
Published online October 30, 2019

The Accuracy of Cardiovascular Pooled Cohort Risk
Estimates in U.S. Older Adults
Michael G. Nanna, MD , Eric D. Peterson, MD, MPH, Daniel Wojdyla, MS, and
Ann Marie Navar, MD, PhD

Duke Clinical Research Institute, Duke University School of Medicine, Durham, NC, USA.

BACKGROUND: The ACC/AHA guidelines for primary pre-
vention rely on the Pooled Cohort Risk Equations (PCE) risk
estimates of atherosclerotic cardiovascular disease (ASCVD)
to guide treatment decisions. In light of the PCE being de-
rived in younger populations, their accuracy in older adults
is uncertain.
OBJECTIVE: To evaluate the predictive accuracy and cal-
ibration of the PCE in older individuals.
DESIGN AND SETTING: We estimated CVD predicted
and observed risk among individuals from four large pro-
spective cohort studies: Cardiovascular Health Study,
Multiethnic Study of Atherosclerosis, Framingham Origi-
nal, and Framingham Offspring.
PARTICIPANTS: 12,527 overall individuals without
ASCVD, including 9864 individuals aged 40–74 years
and 2663 aged ≥75 years.
MEASUREMENTS: We examined the operating charac-
teristics of the PCE to estimate 5-year risk of stroke, MI,
and CHD death overall and by age and sex strata. The
associations between individual components of the PCE
and cardiovascular events by age group (≥75 vs 40–
74 years) were also evaluated.
RESULTS: The PCE had low discrimination for 5-year
ASCVD risk in older (≥75 years) (c-statistic = 0.62, 95%
CI 0.60–0.65) vs. younger (40–74 years) adults (c-statis-
tic = 0.75, 95% CI 0.73–0.76). Calibration of the PCE was
suboptimal in both older and younger adults, overesti-
mating risk in the highest risk groups. Performance of
the PCE in older adults was similarly poor when stratified
by sex and age≥ 80 years.
LIMITATIONS: Since the PCE were derived from similar
cohorts, though using different age groups and exams, this
analysis likely overestimates the performance of the PCE.
CONCLUSION: The performance of the PCE for ASCVD
risk estimation in older adults is suboptimal; newmodels
to effectively risk-stratify older adults are needed.
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T here are more than 20 million Americans ≥75 years old,
including more than 6 million individuals 85+ years old.1

Cardiovascular disease (CVD) remains the number one cause
of death among older Americans.2 The current American
College of Cardiology.
(ACC)/American Heart Association (AHA) guidelines rely

on the Pooled Cohort Risk Equations (PCE) as the main tool
for estimating primary prevention treatment thresholds. Nev-
ertheless, the PCE were developed based on a middle-aged
population (40–79 years, mean age 56 years)3 and no studies
have been dedicated to comparing their use specifically among
older adults ≥75 years old. Furthermore, a number of studies
have suggested that the PCE may overestimate CVD risk in
general, but particularly in females.4, 5

We used data from the National Heart, Lung, and Blood
Institute’s Pooled Cohorts (Cardiovascular Health Study
[CHS]-Visit 3, Multi-Ethnic Study of Atherosclerosis [ME-
SA]-Exam 1, Framingham Original Exam 24, and Framing-
ham Offspring Exam 7) to: 1) compare the performance of the
PCE for predicting cardiovascular risk (ischemic stroke, myo-
cardial infarction [MI], and cardiovascular death) in older
adults (≥75 years old) with younger adults (40–74 years
old); 2) investigate whether truncating age at 79 years rather
than using chronologic age in the equation improved perfor-
mance of the PCE in older adults (≥75 years); 3) assess
performance of the PCE for predicting cardiovascular risk in
individuals ≥80 years old, females ≥75 years old, and males
≥75 years old; and 4) evaluate whether the association be-
tween the individual risk factors included in the PCE and CVD
events differed between younger (40–74 years old) and older
(≥75 years) patients.

METHODS

Data Description

The original PCE were developed using data from the Athero-
sclerosis Risk in Communities Study (ARIC), the Coronary
Artery Risk Development in Young Adults Study (CARDIA),
CHS (baseline or year 2 exam), Framingham original (visit
cycle 11), and Framingham Offspring (Visit cycles 1 and 3,
where the participant could be included twice if event free at
visit 3). We included PCE data from four more recent follow-
up exams that included patients over the age of 75 years old
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and had at least 5-years of follow-up: 1) CHS Visit 3 (1992–
1993); 2) MESA Exam 1 (2000–2002); 3) Framingham Orig-
inal Exam 24 (1995–1998); and 4) Framingham Offspring
Exam 7 (1998–2001). These datasets were selected to utilize
the most contemporary data available while still maintaining a
minimum of 5 years of follow-up and containing the informa-
tion needed to calculate the PCE.6 Inclusion criteria for the
cohorts (≥75 vs. 40–74 years old) were patients who had
≥5 years follow-up and no history of established atheroscle-
rotic cardiovascular disease (ASCVD) at the time of enroll-
ment, with a known status for common risk factors including
hyperlipidemia, hypertension, diabetes, and smoking
(≥75 years old, N = 2667; 40–74 years old, N = 9865). Miss-
ingness in the final population was minimal with four patients
missing systolic blood pressure (SBP) and/or diastolic blood
pressure (DBP) in the ≥75 year-old cohort (final analysis
population N = 2663) and one patient missing high-density
lipoprotein cholesterol (HDL-C) in the 40–74 year-old cohort
(final analysis population N = 9864).

Covariates

We included the following baseline characteristics in the pop-
ulation of older adults: age, sex, race, body mass index, blood
pressure, diabetes, smoking, medications, lipids levels, and
creatinine clearance. Variables included for calculation of the
PCE include gender, age, race, SBP, anti-hypertensive treat-
ment, diabetes, smoking, total cholesterol (mg/dL), and HDL-
C (mg/dL).

Outcome(S)

The ASCVD PCE 5-year risk calculation has been previously
described7 and was used in the original validation of the PCE.8

The equation predicts “hard” ASCVD risk, meaning the risk
of first occurrence of nonfatal MI, stroke (including fatal and
non-fatal), and coronary heart disease (CHD) death. For that
reason, our primary outcome of interest was a real-world
composite of CHD death, fatal and non-fatal MI, and fatal
and non-fatal stroke at 5 years compared to the event rate
predicted by the PCE.

Statistical Analysis

Baseline characteristics of participants 40–74 years old vs.
≥75 years were summarized for continuous variables with
median and quartiles, and compared using the Wilcoxon test.
Categorical variables were summarized as frequencies and
percentages, and compared using chi-square test. For each
participant, the predicted probability of having an MI, stroke,
or CHD death event within the first 5 years of follow-up was
computed using the ACC/AHA PCE. We used the Kaplan-
Meier method to compute the observed probability of having
an event within the first 5 years of follow-up with 95%
confidence intervals (CIs) for individuals ≥75 years overall,
stratifying by sex. The analyses for the overall population were

carried out two ways: 1) using actual chronologic age for
individuals >79 years (for whom the equation was not previ-
ously validated); and 2) truncating at age 79 by substituting
age 79 for those ≥80 years. Performance of the PCE was also
tested in the 80+ year-old subgroup. In addition, we calculated
cumulative incidence rates in order to account for the compet-
ing risk of non-cardiovascular death and compared those
absolute event rates to the Kaplan-Meier estimates and PCE
predicted rates.
For comparison with younger adults, we also assessed

discrimination and calibration of the PCE for individuals 40–
74 years old from the same cohorts at the same exams. Cali-
bration was assessed using p values comparing observed and
expected rates based on the Greenwood-Nam-D’Agostino
calibration test 9, and discrimination assessed using the C-
statistic.
To better understand variability of risk predictors between

older and younger adults, we examined the association be-
tween each factor in the PCE and CVD risk by age group. For
each of these factors, we report the unadjusted and adjusted
hazard ratio (HR) with 95% CI and univariate c-index, strat-
ified by younger (40–74 years) vs. older (≥75 years) adults.
Adjusted HRs for each risk factor were compared between the
two age groups by testing interactions in a Cox regression
model including main effects for all risk factors and interac-
tions of each risk factor with age group.

RESULTS

PCE Performance in Older Adults

We evaluated 2663 adults aged >75 years in the pooled
cohorts (59% female; median age 78, interquartile range
[IQR] 76–82) and 9884 adults aged 40–74 years (56% female;
median age 62, IQR 54–70) without any pre-existing history
of ASCVD. Baseline characteristics by age strata are provided
in Table 1. Older patients (≥75 years) were more frequently
white (76.6% vs. 64.8%, p < 0.0001), with lower body mass
index (median 26.0 vs. 27.5, p < 0.0001), higher blood pres-
sure (median SBP 137 mmHg vs. 124 mmHg, p < 0.0001),
more diabetes (12.4% vs. 10.6%, p = 0.008), lower estimated
glomerular filtration rate (53.1 vs. 80.8, p < 0.0001), and were
less frequently on lipid-lowering medications (11.5% vs.
14.0%, p = 0.0009).
The PCE were less able to discriminate patients with vs.

without 5-year CVD events among older adults ≥75 years old
(c-statistic = 0.62, 95% CI 0.60–0.65; Fig. 1A) compared with
improved discrimination among younger patients from the
same cohorts (c-statistic = 0.75, 95% CI 0.73–0.76; Fig. 1B).
Poor calibration in both populations (≥75 years: Chi square =
60.37, p < 0.0001; 40–74 years: Chi-square = 55.36, p <
0.0001) was driven by overestimation of risk in the highest
risk individuals. Overestimation of risk by the PCE among
patients ≥75 years old was even more pronounced when the
competing risk of non-cardiovascular death was accounted for
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(eTable 1). When age was truncated at 79 years for the popu-
lation overall (i.e., substituting age 79 for individuals
≥80 years), discrimination remained poor (c-statistic = 0.61,
95% CI 0.59–0.63), though calibration of the PCE improved
(Chi-square = 9.84, p = 0.36; eFigure 1).

When the PCE was applied to only those aged ≥80 years
(N = 904), both discrimination (c-statistic 0.60, 95% CI 0.56–
0.63) and calibration (Chi-square = 38.0, p < 0.0001)
remained poor (eFig. 2). Risk-overestimation was again driven
by over-estimation of risk in the highest risk subjects with

Table 1. Baseline characteristics by age group.

Characteristic Older
≥75 years old
(N = 2663)

Younger
40–74 years old
(N = 9864)

p value

Study cohort <0.0001
CHS 1199 (45.0%) 1589 (16.1%)
Framinghan Offspring 205 (7.7%) 2587 (26.2%)
Framinghan Original 311 (11.7%) 0 (0.0%)
MESA 948 (35.6%) 5688 (57.7%)

Sex (female) 1568 (58.9%) 5492 (55.7%) 0.0031
Age (median, 25th–75th) 78, 76–82 62, 54–70 –
Race <0.0001
White 2041 (76.6%) 6289 (63.8%)
African-American 296 (11.1%) 1650 (16.7%)
Other* 326 (12.2%) 1925 (19.5%)

BMI (median, 25th–75th) 26.0, 23.3–29.0 27.5, 24.6–30.9 <0.0001
SBP (median, 25th–75th) 137, 122–152 124, 112–138 <0.0001
DBP (median, 25th–75th) 69, 63–76 73, 66–80 <0.0001
SBP ≥140 1194 (44.8%) 2255 (22.9%) <0.0001
DBP ≥90 98 (3.7%) 514 (5.2%) 0.0012
SBP/DBP ≥140/90 1201 (45.1%) 2361 (23.9%) <0.0001
On BP meds 1243 (46.7%) 3263 (33.1%) <0.0001
Total cholesterol (median, 25th–75th) 197, 173–223 197, 175–221 0.9085
HDL-C (median, 25th–75th) 52, 43–62 50, 41–61 <0.0001
Triglycerides (median, 25th–75th) 117, 83–160 114, 80–164 0.0656
LDL-C (median, 25th–75th) 117, 96–140 119, 98–140 0.0863
LDL-C ≥ 130 932 (35.0%) 3554 (36.0%) 0.5513
On lipid-lowering meds 306 (11.5%) 1378 (14.0%) 0.0009
Diabetes 331 (12.4%) 1047 (10.6%) 0.0079
Current smoker 144 (5.4%) 1348 (13.7%) <0.0001
eGFR (median, 25th–75th) 53.1, 43.6–64.0 80.8, 66.5–98.6 <0.0001

BMI, body mass index; CHS, Cardiovascular Health Study; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; MESA, Multi-Ethnic Study of Atherosclerosis; SBP, systolic blood pressure
*Includes Asian and other non-White or Black races.

Fig. 1 A. Risk Prediction among Older Adults (≥75 years): Calibration of the Pooled Cohort Equations This figure demonstrates the
performance of the PCE among older adults (≥75 years old). Calculations are made using the patients chronologic age (including patients
>79 years). Calibration chi-square: 60.37, p < 0.0001 CHD, coronary heart disease; MI, myocardial infarction; PCE, Pooled Cohort Risk

Equations. B. Risk Prediction among U.S. Adults (Age 40–74 Years): Calibration of the Pooled Cohort Equations This figure demonstrates the
calibration of the PCE among adults (40–74 years old). Calibration chi-square: 55.36, p < 0.0001 CHD, coronary heart disease; MI, myocardial

infarction; PCE, Pooled Cohort Risk Equations; U.S., United States.
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better alignment among those at intermediate risk. PCE per-
formance was similarly sub-optimal among older females and
males (Figure 2), with comparable discrimination (females: c-
statistic = 0.62, 95% CI 0.59–0.65; males: c-statistic = 0.64,
95% CI 0.61–0.68) and calibration (females: Chi-square =
25.1, p = 0.003; males: Chi-square = 54.2, P < 0.0001).

Predictive Power of PCE Risk Factors in Young
Vs. Old

We evaluated the association between the individual risk
factors in the PCE and CVD events in younger (40–74) vs.
older (≥75 years) patients (Table 2). Female sex becomes less
protective in older adults (adjusted HR 0.85, CI 0.72–1.01)
compared with younger adults (adjusted HR 0.61, CI 0.53–
0.71) (p value for interaction 0.004), as does HDL-C (p value
for interaction 0.01). Smoking status is less strongly associated
with cardiovascular events in older adults (adjusted HR 1.53,
CI 1.11–2.10) compared with younger adults (adjusted HR
2.38, CI 2.00–2.82) (p value for interaction = 0.02). The ad-
justed association between CVD events and age, race, total
cholesterol, SBP, blood pressure medications, and diabetes
remains similar between younger and older patients.

DISCUSSION

Older adults are a rapidly growing demographic in the United
States. Although current guidelines for CVD prevention focus
on adults 40–74 years old, primary prevention of ASCVDwill
become increasingly important in older adults as life expec-
tancies increase. Unfortunately, we found that a key tool used
in younger adults to guide preventive therapy is inadequate for
use in older populations. The PCE, which is the most

commonly used ASCVD risk prediction model in the United
States, demonstrated low decimation and poor calibration
when applied to older adults (≥75 years), compared with
younger patients (40–74 years). In particular, the models
tended to overestimate risk among those at highest-risk thresh-
olds and suboptimal performance overall appears to be par-
tially driven by the increasing competing risk of non-
cardiovascular mortality in older adults. The model’s low
performance did not vary when applied to either men or
women or when the sample was limited to those aged
>80 years. These findings highlight the need for age-specific
risk models to estimate CVD risk in older adults.
Our study is among the first to evaluate the performance of

the PCE for predicting cardiovascular risk (ischemic stroke,
MI, and CVD death), specifically among older adults
(≥75 years old), demonstrating that the PCE perform poorly
in this population. Given the well-described sex differences in
cardiovascular risk factors and CVD prevalence,10, 11 we
evaluated the discrimination and calibration of the PCE in
women vs. men ≥75 years old. Yet unlike what has been
shown for younger adults,4 we did not observe sex differences
in the overall performance of the PCE, with relatively poor
performance among both sexes. Similar to how the PCE tends
to overestimate risk in the younger populations for which it
was derived,7, 12–16 the PCE overestimated risk in high-risk
older adults in our study. Overestimating risk in high-risk
individuals who are already likely to meet a treatment thresh-
old is not necessarily a compelling reason to avoid using this
widely available risk calculator in older adults. A recent study
by Saeed et al. evaluated an older cohort of subjects with
4 years of follow-up who participated in the Atherosclerosis
Risk in Communities (ARIC) study.17 The investigators found
that the PCE actually underestimated risk in the highest risk

Figure 2. Calibration Plots for Women vs. Men ≥ 75 Years Old This figure demonstrates the calibration of the PCE among women vs. men
≥75 years old. Females: Calibration chi-square: 25.06, p = 0.0029 Males: c-index: Calibration chi-square: 54.15, p < 0.0001 CHD, coronary

heart disease; MI, myocardial infarction; PCE, Pooled Cohort Risk Equations.
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patients, identifying that 52% of all CVD events occurred in
individuals in the upper two deciles of risk, further motivating
treatment consideration of these high-risk groups.
A strength of our analysis is the robust size (>900) of the

cohort of individuals ≥80 years old. Octogenarians are living
longer and may benefit from risk-reducing therapies, but evi-
dence supporting these therapies are limited,1, 18 which can
lead to treatment differences in older adults at high-risk for
future cardiovascular events.19 Given increasing life expectan-
cies, many patients ages 75 and older can expect to live well
over a decade. A clearer understanding of future cardiovascu-
lar risk in this population can inform patient-centered conver-
sations regarding pharmacologic therapies with limited
randomized-controlled evidence. This is in line with the most
recent cholesterol guideline recommendation to consider statin
discontinuation (IIb) among older adults where there are con-
cerns around functional decline, multimorbidity, frailty, or
reduced life expectancy limiting the potential benefits of statin
therapy.20 Accurate cardiovascular risk stratification is a nec-
essary but not sufficient first step to precede a broader risk-
benefit discussion that accounts for these various other factors
that should be considered when making shared prevention
treatment decisions in this population. For example, if a pa-
tient cannot afford their medication, lacks a support system to
reliably take their medications, have limited life expectancy
due to other comorbidities, or simply have priorities of care
that do not align with aggressive risk reduction, their cardio-
vascular risk may take on lesser priority in these decisions.
Future models generated for older adults that incorporate
cause-specific CVD risks as well as models that account for
the competing risk of non-CV death may play an important
role in patient shared decision making around CVD
prevention.
Accurate cardiovascular risk stratification in this age group

can be a challenging due to the lack of validation of the
commonly used risk stratification tools in this population.
The MESA risk score, which incorporates traditional risk
factors and coronary artery calcium score, is a 10-year CHD
risk prediction tool derived in patients up to age 84 (mean age
in the MESA cohort was 62.1 + 10.2 years).21 Nevertheless,
the MESA risk score was validated in two younger validation
cohorts not including individuals >75 years (Heinz Nixdorf
Recall Study were 45–75 years old with mean age
59.8 + 7.7 years22; Dallas Heart Study subjects were 45–
65 years old with mean age 52.7 + 5.5 years23). Furthermore,
the MESA risk score is not widely used by providers and not
recommended for use by the current guidelines. The ACC/
AHA PCE ASCVD risk calculator is the current risk estima-
tion tool of choice and recommended by current guidelines,20

but this risk tool uses age as a primary driver of risk. Older
patients reach a primary prevention treatment consideration
threshold of 7.5% or higher by age 75 regardless of other risk
factors.24 While clinicians commonly substitute age 79 for
patients ≥80 years old when calculating risk in the community
setting (most existing calculators do not allow for higher

values), our results support using patients’ actual chronologic
age when calculating their ASCVD risk using the PCE be-
cause of slightly better discrimination.
Given the poor performance of the PCE in older adults that

have been identified, future geriatric-specific risk stratification
tools must be developed and validated in order to improve
clinicians’ ability to accurately estimate risk. We attempted to
identify risk factors included in the PCE that explain the
variable predictive value when applied to older adults. For
example, we observed that female sex was not nearly as
protective for individuals ≥75 years old compared with youn-
ger patients; this may be due to a loss of protective hormonal
effects following menopause.25 The weakened association
between smoking status and CVD events among older adults
reflects the likely increase in death from non-cardiovascular
causes such as malignancy. Non-cardiovascular death, from
conditions such as cancer and Alzheimer’s disease, is the most
common driver of mortality in this population, further empha-
sizing the balance of cardiovascular risk reduction with the
multitude of competing factors that may influence treatment
decisions in this population. Because the PCE do not take into
account death from other causes, they tended to over-predict
cardiovascular risk in older adults. Although the 30-year CVD
risk tool developed from the Framingham Offspring cohort by
Pencina et al. 26 did incorporate competing risk into their risk
estimates, a shorter-duration model that incorporates compet-
ing risk is not available. However, while accounting for com-
peting risk is important to generate a well-calibrated model27,
caution should be taken in the clinical application of a model
that accounts for the competing risk of non-CV death as
competing risk may vary across populations and many of the
risk factors that increase risk for non-cardiovascular mortality
also increase risk of CVmortality. For example, someone with
a longstanding smoking history may be at high risk for both
CVD and malignancy. In a model without competing risk,
their CVD risk would be high. Using a model that accounted
for their competing risks of non-CV mortality would paradox-
ically decrease their predicted risk of CVD. Whether it would
be appropriate to avoid CVD prevention because a particular
patient may die of something else first should be part of a
patient and provider conversation, and not driven by the
specifications of the model used. This underscores the com-
plexity of decision making in older adults and the important
role of a comprehensive risk assessment and evaluation of
patient preferences and priorities.
Even when adequate risk stratification tools become avail-

able, efforts must still be made to establish the appropriate
treatment thresholds in older patients. Current guidelines rec-
ommend consideration of statin therapy in intermediate risk
patients at a risk threshold of 7.5% 10-year risk,20, 28 with
some suggesting a treatment benefit with an estimated 10-year
risk as low as 5%.29 Older adults (≥75 years old) universally
meet the 7.5% 10-year treatment threshold identified as the
lower limit of “intermediate risk” for younger patients; in fact,
the majority of individuals ≥75 years old had a 5-year risk of
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7.5%. Identifying the optimal treatment threshold for older
patients represents a critical prevention challenge. Saeed et al.
recently suggested a timeframe for risk assessment of 3–
5 years for individuals ≥75 years, as well as a greater emphasis
on heart failure events rather than the ASCVD events pre-
dicted by the PCE.17 We agree that a shorter timeframe for risk
assessment of ~5 years provides the most useful information to
inform risk-benefit conversations with older adult patients. A
patient-centered discussion should guide primary prevention
statin treatment decisions in all patients, but takes on even
greater importance among individuals ≥75 years old who often
present with a complex collection of competing risks paired
with a less robust evidence base supporting benefit.
This study has several limitations. First, the study popula-

tion was limited to patients in the pooled cohorts for whom we
had access to the necessary variables to calculate the PCE;
therefore, the resulting cohort may be somewhat different from
the United States older adult population at large and may
overestimate performance of the PCE when used in routine
clinical practice. Second, because the PCE were derived using
data from similar cohorts used in this study (but different
exams), this analysis likely overestimates the performance of
the PCE. Third, we utilized pooled cohort data from the 1990s
and early 2000s. With the improvement of preventive thera-
pies over the last decade, the observed event rates may be
improved in a more contemporary population. Finally, our
study calculated event rates at 5 years, which may not be
familiar to clinicians who are more comfortable working with
10-year predicted risk; however, 5-year event rates are more
likely to represent a meaningful timeframe for older adults
with a comparatively modest life expectancy.
In conclusion, the PCE performs poorly among adults

75 years of age and older, demonstrating both poor discrimi-
nation and calibration. New risk stratification tools, developed
and validated in older populations using more geriatric-
specific risk modifiers are necessary to more effectively dis-
criminate risk and better inform preventive care decisions.
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