP rather than SBP in cardiovascular risk estimation systems for elders.



A clinically useful cut-off value for PP may be difficult to derive from the current study, as the cut-off values of the widening PP differed among the various study subgroups. As mentioned above, 60mmHg of PP is an acceptable critical value and has been used in many studies [4,7]. The cut-off value of widening PP in our study was determined by X-tile software according to the best differentiation of all-cause mortality in this population, and that of cardiovascular mortality was 63mmHg. Both were approximately equal to 60mmHg, indicating that this could be a reliable cut-off value even in the elderly without elevated BP.



The subgroup analysis suggested that the effect of widening PP on the risk of cardiovascular mortality was more obvious in the participants without DM and hypercholesterolemia than in their counterparts. DM and hypercholesterolemia are major risk factors for both arterial stiffening and cardiovascular diseases, so the role of PP in diabetic and hyperlipidemic patients is confounding and not independent. Similarly, in the non-smoking population or the population without hypertension, widening PP was correlated with a higher risk of cardiovascular mortality. This finding suggests that widening PP has more important prognostic significance in populations with fewer risk factors. In individuals who were female or aged over 70 years, widening PP was associated with a higher risk for cardiovascular mortality, which indicates the more significant role of arterial stiffness in cardiovascular health in these special populations.



The limitations of our research are as follows: Firstly, 55% of participants were on anti-hypertensive treatment at baseline. Although anti-hypertensive treatment could influence PP and mortality, we did not adjust for anti-hypertensive medication when correcting for confounders, as the information was derived from self-report, and the classes of drugs were not reported in the database. However, the participants were divided into two subgroups based on the history of anti-hypertensive medication in the subgroup analysis. Secondly, due to the limited self-report information, it was impossible to exclude all peripheral vascular disease, arteriovenous fistulas, hyperthyroidism, and other diseases that would affect PP. We reasonably presumed that a small number of patients with mild diseases would not affect the conclusions, because this was a community-based population, and the sample size was large. Thirdly, central PP may provide more physiologically relevant information, but it is difficult to obtain for individuals in the community. Furthermore, the prognostic value of central PP over branchial PP is controversial, and studies showed that central PP does not offer significant additional predictive ability compared to branchial PP [3,18]. Fourthly, the characteristics of this study population showed that participants were mostly white Americans aged 60 to 85 years old, so the conclusion may not be extrapolated to other races or very elderly people.




5. Conclusions


In normotensive elder population, a low-risk population without traditional coronary risk factors, PP is an independent risk factor for cardiovascular mortality.
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Figure 1. HRs for cardiovascular mortality (a) and all-cause mortality (b) according to PP (continuous variable). This model was adjusted by age, body mass index, diabetes mellitus, total cholesterol, high-density lipoprotein cholesterol, and mean artery pressure. 






Figure 1. HRs for cardiovascular mortality (a) and all-cause mortality (b) according to PP (continuous variable). This model was adjusted by age, body mass index, diabetes mellitus, total cholesterol, high-density lipoprotein cholesterol, and mean artery pressure.



[image: Jvd 01 00013 g001]







[image: Jvd 01 00013 g002 550] 





Figure 2. Kaplan–Meier curves for cardiovascular mortality and all-cause mortality in widening PP subjects vs. normal PP subjects. (a): cardiovascular mortality in widening PP subjects vs. normal PP subjects before PSM, (b): all-cause mortality in widening PP subjects vs. normal PP subjects before PSM, (c): cardiovascular mortality in widening PP subjects vs. normal PP subjects after PSM, (d): all-cause mortality in widening PP subjects vs. normal PP subjects after PSM. PSM: propensity score match, PP: pulse pressure. 
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Figure 3. Forest plots of cardiovascular survival according to stratified traditional cardiovascular risk factors during follow up. DM: diabetes mellitus, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, PP: pulse pressure, MAP: mean artery pressure. 
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Table 1. The baseline characteristics of all subjects with normal PP and widening PP.
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	Variable
	Total

n = 6309
	Normal PP

n = 4294
	Widening PP

n = 2015
	p-Value





	Age, years
	69 (63, 75)
	67 (63, 73)
	73 (66, 80)
	<0.001



	Male, n (%)
	3340 (52.9)
	2354 (54.8)
	986 (48.9)
	<0.001



	BMI, Kg/m2
	28.13 (24.95, 32.03)
	28.1 (25.00, 31.94)
	28.26 (24.90, 32.30)
	0.336



	DM, n (%)
	1128 (17.9)
	634 (14.8)
	494 (24.5)
	<0.001



	TC ≥ 240 mg/dL, n (%)
	903 (14.3)
	658 (15.3)
	245 (12.2)
	<0.001



	HDL-C < 40 mg/dL (male) or 50 mg/dL (female), n (%)
	2019 (32.0)
	1332 (31.0)
	687 (34.1)
	0.016



	Smoker, n (%)
	3393 (53.8)
	2326 (54.2)
	1067 (53.0)
	0.381



	Anti-hypertensive therapy, n (%)
	3040 (48.2)
	1896 (44.2)
	1144 (56.8)
	<0.001



	PP, mmHg
	56.00 (47.33, 65.33)
	50.67 (44.00, 56.00)
	69.33 (65.33, 76.67)
	<0.001



	MAP, mmHg
	85.56 (79.33, 91.11)
	86.67 (80.67, 92.44)
	82.89 (76.67, 88.22)
	<0.001



	All-cause mortality, n (%)
	1391 (22.1)
	817 (19.0)
	574 (28.5)
	<0.001



	Cardiovascular mortality, n (%)
	242 (3.8)
	135 (3.1)
	107 (5.3)
	<0.001



	Median follow-up, months
	74 (42, 114)
	77 (44, 120)
	69 (39, 101)
	<0.001







BMI: body mass index, DM: diabetes mellitus, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, PP: pulse pressure, MAP: mean artery pressure.
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Table 2. The baseline characteristics of subjects after PSM with normal PP and widening PP.






Table 2. The baseline characteristics of subjects after PSM with normal PP and widening PP.





	Variable
	Total

n = 3710
	Normal PP

n = 1855
	Widening PP

n = 1855
	p-Value





	Age, years
	72 (66, 78)
	72 (66, 78)
	72 (66, 78)
	0.940



	Male, n (%)
	1877 (50.6)
	932 (50.2)
	945 (50.9)
	0.695



	BMI, Kg/m2
	28.20 (25.00, 32.20)
	28.16 (25.11, 32.09)
	28.28 (24.89, 32.34)
	0.969



	DM, n (%)
	792 (21.4)
	393 (21.2)
	399 (21.5)
	0.841



	TC ≥ 240 mg/dL, n (%)
	468 (12.6)
	239 (12.9)
	229 (12.4)
	0.656



	HDL-C < 40 mg/dL (male) or 50 mg/dL (female), n (%)
	1260 (34.0)
	628 (33.9)
	632 (34.1)
	0.917



	Smoker, n (%)
	1984 (53.5)
	984 (53.1)
	1000 (53.9)
	0.623



	Anti-hypertensive therapy, n (%)
	2047 (55.2)
	1023 (55.2)
	1024 (55.2)
	1.000



	PP, mmHg
	62.34 (52.00, 69.33)
	52.00 (46.00, 57.33)
	69.33 (65.33, 76.00)
	<0.001



	MAP, mmHg
	84.22 (78.00, 89.78)
	85.56 (79.11, 91.33)
	83.11 (76.89, 88.44)
	<0.001



	All-cause mortality, n (%)
	966 (26.0)
	461 (24.9)
	505 (27.2)
	0.108



	Cardiovascular mortality, n (%)
	163 (4.4)
	68 (3.7)
	95 (5.1)
	0.037



	Median follow-up, months
	71 (39, 105)
	73 (38, 107)
	70 (39, 101)
	0.124







PSM: propensity score match, BMI: body mass index, DM: diabetes mellitus, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, PP: pulse pressure, MAP: mean artery pressure.
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Table 3. The univariate and multivariate Cox regression analyses for cardiovascular mortality and all-cause mortality before PSM and after PSM.






Table 3. The univariate and multivariate Cox regression analyses for cardiovascular mortality and all-cause mortality before PSM and after PSM.





	
Variable

	
Before PSM

	
After PSM




	
Univariate

	
Multivariate

	
Univariate

	
Multivariate




	
HR (95% CI)

	
HR (95% CI)

	
HR (95% CI)

	
HR (95% CI)






	
Cardiovascular mortality




	
Age, years

	
1.09 (1.07–1.11) ***

	
1.09 (1.07–1.11) ***

	
1.09 (1.06–1.12) ***

	
1.09 (1.06–1.11) ***




	
Male

	
0.44 (0.33–0.58) ***

	
0.48 (0.36–0.64) ***

	
0.44 (0.32–0.61) ***

	
0.53 (0.38–0.75) ***




	
BMI, Kg/m2

	
0.98 (0.96–1.01)

	
–

	
0.99 (0.96–1.01)

	
–




	
DM

	
1.75 (1.31–2.34) ***

	
1.72 (1.28–2.31) ***

	
1.29 (0.91–1.85)

	
–




	
TC ≥ 240 mg/dL

	
0.91 (0.64–1.29)

	
–

	
0.76 (0.47–1.23)

	
–




	
HDL-C < 40 mg/dL (male) or 50 mg/dL (female)

	
1.22 (0.94–1.59)

	
–

	
1.21 (0.89–1.66)

	
–




	
Smoker

	
1.69 (1.30–2.21) ***

	
1.52 (1.15–2.00) **

	
1.74 (1.26–2.40) ***

	
1.55 (1.11–2.16) *




	
MAP, mmHg

	
0.97 (0.96–0.98) ***

	
0.99 (0.97–1.00)

	
0.98 (0.97–1.00) *

	
1.00 (0.98–1.01)




	
SBP, mmHg

	
1.00 (0.99–1.01)

	
–

	
1.00 (0.99–1.02)

	
–




	
Anti-hypertensive therapy

	
1.38 (1.07–1.78) *

	
1.25 (0.97–1.61)

	
1.05 (0.77–1.43)

	
–




	
Widening PP

	
1.96 (1.52–2.52) ***

	
1.32 (1.01–1.74) *

	
1.47 (1.07–2.00) *

	
1.44 (1.05–1.98) *




	
All-cause mortality




	
Age, y

	
1.11 (1.10–1.12) ***

	
1.11 (1.10–1.12) ***

	
1.11 (1.10–1.12) ***

	
1.11 (1.09–1.12) ***




	
Male

	
0.62 (0.56–0.69) ***

	
0.68 (0.60–0.76) ***

	
0.57 (0.50–0.65) ***

	
0.69 (0.60–0.79) ***




	
BMI, Kg/m2

	
0.97 (0.96–0.98) ***

	
0.98 (0.97–1.00) **

	
0.97 (0.95–0.98) ***

	
1.00 (0.98–1.01)




	
DM

	
1.44 (1.26–1.63) ***

	
1.54 (1.34–1.76) ***

	
1.12 (0.96–1.30)

	
–




	
TC ≥ 240 mg/dL

	
0.82 (0.70–0.95) **

	
1.05 (0.90–1.23)

	
0.78 (0.64–0.95) *

	
0.93 (0.76–1.13)




	
HDL-C < 40 mg/dL (male) or 50 mg/dL (female)

	
1.13 (1.02–1.27) *

	
1.23 (1.09–1.37) ***

	
1.07 (0.93–1.22)

	
–




	
Smoker

	
1.50 (1.35–1.68) ***

	
1.47 (1.31–1.65) ***

	
1.53 (1.34–1.74) ***

	
1.44 (1.26–1.65) ***




	
MAP, mmHg

	
0.97 (0.97–0.98) ***

	
0.99 (0.98–0.99) ***

	
0.98 (0.97–0.98) ***

	
0.99 (0.98–1.00) **




	
SBP, mmHg

	
1.00 (1.00–1.00)

	
–

	
0.99 (0.99–1.00) **

	
1.00 (0.99–1.01)




	
Anti-hypertensive therapy

	
1.21 (1.09–1.34) ***

	
1.11 (0.99–1.23)

	
0.93 (0.82–1.05)

	
–




	
Widening PP

	
1.74 (1.57–1.94) ***

	
1.11 (0.99–1.24)

	
1.15 (1.01–1.31) *

	
1.10 (0.91–1.33)








PSM: propensity score match, BMI: body mass index, DM: diabetes mellitus, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, PP: pulse pressure, MAP: mean artery pressure, SBP: systolic blood pressure. * p < 0.05, ** p < 0.001, *** p < 0.0001.
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