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BACKGROUND: Coronary artery disease (CAD) is increasing among young adults. We aimed to describe the cardiovascular risk
factors and long-term prognosis of premature CAD.

METHODS AND RESULTS: Using the Duke Databank for Cardiovascular Disease, we evaluated 3655 patients admitted between
1995 and 2013 with a first diagnosis of obstructive CAD before the age of 50 years. Major adverse cardiovascular events
(MACEs), defined as the composite of death, myocardial infarction, stroke, or revascularization, were ascertained for up to
10 years. Cox proportional hazard regression models were used to assess associations with the rate of first recurrent event,
and negative binomial log-linear regression was used for rate of multiple event recurrences. Past or current smoking was the
most frequent cardiovascular factor (60.8%), followed by hypertension (52.8%) and family history of CAD (39.8%). Within a
10-year follow-up, 52.9% of patients had at least 1 MACE, 18.6% had at least 2 recurrent MACEs, and 7.9% had at least 3
recurrent MACEs, with death occurring in 20.9% of patients. Across follow-up, 31.7% to 37.2% of patients continued smoking,
81.7% to 89.3% had low-density lipoprotein cholesterol levels beyond the goal of 70 mg/dL, and 16% had new-onset diabetes
mellitus. Female sex, diabetes mellitus, chronic kidney disease, multivessel disease, and chronic inflammatory disease were
factors associated with recurrent MACEs.

CONCLUSIONS: Premature CAD is an aggressive disease with frequent ischemic recurrences and premature death. Individuals
with premature CAD have a high proportion of modifiable cardiovascular risk factors, but failure to control them is frequently
observed.
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cent North American registries have indicated an

increase in young patients admitted for premature
myocardial infarction (MI).? This trend was more com-
monly observed in women <50 years old, for whom
the incidence of hospitalization for acute Ml has nearly
doubled over the past 20 years. Little evidence exists
about the characteristics of individuals with premature
coronary artery disease (CAD) as well as the contribu-
tion of traditional cardiovascular risk factors and the
efficacy of modern secondary prevention.#

Despite improvements in preventive therapies, re-

Recent studies have described the association
between active smoking and other nontraditional risk
factors, such as ethnicity or inflammation, on the prog-
nosis of patients with premature CAD.® Other studies
have linked heterozygous familial hypercholesterol-
emia (HeFH) with the diagnosis of atherothrombosis
in these young individuals.® Overall, more efforts are
needed to understand the risk profile and behaviors of
young individuals, as well as the natural history of their
atherosclerotic heart disease. This is of paramount im-
portance, in terms of life years saved for a population
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CLINICAL PERSPECTIVE

What Is New ?

e Patients with premature coronary artery disease
(CAD) have a high rate of concomitant modifi-
able cardiovascular risk factors, and premature
CAD is a fast-evolving disease with a high rate
of major adverse cardiovascular events and a
10-year mortality of 21%.

e Factors of subsequent ischemic event were as
follows: female sex, diabetes mellitus, chronic
inflammatory disease, chronic kidney disease,
and absence of revascularization; around one
third of patients with premature CAD continued
smoking, >80% had low-density lipoprotein
cholesterol above target goals, and 16% of pa-
tients developed diabetes mellitus.

e |ess than 1% of patients had mutations asso-
ciated with heterozygous familial hypercholes-
terolemia in the subset of patients with genetic
data.

What Are the Clinical Implications ?

e FEducation should be provided to young indi-
viduals with several cardiovascular risk factors
about their risk of developing CAD and the long-
term prognostic of premature CAD; specific
primary prevention strategies targeting active
smoking, lifestyle, and statins should be pro-
vided to young patients with several concomi-
tant risk factors.

e long-term secondary prevention strategies
should be provided to young patients with early
CAD, including cessation of smoking, high-
intensity lipid-lowering therapy, and extended
dual antiplatelet therapy.

e Specific attention should be brought to the high
risk of developing diabetes mellitus in this young
population, and more research is needed to im-
prove care in women with premature CAD, as
they are at higher risk to develop subsequent
ischemic events than men.

Nonstandard Abbreviations and Acronyms

APOB apolipoprotein B

DDCD Duke Databank for Cardiovascular
Disease

HeFH heterozygous familial
hypercholesterolemia

LDLR low-density lipoprotein receptor
MACE major adverse cardiovascular event

PCSK9  proprotein convertase subtilisin/kexin
type 9
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who is professionally active and for whom theoretical
life expectancy exceeds 20 years.

We hypothesized that patients with young prema-
ture MI had a high rate of multiple ischemic events
and an unfavorable control of cardiovascular risk fac-
tors along time. Thus, using the Duke Databank for
Cardiovascular Disease (DDCD), a large longitudinal
registry of patients undergoing cardiovascular testing
at Duke University Health System, our objective was
to describe the baseline and follow-up risk factors
of patients admitted with premature (<50 years old)
CAD in North Carolina, and to evaluate their long-term
prognosis.

METHODS

Study Design and Population

The data that support the findings of this study are
available from the corresponding author on reason-
able request. The study population consisted of pa-
tients enrolled in the DDCD for a first manifestation
of obstructive CAD before the age of 50 years from
1995 to 2013. The design of the DDCD has been pre-
viously described; in brief, it is a prospective registry
with a prespecified data collection of clinical and an-
giographic baseline characteristics of all patients un-
dergoing cardiac catheterization at Duke University
Medical Center.”®

Obstructive CAD was defined as a coronary ste-
nosis >50% in an epicardial vessel. Patients with prior
documented CAD and those previously treated with
percutaneous coronary intervention (PCl) or coronary
artery bypass grafting were excluded, as were patients
who did not have follow-up for >1 year.

This retrospective observational study was ap-
proved by the Duke Institutional Review Board under a
waiver of informed consent and had Health Insurance
Portability and Accountability Act of 1996 approval.

Data Collection and Follow-Up

Baseline clinical characteristics, risk factors, and
angiographic findings were collected from both
DDCD and Duke Health System records according
to prespecified methods.”'® Baseline clinical char-
acteristics included traditional cardiovascular risk
factors, kidney function, comorbid conditions, such
as HIV, cancer, and connective tissue disease, and
medications at discharge. Baseline angiographic de-
scriptions included coronary dominance, coronary
anatomical features, and burden of disease, includ-
ing number and localization of vessels with significant
stenosis. Genetic data about mutations related to fa-
milial hypercholesterolemia were obtained in a sub-
set of 9300 individuals via a linkage with CATHGEN
(Catherization Genetics), which is a subregistry of
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DDCD." Coding variants within the apolipoprotein
B (APOB), low-density lipoprotein receptor (LDLR),
and proprotein convertase subtilisin/kexin type 9
(PCSK9) genes were annotated and determined as
pathogenic or likely pathogenic on the basis of the
American College of Medical Genetics criteria.

Follow-up of vital status, ischemic events, and
cardiovascular risk factors was performed in DDCD
until 2014. Using a prespecified protocol, DDCD
consistently ascertained follow-up of patients with
significant CAD, including both Duke and non-Duke
hospitalization adverse events and smoking expo-
sure (usual number of cigarettes smoked/day in past
6 weeks), via an annual follow-up telephone call or
mailed survey. Mortality follow-up was supplemented
by a query of the National Death Index for patients
with unknown vital status. The Duke Health System
records were also extracted for analysis of follow-up
low-density lipoprotein cholesterol (LDL-C) values
and new occurrences of diabetes mellitus, in patients
with follow up at Duke.

Follow-Up of Patients and Events in
DDCD
Clinical End Points

The primary objective was to determine the rate of
major adverse cardiovascular events (MACEs) in pa-
tients with premature CAD, during up to 10 years of
follow-up. MACEs were defined as the composite of
all-cause death, nonfatal MI, revascularization by PCI
and CABG, or stroke. The second objective was to
determine the factors associated with time to a first
recurrent MACE and the factors associated with the
rate of multiple recurrent MACE events. A third objec-
tive was to evaluate the control of traditional cardio-
vascular risk factors after index catheterization in the
population of patients with discrete follow-up data.
Patients surveyed as smoking >0 cigarettes/day
were classified as currently smoking at survey date.
Cholesterol control was defined as LDL-C <70 mg/dL,
according to the latest American Heart Association/
American College of Cardiology 2018 Cholesterol
Clinical Practice Guidelines.”> A sensitivity analysis
was performed using an LDL-C threshold of 100 mg/
dL. New diagnosis of diabetes mellitus was deter-
mined by presence of a relevant billing diagnostic
code (International Classification of Diseases, Ninth
Revision [ICD-9], code 250.x) in Duke Health System
records.

Statistical Analysis

Participants were classified according to age catego-
ries at presentation (extremely premature [<35 years
old], very premature [>35-45 years old], and prema-
ture [>45-<50 years old]). Continuous variables are
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presented as median and interquartile ranges and
compared across groups using a Kruskal-Wallis test.
Categorical variables are presented as counts and
percentages and compared using a x? test or Fisher
exact test in the case of low number of events. Except
for death, nonfatal ischemic events occurring within
30 days of the diagnosis of premature CAD were
not counted as recurrent events. Similarly, nonfatal
ischemic events were not counted if they occurred
within 30 days before death, and if 2 subsequent non-
fatal ischemic events occurred within 30 days, only the
first one was considered.

For the primary objective, the cumulative per-
centage of patients developing a first, second, and
third recurrent ischemic event was estimated using
the Kaplan-Meier method with follow-up censored
at 10 years. The cumulative incidence of the first
event type (treating other first events as competing
risks) was also presented. The average rates of re-
currence of the composite end point and individual
components were calculated by fitting a log-linear
Poisson model, and expressed as the number of
new cardiovascular events divided by the number
of patient-years of follow-up (number of events per
100 patient-years) with 95% CI, for the overall popu-
lation and stratified by sex. For the log-linear Poisson
model, the outcome variable was the patient-level
count of new cardiovascular events during follow-up.
To adjust for differential follow-up, the model in-
cluded an offset term equal to the logarithm of the
years of follow-up for each patient. For estimating the
event rate in the overall cohort, the model included
only an intercept parameter, which was estimated
by maximum likelihood. The resulting point estimate
and 95% confidence limits were exponentiated and
multiplied by 100 to provide the estimated recurrence
rate per 100 patient-years. The third set of analyses
assessed associations of prespecified patient char-
acteristics and risk factors evaluated at time of CAD
diagnosis, with the rate of future ischemic event re-
currence. These variables were age, sex, body mass
index, ethnic group, chronic inflammation, cardiovas-
cular risk factors, presentation, estimated glomerular
filtration rate, LDL-C level, triglyceride levels, mul-
tivessel disease, treatment with statin at discharge,
and type of treatment (PCl or CABG). Cox propor-
tional hazard regression models were used to assess
associations with the rate of first recurrent event, and
negative binomial log-linear regression was used for
rate of multiple event recurrences. For the Cox pro-
portional hazards models, the outcome variable was
the time to first MACE event recurrence. In patients
without an event, time to event was censored at end
of follow-up or 10 years if earlier. Associations with
the predictor variables were expressed as hazard ra-
tios (HRs) for first MACE event recurrence. For the
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negative binomial log-linear regression, the outcome
variable was the count of the number of recurrent
MACE events per patient. To adjust for differential
follow-up, the model included an offset term equal to
the logarithm of the years of follow-up for each pa-
tient. Associations with predictor variables were ex-
pressed as rate ratios for recurrent MACE events. For
both multivariable regression models, the variables
included as independent variables were identified a
priori on the basis of clinical relevance.

Available data on risk factor prevalence (smoking
and LDL-C >70 mg/dL) during follow-up were summa-
rized by time after CAD diagnosis (0-1, 1-3, 3-5, and
5-10 years). Within each interval, the number and per-
centage of patients with smoking status or with LDL-C
>70 mg/dL was summarized. We stratified the descrip-
tion of ongoing smoking according to baseline status
(overall, never, former, or current) and LDL-C elevation
by whether baseline LDL-C was controlled (<70 mg/dL)
or not. In patients without diabetes mellitus at base-
line, we estimated the cumulative incidence of patients
newly diagnosed with diabetes mellitus during 10 years
of follow-up.

Descriptive statistics were calculated using ob-
served data only. For regression models, missing data
were imputed using a multiple imputation approach

Evolution of Premature CAD

(n=25). No adjustment was made for multiple com-
parisons. All statistical analyses were performed
using SAS software, Version 9.4 (SAS Institute Inc,
Cary, NC).

RESULTS

Baseline Characteristics

Of 101 061 patients who presented to the Duke
University Adult Cardiac Catheterization Laboratory
between 1995 and 2013, 3655 (3.6%) aged
<50 years had a first manifestation of obstructive
CAD (Figure S1 shows study flowchart). The median
age of these individuals was 45 years (interquartile
range, 41-47 years), 27.5% of patients were women,
26.0% were Black individuals, and 6.5% presented
before 35 years of age (Table 1). The main presen-
tations were ST-segment—elevation M| (38.6%) and
non-ST-segment—elevation Ml (36.0%). Most pa-
tients had single-vessel obstructive CAD (59.6%). Of
interest, 9.5% of patients had kidney impairment with
an estimated glomerular filtration rate <60 mL/min,
including 2.5% who required dialysis at baseline. Few
patients had a history of HIV, connective tissue dis-
ease, or malignancy.

15.0
125
=
[<F]
i 10.0
£
=
® 75
[4H]
£
2 50
c
jm
]
25
0.0
0 2 4 3 ] 10
Years from Cardiac Cath
cutcorme (] Strake FCl CAEG Death
AtRisk 3655 2737 2265 1825 1441 1115

Figure 1. Time to first subsequent major adverse cardiovascular event within 10 years after

premature coronary artery disease diagnosis.

CABG indicates coronary artery bypass grafting; Cath, catheterization; MI, myocardial infarction; and

PCI, percutaneous coronary intervention.
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Figure 2. Time to first, second, or third major adverse cardiovascular event within 10 years after

premature coronary artery disease diagnosis.
Cath indicates catheterization.

Traditional Cardiovascular Risk Factors
Approximately 73% of individuals had at least 2 cardio-
vascular risk factors and 43% had >3 (Table 1). Active
or prior smoking was the most frequent risk factor
(60.8%), followed by hypertension (52.8%), family history
of CAD (39.8%), and diabetes mellitus (23.8%). Obesity
(oody mass index >30 kg/m?) was prevalent in 47.1%
of this premature CAD population. Within 12 months of
the index procedure, the median LDL-C was 117 (inter-
quartile range, 92-145) mg/dL, the median HDL-C was
37 (interquartile range, 31-34) mg/dL, and the median
triglycerides level was 141 (interquartile range, 91-218)
mg/L. Of note, the baseline LDL-C was >190 mg/dL in
5.4% of patients and triglycerides >175 mg/dL in 35.8%
of patients. When comparing age categories, individu-
als who presented very prematurely (<35 years) were
more frequently obese compared with the population
between 35 and 45 years and >45 years (53.2% ver-
sus 49.1% versus 44.2%; P<0.01), and these individu-
als had a greater prevalence of LDL-C levels >190 mg/
dL (11.2% versus 5.3% versus 4.7%; P<0.01). The trend
in cardiovascular risk factors at baseline is displayed in
Table S1: between 1995 and 2013, the rate of smokers
and median LDL-C decreased among young patients
with a first diagnosis of obstructive CAD. In contrast, the
rate of diabetes mellitus and hypertension among young
adults increased.
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Prevalence of HeFH

To ensure that premature CAD in this population was
not caused by monogenic disease, we evaluated the
prevalence of familial hypercholesterolemia in a sub-
set of our population. Of the 3655 patients in the pre-
sent study, 632 (17.3%) had whole exome sequence
data available. Only 4 of these patients harbored
pathogenic or likely pathogenic mutations, all within
LDLR.

First Recurrent Ischemic Event

By 10 years, 52.9% of patients had developed at least
one recurrent ischemic event, defined by the compos-
ite of all-cause death, recurrent MI, revascularization,
or stroke. After premature CAD onset, the most fre-
quent first events were follow-up revascularization PCI
or CABG (15.3% and 6.3%, respectively), recurrent Ml
(14.4%), or death (13.4%). Stroke was the first event in
3.5% of patients (Figure 1).

Multiple Recurrent Ischemic Events

The time to first, second, and third event is displayed in
Figure 2. By 10 years, 18.6% of patients had experienced
a second event, and 7.9% had experienced a third event.
The all-cause mortality rate was 20.9% at 10 years.
Overall, the present population experienced MACEs at
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a rate of 10.0 (95% Cl, 9.6-10.4) events per 100 patient-
years, with nonfatal Ml and death occurring at respective
rates of 2.7 (95% Cl, 2.5-2.9) and 2.3 (95% Cl, 2.2-2.5)
per 100 patient-years. Women and men had respective
rates of MACEs of 12.2 (95% Cl, 11.4-13.0) and 9.2 (95%
Cl, 8.8-9.6) per 100 patient-years.

Factors Associated With Time to First
Recurrent Ischemic Event

The factors associated with subsequent events fol-
lowing premature CAD onset are displayed in Table 2.
Women with premature CAD were at a higher risk of a
subsequent ischemic event compared with men (ad-
justed HR, 1.15; 95% CI, 1.08-1.28; P=0.01). Among
traditional risk factors, baseline diabetes mellitus was
the only variable independently associated with a first
ischemic recurrence. Although infrequently observed,
chronic inflammatory disease was strongly associ-
ated with a first ischemic recurrence (adjusted HR,
1.61; 95% ClI, 1.23-2.11; P<0.001). Baseline chronic
kidney disease (estimated glomerular filtration rate
<60 mL/min), multivessel disease, and absence of
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revascularization after a first event were also associ-
ated with poor outcomes.

Factors Associated With the Rate of
Multiple Recurrent Events

The factors associated with the rate of multiple recur-
rent events are displayed in Table 3. Baseline diabetes
mellitus, kidney impairment, and multivessel disease
were associated with increased rates of multiple is-
chemic events. The absence of revascularization at the
time of index diagnosis was also associated with the
occurrence of multiple ischemic events.

Evolution of Cardiovascular Risk Factors
After Diagnosis of Obstructive CAD

Across different time points of follow-up, 31.7% to
37.2% of patients continued smoking after premature
CAD onset (Figure 3). Although most of these ongoing
smokers were active smokers at baseline, >10% of pa-
tients who had never smoked before reported smoking
during each interval assessed. LDL-C was rarely within

Table 2. Factors Associated With Time to First Ischemic Recurrence

Univariable Multivariable

Covariate Hazard Ratio (95% CI) Univariable P Value Hazard Ratio (95% ClI) Multivariable P Value
Age (per 10-y increase) 1.06 (0.96-1.16) 0.282 1.08 (0.93-1.14) 0.565
Sex (women vs men) 1.32 (1.20-1.47) <0.001 115 (1.03-1.28) 0.010
BMI >27 kg/m? (per 5-kg/m? 1.06 (1.02-1.10) 0.002 1.04 (1.00-1.09) 0.052
increase)
Racial/Ethnic group (White is the <0.001 0.054
reference)

Black 1.29 (1.16-1.44) 110 (0.98-1.23)

Native American and other 1.16 (0.97-1.39) 1.16 (0.96-1.39)

(eg, Hispanic, Pacific Islander)
Chronic inflammation 1.69 (1.29-2.20) <0.001 1.61 (1.23-2.11) <0.001
Family history of coronary disease 1.04 (0.95-1.15) 0.364 1.06 (0.96-1.17) 0.213
Admission with ACS vs no ACS 0.83(0.75-0.93) <0.001 110 (0.99-1.23) 0.080
Current/former smoker 0.96 (0.87-1.06) 0.431 1.03 (0.93-1.13) 0.627
History of hypertension 1.27 (1.15-1.39) <0.001 1.03 (0.93-1.14) 0.521
Diabetes mellitus 1.68 (1.52-1.86) <0.001 1.35 (1.21-1.51) <0.001
eGFR per 20 mL/min per 1.73 m? 1.34 (1.28-1.40) <0.001 119 (1.13-1.25) <0.001
decrease
LDL-C =120 mg/dL per 20-mg/dL 0.97 (0.93-1.02) 0.280 1.02 (0.96-1.08) 0.523
increase
Triglycerides per 50-mg/dL increase 1.01 (0.99-1.04) 0.237 1.00 (0.98-1.03) 0.909
Multivessel disease 1.39 (1.27-1.53) <0.001 1.47 (1.33-1.63) <0.001
Statin at discharge 0.80 (0.72-0.88) <0.001 1.01 (0.91-1.13) 0.823
Subsequent treatment within 30 d <0.001 <0.001

PCI vs medical treatment 0.41 (0.37-0.45) 0.45 (0.41-0.50)

CABG vs medical treatment 0.29 (0.24-0.34) 0.25 (0.21-0.30)

ACS indicates acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; LDL-C,
low-density lipoprotein cholesterol; and PCI, percutaneous coronary intervention.
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Table 3. Factors Associated With Multiple Ischemic Recurrences

(eg, Hispanic, Pacific Islander)

Univariable Multivariable

Covariate Rate Ratio (95% ClI) Univariable P Value Rate Ratio (95% ClI) Multivariable P Value
Age (per 10-y increase) 0.95 (0.65-1.41) 0.817 0.88 (0.62-1.25) 0.470
Sex (women vs men) 1.45 (0.96-2.17) 0.075 1.18 (0.77-1.65) 0.535
BMI >27 kg/m? (per 5-kg/m? increase) 1.07 (0.91-1.25) 0.410 1.05 (0.90-1.22) 0.531
Racial/Ethnic group (White is the 0.175 0.512
reference)

Black 1.51 (0.98-2.34) 1.27 (0.85-1.90)

Native American and other 1.09 (0.52-2.30) 1.09 (0.56-2.11)

Chronic inflammation 2.05 (0.59-7.10) 0.255 1.87 (0.63-5.52) 0.259
Family history of coronary disease 0.98 (0.67-1.43) 0.904 1.05 (0.74-1.48) 0.803
Admission with ACS vs no ACS 0.82 (0.53-1.26) 0.365 1.09 (0.73-1.62) 0.673
Current/former smoker 0.90 (0.62-1.33) 0.610 1.04 (0.72-1.49) 0.842
History of hypertension 1.47 (1.01-2.14) 0.044 111 (0.77-1.58) 0.581
Diabetes mellitus 1.99 (1.29-3.06) 0.002 1.47 (0.99-2.20) 0.058
eGFR per 20 mL/min per 1.73 m? 1.48 (1.24-1.77) <0.001 1.29 (1.06-1.55) 0.010
decrease

LDL-C =120 mg/dL per 20-mg/dL 0.92 (0.77-1.10) 0.375 0.96 (0.80-1.16) 0.677
increase

Triglycerides per 50-mg/dL increase 1.01 (0.92-1.10) 0.875 1.00 (0.92-1.09) 0.969
Multivessel disease 1.50 (1.08-2.17) 0.034 1.44 (1.00-2.06) 0.049
Statin at discharge 0.84 (0.57-1.23) 0.365 1.01 (0.70-1.48) 0.943
Subsequent treatment within 30 d <0.001 <0.001

PCI vs medical treatment 0.42 (0.28-0.61) 0.48 (0.33-0.69)

CABG vs medical treatment 0.30 (0.14-0.61)

0.27 (0.14-0.52)

ACS indicates acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; LDL-C,

low-density lipoprotein cholesterol; and PCI, percutaneous coronary intervention.

latest guideline recommendation in this young popula-
tion, with 89.3% of patients having LDL-C >70 mg/dL
during the first year after CAD diagnosis and 84.3%
having at least one LDL-C value >70 mg/dL between
5 and 10 years after diagnosis. Only half of patients
had a level of LDL-C within 100 mg/dL along follow-
up (Figure S2 and Table S2). Eventually, the cumulative
incidence of new-onset diabetes mellitus in patients
without history of diabetes mellitus at baseline was
16% (95% Cl, 15%-18%) within 10 years after prema-
ture CAD onset (Figure 4).

DISCUSSION

In this analysis of DDCD, there were multiple impor-
tant findings. First, we observed that young patients
with premature obstructive CAD often had numer-
ous modifiable traditional cardiovascular risk factors.
Second, premature CAD is a chronic evolving disease
with half of patients experiencing a substantial evolu-
tion of coronary atherosclerosis within 10 years, and
1 of 5 patients dying prematurely. Women, Black and
Hispanic patients, and patients with diabetes mellitus
or chronic inflammatory disease were at high risk of

J Am Heart Assoc. 2020;9:e017712. DOI: 10.1161/JAHA.120.017712

ischemic recurrences. Modification of cardiovascular
risk factors over time was also poor in these young
individuals as the rate of smoking remained high and
LDL-C levels were above goal at follow-up.

Our study showed that smoking was the most
common risk factor among patients with premature
CAD. Prior literature has shown that the accumulation
of active smoking with an additional cardiovascular
risk factor is frequent, and contributes to aggressive
atherosclerosis and premature death.'® Nearly half of
the study population was obese, compared with 10%
to 30% in the US population reported between 2007
and 2014, suggesting the contribution of obesity as a
risk enhancer for early atherosclerosis.'* Obesity pre-
disposes patients to a metabolic syndrome, such as
insulin resistance and hypertriglyceridemia, which is
associated with increased cardiovascular morbidity
and mortality beyond traditional risk factors in mid-
dle-aged individuals.’®" Of importance, the rate of
diabetes mellitus in this young population with CAD
was also elevated, and as frequent as what is usu-
ally observed in an average population with CAD in
the United States. This comes in contrast with find-
ings from a prospective cohort of French individuals
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Figure 3. Smoking continuation after premature coronary artery disease (CAD) onset, stratified

by baseline smoking status.

with premature CAD, for whom obesity and diabetes
mellitus were rare, but active smoking and high LDL-C
levels were much more frequent.® Overall, the present
study supports the notion that there are several mod-
ifiable risk factors in individuals with premature CAD.
Furthermore, our findings emphasize the importance
of early intervention through either pharmacologic
treatments to aid in smoking cessation and reducing
LDL-C or lifestyle modifications for weight loss and a
healthy diet.'8-20

Conversely, nonmodifiable risk factors were not as
apparent in our findings compared with modifiable
ones, as genetic mutations related to HeFH were found
in 1% of the subset of tested individuals. There were
5% of individuals with baseline LDL-C >190 mg/dL;
this proportion increased to 11% in patients who pre-
sented with CAD before the age of 35 years. Previous
reports have shown a proportion of up to 20% of HeFH
among young adults with MIs.® One explanation could
be that only 17% of our study population had genetic
testing, and complete family history information was

J Am Heart Assoc. 2020;9:e017712. DOI: 10.1161/JAHA.120.017712

not readily available to calculate a Dutch Lipid Score.
Finally, chronic diseases responsible for clinical or sub-
clinical inflammation, such as HIV, cancer, or connec-
tive tissue diseases, are present in a small proportion
of patients, but significantly contribute to poor out-
comes. Such findings highlight the potential benefits
of innovative anti-inflammatory therapies to prevent
cardiovascular events in certain subgroups of patients
with premature CAD.?":2?

Of 5 patients with premature CAD, 1 died within
10 years of follow-up. These young individuals also
had multiple recurrences of events, especially ath-
erosclerotic progression leading to stable angina or
recurrent Mls. With almost 10 events per 100 pa-
tient-years, including recurrent Ml or death, patients
with premature CAD display worse outcomes than
those reported in patients >50 years of age, even
including higher-risk groups.?®2* Such a pejorative
prognosis highlights the need for more aggressive
primary and secondary prevention, with appropriate
smoking cessation strategies and low LDL-C target

11
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Figure 4. Cumulative rate of new-onset diabetes mellitus after premature coronary artery

disease diagnosis.
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goals in young patients at risk. Of importance, more
than half of patients continued smoking despite early
CAD; this observation is consistent with the findings
of the Partners YOUNG-MI registry, which displayed
a clear association with subsequent mortality.?® This
also demonstrates the need for specific trials to test
innovative strategies, like early PCSK9 inhibitors,
as soon as premature CAD is diagnosed, for these
individuals with a life-long atherosclerotic burden.
Attention should also be given to risk enhancers,
such as biomarkers like lipoprotein (a), which are he-
reditary and can also lead to premature cardiovas-
cular disease.?®?” Extended dual antiplatelet therapy
duration is another path requiring evaluation, in this
population with a low bleeding risk with early recur-
rent ischemic events. The other unmet need is a
specific consideration of these individuals in scien-
tific guidelines, to provide a specific cardiovascular
risk assessment and to guide intensive therapies for
which they are currently rarely eligible.?®=% In a re-
cent evaluation of the recent 2018 American College
of Cardiology/American Heart Association blood
cholesterol guidelines in DDCD, we found that <560%
of patients admitted for a first Ml before the age of
55 years would have been eligible for primary pre-
vention statins before this event, in comparison with
75% 1o 85% of older patients with MI.3" The major
explanation is the important contribution of age in the

J Am Heart Assoc. 2020;9:e017712. DOI: 10.1161/JAHA.120.017712

risk stratification by the 10-year atherosclerotic car-
diovascular disease risk score.®?

Our findings also show that women with prema-
ture CAD have higher rates of ischemic recurrences,
including all-cause death and MI, when compared
with men with premature CAD. These sex-specific
findings for prognosis have been reported across
a broad spectrum of cardiovascular diseases, and
have been mostly associated with less-than-opti-
mal secondary prevention and absence of intensive
therapy.®3-3° The failure to provide adequate preven-
tion strategies in women has been attributed to the
misconception that they do not exhibit classic signs
of atherothrombosis.®® The present study demon-
strates that the proportion of women with premature
atherosclerotic CAD is high, as they represent >1 of
4 patients of the cohort. Black and Hispanic individ-
uals also display a higher risk of recurrences than
White individuals. Socioeconomic factors, absence
of tailored secondary prevention, and less access
to health care and subsequent prevention strategies
have been reported as factors contributing to dispa-
rate outcomes, according to differences in sex, race,
and ethnicity.®”

The control of cardiovascular risk factors was sub-
optimal during follow-up in our study, in a population
for whom life expectancy in the United States should
exceed 30 years. Although great advancements have

12
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been made in the contribution of genetic polymor-
phisms and gene scores to risk stratify early onset
of CAD and its poor prognosis,39 the present ob-
servations display a clear need to improve strate-
gies aimed at modifiable cardiovascular risk factors.
This effort is paramount, as genetic predispositions
and environmental factors frequently overlap and
carry a combined high-risk burden on cardiovas-
cular outcomes.*® The efforts to promote a healthy
lifestyle in young patients can only be successful via
multimodal and multifactorial interventions involving
long-term social, psychological, and medical assess-
ment. New strategies are needed to promote primary
and secondary prevention in this young and active
population.

Limitations

We acknowledge several limits of this observational
study. This is a single-center study with a popula-
tion referred to a quaternary care hospital. We in-
cluded subsequent PCIl or CABG as a clinical end
point; although the performance of PCl and CABG
can be subjective, these are meaningful events re-
lated to the progression of atherosclerosis requiring
interventional treatments, and are important to the
broad patient population. The events that occurred
outside of Duke hospital were patient reported, sug-
gesting a possible underestimation of the rate of
events. There was only a small proportion of patients
for whom genetic data were reported. The impor-
tant difference between the proportion of mutations
and HeFH according to Dutch Lipid Score warrants
further investigations. The associations displayed in
the multivariable models should be interpreted as
hypothesis generating, because of the potential for
confounding and unmeasured bias. For instance,
the compliance to medication, blood pressure con-
trol, recovery of left ventricular fraction, and possible
social and psychological bias were not measured or
collected for the model.*"*? Furthermore, the model
could not evaluate how risk factor changes during
follow-up might relate to outcomes, because of the
heterogeneity in the collection and completeness of
data in time.

CONCLUSIONS

Premature CAD is an aggressive disease with a high rate
of ischemic recurrences and premature death. Younger
individuals have a high proportion of modifiable cardio-
vascular risk factors, with suboptimal control of smok-
ing and LDL-C cholesterol over time being frequent. This
highlights the need to implement early, multimodal, and
innovative prevention strategies for younger patients in
both primary and secondary prevention.
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Table S1. Trend in cardiovascular risk factors in young patients admitted with a first diagnosis

of obstructive CAD.

1995-1999
(N=1303)

Year of inclusion in DDCD

2000-2004
(N=1134)

2005-2009
(N=768)

2010-2013
(N=450)

P-Value
for Trend

Baseline Risk Factor
Current smoking

Hx of diabetes
Hx of hypertension

Hx of hyperlipidemia
LDL-C (median,
interquartile ranges)

728 (55.9%)
304 (23.3%)
641 (49.2%)
668 (51.3%)

125 (98, 150)

603 (53.2%)
275 (24.3%)
620 (54.7%)
524 (46.2%)

114 (90, 142)

307 (40.0%)
171 (22.3%)
407 (53.0%)
302 (39.3%)

114 (86, 142)

166 (36.9%)
121 (26.9%)
262 (58.2%)
202 (44.9%)

113 (85, 139)

<.0001
0.4039
0.0017
<.0001

<.0001

Trend P-values from Cochran-

Armitage test (discrete variables), test of Spearman correlation (continuous variables)




Table S2. Proportion of patients with follow-up LDL-C within <100 mg/dL) after premature

CAD onset according to baseline LDL-C. The n refers to the number of patients for whom LDL-C

follow-up status was available.

Baseline
Overall LDL<100 mg/dL

(N=3143) (N=1019)
Cath Date to <=1 year 1938/2934 (66.1%) 115/958 (12.0%)
>1-3 years post-cath 565/1069 (52.9%) 116/334 (34.7%)
>3-5 years post-cath 437/865 (50.5%) 90/265 (34.0%)
>5-10 years post-cath 522/978 (53.4%) 110/293 (37.5%)

Baseline LDL 2 100 mg/dL
(N=2124)

1823/1976 (92.3%)
449/735 (61.1%)
347/600 (57.8%)
412/685 (60.1%)



Figure S1. Study flow-chart.

Cardiac catheterization procedures performed in young adults
(18 — < 50 years) at Duke Medical Center between
1995 and 2013
N =19,787

No obstructive CAD, N= 11,634
—— > Follow-up < 1 year, N=4 (alive patients)
Recurrent procedures, n=3505

Young adults with obstructive CAD
N=4644

|~ History of MlI, PCl or CABG, n=989

v

Young adults with a first diagnosis of premature CAD
N=3655




Figure S2. Proportion of patients with follow-up LDL-C within guideline recommendation (<70

mg/dL) after premature CAD onset according to baseline LDL-C. The n refers to the number of

patients for whom LDL-C follow-up status was available

Time after premature CAD onset

<1 year

>1-3 years

>3-5 years

>5-10 years

97.1%

0% 20% 40% 60% 80%

Proportion of patients with LDL-C270 mg/dI|

100%

m Baseline LDL-C 270 mg/dl (N=2813)
® Baseline LDL-C <70 mg/dl (N=330)
H Qverall (N=3143)




