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Summary

The INternational VErapamil SR-Trandolapril STudy (INVEST), a randomized trial of 22,576

predominantly elderly patients with an average 2.7-year follow-up, compared a calcium antagonist

led strategy (verapamil SR plus trandolapril) with a β blocker led strategy (atenolol plus

hydrochlorothiazide) for hypertension treatment and prevention of cardiovascular outcomes in

coronary artery disease. patients.

Patients received individualized dose and drug titration following a flexible, multi-drug, guideline-

based treatment algorithm, with the objective of achieving optimal blood pressure (BP) control

individualized for comorbidities (e.g., diabetes). The primary outcome (PO) was first occurrence of

death (all-cause), nonfatal myocardial infarction or nonfatal stroke.

The strategies resulted in significant and very similar BP reduction with approximately 70% of

patients in both strategies achieving BP control (< 140/90 mm Hg). Increasing number of office visits

with BP in control was associated with reduced risk of the PO. Overall, there was no difference in

the PO comparing the strategies, however new onset diabetes occurred more frequently in those

assigned the atenolol strategy. This report summarizes findings from INVEST and puts them in

perspective with our current state of knowledge derived from other large hypertension treatment

trials. INVEST findings support that 1) BP reduction is important for prevention of adverse

cardiovascular morbidity and mortality; and 2) selection of antihypertensive agents should be based

on patient comorbidities and other risk factors (e.g. risk for diabetes) and not necessarily that any

one drug be given to all.
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Introduction

Hypertension is the most prevalent risk factor for atherosclerotic coronary heart disease (CHD),

and is present in ~70% of first myocardial infarction (MI) patients, first stroke patients and

heart failure patients.[1] The risk of death, MI, and stroke for each age decade above 40 years

and each 10 mm Hg above 115 systolic is incrementally increased and substantial [2,3]. The

relationship between blood pressure (BP) lowering and morbidity and mortality reduction has

been well documented, however because many early studies excluded patients with

documented heart disease and many of the more contemporary studies only included small

subsets of patients with documented heart disease, the relationship in contemporary patients

with concomitant hypertension and documented coronary artery disease (CAD) is less well

understood.

Additionally, which antihypertensives are best used and/or avoided has garnered increasing

interest in recent years. Some believe β blockers no longer have a place in uncomplicated

hypertension treatment based on data suggesting they inadequately protect from stroke [4,5]

may not lower central BP adequately [6], and are not well tolerated compared with newer

agents. Others believe that thiazide diuretics should be used as initial agents in all

hypertensives, despite their metabolic complications, the most significant of which is diabetes

[7]. Most recent, is the suggestion that BP lowering drugs should be used in everyone to protect

against CHD and stroke, regardless of BP, without preference to any drug class [8].

Because we studied older and newer antihypertensives in a population of hypertensives with

CAD, data from the INternational VErapamil SR-Trandolapril STudy (INVEST) can shed light

on a number of issues and concerns related to antihypertensive drug use in this growing, high

risk population. The purpose of this review is to summarize findings from INVEST published

in the last several years, and compare and contrast results from other large hypertension

treatment trials published during the same time frame.

Background and rationale

INVEST was conceived in the mid-nineties to address unanswered questions regarding

hypertension management in patients with CAD. At that time, diuretics and β blockers were

recommended as standard BP lowering therapy, however, reductions in morbidity and

mortality were consistently less than predicted from epidemiologic studies and had plateaued

in recent years [9]. Use of newer agents such as calcium antagonists and angiotensin converting

enzyme (ACE) inhibitors was on the rise, however outcome data for these drugs were lacking,

and there was concern regarding the safety of short-acting calcium antagonists, particularly in

patients with ischemic heart disease.

To address the lack of outcome data related to newer antihypertensive agents, and the

uncertainty surrounding the best treatment for hypertensive CAD patients, we undertook

INVEST [10]. We focused on an older hypertensive population with evidence for CAD and

opted to test verapamil SR, a long acting, non-dihydropyridine calcium antagonist with heart

rate slowing properties and favorable results in patients with ischemic heart disease [11] and

atenolol, the most widely prescribed β blocker, worldwide. Because we anticipated few patients

would achieve BP control with monotherapy, we prespecified the ACE inhibitor, trandolapril

as add-on therapy in the verapamil SR strategy (administered as the combination product

Tarka®), and for all patients requiring protection from organ damage, and the thiazide diuretic

hydrochlorothiazide (HCTZ) in the atenolol strategy [10]. Twice daily dosing was

recommended after the initial step to assure sustained BP reduction with atenolol. HCTZ,

atenolol, and verapamil SR are among the most frequent generic drugs prescribed worldwide.
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In the US in 2008, they totaled more than 96 million prescriptions [12], underscoreing the

continued applicability and importance of findings from INVEST to guide treatment of

hypertensive CAD patients.

Design

INVEST was an international, multicenter study with a prospective, randomized, open, blinded

endpoint evaluation design [13], conducted in accordance with the principles of the Declaration

of Helsinki. The hypothesis was that risk for adverse outcomes was equivalent comparing a

verapamil SR-based with an atenolol-based strategy when the strategies were deployed to

achieve the same BP control. Patients were eligible for inclusion if they were aged >50 years

and had documented CAD with essential hypertension as defined by the Sixth Report of the

Joint National Committee on prevention, detection, evaluation, and treatment of high blood

pressure (JNC VI) [9] requiring drug therapy. Patients taking β blockers within two weeks of

randomization, or taking β blockers for an MI that occurred in the previous 12 months were

excluded to avoid withdrawal phenomena in patients randomized to the calcium antagonist

strategy [10].

The protocol specified in-person clinic evaluations every 6 weeks for the first 6 months and

then every six months thereafter until study end. Evaluations included physical exam,

assessment of BP and pulse, angina symptoms in the prior 4 weeks, compliance with study

medications and assessment of subjective well-being. The latter instrument allowed

participants to rate their overall well-being in the prior 4 weeks as “excellent”, “good”, “fair”,

or “poor”. BP was treated to a target of <140/90 mm Hg or BP <130/85 mm Hg when diabetes

or renal impairment was present.

Patients were randomized to receive either verapamil SR or atenolol, and the addition of

trandolapril and/or HCTZ was recommended when necessary to achieve BP goals, Figure 1.

Importantly, drugs, doses and combinations were carefully selected for INVEST based on their

relevant and complimentary actions for optimal BP treatment and control in the high risk CAD

population.

A novel, study specific internet based data entry system was developed and utilized to collect

data from sites in all 14 countries in real time [10]. The system had important validation logic

built-in to identify nonphysiologic and/or highly variable BP responses. The system also

included an electronic dosing/prescribing module which was developed with logic to

automatically recommend uptitration of medication (i.e., dose increase or drug addition) when

BPs were reported that did not meet goal, and with the exception of the initial dosage regimens,

all regimens were dosed twice daily to ensure consistent 24 hour BP coverage. However, the

electronic prescribing system was flexible to allow the practitioner to tailor the therapy (dose

and drugs) for individual patients [14].

In addition to BP treatment, patients received concomitant guideline-based treatment for

comorbidities like diabetes, renal impairment, lipid disorders, peripheral arterial disease and

angina.

Patients were followed for BP control and outcomes for at least two years after randomization.

The overall objective of INVEST was to compare the risk for the primary outcome (PO),

defined as all-cause death, nonfatal MI or nonfatal stroke, following treatment with the two

strategies. Secondary outcomes included not only all-cause death, nonfatal MI and nonfatal

stroke individually, but also new onset diabetes and trends for cancer, Parkinson’s disease,

Alzheimer’s disease, autoimmune disease and gastrointestinal bleeding, since these had all

been anecdotally attributed to long term use of calcium antagonists.
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Depression is common in CAD patients [15,16], and is an important risk factor for subsequent

CHD events [16]. Because use of β blockers is associated with generalized fatigue and

depression, we conducted the Study of Antihypertensive Drugs and Depressions Symptoms

(SADD-Sx) substudy [17] to examine the tolerability of the two strategies and to assess for

depression at baseline and after 1 year of treatment. For the substudy, 2317 consecutively

randomized INVEST patients in the US were mailed questionnaires, including a

sociodemographic survey at baseline and the Center for Epidemiologic Studies-Depression

(CES-D) scale at baseline and after 1 year of study participation.

Another ongoing substudy includes ambulatory BP monitoring (ABPM), in which a portion

of the INVEST population underwent ABPM at baseline and after 1 year of follow-up. Analysis

from this substudy is underway and publications will be forthcoming. We also conducted the

INVEST Genetics Substudy (INVEST GENES) in which almost 6000 INVEST participants

provided a sample of DNA. While genetic analyses continue and many publications exist

[18–24], summary of these data are beyond the scope of this review.

Data analysis

The study investigators had access to all of the data and performed or confirmed all of the

analyses published to date. All of the main analyses were completed as specified in the protocol

using the intent-to-treat population.

To estimate the impact of study drugs on outcomes, a drug dose model was developed using

the prescribing information from the INVEST online system.[25] Drug variables in the model

were the average daily dose for each of the four study drugs, ratios for the proportion of time

that the first two drugs in each treatment strategy were prescribed at the same time (e.g.,

verapamil SR plus trandolapril, or atenolol plus HCTZ), and terms for interactions between

both trandolapril and HCTZ and treatment strategy (since both drugs could have been

prescribed in either strategy).

It was decided, a priori, that a 20% difference in the PO between the treatment strategies would

be clinically relevant using the intention-to-treat population. Therefore the equivalence bound

for the risk ratio was a confidence interval (CI) of 1.20 to 0.83. We assumed an annual PO rate

of no less than 2% and α of 0.05 (two sided), and 90% power when estimating the number of

patients required. On this basis, a tentative sample size of 27,000 patients was set with an

anticipated dropout rate of 5–10%. The final target sample size was reduced to 22,000 patients

because the longer-than-planned enrollment period resulted in an increased number of patient-

years of follow-up [26].

Results

INVEST enrolled a total of 22,576 patients from 862 sites in 14 countries between September

1997 to December 2000 [26]. Investigators were practitioners in the ambulatory care setting

across all practice types (academic, private practice, community health departments), making

this a clinically relevant assessment of the implementation of a BP protocol with broad

applicability.

Baseline Characteristics

Overall, the majority of patients were women (52%) with a mean age of 66 years.

Approximately one third of patients were older than 70 years and more than 2,000 patients

were >85 years old, making this one of the largest randomized subgroups to be reported among

older patients.. The population was racially diverse, with 36% Hispanic [27] and 13% black.

Baseline characteristics were very similar in both treatment strategies and generally reflected
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an elderly cohort with chronic CAD [26,28,29]. Prior MI was present in about a third, two

thirds had angina, and over a quarter had diabetes. Mean BP among those using

antihypertensive drugs was 149/86 mm Hg and among those untreated, 159/93 mm Hg. On

average, patients were overweight [mean body mass index (BMI) 29 kg/m2], with additional

risk factors for cardiovascular events. Baseline characteristics are summarized in Table 1 for

the overall population and various subpopulations. Although the entire INVEST population

would be considered high risk (age >50, hypertension, CAD), the study had many high-risk

subgroups at baseline, including 6400 patients who also had diabetes [30], 7218 patients with

a history of MI [31], and 2969 patients with class II or III obesity [32].

Outcomes

Primary Outcome—After 61,835 patient-years of follow-up, the PO rate was not statistically

significantly different between the two treatment strategies [verapamil SR strategy, 9.4%,

atenolol strategy, 10.2%; relative risk (RR) 0.98, 95% CI 0.90–1.06] in the overall population

or any of the subpopulations. The PO rate was highest in subgroups of patients with heart

failure, age >70 years old, diabetes, coronary revascularization, and prior MI. Also within these

subgroups there was no difference in PO by treatment strategy [26].

In the overall population, baseline predictors of the PO in descending order of risk increase

were heart failure, diabetes, increasing age, US residency, renal impairment, stroke/transient

ischemic attack (TIA), smoking, prior MI, peripheral arterial disease (PAD), and coronary

revascularization [33].

Overall, higher baseline BMI was not a risk factor for the PO. In a stepwise model with normal

BMI (20 to <25 kg/m2) as the reference point, the relationship between BMI and the PO was

found to be quadratic rather than linear. The risk of the PO was highest for thin patients (BMI

<20 kg/m2: adjusted hazard ratio [HR] = 1.52; 95% CI 1.24–1.86) and lowest for class I obesity

patients (BMI 30 to <35: adjusted HR = 0.68; 95% CI 0.59–0.77) [32].

In a model adjusted for baseline covariates, multi-drug therapy was associated with reduced

risk for the PO in both strategies compared with monotherapy, and with similar results when

the model was adjusted for average follow-up systolic BP (SBP) and diastolic BP (DBP)

[25].

Outcomes and predictors of outcomes are summarized in Table 2 for the randomized population

and clinically important subgroups.

New Onset Diabetes—Among the 16,176 nondiabetics at baseline, new onset diabetes, a

prespecified outcome, occurred in 1234 patients during follow-up. The rate of new diabetes

was lower in the verapamil SR strategy than in the atenolol strategy (7.03% vs. 8.23%: RR

0.85; 95% CI 0.76–0.95) [26,34].

Baseline characteristics associated with increased risk of new onset diabetes included US

residency, prior stroke/TIA, coronary revascularization, Hispanic ethnicity, other race

(including multiple races), left ventricular hypertrophy, hypercholesterolemia and increasing

BMI. While the risk of new onset diabetes decreased with increasing age above 50 years old,

elevated follow-up SBP was associated with an increased risk of new onset diabetes. From a

stepwise time-dependent model, risk of new diabetes was 53% higher with an SBP of 150 mm

Hg than with an SBP of 120 mm Hg [34].

Using drug dose modelling [25] with atenolol 50 mg/day as reference, atenolol 50mg/day plus

HCTZ 50mg/day increased the risk of new diabetes (HR 1.38, 95% CI 1.06–1.80), which was

not reduced when trandolapril was added. Verapamil SR 240mg/day plus trandolapril 4mg/
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day reduced the risk of new diabetes (HR 0.58, 95% CI 0.44–0.78), which was not increased

when HCTZ was added [34].

Preliminary data shows that while the death rate during INVEST in those who developed

diabetes was low, after extended follow-up (five years after the end of INVEST), rate of all-

cause death in those who develop diabetes surpasses those without diabetes and is similar to

those who had diabetes at baseline [35].

Angina Episodes—While the prevalence of angina at baseline in this CAD population was

high, as BP was controlled during follow-up, the percent of patients reporting angina declined

by more than 50% in both strategies, with fewer angina episodes per week reported in the

verapamil SR strategy [24 months, mean (SD): verapamil SR 0.77 (1.31), atenolol 0.88 (1.62);

P = 0.02] [26]. Mean resting heart rate (RHR), which was 75.5 ± 9.6 beats per minutes (bpm)

at baseline, was reduced more at 24 months in the atenolol strategy (69.2 bpm) than in the

verapamil SR strategy (72.8 bpm) as was expected. Despite this difference in RHR, both

strategies had equivalent outcomes. An analysis using a stepwise Cox proportional hazards

model determined that the relationship between follow-up RHR and PO was quadratic. The

RHR nadir was 59 bpm for the overall INVEST population and was lower for the atenolol

strategy (51 bpm) than for the verapamil SR strategy (62 bpm), consistent with the differences

in mean RHR between the two strategies [36].

Blood Pressure—As expected, baseline BP was lower in treated patients; however, at entry

fewer than 20% of patients had BP in control. During follow-up, BP reductions were equivalent

comparing the strategies (24 months, verapamil SR 18.7/10.0mmHg, atenolol 19.0/10.2,

mmHg, p values not significant), with most of the BP reduction occurring in the first 6 months

[26]. BP control was similar in both treatment groups (24 months, <140/90 mm Hg: verapamil

SR 72%, atenolol 71%).

Most INVEST patients required multiple drugs for BP control. At 24 months in both strategies,

30% of patients were taking two antihypertensive medications and approximately half of the

patients were taking three or more antihypertensive medications. At 24 months, only 2% of

patients in each strategy were not taking any antihypertensive medication [26], and patients

with diabetes were taking an average of 2.9 antihypertensive medications, compared to 2.8 for

patients with and 2.0 for patients without new diabetes [30,34].

Table 3 summarizes baseline and follow-up BP in the overall population and multiple

subgroups. Regardless of subgroup evaluated, like in the overall population there was no

difference in BP reduction comparing the treatment strategies. At the completion of the trial,

the level of BP control achieved in INVEST compares favourably to many other large BP

treatment trials undertaken in recent years, Figure 2.

Baseline BP was not predictive, while follow-up BP was predictive of the PO. Patients with

mean follow-up SBP <140 mm Hg or DBP <90 mm Hg had a lower risk of PO (adjusted HRs

0.82 and 0.70, respectively; P <0.001 for both comparisons) [33]. Lower on treatment SBP

was associated with significant risk reduction for the PO, in the overall population as well as

in multiple high risk subgroups, Figure 3 [33].

Patients with mean follow-up SBP <140 mm Hg or DBP <90 mm Hg had a lower risk of stroke

(adjusted HRs 0.63 and 0.50, respectively; P = 0.001 for both comparisons) [37]. Follow-up

SBP <140 mm Hg was associated with a significant reduction in risk of stroke in subgroups

with prior coronary artery bypass graft, prior stroke/TIA, age >70, US residency, diabetes, and

a history of smoking [37].
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The relationship between PO and follow-up BP followed a J-shaped curve, which when

adjusted for baseline differences was flatter for SBP than for DBP and had a nadir of 129.5/73.8

mm Hg. Patients with follow-up DBP of 70 mm Hg or less accounted for 10.7% of patients

(2415/22,576) and 19.6% of the PO events (445/2268). A similar relationship was found for

DBP and all-cause death (the main component of the PO), MI (fatal and nonfatal), and, to a

lesser extent, stroke (fatal and nonfatal) [38].

To investigate the impact of consistency of BP control on outcomes, INVEST patients were

divided into four groups based on the proportion of visits with BP in control (<25%, ≥25% to

<50%, ≥50% to <75%, ≥75%). All four groups experienced reductions in BP during the study,

with the size of the reduction increasing for all but the group with ≥75% of visits in control

(6.4/4.1, 13.9/7.4, 19.0/9.9, 17.3/9.3 mm Hg, respectively). Risk for PO, MI (fatal and

nonfatal), and stroke (fatal and nonfatal) decreased as the proportion of office visits with BP

in control increased and was lower in the group with ≥75% of visits in control compared to the

group with <25% of visits in control by 40%, 42%, and 50%, respectively. When included

together in a model, proportion of visits in control (continuous variable) and mean follow-up

SBP were both predictive of PO risk. [39].

Depression and Quality of Life—Among INVEST participants who responded to surveys

at baseline and year 1, CES-D scores improved significantly from baseline to 1 year in the

verapamil SR strategy (n = 617, 14.00 vs. 12.54; P <0.001) while remaining unchanged in the

atenolol strategy (n = 575, 14.27 vs. 14.00; P = 0.44). Baseline predictors of higher CES-D

scores (more depression) at 1 year were higher CES-D scores at entry (P <0.001), history of

depression diagnosis (P = 0.03), history of stroke (P <0.001), and randomization to the atenolol

strategy (P <0.001) [17].

With regard to quality of life, follow-up SBP >150-≤160 mm Hg and > 160 mm Hg were

associated with a significant increase in the odds of feeling fair/poor [adjusted OR(95% CI)

1.90 (1.81–2.00) and 2.53 (2.41–2.66), respectively]. Those who reported angina in the 4 weeks

prior to a protocol visit had 2.2 times greater odds of reporting fair/poor subjective well being

[adjusted OR 2.2, 95% CI (2.13–2.27)] [17,40].

Safety and Tolerability—Both treatment strategies were well tolerated. Adverse event rates

were low and consistent with what has been previously reported for the study drugs. Patients

in the verapamil SR strategy reported more constipation, while patients in the atenolol strategy

reported more symptomatic bradycardia, and wheezing. Importantly, there were no differences

in episodes of gastrointestinal bleeding, cancer, Parkinson’s disease, Alzheimer’s disease,

autoimmune disease or other adverse events comparing the strategies.

Conclusion

Across the spectrum of hypertensive CAD patients studied in INVEST, we demonstrated that

1) BP can be controlled in a high-risk population using a verapamil SR - based or an atenolol-

based multi-drug treatment strategy without concern for safety or tolerance, 2) lowering BP is

associated with reduced risk of cardiovascular events, including all-cause death, MI and stroke,

3) risk of new onset diabetes is reduced when BP is lowered with the combination of verapamil

SR plus trandolapril, and 4) both BP lowering strategies reduce the occurrence of angina

episodes, and this along with BP reduction is associated with improved feeling of well being.

Expert Commentary and Five Year View

Findings from INVEST demonstrate that both readily available therapeutic strategies, which

now contain only generic medications, when deployed to lower BP to goal result in equivalent
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outcomes. This supports the notion that selection of antihypertensive agents should be based

on the patients’ comorbidities and other risk factors (e.g. risk for diabetes), and not necessarily

any given drug should be used in all hypertensive patients. Conclusions from the

Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)

included the recommendation that thiazide diuretics should be used as first-line BP lowering

drugs, regardless of patient characteristics, and despite the increased risk of diabetes in patients

who received chlorthalidone [7]. While BP was lower in the chlorthalidone treated group, there

was no significant difference in the occurrence of CV related adverse outcomes evaluated, with

the exception of heart failure [7]. It is not clear why this lower BP did not result in reduced

outcomes (particularly death, MI and stroke)

In a recently published summary from ALLHAT, it was reiterated that because thiazide

diuretics are superior in preventing heart failure, and new onset diabetes, which occurred more

frequently in the chlorthalidone treated patients, was not associated with increased CV

outcomes, thiazides should continue to be the drug of first choice [41]. However, we and others

have shown that risk from diabetes that develops during antihypertensive treatment is

associated with significant morbidities and mortality which is similar to diabetes of other

etiologies, although there may be a lag in onset [41–44].

β blockers have recently fallen out of favor, in part related poor BP control among elderly

patients and metabolic and safety concerns. In the Losartan Intervention For Endpoint

reduction in hypertension (LIFE) study, which enrolled 9,193 hypertensives with left

ventricular hypertrophy, and compared once daily atenolol to losartan with add-on HCTZ in

both groups, superior BP lowering and CV outcome prevention was observed in the losartan

group [45]. Similarly, in the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT), which

compared once daily atenolol plus HCTZ to amlodipine plus perindopril, there was similar

brachial BP lowering in the two groups, but superior reduction in CV outcomes in the

amlodipine treated patients [46]. In a substudy of ASCOT patients who underwent central BP

assessment, it was determined that patients in the amlodipine group had lower central pressure,

and it was hypothesized that it may be this differential effect on central pressure that was

responsible for the decreased risk for CV outcomes [6]. However, in INVEST, where atenolol

was dosed twice daily rather than once daily as in LIFE and ASCOT, BP lowering and CV

outcomes were equivalent. Importantly, we observed no increased risk of stroke in atenolol

treated patients as has been observed in some metaanalyses [4,5].

For the first time in high risk CAD patients, a calcium antagonist has been shown to be a safe

and beneficial component of a BP lower regimen, including subpopulations with diabetes, post

MI, prior coronary revascularization, and the elderly. In the period since INVEST was

completed, ASCOT [46] and the Avoiding Cardiovascular Events Through Combination

Therapy in Patients Living With Systolic Hypertension (ACCOMPLISH) study [47] which

compared benazepril plus amlodipine to benazepril plus HCTZ, have confirmed these findings.

In the overall population, ACCOMPLISH demonstrated superior BP reduction and CV risk

reduction in the benazepril plus amlodipine group. While some suggested the CV benefit was

derived solely from the greater BP reduction, recently data from an ABPM substudy in 573

patients showed a mean 1.6 mmHg lower SBP in the benazepril plus HCTZ patients, but this

was not statistically significant, and over the 24 hour mean daytime and nighttime periods,

pressures and surges in BP showed the combinations were equivalentsimilar, which does not

explain the CV benefit observed in the amlodipine treated group [48]. Opie [49] recently

suggested that in patients with stable angina and no prior MI, a calcium antagonist may be as

beneficial as a β blocker, but without the adverse effects of insulin resistance, weight gain,

decreased exercise tolerance, and sexual dysfunction.
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INVEST, through its recruitment of large numbers of elderlies, women, Hispanics, and blacks,

provides an important and here-to-for unknown, understanding of the response to treatment in

these subgroups and direct evidence for the generalizability of the findings to these growing

populations worldwide. We demonstrated that in some patients, particularly the lean elderly,

risk for adverse CV outcomes increased as BP was lowered, suggesting the need to question

recommendations for significant BP lowering in all, especially in those with CAD.

In the recent past, many of the professional societies have revised and updated their guidelines

and recommendations for the treatment of hypertension. The European Society for

Hypertension/European Society of Cardiology are no longer endorsing thiazide diuretics or

β-blockers in hypertensive patients with diabetes[50] and the American Association of Clinical

Endocrinologists recommends thiazide diuretic use only at low dosage and only with adequate

potassium replacement and β-blocker use only as second- or third-line agents in patients with

diabetes.[51] The National Institute for Health and Clinical Excellence, together with the

British Hypertension Society, recently published guidelines that indicate β-blockers are no

longer a suitable first-line treatment option in uncomplicated hypertensive patients largely due

to increased incident diabetes and they recommend use of RAS inhibitors as first-line therapy

in younger patients, with diuretics reserved for the elderly or black patients of any age.[46] In

the US, the National Heart Lung and Blood Institute recently constituted and convened JNC

8, which will synthesize and deliberate data from INVEST as well as all of the other

hypertension mega-trials published in the last decade to establish new guidelines and

recommendations which will inform treatment of hypertension in the next five years and

beyond.

Key issues

• A verapamil SR plus trandolapril strategy was equivalent to an atenolol plus

hydrochlorothiazide strategy with regard to reduction in CV outcomes, with similar

BP reduction and control

• The verapamil SR plus trandolapril strategy was associated with a reduced risk for

new onset diabetes

• Elderly patients with hypertension and CAD require multi-drug therapy for BP control

• BP reduction and reduction in angina episodes were associated with improved feeling

of well being

• Atenolol, when dosed twice daily was not associated with increased risk of stroke or

other adverse CV outcomes

• Very low diastolic BP (< 70 mmHg) was associated with increased risk of CV

outcomes, raising concerns about optimal BP targets in special populations
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Figure 1.

INVEST Treatment strategies. The drugs, order of addition, and recommended doses for each

step of each strategy are summarized. Nonstudy antihypertensive drugs could be added to

control blood pressure except for β blockers in those assigned to the verapamil SR strategy and

calcium antagonists for those assigned to the atenolol strategy. Titration ranges: atenolol, 25–

200mg/day; hydrochlorothiazide, 12.5–100mg/day; trandolapril, 1–8mg/day; and verapamil

SR, 120–480mg/day. Reprinted with permission from [25]
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Figure 2.

Percent of patients in contemporary blood pressure treatment trials achieving blood pressure

control defined as <140/<90 mm Hg. Aml=amlodipine, SR=sustained release,

COER=controlled onset extended release., ACCOMPLISH [47], INVEST [26], CONVINCE

[52], VALUE [53], ASCOT [46], ALLHAT [7], LIFE [45].
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Figure 3.

Risk [adjusted hazard ratio (HR) and 95% confidence interval (CI)] for primary outcome

associated with high-risk subgroups by time-dependent systolic blood pressure (SBP) category.

In general, risk was lower when SBP <140 mm Hg. MI = myocardial infarction; TIA = transient

ischemic attack. Reprinted with permission from [33]
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