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The Pooled Cohort Equation (PCE) predicts 10-year risk of first-time atherosclerotic car-
diovascular disease (ASCVD) events and was incorporated in analyses of a primary and
secondary prevention population in the Systolic Blood Pressure Intervention Trial
(SPRINT). Whether PCE enhances risk prediction among secondary prevention popula-
tions is unknown. We sought to compare ASCVD events by level of PCE-predicted risk
among primary and secondary prevention SPRINT populations. SPRINT randomized
adults with hypertension and ≥1 CVD risk factor or previous CVD events to systolic blood
pressure control targeting <120 mm Hg or 135 to 139 mm Hg. We calculated the hazard
ratio (HR) of ASCVD events among secondary versus primary (reference) prevention sub-
groups overall and by predicted 10-year ASCVD risk categories (<10%, 10% to <20%,
20% to <30%, and ≥30%) and within risk subgroups, comparing to the lowest risk cate-
gory. Among 8,151 participants, 16% with previous CVD, mean age was 66 years and
35% were women. The HR for ASCVD events overall was 2.51 (1.96, 3.20). HR was 2.97
(1.47, 5.99) among <10% 10-year risk and 2.23 (1.38, 3.59) among ≥30% risk. Within sub-
groups comparing ≥30% to <10% risk (reference) categories, the HR was 2.85 (1.76, 4.63)
for primary and 2.14 (1.07, 4.30) for the secondary prevention. In conclusion, history of
previous events was a potent risk factor for subsequent ASCVD events. The PCE does not
enhance risk prediction among secondary prevention populations and may differentially
underestimate risk in secondary prevention populations with lowest predicted risk. ©
2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:1701−1706)
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Secondary prevention atherosclerotic cardiovascular dis-
ease (ASCVD) populations are at increased risk for future
ASCVD events and guidelines recommend intensive treat-
ment of blood pressure (BP) and cholesterol without addi-
tional prediction of future risk with the Pooled Cohort
Equation (PCE).1−4 However, it is possible that there is
role for risk stratification among secondary prevention pop-
ulations. Two concurrent manuscripts previously described
the role of PCE risk prediction in determining risk-benefit
from intensive BP control in the Systolic Blood Pressure
Intervention Trial (SPRINT).5,6 One manuscript included
primary and secondary prevention populations whereas the
other only included primary prevention population and
reached opposite conclusions about the benefit of intensive
BP control by level of PCE-predicted risk. Our objectives
were to (1) characterize the association between baseline
PCE-predicted 10-year ASCVD risk with incident ASCVD
events within secondary prevention populations; (2) com-
pare the relative event rate between secondary and primary
prevention populations by categories of 10-year ASCVD
risk; and (3) assess the proportionality of the ASCVD event
rate between secondary and primary prevention populations
across levels of predicted 10-year risk.
Methods

SPRINT was an open label randomized controlled trial
conducted at 102 centers in the United States and its territo-
ries. Eligible adults with systolic hypertension (systolic BP
130 to 180 mm Hg) and ≥1 risk factor for cardiovascular
disease (CVD) or previous CVD but without diabetes melli-
tus or previous stroke. Details of SPRINT and the primary
outcomes have been published elsewhere.7,8 Risk factors
for CVD included clinical CVD (excluding stroke), subclin-
ical CVD, chronic kidney disease with estimated glomeru-
lar filtration rate 20 to 59 ml/min/1.73 m2 in the previous 6
months, Framingham Risk Score (FRS) calculated to be
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≥15% in the previous year, or age ≥75 years. Clinical CVD
(i.e., the secondary prevention population) was defined as
myocardial infarction, percutaneous coronary intervention,
coronary artery bypass grafting, carotid endarterectomy,
carotid stenting, revascularization of peripheral artery dis-
ease, acute coronary syndrome, electrocardiographic changes
on a graded exercise test, cardiac imaging results consistent
with coronary artery disease, known 50% stenosis of a coro-
nary, carotid or lower extremity artery, or abdominal aortic
aneurysm ≥5 cm with or without repair. Subclinical CVD
(not used to define the secondary prevention population) was
defined as coronary artery calcium score ≥400 Agatston
units in the previous 2 years, ankle brachial index ≤0.90 in
the previous 2 years, or left ventricular hypertrophy by elec-
trocardiography or cardiac imaging (including echocardio-
gram) in the previous 2 years. Participants were randomized
to standard or intensive systolic BP control, which targeted a
systolic BP 135 to 139 mm Hg or <120 mm Hg, respec-
tively. BP titrations followed a standardized algorithm. The
trial was stopped early for a mortality benefit in the intensive
BP arm with a median follow-up of 3.3 years.

In the present analysis, we excluded those missing covari-
ates required to calculate the PCE and those age ≥80 as it
has not been validated in this age group. Using baseline age,
gender, race, total and high-density lipoprotein cholesterol,
smoking status, systolic BP, and status of antihypertensive
medication use, we used the PCE to calculate the 10-year
ASCVD risk at baseline by previous CVD status; that is,
those without previous CVD (primary prevention) and those
with previous CVD (secondary prevention). We categorized
risk as <10%, 10% to <20%, 20% to <30%, or ≥30% 10-
year ASCVD risk. Of note, the 10% threshold is currently
incorporated into hypertension guidelines for initiation of
intensive BP control with medical therapy.2 ASCVD events
were defined as myocardial infarction (MI), stroke, or CVD
mortality during follow-up. We censored at the first event.
These events were components of the primary outcome of
SPRINT. Adjudicators blinded to treatment assignment
reviewed hospital records to confirm the events of interest.

Baseline characteristics were tabulated by previous CVD
status and 10-year risk categories. We compared 10-year pre-
dicted ASCVD risk between primary and secondary preven-
tion populations using Wilcoxon rank sum as its residuals
were not normally distributed. Kaplan-Meier curves with
95% confidence interval (CI) estimations depicted cumula-
tive events by the primary and secondary prevention popula-
tions. We visualized baseline 10-year predicted risk using
overlying histograms for primary and secondary prevention
populations. We visualized the relative hazard of an ASCVD
event by predicted 10-year ASCVD risk using restricted
cubic splines with 95% CIs separately in the primary and
secondary prevention populations. Knots for these splines
were determined with Harrell’s method and the hazard ratios
(HRs) compared each knot with the median 10-year risk of
each population.9 Kernel density plots depicted distribution
of 10-year risk by incident ASCVD event status for primary
and secondary prevention populations.

We calculated the cumulative incidence and incidence
rates of ASCVD events overall and by categories of PCE-
predicted 10-year ASCVD risk by previous CVD status.
We depicted incidence rates with a dot plot. Using Cox
proportional hazard models, we calculated the HR of an
ASCVD event comparing the secondary to the primary pre-
vention population. These analyses were repeated within
each PCE-predicted risk category. We assessed for an inter-
action between history of previous CVD and ordinal pre-
dicted risk category on the relative hazard of ASCVD events
using a multiplicative interaction term. Independently in the
primary and secondary prevention populations, we calculated
the HR for each PCE-predicted risk category relative to the
lowest risk category (<10% 10-year risk).

We calculated the HR for incident ASCVD for each 1%
increase in baseline 10-year ASCVD risk (1) among all; (2)
by treatment assignment; and (3) stratified by previous CVD
status, adjusting for treatment assignment. We assessed for
an interaction between history of previous CVD events (i.e.,
primary and secondary prevention) and continuous predicted
risk on the relative hazard of ASCVD events. As this interac-
tion term (p = 0.09) reached our threshold for statistical sig-
nificance, we did not include a model with CVD status as a
covariate and instead opted to stratify by previous CVD sta-
tus in this analysis.

For each Cox proportional hazards model, we calculated
Schoenfeld residuals to confirm that the proportional hazard
assumption was not violated. Analyses used Stata MP 15.1
(College Station, Texas). We considered a 2-tailed p <0.05
as statistically significant for all analyses, except for interac-
tion terms, where we considered p <0.10 as statistically sig-
nificant. The University of Vermont Institutional Review
Board deemed this research exempt from review. The current
study as well as the parent clinical trial conformed to the
principles set forth in the declaration of Helsinki.
Results

Of the 9,361 SPRINT participants, we excluded 52 (0.5%)
for missing data required for the PCE and 1,158 (12%) for
age ≥80 years. The final analytic population was 8,151 par-
ticipants, 6,874 without previous CVD (84%) and 1,127 with
previous ASCVD (16%). Median (interquartile range) fol-
low-up was 3.2 (2.7 to 3.8) years. Characteristics of trial par-
ticipants by primary and secondary prevention populations
and by 10-year risk range appear in Table 1. Overall mean §
standard deviation (SD) age was 65.7§ 7.8 years, 35% were
women, and 34% were black. In both the primary and sec-
ondary prevention populations, mean age was higher with
increasing ASCVD risk strata. The mean age of the <10%
10-year risk category was 58 § 5 years for primary preven-
tion and 59 § 4 years for secondary prevention. For the
≥30% 10-year risk, the mean ages were 75 § 5 and 76 §
4 years, respectively. There were a greater proportion of
women in the lowest risk categories. For the ≥30% 10-year
risk, only 26% of the primary and 14% of the secondary pre-
vention populations were women. Systolic, but not diastolic
BP, was higher with increasing risk strata. Overall, statin use
was more common in the secondary than in the primary pre-
vention population (76% vs 36%; p <0.001).

The median predicted 10-year ASCVD risk was higher
for the secondary prevention population (18.7%; IQR 12.1%,
27.9%) than the primary prevention population (15.9%; IQR
10.7%, 23.8%; p <0.001). As is depicted in Figure 1, the
most common PCE risk stratum was 10 to <20% 10-year
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Table 1

Baseline characteristics by population and 10-year ASCVD risk range

Primary prevention Secondary prevention

10-year ASCVD risk range <10% 10% to <20% 20% to <30% ≥30% <10% 10% to <20% 20% to <30% ≥30%
n (% of category) 1,503 (23%) 2,967 (45%) 1,529 (23%) 875 (13%) 218 (14%) 469 (30%) 323 (21%) 267 (17%)

Intensive blood pressure control 50% 51% 49% 49% 53% 44% 54% 51%

Age (years) 58 § 5 64 § 6 70 § 6 75 § 5 59 § 4 64 § 6 70 § 5 76 § 4

Women 61% 33% 28% 26% 49% 25% 14% 14%

Black 35% 44% 33% 14% 23% 27% 22% 10%

Body mass index (kg/m2) 32 § 7 31 § 6 29 § 5 29 § 5 32 § 7 30 § 5 29 § 5 28 § 4

Systolic blood pressure (mm Hg) 133 § 14 138 § 14 143 § 15 151 § 16 129 § 15 135 § 14 139 § 15 146 § 14

Diastolic blood pressure (mm Hg) 81 § 11 81 § 11 79 § 12 78 § 12 77 § 11 76 § 11 75 § 13 73 § 11

Current smoker 9% 14% 21% 15% 8% 17% 21% 18%

Total cholesterol (mg/dl) 198 § 40 196 § 40 195 § 40 192 § 39 169 § 43 171 § 44 171 § 40 171 § 42

High density lipoprotein cholesterol (mg/dl) 54 § 15 52 § 14 53 § 15 53 § 16 52 § 13 49 § 13 48 § 12 48 § 12

Use of a statin 31% 36% 40% 41% 76% 76% 80% 73%

Blood pressure medication classes (n) 2 § 1 2 § 1 2 § 1 2 § 1 2 § 1 2 § 1 2 § 1 3 § 1

Subclinical cardiovascular disease* 5% 4% 4% 3% 13% 11% 11% 12%

*Subclinical cardiovascular disease defined as coronary artery calcium score ≥400 Agatston units in prior 2 years, ankle brachial index ≤0.90 in prior

2 years, or left ventricular hypertrophy by electrocardiography or cardiac imaging (including echocardiogram) in the prior 2 years. Its definition occurred

independent of the identification of prior cardiovascular disease.

Figure 1. Overlaying histograms of predicted 10-year ASCVD risk by pri-

mary and secondary prevention status.*

*The bars are overlaying here and are not stacked. 1˚ indicates primary and

2˚ indicates secondary.

Figure 2. Kaplan-Meier curves by primary prevention and secondary pre-

vention populations.*

*The shaded areas represent a 95% confidence interval. 1˚ indicates pri-

mary and 2˚ indicates secondary.
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risk for both primary and secondary prevention populations.
The least common was the ≥30% 10-year risk category.

Kaplan-Meier curves depict incident events by primary
and secondary prevention populations in Figure 2. The sec-
ondary prevention population experienced a greater inci-
dence of incident ASCVD events within the first year of
follow-up. Restricted cubic splines show the relative hazard
of incident ASCVD events relative to the median in splines
separate for each group (Figure 3). For each group, there
was an overall positive association between higher levels of
PCE-predicted risk and higher relative hazard for ASCVD
events. However, among the primary prevention population
this risk appeared to increase continuously across the
spectrum of risk whereas in the secondary prevention popu-
lation, the HR did not increase until PCE was >30%.

Cumulative incidence ASCVD events by primary and
secondary prevention populations are shown in Table 2. The
incidence rate of ASCVD events was larger for the second-
ary prevention population than the primary prevention popu-
lation (23.9 vs 9.6/1,000 person-years [P-Y]; p <0.001). In
the primary prevention population, the incidence rate of
events was higher in each successive predicted risk category
(Figure 4). A similar positive association was observed in the
secondary prevention population.

In comparison with the primary prevention population,
the secondary prevention population had a 2.51-fold greater
hazard of incident ASCVD (95% CI 1.96, 3.20). The relative
hazard for ASCVD events comparing secondary to primary
prevention populations stratified by risk category was great-
est for the lowest risk category (<10% 10-year risk HR 2.97;



Figure 3. Splines depicting HR (95% CI) for incident ASCVD relative to

the median 10-year predicted risk by previous CVD status.*

*HR for ASCVD events by baseline predicted 10-year ASCVD risk lev-

els using restricted cubic spline models. The 95% confidence intervals

are represented in the shaded areas. The red dashed line and orange

bounds represents the primary prevention population and the blue dashed

line and purple bounds represent the secondary prevention population.

These models were expressed relative to the median 10-year ASCVD

risk level, with knots specified using Harrell’s method and were not pre-

specified.9 Primary prevention knots were located at 5.4%, 12.6%,

20.0%, and 36.9% 10-year ASCVD risk. Secondary prevention knots

were located at 5.4%, 14.6%, 23.8%, and 39.6% 10-year ASCVD risk.

Dotted vertical lines indicate the 10%, 20%, and 30% 10-year ASCVD

risk threshold. In the kernel density plot (bottom of figure), four lines rep-

resent the density of predicted 10-year ASCVD risk. The black and grey

lines represent primary and secondary prevention population. For each of

these colors, solid lines represent those without an ASCVD event and the

dashed lines represent those with an ASCVD event. 1˚ indicates primary

and 2˚ indicates secondary.

Table 2

Predicted 10-year ASCVD risk and observed ASCVD events by primary and seco

Population and risk category n ASCVD events/N (%) IR/1,000 P-Y

(95% CI)

(95% CI)* HR for ASCVD

events (95% CI)

Primary prevention 212/6,874 (3.1%) 9.6 (8.3, 10.9)

10-year risk <10% 27/1,503 (1.8%) 5.5 (3.8, 8.0)

10-year risk 10% to <20% 73/2,967 (2.5%) 7.5 (6.0, 9.5)

10-year risk 20% to <30% 70/1,529 (4.6%) 14.3 (11.3, 18.1

10-year risk ≥30% 42/875 (4.8%) 15.8 (11.6, 21.3

Secondary prevention 93/1,277 (7.3%) 23.9 (19.5, 29.3

10-year risk <10% 11/218 (5.0%) 16.4 (9.1, 29.6)

10-year risk 10% to <20% 27/469 (5.8%) 18.6 (12.7, 27.1

10-year risk 20% to <30% 27/323 (8.4%) 28.0 (19.2, 40.8

10-year risk ≥30% 28/267 (10.5%) 35.2 (24.3, 50.9

* p value assessing interaction of prior ASCVD event by predicted risk category

Figure 4. Observed ASCVD incidence rates by primary or secondary pre-

vention population and risk category.*

*IR is incidence rate. P-Y is person-years.
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95% CI 1.47, 5.99) and smallest for the second highest risk
category (20% to <30% 10-year risk HR 1.94; 95% CI 1.25,
3.04). We did not observe an interaction between history of
previous ASCVD events and the predicted-risk category on
the relative hazard comparing primary to secondary preven-
tion populations (linear trend p value = 0.40).

As is shown in Table 3, each 1% increase in predicted
10-year ASCVD risk was associated with a 4% increased
risk in incident events in a mixed primary and secondary
prevention population. This point estimate did not change
when incorporating treatment assignment. The point esti-
mate for HR for incident ASCVD events was twofold larger
for the primary prevention subgroup than the secondary
prevention subgroup in the stratified analysis. In these mod-
els, the relative hazard for incident ASCVD was lower in
the intensive BP control group among the primary preven-
tion population but not the secondary prevention population
or the entire combined population.
ndary prevention populations and risk category

HR for ASCVD

events (95% CI)

HR for ASCVD

events

Ref −
− Refa Refx

− Refb x: 1.36 (0.88, 2.12)

) − Refc x: 2.58 (1.65, 4.03)

) − Refd x: 2.85 (1.76, 4.63)

) 2.51 (1.96, 3.20) −
− a: 2.97 (1.47, 5.99) Refy

) − b: 2.48 (1.60, 3.86) y: 1.13 (0.56, 2.28)

) − c: 1.94 (1.25, 3.04) y: 1.70 (0.84, 3.43)

) − d: 2.23 (1.38, 3.59) y: 2.14 (1.07, 4.30)

was 0.04. IR is incidence rate. P-Y is person-years.

www.ajconline.org


Table 3

Hazard ratios for incident ASCVD by continuous baseline risk, history of previous event, and treatment assignment

Analysis type Continuous predicted 10-year

ASCVD risk score

Treatment assignment

(intensive [ref] vs standard BP control)

Unadjusted, all 1.04 (1.03, 1.05)

Adjusted for treatment assignment, all 1.04 (1.03, 1.05) 0.79 (0.63, 1.00)

Adjusted for treatment assignment, primary prevention 1.04 (1.02, 1.05) 0.70 (0.53, 0.92)

Adjusted for treatment assignment, secondary prevention 1.03 (1.01, 1.05) 1.06 (0.70, 1.59)
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Discussion

We observed a 2.51-fold increased hazard of ASCVD
events among SPRINT participants in the secondary preven-
tion population when compared with the primary prevention
population. When compared by category of PCE-predicted
10-year ASCVD risk, the secondary prevention population
experienced more incident ASCVD events across the spec-
trum of predicted risk than the primary prevention popula-
tion. The burden of events experienced in the secondary
prevention population was largest among those with the low-
est PCE-predicted risk. These findings suggest that the PCE
has a limited role in secondary prevention. Analyses incorpo-
rating mixed primary and secondary prevention cohorts may
observe a differentially greater event rate among those with
the lowest risk. This may lead to less perceived benefit from
interventions aiming to prevent ASCVD events among those
at the lowest end of predicted risk.

Contemporary ASCVD risk models were derived from
primary prevention populations and are intended to guide
management for primary prevention.10−13 Adults without pre-
vious ACVD with low predicted risk are believed to benefit
less from interventions and are not offered certain treatments,
whereas those with high risk may benefit and are offered
treatments. In line with this overarching concept, the PCE
was derived using primary prevention populations from large
cohort studies and has been validated for use in primary pre-
vention populations.1,14 The PCE has not been validated for
use in secondary prevention populations. Given the incorpo-
ration of multiple CVD risk factors into the PCE, it is plausi-
ble that the PCE or similar risk scores could also accurately
classify risk in secondary prevention cohorts as well. The
FRS is a precursor to the PCE that was likewise developed
for use in primary prevention populations.15,16 One analysis
applied the FRS to a secondary prevention population and
observed an increasing incidence of coronary heart disease
(CHD) events by level of predicted risk. However, the
observed event rate was much higher than what was predicted
by the risk score.17 The discrepancy between predicted risk
and observed events was most apparent among those in the
lowest predicted risk categories. For example, the observed
10-year CHD event rate among the lowest risk category,
<5% 10-year risk, was approximately 20%. The highest risk
group in this analysis, >20% 10-year risk, experienced an
approximately 38% event rate. The authors concluded that
the FRS to have poor performance among this secondary pre-
vention population. Our findings are similar to the analysis of
the FRS. We document some evidence of a positive associa-
tion between baseline 10-year PCE-predicted ASCVD risk
and events among a secondary prevention population. We
observed a smaller HR when comparing the highest risk
category to lowest risk categories in the secondary prevention
population than in the primary prevention population. This
supports the PCE differentially underestimating risk among
secondary prevention patients with the fewest risk factors.
Finally, the observed event rate among the lowest risk group
of the secondary prevention population (<10% predicted 10-
year risk) was similar to the highest risk group of the primary
prevention population (≥30% predicted 10-year risk).

These findings have important clinical relevance for pri-
mary care providers and cardiologists treating patients with
previous ASCVD. First, this confirms that a history of ASCVD
is a potent risk factor for recurrence. The PCE will predict a
lower 10-year ASCVD risk among secondary prevention
patients with fewer risk factors but this predicted risk underesti-
mates the true risk. We recommend against use of the PCE in
guiding therapy in secondary prevention populations. Second,
secondary prevention populations with more adverse levels of
covariates incorporated into the PCE experience greater burden
of ASCVD events. Therefore, controlling modifiable risk fac-
tors incorporated in the PCE may be one potential route to
improve health of secondary prevention populations. These
findings also have important epidemiological relevance. In
comparing incident ASCVD events between secondary and
primary prevention subgroups by categories of risk, we
observed the largest difference in relative hazard among those
with the lowest predicted risk. Considering a differential
observed hazard at the lower threshold of risk, analyses of the
performance of the PCE in combined primary and secondary
populations may disproportionately enrich the low risk popula-
tion with patients at high risk for events. Use of the PCE in
combined primary and secondary prevention populations may
attenuate the observed efficacy of interventions. Although the
present analysis demonstrates that it is possible to apply the
ASCVD prediction equation to secondary prevention cohorts,
a more useful approach may be to use a previously validated
risk calculator intended for use in secondary prevention popu-
lations, like the SMART risk estimating equation.18,19

Our analysis has strengths. SPRINT included a diverse
population, had high follow-up, and high-quality ascertain-
ment of events. Our analysis also has limitations. There was
<10 years of follow-up so we were unable to assess tradi-
tional accuracy metrics and instead opted to compare against
a primary prevention population in the same trial. As the
PCE was not validated for those ≥80 years, we did not assess
its performance in this group. More participants in the sec-
ondary prevention subgroup were on statins, which may
have reduced incident ASCVD events in the secondary pre-
vention population. Finally, it is possible that the generaliz-
ability of our findings may be limited beyond the SPRINT
population as the specific exclusion criteria.
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In conclusion, SPRINT participants with a history of
CVD experience greater relative hazard of incident events
when accounting for PCE-predicted risk, with a dispropor-
tionate burden even among those at lowest predicted risk.
Therefore, the PCE underestimates ASCVD risk among
adults with previous events, especially those predicted to be
at “low” risk, which limits its usefulness in populations of
adults with previous CVD.
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