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The 2018 American College of Cardiology/American Heart Association cholesterol guide-
lines for secondary prevention identified a group of “very high risk” (VHR) patients, those
with multiple major atherosclerotic cardiovascular disease (ASCVD) events or 1 major
ASCVD event with multiple high-risk features. A second group, “high risk” (HR), was
defined as patients without any of the risk features in the VHR group. The incidence and
relative risk differences of these 2 groups in a nontrial population has not been well char-
acterized. Using the Northwestern Medicine Enterprise Data Warehouse, we compared
the incidence of VHR and HR patients as well as their relative risk for cardiovascular
morbidity and mortality in a single-center, large, academic, retrospective cohort study.
Total 1,483 patients with acute coronary events from January 2014 to December 2016
were risk stratified into VHR and HR groups. International Classification of Diseases ver-
sions 9 and 10 were used to assess for composite events of unstable angina pectoris, non-
ST elevation myocardial infarction, or ST-elevation myocardial infarction, ischemic
stroke, or all-cause death with a median follow-up of 3.3 years. VHR patients were found
to have 87 § 5.4 composite events per 1,000 patient-years compared with HR patients who
had 33 § 5.1 events per 1,000 patient-years (p <0.001). VHR group had increased risk of
future events as compared to the HR group (multivariable adjusted hazard ratio 1.66
[1.01 to 2.74], p = 0.047). In conclusion, these results support the stratification of patients
into the VHR and HR risk groups for secondary prevention. © 2020 Elsevier Inc. All
rights reserved. (Am J Cardiol 2020;133:1−6)
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Multiple large randomized control trials have shown that
statin therapy is effective at preventing recurrent acute cor-
onary syndrome (ACS) events.1−4 The 2018 American
Heart Association/American College of Cardiology (AHA/
ACC) guidelines on cholesterol management recommended
high-intensity statin therapy to lower low-density lipopro-
tein cholesterol (LDL-C) for patients with clinical athero-
sclerotic cardiovascular disease (ASCVD).5 In these
secondary prevention patients, the guidelines call for a risk
stratification paradigm that separates patients into very high
risk (VHR) versus high risk (HR). The VHR group was
defined by multiple major ASCVD events or 1 major
ASCVD event with multiple high-risk features. This risk
stratification is important as previous studies have indicated
that patients with more risk markers have greater mortality
benefit from lipid lowering therapy than those with less risk
markers.6 However, less is known regarding the incidence
of these 2 risk groups in nontrial cohorts as well as the rela-
tive risk differences. We seek to compare the incidence of
VHR and HR patients as well as their relative risk for car-
diovascular morbidity and mortality in a single-center,
large, academic, retrospective cohort study.
Methods

The Northwestern Medicine Enterprise Data Warehouse
(NMEDW) was queried to identify adult patients (age ≥18)
who had an ACS event at Northwestern Memorial Hospital
between January 1, 2014 and December 31, 2016. In the
present study, ACS was defined as a left heart catheteriza-
tion (LHC) with an associated International Classification
of Disease versions 9 and 10 (ICD9/10) diagnosis of unsta-
ble angina pectoris, non-ST elevation myocardial infarc-
tion, or ST-elevation myocardial infarction. The NMEDW
is an electronic database that collects information from the
electronic health record (EHR) of Northwestern Memorial
Hospital and codifies the data into a searchable format. For
our analysis, patient’s demographics, co-morbidities, medi-
cations, laboratory values, and variables necessary for
determination of risk strata were extracted. Patients were
then followed in the EHR until January 31, 2019, for repeat
ACS events, ischemic stroke, or death. ACS events were
determined using the same criteria as above, whereas ische-
mic stroke events were determined using ICD 9/10 codes.
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All-cause death was determined by the death date listed in
the NMEDW. To limit misclassification from using ICD
codes alone, patients who did not get a LHC and those with
missing data which prevented risk stratification were
excluded from our analysis. The institutional review board
reviewed and approved the study (STU00209384).

Patients’ were risk stratified according to the AHA/ACC
2018 Cholesterol Guidelines. VHR was defined as either
the presence of another major ASCVD event (history of
MI, ischemic stroke, or peripheral artery disease) or as hav-
ing ≥2 high-risk conditions: age greater than or equal to
65 years old, history of coronary artery bypass surgery or
percutaneous coronary intervention, diabetes mellitus,
hypertension, estimated glomerular filtration rate of less
than 60 mL/min/1.73 m2, current smoker, congestive heart
failure, LDL-C greater than or equal to 100 mg/dL despite
being on high-intensity statin therapy and ezetimibe, or
LDL-C greater than or equal to 220 mg/dL, which was used
as a surrogate for heterozygous familial hypercholesteremia
(HeFH) (Figure 1). Patients without another major ASCVD
event or with <2 high-risk conditions were classified as HR
ASCVD.

Our primary outcome was the composite events of repeat
ACS, ischemic stroke, and all-cause death. Other prespeci-
fied outcomes were individual occurrences of repeat ACS,
ischemic stroke, and all-cause death. Lost to follow-up was
defined as last date of follow-up within 7 days of index
ACS event.

All analysis was performed on R 3.5.0 (R Core Team,
2018) using the “tableone” and “survival” packages. All
event rates are reported in 1,000 patient-years (PY). Multi-
variable Cox regression modeling was used to generate
Figure 1. Risk stratification method. Patients were considered very high risk if the

were considered high risk. Previous major ASCVD events were given 2 points wh
adjusted hazard ratios. Variables included in multivariable
analysis were gender, race, BMI, diastolic blood pressure,
levels of LDL-C, HDL-C, non-HDL-C, and medication
usage. Variables inclusion for analysis was determined by
significant differences in baseline characteristics (Table 1).
A 2-tailed, p <0.05 was considered statistically significant
for all analyses.
Results

Total 1,483 patients with 4,191 PY of follow-up were
included (Figure 2). Median follow-up time was 3.3 years.
Thirty-five percent of patients were female, 19% were Afri-
can American, and the average age was 64 § 13 years.
About 1,027 (69%) were VHR and 456 (31%) were HR
patients. There were 256 (25%) VHR patients who experi-
enced the composite outcome compared with 41 (9%) of
HR patients (p <0.001, Table 1).

The overall composite event incidence rate for our
cohort was 61 § 4.1 per 1,000 PY. In the VHR group, the
incidence rate for composite events was 87 § 5.4 per 1,000
PY compared with the HR group which had an event rate of
33 § 5.1 per 1,000 PY (p <0.001, Figure 3). Our prespeci-
fied secondary outcomes of stroke (28 § 3.1 vs 5.6 § 2.1, p
<0.001), all-cause death (36 § 3.5 vs 7.2 § 2.4, p <0.001),
and repeat ACS events (38 § 3.6 vs 23 § 4.3, p = 0.018)
were also significantly different between the VHR and HR
ASCVD risk groups respectively (Figure 3).

Kaplan-Meier survival curves showed that the VHR
group had significantly decreased event-free survival rates
compared with the HR group (p <0.001; Figure 4). Cox
regression analysis revealed increased risk of composite
y had a total score greater than or equal to 2. Patients with scores of 0 and 1

ile all high-risk conditions received a score of 1.
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Table 1

Baseline and follow-up demographics

Variable Very high risk High risk p Value

n = 1,027 n = 456

Age (years) 67.5 § 11.9 55.6 § 10.9 <0.01
Men 655 (63.8%) 310 (68.0%) 0.13

Black 198 (19.5%) 82 (18.3%) 0.65

BMI (kg/m2) 29.6 § 6.8 29.8 § 6.6 0.55

History of myocardial infarction 261 (25.5 %) 0 <0.01
History of stroke 144 (14.1%) 0 <0.01
History of peripheral artery disease 191 (18.7%) 0 <0.01
Age ≥65 years 648 (63.1%) 72 (15.8%) <0.01
Previous bypass/stent 145 (14.4%) 44 (10.2%) 0.04

History of heart failure 421 (43.5%) 23 (5.6%) <0.01
Diabetes mellitus 339 (33.2%) 11 (2.4%) <0.01
Hypertension 489 (47.8%) 17 (3.9%) <0.01
eGFR <60 mL/min/1.73m3 884 (86.1%) 85 (18.6%) <0.01
Current smoker 246 (24.0%) 5 (1.1%) <0.01
Heterozygous familial hypercholesterolemia 3 (0.5%) 1 (0.3%) 1

Index ACS event

Associated diagnosis

Unstable angina pectoris 246 (24.0%) 98 (21.5%) 0.36

Non-ST elevation myocardial infarction 184 (17.9%) 94 (20.6%)

ST elevation myocardial infarction 597 (58.1%) 264 (57.9%)

Systolic blood pressure (mm Hg) 147.0 § 28.3 144.4 § 27.0 0.1

Diastolic blood pressure (mm Hg) 76.5 § 14.8 81.4 § 14.9 <0.01
Heart rate (mm Hg) 78.0 § 19.8 78.3 § 18.7 0.79

Low-density lipoprotein (mg/dL) 83.9 § 36.5 103.0 § 37.3 <0.01
High-density lipoprotein (mg/dL) 41.5 § 13.5 43.8 § 13.3 0.02

Non−high-density lipoprotein (mg/dL) 114.2 § 45.3 130.8 § 44.8 <0.01
Triglycerides (mg/dL) 109.0 [74.5, 168.5] 109.0 [79.0, 169.0] 0.95

Total cholesterol (mg/dL) 155.2 § 47.8 174.3 § 47.7 <0.01
Medications

Statins 681 (66.3%) 126 (27.65%) <0.01
ACE inhibitor/angiotensin receptor blockers 526 (51.2%) 68 (14.9) <0.01
Beta-blockers 513 (50.0%) 74 (16.2%) <0.01
Calcium channel blockers 258 (25.1%) 16 (3.5%) <0.01
Thiazide diuretics 194 (18.9%) 16 (3.5%) <0.01
Loop diuretics 151 (14.7%) 4 (0.9%) <0.01
Diabetic 296 (28.8%) 11 (2.4%) <0.01
Aspirin 685 (66.7%) 132 (28.9%) <0.01
Non-statin lipid lowering 40 (3.9%) 6 (1.3%) 0.01

Outcomes

Repeat acute coronary syndrome 112 (10.9%) 29 (6.4%) 0.01

Stroke 83 (8.1%) 7 (1.5%) <0.01
All-cause death 105 (10.2%) 9 (2.0%) <0.01
Composite events 256 (24.9%) 41 (9.0%) <0.01

Baseline and follow-up characteristics as stratified by risk category. Continuous variables are represented as mean § standard deviation or median (inter-

quartile range) if non-normal; categorical variables are represented as count (percent).

Coronary Artery Disease/Risk Differences in ACS 3
events in the VHR group compared with the HR group (uni-
variate hazard ratio 2.72, 95% confidence interval 1.95 to
3.78, p <0.001; multivariate adjusted hazard ratio 1.66,
95% confidence interval 1.01 to 2.74, p = 0.047; Figure 4).
One hundred fifty-four (10%) patients were lost to follow-
up. Sensitivity analysis on those that were lost to follow-up
revealed no changes to our primary or secondary outcomes.
Discussion

Our data from a large urban academic medical center
showed that more than two-thirds (69%) of patients with
an ACS event are considered VHR according the new
2018 ACC/AHA Cholesterol Guidelines. Our study is one
of the first “real-world” estimates of this number in a US
cohort. Although results may vary in different settings, we
confirm that VHR patients are at significantly increased
risk of developing cardiovascular morbidity and mortality
following an ACS event. There were significantly higher
rates of total recurrent ACS, stroke, and all-cause death
among patients who were considered VHR compared with
HR patients in both unadjusted and multivariable adjusted
Cox proportion analyses. Twenty-five percent of VHR
patients experienced a composite event compared with 9%
of HR ASCVD patient, a 2.8 times increased risk. It is
interesting to note that VHR patients had lower LDL-C



Figure 2. Flow diagram of patient selection, including breakdown of “very high risk” and “high risk” patients. Breakdown of number of patients meeting cri-

teria for risk stratification was included.

Figure 3. Incident rate of (A) composite events, (B) repeat ACS, (C) ischemic stroke, and (D) all-cause death for high risk (blue) atherosclerotic cardiovascu-

lar disease patients and very high risk (red) ASCVD patients.
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Figure 4. Survival analysis including (A) Kaplan-Meier survival curve and (B) univariate and multivariate Cox proportion hazard ratio analysis.
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levels at baseline, likely because 66% of VHR patients
were on a statin compared with only 28% of HR patients.
This supports the idea that VHR patients are at an
increased risk of an ACS event at any LDL-C level.
Although statistically different, it should also be noted that
these differences are quite large and the outcomes ana-
lyzed were clinically relevant.

Our cohort is well representative of the surrounding Chi-
cago community. The Chicago Heart Association Detection
Project in Industry (CHA) followed participants in the Chi-
cago area from 1967 to 1973.7 Among non−low-risk
patients in CHA, 35% were female, and 14% were black.
This is comparable to our cohort where 35% were female
and 19% were black. Interestingly, our cohort had signifi-
cantly fewer current smokers (17%) compared with CHA,
where 47% of participants were current smokers. This
likely reflects nationwide trends of decreasing prevalence
of smokers in the last few decades.

Our results add to those found by Roe et al who exam-
ined the VHR and HR groups in the setting of the ODYS-
SEY OUTCOMES trial.8 They found that 63.1% of trial
patients were considered VHR, a similar number to our
nontrial cohort. Interestingly, placebo-treated VHR patients
in the ODYSSEY OUTCOMES trial had an event rate of
14.4% compared with 5.6% of HR patients for a relative
risk difference of 2.6, again a similar finding to our nontrial
cohort.

We had a relatively large, heterogeneous patient cohort
with a mean follow-up of 3.3 years. Compared with large ran-
domized trials, such as the recent ODYSSEY OUTCOMES
trial, our study had more African Americans (18.9% in our
study compared with 2.5% in the trial) and females (34.9% in
our study compared with 25.2% in the trial).9

Several limitations should be noted. First, we performed
a retrospective cohort study which introduces information
bias if data are collected differently for the VHR and HR
groups and is hypothesis seeking as opposed to hypothesis
proving. Second, although the NMEDW, like other elec-
tronic databases, are powerful tools in analyzing large data-
sets, there are key limitations, specifically misclassification
and omission. The NMEDW identifies diseases primarily
through ICD codes. However, ACS is often difficult to diag-
nose, and many patients may be mistakenly classified. In
order to limit misclassification, we limited our cohort to
patients who had an ICD code of ACS and a LHC in the
same hospitalization. We recognize that these strict criteria
likely excluded patients who had ACS but were not man-
aged with a LHC. Events within the NMEDW are only
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documented if the event occurred at our institution or were
reported within the EHR. Although we acknowledge that
our adjudication of events is incomplete given that the
NMEDW only documents events that occurred at our insti-
tution, it is unlikely to have changed our conclusions given
the large differences and high numbers of patients. Finally,
it was difficult to determine precisely those with HeFH in
the NMEDW as there is no associated ICD-9/10 code. We
used an LDL-C ≥220 mg/dL at the index ACS event as an
approximation to capture those with phenotypically severe
hypercholesterolemia but acknowledge that this overesti-
mates those with HeFH. However, since only 4 patients met
this criterion, an error in overestimating HeFH in our sam-
ple would be small.

In conclusion, post-ACS patients with at least 1 other
ASCVD event or who have multiple high-risk conditions
are at significantly increased risk for future cardiovascular
morbidity and mortality. Our results support the stratifica-
tion of secondary prevention ASCVD patients into VHR
and HR groups as recommended by the 2018 ACC/AHA
Multi-Society Guidelines on Cholesterol Management.
This provides clinicians with a means of identifying those
who would benefit the most from evidence-based intensive
statin and nonstatin therapies to reduce ASCVD risk.
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