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A B S T R A C T   

Previous reports have observed a consistent J-shaped relationship between cardiac events and 
diastolic blood pressure (DBP). However, the EPHESUS study clearly showed that myocardial 
reperfusion abolished the J-shaped association, suggesting a different association pattern after 
revascularization. Therefore, in this study, we investigated the different patterns in which DBP 
affects cardiovascular risk in non ST-segment elevation myocardial infarction (NSTEMI) patients 
after revascularization, which may benefit the risk stratification for NSTEMI patients. We ob-
tained the NSTEMI database from the Dryad data repository and analyzed the association be-
tween preprocedural DBP and long-term major adverse cardiovascular events (MACEs) in 1486 
patients with NSTEMI following percutaneous coronary intervention (PCI). Multivariate regres-
sion models were used to assess the impact of DBP on outcomes in an adjusted fashion according 
to DBP tertiles. The p value for the trend was calculated using linear regression. When examined 
as a continuous variable, a multivariate regression analysis was repeated. Pattern stability was 
verified by interaction and stratified analyses. The median (interquartile range) age of the pa-
tients was 61.00 (53.00–68.00) years, and 63.32% were male. Cardiac death showed a graded 
increase as the DBP tertile increased (p for trend = 0.0369). When examined as a continuous 
variable, a 1 mmHg increase in DBP level was associated with an 18% higher risk of long-term 
cardiac death (95% CI: 1.01–1.36, p = 0.0311) and a 2% higher risk of long-term all-cause 
death (95% CI: 1.01–1.04; p = 0.0178). The association pattern remained stable when stratified 
by sex, age, diabetes, hypertension, and smoking status. An association between low DBP and 
higher cardiovascular risk was not observed in our study. We showed that higher preprocedural 
DBP increased the risk of long-term cardiac death and all-cause death in patients with NSTEMI 
following PCI.   

1. Introduction 

Acute myocardial infarction (AMI) is the most common cardiovascular disease and a major cause of morbidity and mortality 
worldwide [1]. Among patients with AMI, non ST-segment elevation myocardial infarction (NSTEMI) is approximately twice as 
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common as ST-segment elevation myocardial infarction (STEMI) [2]. Despite advancements in medical interventions and public 
awareness, the incidence of NSTEMI has been increasing over the past decade [3,4,5]. With respect to prognosis, although patients 
with NSTEMI appear to have lower short-term mortality than those with STEMI, with the extension of follow-up time, the mortality 
rate of NSTEMI patients has caught up with or even exceeded the mortality rate of STEMI patients [6,7,8]. This can be explained by 
differences in baseline patient characteristics, including older age in the NSTEMI population, but more importantly by improper risk 
stratification for NSTEMI patients [9]. 

The efficacy of an invasive strategy with revascularization is well established in patients with NSTEMI [10]. The improved outcome 
is, however, increasing the risk of subsequent cardiovascular events [11,12]. The identification of factors associated with a high risk of 
adverse events in post-AMI patients is essential for improving treatment and follow-up strategies [13]. However, information on these 
risk factors is currently limited. 

In the Global Registry of Acute Coronary Events risk prediction tool, systolic blood pressure (SBP) was listed as one of nine factors 
that independently predicted death and the combined endpoint in the initial 6 months after admission [14]. With the reduction of SBP, 
hospital mortality increases significantly [14,15,16,17]. Additionally, several studies have previously demonstrated an inverse link 
between increasing SBP at admission and the risk of adverse cardiovascular outcome [18,19,20,21]. This can be explained by the fact 
that an increase in SBP is accompanied by an increase in coronary artery perfusion [21]. However, myocardial perfusion is critically 
dependent on diastolic blood pressure (DBP), as 85% of left ventricular perfusion occurs during diastole [22]. A J-shaped relationship 
between DBP and cardiovascular outcomes has been described in the Framingham population, in patients with hypertension and 
coronary artery disease, and those with a high cardiovascular risk after cardiovascular events or with peripheral arterial disease, with a 
particularly high risk at lower DBP [23,24,25]. However, the Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and 
Survival Study (EPHESUS) trial found a different pattern: after AMI, patients with heart failure exhibited a higher cardiovascular risk at 
low DBP, but after reperfusion, this elevated risk at low DBP was abolished [22]. This suggests that the effect of DBP on patients after 
revascularization may differ from that previously recognized. 

Therefore, in this study, we analyzed the correlation between preprocedural DBP and long-term major adverse cardiovascular 
events (MACEs) in patients with NSTEMI following percutaneous coronary intervention (PCI) to critically investigate the different 
patterns in which DBP affects the cardiovascular risk in patients after revascularization. 

2. Methods 

2.1. Data source and study population 

The study data were obtained from the Dryad data repository at http://datadryad.org/ with https://doi.org/10.5061/dryad. 
13d31. As previously described, the study was a prospective cohort study involving 2533 patients treated with at least one drug- 
eluting stent who completed long-term follow-up documentation [median of 29.8 months (quartiles, 25.6–34 months)] [26]. The 
ethics committee of The First Affiliated Hospital of Zhengzhou University approved this study, and all participants provided written 
informed consent. The Helsinki Declaration was strictly adhered to in this study to protect the patients’ privacy. Data collection, 
analysis, and reporting with respect to the patients was completely anonymized. 

In our primary analyses, we included only cases of NSTEMI (1486 patients were included and 10 patients were excluded for missing 
DBP values) (Fig. 1). The variables used in the database were as follows: age, sex, DBP, SBP, body mass index (BMI), heart rate, 
smoking status, heart failure, atrial fibrillation, previous myocardial infarction, chronic obstructive pulmonary disease, hypertension, 
diabetes, PCI, coronary artery bypass graft surgery, creatinine, uric acid, high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, triglycerides, total cholesterol, left ventricular ejection fraction, type of lesion, medication, and MACEs. 

Fig. 1. Study flowchart. NSTEMI: non ST-segment elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction; DBP: 
diastolic blood pressure. 
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2.2. Exposure variables and outcome 

We divided the 1486 patients included in the study into three groups (<72 mmHg, 72–79 mmHg, and >79 mmHg) according to the 
tertiles of pre-procedural DBP. The primary outcome was MACEs, including angina, revascularization, AMI, cardiac death, and all- 
cause death within the follow-up period. 

2.3. Statistical analysis 

Data are presented as median and interquartile range [IQR] for non-normally distributed continuous variables and as counts and 
percentages for categorical variables. Normality tests were conducted using the Shapiro–Wilk test. Baseline characteristics and MACEs 
were stratified according to DBP tertiles. Proportions according to tertiles were compared using the chi-squared test. The p value for the 
trend was calculated using linear regression. Both non-adjusted and multivariate adjusted models (variables adjusted for age, sex, SBP, 
and diabetes) were applied to evaluate the association between DBP and MACEs. Interaction and stratified analyses were conducted 
according to age (≦70 and > 70 years), sex (male and female), diabetes, hypertension, and smoking status. All analyses were performed 
using the statistical software packages R (http://www.R-project.org, The R Foundation) and EmpowerStats (http://www. 
empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA). A two-sided significance level of 0.05 was used to evaluate statistical 
significance. 

3. Results 

A total of 1486 eligible patients were included in this analysis. The median (IQR) age was 61.00 (53.00–68.00) years, 63.32% were 
male, and 30.30% were smokers. A total of 825 (55.29%) patients were diagnosed with hypertension and 319 (21.55%) were diag-
nosed with diabetes. 

The baseline characteristics according to DBP tertiles are shown in Table 1. Those in the highest tertile of DBP were significantly 
more likely to be younger (p for trend = 0.0054) and have a higher heart rate (p for trend = 0.0030) and BMI (p for trend = 0.0049). 

Table 1 
Baseline characteristics according to tertiles of DBP.  

DBP 1st Tertile (<72 mmHg) 2nd Tertile (72–79 mmHg) 3rd Tertile (>79 mmHg) p for trend 

n 482 322 682  
AGE, yrs, Median (IQR) 62.50 (53.00–70.00) 61.00 (54.25–68.00) 60.00 (52.00–67.00) 0.0054 
Male, n (%) 310 (64.32%) 200 (62.11%) 431 (63.20%) 0.6989 
SBP, mmHg, Median (IQR) 83.50 (75.25–106.75) 90.00 (80.00–119.50) 120.00 (86.00–140.00) <0.0001 
DBP, mmHg, Median (IQR) 65.00 (60.00–69.00) 76.00 (74.00–77.00) 84.00 (80.00–90.00) <0.0001 
Heart rate, beats/min, Median (IQR) 70.00 (62.00–78.00) 71.00 (64.00–79.75) 72.00 (65.00–80.00) 0.0030 
BMI, kg/m2, Median (IQR) 23.51 (21.26–26.14) 23.67 (21.30–26.40) 24.49 (22.32–26.79) 0.0049 
Smoker, n (%) 147 (30.50%) 94 (29.19%) 210 (30.79%) 0.9118 
Heart failure, n (%) 61 (12.66%) 41 (12.77%) 85 (12.50%) 0.9368 
Atrial fibrillation, n (%) 4 (0.83%) 3 (0.93%) 12 (1.76%) 0.1707 
OMI, n (%) 26 (5.39%) 14 (4.35%) 29 (4.25%) 0.3635 
COPD, n (%) 5 (1.04%) 1 (0.31%) 5 (0.73%) 0.5571 
Hypertension, n (%) 238 (49.38%) 175 (54.52%) 412 (60.41%) 0.0002 
Diabetes, n (%) 105 (21.78%) 74 (23.05%) 140 (20.53%) 0.6037 
Prior PCI, n (%) 50 (10.40%) 24 (7.45%) 40 (5.87%) 0.0046 
Prior CABG, n (%) 6 (1.24%) 3 (0.93%) 9 (1.32%) 0.9058 
Creatinine, μmol/L, Median (IQR) 69.00 (59.00–83.00) 68.00 (55.00–81.25) 68.00 (56.10–79.00) 0.8008 
Uric acid, μmol/L, Median (IQR) 299.00 (248.00–348.75) 288.50 (239.00–349.50) 291.00 (244.00–354.00) 0.9845 
Triglyceride, mmol/L, Median (IQR) 1.47 (1.09–2.26) 1.71 (1.24–2.35) 1.67 (1.21–2.41) 0.1810 
Total cholesterol, mmol/L, Median (IQR) 4.16 (3.52–5.00) 4.15 (3.50–4.94) 4.26 (3.57–4.93) 0.5135 
HDL-C, mmol/L, Median (IQR) 1.08 (0.91–1.29) 1.06 (0.88–1.24) 1.02 (0.86–1.22) 0.0032 
LDL-C, mmol/L, Median (IQR) 2.59 (1.98–3.27) 2.60 (1.97–3.24) 2.63 (2.05–3.27) 0.7986 
LVEF, %, Median (IQR) 63.00 (61.00–66.00) 63.00 (60.00–65.00) 63.00 (60.00–66.00) 0.3852 
Multivessel disease, n (%) 102 (21.16%) 74 (22.98%) 169 (24.78%) 0.1499 
Left main disease, n (%) 18 (3.73%) 11 (3.42%) 19 (2.79%) 0.1767 
Chronic total occlusion, n (%) 34 (7.05%) 36 (11.18%) 64 (9.38%) 0.1756 
Aspirin, n (%) 475 (98.55%) 319 (99.07%) 673 (98.68%) 0.8460 
Clopidogrel, n (%) 461 (95.64%) 306 (95.03%) 657 (96.33%) 0.5831 
Beta-blocker, n (%) 321 (66.60%) 229 (71.12%) 502 (73.61%) 0.0097 
ACEI 251 (52.07%) 169 (52.48%) 356 (52.20%) 0.9671 
Calcium-channel blocker, n (%) 140 (29.05%) 86 (26.71%) 228 (33.43%) 0.1074 
Statin, n (%) 448 (92.95%) 300 (93.17%) 643 (94.28%) 0.3582 

DBP: diastolic blood pressure; IQR: interquartile range; SBP: systolic blood pressure; BMI: body mass index; OMi: old myocardial infarction; COPD: 
chronic obstructive pulmonary disease; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft surgery; HDL-C: high density 
lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; LVEF: left ventricular ejection fraction; ACEI: angiotensin-converting enzyme 
inhibitors. 
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Additionally, they were more likely to have history of hypertension (p for trend = 0.0002) and use of beta-blockers (p for trend =
0.0097), whereas those in the lowest tertile of DBP were more likely to have a history of PCI (p for trend = 0.0046) and higher high- 
density lipoprotein cholesterol levels (p for trend = 0.0032). 

We used a multivariate linear regression model to evaluate the relationship between preprocedural DBP and long-term MACEs. The 
fully adjusted models are presented in Table 2 and Fig. 2. There were no significant differences in angina, revascularization, AMI, and 
all-cause death when examined by DBP tertiles. However, cardiac death showed a graded increase as the DBP tertile increased (p for 
trend = 0.0369). 

When examined as a continuous variable, the univariate and fully adjusted multivariate linear regression models are shown in 
Table 3. In the univariate model, DBP was a significant independent predictor of angina, revascularization, and cardiac death; for every 
1 mmHg increase in DBP, the risk of angina increased by 1% (95% CI: 1.00–1.02, p = 0.0120), the risk of revascularization increased by 
2% (95% CI: 1.00–1.04: p = 0.0101), and the risk of cardiac death increased by 9% (95% CI: 1.05–1.12: p < 0.0001). However, in the 
fully adjusted multivariate model, DBP predicted the risk of cardiac death and all-cause death; for every 1 mmHg increase in DBP, the 
risk of cardiac death increased by 18% (95% CI: 1.01–1.36; p = 0.0311) and the risk of all-cause death increased by 2% (95% CI: 
1.01–1.04; p = 0.0178). 

To verify the stability of the relationship between preprocedural DBP and long-term MACEs, we performed interaction and 
stratified analyses (Table 4). When the stratification factor was set as sex, age, diabetes, hypertension, or smoking status, preprocedural 
DBP significantly predicted cardiac death. Interestingly, the effect value was higher in patients with diabetes (1.24 vs. 1.07, interaction 
p-value = 0.0031) and smokers (1.17 vs. 1.07, interaction p-value = 0.0437). Contrastingly, the relationship between preprocedural 
DBP and all-cause death was stable in all stratifications and preprocedural DBP significantly predicted all-cause death. 

4. Discussion 

In this study, we investigated the different patterns in which DBP affects cardiovascular risk in patients after revascularization. Our 
results showed a graded increase in the risk of long-term cardiac death as the preprocedural DBP tertile increased above 72 mmHg in 
patients with NSTEMI. When examined as a continuous variable and fully adjusted for patient characteristics—including age—more 
significant results were observed, and pre-procedural DBP predicted long-term cardiac death and all-cause death. Moreover, the results 
were still significant in the interaction and stratified analyses, and the effect values were higher in patients with diabetes and smokers. 
These findings suggest that preprocedural DBP critically affects MACEs in patients with NSTEMI following PCI; thus, preprocedural 
DBP should be included in the risk stratification of NSTEMI patients following PCI. 

About 3 decades ago, Farnett et al. concluded that there was a consistent J-shaped relationship between cardiac events and DBP 
[27]. Since then, the J-curve phenomenon has been observed in several large trials of normotensive and hypertensive patients [23–25, 
28–33]. The J-curve may be explained by three pathophysiological mechanisms: (1) low DBP could compromise coronary perfusion 
and cause cardiac ischemia; (2) low DBP could result from an increase in pulse pressure, reflecting stiffness of large arteries; and (3) 
low DBP could be a sign of underlying chronic illness, thereby increasing risk [33]. Therefore, low DBP essentially reduces coronary 
perfusion. Effective myocardial perfusion pressure, the difference between DBP and left ventricular filling, can be adjusted by coronary 
autoregulation in ischemia or increased workload conditions and may potentially impact outcomes due to ischemia or impaired left 
ventricular function [34]. In healthy dogs, a perfusion pressure as low as 35 mmHg is sufficient to maintain coronary perfusion; 
however, this might change when coronary artery stenoses are present [35]. The EPHESUS study clearly showed that myocardial 
reperfusion in patients after AMI with heart failure abolished the J-shaped association [22]. Additionally, low DBP in a population 
where obstructive coronary artery disease was excluded showed no evidence of a J-curve in the DBP risk association [36]. Simulta-
neously, our results did not show that low preprocedural DBP in NSTEMI patients following PCI is associated with a higher risk of 
MACEs. 

Our findings revealed the predictive value of high preprocedural DBP for long-term cardiac death and all-cause death in patients 
with NSTEMI after PCI. Unsurprisingly, we observed a higher effect value between patients with diabetes and smokers with cardiac 
death. Diabetes and smoking are two of the most powerful risk factors for adverse cardiovascular events [37,38]. It is well known that 
age has a strong influence on all-cause death, although the association between higher pre-procedural DBP and long-term all-cause 
death was not significant in the univariate model; after adjusting for age, the result changed. Additionally, when stratified by patient 
characteristics, including sex, age, diabetes, hypertension, and smoking, the significant association persisted. 

Our findings are limited to patients with NSTEMI treated with drug-eluting stents. Further, the assessment of the effects of 

Table 2 
MACEs stratified by tertiles of diastolic blood pressure.  

DBP 1st Tertile (<72 mmHg) 2nd Tertile (72–79 mmHg), 
β (95%CI) p-value 

3rd Tertile (>79 mmHg), 
β (95%CI) p-value 

p for trend 

Angina Reference 1.30 (0.93, 1.83) 0.1260 1.06 (0.78, 1.44) 0.7136 0.7041 
Revascularization Reference 1.01 (0.59, 1.75) 0.9593 1.02 (0.63, 1.64) 0.9414 0.9415 
AMI Reference 0.63 (0.29, 1.34) 0.2290 0.87 (0.47, 1.59) 0.6422 0.6297 
Cardiac death Reference 2.91 (0.53, 16.08) 0.2210 4.76 (1.03, 21.97) 0.0456 0.0369 
All cause death Reference 1.42 (0.81, 2.51) 0.2199 1.41 (0.85, 2.34) 0.1889 0.1850 

All adjusted for age, gender, MACEs: major adverse cardiovascular events; SBP and diabetes. DBP: diastolic blood pressure; AMI: Acute myocardial 
infarction. 
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preprocedural DBP on MACEs in these patients was a secondary analysis. This exploratory analysis assumed a quadratic relationship 
between preprocedural DBP and outcomes. Furthermore, a single pre-procedural blood pressure measurement only provides a 
snapshot of the hemodynamics and cannot reflect the real status of blood pressure. Besides, the importance of reperfusion in influ-
encing the relationship between DBP and clinical outcomes needs to be further evaluated in future studies. 

In conclusion, NSTEMI patients who underwent PCI with a high preprocedural DBP had an increased risk of long-term cardiac and 
all-cause death. Our findings support the current guidelines, suggesting lower DBP boundaries for revascularization in high-risk pa-
tients [39]. 
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Fig. 2. MACEs stratified by tertiles of diastolic blood pressure. MACEs: major adverse cardiovascular events; DBP: diastolic blood pressure; AMI: 
Acute myocardial infarction. 

Table 3 
Pre-procedural DBP as a predictor of cardiac death and all cause death as a continuous variable.   

Univariable Multivariable (fully adjusted) 

β 95% CI p-value β 95% CI p-value 

Angina 1.01 (1.00, 1.02) 0.0120 1.00 (0.98, 1.02) 0.7495 
Revascularization 1.02 (1.00, 1.04) 0.0101 1.01 (0.97, 1.02) 0.6718 
AMI 1.01 (0.99, 1.03) 0.2062 0.99 (0.96, 1.02) 0.6007 
Cardiac death 1.09 (1.05, 1.12) <0.0001 1.18 (1.01, 1.36) 0.0311 
All cause death 1.01 (1.00, 1.03) 0.1463 1.02 (1.01, 1.04) 0.0178 

Multivariable model adjusted for age, gender, SBP, diabetes, heart rate, BMI, beta blockers, and HDL-C. DBP: diastolic blood pressure; AMI: Acute 
myocardial infarction. 
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