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IMPORTANCE The American College of Cardiology/American Heart Association (ACC/AHA)
Pooled Cohort risk equations were developed to estimate atherosclerotic cardiovascular
disease (CVD) risk and guide statin initiation.

OBJECTIVE To assess calibration and discrimination of the Pooled Cohort risk equations in a
contemporary US population.

DESIGN, SETTING, AND PARTICIPANTS Adults aged 45 to 79 years enrolled in the Reasons for
Geographic and Racial Differences in Stroke (REGARDS) study between January 2003 and
October 2007 and followed up through December 2010. We studied participants for whom
atherosclerotic CVD risk may trigger a discussion of statin initiation (those without clinical
atherosclerotic CVD or diabetes, low-density lipoprotein cholesterol level between 70 and
189 mg/dL, and not taking statins; n = 10 997).

MAIN OUTCOMES AND MEASURES Predicted risk and observed adjudicated atherosclerotic
CVD incidence (nonfatal myocardial infarction, coronary heart disease [CHD] death, nonfatal
or fatal stroke) at 5 years because REGARDS participants have not been followed up for 10
years. Additional analyses, limited to Medicare beneficiaries (n = 3333), added
atherosclerotic CVD events identified in Medicare claims data.

RESULTS There were 338 adjudicated events (192 CHD events, 146 strokes). The observed
and predicted 5-year atherosclerotic CVD incidence per 1000 person-years for participants
with a 10-year predicted atherosclerotic CVD risk of less than 5% was 1.9 (95% CI, 1.3-2.7) and
1.9, respectively, risk of 5% to less than 7.5% was 4.8 (95% CI, 3.4-6.7) and 4.8, risk of 7.5% to
less than 10% was 6.1 (95% CI, 4.4-8.6) and 6.9, and risk of 10% or greater was 12.0 (95% CI,
10.6-13.6) and 15.1 (Hosmer-Lemeshow χ2 = 19.9, P = .01). The C index was 0.72 (95% CI,
0.70-0.75). There were 234 atherosclerotic CVD events (120 CHD events, 114 strokes) among
Medicare-linked participants and the observed and predicted 5-year atherosclerotic CVD
incidence per 1000 person-years for participants with a predicted risk of less than 7.5% was
5.3 (95% CI, 2.8-10.1) and 4.0, respectively, risk of 7.5% to less than 10% was 7.9 (95% CI,
4.6-13.5) and 6.4, and risk of 10% or greater was 17.4 (95% CI, 15.3-19.8) and 16.4
(Hosmer-Lemeshow χ2 = 5.4, P = .71). The C index was 0.67 (95% CI, 0.64-0.71).

CONCLUSIONS AND RELEVANCE In this cohort of US adults for whom statin initiation is
considered based on the ACC/AHA Pooled Cohort risk equations, observed and predicted
5-year atherosclerotic CVD risks were similar, indicating that these risk equations were well
calibrated in the population for which they were designed to be used, and demonstrated
moderate to good discrimination.
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T he American College of Cardiology (ACC) and the
American Heart Association (AHA) recently published
the 2013 Guideline on the Assessment of Cardiovas-

cular Risk.1 As part of this guideline, a working group devel-
oped new equations for the prediction of 10-year atheroscle-
rotic cardiovascular disease risk, the Pooled Cohort risk
equations. These equations were derived in several
population-based cohorts that included large samples of
blacks and whites and were aimed at estimating 10-year risk
for nonfatal myocardial infarction (MI), coronary heart dis-
ease (CHD) death, and nonfatal or fatal stroke (hard athero-
sclerotic cardiovascular disease events). The 2013 ACC/AHA
cholesterol treatment guidelines recommend using the
Pooled Cohort risk equations to estimate atherosclerotic
cardiovascular disease risk and to help guide the decision to
initiate statin therapy for primary prevention in adults with-
out clinical atherosclerotic cardiovascular disease or diabe-
tes, and with a low-density lipoprotein cholesterol (LDL-C)
level between 70 and 189 mg/dL.2

Many of the studies used to develop the new atheroscle-
rotic cardiovascular disease risk equations recruited and fol-
lowed up participants before 2000, and there have been
marked declines in CHD and stroke incidence over the past 2
decades.3,4 In light of the need for new prediction models to
undergo external validation, we evaluated the calibration
and discrimination of these equations for predicting athero-
sclerotic cardiovascular disease risk in a contemporary
population-based cohort, the Reasons for Geographic and
Racial Differences in Stroke (REGARDS) study. Calibration
provides assessment of whether a risk prediction model
accurately estimates the absolute observed risk level. Dis-
crimination provides assessment of whether a risk prediction
model accurately rank orders individuals (ie, are individuals
with higher predicted risk more likely to have events). In
addition to analyses of the overall REGARDS population
without atherosclerotic cardiovascular disease at baseline,
we conducted analyses restricted to the population for which
the Pooled Cohorts risk equations are intended to inform dis-
cussions about initiating statin use (participants without
clinical atherosclerotic cardiovascular disease or diabetes,
with LDL-C levels between 70 and 189 mg/dL, and not taking
statins). To maximize event surveillance, we also conducted
analyses including atherosclerotic cardiovascular disease
events identified in Medicare claims data.

Methods
Study Population
The REGARDS study was designed to investigate reasons un-
derlying the higher stroke mortality in blacks compared with
whites and residents of the southeastern region vs other re-
gions of the United States.5 Coronary heart disease events are
being identified and adjudicated in an ancillary study.6 The
REGARDS participants were selected from a commercially
available nationwide list purchased through Genesys Inc. Cri-
teria for inclusion in the sample include having a name, tele-
phone number, and address in the Genesys database. A letter

and study brochure were sent to potential participants and tele-
phone contact was attempted approximately 2 weeks later. A
total of 30 239 adults aged 45 years or older from all 48 con-
tiguous US states and the District of Columbia were enrolled
between January 2003 and October 2007.

The inclusion criteria for the current analyses were cho-
sen to match those used in the development of the Pooled
Cohort risk equations. We restricted the analysis to partici-
pants aged 45 to 79 years without a history of CHD, stroke,
heart failure, or atrial fibrillation at baseline. A history of
heart failure was not ascertained during the REGARDS base-
line study visit. As a proxy for heart failure, we excluded
participants taking digoxin, which was determined through
baseline pill bottle review. We further excluded participants
with missing data on components of the Pooled Cohort risk
equations. The REGARDS study protocol was approved by
the institutional review boards governing research in
human subjects at the participating centers; all participants
provided written informed consent.

Data Collected at Baseline
Computer-assisted telephone interviews were administered
by trained staff and were used to collect information on par-
ticipants’ age, race, sex, smoking status, prior diagnosed co-
morbid conditions, and use of antihypertensive and antidia-
betes medications. Race was self-reported. Following the
interview, trained health professionals conducted in-home ex-
aminations that included blood pressure measurements, an
electrocardiogram, collection of a blood sample, plus a re-
view of prescription and over-the-counter medications used
during the 2-week period prior to the study visit. Blood pres-
sure was measured 2 times following a standardized protocol
and averaged for analysis. Levels of total and high-density li-
poprotein cholesterol (HDL-C), serum triglycerides, and glu-
cose were measured using the Ortho Vitros Clinical Chemis-
try System 950IRC instrument (Johnson & Johnson Clinical
Diagnostics).

For participants who fasted prior to their study visit with
serum levels of triglycerides lower than 400 mg/dL, LDL-C was
calculated using the Friedewald equation.7 For all other par-
ticipants, non–HDL-C was calculated. Diabetes was defined as
a glucose level of 126 mg/dL or higher for participants who had
fasted prior to their blood draw, a glucose level of 200 mg/dL
or higher for those nonfasting participants, or self-report of a
prior diagnosis of diabetes with current use of insulin or oral
hypoglycemic medications.

Through the pill bottle review, we identified the use of stat-
ins at baseline. Digoxin use was identified and served as a
marker for prevalent heart failure.8 Atrial fibrillation was de-
fined based on the study electrocardiogram or self-report. His-
tory of CHD at baseline was defined by self-report of MI or re-
vascularization procedure or evidence on the study
electrocardiogram of MI. History of stroke was defined by self-
report.

Data Collected During Follow-up
Living participants or their proxies were contacted every 6
months via telephone to assess new-onset stroke and CHD
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events. Consistent with the definition used to derive the
Pooled Cohort risk equations, the outcome for our primary
analyses was defined as the first atherosclerotic cardiovas-
cular disease event, which included a nonfatal or fatal
stroke, a nonfatal MI, or CHD death. Adjudication of stroke
and CHD events are currently available through December
31, 2010.

Stroke
Stroke events were identified via self-report or proxy report
of stroke, transient ischemic attack, or stroke symptoms.9,10

For reported events, hospital charts and physician office rec-
ords were retrieved for adjudication. Stroke events were con-
firmed by a panel of experts according to the World Health Or-
ganization (WHO) definition.11 Events not meeting the WHO
definition but characterized by symptoms lasting less than 24
hours with neuroimaging consistent with acute infarct or hem-
orrhage were classified as clinical strokes. The present analy-
sis included WHO-defined stroke events as well as clinical
stroke.12

Coronary Heart Disease
The CHD events (nonfatal MI or CHD death) were detected
during the follow-up telephone interviews. Medical records
were retrieved and events were adjudicated by trained clini-
cians following published guidelines.13,14 Records were
examined for the presence of signs or symptoms suggestive
of ischemia, an increasing and/or decreasing pattern in lev-
els of cardiac troponin or creatine kinase-MB over 6 or more
hours with a peak value greater than or equal to twice the
upper limit of normal, and electrocardiogram changes con-
sistent with ischemia or MI (guided by the Minnesota code
and classified as evolving diagnostic, positive, nonspecific,
or not consistent with ischemia).15,16 For deceased partici-
pants, interviews with next of kin or proxies, medical rec-
ords from the last year of life, death certificates, and
autopsy reports were reviewed to determine if stroke or
CHD was the main underlying cause of death. Only definite
or probable events were included.

Events Identified in Medicare Claims
The cohorts used to develop the Pooled Cohort risk equa-
tions had surveillance components (eg, review of hospital dis-
charges and obituaries in local newspapers) to detect athero-
sclerotic cardiovascular disease events not reported by
participants. The REGARDS study did not have this active sur-
veillance and, therefore, some atherosclerotic cardiovascular
disease events were possibly missed. To address this limita-
tion, we used Medicare-linked claims data to identify athero-
sclerotic cardiovascular disease events not detected through
routine cohort follow-up. Medicare provides health insur-
ance to adults aged 65 years or older, and to those with end-
stage renal disease or disability.

The REGARDS participants were linked to Medicare en-
rollment and claims data from 1999 through 2010 by Social Se-
curity number, sex, and date of birth. Myocardial infarctions
were defined by an overnight hospitalization in an acute care
facility with an International Classification of Diseases, Ninth

Revision (ICD-9) discharge diagnosis code of 410.xx (except
410.x2, which indicates a subsequent episode of care) in any
position and stroke events were defined by an ICD-9 dis-
charge diagnosis code of 430.xx, 431.xx, 433.xx, 434.xx, or
436.x in the primary position. These definitions have posi-
tive predictive values of greater than 90%.17-19

Statistical Analysis
Analyses were performed for the overall population and, sepa-
rately, in the subgroup for whom the 2013 cholesterol treat-
ment guidelines recommend using 10-year atherosclerotic car-
diovascular disease risk from the Pooled Cohort risk equations
to inform discussions about initiating statin use for the pri-
mary prevention of atherosclerotic cardiovascular disease (ie,
participants without atherosclerotic cardiovascular disease or
diabetes, with an LDL-C level between 70 and 189 mg/dL or, if
LDL-C was not available (n = 1255), non–HDL-C level be-
tween 100 and 219 mg/dL, and not already taking statins).2 We
calculated each participant’s predicted 10-year atheroscle-
rotic cardiovascular disease risk using the Pooled Cohort risk
equations.

Participants were categorized into 4 groups according to
their 10-year predicted atherosclerotic cardiovascular dis-
ease risk: less than 5%, 5% to less than 7.5%, 7.5% to less than
10%, and 10% or greater. Participant characteristics, includ-
ing age, race, sex, current smoking, diabetes, systolic blood
pressure, use of antihypertensive medication, total choles-
terol, HDL-C, LDL-C, and use of statins were calculated within
each 10-year predicted atherosclerotic cardiovascular dis-
ease risk group.

Because the REGARDS study has not yet completed 10
years of follow-up, we calculated observed and predicted ath-
erosclerotic cardiovascular disease incidence rates at 5 years
within the 4 atherosclerotic cardiovascular disease risk groups
described above. Observed rates were calculated using adju-
dicated events. Participants were censored at the time the first
of the following events occurred: (1) an atherosclerotic car-
diovascular disease event; (2) death; (3) their last REGARDS fol-
low-up interview; (4) 5 years of follow-up; or (5) December 31,
2010. Overall, 53.6% of REGARDS participants were censored
at 5 years of follow-up free of atherosclerotic cardiovascular
disease events. Predicted atherosclerotic cardiovascular dis-
ease incidence at 5 years of follow-up was calculated using the
Pooled Cohort risk equations and (S0(t)) at 5 years (eTable 1 in
Supplement). The observed number of atherosclerotic cardio-
vascular disease events at 5 years was adjusted for variable fol-
low-up time using the Kaplan-Meier estimate.20

The predicted number of events was calculated based on
the mean predicted atherosclerotic cardiovascular disease in-
cidence at 5 years. Next, participants were grouped into deciles
of predicted atherosclerotic cardiovascular disease risk. The
calibration of the Pooled Cohort risk equations was deter-
mined using the observed and predicted number of athero-
sclerotic cardiovascular disease events at 5 years of follow-up
in each decile and a modified Hosmer-Lemeshow χ2 statistic.21

A χ2 value of greater than 20 or a P value of less than .05 indi-
cates poor calibration. We calculated the C index to estimate
discrimination of the atherosclerotic cardiovascular disease risk
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equation.22,23 Although no thresholds exist, a C index be-
tween 0.70 and 0.80 is considered moderate to good and 0.80
or greater is considered excellent.24

The above analyses were performed for the overall popu-
lation, and separately for men and women and for whites and
blacks. Analyses were also repeated for participants residing
in the stroke belt (North Carolina, South Carolina, Georgia, Ala-
bama, Mississippi, Louisiana, Tennessee, and Arkansas) and
non–stroke-belt regions of the continental United States. Analy-
ses were repeated and limited to participants aged 65 years or
older at baseline with Medicare Part A coverage and included
adjudicated atherosclerotic cardiovascular disease events plus
events identified in the Medicare claims. Two-sided P values
of less than .05 were considered statistically significant. Analy-
ses were conducted using SAS statistical software version 9.3
(SAS Institute Inc).

Results
Study Population
We restricted the analyses to REGARDS participants aged 45
to 79 years (n = 28 044, eFigure in Supplement). After

excluding 7326 participants with a history of CHD, stroke,
atrial fibrillation, or heart failure, there were missing data for
the Pooled Cohort risk equations for 1929 participants and an
additional 291 participants without follow-up data; there-
fore, 18 498 participants were available for analysis. After
further excluding participants with diabetes, a LDL-C level of
less than 70 mg dL or of 190 mg/dL or greater, or with statin
use at baseline, there were 10 997 participants available in
the subgroup for whom the 2013 cholesterol treatment
guidelines recommend consideration of statin initiation
based on their estimated atherosclerotic cardiovascular dis-
ease risk.

At baseline, 25.0% of REGARDS participants were taking
statins. Pooled Cohort risk equation components are pro-
vided by 10-year predicted risk of atherosclerotic cardiovas-
cular disease in Table 1. Additional characteristics of
REGARDS study participants are presented in eTable 2 in
Supplement. In both populations, participants with higher
10-year predicted atherosclerotic cardiovascular disease risk
were older and a higher percentage had black race, were
men, were current smokers, and were taking an antihyper-
tensive medication.

Table 1. Baseline Characteristics of REGARDS Study Participants

10-y Predicted Risk of Atherosclerotic Cardiovascular Disease P Value
for

Trend<5% 5% to <7.5% 7.5% to <10% ≥10%
Overall population (N = 18 498)

Participants, No. (%) 4579 (24.8) 2343 (12.7) 2112 (11.4) 9464 (51.2)

Age, mean (SD), y 55.1 (5.4) 59.7 (5.6) 61.7 (5.9) 67.3 (7.0) <.001

Blacks, No. (%) 1288 (28.1) 948 (40.5) 931 (44.1) 4538 (48.0) <.001

Men, No. (%) 613 (13.4) 837 (35.7) 913 (43.2) 5361 (56.7) <.001

Current smoking, No. (%) 331 (7.2) 287 (12.3) 301 (14.3) 1751 (18.5) <.001

Diabetes, No. (%) 140 (3.1) 157 (6.7) 208 (9.9) 2791 (29.5) <.001

Systolic blood pressure, mean (SD),
mm Hg

115.9 (12.5) 121.7 (12.2) 124.9 (12.9) 132.6 (16.0) <.001

Antihypertensive medication use,
No. (%)

1102 (24.1) 875 (37.4) 962 (45.6) 5821 (61.5) <.001

Cholesterol, mean (SD), mg/dL

Total 197.2 (36.2) 197.0 (38.7) 196.3 (38.5) 194.6 (40.1) <.001

HDL 59.5 (16.4) 53.7 (15.4) 51.9 (15.1) 49.7 (15.5) <.001

LDLa 115.9 (32.2) 119.3 (33.4) 119.7 (34.4) 118.4 (35.0) .008

Statin use, No. (%) 749 (16.4) 550 (23.5) 535 (25.3) 2793 (29.5) <.001

Participants without diabetes, with
LDL-C of 70 to 189 mg/dL, and not
taking statins (n = 10 997)b

Participants, No. (%) 3453 (31.4) 1578 (14.4) 1332 (12.1) 4634 (42.1)

Age, mean (SD), y 54.8 (5.4) 59.5 (5.6) 62.0 (5.8) 67.9 (6.8) <.001

Blacks, No. (%) 980 (28.4) 661 (41.9) 593 (44.5) 1898 (41.0) <.001

Men, No. (%) 455 (13.2) 613 (38.9) 617 (46.3) 2795 (60.3) <.001

Current smoking, No. (%) 255 (7.4) 214 (13.6) 210 (15.8) 947 (20.4) <.001

Systolic blood pressure, mean (SD),
mm Hg

115.7 (12.5) 122.0 (12.2) 125.2 (13.3) 132.5 (16.2) <.001

Antihypertensive medication,
No. (%)

692 (20.0) 520 (33.0) 508 (38.1) 2414 (52.1) <.001

Cholesterol, mean (SD), mg/dL

Total 202.2 (30.8) 202.6 (31.5) 203.2 (31.4) 202.7 (30.9) .52

HDL 59.8 (16.4) 53.9 (15.5) 51.9 (15.1) 50.6 (16.2) <.001

LDLa 121.0 (26.9) 125.5 (26.6) 126.6 (26.7) 126.4 (26.8) <.001

Abbreviations: HDL, high-density
lipoprotein; LDL-C, low-density
lipoprotein cholesterol; REGARDS,
Reasons for Geographic and Racial
Differences in Stroke.

SI conversion factors: To convert
HDL, LDL, and total cholesterol to
mmol/L, multiply by 0.0259.
a These values were available for

participants who fasted prior to
their REGARDS study visit.

b There were 1255 participants who
had non-HDL cholesterol levels
between 100 and 219 mg/dL but did
not have valid LDL-C
measurements.
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Mean systolic blood pressure and LDL-C level were higher
and mean HDL-C level was lower for those with higher 10-
year predicted atherosclerotic cardiovascular disease risk. In
the overall population, a higher prevalence of diabetes and
statin use at baseline was present and total cholesterol level
was lower in participants with higher 10-year predicted risk of
atherosclerotic cardiovascular disease. Level of total choles-
terol was similar across atherosclerotic cardiovascular dis-
ease risk groups among participants considered for statin ini-
tiation based on their atherosclerotic cardiovascular disease
risk.

Pooled Cohort Risk Equations in the Overall Population
There were 674 adjudicated atherosclerotic cardiovascular dis-
ease events (382 CHD events and 292 strokes) over 79 321 person-
years of follow-up in the overall cohort. For participants with a
10-year predicted atherosclerotic cardiovascular disease risk of
less than 5%, observed and predicted 5-year incidence rates were
2.2 (95% CI, 1.7-3.0) and 2.0, respectively, per 1000 person-
years (Table 2). In higher 10-year predicted atherosclerotic car-
diovascular disease risk strata, 5-year observed risk was lower
than predicted risk. For example, for those with predicted risk

of 10% or greater, the observed and predicted risk were 12.6 (95%
CI, 12.0-14.2) and 17.8, respectively.

Calibration for the overall population was poor (Hosmer-
Lemeshow χ2 = 84.2, P<.001) (Table 2, the Figure, and eTable
3 in Supplement). The Pooled Cohort risk equations overesti-
mated risk for men and women and whites and blacks. The
C index for the overall population was 0.71 (95% CI, 0.69-
0.72) and was higher in women compared with men and whites
compared with blacks.

Pooled Cohort Risk Equations in the Population Considered
for Statin Initiation Based on Estimated Atherosclerotic
Cardiovascular Disease Risk
Among the subgroup for whom statin treatment should be con-
sidered based on atherosclerotic cardiovascular disease risk,
there were 338 adjudicated events (192 CHD events and 146
strokes) over 47 481 person-years. Calibration was better in this
clinically relevant population, with less overestimation of risk
(Hosmer-Lemeshow χ2 = 19.9, P = .01) (Table 3, the Figure, and
eTable 3). Most of the overestimation of risk occurred in deciles
7 through 10 of risk, in which participants had a 10-year pre-
dicted atherosclerotic cardiovascular disease risk of 10% or

Table 2. Observed and Predicted Incidence Rates of Atherosclerotic Cardiovascular Disease in the REGARDS Study by 10-Year Predicted Risk

10-y Predicted Risk
of Atherosclerotic
Cardiovascular
Disease, %

Events/
Person-

Years

Events in 5 y
5-Year Incidence Rate/1000

Person-Years Calibration

Discrimination,
C Index (95% CI)

KM-Adjusted
Observed Predicteda

KM-Adjusted
Observed (95% CI) Predicteda

Hosmer-
Lemeshow

χ2 P Value

All participants

<5 44/19 631 51.4 44.7 2.2 (1.7-3.0) 2.0

84.2 <.001 0.71 (0.69-0.72)
5 to <7.5 42/10 224 49.0 56.0 4.2 (3.1-5.7) 4.8

7.5 to <10 48/9202 57.1 72.2 5.0 (4.1-7.2) 6.8

≥10 540/40 264 611.8 840.6 12.6 (12.0-14.2) 17.8

Women

<5 32/17 059 38.6 35.5 1.9 (1.4-2.8) 1.8

27.9 <.001 0.74 (0.71-0.76)
5 to <7.5 23/6586 27.0 33.6 3.6 (2.4-5.4) 4.5

7.5 to <10 28/5199 34.3 38.1 5.7 (3.9-8.3) 6.4

≥10 215/17 247 246.7 319.2 12.0 (10.6-13.8) 15.6

Men

<5 12/2572 12.7 9.1 4.2 (2.4-7.3) 3.0

62.8 <.001 0.65 (0.62-0.68)
5 to <7.5 19/3638 22.0 22.4 5.3 (3.4-8.2) 5.3

7.5 to <10 20/4004 23.1 34.1 5.1 (3.3-7.8) 7.5

≥10 325/23 017 365.6 521.4 13.7 (12.3-15.3) 19.5

Blacks

<5 13/5349 15.7 14.3 2.4 (1.4-4.2) 2.2

41.9 <.001 0.68 (0.65-0.71)
5 to <7.5 16/4027 19.4 23.6 4.1 (2.5-6.7) 5.0

7.5 to <10 23/3976 28.4 32.2 6.1 (4.0-9.2) 6.9

≥10 256/18 968 293.9 404.0 13.0 (11.5-14.7) 17.8

Whites

<5 31/14 282 35.7 30.3 2.2 (1.5-3.1) 1.8

44.4 <.001 0.72 (0.70-0.75)
5 to <7.5 26/6197 29.6 32.3 4.2 (2.9-6.2) 4.6

7.5 to <10 25/5227 29.0 40.0 4.9 (3.3-7.3) 6.8

≥10 284/21 296 319.8 437.6 13.0 (11.6-14.6) 17.7

Abbreviations: KM: Kaplan-Meier; REGARDS, Reasons for Geographic and Racial Differences in Stroke.
a Determined using the Pooled Cohort risk equations.
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greater. Additionally, the Hosmer-Lemeshow χ2 indicated good
calibration among women (χ2 = 8.3, P = .41), blacks (χ2 = 11.8,
P = .16), and whites (χ2 = 14.0, P = .08). The C index was 0.72
(95% CI, 0.70-0.75) for all participants and, similar to the over-
all population, was higher in women and whites compared with
men and blacks. The Pooled Cohort risk equations performed
similarly in the stroke belt (North Carolina, South Carolina,
Georgia, Alabama, Mississippi, Louisiana, Tennessee, and Ar-
kansas) and in the remainder of the continental United States
(eTable 4 in Supplement).

REGARDS Participants With Medicare-Linked Data
Among the subset of 6121 REGARDS participants with Medi-
care-linked data, 3333 were in the subgroup for which consid-
eration of statin treatment should be based on atheroscle-
rotic cardiovascular disease risk. Due to the limited number
of participants with 10-year predicted atherosclerotic cardio-
vascular disease risk of less than 5%, we pooled participants
with less than 7.5% for these analyses. Characteristics of par-
ticipants by 10-year predicted risk are provided in eTable 5 in
Supplement.

Figure. Observed and Predicted Atherosclerotic Cardiovascular Disease Risk Among REGARDS Participants
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Medicare insurance coverage is provided in eTable 6 in Supplement.

c Medicare data are not presented due to a small sample size.
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There were 457 atherosclerotic cardiovascular disease
events (225 CHD events and 232 strokes, which includes 112
[24.5%] events identified in Medicare claims) during 27 524
person-years in the overall REGARDS population with
Medicare-linked data and 234 atherosclerotic cardiovascular
disease events (120 CHD events and 114 strokes, which
includes 57 [24.4%] events identified in Medicare claims)
during 15 094 person-years in the REGARDS population
with Medicare-linked data considered for statin treatment
based on atherosclerotic cardiovascular disease risk. For
both of these populations, the Pooled Cohort risk equations
were well calibrated (Table 4, the Figure, and eTable 6 in
Supplement).

With more complete ascertainment of events in this sub-
group, there tended to be modest underprediction of event
rates by the Pooled Cohort equations. For example, among par-
ticipants in the REGARDS population with Medicare-linked
data who could be considered for statin treatment based on
atherosclerotic cardiovascular disease risk, the observed and
predicted risk for participants with a 10-year predicted risk of

less than 7.5% was 5.3 (95% CI, 2.8-10.1) and 4.0, respectively,
risk of 7.5% to less than 10% was 7.9 (95% CI, 4.6-13.5) and 6.4,
and risk of 10% or greater was 17.4 (95% CI, 15.3-19.8) and 16.4
(χ2 = 5.4, P = .71).

Discussion
In this large, contemporary, population-based cohort of
black and white US adults, the recently published ACC/AHA
Pooled Cohort risk equations appeared to overestimate ath-
erosclerotic cardiovascular disease risk. However, differ-
ences in the observed and predicted atherosclerotic cardio-
vasc ular disease risk were small when limited to
participants without diabetes, with a LDL-C level between
70 and 189 mg/dL, and who were not already taking statins.
Calibration in this group is particularly important because it
represents the population for whom high predicted risk is
intended to trigger a discussion about statin initiation. Fur-
thermore, the observed and predicted atherosclerotic car-

Table 3. Observed and Predicted Incidence Rates of Atherosclerotic Cardiovascular Disease Among REGARDS Study Participants Without Diabetes,
With Low-Density Lipoprotein Cholesterol of 70 to 189 mg/dL, and Who Were Not Taking Statins by 10-Year Predicted Riska

10-y Predicted
Risk of
Atherosclerotic
Cardiovascular
Disease, %

Events/
Person-

Years

Events in 5 y
5-Year Incidence Rate/1000

Person-Years Calibration

Discrimination,
C Index (95% CI)

KM-Adjusted
Observed Predictedb

KM-Adjusted
Observed (95% CI) Predictedb

Hosmer-
Lemeshow

χ2
P

Value

All participants

<5 28/14 816 32.2 32.8 1.9 (1.3-2.7) 1.9

19.9 .01 0.72 (0.70-0.75)
5 to <7.5 32/6866 37.6 37.8 4.8 (3.4-6.7) 4.8

7.5 to <10 34/5853 40.8 45.7 6.1 (4.4-8.6) 6.9

≥10 244/19 946 277.6 350.3 12.0 (10.6-13.6) 15.1

Women

<5 20/12 907 23.9 25.9 1.6 (1.0-2.5) 1.7

8.3 .41 0.75 (0.71-0.79)
5 to <7.5 17/4231 19.9 21.5 4.1 (2.5-6.6) 4.5

7.5 to <10 19/3121 23.4 22.7 6.5 (4.2-10.2) 6.3

≥10 85/7877 98.4 118.6 10.7 (8.7-13.2) 12.9

Men

<5 8/1908 8.2 6.8 3.6 (1.8-7.1) 3.0

16.5 .04 0.66 (0.62-0.70)
5 to <7.5 15/2635 17.8 16.3 5.8 (3.5-9.6) 5.3

7.5 to <10 15/2732 17.6 23.0 5.7 (3.4-9.4) 7.5

≥10 159/12 069 179.5 231.7 12.9 (11.1-15.0) 16.6

Blacks

<5 7/4110 8.7 10.6 1.8 (0.8-3.8) 2.2

11.8 .16 0.69 (0.65-0.74)
5 to <7.5 14/2792 17.0 16.4 5.1 (3.0-8.7) 5.0

7.5 to <10 16/2577 19.7 20.6 6.6 (4.1-10.8) 6.9

≥10 91/8071 103.5 133.7 10.9 (8.9-13.3) 14.1

Whites

<5 21/10 706 23.6 22.2 1.9 (1.2-2.9) 1.8

14.0 .08 0.74 (0.71-0.77)
5 to <7.5 18/4074 20.8 21.4 4.5 (2.8-7.2) 4.7

7.5 to <10 18/3276 21.2 25.1 5.7 (3.6-9.1) 6.8

≥10 153/11 875 174.0 216.6 12.8 (10.9-14.9) 15.8

Abbreviations: KM, Kaplan-Meier; REGARDS, Reasons for Geographic and Racial
Differences in Stroke.
a There were 1255 participants who had non-HDL cholesterol levels between

100 and 219 mg/dL but did not have valid low-density lipoprotein cholesterol
measurements.

b Determined using the Pooled Cohort risk equations.
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diovascular disease risks were much more similar when
evaluated in participants with Medicare insurance coverage,
including the atherosclerotic cardiovascular disease events
identified in Medicare claims. In addition to demonstrating
good calibration, the Pooled Cohort risk equations had good
discrimination. These findings support the validity of the
Pooled Cohort risk equations to inform clinical management
decisions.

For risk equations to be useful in clinical practice, they
should be well calibrated so that predicted risk estimates are
similar to observed disease incidence. In the full working group
report accompanying the publication of the Pooled Cohort risk
equations, some overprediction of atherosclerotic cardiovas-
cular disease risk was noted in short-term follow-up of the
REGARDS study and the Multi-Ethnic Study of Atherosclerosis.1

Following the publication of the working group report, pre-
dicted atherosclerotic cardiovascular disease risk using the
Pooled Cohort risk equations was reported to be systemati-
cally higher than the observed risk in the Women’s Health
Study, the Physician’s Health Study, and the Women’s Health
Initiative Observational Study.25

Lack of active surveillance in these studies may have led
to the appearance of overprediction by the Pooled Cohort risk
equations because of underascertainment of events. As re-
ported recently, 3.6% (1345/37 397) of women aged 65 years or
older with Medicare Part A coverage in the Women’s Health Ini-
tiative Clinical Trial had an MI when defined by study adjudi-
cation vs 4.8% (1784/37 397) when including events identi-
fied by Medicare claims, which is a 33% higher number of
events and is similar to the 25% observed in REGARDS study.26

The primary reasons for these events not being adjudicated
were participants not reporting an event or the inability to re-
trieve hospital records for adjudication. As we demonstrated
in the current analysis, atherosclerotic cardiovascular dis-
ease risk may appear to be overestimated by the Pooled Co-
hort risk equations if all events are not identified. The pre-
dicted and observed risks were remarkably similar when
incorporating a surveillance component (ie, Medicare claims)
to provide more complete capture of all clinically relevant
events.

A second potential reason for the reported overestima-
tion of atherosclerotic cardiovascular disease risk using the
Pooled Cohort risk equations is the high prevalence of statin
use in contemporary cohorts.27 At baseline, 29.5% of the
REGARDS participants with a 10-year atherosclerotic cardio-
vascular disease risk of 10% or greater, the group in which the
overestimation of atherosclerotic cardiovascular disease risk
has been most pronounced, were taking statins. However,
the Pooled Cohort risk equations were well calibrated in the
subgroup for which these equations were designed to be
used, providing assurance of their clinical utility.

The Pooled Cohort risk equations performed well in dis-
criminating between low-risk and high-risk participants.
The C index of 0.71 for the Pooled Cohort risk equations in
the overall REGARDS study population is similar to the C
index observed for the external validation of the Framing-
ham 10-year CHD risk score used in the Adult Treatment
Panel III guidelines.28 Additionally, the C index in the cur-
rent analysis was 0.72 for the population for which the 2013
cholesterol treatment guidelines recommend consideration
of statin initiation based on atherosclerotic cardiovascular
disease risk.

The C index was substantially lower in our analyses of
REGARDS participants aged 65 years or older with Medicare
coverage. This was not surprising because discrimination is ex-
pected to be lower when risk prediction models are applied in
narrowly defined populations. Also, as noted in the 2013 ACC/
AHA Guideline on the Assessment of Cardiovascular Risk, there
are atherosclerotic cardiovascular disease risk factors that
might improve the discrimination of the Pooled Cohort risk
equations. Adding risk factors (eg, coronary artery calcium
score) to the Pooled Cohort risk equations should be exam-
ined in future analyses.

A strength of the current analyses includes the large num-
ber of REGARDS study participants residing in the continen-
tal United States. The REGARDS study enrolled community-
dwelling adults and provides high generalizability to white and
black US adults. The REGARDS cohort participant data are
linked to Medicare claims, thus providing surveillance for a
large subcohort.

Table 4. Observed and Predicted Incidence Rates of Atherosclerotic Cardiovascular Disease Among REGARDS Study Participants Linked by Medicare

10-y Predicted Risk of
Atherosclerotic
Cardiovascular Disease for
Medicare-Linked
Participants, %

Events/
Person-Years

Events in 5 y
5-Years Incidence Rate/1000

Person-Years Calibration

Discrimination,
C Index (95% CI)

KM-Adjusted
Observed Predicteda

KM-Adjusted
Observed (95% CI) Predicteda

Hosmer-
Lemeshow

χ2
P

Value
All participants (n = 6121)

<7.5 14/2601 14.7 11.3 5.3 (3.1-8.9) 4.1

11.4 .18 0.65 (0.62-0.67)7.5 to <10 19/2582 21.6 18.0 7.7 (4.9-12.0) 6.5

≥10 424/22 341 450.2 484.1 18.2 (16.6-19.9) 19.3

Those without diabetes, with LDL-C of 70 to 189 mg/dL, and who were not taking statins (n = 3333)b

<7.5 c 9.3 7.1 5.3 (2.8-10.1) 4.0

5.4 .71 0.67 (0.64-0.71)7.5 to <10 c 14.5 11.8 7.9 (4.6-13.5) 6.4

≥10 212/11 754 225.9 214.9 17.4 (15.3-19.8) 16.4

Abbreviations: KM, Kaplan-Meier; LDL-C, low-density lipoprotein cholesterol;
REGARDS, Reasons for Geographic and Racial Differences in Stroke.
a Determined using the Pooled Cohort risk equations.

b There were 1255 participants who had non-HDL cholesterol levels between
100 and 219 mg/dL but did not have valid LDL-C measurements.

c Medicare data are not presented in these cells due to a small sample size.
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The results of our study should be interpreted in the
context of its limitations. Although follow-up of REGARDS
participants is ongoing, data were only available to calculate
observed atherosclerotic cardiovascular disease risk at 5
years. Because the Pooled Cohort risk equations were
designed to estimate 10-year atherosclerotic cardiovascular
disease risk, studies are needed to ensure its accurate
calibration over a longer duration. Even though high posi-
tive predictive values have been reported for CHD and
stroke events identified using claims-based algorithms,17-19

these algorithms have not been validated in the REGARDS
study.

Therefore, it is possible that the observed atherosclerotic
cardiovascular disease risk when including Medicare events
may be overestimated, which could affect the good calibra-
tion of the Pooled Cohort that we report. We were not able to

assess the effect of statin initiation after baseline on the cali-
bration of the risk equations. Although risk prediction is a use-
ful tool for guiding preventive approaches, counseling and
treatment decisions should be individualized, as suggested by
the new cholesterol guidelines.

Conclusions
In this cohort of US adults for whom statin initiation is con-
sidered based on the ACC/AHA pooled risk equations, ob-
served and predicted 5-year atherosclerotic cardiovascular dis-
ease risks were similar, indicating that these risk equations were
well calibrated in the population for which they were de-
signed to be used, and demonstrated moderate to good dis-
crimination.
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