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Petra W. Rasmussen, M.P.H., David Guzman, M.S.P.H.,
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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 treat-
ing 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 ap-
proximately 56,000 fewer cardiovascular events and 13,000 fewer deaths from car-
diovascular causes annually, which would result in overall cost savings. The projec-
tions 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 and 74 years, whereas treating women between the
ages of 35 and 44 years with stage 1 hypertension but without cardiovascular dis-
ease 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.)
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N THE UNITED STATES, MORE DEATHS

from cardiovascular causes are attributed to

elevated blood pressure than to any other risk
factor.22 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 treat-
ment of hypertension.? 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 ex-
panding treatment and improving control.*

A decade ago, the 2003 hypertension guide-
lines 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 re-
gardless of age, with the exception of more ag-
gressive treatment to a lower target in patients
with diabetes or chronic kidney disease.> The
2014 guidelines of the Eighth Joint National Com-
mittee 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 dia-
betes or chronic kidney disease (140/90 mm Hg)
(Table 1).° As compared with the recommenda-
tions in the previous guidelines, implementation
of the 2014 guidelines would make approximately
1% of young adults and 8% of older adults ineli-
gible to receive hypertension-lowering treatment.
However, an estimated 28 million adults still
would have uncontrolled hypertension according
to the relaxed standards.*

Recently, the American College of Cardiology

Table 1. Recommendations for Hypertension Treatment in the 2014
Guidelines for Adults, According to Major Treatment Group.

Age Range Blood-Pressure Treatment
Treatment Group in Study Goal for Main Analysis

Age <60 yr, without diabetes 35-59yr Diastolic <90 mm Hg
or chronic kidney disease

Age =60 yr, without diabetes 60-74 yr Systolic <150 mm Hg and

and the American Heart Association called for
the inclusion of cost-effectiveness assessments
and recommendations in practice guidelines.”
The main objective of this study was to estimate
the incremental health gains and cost-effective-
ness of implementing the strongest recommen-
dations for hypertension therapy (i.e., those based
on the results of clinical trials) in the 2014 guide-
lines 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 per-
sons 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 Supple-
mentary Appendix, available with the full text of
this article at NEJM.org.) We estimated risk-fac-
tor exposure levels and classifications according
to age and sex on the basis of survey-weighted
analyses of the National Health and Nutrition Ex-
amination Survey (NHANES)? from 2007 through
2010. The model uses competing-risk Cox propor-
tional-hazards regression equations estimated
from the results of the Framingham Heart Study
to predict the incidence of coronary heart dis-
ease, stroke, and death from noncardiovascular
causes among persons without cardiovascular
disease, on the basis of age, sex, systolic and dia-
stolic 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 revascu-
larization procedures, and death from cardiovas-
cular 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.

or chronic kidney disease diastolic <90 mm Hg BLOOD-PRESSURE VARIABLES AND TREATMENT
. . . ASSUMPTIONS
All adults, with diabetes or 35-74yr Systolic <140 mm Hg and .
chronic kidney disease diastolic <90 mm Hg In NHANES from 2007 through 2010, systolic
blood pressure was categorized as less than
448 N ENGLJ MED 372;5 NEJM.ORG JANUARY 29, 201§
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140 mm Hg, 140 to 159 mm Hg (stage 1 hyper-
tension), or 160 mm Hg or higher (stage 2 hyper-
tension). To assess the 2014 guideline recommen-
dations 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 hyper-
tension), and 100 mm Hg or higher (stage 2 hy-
pertension). Patients were considered to have un-
treated 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 medi-
cine?” 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 pressure® and that blood
pressure was lowered to a similar extent across
drug classes in comparisons of standard doses
per class.’®'t Using data from the Prospective
Studies Collaboration,'? a meta-analysis of 61
prospective studies of vascular risk factors and
cause-specific mortality involving 1 million par-
ticipants, 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.*?

We calibrated age-specific relative risks to be
within 0.02 of these estimates and overall rela-
tive risks within the 95% confidence intervals
for the summary estimates from a large meta-
analysis of randomized clinical trials of hyper-
tension treatment (see the Methods section and
Tables S2 and S3 in the Supplementary Appen-
dix).> 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 treat-
ment and placebo groups of the Systolic Hyper-
tension in the Elderly Program (SHEP) trial'3
and comparing simulated 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 pres-
sure associated with antihypertensive treatment

HYPERTENSION THERAPY

was based on the standard deviation for the
main estimated change in blood pressure ob-
served in a meta-analysis.1°

For consistency, our main analyses assumed
a medication adherence rate of 75%, as observed
in the same clinical trials that were used to es-
timate relative risks of treatment.® The costs of
hypertension treatment included medications,
monitoring, and side effects (Table S6 in the Sup-
plementary 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.!* Rates of
side effects of medications were based on a
meta-analysis of treatment trials for common
events® and on postmarketing reports for rare
events (Table S6 in the Supplementary Appendix).
We translated rates of adverse events into im-
pairments 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 assump-
tion that untreated patients would remain un-
treated. 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 conser-
vative, we assumed no change in future costs as-
sociated with these effects. In an analysis of sec-
ondary prevention, we simulated treatment to a
target blood pressure of 140/90 mm Hg in pa-
tients with hypertension who were currently un-
treated and who had a history of stroke or coro-
nary heart disease (approximately one fifth of
patients with chronic cardiovascular disease).®
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 hyperten-
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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
Stroke
Death from any cause
Age 60-74 yr

Coronary heart disease

0.73 (0.72-0.74)
0.64 (0.61-0.66)
0.86 (0.83-0.89)

0.77 (0.74-0.78)

0.70 (0.67-0.72)
0.59 (0.54-0.63)
0.76

0.74 (0.72-0.76)

0.77 (0.76-0.78)
0.69 (0.68-0.69)
0.95

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 Hgi:
Stage 2 hypertension
Age <60 yr; pretreatment, =160 mm Hg; target, 140 mm Hg; 31.0-34.7 26.0-29.4 36.0-39.9
3.0-4.0 standard-dose medications
Age =60 yr; pretreatment, =160 mm Hg; target, 150 mm Hg; 22.1-24.2 18.1-18.9 27.2-29.2
2.0-3.0 standard-dose medications
Stage 1 hypertension
Age <60 yr; pretreatment, 140-159 mm Hg; target, <140 mm Hg; 7.9-10.9 5.9-8.3 9.9-13.4
0.5-2.0 standard-dose medications
Age =60 yr; pretreatment, 150-159 mm Hg; target, <150 mm Hg; 7.1 3.2 11.0
0.5 standard-dose medication
Average diastolic blood-pressure reduction — mm Hg
Stage 2 hypertension; all ages; target, 90 mm Hg; 3.0 standard-dose 17.1 12.0 22.2
medications
Stage 1 hypertension,; all ages; target, 90 mm Hg; 1.0 standard-dose 53 3.7 6.9
medication

* Data were derived from Law et al.® 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.*?

7 Data in parentheses are the lowest and highest relative risks according to age and sex among main estimates and among estimates of up-
per and lower 95% confidence intervals. The ranges for relative risks of death from any cause are not included for the lower and upper esti-
mates because no variability according to age or sex was assumed on the basis of available evidence.

I Changes in blood pressure are dependent on the age- and sex-specific distribution of baseline blood pressures within stage 1 or stage 2 cat-
egory and the number of standard-dose antihypertensive medications required to achieve the blood-pressure goal. As a result, in some cas-
es, 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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sion 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 intermedi-
ate value, and costs of $150,000 or more per
QALY gained were considered to be of low value.”
All analyses were approached from a payer’s per-

spective. All future costs and QALYs were dis-
counted annually by 3% of the values for the previ-
ous year, according to standard practice.

All data analyses for this study involved sec-
ondary analyses of publicly available, deidenti-
fied data. For this reason, no ethics board ap-
proval was sought for this study.

SENSITIVITY ANALYSES
We used lower and upper uncertainty boundaries
for all main variables to perform one-way sensi-
tivity analyses (Table 2, and Table S6 in the Sup-
plementary Appendix). In addition, we modeled
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adherence levels that were 50% and 75% lower
than those in clinical trials, penalties for pill-
taking 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 bound-
ary 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 esti-
mate for all-cause mortality in the SHEP trial).*3
We also determined the threshold at which the
treatment of patients with cardiovascular disease
and those with stage 2 hypertension was no lon-
ger cost-saving (cost-neutral threshold). We used
probabilistic (Monte Carlo) simulation to sample
uncertainty distributions with respect to the ef-
fectiveness of blood-pressure lowering with the
use of antihypertensive drugs, the relative risk
reduction in cardiovascular disease with treat-
ment, reductions in quality of life due to side ef-
fects of medications, costs related to side effects,
and drug and monitoring costs. Uncertainty dis-
tributions were randomly sampled 1000 times,
and 95% uncertainty intervals were calculated.

RESULTS

MAIN ANALYSES
The Cardiovascular Disease Policy Model simula-
tions accurately reproduced pooled results of tri-
als of antihypertensive medications, and the SHEP
trial simulation accurately reproduced the results
of the actual trial (Tables S3 and S4 in the Supple-
mentary Appendix). On average, on the basis of
the 2014 guidelines, approximately 860,000 per-
sons with existing cardiovascular disease and hy-
pertension who are not being treated with anti-
hypertensive medications would be eligible for
treatment (secondary prevention) every year dur-
ing the period from 2014 through 2024. Treatment
with a target blood pressure of 140/90 mm Hg for
such patients was projected to prevent approxi-
mately 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 cardiovascu-

lar disease would also be eligible for treatment
(primary prevention) each year. Achieving guide-
lines targets in these patients would prevent
approximately 41,000 cardiovascular events and
7000 deaths from cardiovascular causes annu-
ally and result in cost savings, as compared with
the status quo (Table 3). Achieving treatment
goals for both primary and secondary preven-
tion would prevent about 56,000 cardiovascular
events and 13,000 deaths from cardiovascular
causes annually.

When treatment was sequentially assessed in
progressively less cost-effective strategies, incre-
mental 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 hy-
pertension 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 hyperten-
sion. Treatment was also cost-saving for second-
ary prevention in women with preexisting car-
diovascular disease and in those between the
ages of 45 and 74 years with stage 2 hyperten-
sion. In addition, treatment was cost-effective
for primary prevention in women between the
ages of 35 and 44 years with stage 2 hyperten-
sion 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 inter-
mediate 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 sav-
ings for treatment of patients with stage 2 hyper-
tension, except for women in the age group of 35
to 44 years (Fig. S3 in the Supplementary Appen-
dix). More than 98% of probabilistic simulations
were cost-effective for patients with stage 1 hy-
pertension who were 45 years of age or older,
whether male or female. About 66% of simula-
tions for men between the ages of 35 and 44
years who had stage 1 hypertension without dia-
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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).*
Change in
Newly Treated Cardiovascular ~ Cardiovascular ICER,
Patients, Events Averted, Costs, ICER, as Compared
as Compared as Compared as Compared as Compared with Previous
Strategy with Status Quo  with Status Quo  with Status Quo  with Status Quo Strategyt
no. $
Women
Treat all patients with cardiovascular disease: 161,000 6,000 -287,000 Cost-saving Cost-saving
Treat patients with stage 2 hypertension who 844,000 15,000 -552,000 Cost-saving Cost-saving
do not have cardiovascular disease
Treat patients with stage 1 hypertension plus 1,164,000 8,000 -246,000 Cost-saving Cost-effectivef
diabetes or chronic kidney disease
Treat patients with stage 1 hypertension who 2,487,000 8,000 -149,000 Cost-saving Cost-effectivef
do not have diabetes or chronic kidney
disease
Men
Treat all patients with cardiovascular disease:: 705,000 9,000 -755,000 Cost-saving Cost-saving
Treat patients with stage 2 hypertension who 1,948,000 26,000 -1,640,000 Cost-saving Cost-saving
do not have cardiovascular disease
Treat patients with stage 1 hypertension plus 1,649,000 20,000 -904,000 Cost-saving Cost-saving
diabetes or chronic kidney disease
Treat patients with stage 1 hypertension who 3,093,000 14,000 -122,000 Cost-saving Cost-saving
do not have diabetes or chronic kidney
disease

* 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-effec-
tiveness 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.

452

betes or chronic kidney disease and 92% of simu-
lations 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 hyperten-
sion 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 second-
ary prevention in patients with cardiovascular
disease) or $260 higher (for primary prevention
in patients with stage 2 hypertension).

In one-way sensitivity analyses of assump-
tions with respect to effectiveness, adherence,
costs of monitoring and medications, and side-
effect frequency, all primary prevention strate-
gies in all men and in women with stage 2 hy-
pertension were projected to be cost-effective
(Table S12 in the Supplementary Appendix).
Strategies for women with stage 1 hypertension
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Cost-saving Cost-effective Intermediate value Low value
(ICER <$50,000) (ICER =$50,000 (ICER =$150,000)
and <$150,000)
Groups without
Prior Cardiovascular
Disease Men Women
Stage 1 Stage 1 Stage 1 Stage 1
hypertension,  hypertension, hypertension,  hypertension,
Stage 2 diabetes no diabetes Stage 2 diabetes no diabetes
hypertension or CKD or CKD hypertension or CKD or CKD
33-44Yr = Cost-saving $13,000 $40,000 $26,000 $125,000 $181,000
45-59Yr  Cost-saving Cost-saving Cost-saving Cost-saving $16,000 $22,000
60—74yr  Cost-saving Cost-saving Cost-saving Cost-saving $3,000 $7,000

with Respect to Diabetes and Chronic Kidney Disease.

cost-effectiveness ratio.

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

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

between the ages of 35 and 59 years were pro-
jected to range from $51,000 to $100,000 per
QALY gained (thus falling into the intermediate-
value range) on the assumption that the dia-
stolic 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 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 inter-
mediate 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 antihyperten-
sive medications would decrease the quality of
life. The same pill-taking disutility led to a pro-
jected 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 re-
ducing mortality and morbidity associated with
cardiovascular disease in previously untreated
adults with hypertension. Effectiveness and cost
savings were mainly driven by very favorable re-
sults that we projected for secondary prevention
in patients with cardiovascular disease and for
primary prevention in patients with stage 2 hy-
pertension. In the latter group, cost savings re-
mained robust in sensitivity analyses of effective-
ness, cost, and side effects.

These findings suggest that more frequent
office visits, home blood-pressure monitoring,
pharmacist interventions, or interventions to
improve adherence'> may add substantial value,
even if they require an additional annual invest-
ment 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.
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In a hypertension-treatment protocol at Kaiser
Permanente Northern California, the use of
trained medical assistants and extended moni-
toring visits increased the proportion of patients
in whom hypertension was controlled from 44%
to 87% during a 10-year period.® A 2013 Science
Advisory of the American Heart Association, the
American College of Cardiology, and the Centers
for Disease Control and Prevention also recom-
mended the use of hypertension-treatment algo-
rithms'” for multiple-provider and multiple-
intervention approaches.

We projected that achieving the blood-pres-
sure treatment goal of 150/90 mm Hg for pa-
tients 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. Con-
troversy persists about the systolic blood-pres-
sure treatment target of 150 mm Hg in the 2014
guidelines,'® and future research must address
the question of whether a lower target is indi-
cated and, if so, in which patients.

For short-term treatment of stage 1 hyperten-
sion in patients between the ages of 35 and 44
years, our simulations projected cost-effective-
ness 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,923 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.?2+25 The methods and
reporting of this study conform to Consolidated
Health Economic Evaluation Reporting Standards
(CHEERS)?® and Quality of Health Economic
Studies instrument standards recommended for
cost-effectiveness analyses of U.S. guidelines
regarding risk factors for cardiovascular dis-
ease.”?” Effectiveness assumptions were ground-
ed in a large meta-analysis of randomized trials

of antihypertensive treatments, and the simula-
tion 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 evi-
dence from clinical trials and the need to con-
sider the complications of frailty, cognitive func-
tion, 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 attribut-
able to hypertensive heart disease, peripheral
arterial disease, or end-stage renal disease and
other noncardiovascular outcomes associated with
hypertension. Therefore, we probably underesti-
mated cost savings and QALY gains associated
with hypertension treatment. We did not analyze
effective diet and lifestyle interventions for low-
ering blood pressure in patients with hyperten-
sion,?%2° and we did not analyze the cost-effec-
tiveness or other relative merits of specific
antihypertensive medication classes or combina-
tions.3°-32 Finally, we did not analyze the poten-
tial synergistic benefits of simultaneous imple-
mentation of the 2014 hypertension guidelines
and guidelines for controlling high cholesterol,
diabetes, obesity, and other risk factors for car-
diovascular disease, nor did we assess the value
of hypertension treatment as part of an inte-
grated guideline for managing all risk factors
for cardiovascular disease on the basis of calcu-
lated global risk.2+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 annu-
ally 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 cardio-
vascular 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.
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