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Abstract

Objective—Resistant hypertension (res-HTN) is a challenging problem, but little is known of

res-HTN in patients with coronary artery disease (CAD). In this post-hoc INternational VErapamil

SR-Trandolapril STudy (INVEST) analysis, we assessed prevalence, predictors, and impact on

outcomes of res-HTN in CAD patients with hypertension.

Methods—Participants (n=17 190) were divided into three groups according to achieved blood

pressure (BP): controlled (BP <140/90 mmHg on three or fewer drugs); uncontrolled (BP

≥140/90mmHg on two or fewer drugs); or resistant (BP ≥140/90 mmHg on three drugs or any

patient on at least four drugs).

Results—The prevalence of res-HTN was 38%: significant predictors of res-HTN included heart

failure [odds ratio (OR) 1.73], diabetes (OR 1.63), Black race (OR 1.50), and US residence (OR

1.50). Compared with controlled HTN, res-HTN had multivariate-adjusted association with higher

risk of adverse outcomes {first occurrence of all-cause death, nonfatal myocardial infarction, or

nonfatal stroke [hazard ratio 1.27, 95% confidence interval (CI) 1.13–1.43], and individual

outcomes of all-cause death (hazard ratio 1.29, 95% CI 1.13–1.48), cardiovascular mortality

(hazard ratio 1.47, 95% CI 1.21–1.78), and nonfatal stroke (hazard ratio 1.61, 95% CI 1.17–2.22),
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but not nonfatal myocardial infarction (hazard ratio 0.98, 95% CI 0.72–1.34)}. Adverse outcomes,

except nonfatal stroke, did not differ in patients with res-HTN compared to uncontrolled HTN.

Conclusions—Res-HTN is common in patients with CAD and hypertension, associated with

poor prognosis, and linked with a number of conditions. Emphasis should be placed on

recognizing those at risk for res-HTN and future studies should examine whether more aggressive

treatment of res-HTN improves outcomes.
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Introduction

Treatment-resistant hypertension (res-HTN) – requiring at least four antihypertensive agents

for blood pressure (BP) control – is a challenging clinical problem [1]. Clinical trial data

suggest that res-HTN is present in 20–30% of patients with hypertension [2,3]. Analyses of

epidemiologic data generally support these clinical trial estimates and further suggest that

the prevalence has more than doubled over the past quarter century [4–7]. Importantly, res-

HTN has been associated with a 1.1–3-fold increase in the risk of cardiovascular events

compared with treatment-responsive HTN in cohort studies [8–10].

Although res-HTN has come under increased focus in recent years, there remains a paucity

of data regarding the impact of res-HTN on adverse cardiovascular outcomes in patients

with documented coronary artery disease (CAD). Ischemic heart disease, in particular, is the

leading cause of mortality globally and is more common in patients with res-HTN than those

with treatment-responsive HTN [2,11]. Therefore, the aim of this study was to describe the

prevalence, predictors, and impact on adverse cardiovascular outcomes of res-HTN among

patients with CAD and HTN. We hypothesized that res-HTN would portend increased risk

for cardiovascular outcomes. To test this hypothesis, we used data from the INternational

VErapamil-trandolapril STudy (INVEST), which evaluated two antihypertensive treatment

regimens in a population of patients with CAD and HTN.

Methods

Study design

The INVEST design, methods, and principal results have been previously published [12,13].

Briefly, this was a prospective, randomized, open-label, blinded endpoint trial that compared

clinical outcomes in 22 576 participants with CAD and HTN who were randomly assigned

to a calcium antagonist-based (verapamil SR±trandolapril) or β-blocker-based (atenolol

±hydrochlorothiazide) antihypertensive treatment strategy. Nonstudy antihypertensive

medications were allowable except for β-blockers in the calcium antagonist arm and calcium

antagonists in the β-blocker arm. Participants were aged at least 50 years with HTN and

clinically stable CAD.
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Definition of resistant hypertension and assembly of study cohort

To examine the impact of res-HTN, participants were grouped according to achieved HTN

control based on the BP at the visit immediately prior to an event or censoring, according to

the following: controlled HTN, defined as BP below 140/90 mmHg on three or fewer

antihypertensive drugs; uncontrolled HTN, defined as BP at least 140/90 mmHg on two or

fewer antihypertensive drugs; res-HTN, defined as BP at least 140/90 mmHg on at least

three antihypertensive drugs or BP below 140/90 mmHg on at least four antihypertensive

drugs (Fig. 1) [1,14]. In secondary analyses, participants with res-HTN were further

subdivided into controlled res-HTN (BP <140/90 mmHg on at least four antihypertensive

agents) and uncontrolled res-HTN (BP ≥140/90 mmHg on at least three antihypertensive

agents). Finally, sensitivity analyses were performed in which res-HTN was defined more

narrowly as BP at least 140/90 mmHg on at least three antihypertensive drugs including a

diuretic, or BP below 140/90 mmHg on at least four antihypertensive drugs including a

diuretic. Accordingly, in these sensitivity analyses, those who were not taking a diuretic

were excluded from the res-HTN group and instead classified as controlled (BP<140/90

mmHg) or uncontrolled (BP ≥140/90 mmHg), regardless of the total number of

antihypertensive drugs being used. Participants with SBP below 130 mmHg and DBP below

80 mmHg (n=5386) were excluded from all analyses since this threshold has previously

been explored and determined to be associated with worse cardiovascular outcomes (except

stroke) and all-cause mortality [15].

Outcomes

The primary outcome for this analysis was first occurrence of all-cause mortality, nonfatal

myocardial infarction (MI), or nonfatal stroke [12]. Secondary outcomes included the

individual components of the primary outcome as well as cardiovascular mortality. Overall,

both treatment strategies achieved excellent BP control (>70% with both strategies had BP

<140/90 mmHg) and were equally effective in reducing adverse outcomes [12].

Statistical analyses

Because we previously demonstrated that the antihypertensive treatment strategies had

equivalent impact on the outcomes and very similar effects on SBP and DBP [12], all

patients were pooled, regardless of initial treatment assignment. For the primary, secondary,

and sensitivity analyses, univariate and multivariate adjusted Cox proportional hazards

models were used to investigate relationships between HTN control group and the adverse

outcomes. The reference for all comparisons between groups was the controlled HTN group.

Baseline predictors of res-HTN were assessed using multivariate logistic regression models.

For both the Cox and logistic regression models, a stepwise approach was used with a cut-

off of P less than 0.2 for entry into the model and a threshold of P less than 0.05 for

remaining in the final model. To further investigate risk of developing res-HTN, a risk factor

construct was developed using independent baseline predictors of res-HTN identified in

logistic regression models. Finally, descriptive statistics were used for baseline patient

characteristics, and differences in these characteristics between HTN control groups were

tested using analysis of variance for continuous variables and chi-square test for categorical

variables.
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For all analyses, a P value less than 0.05 was considered statistically significant. Statistical

analyses were performed using SAS version 9.3 (SAS Institute, Cary, North Carolina, USA).

Results

After exclusion of patients with BP below 130/80 mmHg, a total of 17 190 INVEST

participants were included in this analysis (Fig. 1). Interestingly, all of the participants

excluded from these analyses on the basis of BP below 130/80 mmHg were taking three or

less antihypertensive agents and thus would not meet the definition of res-HTN. Of the

participants included in this analysis, 7615 (44.3%) had controlled HTN (BP <140/90

mmHg), 3085 (17.9%) had uncontrolled HTN, and 6490 (37.8%) had res-HTN. A total of 46

190 patient-years of follow-up were accumulated.

Baseline characteristics according to HTN group are summarized in Table 1. On average,

patients with res-HTN were older, had a higher baseline SBP, and were more likely to be

Black. Patients with res-HTN also had a greater baseline prevalence of history of MI, stroke,

heart failure, diabetes, renal impairment, and other comorbidities. Baseline use of lipid-

lowering agents, aspirin, potassium supplements, and NSAIDs was also more prevalent in

the res-HTN group.

On-treatment blood pressure and medication use

Mean (SD) on-treatment SBP for the visit immediately prior to an event or censoring was

143 (15)mmHg for the res-HTN group, compared with 132 (9) mmHg for the controlled

HTN group, and 144 (15) mmHg for the uncontrolled HTN group (P<0.0001).

Corresponding mean (SD) on-treatment DBP was 81 (9) for the res-HTN group, compared

with 79 (6) for the controlled HTN group, and 82 (9) for the uncontrolled HTN group

(P<0.0001). Figure 2 displays mean SBP and DBP according to HTN control status during

follow-up. Mean SBP and DBP over the entire study period were not significantly different

from mean SBP and DBP at the visit prior to an event or censoring (data not shown).

The total number of antihypertensive drugs used at the last visit or visit immediately

preceding an event or censoring are summarized in Fig. 3, according to HTN control group.

Data regarding study drug use and median doses are summarized in Table 2. The median

daily doses of verapamil SR and atenolol were higher in the res-HTN group (verapamil SR,

360 mg; atenolol, 100 mg) compared with both the controlled and uncontrolled HTN groups

(verapamil SR, 240 mg; atenolol, 50 mg; P<0.0001 for comparison of res-HTN group to

both controlled and uncontrolled HTN groups for both drugs). In contrast, the median doses

of trandolapril (4 mg) and hydrochlor-othiazide (25 mg) were not different comparing the

HTN groups.

Baseline predictors of risk for resistant hypertension

In the multivariate logistic regression model, history of heart failure [odds ratio (OR) 1.73,

95% confidence interval (CI) 1.50–1.99], diabetes (OR 1.63, 95% CI 1.52–1.74), or renal

insufficiency (OR 1.34, 95% CI 1.06–1.70), US residence (OR 1.50, 95% CI 1.38–1.63) and

Black vs. White race (OR 1.50, 95% CI 1.36–1.65) were characteristics associated with

increased risk for res-HTN. In sum, we found 13 independent predictors of res-HTN (Fig.
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4). The overall prevalence of res-HTN increased as the number of risk factors present

increased, ranging from 25.6% in participants with no risk factors to 78.6% in participants

with at least eight risk factors (P<0.0001 for trend; Fig. 5).

Cardiovascular and mortality outcomes

The primary adverse outcome of first occurrence of all-cause mortality, nonfatal MI, or

nonfatal stroke occurred in 1724 (10.03%) participants overall, including 524 (6.9%) events

in the controlled HTN group, 354 (11.5%) in the uncontrolled group, and 846 (13.0%) in the

res-HTN group (Fig. 6). Compared with the controlled HTN group, the unadjusted hazard

ratios for the occurrence of the primary adverse outcome in patients with res-HTN and

uncontrolled HTN were 1.84 (95% CI 1.65–2.05, P<0.0001) and 1.67 (95% CI 1.46–1.91,

P<0.0001), respectively. The primary adverse outcome was significantly different

comparing the three groups (overall log-rank P<0.0001; Fig. 7). However, there was no

difference between the uncontrolled and res-HTN groups (log-rank P=0.11). In the

multivariate-adjusted analyses, patients in the res-HTN group, compared with the controlled

HTN group, had a higher risk of the primary adverse outcome (hazard ratio 1.27; 95% CI

1.13–1.43, P<0.0001) and secondary outcomes, including all-cause mortality (hazard ratio

1.29, 95% CI 1.13–1.48, P=0.0002), cardiovascular mortality (hazard ratio 1.47, 95% CI

1.21–1.78, P<0.0001), and nonfatal stroke (hazard ratio 1.61, 95% CI 1.17–2.22, P=0.0035),

but not nonfatal MI (hazard ratio 0.98, 95% CI 0.72–1.34, P=0.91; Fig. 6). Comparing the

res-HTN and uncontrolled HTN groups, the only outcome that differed was nonfatal stroke

(hazard ratio 1.52, 95% CI 1.07–2.15, P=0.02; Fig. 6).

In the sensitivity analyses, in which res-HTN classification required use of a diuretic, we

observed no appreciable difference in the primary adverse outcome or any of the secondary

outcomes (see Supplemental Table, http://links.lww.com/HJH/A302).

Outcomes in controlled vs. uncontrolled resistant hypertension

As expected, the patients with controlled res-HTN had lower mean BP compared to patients

with uncontrolled res-HTN at baseline (148/85 vs. 157/88 mmHg, respectively; P<0.0001

for both SBP and DBP comparisons) and at the visit prior to an event or censoring (125/74

vs. 153/84 mmHg, respectively; P<0.0001 for both comparisons). However, no significant

differences were found between res-HTN groups with regard to any adverse outcomes (data

not shown).

Discussion

The prevalence of res-HTN has increased substantially in recent decades and observational

studies have shown that res-HTN is associated with an increased risk of cardiovascular

events as compared with nonresistant HTN [4,8,9]. Our results confirm these findings and

extend them to patients with concomitant CAD and HTN that were well managed. To our

knowledge, this is the first study examining the impact of res-HTN on clinical outcomes in a

population of patients with CAD and HTN. Interestingly, we observed that res-HTN

occurred in over a third of patients included in the present analysis. Furthermore, patients

classified as having res-HTN, compared with those with controlled HTN, were at a
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significantly increased risk of all-cause mortality, cardiovascular mortality, nonfatal stroke,

and the first occurrence of all-cause mortality, non-fatal MI, or nonfatal stroke.

Precise estimates of the prevalence of res-HTN are difficult to determine as evidenced by

the wide range (12–46%) reported in observational studies and clinical trials [2,4,6,8]. This

imprecision is due, at least in part, to the variety of hypertensive populations studied and the

variety of treatment algorithms used. However, a recent registry report suggested that res-

HTN [using American Heart Association (AHA) definition] was prevalent in a fifth of

patients with either at least three atherosclerotic risk factors or established disease [10]. In

the present study, we observed a higher res-HTN prevalence of approximately 38% of

patients with HTN and CAD.

Among INVEST participants, we found that the presence of cardiovascular-related

comorbidities [heart failure and left-ventricular hypertrophy (LVH), diabetes, history of

stroke/transient ischemic attack (TIA), percutaneous coronary intervention (PCI), and

peripheral vascular disease (PVD)], renal insufficiency, Black race, and US residency were

the strongest predictors of res-HTN. Thus, it seems reasonable that these patients with res-

HTN had more severe vascular disease in general. Interestingly, all ORs were less than 2,

suggesting modest independent associations for any single risk factor. However, the

prevalence of res-HTN was at least 50% in participants with five or more risk factors (nearly

20% of the study population). In addition, increasing age, increasing BMI, and female sex

were all associated with classification as res-HTN. These findings are similar to those from

the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial

(ALLHAT) in HTN patients with high cardiovascular risk, but not necessarily established

cardiovascular disease [2]. In addition, our findings are consistent with those of the

Avoiding Cardiovascular events through COMbination therapy in Patients LIving with

Systolic Hypertension (ACCOMPLISH) sub-study of people with CAD that noted older

people and those with chronic kidney disease require more antihypertensive medications to

achieve BP control [16]. However, our results differ in some respects from the Anglo-

Scandinavian Cardiac Outcomes Trial (ASCOT), in which age was not predictive of

resistant HTN (although patients aged ≥80 years were excluded), female sex was protective,

and Whites had a greater risk of developing res-HTN (although 98.6% of participants were

white) [3]. Regardless, our findings suggest that risk factors for res-HTN appear comparable

in patients with HTN with and without established cardiovascular disease and underscore

the need to recognize patients with CAD whom are at risk for res-HTN.

Interestingly, treatment with the β-blocker strategy was associated with greater risk of res-

HTN compared with the calcium antagonist strategy, despite similar mean BP reduction

[12]. This finding is consistent with data from ASCOT, in which participants assigned to the

calcium antagonist strategy had a lower risk of res-HTN development compared with those

assigned to the β-blocker strategy [3]. One possible explanation for this finding is the

differential effects of β-blockers vs. other antihypertensive agents on central hemodynamics

and aortic stiffness. Atenolol, in particular, appears to be inferior to other antihypertensives

in reducing central BP and improving arterial stiffness parameters [17]. In addition, in

INVEST, participants assigned to the calcium antagonist strategy, compared with the β-

blocker strategy, used trandolapril more frequently (63 vs. 52%, respectively, at 24 months)
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and hydrochlorothiazide less frequently (44 vs. 60%, respectively, at 24 months).

Angiotensin-converting enzyme (ACE) inhibitors have demonstrated consistent

improvements in arterial stiffness parameters, whereas hydrochlorothiazide seems to have

negligible effects on arterial stiffness [17–20]. Alternatively, the proclivity for β-blockers to

increase res-HTN risk may be related to the fact that β1-selective adrenergic antagonists

suppress melatonin synthesis in the pineal gland, which may, in turn, alter circadian rhythm,

raise BP, and increase sympathetic nervous system activity [21–23].

Perhaps the most salient finding from our study is that res-HTN portends increased risk of

major cardiovascular events and all-cause mortality compared with controlled HTN. These

results support findings from two recently published studies using data from the

Cardiovascular Research Network hypertension registry [9] and the REACH registry [10], in

which res-HTN was associated with poorer prognosis than nonresistant HTN. In the

Cardiovascular Research Network registry, using data from 18036 patients with incident

HTN, the development of res-HTN, as compared to nonresistant HTN, was associated with a

non-significantly higher incidence of death (2.1 vs. 1.9%, respectively), stroke (0.6 vs.

0.5%), and heart failure (0.4 vs. 0.3%), but not MI (0.4 vs. 0.5%) [9]. An analysis of the

composite of these endpoints revealed a trend towards increased risk of adverse outcomes in

patients with res-HTN (adjusted hazard ratio 1.18, 95% CI 0.98–1.43). In the REACH

registry, res-HTN, as compared with nonresistant HTN, was associated with increased all-

cause mortality (hazard ratio 1.11, 95% CI 1.03–1.20), cardiovascular mortality (hazard

ratio 1.17, 95% CI 1.06–1.29), nonfatal MI (hazard ratio 1.23, 95% CI 1.07–1.40), and heart

failure hospitalization (OR 1.49, 95% CI 1.36–1.62), but not stroke, in patients with

demonstrable atherosclerotic disease or those at risk of atherosclerotic disease [10]. Our

results confirm these findings and suggest that a similar level of increased risk is associated

with res-HTN in patients with concomitant CAD, although event rates are considerably

greater in patients with CAD than those without CAD.

The exact mechanism by which res-HTN increases cardiovascular risk is unknown, but two

plausible hypotheses are that patients with res-HTN have likely had a greater BP burden (i.e.

more severe or prolonged elevations in BP) over time compared with patients with

nonresistant HTN, and res-HTN is reflective of adverse processes (e.g. increased renin–

angiotensin system stimulation and aldosterone production, increased arterial stiffness,

atherosclerotic disease) that have been linked with increased cardiovascular risk [1,5]. The

latter hypothesis, in particular, may be favored by several recent lines of evidence from our

study and others. First, we found no difference in outcomes comparing the patients with

controlled res-HTN and uncontrolled res-HTN in our secondary analysis, despite an

approximately 27/10 mmHg difference in mean BP at the visit prior to an event or

censoring. Second, in the REACH registry, a dose–response relationship was observed

between an increased number of medications required and increasing cardiovascular risk,

regardless of BP level, in patients with res-HTN [10]. Lastly, in a recent post-hoc analysis of

the Valsartan Antihypertensive Long-Term Use Evaluation (VALUE) trial, a significantly

greater risk of total MI, cardiovascular death, hospitalization for heart failure, and a

composite of nonfatal stroke, nonfatal MI, or cardiovascular death, was observed in patients

with nonresistant HTN who required combination therapy to control BP compared with

those requiring only monotherapy to control BP [24]. Taken together, these findings suggest
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that for most major cardiovascular outcomes studied (save possibly stroke), the presence of

res-HTN (or other adverse processes underlying res-HTN) is a more important prognostic

factor than BP level or BP control. Alternatively, others have suggested that the use of a

greater number of antihypertensive agents may not fully mitigate the long-term risks of

elevated BP, possibly due to a J-curve phenomenon [10]. However, based on our results, this

supposition seems unlikely as we excluded patients with BP below 130/80mmHg.

A final noteworthy point is that we observed a differential effect of res-HTN on adverse

outcomes. Specifically, res-HTN, compared with controlled HTN, was strongly associated

with increased risk for all-cause mortality, cardiovascular mortality, and nonfatal stroke;

however, an association with nonfatal MI was not observed. Although ours is not the first

study to demonstrate a lack of association between res-HTN and greater risk of nonfatal MI

[9,10], the root cause of this differential effect on outcomes remains unexplored. One

possibility may be that unknown factors underlying res-HTN may be associated with a

differential effect on the noncardiac vasculature and organs [25]. These unknown factors

could be more detrimental to the large systemic arteries and cerebral vessels, possibly

contributing to widespread effects beyond acute events resulting from thrombotic occlusion

due to coronary artery plaque rupture or erosion. Exaggerated arterial stiffening may be one

such detrimental effect contributing to this differential influence on adverse outcomes [26].

Alternately, it is possible that MI in persons with res-HTN may be somehow different and

may not meet the usual criteria for clinical diagnosis.

The major strengths of our study are the high-quality data, including blinded adjudication of

outcomes, long follow-up, and the large sample size. However, our study has noteworthy

limitations. First, our results are most generalizable to the growing population of patients

with HTN and CAD, but these findings were obtained by a post-hoc analysis of a

prospective randomized trial and thus our conclusions should be taken with a degree of

caution. Second, although approximately 88% of res-HTN patients in the primary analysis

were treated with a diuretic, our definition of res-HTN did not require use of these agents.

However, we performed sensitivity analyses using the more narrow definition of res-HTN

espoused by the European Society of Hypertension and European Society of Cardiology (i.e.

requiring that a diuretic be included in the antihypertensive regimen [27]) in which we

observed remarkably similar results to those from our primary analyses. Third, we did not

have 24-h ambulatory BP monitoring (ABPM) data for all INVEST participants to

differentiate those with isolated clinic BP elevations from those with concurrent clinic and

ambulatory BP elevations. However, we did perform 24-h ABPM in a subset of INVEST

patients and these ABPM data were generally consistent with clinic BP values (unpublished

data), suggesting a relatively low prevalence of isolated clinic BP elevation in the INVEST

study. Nevertheless, we cannot exclude the possibility that some patients may have been

misclassified using only clinic BP values. Finally, secondary forms of hypertension were not

assessed and medication adherence data were not collected in INVEST; thus, we cannot

exclude the possibility that some patients with secondary or pseudoresistant hypertension

were misclassified as having res-HTN. Likewise, patients with what amounts to res-HTN,

but who were not treated with at least four antihypertensive agents, may have been

misclassified as having uncontrolled HTN, which may have contributed to the lack of

significant difference in outcomes between res-HTN and uncontrolled HTN groups.
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In conclusion, this post-hoc analysis from INVEST suggests that res-HTN is common in

persons with CAD and that the presence of res-HTN portends an increased risk of major

cardiovascular events and death, regardless of BP control. These findings have important

implications for clinical practice and future research. Our observations reinforce the

importance of recognizing patients with CAD at risk for res-HTN. Particular attention

should be paid to those with comorbid cardiovascular disease, diabetes, and renal

insufficiency, since these comorbidities are associated with the greatest risk of developing

res-HTN. Additionally, our findings highlight the need for future studies to clarify the

pathophysiologic cause(s) of increased cardiovascular risk in patients with res-HTN and to

determine the most appropriate risk reduction strategies for these patients.

Supplementary Material

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

BP blood pressure

CAD coronary artery disease

INVEST INternational VErapamil SR-Trandolapril Study

res-HTN resistant hypertension
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Reviewers' Summary Evaluations

Reviewer 1

The study is strengthened by its large sample size, longitudinal design, and rigorous

adjudication of events. Studyweaknesses include having not distinguished apparent from

true resistant hypertension with exclusion of whitecoat resistant hypertension and poor

medication adherence.

Reviewer 2

Strengths

On a large cohort of patients with CAD, this work shows in a very clear and convincing

way the large prevalence of resistant hypertension and its impact in terms of adverse

outcomes. This posthoc analysis of the INVEST trial has been well performed and

highlights the huge work we still have to do to improve blood pressure control especially

in this population of CAD who already experienced a cardiovascular event.

Weaknesses

As a posthoc analysis, these results have to be confirmed.
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Figure 1.
Flow diagram of participants included in this study. Controlled HTN indicates BP below

140/90 mmHg on three or fewer antihypertensive drugs. Res-HTN indicates BP at least

140/90 mmHg on at least three antihypertensive drugs (uncontrolled res-HTN) or BP below

140/90 on at least four antihypertensive drugs (controlled res-HTN). Uncontrolled HTN

indicates BP at least 140/90 mmHg on two or fewer antihypertensive drugs. BP, blood

pressure; ITT, intention to treat; res-HTN, resistant hypertension.
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Figure 2.
Mean SBP (top panel) and DBP (bottom panel) according to hypertension control group and

study follow-up.
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Figure 3.
Percentage of patients according to total (study + nonstudy) number of antihypertensive

drugs and hypertension control group.
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Figure 4.
Baseline predictors of increased risk for resistant hypertension. BB, β-blocker; CCB,

calcium channel blocker; DM, diabetes mellitus; LVH, left-ventricular hypertrophy; PAD,

peripheral artery disease; PCI, percutaneous coronary intervention; PVD, peripheral vascular

disease; TIA, transient ischemic attack; Tx, treatment.
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Figure 5.
Prevalence of resistant hypertension according to total number of risk factors present. Risk

factors represent those identified as independent baseline predictors of risk for resistant

hypertension in multivariate logistic regression analyses and include presence of heart

failure, diabetes, Black race, US residence, renal insufficiency, stroke/TIA, left-ventricular

hypertrophy, peripheral artery disease, percutaneous coronary intervention, age, BMI,

female sex, and treatment with β-blocker strategy. res-HTN, resistant hypertension; TIA,

transient ischemic attack.
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Figure 6.
Rates and adjusted risk for composite and individual adverse outcomes risk according to

hypertension control group. Composite outcome represents first occurrence of all-cause

mortality, nonfatal stroke, or nonfatal MI. MI, myocardial infarction.
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Figure 7.
Cumulative event rate for the primary outcome according to hypertension control group.
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Table 1
Baseline characteristics according to hypertension control group

Variable Controlled (n=7615) Uncontrolled (n=3085) Resistant (n=6490) P value

Mean age±SD (years) 65.2±9.5 66.6±9.9 66.4±9.8 <0.0001

Age >70 years 29.9 35.7 34.9 <0.0001

Women 52.0 53.2 54.0 0.048

Race/ethnicity <0.0001

 White 46.2 52.7 49.0

 Black 11.3 13.6 20.1

 Hispanic 40.0 30.6 28.5

Mean BMI±SD (kg/m2) 29.1±9.0 29.0±5.6 30.0±6.4 <0.0001

Mean SBP±SD (mmHg) 151±19 153±19 154±20 <0.0001

Mean DBP±SD (mmHg) 89±12 88±12 87±12 <0.0001

History of

 MI 29.5 31.2 33.2 <0.0001

 Angina 69.8 65.7 66.0 <0.0001

 Revascularization 23.1 27.2 29.4 <0.0001

 Stroke/TIA 6.3 6.2 9.3 <0.0001

 LVH 22.1 18.0 24.3 <0.0001

 Heart failure (class I–III) 4.1 3.3 8.1 <0.0001

 PAD 10.0 11.6 13.9 <0.0001

 Smoking (ever) 45.8 44.1 45.9 0.22

 Diabetesa 23.6 25.0 36.0 <0.0001

 Renal impairmentb 1.1 1.9 2.7 <0.0001

US residency 69 81 81 <0.0001

Medications

 Any lipid-lowering agent 34.6 33.4 37.0 <0.0001

 Nitrate 36.4 29.4 36.1 <0.0001

 Aspirin 55.8 51.6 57.1 <0.0001

 NSAID 17.3 15.6 19.4 <0.0001

 Potassium supplement 4.0 5.4 11.3 <0.0001

 Any antidiabetic agentc 19.1 19.7 28.1 <0.0001

Numbers represent percentage unless otherwise specified.
LVH, left-ventricular hypertrophy; MI, myocardial infarction; PAD, peripheral artery disease.

a
History of or currently taking antidiabetic agent at baseline.

b
History of or currently have elevated serum creatinine level but less than 4mg/dl (<354 μmol/l).
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c
Both insulin and oral hypoglycemics, or either of the two.
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