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Abstract

The dyad of hypertension and coronary artery disease is prevalent; however, data regarding 

systolic blood pressure control and long-term all-cause mortality are lacking. Using extended 

follow-up data from the United States cohort of the INternational VErapamil/Trandolapril STudy 

(mean 11.6 years), subjects were categorized by age at enrollment (50–<60 and ≥60 years). Cox 

proportional adjusted hazard ratios were constructed for time to all-cause mortality according to 

achieved mean systolic blood pressure. In those 50–<60 years and using a referent systolic blood 

pressure < 130 mm Hg, an achieved systolic blood pressure 130–140 mm Hg was associated with 

a similar risk of mortality (hazard ratio 1.03, 95% confidence interval 0.87–1.23), while an 

achieved systolic blood pressure ≥ 140 mm Hg was associated with an increased risk of mortality 

(hazard ratio 1.80, 95% confidence interval 1.53–2.11). Among subjects ≥60 years and using a 

referent systolic blood pressure < 130 mm Hg, an achieved systolic blood pressure 130–140 mm 

Hg was associated with a lower risk of mortality (hazard ratio 0.92, 95% confidence interval 0.85–

0.98). There was an increased risk of mortality with an achieved systolic blood pressure ≥150 mm 

Hg (hazard ratio 1.34, 95% confidence interval 1.23–1.45), but with an achieved systolic blood 

pressure 140–150 mm Hg (hazard ratio 1.02, 95% confidence interval 0.94–1.11). In hypertensive 

patients with coronary artery disease, achieving a systolic blood pressure 130–140 mm Hg appears 

to be associated with lower all-cause mortality after about 11.6 years follow-up.
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In the United States (US), it is estimated that one in every three adults has hypertension 

(HTN).1 HTN is an established independent risk factor for coronary artery disease (CAD) 

irrespective of age or sex.2 Medicare data indicates that the dyad of HTN and CAD is the 

most prevalent chronic disease dyad among adults.1 The former members of the Eighth Joint 

National Committee Panel (JNC-8) recommended pharmacological antihypertensive therapy 

for a target therapeutic goal <150 mm Hg for adults ≥60 years, and <140 mm Hg in those 

<60 years.3 These recommendations are inconsistent with the different society guidelines 

including: the 2013 European Society of Hypertension (ESH) and of the European Society 

of Cardiology (ESC), the 2014 American Society of Hypertension (ASH) and the 

International Society of Hypertension (ISH), and the 2015 American Heart Association 

(AHA)/American College of Cardiology (ACC)/ASH updated statement for the management 

of HTN in patients with CAD which recommended a target therapeutic goal <140 mm Hg in 

hypertensive patients with CAD.2,4,5 Furthermore, in the 2015 AHA/ACC/ASH statement, 

the authors acknowledged that the optimal systolic blood pressure (SBP) in relation to long-

term mortality are lacking among this cohort of high-risk patients.2 More recently, the 

Systolic Blood Pressure Intervention Trial (SPRINT) found that a goal SBP < 120 mm Hg 

was superior to < 140 mm Hg among subjects ≥ 60 years with high cardiovascular risk, 

many of whom had CAD, however; details of this CAD cohort were not provided.6 

Accordingly, additional information on long-term all-cause mortality according to early 

achieved SBP in hypertensive CAD patients would be useful. Using the extended follow-up 

data from the US cohort of the INternational VErapamil/Trandolapril STudy (INVEST) 

study, we aimed to address this knowledge gap.

Methods

Study design and outcome assessed

Briefly, the INVEST was a prospective multi-center randomized trial comparing clinical 

outcomes for 22,576 patients ≥ 50 years of age with CAD and HTN assigned to either a 

beta-blocker/hydrochlorothiazide or a calcium antagonist/angiotensin converting enzyme 

inhibitor strategy.7 After active study follow-up (mean 2.7 years).8 Subjects were informed 

of these findings and then were treated with open-label medications according to provider 

discretion. The trial was initially designed such that an extended follow-up for the US cohort 

could be evaluated. In addition, the project was planned with sufficient power to analyze the 

US cohort separately. The inclusion and exclusion criteria, study design, and results have 

been previously reported. Institutional review boards and ethics committees at each site 

approved the protocol, which was conducted in accordance with the principles outlined in 

the Declaration of Helsinki. Data were collected through an internet-based system, which 

provided for individualized prescribing of antihypertensive medications using a flexible 

treatment algorithm, and express mail delivery. The primary outcome of INVEST was the 

first occurrence of all-cause mortality, non-fatal myocardial infarction (MI), or non-fatal 

stroke, while the secondary outcomes were each outcome individually. Both strategies were 

equivalent in terms of prevention of adverse outcomes with excellent BP control (>71% 

<140/90 mm Hg).8,9
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The current study is a long-term observational analysis of the US cohort of INVEST. For the 

purpose of this analysis we combined the treatment strategies. Data regarding long-term all-

cause mortality, for subjects enrolled from a US site, were assessed by searching the US 

National Death Index (NDI) up to 11 years after INVEST follow-up was completed. The 

NDI has been previously shown to be reliable in detecting alive and dead subjects.10 To be 

considered a confirmed death, 4 of 5 matches among the following were required: name, 

Social Security number, date of birth, city, and state.8 Subjects were categorized according 

to age at enrollment (50-<60 and ≥60 years), then were further divided according to 

achieved mean SBP during the study follow-up: SBP <130, 130 to <140, and ≥140 mm Hg 

in those 50–60 years, and SBP <130, 130 to <140, 140 to <150, and ≥150 mm Hg in those 

≥60 years..3,8 Since we aimed to test the two different SBP targets recommended by both the 

former members of the JNC-8 panel and the other society recommendations,2–5 we 

categorized the subjects ≥60 years in multiple groups to reflect these targets.

Statistical analysis

The baseline characteristics in each group were compared with chi-square test for 

categorical variables and analysis of variance for continuous variables. The average SBP was 

calculated for each subject using all measurements (except the baseline measurement) until 

the visit before the subject experienced one of the components of the primary outcome or 

was censored. Patients who did not appear in the National Death Index were censored on the 

day the death index search was completed. Cox proportional hazard ratios (HR) were 

constructed for time to all-cause mortality according to achieved mean SBP during study 

follow-up: SBP <130 mm Hg (group 1) (referent group), 130 to <140 mm Hg (group 2), and 

≥140 mm Hg (group 3) in those 50– <60 years, and SBP <130 mm Hg (group 4) (referent 

group), 130 to <140 mm Hg (group 5), 140 to <150 mm Hg (group 6), and ≥150 mm Hg 

(group 7) in those ≥60 years.. All cox regression analyses adjusted for covariates such as 

age, gender, race and history of myocardial infarction, history of stoke/transient ischemic 

stroke, heart failure, renal insufficiency, and diabetes. Multivariate analysis was conducted 

comparing these groups. A secondary analysis for all-cause mortality was performed for 

SBP as a continuous variable, with a SBP and age interaction, as well as the quadratic term 

for age to evaluate the nonlinear relationship of age and outcome. All P-values were 2-tailed, 

with statistical significance set at 0.05. All analyses were performed with SAS 9.3 (SAS 

Institute, Cary, North Carolina).

Results

Among all participants, 17,131 patients were recruited from the US (Figure 1). Among those 

aged 50–<60 years; 1,942 patients (11.3 %) achieved SBP of <130 mm Hg (group 1), 1,636 

patients (9.6%) achieved SBP ≥130 to 140 mm Hg (group 2), while 1,460 patients (8.5 %) 

achieved on-treatment SBP of ≥140 mm Hg (group 3) by the end of study follow-up. Among 

those aged ≥60 years; 3,832 patients (22.4 %) achieved on-treatment SBP of <130 mm Hg 

(group 4), 4,014 patients (24.4 %) achieved SBP of ≥130 to 140 mm Hg (group 5), 2,398 

patients (14.0 %) achieved SBP ≥140 to 150 mm Hg (group 6), and 1,849 patients (10.8 %) 

achieved SBP of ≥ 150 mm Hg (group 7). The mean age at enrollment was 66 years and 

54% were female. Baseline characteristics of the different groups were summarized in the 
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Table. The mean follow-up duration was 11.6 years with a total of 198,352 patient-years. 

There were 6,031 deaths (35.2%) during the extended follow-up period (Figure 1).

Consistent with our early findings, there was no difference in long-term all-cause mortality 

comparing the beta-blocker based regimen versus the calcium antagonist based strategy 

(P=0.73). There was an observed reduction in the slope of the all-cause mortality curve with 

either strategy around 9 years (Online Supplement). Among the subjects aged 50– <60 

years, an achieved SBP ≥130 to 140 mm Hg (group 2) was associated with a similar risk of 

all-cause mortality (HR 1.03, 95% confidence interval [CI] 0.87–1.23, P=0.74), compared 

with an achieved SBP <130 mm Hg (group 1). An achieved SBP ≥140 mm Hg was 

associated with an increased risk of all-cause mortality (HR 1.80, 95% CI 1.53–2.11, 

P<0.0001), compared with compared with SBP <130 mm Hg (group 1) (Figure 2).

Among older subjects (≥60 years), using a referent group with achieved SBP <130 mm Hg 

(group 4), an achieved SBP ≥150 mm Hg (group 7) was associated with an increased risk of 

all-cause mortality (HR 1.34, 95% CI 1.23–1.45, P<0.0001), but no increased risk of all-

cause mortality was observed with an achieved SBP of 140 to <150 mm Hg (group 6) (HR 

1.02, 95% CI 0.94–1.11, P=0.59). An achieved SBP of 130 to <140 mm Hg (group 5) was 

associated with a lower risk of all-cause mortality (HR 0.92, 95% CI 0.85–0.98, P=0.01) 

when compared with an achieved SBP of <130 mm Hg (group 4) (Figure 3). Figure 4 

summarizes the hazard ratios for all-cause mortality for the different groups. In a secondary 

analysis, using SBP as a continuous variable, every 1 mm Hg increase in SBP was 

associated with 1% increase in the hazard of all-cause mortality over 12 years (HR 1.01, 

95% CI 1.008–1.011, P<0.0001). In addition, age had a different effect on mortality 

depending on the values of SBP.

Discussion

To our knowledge, this is the first study to investigate the relationship between long-term all-

cause mortality and achieved SBP among a cohort of hypertensive patients with documented 

CAD. With almost 200,000 person-years of follow-up, our large observational study showed 

that early treatment with a beta-blocker based or a calcium antagonist based BP lowering 

strategy that resulted in excellent BP control during the active study follow-up was 

associated with similar long-term benefit in terms of all-cause mortality. Furthermore, we 

observed that early intense treatment of hypertension in this high risk population appeared to 

attenuate the mortality-time curve with both strategies after about 9 years.. The Action in 

Diabetes and Vascular Disease (ADVANCE-ON) trial randomized hypertensive diabetic 

patients to either perindopril/indapamide versus placebo. Both arms had similar SBP at the 

conclusion of the initial follow-up period. At a median of 9.9 years, all-cause mortality was 

reduced in the group initially assigned to perindopril/indapamide (HR 0.91, 95% CI 0.85–

0.99, P=0.03), despite the fact that participants in both groups returned to their usual care.11 

Our results confirm those observations suggesting that the benefit of good BP control during 

the active phase of the trial persisted despite possible loss of the “excellent BP control”, and 

also extend those results to CAD patients. This suggests a possible “legacy effect”, which 

has been described in other areas of cardiovascular medicine such as with atorvastatin in 

hypertensive patients.12 A similar long term effect was demonstrated in patients with Type 2 
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Diabetes Mellitus (i.e., the United Kingdom Prospective Diabetes Study (UKPDS), and 

Veterans Affairs Diabetes Trial (VATS), in where an intensive glucose lowering strategy 

early during the active study period resulted in reduction in long-term mortality well after 

the active phase of the trial was completed.13,14

Our analysis suggests that an achieved SBP <140 mm Hg is associated with beneficial 

results in regards to long-term all-cause mortality among younger CAD patients (50– <60 

years). Among older CAD patients (≥60 years), an achieved SBP of 130 to <140 mm Hg 

was associated with lower risk of all-cause mortality, when compared with those who 

achieved SBP targets 140 to <150 mm Hg, and SBP ≥150 mm Hg. These findings further 

support the viewpoint of some members of the former JNC-8 panel who disagreed with the 

2014 recommendations to relax the goal SBP for management of HTN in adults.15 Data 

from the Northern Manhattan Study showed that raising the SBP threshold from 140 to 150 

mm Hg as a new target for hypertension treatment in older individuals without diabetes or 

chronic kidney disease could have a detrimental effect on stroke risk reduction.16 This 

observation is further supported among patients with diabetes in the long-term follow-up of 

the Action to Control Cardiovascular Risk in Diabetes Trial Follow-On Blood Pressure 

Study (ACCORDION).17 Although the SPRINT showed that targeting a SBP <120 mm Hg, 

compared with <140 mm Hg, resulted in lower rates of fatal and nonfatal major 

cardiovascular events and death from any cause in patients at high risk for cardiovascular 

events but without diabetes.6 There has been concern regarding the lack of observer during 

the automated BP measurements in that trial, suggesting that the actual SBP in the treatment 

arm may have been higher. Some authors have estimated this variation to be around 10–20 

mm Hg.18 Therefore, the actual SBP target in the SPRINT trial might have been close to 

130–140 mm Hg. A recent meta-analysis of 123 studies with 613,815 participants regardless 

of the baseline SBP (from <130 mm Hg to any higher value) suggested that every 10 mm Hg 

reduction in SBP was associated with significantly reduced risk of all-cause mortality 

(relative risk [RR] 0.87, 95% CI 0.84–0.91), therefore a higher baseline SBP led to a higher 

benefit.19

Previously, we observed that achieving a SBP of 140 to <150 mm Hg was associated with 

increased risk of adverse events compared with a SBP <140 mm Hg in those aged >60 years 

at the end of the 24-months of active follow up.20 Although the Valsartan Antihypertensive 

Long-term Use Evaluation (VALUE) and A Coronary disease Trial Investigating Outcome 

with Nifedipine GITS (ACTION) trials have reported prognostic effects of achieved 

SBP,21,22 the mean follow-up in those studies was ~ 4 years. This analysis of INVEST 

assessed the relationship between early achieved SBP and long-term all-cause mortality at 

almost 12 years. In the current study, we observed that long-term all-cause mortality might 

be increased in those who achieved a SBP of 140 to <150 and ≥150 mm Hg, compared to 

130 to <140 mm Hg. While the results of this analysis suggest that an achieved SBP of 130 

to <140 mm Hg appears to have the best survival outcome among hypertensive patients with 

CAD aged ≥50 years, future randomized trials are needed in patients with CAD to further 

support these findings. The current study is limited by the lack of data regarding BP 

treatment and control in the years since the INVEST active follow-up ended; however, there 

does not appear to be an on-treatment bias. Furthermore, this study is a post-hoc analysis of 

a randomized trial and was not specifically designed to test various SBP targets, although the 
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investigators had initially designed it such that an extended follow-up for the US cohort 

could be evaluated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives

The former members of the Eighth Joint National Committee Panel recommended a 

target therapeutic goal <150 mm Hg for adults ≥60 years, while the 2015 American Heart 

Association/American College of Cardiology/American Society of Hypertension updated 

statement for the management of hypertension in patients with coronary artery disease 

recommended a target therapeutic goal <140 mm Hg in hypertensive patients with 

coronary artery disease. Data regarding optimal systolic blood pressure and long-term 

mortality are lacking in this population. Therefore, we aimed to assess long-term all-

cause mortality according to early achieved systolic blood pressure in hypertensive 

coronary artery disease adults using extended follow-up data from the INternational 

VErapamil SR-trandolapril (INVEST) Study. In summary, our findings suggest that in 

adult hypertensive patients with coronary artery disease, achieving a SBP 130 to <140 

mm Hg is associated with a reduction in all-cause mortality after about 11.6 years follow-

up. Future studies are needed to determine the risk of adverse events (e.g., renal failure) 

associated with a lower systolic blood pressure target in this population.

Elgendy et al. Page 8

Hypertension. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Novelty and Significance

What Is New?

• First study to investigate the relationship between long-term all-cause 

mortality and achieved systolic blood pressure among a cohort of older 

adult hypertensive patients with documented coronary artery disease.

• Early treatment with a beta-blocker based or a calcium antagonist 

based antihypertensive lowering strategy resulted in similar long-term 

outcomes in terms of all-cause mortality.

What Is Relevant?

• In adults hypertensive patients aged 50–60 years with coronary artery 

disease, achieving a systolic blood pressure of <140 mm Hg appears to 

be associated with a reduction in all-cause mortality. In those aged ≥60 

years, achieving a systolic blood pressure of 130 to <140 mm Hg 

appeared to be associated with the lowest risk for all-cause mortality.

Summary

• In adult hypertensive patients with coronary artery disease, achieving a 

systolic blood pressure 130 to <140 mm Hg appeared to be associated 

with reduction in all-cause mortality after about 12 years follow-up.
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Figure 1. 
Patient flow diagram
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Figure 2. 
Kaplan Meier curve for all-cause mortality in subjects aged 50– <60 years. The absolute 

percentage of deaths in Group 1 (Green line)=13.4%, Group 2 (Red line)=15.3%, Group 3 

(Blue line)=28.0%.
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Figure 3. 
Kaplan Meier curve for all-cause mortality in subjects ≥60 years. The absolute percentage of 

deaths in Group 4 (Red line)=38.1%, Group 5 (Green line)=38.8%, Group 6 (Blue 

line)=45.0%, and Group 7 (Black)=55.1%.
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Figure 4. 
Hazard ratios for all-cause mortality in the different groups.
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