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Abstract

Using cardiovascular disease (CVD) risk instead of, or in addition to, blood pressure (BP) to guide 

antihypertensive treatment is an active area of research. The purpose of this review is to provide an 

overview of studies that may inform this treatment paradigm. We review data from randomized 

trials on relative and absolute CVD risk reduction that may occur when antihypertensive treatment 

is guided by CVD risk. We review population-level data on using CVD risk in conjunction with 

BP for guiding antihypertensive treatment, the broad distribution in CVD risk for people with 

similar BP levels, and the use of CVD risk for guiding antihypertensive treatment among sub-

groups including older adults, young adults and those with diabetes or chronic kidney disease. 

Also, we review potential challenges in implementing antihypertensive treatment 

recommendations that incorporate CVD risk. In closing, we provide recommendations for using 

CVD risk in combination with BP to guide antihypertensive treatment.
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Observational studies have demonstrated graded associations between both systolic (SBP) 

and diastolic (DBP) blood pressure and level of risk for cardiovascular disease (CVD) (1,2). 

The risk for CVD increases continuously between a SBP of at least 115 mm Hg and ≥180 

mm Hg, and a DBP of at least 75 mm Hg and ≥110 mm Hg. Despite these graded 
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associations, hypertension is often diagnosed among people with SBP or DBP above certain 

thresholds, typically an average SBP/DBP ≥140/90 mm Hg (3). Individuals with 

hypertension are usually advised to make lifestyle changes, and most require 

antihypertensive medication for control of their blood pressure (BP). Adults with SBP and 

DBP below the levels used to define hypertension are often not prescribed antihypertensive 

medication, even though many of them may have high CVD risk. Several studies have 

considered whether subgroups of people with SBP and DBP below the levels used to 

diagnose hypertension are likely to benefit from the initiation of antihypertensive 

medication.

Using absolute CVD risk, instead of or in addition to blood pressure (BP) levels, to guide 

antihypertensive treatment decisions was first proposed more than 20 years ago and has been 

adopted in several countries (4–8). In 1997, the sixth report of the Joint National Committee 

(JNC) on prevention, detection, evaluation and treatment of high blood pressure (JNC6) 

recommended using CVD risk and BP levels to guide treatment (Table 1) (9). However, in 

2003, the JNC7 reverted to a treatment paradigm based entirely on BP levels (3). The goal of 

this paper is to review the evidence related to incorporating an individual’s CVD risk in the 

decision to prescribe medication and determine the intensity of antihypertensive medication. 

We provide an overview of evidence from randomized trials of antihypertensive medication 

on the prevention of outcomes for patients by CVD risk. Additionally, we review the data 

related to using a risk-based approach versus using BP alone in making antihypertensive 

treatment decisions, the variation in CVD risk for people with similar BP levels, the use of 

CVD risk to guide antihypertensive treatment decisions for population subgroups, including 

older adults, young adults, and those with diabetes or chronic kidney disease (CKD), and 

challenges that may be encountered in implementing an approach that incorporates CVD 

risk to guide antihypertensive medication use. In closing, we provide recommendations for 

how CVD risk can be used in conjunction with BP levels to make treatment decisions.

Evidence From Randomized Trials

Pooled individual-level data from randomized trials comparing pharmacological BP 

lowering therapy versus placebo, and more versus less intensive antihypertensive treatment 

regimens reveal potential benefits of focusing antihypertensive medication treatment 

decisions on predicted CVD risk (10). The relative and absolute differences in CVD events 

associated with antihypertensive medications were evaluated across a range of absolute 

CVD risk from 11 trials that enrolled over 50,000 participants. The risk ratio for CVD 

associated with BP reduction with antihypertensive medication did not vary across level of 

predicted CVD risk (Figure 1, left). The quite similar relative risk reduction at each CVD 

risk level corresponded with progressively larger absolute reductions in CVD risk among 

participants with increasingly higher 5-year predicted CVD risk (Figure 1, right). Also, the 

authors estimated that treating 1,000 people with a 5-year risk <11% (observed 5-year event 

rate of 6.5%) would prevent 14 events over 5 years compared with 20, 24, and 38 events 

prevented if their 5-year risk of CVD was 11% to 15%, 15% to 21%, or >21% (observed 5-

year event rates of 13.2%, 20.6%, and 24.8%), respectively. The number needed to treat for 

5 years to prevent 1 CVD event was 71, 51, 41, and 26 for participants with a 5-year CVD 

risk <11%, 11% to 15%, 15% to 21%, or >21%, respectively. The patterns of larger absolute 
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risk reductions with treatment for those with progressively higher predicted CVD risk were 

also observed for stroke, coronary heart disease (CHD), heart failure, and CVD death.

Cost-Effectiveness

A simulation analysis using the Third National Health and Nutrition Examination Survey 

(NHANES III) has demonstrated that using CVD risk in conjunction with BP may prevent 

more CVD events than using BP levels alone for guiding antihypertensive treatment (11). 

This study evaluated U.S. adults 30 to 85 years of age who were initially without a history of 

myocardial infarction, stroke, or heart failure. The approach using CVD risk in conjunction 

with BP assumed antihypertensive treatment would be allocated to U.S. adults with SBP 

≥150 mm Hg or those projected to have an absolute CVD risk reduction >1.7% over 5 years 

with treatment, whereas the approach using BP alone assumed U.S. adults without diabetes 

would receive antihypertensive medication if they had SBP ≥140 mm Hg or DBP ≥90 mm 

Hg (SBP ≥130 mm Hg or DBP ≥85 mm Hg for U.S. adults with diabetes mellitus). Using 

BP alone to guide treatment resulted in more U.S. adults being prescribed antihypertensive 

medication compared with the approach that used CVD risk in conjunction with BP (79 

million vs. 63 million). However, over 5 years, using CVD risk and BP to guide treatment 

was projected to prevent 4.2 million CVD events compared with 3.3 million events for the 

approach using BP alone. Additionally, the model suggested that the CVD risk and BP-

based approach would save more quality-adjusted life-years (22.2 million) when compared 

with the approach using BP alone (19.3 million). The potential benefits of CVD prevention 

using a CVD risk-informed approach versus a BP-based approach have also been noted in 

other U.S.-based analyses and for other countries (12,13).

Estimating CVD Risk

Models for predicting CHD and CVD events have been in use for almost 50 years (14,15). 

The best-known risk prediction models were developed in the Framingham Heart Study (16–

18). A model for predicting CHD by Framingham Heart Study investigators was published 

in 1967 (15). Equations to predict CHD have been refined and updated since that initial 

publication, and an equation published by the Framingham investigators was incorporated in 

the U.S. National Cholesterol Education Program Adult Treatment Panel guideline for the 

management of cholesterol (17–19). This equation was further expanded in 2008, when a 

model on the basis of Framingham Heart Study experience was developed to predict CHD, 

stroke, CVD death, heart failure, and claudication (16). In 2013, the American College of 

Cardiology (ACC) and American Heart Association (AHA) published the Pooled Cohort 

risk equations (20). These equations are used to estimate 10-year risk for CVD (i.e., CHD 

and stroke) and were adopted by the 2013 ACC/AHA guideline for the treatment of blood 

cholesterol to reduce atherosclerotic cardiovascular risk in adults (21). This guideline 

incorporates a treatment approach that is on the basis of CVD risk in conjunction with LDL 

cholesterol levels. Specifically, adults with LDL cholesterol ≥190 mg/dl are recommended 

statin therapy. Also, statins are recommended for adults with a history of CVD, diabetes, and 

those with LDL cholesterol between 70 and 189 mg/dl if their 10-year risk for an 

atherosclerotic CVD event on the basis of the Pooled Cohort risk equations is ≥7.5%. A 

number of other risk prediction models have been developed across a variety of study groups 
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(18,22–25). Although the Pooled Cohort risk equations have exhibited good test properties 

in several studies, the choice of equation to estimate CVD risk in a specific setting relates to 

validation data showing good discrimination and calibration in the patients of interest (26–

29).

Using an equation to estimate 10-year predicted CVD risk has been shown to be 

substantially more accurate compared with clinician judgment or counting the number of 

risk factors for a patient (30–32). Also, giving healthcare providers a patient’s predicted 

CVD risk can change their treatment approach (33). A study using vignettes found that 

treatment increased among high-risk patients and decreased among low-risk patients when 

primary care providers were given the 10-year calculated CVD risk for patients. Still, risk 

prediction is underutilized in clinical practice (34). A survey of 952 physicians recruited 

from the American Academy of Family Physicians and the American College of Physicians 

found high awareness (92%) of global CHD risk calculators (34). However, only 41% of 

physicians reported using CHD risk assessment in their practice. Of those who reported 

calculating global CHD risk, 48% reported using it to guide antihypertensive medication 

treatment.

Heterogeneity in CVD Risk

In addition to BP, older age, and history of CVD, diabetes, LDL and HDL cholesterol, and 

smoking have substantial influences on CVD risk (20). Figure 2 shows the predicted CVD 

risk associated with SBP of 110 mm Hg and 130 mm Hg for hypothetical adults with low, 

medium, and high CVD risk estimated using the Pooled Cohort risk equations. The 

predicted risk for CVD among people with the same SBP can differ by more than 30-fold on 

the basis of an individual’s age and the presence of other CVD risk factors. The increase in 

predicted CVD risk with higher BP is small among low-risk individuals, but a more 

substantial absolute increase in CVD risk is present for those with other CVD risk factors. 

On the basis of analysis of the NHANES data from 2009 to 2012, 78 million U.S. adults 

have SBP between 120 and 139 mm Hg or DBP between 80 mm and 89 mm Hg, and 31 

million U.S. adults have SBP ≥140 mm Hg or DBP ≥90 mm Hg (35). In each of these 

populations, there is a wide range of 10-year predicted CVD risk (Figure 3). With the broad 

distribution of predicted CVD risk in these populations, the absolute risk reduction resulting 

from taking BP-lowering medication may also vary. Using BP alone to guide treatment 

decisions would result in treating a sizable group that is likely to obtain only a small short-

term reduction in absolute CVD risk.

Who Has CVD Events?

The vast majority of incident CVD events occur among adults with a 10-year predicted CVD 

risk ≥7.5%. Over the first 8 years of follow-up in the U.S. population-based REGARDS 

(REasons for Geographic and Racial Differences in Stroke) study, over 85% of CVD events 

occurred among participants with a 10-year predicted CVD risk ≥7.5% (27). Although those 

with SBP ≥140 mm Hg or DBP ≥90 mm Hg have a higher risk for CVD compared with their 

counterparts with SBP <140 mm Hg and DBP <90 mm Hg, most incident events in 

contemporary studies do not occur in those in the higher BP group (36). In a pooled analysis 
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of participants not taking antihypertensive medication from 3 observational cohort studies, 

only 26% of CVD events occurred among participants with SBP ≥140 mm Hg, compared 

with 65% of events that occurred among participants with a 10-year CVD risk ≥7.5% (36). If 

BP level alone was used to guide treatment, most participants who went on to have CVD 

events in this study would not have been recommended antihypertensive medication.

Short-Term BP Variability Versus Variability in CVD Risk

BP levels also present the challenge of measurement error and visit-to-visit variability. In an 

analysis of ALLHAT (Antihypertensive Lipid-Lowering to Prevent Heart Attack Trial), BP 

varied substantially within individuals across their follow-up visits (37). Staff members in 

ALLHAT were trained to measure BP, which was measured twice at each visit following a 

standardized technique. Visit-to-visit BP variability is likely to be even greater in clinical 

practice, where BP can vary depending on the choice of sphygmomanometer and the 

protocol used to measure BP (38). Although treatment decisions should be made on the basis 

of BP averaged across multiple visits, high visit-to-visit BP variability can lead to 

misclassification. Additionally, visit-to-visit BP variability can mask the true reduction in BP 

that occurs following treatment initiation, leading some observers to propose not even 

conducting follow-up BP assessments following treatment initiation or titration (39).

Although BP varies substantially across visits, studies have shown that predicted CVD risk 

has less intra-individual changes over short periods of time. Using data from 808 

participants enrolled in NHANES III, Ye et al. (40) evaluated changes in BP and 10-year 

predicted CVD risk by the Pooled Cohort risk equations occurring between 2 clinic visits 

conducted a median of 18 days apart (range: 3 to 48 days). For individual participants, the 

change in SBP across these 2 visits ranged from −23 mm Hg to 32 mm Hg (1st and 99th 

percentiles, respectively). Changes in 10-year predicted CVD risk between visits were 

smaller. Overall, 34% of participants had an 8 mm Hg or larger difference in SBP between 

visits, whereas only 8% had a ≥3% difference in 10-year predicted CVD risk. The stability 

of CVD risk over short periods of time may confer utility for clinical decision-making.

Special Populations

Older and Young Adults

Age is unquestionably the most important determinant of CVD risk, presumably because it 

represents the cumulative exposure to risk factors (41,42). As CVD risk increases with age, 

almost all adults ≥65 years of age have a high CVD risk (42). Concern has been raised about 

antihypertensive treatment for older adults, especially those who are frail (43). In SPRINT 

(Systolic Blood Pressure Intervention Trial), treating SBP to a goal of 120 mm Hg (intensive 

goal) was associated with a lower risk of CVD and all-cause mortality when compared with 

participants treated to a goal SBP of 140 mm Hg (usual goal) (44). The CVD and mortality 

benefits were present among participants ≥75 years of age and in subgroups with and 

without indications of frailty (45). It is noteworthy that SPRINT enrolled adults with high 

CVD risk, defined by a history of CVD, estimated glomerular filtration rate of 20 to 59 

ml/min/1.73 m2, age ≥75 years, or 10-year predicted global CVD risk (including heart 

failure and claudication) ≥15% on the basis of the Framingham CVD risk score (46).
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Several guidelines have incorporated global CVD risk into their treatment decision-making 

recommendations using a 5-year or 10-year time horizon (7,8,21,47). These 5- and 10-year 

intervals are used because they identify people who are likely to benefit from treatment in 

the short term. Only a small proportion of adults <50 years of age have a high 10-year 

predicted CVD risk (48). Using 10-year predicted risk to guide antihypertensive treatment 

results in a disproportionate selection of older adults, even though a substantial proportion of 

young adults have a high 30-year and lifetime risk for CVD (49,50). For example, a 45-year-

old woman with total cholesterol of 260 mg/dl, HDL cholesterol of 35 mg/dl, and untreated 

SBP of 160 mm Hg would be predicted to have a 10-year CVD risk <10%, but a 30-year 

CVD risk of almost 30%. Also, preventing 1 CVD event in a younger adult may result in 

substantially more life-years gained compared with preventing an event in an older adult. 

Patients may value the short-term benefit of treatment more than future benefits that accrue 

over a long time horizon. To account for this valuation, economists often apply a discount 

that weighs near-term risk reduction benefits more than those that occur in the future. In 1 

example, Jackson et al. (51) applied a 3% annual discount such that events that were 

prevented in the first year of follow-up were weighted at 100%, whereas those prevented in 

the next year were valued at 97%, and in the year after at only 94% (51,52). Applying a 3% 

annual discount to allow for this value judgement, and recognizing the higher case-fatality 

rate associated with CVD events at older age, the difference in average life expectancy 

gained with antihypertensive treatment between young and old adults is smaller than one 

would assume. Also, although older adults are more likely to suffer disability from a CVD 

event, it is possible that younger adults may lose more quality of life than older adults 

following an event. However, this has yet to be quantified. Another concern with not treating 

high BP among young adults is the risk for the development of left ventricular hypertrophy 

or albuminuria. It can be noted that it is uncommon for young adults with high BP, but no 

other risk factors, to develop organ damage (53).

CKD and/or Diabetes

Antihypertensive medication is a cornerstone therapy among patients with diabetes and 

CKD (54–56). As most people with CKD or diabetes have high CVD risk, and more patients 

with CKD die from CVD than develop end-stage renal disease, a risk-based treatment 

approach may allocate antihypertensive treatment to a higher proportion of those with CKD 

or diabetes than treatment on the basis of BP alone (57–60). Colantonio et al. (61) used data 

from the REGARDS study to show that only 8% of adults with CKD not taking statins have 

a 10-year predicted CVD risk <7.5%. The incidence of CVD was very low in those with 

CKD and a 10-year predicted CVD risk <7.5% (3 events/1,000 person-years) (61). Using 

predicted CVD risk would recommend almost all adults with CKD and diabetes receive 

antihypertensive treatment. The data from the REGARDS study suggests that treatment for 

the small subgroup of adults with CKD and low 10-year predicted CVD risk can be delayed. 

However, there may be some young adults with a substantial reduction in estimated 

glomerular filtration rate or heavy proteinuria for whom treatment may still be warranted, 

despite having low CVD risk.
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Evidence from HOPE-3

The HOPE (Heart Outcomes Prevention Evaluation)–3 trial randomized 12,705 adults at 

intermediate CVD risk to 12.5 mg hydrochlorothiazide/16 mg candestartan or placebo (62). 

In a pre-specified subgroup analysis, antihypertensive treatment was associated with a 

statistically significant 27% risk reduction of the primary outcome (death from 

cardiovascular causes, nonfatal myocardial infarction, and nonfatal stroke) among 

participants with baseline SBP >143.5 mm Hg, but no risk reduction was present among 

those with SBP ≤131.5 mm Hg or 131.6 to 143.5 mm Hg. Although HOPE-3 did not address 

treatment of high-risk populations, it does support treating all people with SBP ≥140 mm 

Hg. Additionally, the HOPE-3 data suggest that moderate BP lowering with fixed-dose 

agents among low- or intermediate-risk patients with SBP <140 mm Hg may not prevent 

CVD events.

Studies that Have Provided Patients with Global CVD Risk Estimates

Studies have evaluated the impact of providing patients with their global CVD risk on 

accuracy of perceived risk, intent to start antihypertensive treatment, medication adherence, 

and reductions in predicted risk (63). In most of these studies, global CVD risk was 

presented more than 1 time and was done in conjunction with another intervention (e.g., 

education or counseling). In a systematic review, presentation of global CVD risk combined 

with education increased the intent to start therapy by 15% to 20% (64–67). Additionally, in 

focus groups (N = 29 participants, 12 of whom had hypertension), participants reported 

knowing their global CHD risk provided motivation to reduce this risk (68). However, 

participants were concerned that risk prediction may be “too simple” and “imprecise.”

Unanswered Questions

The extent to which predicted CVD risk aligns with the observed risk (i.e., calibration of the 

risk prediction equations) has been extensively studied over the past several years. Some 

studies have found that risk prediction equations accurately estimate risk, whereas others 

suggest a discrepancy between predicted and observed risk in the context of contemporary 

clinical practice with frequent use of risk-lowering medications (26–29). CVD incidence in 

the United States has declined over the past 30 years in association with greater use of 

preventive medications, and many risk prediction equations were developed in cohorts that 

were initiated in the 1980s and 1990s, when preventive medications were used less often 

(69,70). In countries where the risk of CVD is declining, poor calibration of risk prediction 

equations could result in treating populations with a lower risk than intended. The 

application of risk prediction models in populations other than those in which they were 

developed, including in contemporary clinical practice, may require recalibration (71,72).

Most CVD risk prediction equations are focused on CHD and stroke as outcomes. There are 

risk prediction models, including the Framingham global CVD risk score for general 

practice, that include a broader range of CVD outcomes, including heart failure and 

claudication (16). High BP is associated with an increased risk for left ventricular 

hypertrophy, CKD, end-stage renal disease, atrial fibrillation, dementia, peripheral artery 

Muntner and Whelton Page 7

J Am Coll Cardiol. Author manuscript; available in PMC 2018 May 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disease, and retinopathy (73–79). CVD risk scores do not include these as outcomes. 

Additional research could be done to investigate the development of risk prediction 

equations that focus on hypertension-related CVD as outcomes, and testing whether these 

models would be more cost-effective and address patient preferences better than existing risk 

prediction models.

The discussion of the evidence related to incorporating CVD risk in clinical decisions for 

antihypertensive medication initiation and treatment intensification should not distract from 

the need for primordial prevention. It has been previously shown that almost all adults will 

eventually develop a 10-year predicted atherosclerotic CVD risk ≥7.5%, despite maintaining 

an optimal risk factor profile (42). Many people have a high CVD risk early in life because 

they develop modifiable risk factors. Preventing these risk factors will delay the 

development of high CVD risk into older age. Physical activity, weight loss, reducing 

alcohol intake, and dietary changes (reduced sodium intake, increasing potassium intake, 

and following the DASH diet) have been demonstrated in randomized trials to lower BP 

(80). These factors, as previously studied, are relevant to all people, regardless of CVD risk 

or BP level.

On the basis of data from observational studies, concern has been raised about potential 

increased CVD and mortality risk among people with low BP, particularly among those with 

heart disease or diabetes (81–83). This effect may reflect very low BP not being sufficient 

for organ perfusion, a low pressure due to preexisting organ damage, or confounding. Meta-

analyses of randomized controlled trials have suggested that lowering BP to <120 mm Hg 

does not increase CVD or mortality risk (84–86). However, there may be little benefit 

associated with lowering SBP much below 120 mm Hg (85). Considering both observational 

and randomized controlled trial data, it would be hard to justify prescribing or intensifying 

antihypertensive medication for people with SBP <120 mm Hg or DBP <60 mm Hg, 

regardless of their global CVD risk.

Recommendations

We think it is important to consider both CVD risk and BP levels in making treatment 

decisions. Meta-analyses of randomized trials have demonstrated clear CVD risk reduction 

benefits with treatment of SBP ≥140 mm Hg or DBP ≥90 mm Hg, but these trials have 

generally excluded low-risk individuals (87). Additionally, there are data supporting 

antihypertensive treatment for individuals with lower BP levels, especially among adults 

with CVD or a high global CVD risk (84). Within this context, for example, one approach 

might be to treat all adults with SBP ≥140 mm Hg and DBP ≥90 mm Hg, and those with 

SBP of 130 to 139 mm Hg or DBP of 80 to 89 mm Hg and a 10-year CVD risk ≥10% using 

the Pooled Cohort risk equations. The 10% CVD risk threshold is consistent with event rates 

from previous meta-analyses (10,88). Cost-effectiveness studies and consideration of patient 

preference will be useful for guiding the level of CVD risk at which populations should be 

recommended antihypertensive medication treatment initiation.
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Conclusions

The current review summarizes the evidence related to incorporating patients’ absolute CVD 

risk, in addition to their BP levels, into the decision for antihypertensive medication use. 

Using predicted CVD risk in conjunction with BP levels to guide antihypertensive treatment 

initiation will focus risk reduction on patients who are most likely to receive a benefit from 

treatment, while avoiding therapy for those who are likely to receive little risk reduction 

benefit. This approach would acknowledge that people with the same BP level can have 

markedly different 10-year CVD risks, and that the vast majority of CVD events occur in 

high-risk populations. In conclusion, using global CVD risk and BP levels to guide 

antihypertensive treatment may provide a more personalized approach for reducing risk.

ABBREVIATIONS AND ACRONYMS

AHA American Heart Association

BP blood pressure

CHD coronary heart disease

CKD chronic kidney disease

CVD cardiovascular disease

DBP diastolic blood pressure

HDL high-density lipoprotein

JNC Joint National Committee

LDL low-density lipoprotein

SBP systolic blood pressure
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CONDENSED ABSTRACT

Data from randomized controlled trials indicate that patients with higher cardiovascular 

disease risk will receive a greater absolute risk reduction benefit from antihypertensive 

medication. Also, simulation studies suggest that using cardiovascular disease risk in 

conjunction with blood pressure levels, compared with basing treatment solely on blood 

pressure levels, would result in treating fewer people with antihypertensive medication, 

while preventing more cardiovascular disease events and saving more quality-adjusted 

life years. On the basis of these data, we recommend that predicted cardiovascular 

disease risk be part of antihypertensive treatment decision making.
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Figure 1. Relative and Absolute Reduction in CVD Events with BP Reduction by 5-Year Risk of 
CVD
This figure shows data from a pooled analysis of 11 randomized controlled trials of 

antihypertensive treatment versus placebo (N = 67,475 participants). Participants were 

grouped into strata on the basis of 5-year predicted risk for cardiovascular disease events. 

Left: The relative risk for having a cardiovascular disease event during follow-up is similar 

within strata of predicted cardiovascular disease risk, ranging from 0.82 to 0.87. Right: The 

absolute risk reduction associated with treatment versus placebo is progressively larger 

among participants with higher predicted cardiovascular disease risk. The larger absolute 

risk reduction among those with higher predicted risk means that antihypertensive treatment 

will reduce more events when treating high-versus low-risk people. Reprinted, with 

permission, from Blood Pressure Lowering Treatment Trialists’ Collaboration (89). BP = 

blood pressure; CVD = cardiovascular disease.
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Figure 2. Ten-Year Predicted CVD Risk for Hypothetical Low-, Intermediate-, and High-Risk 
Adults at SBP Levels of 110 mm Hg and 130 mm Hg
The 10-year predicted cardiovascular disease risk is shown for 6 hypothetical people: 3 

people with SBP of 110 mm Hg and 3 with SBP of 130 mm Hg. For each blood pressure 

level, each of the 3 people has a different cardiovascular disease risk factor profile. This 

figure shows that people’s 10-year predicted cardiovascular disease risk can vary more than 

30-fold, despite having the same blood pressure level. Low risk: 50-year-old, white woman, 

nonsmoker, without diabetes, not taking antihypertensive medication, total cholesterol of 

180 mg/dl and HDL cholesterol of 54 mg/dl. Intermediate risk: 60-year-old, black man, 

nonsmoker, with diabetes, not taking antihypertensive medication, total cholesterol of 240 

mg/dl and HDL cholesterol of 50 mg/dl. High risk: 70-year-old, white man, smoker, with 

diabetes, not taking antihypertensive medication, total cholesterol of 240 mg/dl and HDL 

cholesterol of 40 mg/dl. CVD = cardiovascular disease; HDL = high-density lipoprotein; 

SBP = systolic blood pressure.
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Figure 3. Distribution of 10-Year Predicted CVD Risk Among U.S. Adults by Level of SBP and 
DBP
The distribution of 10-year predicted CVD risk among U.S. adults with SBP between 120 

and 139 mm Hg and/or DBP between 80 and 89 mm Hg (Top), and for those with SBP ≥ 90 

mm Hg (Bottom). These data were calculated using the 2009–2012 National Health and 

Nutrition Examination Survey. For each blood pressure group, there is a broad range of 10-

year predicted CVD risk. DBP = diastolic blood pressure. Other abbreviations as in Figure 1.
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Central Illustration. 
Cardiovascular Risk and Antihypertensive Treatment
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Table 1

Use of CVD Risk in Conjunction With BP Level in Guiding Antihypertensive Medication Treatment in the 

Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 

Blood Pressure (JNC6)

BP, mm Hg ≥1 Risk Factor, But Not

SBP DBP No Risk Factors, Organ
Damage or Clinical CVD

Diabetes, Organ Damage, or
Clinical CVD

Organ Damage, Clinical
CVD, or Diabetes

130–139 85–89 Lifestyle modification Lifestyle modification Drug therapy*,†

140–159 90–99 Lifestyle modification
(up to 12 months)

Lifestyle modification‡
(up to 6 months) Drug therapy†

≥160 ≥100 Drug therapy† Drug therapy† Drug therapy†

Organ damage includes left ventricular hypertrophy, angina, prior myocardial infarction, prior coronary revascularization, heart failure, stroke, 
transient ischemic attack, nephropathy, peripheral arterial disease, retinopathy. Risk factors include age ≥60 years, male sex or being post-
menopausal for women, smoking, dyslipidemia, diabetes mellitus, family history of CVD. Adapted from: National Institutes of Health, National 
Heart, Lung, and Blood Institute, National High Blood Pressure Education Program (90).

*
For patients with heart failure, renal insufficiency, or diabetes.

†
Lifestyle modification is adjunctive for all patients recommended drug therapy

‡
Patients with multiple risk factors should be considered for drug therapy as initial therapy in conjunction with lifestyle modification. CVD = 

cardiovascular disease; BP = blood pressure; DBP = diastolic blood pressure; SBP = systolic blood pressure.
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