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1. Introduction

With the exception of age, sex, and genetic background, the most
important clinical factors that determine risk for developing atheroscle-
rotic cardiovascular disease (ASCVD) are modifiable: dyslipidemia, hy-
pertension, insulin resistance/diabetes mellitus, obesity, smoking, and
inactivity [1]. The impact of modifiable risk factors on risk for ASCVD
can readily be attenuated through pharmacologic intervention and life-
style modification. Evidence-based guidelines for managing dyslipide-
mia, hypertension, obesity, and diabetes are crafted with extreme care
and updated on a regular basis in an effort to reflect the most recent
findings from important clinical trials [2–4]. Despite all that we have
learned, recommendations from guidelines tend to be poorly followed as
reflected by multiple decades worth of data showing poor goal attain-
ment rates for specific risk factors and appropriate medications being
under-utilized, under-titrated, or not used at all even when they are
clearly clinically indicated [5–8].

When considered over the lifetime of an individual with an “average”
background of risk factors, the arterial vasculature is subjected to
considerable physiological abuse from toxic lipids, variations in hydro-
static pressure, inflammatory mediators, increased oxidative tone, and a
plethora of interactions between endothelial cells and such blood com-
ponents as platelets and leukocytes, among other deleterious influences.
Arterial injury accrues progressively over time, initiating a variety of
maladaptive, pathophysiological responses promulgating atherogenesis.
It is clear that there is nothing “essential” about hypertension, when it
comes to cholesterol lower is better, and even modestly elevated serum
glucose levels can induce endothelial dysfunction and drive atherogen-
esis. There is generally a fine line between normal function and the
initiation of nuclear transcription and cytosolic biochemical signaling
pathways that precipitate the constellation of responses giving rise to
cardiovascular disease. We have the means to intercept much of this at an
er B.V. This is an open access artic
early stage, yet so often appropriate intervention is not taken (due to
inertia on the part of both patients and clinicians) and patients go on to
develop ASCVD and its sequelae, including myocardial infarction (MI),
stroke, need for coronary and peripheral revascularization, and death. A
variety of risk calculators are available [9,10], but most clinicians do not
take the time to use them or it is felt they either over-estimate or
under-estimate risk in certain groups [11,12], thereby discouraging their
application. True primordial prevention intercepts pathogenic mecha-
nisms before disease assumes a foothold. It is likely that the majority of
patients we consider to be in the primary prevention setting already have
some degree of ASCVD. This is a suboptimal approach to ASCVD
prevention.
2. Low-density lipoprotein cholesterol

LDL-C is the end product apo B-containing lipoproteins. It is an
endovascular toxin with a dose-response relationship to risk for ASCVD.
There is no evidence to substantiate the widely held view that there is
some minimal level of this lipoprotein in blood that is necessary to sus-
tain life or that if its serum level is reduced below this “threshold,” risk
for adverse events somehow increase, The log-linear relationship be-
tween LDL-C and the hazard ratio for an acute cardiovascular event is
unity at an LDL-C of approximately 40 mg/dL [13], which also closely
approximates the LDL-C on average of infants and hunter-gatherer pop-
ulations [14]. This should be considered to be physiologically “normal.”
Clearly, the LDL-C levels characterizing populations around the world
exceed levels that are physiologically safe; this conclusion is unequivo-
cally supported by the fact that ASCVD remains the leading cause of
death and disability in most nations. Epidemiologic observational studies
as well as genome-wide association and mendelian randomization
studies clearly support the conclusion that when it comes to poly-
morphisms that lead to lifelong reductions in LDL-C, risk is reduced in
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proportion to the magnitude of LDL-C reduction [15,16]. Risk reduction
from congenitally reduced LDL-C exceeds that observed in clinical trials
with lipid-lowering agents because the reduction is incurred from the
moment of conception, thereby reducing the total duration of exposure
(area under the curve) to toxic levels of this lipoprotein [17]. Risk
reduction in this context is proportional to both the magnitude of
reduction in LDL-C and the duration of time over which this reduction is
sustained. In an elegant trajectory analysis of the Framingham Offspring
Study spanning 35 years, it was shown that persons with lifelong
“borderline” LDL-C levels (115–120 mg/dL) have a 2.9-fold higher
incidence of ASCVD compared to persons with “optimal” LDL-C defined
as lifelong 80–90 mg/dL [18].

Atherosclerosis begins at an early age and its clinical manifestations
generally become apparent in the 6th or 7th decade of life. Risk factor
burden early in life predicts risk of ASCVD in adulthood. In the Muscatine
study, the presence of ASCVD risk factors at age 15 years was predictive
of coronary artery calcification (CAC) in early adulthood in both men and
women [19]. The Cardiovascular Risk in Young Finns study demon-
strated that LDL-C levels measured in childhoodwere highly predictive of
common carotid artery intima media thickness (CIMT) after 21 years of
follow-up [20]. The Bogalusa Heart Study similarly found that baseline
LDL-C levels of children were highly predictive of CIMT in adulthood
(age 25–37 years); there was a statistically significant trend for
increasing CIMT across quartiles [21]. In the Coronary Artery Risk
Development in Young Adults (CARDIA study, the baseline Pathobio-
logical Determinants of Atherosclerosis in Youth (PDAY) risk score
measured at age 18–30 years was highly predictive of CAC and abdom-
inal aortic calcium deposition after 25 years of follow-up [22]. Among
unfortunate young men (mean age 22 years) killed in the Korean [23]
and Vietnam [24] Wars, 77% and 45%, respectively, already had
anatomically evident coronary artery disease. In another study of men
killed in Vietnam (mean age 20 years), 19% already atherosclerotic le-
sions >50% obstructive [25]. A sample of young men and women (mean
age 25.6 years) killed from noncardiac trauma revealed that 75.8% had
established atherosclerotic plaques and 21% had lesions >50%
obstructive [26].

3. Premature coronary artery disease

Generally, premature CAD is defined as the presence of coronary
atherosclerosis in men <55 years and <65 years in women, though
definitions vary study to study. CAD in young adults occurs at age <45
years. A family history of premature CAD escalates risk for ASCVD sub-
stantially. Obstructive sleep apnea, even after adjustment for other risk
covariates, correlates with a 2.1-fold higher risk of familial premature
CAD mortality [27]. Premature CAD is an aggressive form of ASCVD,
progression can be fulminant, and correlates highly with dyslipidemia,
male sex, smoking, inflammatory disease, hypertension and, under-
standably, family history of premature CAD [28,29]. Hence, many of the
principal risk factors for premature CAD are modifiable. If inadequately
treated, long-term prognosis for these patients is generally poor,
mandating very aggressive risk factor identification and control [30].
Risk factors for progression of CAD and first recurrent event in patients
with premature CAD include continued smoking, inadequate control of
diabetes and hypertension, persistent inflammatory disease, and
sub-Saharan African race [29]. Although risk scoring algorithms
frequently underestimate risk in patients who develop premature CAD,
CAC measurement substantially increases our ability to identify these
patients [31]. In the Dallas Heart Study, among the young (men aged <

45 years and women< 55 years), a family history of premature CAD was
an independent predictor of CAC, particularly among those participants
with two or more ASCVD risk factors [32]. Among 3514 participants
aged 40–54 years in the Progression of Early Subclinical Atherosclerosis
(PESA) study, not unexpectedly, dyslipidemia, smoking, family history of
premature CAD, and hypertension all correlated with progression of
atherosclerotic disease. Of these risk factors, dyslipidemia was the
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strongest modifiable risk factor [33]. The PESA study also demonstrated
that 61.8% of these apparently healthy participants already had sub-
clinical atherosclerosis and 40% experienced some degree of progression
over 3 years of follow-up in either the coronary or peripheral vascular
territories.

Among men and women aged <55 years, from 1979 to 1989 there
was a significant reduction in CV mortality. However, during the next 20
years, this age group did not experience further improvements in CV
mortality [34]. In contrast, older age groups continued to experience
improvements in CV mortality. This is quite puzzling given the fact that
the years proceeding forward from 1990 were associated with the
introduction of statins, β-blockers and angiotensin converting enzyme
inhibitors, and antiplatelet agents as standard of care for patients with
CAD. This attests to the challenges intrinsic to the treatment of the
younger age group with CAD. Despite all we know about risk factors and
their management, the incidence of premature CAD (men < 50 years,
women < 55 years) was stable for both men and women between 2000
and 2016 [35]. This incidence was 46–53 vs 18–23 per 100,000 for men
and women, respectively. Between 2007 and 2016, a period of timewhen
approaches to ASCVD prevention and treatment were well defined,
mortality rates for these groups remained unchanged. Among women
<45 years, mortality was higher than for men. In totality, these data
suggest that identification of patients with premature CAD is poor and
their management leaves many of these patients vulnerable to acute CV
events due to inadequate intensity of intervention with pharmacologic
agents and lifestyle modification.

4. Study to avoid cardiovascular events in British Columbia (save
BC)

In this issue of the AJPC, Vikulova and coworkers leverage the SAVE
BC [36] cohort of 417 patients (72% male) with premature CAD (males
� 50 years and females � 55 years) to compare the capacity of the US
[37], Canadian [38], and European [39] guidelines to correctly estimate
ASCVD risk and identify patients likely to benefit from risk reduction
with statins, quantify statin usage and LDL-C target attainment, and
evaluate risk factors that increase the likelihood of statin treatment.
Participants had a luminal stenosis of �50% on angiography in at least
one epicardial artery after presenting with a first acute coronary syn-
drome (ST-segment and non-ST-segment elevatingMIs, stable or unstable
angina pectoris, or referral for elective coronary angiography). The
findings of these investigators are discouraging and show that current
approaches to identifying and treating patients with premature CAD
continue to be remarkably inadequate.

Median ages for study participants were 45.9 and 50.7 years for men
and women, respectively. Participants had major CV risk factors at
baseline: 94.3% had at least one, and 26.9%, 25.2%, and 23.5% had two,
three, or four or more major risk factors, respectively. The prevalence of
dyslipidemia, family history of premature CAD, hypertension, current
smoking, obesity, and diabetes were 68.6%, 41%, 47%, 41%, 27%,
respectively. More than 18% of female participants had a history of
gestational diabetes, 10.3% met criteria for familial hypercholesterole-
mia (FH), and 23% had diabetes and met criteria for statin therapy. Of
these participants, only 41.7%, 61.4%, and 34.3% would qualify for
statin therapy according to the US, Canadian, and European guidelines,
respectively. Only 11.0% of participants attained their guideline-
stipulated LDL-C goal before presentation and, of particular impor-
tance, only 17% of the total number of patients were prescribed statins
prior to their diagnosis of CAD. Of particular note are the observations
that 29% of patients with FH and 31% with diabetes were treated with
statins. Of greater concern is the fact that only 3.4% and 14.3% attained
their lipids targets on therapy, a family history of premature onset CAD
was not associated with treatment, and cigarette smoking was inversely
associated with treatment!

These findings are cause for grave concern and highlight a number
issues. First, none of the risk calculators are particularly good at
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identifying persons at high risk for premature CAD. Second, the low rates
of treatment for persons with FH, diabetes, family history of premature
CAD, and multiple CV risk factors is alarming. Lipid target attainment
rates for patients with FH and diabetes are also remarkably low given
that they, too, confer marked elevation in ASCVD risk. Third, smoking
was inversely associated with the prescription for statins, despite the fact
that it is well known that smokers also benefit substantially from statin
therapy in both the primary and secondary prevention settings [40,41].
Given all that we know about atherogenesis and CAD prevention, it is
extraordinary that a family history of premature CAD and cigarette
smoking did not prompt the initiation of statin therapy. Both are highly
established major CV risk factors.

The reticence for treating patients, including young patients, with
statins needs to end. The inclination to treat patients at risk with inap-
propriately low doses of statins and the inertia in titrating statins so as to
facilitate lipid target attainment is also a global problem. The reduction
of CV risk with statins is one of the most highly investigated issues in the
entire history of medicine. Much work has been done to date on char-
acterizing barriers to the initiation and sustained usage of statins. Yet,
progress in this area is extraordinarily difficult to achieve. Given the
dramatic impact CAD of premature onset has on the lives of those
affected, effort needs to be made to augment earlier and more accurate
identification of these patients. In addition, it is clear that lipid guidelines
are still not appropriately applied in everyday patient care. This suggests
that they are either too complicated for the average health care provider
to understand and institute, or the perceived risks of statin therapy
remain heavily exaggerated and their broad spectrum of benefit poorly
appreciated. We must also help young patients understand that it is never
too early to initiate measures of CAD prevention and for those at
appropriate levels of risk, statin therapy is life-saving and dramatically
reduces the morbidity and socioeconomic costs associated with ASCVD.
Statins also constitute a lifelong therapy in patients at risk for premature
CAD. Clearly, we have a long way to go to augment and sustain the care
of these patients.

Declaration of competing interestCOI

Speakers Bureau: Amarin, Amgen, Esperion, Novo-Nordisk.
Consultant: Amarin, bio89, Novartis, Resverlogix, Theravance.
References

[1] Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A,
Pais P, Varigos J, et al. Effect of potentially modifiable risk factors associated with
myocardial infarction in 52 countries (the INTERHEART study): case-control study.
Lancet 2004;364(9438):937–52.

[2] Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ,
De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS Guidelines for the
management of dyslipidaemias: lipid modification to reduce cardiovascular risk: the
Task Force for the management of dyslipidaemias of the European Society of Car-
diology (ESC) and European Atherosclerosis Society (EAS). Eur Heart J 2019;41(1):
111–88.

[3] Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, Braun LT, de
Ferranti S, Faiella-Tommasino J, Forman DE, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the manage-
ment of blood cholesterol: executive summary. In: A Report of the American College
of Cardiology/American Heart Association Task Force on Clinical Practice Guide-
lines. 73; 2019. p. 3168–209. 24.

[4] Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Himmelfarb CD,
DePalma SM, Gidding S, Jamerson KA, Jones DW, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention,
detection, evaluation, and management of high blood pressure in adults: a report of
the American college of cardiology/American heart association task force on clin-
ical practice guidelines. Hypertension 2018;71(6):e13–115.

[5] Yang YS, Yang BR, Kim M-S, Hwang Y, Choi SH. Low-density lipoprotein cholesterol
goal attainment rates in high-risk patients with cardiovascular diseases and diabetes
mellitus in Korea: a retrospective cohort study. Lipids Health Dis 2020;19(1):5.

[6] Banach M, Stulc T, Dent R, Toth PP. Statin non-adherence and residual cardiovas-
cular risk: there is need for substantial improvement. Int J Cardiol 2016;225:
184–96.

[7] Toth PP, Granowitz C, Hull M, Anderson A, Philip S. Long-term statin persistence is
poor among high-risk patients with dyslipidemia: a real-world administrative
claims analysis. Lipids Health Dis 2019;18(1):175.
3

[8] Pantalone KM, Misra-Hebert AD, Hobbs TM, Kong SX, Ji X, Ganguly R,
Milinovich A, Weng W, Bauman JM, Petraro P, et al. The probability of A1C goal
attainment in patients with uncontrolled type 2 diabetes in a large integrated de-
livery system: a prediction model. Diabetes Care 2020:dc190968.

[9] Preiss D, Kristensen SL. The new pooled cohort equations risk calculator. Can J
Cardiol 2015;31(5):613–9.

[10] Cook NR, Paynter NP, Eaton CB, Manson JE, Martin LW, Robinson JG, Rossouw JE,
Wassertheil-Smoller S, Ridker PM. Comparison of the Framingham and Reynolds
Risk scores for global cardiovascular risk prediction in the multiethnic Women’s
Health Initiative. Circulation 2012;125(14):1748–56. s1741-1711.

[11] Rana JS, Tabada GH, Solomon MD, Lo JC, Jaffe MG, Sung SH, Ballantyne CM,
Go AS. Accuracy of the atherosclerotic cardiovascular risk equation in a large
contemporary, multiethnic population. J Am Coll Cardiol 2016;67(18):2118–30.

[12] Lloyd-Jones DM, Braun LT, Ndumele CE, Smith SC, Sperling LS, Virani SS,
Blumenthal RS. Use of risk assessment tools to guide decision-making in the pri-
mary prevention of atherosclerotic cardiovascular disease: a special report from the
American heart association and American college of cardiology. Circulation 2019;
139(25):e1162–77.

[13] Grundy SM, Cleeman JI, Merz CNB, Brewer HB, Clark LT, Hunninghake DB,
Pasternak RC, Smith SC, Stone NJ. Implications of recent clinical trials for the na-
tional cholesterol education program adult treatment panel III guidelines. Circula-
tion 2004;110(2):227–39.

[14] O’Keefe JH, Cordain L, Harris WH, Moe RM, Vogel R. Optimal low-density lipo-
protein is 50 to 70 mg/dl: lower is better and physiologically normal. J Am Coll
Cardiol 2004;43(11):2142–6.

[15] Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, Hegele RA,
Krauss RM, Raal FJ, Schunkert H, et al. Low-density lipoproteins cause athero-
sclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, and
clinical studies. A consensus statement from the European Atherosclerosis Society
Consensus Panel. Eur Heart J 2017;38(32):2459–72.

[16] Cohen JC, Boerwinkle E, Mosley TH, Hobbs HH. Sequence variations in PCSK9, low
LDL, and protection against coronary heart disease. N Engl J Med 2006;354(12):
1264–72.

[17] Ference BA, Yoo W, Alesh I, Mahajan N, Mirowska KK, Mewada A, Kahn J,
Afonso L, Williams KA, Flack Sr JM. Effect of long-term exposure to lower low-
density lipoprotein cholesterol beginning early in life on the risk of coronary heart
disease: a Mendelian randomization analysis. J Am Coll Cardiol 2012;60(25):
2631–9.

[18] Duncan MS, Vasan RS, Xanthakis V. Trajectories of blood lipid concentrations over
the adult life course and risk of cardiovascular disease and all-cause mortality:
observations from the Framingham study over 35 years. J Am Heart Assoc 2019;
8(11):e011433.

[19] Mahoney LT, Burns TL, Stanford W, Thompson BH, Witt JD, Rost CA, Lauer RM.
Coronary risk factors measured in childhood and young adult life are associated
with coronary artery calcification in young adults: the Muscatine Study. J Am Coll
Cardiol 1996;27(2):277–84.

[20] Raitakari OT, Juonala M, K€ah€onen M, Taittonen L, Laitinen T, M€aki-Torkko N,
J€arvisalo MJ, Uhari M, Jokinen E, R€onnemaa T, et al. Cardiovascular risk factors in
childhood and carotid artery intima-media thickness in adulthood: the Cardiovas-
cular Risk in Young Finns Study. JAMA 2003;290(17):2277–83.

[21] Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina EM, Berenson GS. Childhood
cardiovascular risk factors and carotid vascular changes in adulthood: the Bogalusa
Heart Study. JAMA 2003;290(17):2271–6.

[22] Gidding SS, Rana JS, Prendergast C, McGill H, Carr JJ, Liu K, Colangelo LA,
Loria CM, Lima J, Terry JG, et al. Pathobiological Determinants of atherosclerosis in
Youth (PDAY) risk score in young adults predicts coronary artery and abdominal
aorta calcium in middle age: the CARDIA study. Circulation 2016;133(2):139–46.

[23] Enos Jr WF, Beyer JC, Holmes RH. Pathogenesis of coronary disease in American
soldiers killed in Korea. J Am Med Assoc 1955;158(11):912–4.

[24] McNamara JJ, Molot MA, Stremple JF, Cutting RT. Coronary artery disease in
combat casualties in Vietnam. JAMA 1971;216(7):1185–7.

[25] Virmani R, Robinowitz M, Geer JC, Breslin PP, Beyer JC, McAllister HA. Coronary
artery atherosclerosis revisited in Korean war combat casualties. Arch Pathol Lab
Med 1987;111(10):972–6.

[26] Joseph A, Ackerman D, Talley JD, Johnstone J, Kupersmith J. Manifestations of
coronary atherosclerosis in young trauma victims–an autopsy study. J Am Coll
Cardiol 1993;22(2):459–67.

[27] Gami AS, Rader S, Svatikova A, Wolk R, Herold DL, Huyber C, Winnicki M,
Somers VK. Familial premature coronary artery disease mortality and obstructive
sleep apnea. Chest 2007;131(1):118–21.

[28] Mohammad AM, Jehangeer HI, Shaikhow SK. Prevalence and risk factors of pre-
mature coronary artery disease in patients undergoing coronary angiography in
Kurdistan, Iraq. BMC Cardiovasc Disord 2015;15:155.

[29] Collet J-P, Zeitouni M, Procopi N, Hulot J-S, Silvain J, Kerneis M, Thomas D,
Lattuca B, Barthelemy O, Lavie-Badie Y, et al. Long-term evolution of premature
coronary artery disease. J Am Coll Cardiol 2019;74(15):1868–78.

[30] Cole JH, Sperling LS. Premature coronary artery disease: clinical risk factors and
prognosis. Curr Atherosclerosis Rep 2004;6(2):121–5.

[31] Nasir K, Michos ED, Blumenthal RS, Raggi P. Detection of high-risk young adults
and women by coronary calcium and national cholesterol education program panel
III guidelines. J Am Coll Cardiol 2005;46(10):1931–6.

[32] Philips B, de Lemos JA, Patel MJ, McGuire DK, Khera A. Relation of family history
of myocardial infarction and the presence of coronary arterial calcium in various
age and risk factor groups. Am J Cardiol 2007;99(6):825–9.

[33] L�opez-Melgar B, Fern�andez-Friera L, Oliva B, García-Ruiz JM, S�anchez-Cabo F,
Bueno H, Mendiguren JM, Lara-Pezzi E, Andr�es V, Ib�a~nez B, et al. Short-term

http://refhub.elsevier.com/S2666-6677(20)30040-4/sref1
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref1
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref1
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref1
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref1
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref2
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref3
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref4
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref5
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref5
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref5
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref6
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref6
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref6
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref6
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref7
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref7
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref7
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref8
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref8
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref8
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref8
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref9
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref9
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref9
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref10
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref10
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref10
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref10
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref10
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref11
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref11
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref11
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref11
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref12
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref12
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref12
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref12
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref12
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref12
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref13
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref13
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref13
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref13
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref13
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref14
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref14
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref14
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref14
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref15
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref15
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref15
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref15
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref15
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref15
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref16
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref16
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref16
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref16
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref17
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref17
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref17
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref17
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref17
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref17
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref18
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref18
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref18
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref18
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref19
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref19
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref19
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref19
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref19
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref20
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref21
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref21
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref21
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref21
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref22
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref22
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref22
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref22
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref22
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref23
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref23
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref23
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref24
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref24
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref24
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref25
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref25
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref25
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref25
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref26
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref26
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref26
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref26
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref27
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref27
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref27
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref27
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref28
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref28
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref28
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref29
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref29
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref29
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref29
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref30
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref30
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref30
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref31
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref31
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref31
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref31
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref32
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref32
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref32
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref32
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33


Commentary American Journal of Preventive Cardiology 2 (2020) 100040
progression of multiterritorial subclinical atherosclerosis. J Am Coll Cardiol 2020;
75(14):1617–27.

[34] Wilmot KA, O’Flaherty M, Capewell S, Ford ES, Vaccarino V. Coronary heart disease
mortality declines in the United States from 1979 through 2011: evidence for
stagnation in young adults, especially women. Circulation 2015;132(11):997–1002.

[35] Vikulova DN, Grubisic M, Zhao Y, Lynch K, Humphries KH, Pimstone SN,
Brunham LR. Premature atherosclerotic cardiovascular disease: trends in incidence,
risk factors, and sex-related differences, 2000 to 2016. J Am Heart Assoc 2019;
8(14):e012178.

[36] Brunham LR, Lynch K, English A, Sutherland R, Weng J, Cho R, Wong GC, Anis AH,
Francis GA, Khan NA, et al. The design and rationale of SAVE BC: the study to avoid
CardioVascular events in British columbia. Clin Cardiol 2018;41(7):888–95.

[37] Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, Braun LT,
Ferranti Sd, Faiella-Tommasino J, Forman DE, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the manage-
ment of blood cholesterol: a report of the American college of cardiology/American
heart association task force on clinical practice guidelines. Circulation 2019;
139(25):e1082–143.

[38] Anderson TJ, Gr�egoire J, Pearson GJ, Barry AR, Couture P, Dawes M, Francis GA,
Genest Jr J, Grover S, Gupta M, et al. 2016 Canadian cardiovascular society
guidelines for the management of dyslipidemia for the prevention of cardiovascular
disease in the adult. Can J Cardiol 2016;32(11):1263–82.
4

[39] Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ,
De Backer GG, Delgado V, Ference BA, et al. 2019 ESC/EAS Guidelines for the
management of dyslipidaemias: lipid modification to reduce cardiovascular risk.
Eur Heart J 2020;41(1):111–88.

[40] Randomised trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S). Lancet 1994;344(8934):
1383–9.

[41] Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, Macfarlane PW, McKillop JH,
Packard CJ. Prevention of coronary heart disease with pravastatin in men with
hypercholesterolemia. N Engl J Med 1995;333(20):1301–8.

Peter P. Toth*

CGH Medical Center, Sterling, IL, USA
Cicarrone Center for the Prevention of Cardiovascular Disease, Johns Hopkins

University School of Medicine, Baltimore, MD, USA

* Rock Falls Medical Center, 1315 Dixon Avenue, Rock Falls, IL, 1071,
USA.

E-mail address: peter.toth@cghmc.com.

http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref33
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref34
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref34
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref34
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref34
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref35
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref35
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref35
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref35
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref36
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref36
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref36
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref36
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref37
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref38
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref38
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref38
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref38
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref38
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref38
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref39
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref39
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref39
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref39
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref39
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref40
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref40
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref40
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref40
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref41
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref41
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref41
http://refhub.elsevier.com/S2666-6677(20)30040-4/sref41
mailto:peter.toth@cghmc.com

	Identification and treatment of those most at risk for premature atherosclerotic cardiovascular disease: We just cannot see ...
	1. Introduction
	2. Low-density lipoprotein cholesterol
	3. Premature coronary artery disease
	4. Study to avoid cardiovascular events in British Columbia (save BC)
	Declaration of competing interestCOI
	References


