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Cost-effectiveness of 10-Year Risk Thresholds
for Initiation of Statin Therapy for Primary Prevention
of Cardiovascular Disease
Ankur Pandya, PhD; Stephen Sy, MS; Sylvia Cho, MHS; Milton C. Weinstein, PhD; Thomas A. Gaziano, MD, MSc

IMPORTANCE The American College of Cardiology and the American Heart Association
(ACC/AHA) cholesterol treatment guidelines have wide-scale implications for treating adults
without history of atherosclerotic cardiovascular disease (ASCVD) with statins.

OBJECTIVE To estimate the cost-effectiveness of various 10-year ASCVD risk thresholds that
could be used in the ACC/AHA cholesterol treatment guidelines.

DESIGN, SETTING, AND PARTICIPANTS Microsimulation model, including lifetime time horizon,
US societal perspective, 3% discount rate for costs, and health outcomes. In the model,
hypothetical individuals from a representative US population aged 40 to 75 years received
statin treatment, experienced ASCVD events, and died from ASCVD-related or
non-ASCVD–related causes based on ASCVD natural history and statin treatment parameters.
Data sources for model parameters included National Health and Nutrition Examination
Surveys, large clinical trials and meta-analyses for statin benefits and treatment, and other
published sources.

MAIN OUTCOMES AND MEASURES Estimated ASCVD events prevented and incremental costs
per quality-adjusted life-year (QALY) gained.

RESULTS In the base-case scenario, the current ASCVD threshold of 7.5% or higher, which was
estimated to be associated with 48% of adults treated with statins, had an incremental
cost-effectiveness ratio (ICER) of $37 000/QALY compared with a 10% or higher threshold.
More lenient ASCVD thresholds of 4.0% or higher (61% of adults treated) and 3.0% or higher
(67% of adults treated) had ICERs of $81 000/QALY and $140 000/QALY, respectively.
Shifting from a 7.5% or higher ASCVD risk threshold to a 3.0% or higher ASCVD risk threshold
was estimated to be associated with an additional 161 560 cardiovascular disease events
averted. Cost-effectiveness results were sensitive to changes in the disutility associated with
taking a pill daily, statin price, and the risk of statin-induced diabetes. In probabilistic
sensitivity analysis, there was a higher than 93% chance that the optimal ASCVD threshold
was 5.0% or lower using a cost-effectiveness threshold of $100 000/QALY.

CONCLUSIONS AND RELEVANCE In this microsimulation model of US adults aged 45 to 75
years, the current 10-year ASCVD risk threshold (�7.5% risk threshold) used in the ACC/AHA
cholesterol treatment guidelines has an acceptable cost-effectiveness profile (ICER,
$37 000/QALY), but more lenient ASCVD thresholds would be optimal using
cost-effectiveness thresholds of $100 000/QALY (�4.0% risk threshold) or $150 000/QALY
(�3.0% risk threshold). The optimal ASCVD threshold was sensitive to patient preferences
for taking a pill daily, changes to statin price, and the risk of statin-induced diabetes.
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I n November 2013 the American College of Cardiology
and the American Heart Association (ACC/AHA) re-
leased new recommendations to guide statin treatment

initiation for the primary prevention of cardiovascular
disease.1 These guidelines were a departure from previous
recommendations,2 most notably for deemphasizing low-

density lipoprotein (LDL)
cholesterol thresholds to
focus on total atheroscle-
rotic cardiovascular dis-
ease (ASCVD) risk, which
is defined by new Pooled
Cohort Equations.3 The
AC C /A H A g u i d e l i n e s
established 4 categories
for statin treatment eligi-

bility for adults aged 40 to 75 years, including 10-year ASCVD
risk of 7.5% or higher. Based on the new ASCVD risk thresh-
old, Pencina et al4 estimated that 8.2 million additional
adults in the United States would be recommended for statin
treatment compared with previous recommendations.

The expansion of statin treatment eligibility under ACC/
AHA guidelines has been controversial.5 Critics have argued
that the Pooled Cohort Equations used in the guidelines sub-
stantially overestimate risk, and that, when taken in conjunc-
tion with more lenient treatment thresholds, millions of
adults in the United States would be exposed to unnecessary
statin treatment costs and risks.6,7 Although statins are gen-
erally well tolerated, recent evidence suggests that statin
treatment could increase the risk of incident diabetes.8

On the other hand, many experts have supported
expanded statin treatment under ACC/AHA guidelines, citing
evidence that statins are effective for reducing risk regardless
of LDL cholesterol or total risk levels.2,9,10 Previous studies
have shown that relatively lenient total risk treatment thresh-
olds (10-year coronary heart disease or cardiovascular risk,
≈ 5%-10%) could be cost-effective, although the use of the
Pooled Cohort Equations and the risk of statin-induced dia-
betes have not yet been assessed in cost-effectiveness
analyses.11 Therefore, our study objective was to perform a
cost-effectiveness analysis of the ACC/AHA guidelines to find
the optimal value for the 10-year ASCVD risk threshold (keep-
ing all other elements of the guidelines unchanged).

Methods
CVD Microsimulation Model
We developed a CVD microsimulation model to project the
lifetime health outcomes and CVD–related costs of 1 million
hypothetical adults (starting age, 40-75 years) in the United
States. The model was populated by weighted sampling
(with replacement) of individuals from the fasting data
samples of the 2005-2006, 2007-2008, and 2009-2010 waves
of the nationally representative National Health and Nutri-
tion Examination Surveys (NHANES).12 All other model
parameters were estimated from published sources. Table 1
lists the base-case model inputs varied in sensitivity analy-

ses. All other model inputs are shown in the Supplement
(eTable 1 and eTable 2 in the Supplement).

This structure was based on a previously published CVD
model27-29 (eMethods, eFigure 1A, and eFigure 1B in the Supple-
ment). Model input parameters were estimated based on ex-
tensive literature reviews and model calibration methods.30

Individuals without history of CVD started in the “disease-
free” health state. In this health state, individuals were as-
sumed to receive cardiovascular risk assessment as recom-
mended by the ACC/AHA—every 5 years at a routine general
physician visit until they were characterized as eligible for statin
treatment, experienced a coronary heart disease or stroke
event, or died. The ACC/AHA guidelines use an ASCVD risk
threshold of 7.5% or higher 10-year risk as part of their statin
eligibility criteria; we varied this threshold in our cost-
effectiveness analysis, keeping the other components of the
statin treatment algorithm unchanged from how they were out-
lined in the ACC/AHA guidelines.

Transitions from the disease-free state (with or without
treatment) to either coronary heart disease or stroke events
were based on total risk equations derived from the
Framingham Study.31,32 We chose to use calibrated Framing-
ham functions, and not the Pooled Cohort Equations, to
guide underlying risk in the model so that we could sepa-
rately predict coronary heart disease and stroke, which have
different implications for mortality, quality of life, and
costs. Framingham risk factors (age, smoking status, diabe-
tes, systolic blood pressure, and total and high-density lipo-
protein cholesterol) update every year for each individual in
the model; these updates were based on regressions derived
from historical NHANES data.33 Non-CVD–based mortality
was informed by age- and sex-specific US life tables.34 Acute
(ie, within 1 year of experiencing the event) and post–first-
year (ie, all years beyond the first year of the event) mortal-
ity were estimated separately.35 Repeat and subsequent
coronary heart disease and stroke events were tracked for
each individual and affected mortality, quality of life, and
costs accordingly. We decreased acute CVD mortality by
20% in sensitivity analyses to explore the statistical effect
that continued declines in CVD mortality could have on our
cost-effectiveness results.36

Model Calibration and Validation
We calibrated our model-generated CVD incidence results to
observed rates from large US cohort studies. Specifically, we
calibrated our model to 16 age- and sex-specific coronary
heart disease and stroke incidence targets from the
Framingham Offspring Study (observation years, 1980-
2003) and Atherosclerosis Risk in Communities (ARIC;
observation years, 1987-2001) cohorts.37-39 We defined an
incidence target as being met if the model-based incidence
fell within the interval between the estimates from these 2
cohorts, which had more-inclusive (Framingham Offspring
Study) and less-inclusive (ARIC) definitions of composite
CVD outcomes compared with our model. We validated our
calibrated model by comparing model-predicted overall and
CVD mortality against observed and predicted mortality
data from the NHANES III population (baseline data col-

ASCVD atherosclerotic
cardiovascular disease

CEA cost-effectiveness analysis

ICER incremental cost-effectiveness
ratio

LDL low-density lipoprotein

PSA probabilistic sensitivity analysis

QALY quality-adjusted life-years
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lected, 1988-1994; cause-specific mortality data available
through 2006).40 Model-predicted CVD mortality was
defined by the range of acute postevent mortality (ie, any

death within the first year of the event) and any postevent
death (ie, any time after the event) due to the separate esti-
mation of acute and post–first-year mortality in CVD health

Table 1. Cardiovascular Disease Simulation Model Variables Examined in Sensitivity Analyses

Variable Base-Case Valuea Distributionb Source
Statin Effectiveness and Risks

Relative risk, mean (95% CI)

CHD events 0.75 (0.71-0.78) Log normal Baigent et al,13 2005

Stroke events 0.83 (0.76-0.87) Log normal Baigent et al,13 2005

Patients with adverse event, mean %c

Mild 4.7 β Zhang et al,14 2013

Major 0.006 β Zhang et al,14 2013

Probability major adverse event is fatal,
mean %c

0.09 β Alsheikh-Ali et al,15 2005

Statin-induced diabetes, OR (95% CI) 1.09 (1.02-1.17) Log normal Sattar et al,8 2010

Annual statin costs, 2013 US $

Simvastatin, 20 mg 11 NA Redbook et al,16 2014

Market share, base-case value
(alternative scenario analysis), %d

38.5 (42.3) NA Jackevicius et al,17 2012

Atorvastin, 20 mg 110 NA Redbook et al,16 2014

Market share, base-case value
(alternative scenario analysis), %d

52.5 (57.7) NA Jackevicius et al,17 2014

Rosuvastatin, 20 mg 2277 NA Redbook et al,16 2014

Market share, base-case value
(alternative scenario analysis), %d

9.0 (0.0) NA Jackevicius et al,17 2014

CVD costs (range), 2013 US $

General practitioner screening visit 75 (52-98) γ RBRVS18

Cholesterol laboratory test 35 (17-52) γ RBRVS18

Acutec

Cardiac arrest 19 271 γ O’Sullivan et al,19 2011

Fatal myocardial infarction 17 259 γ O’Sullivan et al,19 2011

Nonfatal myocardial infarction 62 200 γ O’Sullivan et al,19 2011

Angina 29 139 γ O’Sullivan et al,19 2011

Fatal stroke 10 647 γ O’Sullivan et al,19 2011

Nonfatal stroke 20 509 γ O’Sullivan et al,19 2011

Coronary artery bypass grafting 36 872 γ O’Sullivan et al,19 2011

Percutaneous transluminal coronary
angioplasty

34 742 γ O’Sullivan et al,19 2011

Post–first-year annual cost, $

CHD 3201 (2134-5336) γ Lee et al,20 2010

Stroke 2115 (1058-3173) γ Pignone et al,21 2006

Non–Health Care Costs

Time per outpatient visit, minc

Travel 35 γ Russell et al,22 2008

Waiting 42 γ Russell et al,22 2008

Wage for adults aged >45 y (per hour),
2013 US $c

14.40 γ Bureau of Labor Statistics,23

2013
Utility Weights

Disease free

No statin treatment 1.0 β Assumption

On statin treatment 0.998 (0.991-1.0) β Gage et al,24 1996
Hutchins et al,25 2015

Cardiac arrestc 0.808 β Sullivan et al,26 2006

Myocardial infarctionc 0.778 β Sullivan et al,26 2006

Anginac 0.768 β Sullivan et al,26 2006

Strokec 0.768 β Sullivan et al,26 2006

Statin-induced diabetesc 0.800 β Sullivan et al,26 2006

Abbreviations: CHD, coronary heart
disease; CVD, cardiovascular disease;
NA, not applicable; OR, odds ratio;
RBRVS, resource-based relative
value scale.
a Upper and lower bounds used in

sensitivity analyses were based on
95% CIs unless noted otherwise in
the Methods section.

b β is a continuous statistical
distribution bounded between 0
and 1. γ is a continuous statistical
distribution with a lower bound
value of 0.

c A base-case value of ±15% was used
to create upper and lower bounds
used in sensitivity analyses because
95% CIs or other values were not
available from source data.

d Market share is defined as the
percentage of statin users assumed
to be taking the specified drug.
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states in the model. The calibration and validation methods
are described in more detail in the eMethods in the Supple-
ment.

Statin Treatment Parameters and Assumptions
If patients in the disease-free state received statin treatment,
their coronary heart disease and stroke risks were multiplied
by relative risk estimates of 0.75 and 0.81, respectively.13 We
also used an alternative statin effectiveness scenario in
which the relative risks for coronary heart disease and stroke
were based on an individual’s LDL level; this sensitivity
analysis is described in more detail in the eMethods in the
Supplement.41 Mild (myalgia or myopathy) and major (rhab-
domyolysis) adverse event rates (4.7% and 0.006%, respec-
tively) were based on a large retrospective cohort study of
statin discontinuation.14 Statins have been found to cause a
small but significant increased risk of incident type 2 diabe-
tes (odds ratio, 1.09).8 Because the short-term effect of
statin-induced diabetes on CVD is already reflected in the
hazard ratios for statins on CVD events, we only included the
quality of life (utility decrement, −0.20)26 and cost implica-
tions (additional annual costs, $4445)42 of statin-induced
diabetes in our simulation model. Individuals with statin-
induced diabetes in the disease-free state would also be at
higher long-term risk for CVD because presence of diabetes
contributes to the underlying coronary heart disease and
stroke risk equations used in the model.31,32 Statin compli-
ance was also derived from published estimates, with real-
world treatment rates of 67% in the first year of statin initia-
tion, 53% in the second year, and 50% in the third and all
subsequent years.43,44 Treatment effectiveness, adverse
event rates, and costs were both reduced proportionately
with compliance rates; these adjustments are described in
more detail in the eMethods in the Supplement.

Costs and Utilities
Like postevent mortality, CVD event costs were estimated
separately for acute and post–first-year events. Base-case
event-based cost values were estimated from a recent analy-
sis of a large, managed care population in the United States,
and Medicare reimbursement rates were used in sensitivity
analyses.19,45 The base-case statin cost ($267/y) was esti-
mated as the weighted average of the lowest Red Book
wholesale acquisition costs for generic 20-mg simvastatin
($11/y, 38.5% market share), generic 20-mg atorvastatin
($110/y, 52.5% market share), and branded rosuvastatin
($2277/y, 9.0% market share).16,17 A generic price scenario
was performed using market shares for simvastatin (42.3%)
and atorvastatin (57.7%) only, which resulted in a weighted
statin cost of $68 per year. Primary CVD screening and
statin-related, adverse event costs were composed of general
practitioner visits or laboratory fees. Non–health care costs
included travel and wait times for outpatient visits.22

Quality-of-life (ie, utility) decrements were applied to each
year spent in CVD-event states and were based on EuroQOL
5 Dimensions (EQ-5D) questionnaire estimates from the
Medical Expenditure Panel Survey.26 Event-specific utilities
were multiplied by time spent in each state to calculate

quality-adjusted life-years (QALYs). We applied a small
annual utility decrement for each year spent receiving statin
therapy based on the median standard gamble value from
stroke patients for taking aspirin therapy (0.002).24 In sensi-
tivity analyses, we used the mean (0.009) and median (no
disutility) standard gamble values from a cross-sectional
Internet survey on taking pills for CVD prevention.25 Costs
were considered from the societal perspective in 2013 US
dollars.

Base-Case Cost-effectiveness Analysis
We projected the lifetime discounted CVD–related health
care costs and QALYs accrued under 12 variations of the ACC/
AHA guidelines, which did not change except for the ASCVD
risk treatment threshold. Specifically, we evaluated the fol-
lowing ASCVD risk treatment thresholds: ≥30%, ≥20%, ≥15%,
≥10%, ≥7.5%, ≥5%, ≥4%, ≥3%, ≥2%, and ≥1%, in addition to
treating all patients and no ASCVD risk–based treatment
strategies. Incremental cost-effectiveness ratios (ICERs)
were calculated per conventional cost-effectiveness analysis
[CEA] rules; inefficient strategies were ruled out by strong
dominance (higher incremental costs and lower incremental
QALYs) or weak dominance (lower QALYs but larger ICER
than a more expensive option).46 Costs and QALYs were each
discounted at 3% as recommended by the US Panel on Cost-
Effectiveness in Health and Medicine.47 We used cost-
effectiveness thresholds of $50 000 per QALY, $100 000 per
QALY, and $150 000 per QALY to determine the optimal
screening strategy in base-case and sensitivity analyses. The
$150 000 per QALY threshold has been justified in part by
empirical evidence on surveys on willingness to pay for
health, revealed preference studies, and general increases on
health care spending, in addition to the World Health Orga-
nization recognizing 3 times the gross domestic product per
capita as an upper threshold.48

Sensitivity Analyses
We varied values for all variables (or groups of related vari-
ables) through plausible ranges, or used alternative values, to
assess the robustness of our CEA results to changes in these
input parameters. In addition to acute CVD mortality, statin
effectiveness, and the disutility with the act of taking a pill daily,
we paid particular attention to the effect of statin price and stat-
in-induced diabetes on the optimal ASCVD treatment thresh-
old. Overall model uncertainty was assessed in a probabilistic
sensitivity analysis (PSA). In the PSA, 1000 random values for
key model parameters were drawn from prespecified prob-
ability distributions (Table 1). Distributions were assigned based
on data characteristics and ability to account for distribution
skewness. The microsimulation model was programmed in Vi-
sual C++ 2005 (Microsoft).

Results
Model Calibration and Validation
Prior to model calibration, model results for CVD incidence fell
within 8 of the 16 age- and sex-specific incidence observed
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ranges. After model calibration, 13 of the 16 incidence targets
were met. In model validation analyses, model-predicted total
mortality results were within 3% for 5 of 6 targets with the ex-
ception of 10-year total mortality compared with the NHANES
III, which had a 7.1% deviation (model predicted 10-year death
for 8.1% of the population compared with 7.6% in the NHANES
III population). CVD mortality observed in the NHANES III co-
hort fell within the model-predicted ranges at 5 and 10 years.
Life expectancy for the NHANES III population was 77.8 years;
model-predicted life expectancy for the same population was
77.7 years. The Supplement shows model calibration and vali-
dation results in more detail (eFigures 2-5 and eTable 3 in the
Supplement).

Clinical Results
Under an ACC/AHA cholesterol treatment strategy that does
not include an ASCVD risk–based criterion, an estimated 8%
of adults would still be eligible for statins through other cri-
teria (history of CVD or diabetes or elevated LDL cholesterol);
the recommended ASCVD threshold of 7.5% or higher was as-
sociated with an estimate that 48% of adults would be eli-
gible for statin treatment. Strategies with higher ASCVD thresh-
olds were associated with estimates of fewer statin-induced
diabetes cases but more CVD events. When applied to the 115.4
million adults aged 40 to 75 years, shifting from the 7.5% or
higher ASCVD threshold to the 3.0% or higher ASCVD thresh-
old was associated with an estimated additional 161 560 CVD
events averted. QALYs were maximized using an ASCVD thresh-
old of 2.0% or higher even though the 1.0% or higher thresh-
old and treat all patients strategies were projected to avert more
CVD events. This can be explained as the net effect of statins

reducing cardiovascular risk but increasing adverse event risks
and the disutility of daily medication use. Table 2 shows the
base-case clinical and cost-effectiveness results.

Cost-effectiveness Analysis
The base-case ICER for the recommended ASCVD treatment
threshold of 7.5% or higher was $37 000 per QALY (compared
with the ≥10% ASCVD risk threshold), which is below the com-
monly used cost-effectiveness thresholds of $50 000 to
$150 000 per QALY.48 Per conventional incremental CEA rules,
more lenient ASCVD thresholds of 4.0% or higher (61% of adults
treated; ICER, $81 000/QALY) or 3.0% or higher (67% of adults
treated; ICER, $140 000/QALY) would be considered optimal
using cost-effectiveness thresholds $100 000/QALY or
$150 000/QALY, respectively.46,47

Table 3 shows the cost-effectiveness results using
generic statin prices ($68/y). ASCVD thresholds of 4.0% or
higher and 3.0% or higher were optimal, using cost-
effectiveness thresholds $50 000/QALY or $100 000/QALY,
respectively. The 2% or higher strategy had ICERs that would
not be considered cost-effective (ICERs: $830 000/QALY for
blended statin prices and $460 000/QALY for generic statin
prices). Figure 1 and eTable 4 in the Supplement show the
optimal ASCVD thresholds as a function of statin price using
cost-effectiveness thresholds of $50 000 per QALY, $100 000
per QALY, and $150 000 per QALY (eTable 4 in the Supple-
ment). The disutility associated with taking a pill daily also
affected the optimal ASCVD threshold. Applying a disutility
of 0.009 was projected to result in optimal ASCVD thresh-
olds ranging from 7.5% or higher to 15.0% or higher for cost-
effectiveness thresholds of $50 000 to $150,000 per QALY;

Table 2. Individual Lifetime Clinical Outcomes, QALYs, Costs, and ICERs for Base-Case Analysis

ACC/AHA ASCVD
Risk Threshold, %

Adults Statin
Eligible, %

Statin-Induced
Diabetes Casesa CVD Eventsa,b Life Expectancy, y QALYsc

Costs, 2013
US $c ICER (US $/QALY)

No ASCVD
threshold

8 0.0019 0.4493 81.237 17.276 21 310 1 [Reference]

≥30.0 34 0.0030 0.4437 81.265 17.287 21 649 Extended dominanced

≥20.0 36 0.0039 0.4405 81.293 17.299 21 898 Extended dominanced

≥15.0 39 0.0045 0.4384 81.315 17.309 22 109 24 000/QALY

≥10.0 44 0.0055 0.4365 81.341 17.320 22 455 30 000/QALY

≥7.5e 48 0.0062 0.4353 81.356 17.327 22 696 37 000/QALY

≥5.0 57 0.0072 0.4344 81.371 17.333 23 039 57 000/QALY

≥4.0 61 0.0076 0.4340 81.377 17.335 23 200 81 000/QALY

≥3.0 67 0.0080 0.4337 81.382 17.336 23 406 140 000/QALY

≥2.0 75 0.0085 0.4334 81.386 17.337 23 656 830 000/QALY

≥1.0 87 0.0091 0.4333 81.389 17.336 23 952 Strong dominancef

Treat all adults
with statins

100 0.0097 0.4332 81.391 17.334 24 225 Strong dominancef

Abbreviations: ACC/AHA, American College of Cardiology and American Heart
Association; ASCVD, atherosclerotic cardiovascular disease; ICER, incremental
cost-effectiveness ratio; QALYs, quality-adjusted life-years.
a Values indicate proportion of all adults that experience this outcome at some

point in their lifetime. Results for statin-induced diabetes cases and CVD
events correspond to the average lifetime risk of experiencing each of these
outcomes for individuals in the model population.

b Defined as nonfatal or fatal: myocardial infarction, angina, cardiac arrest,
or stroke.

c Discounted at 3%.
d Extended dominance: other, more effective strategies have lower

cost-effectiveness ratios than this strategy.
e ASCVD risk threshold used in 2013 ACC/AHA guidelines.
f Dominated: other strategies are less costly and more effective than this

strategy. Based on recommendations, strategies that are dominated by either
mechanism (strong dominance or extended dominance) are eliminated from
further consideration in a cost-effectiveness analysis.
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assuming no disutility had corresponding optimal ASCVD
thresholds ranging from 3.0% or higher to 5.0% or higher. An
odds ratio of statin-induced diabetes of 1.50 or higher was
projected to result in an optimal ASCVD threshold of 15% or
higher (ie, 39% or less of adults receiving statins) for a cost-
effectiveness threshold of $100 000 per QALY (eTable 5 in
the Supplement). The upper and lower 95% CI bounds for
this odds ratio (1.17 for the upper bound and 1.02 for the
lower bound) resulted in ICERs of $58 000 per QALY and
$25 000 per QALY for the 7.5% or higher ASCVD threshold,
respectively. Sensitivity analysis results for reduced acute
CVD mortality and statin effectiveness assumptions were
similar to base-case findings (eTable 6 in the Supplement).

The PSA results are shown in cost-effectiveness accept-
ability curves (Figure 2), which show the probabilities that
each ASCVD threshold would be considered cost-effective
from a societal standpoint for various willingness-to-pay
(ie, cost-effectiveness) thresholds. Panel A shows that the
current ASCVD threshold used in the ACC/AHA guidelines
(≥7.5%) was optimal in 52% of PSA iterations using a cost-
effectiveness threshold of $50 000 per QALY. In other
words, the 7.5% or higher ASCVD threshold was projected to
be optimal (assuming a societal willingness-to-pay value of
$50 000/QALY) in 520 of the 1000 PSA iterations. Panel B
shows that there was a higher than 99% chance that the
optimal ASCVD threshold would be 7.5% or lower (ie, at
least 48% of adults receiving statins) at the commonly used
$100 000 per QALY cost-effectiveness threshold; more than
86% of PSA iterations had an optimal ASCVD threshold
of 7.5% or lower using a cost-effectiveness threshold of
$50 000 per QALY. Panel B also shows that 93% of PSA itera-

tions had optimal ASCVD thresholds of 5% or lower at
$100 000 per QALY; 33% and 61% of PSA iterations had opti-
mal ASCVD thresholds of 3% or lower at $100 000 per QALY
and $150 000 per QALY, respectively.

Figure 1. One-Way Sensitivity Analysis Showing the Optimal ASCVD
Threshold as a Function of Statin Price
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ASCVD indicates atherosclerotic cardiovascular disease; QALY, quality-adjusted
life-years. The optimal treatment threshold (using a cost-effectiveness
threshold of $100 000/QALY) changes from �3.0% to �10.0% as statin price
increases from $150/y to $1000/y (base-case value is $268/y). Optimal
strategies are also shown for cost-effectiveness thresholds of $50 000/QALY
and $150 000/QALY. No ASCVD treatment threshold was cost-effective for
statin prices greater than $500/y using a cost-effectiveness threshold of
$50 000/QALY. No ASCVD treatment threshold was cost-effective for statin
prices greater than $1000/y using a cost-effectiveness threshold of
$100 000/QALY.

Table 3. Individual Lifetime Clinical Outcomes, QALYs, Costs, and ICERs for Generic Statin Cost ($68/y) Scenario

ACC/AHA ASCVD Risk
Threshold, %

Adults Statin
Eligible, %

Statin-Induced
Diabetes Casesa CVD Eventsa,b Life Expectancy, y QALYsc

Costs, 2013
US $c ICER (US $/QALY)

No ASCVD
threshold

8 0.0019 0.4493 81.237 17.276 20 695 1 [Reference]

≥30.0 34 0.0030 0.4437 81.265 17.287 20 808 Extended dominanced

≥20.0 36 0.0039 0.4405 81.293 17.299 20 878 Extended dominanced

≥15.0 39 0.0045 0.4384 81.315 17.309 20 942 7400/QALY

≥10.0 44 0.0055 0.4365 81.341 17.320 21 073 12 000/QALY

≥7.5e 48 0.0062 0.4353 81.356 17.327 21 169 15 000/QALY

≥5.0 57 0.0072 0.4344 81.371 17.333 21 330 27 000/QALY

≥4.0 61 0.0076 0.4340 81.377 17.335 21 406 38 000/QALY

≥3.0 67 0.0080 0.4337 81.382 17.336 21 514 72 000/QALY

≥2.0 75 0.0085 0.4334 81.386 17.337 21 651 460 000/QALY

≥1.0 87 0.0091 0.4333 81.389 17.336 21 819 Strong dominancef

Treat all adults
with statins

100 0.0097 0.4332 81.391 17.334 21 986 Strong dominancef

Abbreviations: ACC/AHA, The American College of Cardiology and the American
Heart Association; ASCVD, atherosclerotic cardiovascular disease; ICER,
incremental cost-effectiveness ratio; QALYs, quality-adjusted life-years.
a Values indicate proportion of all adults that experience this outcome at some

point in their lifetime. Results for statin-induced diabetes cases and CVD
events correspond to the average lifetime risk of experiencing each of these
outcomes for individuals in the model population.

b Defined as nonfatal or fatal: myocardial infarction, angina, cardiac arrest,
or stroke.

c Discounted at 3%.
d Extended dominance: other, more effective strategies have lower

cost-effectiveness ratios than this strategy.
e ASCVD risk threshold used in 2013 ACC/AHA guidelines.
f Dominated: other strategies are less costly and more effective than this

strategy. Based on recommendations, strategies that are dominated by either
mechanism (strong dominance or extended dominance) are eliminated from
further consideration in a cost-effectiveness analysis.

Cost-effectiveness of Varying 10-Year Risk Statin Treatment Thresholds Original Investigation Research

jama.com (Reprinted) JAMA July 14, 2015 Volume 314, Number 2 147

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/24/2022



Copyright 2015 American Medical Association. All rights reserved.

Discussion

Our model-based analyses suggest that the health benefits as-
sociated with the 10-year ASCVD risk threshold of 7.5% or
higher used in the ACC-AHA guidelines are worth the addi-
tional costs required to achieve these health gains (with an ICER
lower than the conservative $50 000/QALY threshold), and im-
portantly, that more lenient ASCVD risk thresholds of 4.0% or
higher or 3.0% or higher represent cost-effective options based
on commonly used cost-effectiveness thresholds of $100 000
per QALY and 150 000 per QALY, respectively. Shifting from
the 7.5% or higher threshold to 3.0% or higher to 4.0% or higher
was associated with an estimated additional 125 000 to 160 000
CVD events averted.

The decision to initiate statin treatment for adults with-
out CVD should ultimately be informed by both evidence-
based policies and patient preferences.9 Individuals might have
legitimate personal reasons to avoid taking statin medica-
tions despite meeting ASCVD risk thresholds.49 Our sensitiv-
ity analysis around the disutility from taking a pill daily sup-
ports this intuition. Although median values for this disutility
(0.998-1.0) were estimated to result in lenient projected opti-
mal thresholds (≥3%-≥7.5%), the mean standard gamble value
(0.991) from the survey by Hutchins et al25 was associated with
stricter projected optimal thresholds (≥7.5%-≥15.0%). In gen-
eral, we found that the projected optimal treatment thresh-
old did change based on the cost-effectiveness threshold used
(ranging from 3.0%-7.5% in the base-case analysis), but the op-
timal ASCVD threshold in this sensitivity analysis only ex-
ceeded 7.5% with the most conservative (and arguably
outdated48) threshold of $50 000 per QALY coupled with the
lower bound for utility while taking statin treatment (0.991).

The cost-effectiveness of treating such a large proportion
of the population with statins was also estimated to be sensi-

tive to statin price. In our base-case analyses we used a blend
of prices for generic and branded (market share, 9.0%), as-
suming that patients using branded drugs did so for medical
reasons. Assuming generic statin prices only, we projected that
it would be cost-effective to treat up to 61% to 67% of adults
with statins. Previous cost-effectiveness studies have found
that the price of statins is a key driver of cost-effectiveness
results.11 Specifically, Prosser et al50 used the Coronary Heart
Disease Policy model to find that statin treatment was not cost-
effective for primary prevention in the year 2000 with branded
pravastatin prices; later, Pletcher et al51 and Lazar et al52 used
versions of the same model to find statin treatment would be
cost-effective in primary prevention with fairly lenient risk
thresholds (10-year coronary heart disease [CHD] risks, 0%-
10% [depending on presence of other risk factors]) assuming
generic statin prices. Our model results are consistent with
these findings. Future guidelines should make treatment rec-
ommendations with drug prices in mind.

Our statin-induced diabetes sensitivity analysis demon-
strates the potential importance of accurately measuring the
adverse effects of statin treatment. Findings from the
JUPITER trial53 suggested that the risk of rosuvastatin-
induced diabetes was only statistically significant for indi-
viduals already at high risk for diabetes; if additional studies
for atorvastatin and simvastatin can further identify and
quantify individual-specific factors that influence this risk,
then individualized statin treatment guidelines can alter
treatment recommendations accordingly.

There have been conflicting reports on how well the
Pooled Cohort Equations used in the ACC/AHA guidelines
predict CVD risk.6,54 We projected that using ASCVD thresh-
olds would result in cost-effective cardiovascular prevention
strategies; whether this was in spite of or because of the
Pooled Cohort Equations’ ability to discriminate CVD
remains an open question. Our analysis focused on evaluat-

Figure 2. Cost-effectiveness Acceptability Curves for the Probabilistic Sensitivity Analysis
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ASCVD indicates atherosclerotic cardiovascular disease. The y-axis shows the
likelihood that strategies would be considered cost-effective for a given
cost-effectiveness (willingness-to-pay) threshold. Panel A shows the probability
of a given ASCVD threshold being optimal; the ASCVD treatment threshold of

�30% and the treat all patients with statins strategies were not optimal in any
probabilistic sensitivity analysis iterations. Panel B shows the probability that
ASCVD thresholds of 7.5% or lower, 5.0% or lower, and 3.0% or lower were
optimal.
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ing the Pooled Cohort Equations as a screening tool only. We
used calibrated CHD- and stroke-specific risk functions
derived from the Framingham Study to predict underlying
CVD risk in our simulation model, and found that our model
performed well on internal and external validity assess-
ments. Calibration and validation are important criteria for
assessing the quality and usefulness of disease models,55 but
few CHD policy models have been calibrated or validated.56

There are several limitations of our study that should be
noted. First, our calibration and validation data sources did
not go beyond the year 2006, and acute CVD mortality has
been declining over the past several decades.36,57 We
explored the statistical effect that decreased acute CVD mor-
tality would have in a sensitivity analysis and found that our
cost-effectiveness results were robust to this change,
although the true values for these inputs in future years can-
not be known with certainty in the present. Second, we
extrapolated statin benefit for patients receiving treatment
over the course of their lifetime, which is a commonly used
assumption in CVD modeling studies.11 We did, however,
assume long-term compliance rates of 50% and reduced
treatment effects accordingly. Third, we did not evaluate age-

or sex-specific treatment guidelines, even though a previous
modeling study has found that optimal treatment thresholds
vary according to these characteristics.43 Finally, we evalu-
ated 12 treatment thresholds, although it is probable that
there is a true optimal threshold that lies somewhere
between the strategies included in our study. We decided to
limit our analysis in these ways to reduce the complexity of
having age- and sex-specific thresholds with more precision.

Conclusions
In this microsimulation model of US adults aged 45 to 75
years, the current 10-year ASCVD risk threshold (≥7.5% risk
threshold) used in the ACC/AHA cholesterol treatment guide-
lines has an acceptable cost-effectiveness profile (ICER,
$37 000/QALY), but more lenient ASCVD thresholds would be
optimal using cost-effectiveness thresholds of $100 000/
QALY (≥4.0% risk threshold) or $150 000/QALY (≥3.0% risk
threshold). The optimal ASCVD threshold was sensitive to
patient preferences for taking a pill daily, changes to statin
price, and the risk of statin-induced diabetes.
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