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(Top) Cohort flow chart demonstrating pooled cardiovascular outcome trial participants analyzed with adjudicated outcomes by trial and outcome. (Bottom) Forest 
plot of overall cohort and selected subgroups for hazard associated with having a baseline Pulse Pressure ≥ 60 mmHg. The overall population, as well as all sub
groups, demonstrated increased hazard in the presence of an elevated Pulse Pressure with the exception of those with a prior history of stroke. (Right) Risk factors 
associated with pathophysiological modifications to the heart and their relation to traditional blood pressure measures that facilitate the rise in pulse pressure which 
is an independent predictive risk factor for death, myocardial infarction, and stroke. Abbreviations: PP, pulse pressure; BP, blood pressure; MACE, major adverse 
cardiovascular events; MI, myocardial infarction 
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A B S T R A C T   

Background: Prior evidence demonstrates that pulse pressure (PP), a surrogate marker of arterial stiffness, is an 
independent risk factor for mortality and major adverse cardiovascular (CV) events. 
Objectives: The study aimed to identify the association of PP with death, myocardial infarction, and stroke among 
participants enrolled in large CV outcome clinical trials and determine if this association was impacted by pre- 
existing CV disease, or specific CV risk factors. 
Methods: A total of 65,382 individuals, ages 19 to 98 years, that were enrolled in one of five CV outcome trials 
were analyzed. Baseline demographics, history, blood pressures, and medications were collected. Univariate and 
multivariable analyses were conducted to explore temporal patterns, risks, and adjusted survival rates. 
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Results: Mean baseline PP was 52 ± 12 mmHg. For every 10 mmHg increase in PP, there was an increased risk of 
death, stroke, or myocardial infarction (hazard ratio (HR) 1.11, 95 % CI 1.08 to 1.14, p < 0.001). Similarly, a PP 
≥ 60 mmHg demonstrated an HR of 1.27 (95 % CI 1.19 to 1.36, p < 0.001) compared with PP < 60 mmHg. A 
similar association existed for all subgroups analyzed except for participants with a history of stroke where 
increasing PP did not increase risk (HR 1.02, 95 % CI 0.95 to 1.10, p = 0.53). PP was a better predictor of adverse 
outcomes when compared to both systolic and diastolic blood pressures using the AIC and C-index. 
Conclusions: Among participants enrolled in CV outcome trials, baseline PP is associated with increased risk of 
death, myocardial infarction, and stroke for those with pre-existing CV disease and risk factors with the exception 
of a prior history of stroke.   

1. Introduction 

Contemporary American and European blood pressure (BP) guide
lines share many similarities, however, there are differences [1]. 
Notably, American guidelines lack a discussion of isolated systolic hy
pertension and do not acknowledge that a wide pulse pressure (PP) is a 
marker of increased cardiovascular (CV) risk, whereas European 
guidelines denote that a PP ≥ 60 mm Hg portends increased CV risk 
particularly among middle-aged and older individuals [2–4]. A sus
tained high systolic BP combined with a low diastolic BP results in a 
wide PP and is an approximation of arterial stiffness and cardiac 
contractility [5]. Arterial stiffness typically increases due to age and 
chronic disease processes such as diabetes and kidney disease and causes 
an increase in pulse wave velocity [6,7]. Wide PP also appears to have 
genetic underpinnings [8]. Ultimately elevated systolic BP leads to an 
increase in cardiac afterload and arterial stretch, while a decreased 
diastolic BP contributes to a reduction in perfusion, and can compromise 
cardiac diastole resulting in increased risk for ischemic events in pa
tients with pre-existing vascular disease [9]. Increased PP is associated 
with mortality and major adverse CV events in populations considered at 
high risk for CV disease, oftentimes outperforming systolic and diastolic 
BP in its predictive power [10-12,13]. However, contrasting evidence 
has emerged in certain subpopulations suggesting that a wide PP does 
not necessarily portend worse outcomes [14,15]. 

American BP guidelines focus on the reduction of systolic BP due to 
the positive association between increasing systolic BP, risk of major 
adverse cardiovascular events, and overall mortality in many clinical 
trials and registries [16–19]. However, with the aggressive reduction of 
systolic BP there is a characteristic decrease in diastolic BP, leading to 
paradoxical adverse outcomes in many retrospective analyses, a 
so-called J-curve, particularly among individuals with a wide pulse 
pressure [20,21].Clinicians may intuitively grasp that a wide PP por
tends a worse prognosis, but how much risk is impacted and in whom is 
this risk magnified is not clear. 

The study’s primary aim was to determine the association of PP to 
incident mortality, myocardial infarction (MI), and stroke, among 
contemporary CV outcome trial participants, and to determine if the 
association was impacted by common CV comorbidities. A secondary 
aim was to evaluate which BP measure, (systolic BP, diastolic BP, or PP) 
was most predictive of death, MI, and stroke. 

2. Methods 

2.1. Study population 

The study population consisted of 65,382 patients pooled from five 
CV large outcome trials [22,23,24,25,26] each ranging between 7226 
and 24,081 participants (Supplementary Appendix). Of these, 65,235 
patients had both baseline systolic and diastolic BP which are needed to 
calculate baseline PP. Patients were stratified into groups based on 
baseline PP ≥ 60 mm Hg (n = 15,650; 24 %) or <60 mm Hg (n = 49,585; 
76 %). 

2.2. Clinical characteristics and outcomes 

Baseline characteristics, including demographics, comorbidities, 
medication use, and laboratory values, were collected and harmonized 
across trials. Outcomes assessed included a composite of overall death, 
MI, or stroke and a separate composite of CV death, MI, or stroke. Me
dian participant follow-up time was 970 days (approximately 2.7 years). 

2.3. Statistical analysis 

Baseline characteristics were compared between patients with a PP 
above and below 60 mm Hg using Student’s t-test for continuous vari
ables and chi-square testing for categorical variables. Mean ± standard 
deviation (SD) or frequency and percent are reported, respectively. 

Cox proportional hazards regression was used to assess the associa
tion between baseline PP and outcomes. Hazard ratios (HR) with 95 % 
confidence intervals (CI) were reported. Baseline PP was considered as a 
continuous predictor variable (per 10 mmHg increase) and as a cate
gorical predictor variable (≥60 mm Hg versus <60 mm Hg). For overall 
death, MI, and stroke, the list of covariates adjusted for included: age, 
sex, body mass index, race, smoking, coronary artery disease, peripheral 
arterial disease, type 2 diabetes mellitus, history of heart failure, stroke, 
transient ischemic attack, MI, percutaneous coronary intervention, 
coronary artery bypass grafting, baseline low density lipoprotein- 
cholesterol (LDL-C), high density lipoprotein-cholesterol (HDL-C), 
eGFR, calcium channel blocker usage, statin usage, thiazide usage, 
mineralocorticoid receptor antagonist usage, and trial. For CV death, MI, 
and stroke, the list of covariates adjusted for included: age, sex, body 
mass index, race, smoking, coronary artery disease, peripheral arterial 
disease, type 2 diabetes mellitus, hypertension, history of heart failure, 
stroke, MI, percutaneous coronary intervention, coronary artery bypass 
grafting, baseline LDL-C, HDL-C, eGFR, calcium channel blocker usage, 
statin usage, mineralocorticoid receptor antagonist usage, and trial. 

Additionally, Kaplan–Meier (KM) survival curves were generated for 
baseline PP groups with ≥ 60 mm Hg versus <60 mm Hg. Outcomes 
were compared between groups using the log-rank test. Finally, baseline 
PP, systolic BP, and diastolic BP models were compared on Akaike In
formation Criterion (AIC) and C-index to determine which model had 
the better fit and most prediction power. 

Statistical analysis was performed using SAS version 9.4 (SAS Insti
tute Inc., Cary, NC). KM curves were generated in SigmaPlot version 
11.0 (Systat Software Inc., San Jose, CA). The spline curves and forest 
plot were created in R version 4.0.0 (The R Foundation for Statistical 
Computing, Vienna, Austria). The flow charts were produced in Word 
for Microsoft 365 version 2303 (Microsoft Corporation, Redmond, WA). 
All tests are two-tailed with a 0.05 significance level. 

3. Results 

3.1. Baseline data 

Baseline characteristics are reported in Table 1 and are stratified by a 
baseline PP ≥ ≥ 60 mm Hg or <60 mm Hg. Among the 65,235 patients, 
the average age was 62.8 ± 9.2 years, 45.4 % were female, 77.9 % were 
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White, 8.4 % were Black, 7.8 % were Asian, and 13.2 % of the cohort 
identified as Hispanic/Latino. The cohort had an average systolic BP of 
128.2 ± 14.1 mm Hg, average diastolic BP of 76.1 ± 8.9 mm Hg, and an 
average PP of 52.1 ± 12.1 mm Hg (Table 1.). 

Patients with a PP ≥ 60 mmHg tended to be older, with an average 
age of 61.5 ± 9.1 years compared to PP < 60 mmHg with an average age 
of 67.0 ± 8.3 years (p < 0.001). Additionally, there was a higher inci
dence of most CV comorbidities, including a history of coronary artery 
disease (37.3 % vs. 29.3 %), type 2 diabetes mellitus (57.3 % vs. 48.9 %), 
heart failure (11.1 % vs. 9.2 %), stroke (7.5 % vs. 4.7 %), transient 
ischemic attack (4.1 % vs. 2.9 %), MI (27.3 % vs. 23.9 %), and acute 
coronary syndrome (38.7 % vs. 34.0 %) among patients with a PP ≥ 60 
mm Hg compared to PP < 60 mm Hg (all p < 0.001). Also, 22.0 % of 
patients with a PP ≥ 60 mm Hg had an eGFR < 60 ml/min/1.73 m2 

compared to 13.4 % with PP < 60 mm Hg and were more likely to use all 
types of antihypertensive and cardiovascular medications except 
mineralocorticoid receptor antagonists. 

3.2. Outcomes 

Death, MI, or stroke occurred in 4494 pooled trial participants (6.9 
%). CV death, MI, or stroke occurred in a total of 3694 participants (5.7 
%). Patients with a PP ≥ 60 mmHg versus PP < 60 mmHg had a 
significantly higher overall death, MI, or stroke rate (9.9 % vs. 5.9 %, p 
< 0.001) and CV death, MI, or stroke rate (8.2 % vs. 4.9 %, p < 0.001). 

Kaplan-Meier estimates of survival are shown in Fig. 1. After 1-year, 
overall death, MI, or stroke was 3.9 % for baseline PP ≥ 60 mm Hg and 
2.3 % for baseline PP < 60 mmHg (p < 0.001). After 5 years, the 
occurrence was 16.4 % among patients with a baseline PP ≥ 60 mmHg, 
compared with 11.6 % for baseline PP < 60 mmHg (p < 0.001).The 
composite of CV death, MI, or stroke incidence was increased in patients 
with a baseline PP ≥ 60 mmHg, 3.6 %, compared to 2.1 % for baseline 
PP < 60 mm Hg (p < 0.001) at 1-year and was 12.9 % compared with 
9.0 % after 5 years (p < 0.001). Median patient follow-up time was 970 
days (~2.7 years) and follow up-range was between 1 and 2710 days 
(~7.4 years). 

Cox regression analysis was performed for the overall cohort and 
across multiple subgroups, grouped by age, sex, race, history of prior CV 
disease, or presence of CV risk factors (diabetes and chronic kidney 
disease). PP was treated as a continuous predictor variable (Table 2) as 
well as a categorical predictor variable (Central Illustration). For every 
10 mm Hg increase in PP, there was an increased risk of overall death, 
MI, or stroke (unadjusted HR 1.20, 95 % CI 1.17 to 1.23, p < 0.001). For 
every 10 mm Hg increase in PP, there was an identical increased risk of 
CV death, MI, or stroke (unadjusted HR 1.20, 95 % CI 1.17 to 1.23, p <
0.001). 

Analyzed subgroups are seen in Table 2 and the Supplementary 
Appendix. A wide PP was associated with higher risk in patients < 60 
years of age compared with age ≥ 60. Age ≥ 60 was associated with a HR 
of 1.09 (1.07 to 1.12, p < 0.001) for overall death, MI, or stroke and a HR 
of 1.11 (1.07 to 1.14, p < 0.001) for CV death, MI, or stroke while age <
60 was associated with a HR of 1.18 (1.11 to 1.24, p < 0.001) for overall 
death, MI, stroke and a HR of 1.17 (1.11–1.24, p < 0.001) for CV death, 
MI, or stroke. Although increasing PP was a risk factor in both men and 
women, every 10 mm Hg increase in PP was associated with higher risk 
in women (HR 1.15, 95 % CI 1.11 to 1.20, p < 0.001) compared with 
men (HR 1.08, 95 % CI 1.05–1.11, p < 0.001). While most subgroups 
demonstrated an increased risk as PP increased, PP was not associated 
with adverse outcomes among individuals with a history of stroke (HR 
1.00, 95 % CI 0.92 to 1.08, p < 0.001). 

Table 1 
Baseline characteristics of pooled cardiovascular outcome trial participants.   

Total Baseline pulse 
pressure < 60 
mmHg 

Baseline pulse 
pressure ≥ 60 
mmHg 

P-value 

Frequency 65,235 49,585 15,650  
Age (years) 62.8 ±

9.2 
61.5 ± 9.1 67.0 ± 8.3 <0.001 

Systolic BP (mmHg) 128.2 ±
14.1 

123.8 ± 11.4 142.2 ± 12.6 <0.001 

Diastolic BP 
(mmHg) 

76.1 ±
8.9 

76.8 ± 8.5 73.7 ± 9.8 <0.001 

Pulse pressure 
(mmHg) 

52.1 ±
12.1 

47.0 ± 7.7 68.5 ± 8.6 <0.001 

Female 29,587 
(45.4) 

22,785 (46.0) 6802 (43.5) <0.001 

Body mass index 32.3 ±
6.7 

32.4 ± 6.7 32.1 ± 6.5 <0.001 

Race    <0.001 
White 50,725 

(77.9) 
38,210 (77.1) 12,515 (80.1)  

Black 5496 
(8.4) 

4582 (9.3) 914 (5.9)  

Asian 5076 
(7.8) 

3848 (7.8) 1228 (7.9)  

Other 3854 
(5.9) 

2888 (5.8) 966 (6.2)  

Ethnicity    <0.001 
Hispanic/latino 8060 

(13.2) 
6321 (13.6) 1739 (12.1)  

Non-hispanic/ 
latino 

52,860 
(86.8) 

40,245 (86.4) 12,615 (87.9)  

Current smoker 10,571 
(16.2) 

8717 (17.6) 1854 (11.9) <0.001 

Coronary artery 
disease 

20,319 
(31.2) 

14,500 (29.3) 5819 (37.3) <0.001 

Peripheral artery 
disease 

4042 
(6.2) 

2432 (4.9) 1610 (10.3) <0.001 

Type 2 diabetes 33,224 
(50.9) 

24,257 (48.9) 8967 (57.3) <0.001 

History of 
hypertension 

54,537 
(83.8) 

40,394 (81.7) 14,143 (90.6) <0.001 

History of CHF 6318 
(9.7) 

4584 (9.2) 1734 (11.1) <0.001 

History of stroke 3529 
(5.4) 

2353 (4.7) 1176 (7.5) <0.001 

History of TIA 2087 
(3.2) 

1442 (2.9) 645 (4.1) <0.001 

History of MI 16,113 
(24.7) 

11,843 (23.9) 4270 (27.3) <0.001 

Acute coronary 
syndrome 

22,829 
(35.1) 

16,789 (34.0) 6040 (38.7) <0.001 

History of PCI 16,738 
(25.7) 

11,954 (24.1) 4784 (30.6) <0.001 

History of CABG 7101 
(10.9) 

4613 (9.3) 2488 (15.9) <0.001 

eGFR (ml/min/1.73 
m2) 

83.5 ±
25.4 

85.1 ± 25.3 78.5 ± 25.0 <0.001 

≥60 55,012 
(84.5) 

42,848 (86.6) 12,164 (78.0)  

30–59 9801 
(15.1) 

6498 (13.1) 3303 (21.2)  

<30 267 (0.4) 132 (0.3) 135 (0.9)  
Aspirin 39,318 

(60.3) 
29,184 (58.9) 10,134 (64.8) <0.001 

Beta blockers 32,912 
(50.5) 

23,864 (48.1) 9048 (57.8) <0.001 

Calcium channel 
blockers 

15,086 
(23.1) 

10,089 (20.3) 4997 (31.9) <0.001 

Statins 50,977 
(78.1) 

37,819 (76.3) 13,158 (84.1) <0.001 

ACE inhibitors and 
ARBs 

45,145 
(69.2) 

33,542 (67.6) 11,603 (74.1) <0.001 

Thiazide diuretics 13,927 
(21.3) 

10,279 (20.7) 3648 (23.3) <0.001 

Mineralocorticoids 2784 
(4.3) 

2170 (4.4) 614 (3.9) 0.015 

Values are mean ± SD or n (%). Abbreviations: ACE, angiotensin converting 
enzyme; ARB, angiotensin II receptor blocker; BP, blood pressure; CABG, coro
nary artery bypass graft; CHF, congestive heart failure; TIA, transient ischemic 
attack; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; 
PCI, percutaneous coronary intervention. 
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Univariate and multivariable models generated in this analysis for 
PP, systolic BP, and diastolic BP were evaluated using the AIC and C- 
index (Table 3). From this, in both the univariate and multivariable 
adjusted models, PP had a lower AIC and a higher C-Index compared to 
other models based on SBP and DBP - lower AIC and higher C-Index 
indicate better fitting and a more predictive model. 

The unadjusted spline curves obtained from univariate models of PP, 
systolic BP, and diastolic BP are presented in Fig. 2 and illustrate the 
relationship between baseline PP, systolic BP, and diastolic BP with CV 
death, MI, and stroke. J-curves are apparent for all models with lowest 
hazard associated with a PP of 40 mmHg, systolic BP of 120 mmHg, and 
a diastolic BP of 80 mmHg and hazards increasing below and above 
these thresholds. 

A forest plot demonstrates the HR with 95 % CI comparing baseline 
PP ≥ 60 mm Hg versus PP < 60 mm Hg on overall death, MI, stroke rate. 
These HR are provided for the overall cohort as well as by the subgroups 
of age, sex, race, coronary artery disease, history of stroke, history of 
type 2 diabetes mellitus, and baseline eGFR group (Central Illustration). 

4. Discussion 

This study is among the first to use pooled CV outcome trial pop
ulations to assess the predictive nature of baseline PP to determine the 
risk of adverse outcomes among various patient subgroups [27,28]. 
Among CV outcome trial participants, a wide PP at trial enrollment was 
predictive of death, MI, and stroke with a high degree of significance. 
Comparing univariate and multivariable models, the baseline PP out
performs systolic BP and diastolic BP in model fit and predictive power. 
Most patient subgroups demonstrated similar degrees of increased risk 
due to a wide PP, which corroborates population cohort studies and 
analyses of participants in hypertension randomized clinical trials [29]. 
The overall findings are similar to an analysis of the REACH (Reduction 
of Atherothrombosis for Continued Health) registry which found, that in 
addition to PP offering enhanced predictive ability of mortality and 
major adverse CV events in a high-risk population, it offered prognostic 
information beyond other blood pressure measures [30]. 

Certain subgroups demonstrating the greatest associated risk with 
widening PP were women and individuals under the age of 60. The 
significance of wide PP demonstrating 18 % increased risk of death, 
stroke, or MI, for each 10 mm Hg increase in PP among younger in
dividuals is important given conflicting prior data. A 2001 analysis of 

Framingham Heart Study participants demonstrated that among in
dividuals less than 50 years of age, PP was not a predictor of adverse 
outcomes, whereas a 2020 analysis of adults aged 18–40 did demon
strate an independent association with mortality with higher PP [28, 
31]. The difference in risk associated with wide PP in women (15 % per 
10 mm Hg increase) compared with men (8 %) is also notable given that 
the largest study of PP and CV disease related mortality only studied 
men [32]. It is important to acknowledge the differences in physiology 
between men and women and the more vital role PP may play in pre
dicting risk among women [33]. The protective effects of estrogen in 
pre- and peri-menopausal women are well studied in the reduction of 
vascular deterioration, blood pressure, and PP. The decrease in estrogen 
in post-menopausal women may cause vascular inflammation and 
damage moreso than the decrease in testosterone in men [34,35,36]. To 
our knowledge this is the largest cohort of women to be analyzed 
regarding the association between PP and adverse outcomes. 

Among patients with a prior stroke (n = 3540), PP did not predict 
death, myocardial infarction, or stroke. Opposing evidence also exists in 
this population. A 2017 study assessing the association of PP with 
adverse outcomes after ischemic stroke studied a similar number of 
patients (n = 4195) and demonstrated an increased risk of a composite 
endpoint of recurrent vascular events and all-cause mortality after a 
median follow-up of 23.5 months [37]. Notably the composite endpoint 
was broader than was assessed in our study and included stroke, TIA, 
acute coronary syndrome, and peripheral vascular disease. Also, the 
2017 study was a predominantly Chinese population. A smaller study 
that performed 24-h ambulatory blood pressure monitoring (n = 219) in 
patients following an acute stroke reported no association between PP 
and mortality after a median follow-up of 2.5 years [38]. 

Other markers of vascular stiffness may provide value in addition to 
PP. An analysis of the Rotterdam study found that adding aortic pulse 
wave velocity provided additional predictive value above cardiovascu
lar risk factors, measures of atherosclerosis, and PP [39]. However, in 
the absence of central BP monitoring or invasive techniques to obtain 
arterial stiffness directly, the calculation of PP from brachial BP moni
toring serves as a capable surrogate of arterial stiffness with it being 
highly correlated with more invasive and involved methods [40]. 

Because arterial stiffness and PP portend such an increased risk of 
adverse CV events, strategies to reduce arterial stiffness have been tested 
in the hopes that reducing arterial stiffness may be a potential new 
therapeutic target [41]. Recent trials demonstrate the superiority of 

Fig. 1. Mortality and adverse cardiovascular events survival curves by baseline pulse pressure (mmHg). 
Long-term survival of the pooled cardiovascular outcome trial participants, including the numbers at risk, stratified by baseline pulse pressure (≥60 vs. <60 mm Hg) 
for A. Overall Death, MI, and Stroke and B. CV Death, MI, and Stroke. Both survival curves demonstrate that an elevated baseline pulse pressure is indicative and 
predictive of worse outcomes. Cumulative KM estimates are given at 5 years for each group. The number at risk each year is displayed under each figure. Abbre
viations: CV, cardiovascular; MI, myocardial infarction. 
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sacubitril/valsartan, compared to angiotensin receptor blockers alone, 
with respect to lowering central aortic blood pressure and PP [42]. 
However, among individuals with heart failure with reduced ejection 
fraction sacubitril-valsartan, compared with enalapril, did not 

significantly reduce central aortic stiffness [43]. 

4.1. Study limitations 

This study was limited by the retrospective design and the aggre
gation of trials requiring a harmonization of cohorts and study defini
tions. Additionally, the BP obtained at baseline was a one-time research 
BP measurement that may not represent BP trajectory throughout a trial, 
and it may be biased in patients with white-coat hypertension or a white 
coat effect. BP measurements were standardized in each trial protocol, 
however between trials, BP measurement protocols varied, and as such 
could add a potential source of bias in pooling participant BP values 
across trials. The present study analyzed participants in cardiovascular 
outcomes trials, which enrolled individuals at elevated cardiovascular 
risk. Extrapolation to individuals without elevated cardiovascular risk 
may not be appropriate. 

5. Conclusion 

This pooled analysis of CV outcome trial participants summarizes the 
impact of baseline PP on the risk of death, MI, and stroke in the overall 
population studied and in various high-risk subgroups. A wide PP is 
associated with increased mortality and risk of stroke and MI when 
considered as both a continuous (per 10 mm Hg increase) and as a 
categorical (PP ≥ 60 mm Hg and PP < 60 mm Hg) variable, even when 
adjusted for comorbidities. Even as a single baseline measurement, PP 
must be considered among the best independent markers of short and 
long-term CV risk. 
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Table 2 
Association of baseline pulse pressure per 10 mmHg increase with adverse 
outcomes.   

Overall Death/MI/Stroke* CV Death/MI/Stroke**  

Hazard ratio 
(95 % CI) 

P-value Hazard ratio 
(95 % CI) 

P-value 

Overall (Unadjusted) 
Unadjusted 1.20 (1.17, 

1.23) 
<0.001 1.20 (1.17, 

1.23) 
<0.001 

Adjusted 1.11 (1.08, 
1.14) 

<0.001 1.12 (1.09, 
1.15) 

<0.001 

Subgroups (Adjusted) 
Age 
≥60 1.09 (1.07, 

1.12) 
<0.001 1.11 (1.07, 

1.14) 
<0.001 

<60 1.18 (1.11, 
1.24) 

<0.001 1.17 (1.11, 
1.24) 

<0.001 

Sex 
Men 1.08 (1.05, 

1.11) 
<0.001 1.09 (1.05, 

1.12) 
<0.001 

Women 1.15 (1.11, 
1.20) 

<0.001 1.17 (1.12, 
1.22) 

<0.001 

Race 
White 1.10 (1.07, 

1.13) 
<0.001 1.11 (1.08, 

1.14) 
<0.001 

Black 1.14 (1.03, 
1.26) 

0.011 1.17 (1.05, 
1.30) 

0.004 

Asian 1.16 (1.07, 
1.26) 

<0.001 1.14 (1.05, 
1.25) 

0.003 

Other race 1.16 (1.04, 
1.29) 

0.006 1.15 (1.02, 
1.29) 

0.023 

Ethnicity 
Hispanic/latino 1.14 (1.05, 

1.24) 
0.003 1.16 (1.06, 

1.28) 
0.002 

Non-hispanic/ 
latino 

1.12 (1.09, 
1.15) 

<0.001 1.13 (1.10, 
1.17) 

<0.001 

Medical history 
CAD 1.10 (1.06, 

1.14) 
<0.001 1.11 (1.07, 

1.16) 
<0.001 

No CAD 1.11 (1.08, 
1.15) 

<0.001 1.12 (1.08, 
1.16) 

<0.001 

Stroke 1.02 (0.95, 
1.10) 

0.53 1.00 (0.92, 
1.08) 

0.99 

No stroke 1.12 (1.09, 
1.15) 

<0.001 1.13 (1.10, 
1.17) 

<0.001 

Type 2 diabetes 
mellitus 

1.10 (1.07, 
1.14) 

<0.001 1.12 (1.08, 
1.16) 

<0.001 

No type 2 diabetes 
mellitus 

1.12 (1.08, 
1.16) 

<0.001 1.12 (1.07, 
1.17) 

<0.001 

eGFR ≥ 60 1.10 (1.07, 
1.14) 

<0.001 1.11 (1.07, 
1.15) 

<0.001 

eGFR < 60 1.10 (1.06, 
1.15) 

<0.001 1.12 (1.07, 
1.17) 

<0.001  

* Adjusted for age, sex, body mass index, race, smoking, coronary artery dis
ease, peripheral arterial disease, type 2 diabetes mellitus, history of heart failure, 
stroke, transient ischemic attack, myocardial infarction, percutaneous coronary 
intervention, coronary artery bypass grafting, baseline low density lipoprotein- 
cholesterol (LDL-C), high density lipoprotein-cholesterol (HDL-C), eGFR, cal
cium channel blocker usage, statin usage, thiazide usage, mineralocorticoid 
receptor antagonist usage, trial. 

** Adjusted for age, sex, body mass index, race, smoking, coronary artery 
disease, peripheral arterial disease, type 2 diabetes mellitus, hypertension, his
tory of heart failure, stroke, myocardial infarction, percutaneous coronary 
intervention, coronary artery bypass grafting, baseline low density lipoprotein- 
cholesterol (LDL-C), high density lipoprotein-cholesterol (HDL-C), eGFR, cal
cium channel blocker usage, statin usage, mineralocorticoid receptor antagonist 
usage, trial. 

Abbreviations: CAD, coronary artery disease; CV, cardiovascular; eGFR, 
estimated glomerular filtration rate; MI, myocardial infarction. 

Table 3 
AIC and C-index of predictive univariate and multivariable models of pulse 
pressure upon mortality.   

Univariate model Multivariable model 

AIC (lower is better) 
Baseline PP 68,085 63,692 
Baseline SBP 68,187 63,709 
Baseline DBP 68,273 63,759 

C-index (higher is better) 
Baseline PP 0.5714 0.7075 
Baseline SBP 0.5570 0.7071 
Baseline DBP 0.5092 0.7030 

Abbreviation: AIC, akaike information criterion; DBP, diastolic blood pressure; 
PP, pulse pressure; SBP, systolic blood pressure. 
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Fig. 2. Spline curves of log-transformed cox proportional hazard ratios for selected blood pressure measures (mmHg) versus cardiovascular death, myocardial 
infarction and stroke. 
Spline curves of pooled cardiovascular outcome trial participants, including the 95 % confidence interval, for A. Baseline Pulse Pressure B. Baseline Systolic BP C. 
Baseline Diastolic BP. All curves demonstrate characteristic J-curves. Abbreviations: BP, blood pressure. 
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