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Abstract

Purpose of the review—Hypertension is the foremost risk factor for cardiovascular disease 

(CVD) and death. This review highlights recent findings that apply to the prevention, detection 

and management of high BP, in the context of the 2017 American College of Cardiology/

American Heart Association blood pressure (BP) guideline.

Recent findings—Several new findings on the association of BP measurement with CVD 

outcomes are now available. (1) Beginning with a systolic BP (SBP) as low as 90 mm Hg, 

coronary artery calcium deposition and the risk of incident ASCVD increased in stepwise fashion 

with increasing SBP levels within the normal range in adults at low risk for ASCVD. (2) Isolated 

diastolic hypertension was not associated with atherosclerotic cardiovascular disease (ASCVD), 

heart failure or chronic kidney disease. (3) Nocturnal BP appeared to be better associated with 

CVD outcomes than office or daytime BP. (4) In a head-to-head comparison, home BP monitoring 

had higher reliability and predictive value than office or ambulatory BP to detect left ventricular 

hypertrophy, an intermediate form of hypertension-related target organ damage. In addition, new 

information indicates that autonomous aldosterone production is present in a substantially larger 

percentage of adults with hypertension than previously recognized. Finally, intensive BP lowering 

is associated with a significant reduction in the incidence of mild cognitive impairment, a 

precursor of dementia.

Summary—Ongoing research has made significant progress in the prevention, detection, and 

management of high blood pressure, clarifying, amplifying and/or supporting the 2017 ACC/AHA 

BP guideline recommendations.
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Introduction

High blood pressure (BP) is the most important risk factor for cardiovascular disease (CVD), 

ranking first in global disability-adjusted life-years and associated with approximately 1,000 

deaths per day [1]. This review highlights new findings that apply to the prevention, 

detection and management of hypertension in the context of the 2017 American College of 

Cardiology (ACC)/American Heart Association (AHA) adult BP clinical practice guideline 

[2]. First, we highlight new reports on the association of BP with other CVD risk factors and 

atherosclerotic CVD (ASCVD). Second, we review new information on BP measurement, 

including the associations of out-of-office BP, isolated diastolic hypertension and the 

nocturnal hypertension phenotype with CVD. Next, we discuss secondary hypertension 

focusing on the unexpectedly high prevalence of primary aldosteronism and its ramifications 

for management of hypertension. Finally, we explore the results of randomized controlled 

trials demonstrating the effects of intensive BP lowering on cognitive function and 

implications for the therapeutic BP goal in hypertension.

Normal range systolic BP and ASCVD risk in “healthy’ adults

The risk of ASCVD in adults with an SBP at the lower end of the BP distribution is not well 

defined [2]. To examine this issue, a cohort of 1,457 adults (mean age 58 years) who were 

free of ASCVD and its traditional risk factors, and who had a baseline SBP that ranged from 

90 to129 mm Hg was followed for 14.5 years (Figure 1) [3**]. Increasing levels of SBP 

were associated with prevalent coronary artery calcium (CAC) and with the incidence of 

traditional CVD risk factors as well as ASCVD events. For each 10 mm Hg increase in SBP, 

the adjusted HR (aHR) for ASCVD events was 1.53 (95% CI, 1.17–1.99). Compared with 

those who had a baseline SBP 90–99 mm Hg, the participants with an SBP 100–109, 110–

119, and 120–129 mm Hg had an aHR of 3.00, 3.10, and 4.58, respectively. These results 

define the optimal SBP level in healthy adults for the first time and highlight the importance 

of primordial prevention to avert the development of atherosclerotic plaque and its 

consequences. The findings indicate that ASCVD begins early in life when BPs are much 

lower than is the case later in life and well below the ACC/AHA SBP definition for stage 1 

hypertension in adults (130–139 mm Hg) [4]. The results emphatically suggest the need for 

a population-based strategy for primordial prevention by means of healthy lifestyle, 

especially a healthy dietary pattern, physical activity, and abstinence or moderation in 

alcohol consumption [5].

BP measurement

Substantial progress has been made during the past year in assessing the association of 

various BP measurement techniques and parameters with CVD outcomes. The 2017 

ACC/AHA BP guideline [2] emphasizes the importance of accurate BP measurement using 

proper technique and use of out-of-office BP measurements in the diagnosis and 

management of high BP. Out-of-office measurement, either ambulatory BP monitoring 

(ABPM) or home BP monitoring (HBPM), is required to detect white coat and masked 

hypertension in patients not taking antihypertensive medication and the white coat effect and 

masked uncontrolled hypertension in patients taking antihypertensive drugs [2,6]. The 
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distinction is important because masked and masked uncontrolled hypertension are 

associated with high CVD morbidity and mortality rates, similar to sustained hypertension, 

whereas white coat hypertension and white coat effect carry minimal excess CVD risk over 

normal BP and controlled hypertension, respectively [2,6]. Parenthetically, a 2018 analysis 

from the Spanish ABPM Registry reporting an unexpectedly high CVD risk in adults with 

white coat hypertension was withdrawn in 2020 due to discovery of inaccuracies (7,8). 

ABPM is a fully automated technique in which BP is monitored noninvasively for a 

prolonged period, usually 24 hours, and has the unique benefit of detecting dynamic daytime 

BP responses (eg. to exercise, meals, drugs) and BP patterns (eg. nocturnal hypertension, 

non-dipping or reverse-dipping, morning BP surge) [6]. In contrast, HBPM detects only 

resting daytime BP [6]. Both ABPM and HBPM have a stronger association with 

hypertension-related target-organ damage and clinical CVD outcomes than does office BP 

measurement, in part due to greater precision with multiple readings [6]. Due to the larger 

number of studies using ABPM than HBPM, ABPM is preferentially recommended over 

HBPM, unless ABPM is unavailable [2]. However, there is little evidence supporting the 

superiority of ABPM over HBPM in predicting future CVD events [9,10]. Continuing 

progress in improving the accuracy of BP measurements is being made by the AHA/AMA 

Target BP and other initiatives in the US and worldwide by complementary WHO Global 

Hearts, Resolve to Save Lives, World Hypertension League, and other initiatives [11].

A small (400 participants) but well-performed non-randomized prospective cohort study of 

the reliability (intraclass correlation coefficient) and predictive value of BP measured in the 

office or by ABPM or HBPM on left ventricular mass index (LVMI), an index of left 

ventricular hypertrophy, was reported by Schwartz et al. [12*]. The study population was 

relatively young (mean age 41.2 years) and excluded adults with severe hypertension (BP ≥ 

160/105 mm Hg) and those taking antihypertensive or other pharmacologic agents which 

would predictably alter BP. Although the mean BP values were relatively low, 30–50% of 

the population would have been classified as having hypertension by 2017 ACC/AHA BP 

guideline criteria [2]. While all three BP measurement techniques were significantly related 

to left ventricular mass index (LVMI), HBPM unexpectedly demonstrated the best reliability 

and strongest association with LVMI [12*].

In the United States, ABPM is largely unavailable to primary care practitioners, who manage 

the majority of patients with hypertension. Thus, the demonstration that HBPM is reliable 

and associates closely with LVMI, if confirmed, would have the potential to change clinical 

practice. The results [12*] indicate that HBPM could be especially important for detecting 

elevated BP and hypertension in young adults at relatively low short-term but high lifetime 

risk. The findings of this study, if confirmed in older adults and those taking 

antihypertensive medication, encourage routine implementation of HBPM as the preferred 

method of out-of-office BP monitoring.

Hypertension can be diagnosed based on elevated systolic BP (SBP), elevated diastolic BP 

(DBP), or both [2]. The ACC/AHA BP guideline changed the definition of hypertension 

from a cutoff of greater than or equal to 140/90 mm Hg [as recommended in the 2003 7th 

Joint National Committee report (JNC-7) [13] ] to a lower threshold of greater than or equal 

to 130/80 mm Hg. The recommendation to lower the threshold has ramifications for an 
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uncommon diagnostic category known as isolated diastolic hypertension (IDH), defined as a 

SBP <130 mm Hg with a BP ≥80 mm Hg by new criteria (2017 ACC/AHA BP guidelines), 

but an SBP <140 mm Hg with a DBP ≥90 mm Hg by the JNC-7 criteria. Previous studies 

suggested that IDH (based on JNC-7 diagnostic criteria) is more common in younger 

individuals and associated with future systolic hypertension but is generally not associated 

with ASCVD outcomes independently of baseline SBP [14–16]. In a large (9,590 

participants), nationally representative US cross-sectional study [17**], the estimated 

prevalence of IDH based on the 2017 ACC/AHA guideline vs the JNC-7 guideline was 6.5% 

vs 1.3%, respectively. In a longitudinal analysis, there was no significant association 

between IDH as defined by the 2017 ACC/AHA guideline and incident ASCVD, heart 

failure, or chronic kidney disease. These results may change clinical practice in that, while 

patients with IDH should be monitored regularly for the development of systolic 

hypertension, they should not be treated with antihypertensive medication. This study does 

not, however, imply that elevated DBP is not associated with significant harm; the results 

only indicate that the IDH phenotype per se is not associated with clinical or subclinical 

disease.

ABPM and HBPM are better predictors of CVD events than is office BP measurement. In a 

population-based cohort study of 11,135 adults, a higher statistical significance was reported 

for the association between 24-h and nighttime ABBP readings and CVD events or death 

compared to office BP measurements [18*]. The JAMP (Japan Ambulatory Blood Pressure 

Monitoring Prospective) study [19*] studied the association between nocturnal hypertension 

and nighttime BP dipping patterns and the occurrence of CVD events, including heart failure 

(HF), in patients with hypertension. A total of 6,359 patients were included in the study 

analysis. During a follow up period of 4.5 ± 2.4 years, nighttime SBP was significantly 

associated with the risk of ASCVD and HF [hazard ratio (HR) adjusted for demographic and 

clinical risk factors per 20 mm Hg increase: 1.18 (95% CI, 1.02–1.37), P=0.029; and 1.25 

[95% CI, 1.00–1.55], P=0.048, respectively]. Disrupted circadian BP rhythm (nocturnal riser 

pattern) was significantly associated with higher overall CVD risk [HR 1.48 (95% CI, 1.05–

2.08); P=0.024], and especially HF [HR 2.45 (95% CI, 1.34–4.48); P=0.004)] compared 

with normal circadian BP rhythm. Thus, nighttime BP levels and a riser pattern were 

independently associated with total CVD event rate, especially for HF. These findings 

suggest the importance of antihypertensive strategies that target nighttime SBP, but such an 

approach has not yet been validated in randomized clinical trials.

Unrecognized autonomous aldosterone production

Primary aldosteronism is the most common secondary cause of hypertension, estimated to 

underlie 8–13% of hypertension [20]. When primary aldosteronism is suspected, screening 

with a plasma aldosterone to renin ratio (ARR) is recommended, with positive screening 

tests subsequently verified using one of four commonly employed confirmation tests 

(intravenous saline suppression, oral sodium loading, fludrocortisone suppression or 

captopril challenge tests) [2,20]. The workup is complex with adrenal venous sampling 

being required to determine whether there is a unilateral or bilateral source of increased 

aldosterone production. Unilateral laparoscopic adrenalectomy, recommended for patients 

with unilateral hypersecretion, results in normalization or improvement in BP control in 
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most patients [21]. For those who are unable or unwilling to undergo adrenalectomy or have 

demonstrated bilateral aldosterone production, specific treatment with a mineralocorticoid 

receptor antagonist (spironolactone or eplerenone), if administered in effective 

mineralocorticoid receptor blocking doses, leads to normalization of or marked 

improvement in BP [20].

Brown et al. [22**] reported a cross-sectional study characterizing the prevalence of non-

suppressible, renin-independent aldosterone production, as well as overt primary 

aldosteronism, in relationship to BP. Every BP category from normal BP to resistant 

hypertension was characterized by a continuum of renin-independent aldosterone 

production, in which greater severity of production was associated with higher BP, 

kaliuresis, and lower serum potassium levels, indicative of both the clinical and biochemical 

manifestations of autonomous aldosterone production. In sodium loaded participants, mean 

adjusted levels of urinary aldosterone were 6.5 μg/24 h in normotensive individuals, 7.3 

μg/24 h in stage 1 hypertension, 9.5 μg/24 h in stage 2 hypertension, and 14.6 μg/24 h in 

resistant hypertension and the corresponding prevalence estimates for biochemically overt 

primary aldosteronism were 11.3%, 15.7%, 21.6%, and 22.0%, respectively. The ARR had 

poor sensitivity and negative predictive value for detecting biochemically overt primary 

aldosteronism, at least in part due to demonstrated high measurement variability [22**, 23]. 

This landmark study [22**] demonstrates that the prevalence of primary aldosteronism is 

high and largely unrecognized. Beyond the categorical definition of overt primary 

aldosteronism, there exists a continuum of renin-independent aldosterone production that 

parallels severity of hypertension (Figure 2) [22**,24,25]. These findings, if confirmed, 

would redefine the primary aldosteronism syndrome and implicate autonomous aldosterone 

production, at least in part, in the pathogenesis of primary hypertension.

Effects of intensive BP reduction on cognitive function

Hypertension is a major modifiable risk factor for dementia. While observational studies 

have suggested prevention of cognitive decline and dementia with BP lowering, especially in 

middle-age adults, documentation of the effectiveness of BP reduction on cognitive function 

in randomized clinical trials has been inconclusive [26–30]. Examination of the effects of 

intensive vs standard BP lowering on cognitive function in older adults is critically important 

because this population has an increasing incidence of cognitive impairment and dementia, 

which commonly leads to progressive disability and high mortality [31–34].

The Systolic Blood Pressure Intervention Trial (SPRINT) trial included 2,636 community-

dwelling adults age ≥ 75 years [35]. In this older subgroup, the SPRINT investigators 

demonstrated a 34% lower risk of developing the primary composite CVD outcome and a 

33% lower risk of all-cause mortality with intensive (SBP goal <120 mm Hg) versus 
standard (SBP goal <140 mm Hg) treatment [numbers needed to treat (NNT) 27 and 41, 

respectively)]. The results were similar for those who were most frail or had impaired gait 

speed. Importantly, no difference in serious adverse events occurred, including falls or self-

assessed quality of life, regardless of frailty status [35].
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In a SPRINT Memory and Cognition in Decreased Hypertension (SPRINT MIND) analysis, 

the incidence of mild cognitive impairment (MCI), a precursor of dementia, was 

significantly reduced in the intensive compared to standard treatment group (HR 0.83; 95% 

CI, 0.70–0.99) [36**]. During extended trial and post-trial follow-up (median of 5.1 years), 

the composite of MCI and dementia was significantly less common in the intensive 

compared to standard treatment [HR 0.85 (95% CI, 0.74–0.97)] and there was a 

nonsignificant trend for benefit in dementia per se [HR 0.83 (95% CI, 0.67–1.04)] (Figure 

3). The Kaplan-Meier curve separation by treatment arm occurred much later for probable 

dementia than for CVD events or MCI, suggesting that a longer follow up period with more 

events would be required to document a significant reduction in dementia, per se [36**].

During a median follow-up of 4 years, an MRI sub-study conducted in 670 SPRINT 

participants reported significantly less progression of cerebral small vessel ischemic disease 

as reflected by white matter lesions which are characteristically associated with Alzheimer’s 

disease, in the intensive compared to standard group (Figure 3) [37*]. A similar benefit was 

noted during intensive BP lowering in the INFINITY trial and during extended follow-up in 

the ACCORD trial [38,39]. Recently, the beneficial effect on major CVD events, mild 

cognitive impairment and death was reaffirmed in SPRINT participants age ≥ 80 years [40]. 

A preplanned SPRINT sub-study of the specific cognitive functions (ie. memory and 

processing speed) failed to demonstrate a significant intergroup difference in either function, 

likely due to failure to identify a specific subset of cognitive testing instruments that were 

effective in predicting dementia [41]. A systematic review and meta-analysis of 12 

randomized trials including 92,135 patients, however, demonstrated that BP lowering was 

associated with a significant reduction in the odds ratio for dementia or cognitive 

impairment (odds ratio 0.93, 95% CI 0.88–0.98) [42]. Ongoing intensive vs standard BP 

lowering randomized trials will address the optimal BP target to prevent cognitive 

impairment and dementia [43]. In ambulatory non-institutionalized older adults these 

findings, taken together, support the 2017 ACC/AHA BP guideline recommendation that, in 

adults with hypertension, BP lowering is reasonable to prevent cognitive decline and 

dementia [2].

Conclusions

The association of ASCVD with SBP within the normal range defines optimal BP. New 

insights have been gained on the association of BP measurement parameters and techniques 

with CVD events and mortality. Adults with hypertension have a heretofore unrecognized 

high prevalence of autonomous aldosterone production and even normotensive persons may 

have underlying autonomous aldosterone production. Lowering BP may be one of the only 

ways in which cognitive impairment can be improved or prevented during the process of 

aging.
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KEY POINTS

• Optimal blood pressure is defined by the association of atherosclerotic 

cardiovascular disease with systolic blood pressure levels within the normal 

range (<120 mm Hg).

• Home blood pressure monitoring is encouraged based on its close association 

with left ventricular mass index.

• Isolated diastolic hypertension should be monitored for progression, but 

should not be treated with antihypertensive medication because it is a benign 

condition.

• Autonomous aldosterone production underlies a larger than expected 

proportion of hypertension, including stages 1 and 2 and resistant 

hypertension.

• Blood pressure lowering below the 130/80 mm Hg target may prevent 

cognitive decline and dementia.
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Figure 1: 
Summary of data from Reference 3**. Left: Proportion of participants with coronary artery 

calcium (CAC) and diffuse CAC by systolic blood pressure group. Top right: Adjusted cubic 

spline for the hazard of incident cardiovascular disease by systolic blood pressure. Bottom 

right: Hazard of cardiovascular disease by systolic blood pressure group. Adapted from 

Reference 3** with permission.
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Figure 2: 
Proposed algorithm for screening adults with hypertension for renin-independent 

aldosterone production, as adapted on the basis of new information in References 22** and 

25, with permission. Those with a positive screen may be considered for early 

mineralocorticoid receptor antagonist (spironolactone or eplerenone) treatment. Those with 

an overtly positive screen should be referred to a specialist for a formal workup of primary 

aldosteronism. PRA, plasma renin activity.
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Figure 3: 
Summary of data from References 36** and 37* (the SPRINT-MIND trial) with permission.
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