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IMPORTANCE Since 2013, the American College of Cardiology (ACC) and American Heart
Association (AHA) have recommended the pooled cohort equations (PCEs) for estimating the
10-year risk of atherosclerotic cardiovascular disease (ASCVD). An AHA scientific advisory
group recently developed the Predicting Risk of cardiovascular disease EVENTs (PREVENT)
equations, which incorporated kidney measures, removed race as an input, and improved
calibration in contemporary populations. PREVENT is known to produce ASCVD risk
predictions that are lower than those produced by the PCEs, but the potential clinical
implications have not been quantified.

OBJECTIVE To estimate the number of US adults who would experience changes in risk
categorization, treatment eligibility, or clinical outcomes when applying PREVENT equations
to existing ACC and AHA guidelines.

DESIGN, SETTING, AND PARTICIPANTS Nationally representative cross-sectional sample of
7765 US adults aged 30 to 79 years who participated in the National Health and Nutrition
Examination Surveys of 2011 to March 2020, which had response rates ranging from
47% t0 70%.

MAIN OUTCOMES AND MEASURES Differences in predicted 10-year ASCVD risk, ACC and AHA
risk categorization, eligibility for statin or antihypertensive therapy, and projected
occurrences of myocardial infarction or stroke.

RESULTS In a nationally representative sample of 7765 US adults aged 30 to 79 years
(median age, 53 years; 51.3% women), it was estimated that using PREVENT equations
would reclassify approximately half of US adults to lower ACC and AHA risk categories
(53.0% [95% Cl, 51.2%-54.8%]) and very few US adults to higher risk categories (0.41%
[95% Cl, 0.25%-0.62%]). The number of US adults receiving or recommended for preventive
treatment would decrease by an estimated 14.3 million (95% Cl, 12.6 million-15.9 million) for
statin therapy and 2.62 million (95% Cl, 2.02 million-3.21 million) for antihypertensive
therapy. The study estimated that, over 10 years, these decreases in treatment eligibility
could result in 107 000 additional occurrences of myocardial infarction or stroke.

Eligibility changes would affect twice as many men as women and a greater proportion

of Black adults than White adults.

CONCLUSION AND RELEVANCE By assigning lower ASCVD risk predictions, application of the
PREVENT equations to existing treatment thresholds could reduce eligibility for statin and
antihypertensive therapy among 15.8 million US adults.
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he global burden of atherosclerotic cardiovascular dis-
ease (ASCVD) necessitates attention to modifiable risk
factors, including elevated blood pressure and low-
density lipoprotein (LDL) cholesterol levels.! Since 2013, the
American College of Cardiology (ACC) and American Heart As-
sociation (AHA) have recommended statin therapy for pri-
mary prevention based on 10-year ASCVD risk, as calculated
using the pooled cohort equations (PCEs).*In 2017 and 2018,
the ACC and AHA issued additional risk-based guidelines for pri-
mary prevention with blood pressure medications or high-
intensity statins.> Although influential, the PCEs underlying
these guidelines have faced scrutiny over potential overesti-
mation of risk,® omission of important kidney and metabolic
factors,”® and the inclusion of Black race as an input.®°
Inresponse, an AHA scientific advisory group developed the
Predicting Risk of cardiovascular disease EVENTSs (PREVENT)
equations in 2023." Compared with the PCEs, the new PREVENT
equations for ASCVD incorporate the estimated glomerular fil-
tration rate (eGFR), extend the accepted age range to include
younger adults, and no longer use race as an input.''> Whereas
the PCEs were developed using 5 research cohort studies,?
PREVENT was developed using larger and more recent data-
sets derived from both research cohort studies and electronic
medical records.'!? Validation data reported by the PREVENT
investigators showed improved calibration in contemporary
populations,' but questions remain regarding external validity
given the limitations of electronic medical record data’>'* and
following recent increases in cardiovascular disease mortality.'
Although PREVENT has not yet been recommended to re-
place the PCEs, the rationale supporting current treatment
thresholds does not depend on the choice of risk equation, and
an accompanying AHA scientific statement asserted that “the
risk assessed by PREVENT may be implemented in the exist-
ing ACC/AHA prevention guideline framework.”!? Using na-
tionally representative data from the National Health and
Nutrition Examination Surveys (NHANES) of 2011 to March
2020, this study sought to estimate the number of US adults
who may experience changes in risk categories, treatment eli-
gibility, or clinical outcomes if PREVENT were to be recom-
mended without concomitant changes to treatment criteria.

Methods

Study Population

We analyzed data from NHANES 2011 to 2020, comprising se-
rial cross-sectional samples of the civilian noninstitutional-
ized US population. These data included questionnaire re-
sponses, including age, gender, race and ethnicity, and medical
history; physical examination measurements, including blood
pressure levels; laboratory testing results, including serum cho-
lesterol levels; and prescription medication data. Details on the
categorization of self-reported race and ethnicity are provided
in the eMethods in Supplement 1. NHANES suspended collec-
tion of the 2019 to 2020 survey cycle in March 2020 due to the
COVID-19 pandemic. These incomplete data from 2019 to 2020
were combined with survey data from preceding years to cre-
ate a nationally representative prepandemic sample.
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Key Points

Question How many US adults are estimated to experience
changes in treatment eligibility when evaluated using the American
Heart Association Predicting Risk of cardiovascular disease EVENTs
(PREVENT) equations vs the pooled cohort equations?

Findings In this nationally representative study of 7765 US adults
aged 30 to 79 years, it was estimated that using PREVENT would
decrease the number of US adults receiving or recommended for
statin therapy by 14.3 million and antihypertensive therapy by
2.62 million. Over 10 years, reductions in treatment eligibility
could result in an estimated 107 000 additional occurrences of
myocardial infarction or stroke.

Meaning Application of the PREVENT equations to current
risk-based treatment thresholds could reduce eligibility for statin
and antihypertensive therapy among 15.8 million US adults, with
substantial implications for public health.

Our study used data from participants examined in a morn-
ing session after fasting at least 8.5 hours. From this subsample,
we excluded participants with self-reported age younger than
30 years or older than 79 years, self-reported pregnancy, or posi-
tive urinary pregnancy test results. We also excluded partici-
pants with missing values for serum creatinine, which is needed
to calculate eGFR; total or high-density lipoprotein choles-
terol, which are required inputs for both risk equations; or tri-
glycerides, which are needed to estimate LDL cholesterol lev-
els using the Martin-Hopkins method.!” We excluded participants
with triglyceride levels above 400 mg/dL because the Martin-
Hopkins method is not recommended above this threshold.
Written informed consent was obtained following protocols ap-
proved by the National Center for Health Statistics.

Statistical Analyses

We calculated 10-year ASCVD risk predictions using the PCEs
among participants aged 40 to 79 years without prior myocar-
dial infarction or stroke and using PREVENT equations among
participants aged 30 to 79 years without prior myocardial in-
farction, stroke, or heart failure. We did not calculate other out-
puts of the PREVENT equations, which include the 30-year risk
of ASCVD or the 10- or 30-year risks of heart failure or total car-
diovascular disease. Further details about each risk equation
and their implementation are provided in the eMethods in
Supplement 1. We then compared risk predictions among par-
ticipants with valid inputs for both the PCEs and PREVENT,
including those aged 40 to 79 years with no history of myo-
cardial infarction, stroke, or heart failure. Lines of best fit were
calculated using ordinary least squares with zero intercept to
analyze calibration differences. A regression slope of more than
1 indicates that PREVENT assigned higher risk estimates,
whereas a slope of less than 1 indicates that the PCEs as-
signed higher risk estimates.

We estimated the number of US adults classified in each
ACC/AHA risk category when using either PREVENT or the
PCEs. Categories included low risk (<5.0%), borderline risk
(5.0% to <7.5%), intermediate risk (7.5% to <20%), and high
risk (20%). We then estimated eligibility for statin and anti-
hypertensive therapy using Class I recommendations from the
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2019 ACC/AHA guidelines on primary prevention,” with eligi-
bility criteria detailed in the eMethods in Supplement 1. We de-
fined treatment eligibility as individuals receiving or recom-
mended for treatment, following the approach used by Pencina
et al.'”® Based on this definition, individuals already receiving
treatment were included in eligibility counts for both PREVENT
and the PCEs and therefore did not contribute to estimates of
eligibility differences. However, some of these individuals who
qualified for risk-based treatment when evaluated using the
PCEs may not have qualified when evaluated using PREVENT.
To balance this conservative analysis, we conducted a sensi-
tivity analysis that modeled treated individuals as untreated
by adjusting their measured blood pressure and cholesterol lev-
els based on the expected changes from blood pressure
medications'® and lipid-lowering medications?°-22 (eMethods
in Supplement 1).

We estimated the expected clinical outcomes of eligibil-
ity changes for statin or antihypertensive therapy, including
changes to the 10-year incidence of ASCVD events and new-
onset diabetes. To calculate changes in the number of US adults
receiving treatment, we multiplied the number of US adults
with eligibility changes by adherence rates to treatment guide-
lines for primary prevention. Guideline adherence rates for each
treatment were calculated as the proportion of US adults re-
ceiving treatment among those recommended for treatment
after applying blood pressure and cholesterol adjustments to
model baseline untreated values. To estimate the change in 10-
year incidence for ASCVD events, we summed the absolute risk
reductions that would no longer be accrued in the newly in-
eligible population. Absolute risk reductions were derived
by multiplying the relative risk reduction associated with
therapy?32° by each patient’s absolute risk as calculated using
PREVENT. The increase in 10-year incidence for new-onset dia-
betes associated with statin therapy was assumed to be 1%
based on randomized trial data.?#2> Further details are pro-
vided in the eMethods and in eTable 3 in Supplement 1.

Lastly, we compared the populations eligible for statin
therapy when assessed using PREVENT or the PCEs by char-
acterizing their respective demographic and risk profiles among
untreated US adults with no other indications for statin therapy.
We also estimated the number of US adults eligible for statin
or antihypertensive therapy when varying the risk-based treat-
ment threshold. Population-wide estimates and CIs were ad-
justed using the NHANES survey weights and design for the
fasting subsample. Survey weights were combined across sur-
vey cycles and scaled to the April 2020 US Census count for
adults aged 30 to 79 years (eMethods in Supplement 1). This
study adhered to Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guidelines
for cross-sectional studies.

. |
Results

Study Sample

Of'the 45 462 individuals participating in NHANES cycles span-
ning 2011 to March 2020, 20 205 (44.4%) were aged 30 to 79
years. Among this age range, the fasting subsample was com-
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posed of 8459 individuals. A total of 694 participants were
excluded, including 420 (5.0%) with missing blood pressure
measurements, 119 (1.4%) with missing cholesterol or serum
creatinine measurements, 117 (1.4%) with triglyceride levels
greater than 400 mg/dL, and 38 (0.45%) who were pregnant.
The final study sample was composed of 7765 participants rep-
resenting 187 million US adults, including expected propor-
tions across gender (51.3% women) and age (median 53 + 13
years) and with oversampling of racial and ethnic minori-
tized groups (24.7% Hispanic, 22.9% Black, and 13.4% Asian
participants) (Table). Additional data on demographics, medi-
cal conditions, laboratory measures, and medications are pro-
vided in eTable 1 in Supplement 1. Characteristics of the 545
participants (7.0%) with out-of-range laboratory values are pro-
vided in eTable 2 in Supplement 1.

Comparison of Predicted Risk

Participants with valid risk estimates from both the PCEs and
PREVENT included those aged 40 to 79 years with no history
of myocardial infarction, stroke, or heart failure. Among this
population, 10-year ASCVD risk estimates calculated using
PREVENT were lower than those calculated using the PCEs
across all subgroups of age, gender, and race and ethnicity
(Figure 1). After survey adjustment, the mean 10-year ASCVD
risk calculated using PREVENT was lower than the mean risk
calculated using the PCEs (4.6% and 9.0%, respectively). Simi-
larly, the survey-weighted regression slope of 10-year ASCVD
risk calculated using PREVENT compared with that calcu-
lated using the PCEs was 0.43 (95% CI, 0.42-0.44), indicating
lower risk predictions when using PREVENT.

Bland-Altman analysis showed smaller differences in pre-
dicted risk between the PCEs and PREVENT among persons
atlow risk and greater differences among persons at high risk
(eFigure 1in Supplement 1). Relatedly, Black, male, and older
persons aged 70 to 79 years would experience larger de-
creases in risk (regression slopes of 0.41, 0.42, and 0.39, re-
spectively) compared with Hispanic persons, women, and
younger persons aged 40 to 49 years (regression slopes of 0.44,
0.45,and 0.53, respectively; eFigure 2 in Supplement 1). Most
US adults would be assigned lower risk by PREVENT than the
PCEs (Figure 2A), resulting in discordant treatment recom-
mendations (Figure 2B, 2C, and 2D). Of US adults aged 40 to
79 years with no history of myocardial infarction, stroke, or
heart failure, 53.0% (95% CI, 51.2%-54.8%) would be as-
signed to lower risk categories, although 0.41% (95% CI, 0.25%-
0.62%) would be assigned to higher risk categories.

Eligibility for Statin Therapy

The ASCVD risk threshold of 7.5% or above is used to deter-
mine ACC/AHA recommendations for statin therapy. Among
those recommended for but not receiving statin therapy, the
most common indication was predicted risk as calculated using
the PCEs (eFigure 3B in Supplement 1); less common indica-
tions included diabetes, prior ASCVD, and LDL cholesterol
level of 190 mg/dL or above. The number of US adults receiv-
ing or recommended for statin therapy would be 67.5 million
when using PREVENT compared with 81.8 million when using
the PCEs (difference, -14.3 million [95% CI, -15.9 million to
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Table. Demographic and Risk Profiles by Statin Eligibility Among US Adults Without Atherosclerotic Cardiovascular Disease (ASCVD), Diabetes,

or Statin Use and Among the Total Sample®

Eligible with Eligible with PREVENT Newly eligible No longer eligible Total sample
Characteristic® PCEs (n = 909) (n=277) (n=4) (n=636) (N =7765)
ﬁozco US population equivalent, 19293410 5020612 36968 14309766 187185493
o.
Gender, %
Women 335 42.3 81.0 30.5 51.4
Men 66.5 57.7 19.0 69.5 48.6
Median age (SD), y 64 (7.8) 70 (5.6) 68 (13.0) 63 (7.5) 52(13.1)
Age, %
30-39y 22.4
40-49y 6.7 0.4 33.8 9.0 22,6
50-59y 234 6.3 29.4 23.7
60-69y 48.7 41.0 19.6 51.4 21.0
70-75y 21.1 52.2 46.6 10.2 7.2
76-79y 3.2
Race and ethnicity, %°
Asian 4.7 4.4 4.7 5.5
Black 14.1 13.3 80.4 14.5 11.1
Hispanic 10.0 11.5 19.6 9.4 14.0
White 69.3 69.3 69.1 66.0
Other race 2.0 1.5 2.2 3.4
Median 10-y ASCVD risk (SD), %
PCEs 12.0(5.6) 18.8(6.4) 6.8(1.8) 10.4 (2.9) 5.4(10.3)
PREVENT 6.1(2.5) 9.4(2.1) 10.2 (2.5) 5.3(1.3) 2.2 (4.0)

Abbreviations: LDL, low-density lipoprotein; PCEs, pooled cohort equations;
PREVENT, Predicting Risk of cardiovascular disease EVENTs.

2 Eligibility for statin therapy was determined based on 10-year ASCVD risk
=7.5%, as calculated using the PCEs or PREVENT equations, among those
aged 40-75 years with LDL cholesterol levels between 70 and 189 mg/dL.

b Additional characteristics are provided in eTable 1in Supplement 1, including
presence of obesity, chronic kidney disease, hypertension, or diabetes;
median values for body mass index, serum creatinine, estimated glomerular
filtration rate, systolic blood pressure, hemoglobin A,, and LDL cholesterol;
smoking status; and medications for blood pressure and cholesterol.

¢ Data from the National Health and Nutrition Examination Survey 2011-2020
were survey adjusted to represent the 2020 US population (total sample
column) or the population of US adults not receiving statins and without
indications for statin therapy (remaining columns).

d Categories for race and ethnicity are mutually exclusive and were derived from
self-reported survey responses. Respondents who self-identified as Hispanic
were categorized as Hispanic American. The remaining participants were
categorized as non-Hispanic Asian, non-Hispanic Black, non-Hispanic White,
or other race, including multiracial. The non-Hispanic descriptor was omitted
for brevity.

-12.6 million]; Figure 3A). Most of this decline would occur
among men and adults aged 50 to 69 years. Black adults would
become ineligible at higher rates than White adults (-9.9% vs
-8.0%, respectively). Cross-stratifications of statin eligibility
by age, gender, and eGFR stage are shown in eFigure 4A-4C
in Supplement 1.

The number of US adults receiving statins or recom-
mended for high-intensity statin therapy would be 51.1 mil-
lion when using PREVENT compared with 55.9 million when
using the PCEs. As a result, 4.77 million (95% CI, 3.99 million-
5.54 million) US adults would be recommended for initiation
of moderate-intensity rather than high-intensity statins (eFig-
ure 5 in Supplement 1). This difference encompasses 92.8%
(95% CI, 90.0%-95.7%) of instances where high-intensity statin
initiation would have been recommended based on ASCVD risk
as calculated using the PCEs.

Eligibility for Antihypertensive Therapy

Of US adults recommended for but not receiving antihyper-
tensive therapy, many more qualified due to blood pressure
alone than due to predicted ASCVDrisk of 10% or above (eFig-

JAMA September 24,2024 Volume 332, Number 12

ure 3C in Supplement 1). The number of US adults receiving
or recommended for antihypertensive therapy would be
72.7 million when using PREVENT compared with 75.3 mil-
lion when using the PCEs (difference, -2.62 million [95% CI,
-3.21 million to -2.02 million]; Figure 3B). As with statin
eligibility, most of this decline in antihypertensive therapy eli-
gibility would occur among men and adults aged 50 to 69 years,
and a greater proportion of Black adults would become ineli-
gible compared with White adults (-2.0% vs -1.4%). The num-
ber of US adults with loss of recommended eligibility for either
statin therapy or antihypertensive therapy was estimated as
15.8 million (95% CI, 14.2 million-17.6 million). Sensitivity
analyses that excluded participants with out-of-range labora-
tory values showed similar eligibility differences for both statin
and antihypertensive therapy (eFigure 6 in Supplement 1).

Implications for New ASCVD Events

and New-Onset Diabetes

It was estimated that 40.5% of US adults recommended for pri-
mary prevention with statin therapy were receiving statins. If
this guideline adherence rate were to remain unchanged, then
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Figure 1. Marginal Distributions for Predicted 10-Year ASCVD Risk by Gender, Age, and Race and Ethnicity Among US Adults Aged 40-79 Years

With No History of Myocardial Infarction, Stroke, or Heart Failure
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A, Probability density distributions for 10-year atherosclerotic cardiovascular
disease (ASCVD) risk as calculated using the pooled cohort equations (PCEs)
and Predicting Risk of cardiovascular disease EVENTs (PREVENT) equations
among men and women aged 40-79 years with no history of myocardial
infarction, stroke, or heart failure. Data from National Health and Nutrition
Examination Survey 2011-2020 were survey adjusted to represent the 2020 US
population. B, Same as A, but stratified by age group. C, Same as A, but

stratified by race and ethnicity. Categories for race and ethnicity are mutually
exclusive and were derived from self-reported survey responses. Respondents
who self-identified as Hispanic were categorized as Hispanic American. The
remaining participants were categorized as non-Hispanic Asian, non-Hispanic
Black, non-Hispanic White, or other race, including multiracial. The
non-Hispanic descriptor was omitted for brevity.

the 14.3 million fewer recommendations for statin therapy as-
sociated with using PREVENT would translate to 5.78 million
fewer US adults receiving statins and benefiting from the 25%

jama.com

relative risk reduction for ASCVD (eTable 3 in Supplement 1).
It was estimated that, over 10 years, this decrease in statin use
would result in 77 000 additional ASCVD events and 57 800
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Figure 2. Joint Distribution of Predicted 10-Year Atherosclerotic Cardiovascular Disease (ASCVD) Risk and Discordance in ACC/AHA Treatment
Recommendations for Primary Prevention Among US Adults Aged 40-79 Years With No History of Myocardial Infarction, Stroke, or Heart Failure
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A, Cross-tabulation of US adults according to 10-year predicted ASCVD risk as
calculated using the pooled cohort equations (PCEs) or Predicting Risk of
cardiovascular disease EVENTs (PREVENT) equations among US adults aged
40-79 years with no history of myocardial infarction, stroke, or heart failure.
Cells are shaded according to total projected population count. The dotted blue
line represents concordance between the 2 equations. B, Same as A, but only
showing US adults with discordant recommendations for statin therapy
between the PCEs and PREVENT equations. Recommendations from the
American College of Cardiology (ACC) and American Heart Association (AHA)
were determined based on prior myocardial infarction (M) or stroke,
low-density lipoprotein (LDL) cholesterol levels =190 mg/dL, diabetes among
adults aged 40-75 years with LDL cholesterol levels between 70 and 189
mg/dL, or predicted ASCVD risk =7.5% among adults aged 40-75 years with
LDL cholesterol levels between 70 and 189 mg/dL. Dashed lines indicate
treatment thresholds of =7.5%. Cholesterol values were adjusted among

participants receiving lipid-lowering therapies to model baseline untreated
values. C, Same as B, but showing US adults with discordant ACC/AHA
recommendations for blood pressure (BP)-lowering medication based on stage
2 hypertension (=140/90 mm Hg) or stage 1hypertension (=130/80 mm Hg)
with either prior Ml or stroke or predicted risk =10%. Dashed lines indicate
treatment thresholds of =10%. BP values were adjusted among participants
receiving antihypertensive therapy to model baseline untreated values.

D, Same as B, but showing US adults with discordant ACC/AHA
recommendations for high-intensity statin therapy based on prior Ml or stroke,
LDL cholesterol =190 mg/dL, or predicted ASCVD risk =20% among adults
aged 40-75 years with LDL cholesterol levels between 70 and 189 mg/dL.
Dashed lines indicate treatment thresholds of =20%. Cholesterol values were
adjusted among participants receiving lipid-lowering therapies to model
baseline untreated values.

fewer occurrences of new-onset diabetes. Similarly, it was es-
timated that 2.62 million fewer recommendations for antihy-
pertensive therapy would result in 1.74 million fewer US adults
(66.6%) receiving blood pressure medications and 31 600 ad-
ditional ASCVD events (eTable 3 in Supplement 1). After ac-
counting for the multiplicative nature of successive risk re-
duction, eligibility changes to both statin and antihypertensive
therapies would result in an estimated 107 000 additional
ASCVD events, affecting more men than women (0.077% vs
0.039%), but similar proportions of Black and White adults
(0.062% vs 0.065%).

JAMA September 24,2024 Volume 332, Number 12

Treatment Eligibility With Adjustments for Treated Persons

When applying adjustments among treated persons to model
their baseline untreated values, additional instances of dis-
cordant treatment recommendations were identified. Based
on this sensitivity analysis, decreases in statin eligibility were
estimated to affect 19.4 million US adults, reflecting an addi-
tional 5.1 million individuals who are receiving statins but
would not have been eligible for initiation of statin therapy
based on their projected pretreatment risk (eFigure 7A in
Supplement 1). Similarly, decreases in eligibility for antihy-
pertensive medications were estimated to affect 6.39 million
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Figure 3. Projected Differences in Number and Proportion of US Adults Receiving or Recommended for Statin or Antihypertensive Therapies
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A, Estimated number, proportion, absolute difference, and proportion
difference in US adults receiving or recommended for statin therapy when
10-year atherosclerotic cardiovascular disease (ASCVD) risk is calculated using
the Predicting Risk of cardiovascular disease EVENTs (PREVENT) equations as
compared with the pooled cohort equations (PCEs). Data from National Health
and Nutrition Examination Survey 2011-2020 were survey adjusted to represent

the 2020 US population. B, Same as A, but for US adults receiving or
recommended for antihypertensive therapy. Data showing differences for
high-intensity statin therapy, with exclusion of out-of-range laboratory values or
with adjustments for treated persons, are shown in eFigures 5-7in

Supplement 1.

US adults, reflecting an additional 3.77 million individuals who
are receiving blood pressure medications but would not have
been eligible for initiation of antihypertensive therapy based
on their projected pretreatment risk (eFigure 7B in Supple-
ment 1). Compared with the main analysis, this represents an
additional 7.93 million individuals with eligibility changes for
either statin or antihypertensive therapy and 77500 addi-
tional ASCVD events over 10 years (eTable 3 in Supplement 1).

jama.com

Risk Profiles by Eligibility

The Table shows the demographic and risk profiles of US adults
who would be recommended for risk-based statin initiation
among those not taking statins and with no other indications
for statin therapy. Only 4 participants in the sample, represent-
ing 37 000 US adults, became newly eligible for statin therapy
when switching from the PCEs to PREVENT; all 4 had reduced
kidney function with a median eGFR of 23 mL/min/1.73 m?2.
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By contrast, 636 participants, representing 14.3 million US adults,
would no longer be recommended statin therapy due to differ-
ences in predicted risk between PREVENT and the PCEs (me-
dian risks of 5.3% and 10.4%; Table). Newly ineligible persons
had fewer risk factors compared with those who remained eli-
gible, including decreased prevalence of obesity, hyperten-
sion, and chronic kidney disease (eTable 1in Supplement 1).

Eligibility Counts by Choice of Risk Threshold

As the simulated risk threshold for statin therapy was in-
creased from 0% toward 100%, eligibility counts decreased
from 142 million eligible individuals toward 62.5 million, with
the steepest changes occurring between risk thresholds of 0%
and 10% (Figure 4A). The maximum eligibility difference was
observed at a risk threshold of 5.0%, with 15.6 million indi-
viduals eligible under the PCEs but not PREVENT. A similar pat-
tern was observed when analyzing eligibility counts for anti-
hypertensive therapy, with the maximum eligibility difference
of 3.80 million individuals observed at a risk threshold of 5.5%
(Figure 4B). Sensitivity analyses that analyzed treatment rec-
ommendations with adjustments for treated persons (Figure 4C
and 4D) showed similar trends with wider eligibility differ-
ences between PREVENT and the PCEs.

|
Discussion

US guidelines for the primary prevention of ASCVD have
evolved considerably over the past decade. Between 2013
and 2019, the ACC and AHA recommended several new strat-
egies based on absolute risk®>* that expanded treatment indi-
cations beyond prior strategies based on cholesterol and
blood pressure targets alone.?® By moving individuals below
existing treatment thresholds, PREVENT could reduce the
number of US adults receiving or recommended for statin
therapy by an estimated 14.3 million compared with the
PCEs. This decrease would effectively reverse the expansion
in statin eligibility introduced by the 2013 ACC/AHA guide-
lines, which affected an estimated 12.8 million US adults.'® It
was also estimated that 4.77 million US adults would be rec-
ommended for initiation of statin therapy with moderate-
intensity rather than high-intensity statins, including nearly
all instances (92.8%) where high-intensity statins would have
been recommended based on the PCEs. A smaller reduction
of 2.62 million was estimated for the number receiving or
recommended for antihypertensive therapy, likely owing to
the narrow blood pressure range at which risk-based criteria
are applied.

Changes in eligibility for preventive therapies carry the po-
tential for both benefit and harm. On the one hand, reduction
of LDL cholesterol levels results in decreased cardiovascular risk
at all baseline levels of LDL cholesterol,%”! and recent data sug-
gest that these low-cost®? and highly effective drugs® remain
underprescribed in the US population.3#-*> Reduced eligibility
for and dosages of statin therapy therefore raise concerns about
decreased lipid control contributing to greater ASCVD burden.
On the other hand, overtreatment in low-risk populations may
resultin adverse effects, such asincreased diabetes risk,>® which
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is part of the justification for more conservative risk thresh-
olds recommended by some organizations.>¢-3” Similar trade-
offs exist when considering the pharmacologic treatment of hy-
pertension, which targets the modifiable risk factor contributing
most to ASCVD deaths,>® but may also cause orthostatic hypo-
tension, organ ischemia, or sexual dysfunction.*® The study es-
timated that, over 10 years, decreases in statin and antihyper-
tensive therapy eligibility could result in 107 000 additional
cases of myocardial infarction or stroke and 57 800 fewer cases
of new-onset diabetes.

These results did not include young adults aged 30 to 39
years, who are not recommended for primary prevention re-
gardless of ASCVD risk. However, the inclusion of these younger
ages as acceptable age inputs for the PREVENT equations is
noteworthy, especially in light of growing evidence that long-
term achievement of lower LDL cholesterol levels is associ-
ated with improved cardiovascular outcomes.*%%! The study
found that young adults would mostly be assigned low risk by
PREVENT, with almost none aged 30 to 39 years exceeding a
risk threshold of 7.5%. Although risk estimates earlier in life
may still provide valuable information for counseling pa-
tients, our results suggest that very few young adults would
be recommended for pharmacologic intervention.

The implications of removing race as an input also war-
rant discussion. The PCEs were developed using a gender- and
race-stratified design to reflect differences in risk that per-
sisted after controlling for other inputs.*? Race was removed
because it is a social construct and an imprecise proxy for ge-
netics, behaviors, or the effects of racism.?° Still, some were
concerned that removal of race could degrade predictive per-
formance and worsen disparities in statin prescribing.** Vali-
dation data for PREVENT showed greater underestimation of
ASCVD risk among Black adults compared with White adults
(calibration slopes 0of 1.26 and 1.06), a difference that was less
pronounced for the race-calibrated PCEs (calibration slopes of
0.56 and 0.52)." These data are consistent with study find-
ings of greater decreases in predicted risk and treatment eli-
gibility for Black adults compared with White adults when
using PREVENT. Differences by race were smaller than differ-
ences by age and gender, and the study did not find a signifi-
cant difference in the proportions of Black and White adults
who may experience additional myocardial infarction or stroke.
Still, eligibility differences by race are concerning given long-
standing disparities in cardiovascular disease treatment** and
outcomes.*> Future efforts are therefore needed to investi-
gate and monitor for differential effects of new risk equations
on medication prescribing and access.

Study estimates of eligibility changes and associated clini-
cal outcomes are likely conservative. First, the main analysis
did not consider eligibility changes among individuals cur-
rently receiving treatment. This may undercount individuals
who were initiated on the basis of predicted risk with the PCEs,
but would not have been initiated with PREVENT. Beyond the
15.8 million US adults with decreased eligibility and 107 000
ASCVD events projected in the main analysis, the study’s sen-
sitivity analysis estimated an additional 7.93 million adults who
are currently receiving statins or blood pressure medications
would not have been eligible for these treatments when
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Figure 4. Estimated Number of US Adults Eligible for Statin or Antihypertensive Therapy by Choice of Risk Threshold
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A, y-Axis shows number of US adults receiving or recommended for statin therapy on ACC/AHA criteria, including predicted 10-year ASCVD risk. C, Same as A, but for

when evaluated using ACC/AHA criteria, including predicted 10-year ASCVD risk US adults recommended for statin therapy. Cholesterol values were adjusted
higher than the corresponding risk threshold on the x-axis when calculated using among participants receiving lipid-lowering therapies to model baseline untreated
the PCEs or PREVENT. Shading represents 95% Cls. Data from NHANES measurements. D, Same as B, but for US adults recommended for

2011-2020 were survey adjusted to represent the 2020 US population. B, Same as antihypertensive therapy. BP values were adjusted among participants receiving
A, but for US adults receiving or recommended for antihypertensive therapy based  antihypertensive therapies to model baseline untreated measurements.
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applying PREVENT to their pretreatment values, translating
toafurtherincrease of 77 500 ASCVD events. Second, this study
did not consider the clinical implications of decreased eligi-
bility for high-intensity statins, which would confer addi-
tional risk reductions for ASCVD and risk increases for new-
onset diabetes. Third, this study only evaluated ACC/AHA
Class I recommendations. Further changes could also be as-
sociated with application of PREVENT to ACC/AHA Class Ila/
1Ib recommendations (eg, for persons at borderline risk with
risk-enhancing factors)® and recommendations issued by other
organizations (eg, for aspirin therapy).*®

Limitations

This study has limitations. First, PREVENT is not currently rec-
ommended to replace the PCEs, although the AHA has pro-
posed its inclusion in future guidelines with potentially re-
vised risk thresholds.!? Current ACC/AHA risk thresholds are
based on randomized trial data and therefore do not depend
on the choice of risk equation,*” but they may still be revised
in light of new data on risks and benefits.** Earlier analyses
have alsoindicated that statin therapy may be associated with
positive net benefit*” and favorable cost-effectiveness*® at
ASCVD risk thresholds below 7.5% or even 5%. Second, this
study did not evaluate the PREVENT equations using addi-
tional optional predictors, such as hemoglobin A, urine
albumin-to-creatinine ratio, and zip code. However, since
all variations of the PREVENT equations were similarly
calibrated," they would likely yield similar results. Third,

Statin and Antihypertensive Therapy Eligibility With the PREVENT Cardiovascular Risk Equations

ACC/AHA guidelines recommend risk discussion involving
shared decision-making with patients, which does not al-
ways result in initiation of therapy. Relatedly, treatment de-
cisions may be based directly on risk-enhancing factors® or
clinical trial findings® rather than guideline-recommended risk
thresholds. Fourth, estimates of clinical outcomes are contin-
gent on several assumptions, including accurate estimates of
relative risk reductions and consistent adherence rates to treat-
ment guidelines. Fifth, prescription medication data from
NHANES did not include indications or dosages, limiting our
analyses of participants receiving preventive therapies.
Lastly, the study relied on prepandemic data from NHANES,
which may not be accurate or representative of the current
US population.

. |
Conclusions

With no change to current risk-based treatment thresholds,
widespread adoption of the PREVENT equations for ASCVD risk
could reduce eligibility for statin and antihypertensive thera-
piesamong an estimated 15.8 million US adults and thereby in-
crease the rate of major adverse cardiovascular events. Al-
though PREVENT advances the important goal of more accurate
and precise cardiovascular risk prediction, the magnitude of
these projected changes warrants careful reconsideration of cur-
rent treatment thresholds using decision-analytic or cost-
effectiveness frameworks.*”->°
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