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Abstract

BACKGROUND—On the basis of the 2014 guidelines for hypertension therapy in the United 

States, many eligible adults remain untreated. We projected the cost-effectiveness of treating 

hypertension in U.S. adults according to the 2014 guidelines.

METHODS—We used the Cardiovascular Disease Policy Model to simulate drug-treatment and 

monitoring costs, costs averted for the treatment of cardiovascular disease, and quality-adjusted 

life-years (QALYs) gained by treating previously untreated adults between the ages of 35 and 74 

years from 2014 through 2024. We assessed cost-effectiveness according to age, hypertension 

level, and the presence or absence of chronic kidney disease or diabetes.

RESULTS—The full implementation of the new hypertension guidelines would result in 

approximately 56,000 fewer cardiovascular events and 13,000 fewer deaths from cardiovascular 

causes annually, which would result in overall cost savings. The projections showed that the 

treatment of patients with existing cardiovascular disease or stage 2 hypertension would save lives 

and costs for men between the ages of 35 and 74 years and for women between the ages of 45 and 

74 years. The treatment of men or women with existing cardiovascular disease or men with stage 2 

hypertension but without cardiovascular disease would remain cost-saving even if strategies to 

increase medication adherence doubled treatment costs. The treatment of stage 1 hypertension was 

cost-effective (defined as <$50,000 per QALY) for all men and for women between the ages of 45 

Copyright © 2015 Massachusetts Medical Society

aem35@cumc.columbia.edu.. 

Dr. Bibbins-Domingo is a member and vice chair of the U.S. Preventive Services Task Force (USPSTF). The views expressed in this 
article are those of the authors and do not necessarily represent the views and policies of the USPSTF.

Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.

HHS Public Access
Author manuscript
N Engl J Med. Author manuscript; available in PMC 2015 July 29.

Published in final edited form as:
N Engl J Med. 2015 January 29; 372(5): 447–455. doi:10.1056/NEJMsa1406751.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and 74 years, whereas treating women between the ages of 35 and 44 years with stage 1 

hypertension but without cardiovascular disease had intermediate or low cost-effectiveness.

CONCLUSIONS—The implementation of the 2014 hypertension guidelines for U.S. adults 

between the ages of 35 and 74 years could potentially prevent about 56,000 cardiovascular events 

and 13,000 deaths annually, while saving costs. Controlling hypertension in all patients with 

cardiovascular disease or stage 2 hypertension could be effective and cost-saving. (Funded by the 

National Heart, Lung, and Blood Institute and others.)

In the United States, more deaths from cardiovascular causes are attributed to elevated blood 

pressure than to any other risk factor.1,2 Since 1960, there has been a decline of 

approximately 10% in the mean systolic blood pressure and a decline of approximately 13% 

in the mean diastolic blood pressure among adults over the age of 40 years, in part because 

of greater awareness of the risk and more widespread treatment of hypertension.3 

Nonetheless, the number of persons with hypertension is increasing, and an estimated 44% 

of the 64 million U.S. adults with hypertension did not have this condition controlled in 

2014. Thus, there is an enormous potential for improving population health by expanding 

treatment and improving control.4

A decade ago, the 2003 hypertension guidelines of the Seventh Joint National Committee 

focused on controlling elevated systolic blood pressure in all adults with hypertension and 

recommended a similar blood-pressure goal regardless of age, with the exception of more 

aggressive treatment to a lower target in patients with diabetes or chronic kidney disease.5 

The 2014 guidelines of the Eighth Joint National Committee recommended three important 

changes to the 2003 guidelines: focusing on diastolic (rather than systolic) blood pressure 

for adults under the age of 60 years and setting more conservative blood-pressure goals for 

adults 60 years of age or older (150/90 mm Hg) and for patients with diabetes or chronic 

kidney disease (140/90 mm Hg) (Table 1).6 As compared with the recommendations in the 

previous guidelines, implementation of the 2014 guidelines would make approximately 1% 

of young adults and 8% of older adults ineligible to receive hypertension-lowering 

treatment. However, an estimated 28 million adults still would have uncontrolled 

hypertension according to the relaxed standards.4

Recently, the American College of Cardiology and the American Heart Association called 

for the inclusion of cost-effectiveness assessments and recommendations in practice 

guidelines.7 The main objective of this study was to estimate the incremental health gains 

and cost-effectiveness of implementing the strongest recommendations for hypertension 

therapy (i.e., those based on the results of clinical trials) in the 2014 guidelines among U.S. 

adults.

METHODS

STUDY MODEL

The Cardiovascular Disease Policy Model is a computer-simulation, state-transition model 

of the incidence, prevalence, mortality, and costs of coronary heart disease and stroke 

among persons between the ages of 35 and 94 years in the United States. (For an overview 

of the model, see the Methods section and Fig. S1 in the Supplementary Appendix, available 
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with the full text of this article at NEJM.org.) We estimated risk-factor exposure levels and 

classifications according to age and sex on the basis of survey-weighted analyses of the 

National Health and Nutrition Examination Survey (NHANES)8 from 2007 through 2010. 

The model uses competing-risk Cox proportional-hazards regression equations estimated 

from the results of the Framingham Heart Study to predict the incidence of coronary heart 

disease, stroke, and death from noncardiovascular causes among persons without 

cardiovascular disease, on the basis of age, sex, systolic and diastolic blood pressure, self-

reported use or nonuse of antihypertensive medications, levels of high-density-lipoprotein 

and low-density-lipoprotein cholesterol, and status regarding chronic kidney disease, 

smoking, and diabetes mellitus. The model also predicts subsequent life-years and rates of 

cardiovascular events, coronary revascularization procedures, and death from cardiovascular 

causes or any cause among patients with cardiovascular disease. The model was calibrated 

to reproduce U.S. national data on myocardial infarction, stroke, and death from 

cardiovascular causes or any cause in 2010 to within less than 1% of absolute-number 

targets for each sex and 10-year age category.

BLOOD-PRESSURE VARIABLES AND TREATMENT ASSUMPTIONS

In NHANES from 2007 through 2010, systolic blood pressure was categorized as less than 

140 mm Hg, 140 to 159 mm Hg (stage 1 hypertension), or 160 mm Hg or higher (stage 2 

hypertension). To assess the 2014 guideline recommendations for adults between the ages of 

60 and 74 years, we further divided stage 1 hypertension into 140 to 149 mm Hg and 150 to 

159 mm Hg. Categories for diastolic blood pressure were less than 90 mm Hg, 90 to 99 mm 

Hg (stage 1 hypertension), and 100 mm Hg or higher (stage 2 hypertension). Patients were 

considered to have untreated hypertension if they answered no to the following two 

questions on NHANES: “Because of your high blood pressure or hypertension, have you 

ever been told to take prescribed medicine?” and “Are you currently taking medication to 

lower your blood pressure?”

In our study, we assumed that a reduction in the risk of cardiovascular disease was due to a 

reduction in blood pressure9 and that blood pressure was lowered to a similar extent across 

drug classes in comparisons of standard doses per class.10,11 Using data from the 

Prospective Studies Collaboration,12 a meta-analysis of 61 prospective studies of vascular 

risk factors and cause-specific mortality involving 1 million participants, we started by 

calculating observational age-specific relative risks and 95% confidence intervals for 

coronary heart disease and stroke according to a change of 10 mm Hg in systolic blood 

pressure or 5 mm Hg in diastolic blood pressure.12

We calibrated age-specific relative risks to be within 0.02 of these estimates and overall 

relative risks within the 95% confidence intervals for the summary estimates from a large 

meta-analysis of randomized clinical trials of hypertension treatment (see the Methods 

section and Tables S2 and S3 in the Supplementary Appendix).9 We validated the resulting 

assumptions with respect to relative risk for the treatment of systolic blood pressure in 

patients between the ages of 60 and 74 years by simulating the treatment and placebo groups 

of the Systolic Hypertension in the Elderly Program (SHEP) trial13 and comparing simulated 
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relative risks with those observed in the trial (Table 2, and Table S4 in the Supplementary 

Appendix).

For each standard-dose or half-standard-dose medication, the reduction in blood pressure 

was calculated on the basis of the pretreatment blood pressure (Table S5 in the 

Supplementary Appendix). Variance in the change in blood pressure associated with 

antihypertensive treatment was based on the standard deviation for the main estimated 

change in blood pressure observed in a meta-analysis.10

For consistency, our main analyses assumed a medication adherence rate of 75%, as 

observed in the same clinical trials that were used to estimate relative risks of treatment.9 

The costs of hypertension treatment included medications, monitoring, and side effects 

(Table S6 in the Supplementary Appendix). Medication costs were calculated as the means 

of the lowest wholesale prices for numbers of standard doses across drug classes in the 2014 

Red Book; combination pills were included when available.14 Rates of side effects of 

medications were based on a meta-analysis of treatment trials for common events10 and on 

postmarketing reports for rare events (Table S6 in the Supplementary Appendix). We 

translated rates of adverse events into impairments in quality-adjusted life-years (QALYs) 

and added costs related to events ranging from transient symptoms accompanied by an 

office visit (common event; QALY penalty of 0.23 per day), to adverse effects requiring 

hospitalization (infrequent event; QALY penalty of 0.50 per day), to death (rare event).

MAIN ANALYSIS

A status quo simulation provided a projection of events from coronary heart disease and 

stroke, costs, and QALYs for the U.S. adult population between the ages of 35 and 74 years 

during the period from 2014 through 2024, on the assumption that untreated patients would 

remain untreated. Simulated strategies for hypertension treatments reduced events from 

coronary heart disease and stroke, reduced costs, and added QALYs. We assumed that 

hypertension treatment would reduce rates of death from hypertensive heart disease and 

renal failure, but to be conservative, we assumed no change in future costs associated with 

these effects. In an analysis of secondary prevention, we simulated treatment to a target 

blood pressure of 140/90 mm Hg in patients with hypertension who were currently untreated 

and who had a history of stroke or coronary heart disease (approximately one fifth of 

patients with chronic cardiovascular disease).8 For primary prevention, we simulated three 

treatment groups, with each group added to treatment in patients with cardiovascular disease 

and untreated hypertension: patients with stage 2 hypertension, patients with stage 1 

hypertension and diabetes or chronic kidney disease, and patients with stage 1 hypertension 

but without diabetes or chronic kidney disease. We assessed incremental cost-effectiveness 

ratios (which were calculated as the incremental change in costs divided by the incremental 

change in QALYs) as follows: costs of less than $50,000 per QALY gained were considered 

to be cost-effective, costs ranging from $50,000 to less than $150,000 per QALY gained 

were considered to be of intermediate value, and costs of $150,000 or more per QALY 

gained were considered to be of low value.7 All analyses were approached from a payer’s 

perspective. All future costs and QALYs were discounted annually by 3% of the values for 

the previous year, according to standard practice.
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All data analyses for this study involved secondary analyses of publicly available, 

deidentified data. For this reason, no ethics board approval was sought for this study.

SENSITIVITY ANALYSES

We used lower and upper uncertainty boundaries for all main variables to perform one-way 

sensitivity analyses (Table 2, and Table S6 in the Supplementary Appendix). In addition, we 

modeled adherence levels that were 50% and 75% lower than those in clinical trials, 

penalties for pilltaking disutility (i.e., a decrease in the quality of life associated with taking 

a medication), and a 1-year lag in achieving the target blood pressure. For the effect of 

antihypertensive treatment on all-cause mortality, we assumed an upper boundary for the 

relative risk of 0.95 for younger adults for each reduction of 5 mm Hg in diastolic blood 

pressure and the possibility of an increased risk among older adults (relative risk, 1.02 for 

each reduction of 10 mm Hg systolic blood pressure, on the basis of the upper boundary of 

the estimate for all-cause mortality in the SHEP trial).13 We also determined the threshold at 

which the treatment of patients with cardiovascular disease and those with stage 2 

hypertension was no longer cost-saving (cost-neutral threshold). We used probabilistic 

(Monte Carlo) simulation to sample uncertainty distributions with respect to the 

effectiveness of blood-pressure lowering with the use of antihypertensive drugs, the relative 

risk reduction in cardiovascular disease with treatment, reductions in quality of life due to 

side effects of medications, costs related to side effects, and drug and monitoring costs. 

Uncertainty distributions were randomly sampled 1000 times, and 95% uncertainty intervals 

were calculated.

RESULTS

MAIN ANALYSES

The Cardiovascular Disease Policy Model simulations accurately reproduced pooled results 

of trials of antihypertensive medications, and the SHEP trial simulation accurately 

reproduced the results of the actual trial (Tables S3 and S4 in the Supplementary Appendix). 

On average, on the basis of the 2014 guidelines, approximately 860,000 persons with 

existing cardiovascular disease and hypertension who are not being treated with anti-

hypertensive medications would be eligible for treatment (secondary prevention) every year 

during the period from 2014 through 2024. Treatment with a target blood pressure of 140/90 

mm Hg for such patients was projected to prevent approximately 16,000 cardiovascular 

events (Table 3) and approximately 6000 deaths from cardiovascular causes annually.

In addition, another 8.6 million currently untreated patients between the ages of 35 and 74 

years who have hypertension but no cardiovascular disease would also be eligible for 

treatment (primary prevention) each year. Achieving guidelines targets in these patients 

would prevent approximately 41,000 cardiovascular events and 7000 deaths from 

cardiovascular causes annually and result in cost savings, as compared with the status quo 

(Table 3). Achieving treatment goals for both primary and secondary prevention would 

prevent about 56,000 cardiovascular events and 13,000 deaths from cardiovascular causes 

annually.
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When treatment was sequentially assessed in progressively less cost-effective strategies, 

incremental cost-effectiveness ratios were found to be cost-saving for secondary prevention 

in all men with preexisting cardiovascular disease and for primary prevention in all men 

with stage 2 hypertension and in those between the ages of 45 and 74 years with stage 1 

hypertension (Fig. 1, and Tables S7 through S11 and Fig. S2 in the Supplementary 

Appendix). Treatment was cost-effective (<$50,000 per QALY gained) in men under the 

age of 45 years with stage 1 hypertension. Treatment was also cost-saving for secondary 

prevention in women with preexisting cardiovascular disease and in those between the ages 

of 45 and 74 years with stage 2 hypertension. In addition, treatment was cost-effective for 

primary prevention in women between the ages of 35 and 44 years with stage 2 hypertension 

and in those between the ages of 45 and 74 years with stage 1 hypertension. By comparison, 

treating women between the ages of 35 and 44 years who had stage 1 hypertension was of 

intermediate value for those with diabetes or chronic kidney disease ($125,000 per QALY 

gained) and was of low value for those without diabetes or chronic kidney disease ($181,000 

per QALY gained).

PROBABILISTIC ANALYSIS

Almost all probabilistic sensitivity analyses (>98% of simulation results) predicted cost 

savings for treatment of patients with stage 2 hypertension, except for women in the age 

group of 35 to 44 years (Fig. S3 in the Supplementary Appendix). More than 98% of 

probabilistic simulations were cost-effective for patients with stage 1 hypertension who were 

45 years of age or older, whether male or female. About 66% of simulations for men 

between the ages of 35 and 44 years who had stage 1 hypertension without diabetes or 

chronic kidney disease and 92% of simulations for women between the ages of 35 and 44 

years who had stage 2 hypertension were cost-effective, but almost none were cost-saving. 

None of the results for women with stage 1 hypertension between the ages of 35 and 44 

years were cost-effective.

SENSITIVITY ANALYSES

We projected that treatment costs could more than triple for men with cardiovascular disease 

($1,280 more invested per patient annually) or almost double for men with stage 2 

hypertension ($600 more) before these strategies would no longer save costs. The 

corresponding additional investments for women between the ages of 45 and 74 years were 

up to $650 higher (for secondary prevention in patients with cardiovascular disease) or $260 

higher (for primary prevention in patients with stage 2 hypertension).

In one-way sensitivity analyses of assumptions with respect to effectiveness, adherence, 

costs of monitoring and medications, and side-effect frequency, all primary prevention 

strategies in all men and in women with stage 2 hypertension were projected to be cost-

effective (Table S12 in the Supplementary Appendix). Strategies for women with stage 1 

hypertension between the ages of 35 and 59 years were projected to range from $51,000 to 

$100,000 per QALY gained (thus falling into the intermediatevalue range) on the 

assumption that the diastolic blood-pressure level would be reduced by 1.6 mm Hg less, 

drug costs would be increased by a factor of 2.4, monitoring would be twice as frequent, or 

side effects would be twice as costly or 50% more severe. The treatment of women between 

Moran et al. Page 6

N Engl J Med. Author manuscript; available in PMC 2015 July 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the ages of 35 and 44 years without diabetes or chronic kidney disease was cost-effective 

only if an additional $150 or more could be saved per person treated each year. Treatment of 

women between the ages of 60 and 74 years with stage 1 hypertension was of intermediate 

value on the assumption that drug costs would increase by a factor of 2.4. Health gains from 

hypertension treatment persisted among all adults between the ages of 60 and 74 years and 

among men under the age of 60 years with stage 2 hypertension, even on the assumption that 

the inconvenience of taking antihypertensive medications would decrease the quality of life. 

The same pill-taking disutility led to a projected loss in QALYs in all patients with stage 1 

hypertension and in women under the age of 60 years with stage 2 hypertension. Because 

lower adherence reduced effectiveness and costs in equal proportions, a reduction of 25% or 

50% in the main assumption for adherence (effectively, adherence rates of 56% and 38%, 

respectively) had little effect on the results. The assumption of full intervention costs but a 

1-year delay in realizing health gains attenuated incremental cost-effectiveness ratios only 

slightly.

DISCUSSION

Our model predicts that the achievement of goals for the treatment of hypertension as 

outlined in the 2014 guidelines would be cost-saving in reducing mortality and morbidity 

associated with cardiovascular disease in previously untreated adults with hypertension. 

Effectiveness and cost savings were mainly driven by very favorable results that we 

projected for secondary prevention in patients with cardiovascular disease and for primary 

prevention in patients with stage 2 hypertension. In the latter group, cost savings remained 

robust in sensitivity analyses of effectiveness, cost, and side effects.

These findings suggest that more frequent office visits, home blood-pressure monitoring, 

pharmacist interventions, or interventions to improve adherence15 may add substantial 

value, even if they require an additional annual investment of up to $1,230 per patient in 

men with cardiovascular disease, $600 in men with stage 2 hypertension without 

cardiovascular disease, and $650 in women with cardiovascular disease. In a hypertension-

treatment protocol at Kaiser Permanente Northern California, the use of trained medical 

assistants and extended monitoring visits increased the proportion of patients in whom 

hypertension was controlled from 44% to 87% during a 10-year period.16 A 2013 Science 

Advisory of the American Heart Association, the American College of Cardiology, and the 

Centers for Disease Control and Prevention also recommended the use of hypertension-

treatment algorithms17 for multiple-provider and multipleintervention approaches.

We projected that achieving the blood-pressure treatment goal of 150/90 mm Hg for patients 

between the ages of 60 and 74 years, as recommended in the 2014 guidelines, would be 

cost-effective, even when we assumed a higher rate of medication side effects in this group. 

However, patients between the ages of 60 and 74 years have variable levels of functional 

status and susceptibility to side effects of medications and adverse events. Better predictors 

of adverse effects of medications are needed to guide the decision to withhold or withdraw 

treatment from individual patients in this age group. Controversy persists about the systolic 

blood-pressure treatment target of 150 mm Hg in the 2014 guidelines,18 and future research 

must address the question of whether a lower target is indicated and, if so, in which patients.
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For short-term treatment of stage 1 hypertension in patients between the ages of 35 and 44 

years, our simulations projected cost-effectiveness in men and intermediate or low value in 

women. However, longitudinal cohort studies with long-term follow-up suggest that a 

history of high blood pressure dating back to young adulthood is an independent predictor of 

risk for cardiovascular events in later life,19-23 an effect that was not modeled in this study.

Although our analysis focused on the 2014 guidelines, our projections of health benefits and 

cost-effectiveness are broadly consistent with the results of previous cost-effectiveness 

analyses of hypertension treatment.3,24,25 The methods and reporting of this study conform 

to Consolidated Health Economic Evaluation Reporting Standards (CHEERS)26 and Quality 

of Health Economic Studies instrument standards recommended for cost-effectiveness 

analyses of U.S. guidelines regarding risk factors for cardiovascular disease.7,27 

Effectiveness assumptions were grounded in a large meta-analysis of randomized trials of 

antihypertensive treatments, and the simulation of the SHEP trial produced results similar to 

those observed in the actual trial.

However, like all other computer-simulation analyses, ours was limited by reliance on multi-

ple assumptions and data derived from multiple sources and study types. Because of limited 

evidence from clinical trials and the need to consider the complications of frailty, cognitive 

function, and an increased risk of side effects among patients 75 years of age or older, we 

limited our analyses to persons between the ages of 35 and 74 years. Because of our 

conservative approach, we did not capture disability or costs attributable to hypertensive 

heart disease, peripheral arterial disease, or end-stage renal disease and other 

noncardiovascular outcomes associated with hypertension. Therefore, we probably 

underestimated cost savings and QALY gains associated with hypertension treatment. We 

did not analyze effective diet and lifestyle interventions for lowering blood pressure in 

patients with hypertension,28,29 and we did not analyze the cost-effectiveness or other 

relative merits of specific antihypertensive medication classes or combinations.30-32 Finally, 

we did not analyze the potential synergistic benefits of simultaneous implementation of the 

2014 hypertension guidelines and guidelines for controlling high cholesterol, diabetes, 

obesity, and other risk factors for cardiovascular disease, nor did we assess the value of 

hypertension treatment as part of an integrated guideline for managing all risk factors for 

cardiovascular disease on the basis of calculated global risk.24,25,33

In conclusion, our model results suggest that controlling hypertension in untreated patients 

according to the 2014 guidelines not only would prevent about 56,000 cardiovascular events 

and 13,000 deaths from cardiovascular causes annually but also would result in cost savings. 

Among the groups that we considered, the treatment of men and women with cardiovascular 

disease and those with stage 2 hypertension without cardiovascular disease appeared to 

provide the most value, and the treatment of women under the age of 60 years with stage 1 

hypertension appeared to provide the least value.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Projected Average Cost-Effectiveness of Full Implementation of the 2014 Guidelines for 

Hypertension Treatment in Patients without Cardiovascular Disease, According to Sex, Age, 

Hypertension Stage, and Status with Respect to Diabetes and Chronic Kidney Disease.

Treatment of each group is compared with the strategy outlined in the previous incremental 

step in the study model for patients in the same age category. Patients with stage 2 

hypertension who do not have cardiovascular disease are compared with patients with 

cardiovascular disease. CKD denotes chronic kidney disease, and ICER incremental cost-

effectiveness ratio.
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Table 1

Recommendations for Hypertension Treatment in the 2014 Guidelines for Adults, According to Major 

Treatment Group.

Treatment Group
Age Range

in Study
Blood-Pressure Treatment

Goal for Main Analysis

Age <60 yr, without diabetes
or chronic kidney disease

35–59 yr Diastolic <90 mm Hg

Age ≥60 yr, without diabetes
 or chronic kidney disease

60–74 yr Systolic <150 mm Hg and
 diastolic <90 mm Hg

All adults, with diabetes or
 chronic kidney disease

35–74 yr Systolic <140 mm Hg and
 diastolic <90 mm Hg
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Table 2

Main Effectiveness Assumptions and Uncertainty Ranges Used for Estimating the Cost-Effectiveness of 

Implementation of the 2014 Guidelines for Hypertension Treatment.*

Variable Main Estimate Lower Estimate Upper Estimate

Average relative risk per 10 mm Hg reduction in systolic blood pressure
   or 5 mm Hg reduction in diastolic blood pressure (range)†

 Age 35–59 yr

  Coronary heart disease 0.73 (0.72–0.74) 0.70 (0.67–0.72) 0.77 (0.76–0.78)

  Stroke 0.64 (0.61–0.66) 0.59 (0.54–0.63) 0.69 (0.68–0.69)

  Death from any cause 0.86 (0.83–0.89) 0.76 0.95

 Age 60–74 yr

  Coronary heart disease 0.77 (0.74–0.78) 0.74 (0.72–0.76) 0.79 (0.76–0.81)

  Stroke 0.69 (0.66–0.71) 0.64 (0.62–0.64) 0.74 (0.69–0.78)

  Death from any cause 0.91 (0.91–0.92) 0.80 1.02

Average systolic blood-pressure reduction — mm Hg‡

 Stage 2 hypertension

  Age <60 yr; pretreatment, ≥160 mm Hg; target, 140 mm Hg;
   3.0–4.0 standard-dose medications

31.0–34.7 26.0–29.4 36.0–39.9

  Age ≥60 yr; pretreatment, ≥160 mm Hg; target, 150 mm Hg;
   2.0–3.0 standard-dose medications

22.1–24.2 18.1–18.9 27.2–29.2

 Stage 1 hypertension

  Age <60 yr; pretreatment, 140–159 mm Hg; target, <140 mm Hg;
   0.5–2.0 standard-dose medications

7.9–10.9 5.9–8.3 9.9–13.4

  Age ≥60 yr; pretreatment, 150–159 mm Hg; target, <150 mm Hg;
   0.5 standard-dose medication

7.1 3.2 11.0

Average diastolic blood-pressure reduction — mm Hg

 Stage 2 hypertension; all ages; target, 90 mm Hg; 3.0 standard-dose
   medications

17.1 12.0 22.2

 Stage 1 hypertension; all ages; target, 90 mm Hg; 1.0 standard-dose
   medication

5.3 3.7 6.9

*
Data were derived from Law et al.9 Data for the calculations of relative risks for effectiveness in patients between the ages of 60 and 74 years 

were derived from the Systolic Hypertension in the Elderly Program (SHEP) trial.13

†
Data in parentheses are the lowest and highest relative risks according to age and sex among main estimates and among estimates of upper and 

lower 95% confidence intervals. The ranges for relative risks of death from any cause are not included for the lower and upper estimates because 
no variability according to age or sex was assumed on the basis of available evidence.

‡
Changes in blood pressure are dependent on the age- and sex-specific distribution of baseline blood pressures within stage 1 or stage 2 category 

and the number of standard-dose antihypertensive medications required to achieve the blood-pressure goal. As a result, in some cases, there was a 
range in blood pressures according to age and sex, whereas in other cases, variability was negligible and no range is listed.
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Table 3

Projected Average Annual Incremental Results of Providing Therapy for Patients with Untreated Hypertension 

between the Ages of 35 and 74 Years (2014–2024).*

Strategy

Newly Treated
Patients,

as Compared
with Status 

Quo

Cardiovascular
Events Averted,

as Compared
with Status Quo

Change in
Cardiovascular

Costs,
as Compared

with Status Quo

ICER,
as Compared
with Status 

Quo

ICER,
as Compared
with Previous

Strategy†

no. millions of $

Women

Treat all patients with cardiovascular 
disease‡

161,000 6,000 −287 Cost-saving Cost-saving

Treat patients with stage 2 hypertension who
 do not have cardiovascular disease

844,000 15,000 −552 Cost-saving Cost-saving

Treat patients with stage 1 hypertension plus
 diabetes or chronic kidney disease

1,164,000 8,000 −246 Cost-saving Cost-effective§

Treat patients with stage 1 hypertension who
 do not have diabetes or chronic kidney
 disease

2,487,000 8,000 −149 Cost-saving Cost-effective§

Men

Treat all patients with cardiovascular 
disease‡

705,000 9,000 −755 Cost-saving Cost-saving

Treat patients with stage 2 hypertension who
 do not have cardiovascular disease

1,948,000 26,000 −1,640 Cost-saving Cost-saving

Treat patients with stage 1 hypertension plus
 diabetes or chronic kidney disease

1,649,000 20,000 −904 Cost-saving Cost-saving

Treat patients with stage 1 hypertension who
 do not have diabetes or chronic kidney
 disease

3,093,000 14,000 −122 Cost-saving Cost-saving

*
Data were calculated with the use of the Cardiovascular Disease Policy Model on the basis of a simulation of the 2014 guidelines of the Eighth 

Joint National Committee for hypertension treatment. A status quo simulation provided a projection of coronary heart disease and stroke events, 
costs, and quality-adjusted life-years (QALYs) for the U.S. adult population between the ages of 35 and 74 years during the period from 2014 
through 2024, on the assumption that untreated patients would remain untreated. ICER denotes incremental cost-effectiveness ratio.

†
In this comparison, each incremental strategy is compared with the step before it in the study model as follows: step 1, simulate status quo of no 

treatment in these patients; step 2, treat all patients with untreated hypertension and cardiovascular disease and compare with step 1; step 3, treat 
patients with stage 2 hypertension who do not have cardiovascular disease and compare with step 2; step 4, treat patients with stage 1 hypertension 
plus diabetes or chronic kidney disease and compare with steps 2 and 3 combined; and step 5, treat patients with stage 1 hypertension who do not 
have diabetes or chronic kidney disease and compare with steps 2, 3, and 4 combined.

‡
Patients in this group were included in analyses of all the other listed strategies, except for the status quo of no treatment.

§
Treatment was considered to be cost-effective if the cost was less than $50,000 per QALY. The ICER for women with stage 1 hypertension and 

cardiovascular disease was $9,000 per QALY gained for those with diabetes or chronic kidney disease and $22,000 per QALY gained for those 
without diabetes or chronic kidney disease.

N Engl J Med. Author manuscript; available in PMC 2015 July 29.


