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Abstract

Purpose of Review In 2018, the AHA/ACC Multi-Society Cholesterol Guidelines introduced the novel concept of risk-
enhancing factors to be used as a supplement to the pooled cohort risk equations to personalize atherosclerotic cardiovascular
disease risk assessment in primary prevention. In this review, we discuss the rationale and evidence behind each of the risk-
enhancing factors to help clinicians perform a more personalized cardiovascular risk assessment.

Recent Findings The risk-enhancing factors are high-risk features that may guide the use of lipid-lowering therapy particularly in
intermediate and select borderline-risk patients. For the purpose of this review, these factors are divided into five categories: (i)
race and genetics, (ii) conditions specific to women, (iii) lipid-related risk, (iv) concurrent high-risk medical conditions, and (v)
biomarkers.

Summary The addition of the risk-enhancing factors to the pooled cohort equations provides a more individualized and com-
prehensive approach to cardiovascular disease risk assessment.

Keywords Risk-enhancing factors - Atherosclerotic cardiovascular disease - Risk assessment - Race and genetics - Biomarkers -
Lipid

Introduction

This article is part of the Topical Collection on Lipids

The 2018 AHA/ACC/Multi-Society Cholesterol Guidelines
introduced the novel concept of risk-enhancing factors as a
supplement to the pooled cohort equations (PCE) to person-
alize risk assessment for the primary prevention of atheroscle-
rotic cardiovascular disease (ASCVD) [1]. Since the publica-
tion of the 2013 ACC/AHA guidelines, the PCE has been the
mainstay for assessing ASCVD risk over a 10-year time frame
[2]. As per the 2018 Cholesterol Guidelines and the 2019
Primary Prevention Guidelines, patients are stratified into
. low (< 5%), borderline (5% to < 7.5%), intermediate (>7.5%
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3 PCE has several notable limitations at the individual level.
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ASCVD risk in specific individuals [4-7]. Several baseline
and acquired characteristics significantly affect an individual’s
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actual ASCVD risk beyond traditional risk factors, such as
ethnicity, genetic makeup, and concurrent comorbid condi-
tions. Although these factors may or may not be independent-
ly associated with ASCVD, their presence may denote higher
risk and could inform a more personalized risk discussion.
Additionally, although some risk-enhancing factors may not
increase risk in the short or intermediate term, their presence
may lead to an increased lifetime risk of ASCVD and thus
merits consideration during risk discussion.

The 2018 AHA/ACC Cholesterol Guidelines recommend
the application of risk-enhancing factors to patients in the
borderline- and intermediate-risk groups to identify those
who may be at greater risk for ASCVD than suggested by
the PCE alone. Incorporation of these factors allows for an
individualized risk assessment and a personalized discussion
regarding the need to initiate or intensify statin therapy. In this
review, we will discuss the rationale and evidence behind
these factors. We have divided the risk-enhancing factors into
five categories: (i) race and genetics, (ii) conditions specific to
women, (iii) lipid-related risk, (iv) concurrent high-risk med-
ical conditions, and (v) biomarkers. Additionally, we will
highlight the importance of shared decision-making between
clinicians and patients when applying these guidelines. The
risk-enhancing factors are summarized in Table 1.

Race and Genetics

A family history of premature ASCVD (first-degree male rel-
ative age < 55 years or first-degree female age < 65 years) has
shown to be independently associated with ASCVD and is not
included in PCE. In a study by Lloyd-Jones et al., individuals
with a family history of premature CVD in at least one parent
were at a twofold increased risk of incident CVD in men and a

non-significantly increased risk in women [8]. There also ap-
pear to be differences by maternal versus paternal inheritance.
A meta-analysis of 26 studies focusing on the impact of ma-
ternal versus paternal transmission of ASCVD risk demon-
strated that the highest odds of developing ASCVD were in
patients with a maternal family history of ASCVD < 50 years
of age (odds ratio 3.15, 95% CI 2.18-4.55). A paternal family
history < 55 years of age (odds ratio 2.82, 95% CI 2.25-3.54)
also contributed to a significantly elevated risk [9]. The mag-
nitude of the association between parental history of prema-
ture ASCVD and the risk of events in the offspring empha-
sizes the importance of obtaining a thorough family history for
risk stratification.

South Asians are a high-risk ethnic group with an increased
risk for premature ASCVD due to several reasons [10, 11].
There is a higher prevalence of elevated triglycerides and low-
er high-density lipoprotein cholesterol (HDL-C) levels among
South Asians compared to whites. Additionally, despite a high
prevalence of South Asian patients with low levels of low-
density lipoprotein cholesterol (LDL-C), a substantial number
still developed ASCVD with LDL-C levels below 100 mg/dL
as shown in the INTERHEART study [12]. South Asians have
disproportionately high apolipoprotein B (ApoB) levels rela-
tive to their LDL-C, suggesting a higher concentration of ath-
erogenic lipoprotein particles at similar LDL-C levels and
smaller LDL-C particle size. Metabolic syndrome is seen
more frequently with lower waist circumference in South
Asians than in whites and diabetes develops at a lower lean
body mass and at earlier ages. Notably, South Asians tend to
present with their first ASCVD event at a younger age than
individuals from other countries. The INTERHEART study
showed that the mean age at presentation for acute myocardial
infarction (AMI) in South Asians was lower than that of indi-
viduals from other countries (53.0+11.4 vs. 58.8 £

Table 1 Major categories of risk-
enhancing factors recommended
to further personalize clinician-
patient risk discussion

Race and genetics

Conditions specific to women
Lipid-related risk

Concurrent high-risk conditions

Biomarkers (if measured)

Family history of premature ASCVD (male age <55 years;
female age < 65 years)

South Asian ethnicity
Pre-eclampsia, premature menopause (age <40 years)

Primary hypercholesterolemia (LDL-C 160-189 mg/dL,
non-HDL-C 190-219 mg/dL)

Persistently elevated triglycerides (> 175 mg/dL)
Ankle-Brachial Index < 0.9 (if measured)

Chronic inflammatory conditions (theumatoid arthritis, systemic
erythematous lupus, psoriasis, vasculitis, ankylosing spondylitis,
hepatitis C infection, HIV/AIDS, or both HIV/HCV)

Metabolic syndrome

Chronic kidney disease (¢GFR 15-59 mL/min/1.73m? with or without
albuminuria; not treated with dialysis or kidney transplantation)

Elevated high-sensitivity C-reactive protein levels (>2.0 mg/L)
Elevated lipoprotein(a) levels (> 50 mg/dL or > 125 nmol/L)
Elevated apolipoprotein B levels (> 130 mg/dL)
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12.2 years). While the prevalence of three metabolic risk fac-
tors (Apolipoprotein B100/Apolipoprotein A-I ratio, diabetes,
and waist-to hip-ratio) was higher in South Asian cases and
controls, the prevalence of lifestyle factors such as physical
activity, fruit and vegetable consumption, and alcohol intake
were lower in South Asians as compared to individuals from
other areas. After adjusting for the aforementioned risk fac-
tors, the predicted probability of having an AMI at a younger
age (<40 years) was similar between South Asian natives and
those from other regions. Thus, the earlier presentation of
AMI in South Asians could be explained by a higher preva-
lence of modifiable ASCVD risk factors that are present ear-
lier in life [13]. A recent study of the distribution of
Lipoprotein(a) [Lp(a)] across various ethnic groups showed
that the population attributable risk (PAR) of myocardial in-
farction in individuals with Lp(a) concentrations greater than
50 mg/dL was the highest among South Asians compared to
other ethnic groups, even after adjustment for age, sex,
ApoAl, and ApoB (PAR 0.095, 95% CI 0.051, 0.138) [14].

Taken together, patients with South Asian ancestry or a
family history of premature ASCVD are at an increased risk
for future ASCVD events and clinicians should take these
factors into consideration during risk stratification.

Conditions Specific to Women

Several conditions specific to women have been identified as
risk-enhancing factors in the 2018 guidelines. These include
premature menopause, premature ovarian failure, pre-eclamp-
sia, gestational hypertension, gestational diabetes, pre-term
delivery, and delivery of small-for-gestational-age infants.
Premature ovarian failure and early onset of menopause have
been shown to be associated with an increased risk of incident
CVD events [15-17]. Two meta-analyses suggested that a
shorter duration of the reproductive lifespan, mainly driven
by early onset of menopause, has been associated with a
higher risk of incident CVD [15, 17]. One study showed that
women who experience menopause at an age younger than
45 years, compared to those 45 years or older, experienced an
increased relative risk of coronary heart disease (CHD) (1.50,
95% CI 1.28, 1.76) [16]. The hypothesized mechanism for
this increased risk involves early loss of ovarian function
through menopause with associated changes in sex hormones
that may contribute to long-term activation of the renin-
angiotensin-aldosterone system. These effects are thought to
lead to endothelial dysfunction and inflammation that result in
vascular damage. Additionally, alterations in the levels of en-
dogenous estrogens during menopause could potentially af-
fect lipid and lipoprotein levels and composition and contrib-
ute to the increased risk of ASCVD.

Gestational conditions or complications such as pre-
eclampsia and gestational hypertension are also associated
with an increased risk for incident ASCVD [18-20]. The

CHAMPS study included 1.03 million women without a
pre-existing diagnosis of ASCVD before their first pregnancy.
Women who experienced a placentally mediated condition
during pregnancy such as gestational hypertension, pre-
eclampsia, placental abruption, or placental infarction were
twice as likely to develop ASCVD (hazards ratio 2.0, 95%
CI 1.7, 2.2) after a median follow-up of 8.7 years [21].
There are several proposed mechanisms explaining the asso-
ciation between gestational complications and incident
ASCVD: (1) increased arterial stiffness, (2) endothelial dys-
function in the spiral arteries of the uterus, and (3) a chroni-
cally abnormal metabolic milieu that exists even prior to preg-
nancy and continues after delivery affecting both the mother
and fetus [15]. In a study of 8127 women, those with a history
of gestational diabetes mellitus (GDM) had 63% higher odds
(95% CI11.02, 2.62, p =0.04) of developing incident ASCVD.
The absolute risk increase was 2.83% and the average time
between a pregnancy complicated by GDM and the diagnosis
of CVD was 22.9 years [22]. A large proportion of the in-
creased ASCVD risk seen in women with GDM has been
attributed to subsequent development of type II diabetes. A
study by Retnakaran and Shah included 13,888 women with
GDM, 71,831 women with an abnormal 50-g glucose re-
sponse but no GDM, and 349,977 women with a normal glu-
cose response over a median follow-up of 12.3 years. The
investigators found that the hazards ratio of developing
ASCVD was 1.66 (95% CI 1.30, 2.13, p<0.01) for women
with GDM and 1.19 (95% CI 1.02, 1.39, p =0.03) for women
with an abnormal glucose test result compared to women with
normal glucose response. Adjusting for subsequent develop-
ment of type 2 diabetes led to an attenuation in the hazard
ratios for ASCVD to 1.25 (95% CI 0.96, 1.62, p=0.1) for
the GDM group and 1.16 (95% CI 0.99, 1.36, p =0.06) for
the group with abnormal glucose response [23]. Alternatively,
other studies have shown that GDM itself is independently
associated with increased future ASCVD risk, irrespective of
subsequent development of type 2 diabetes mellitus, though
the exact mechanism remains unclear [24].

Women who had pre-term deliveries or delivered small-for-
gestational-age infants were also found to be at a substantially
increased risk for incident ASCVD [25]. Although the exact
mechanism responsible for this observed association is uncer-
tain, inflammatory processes, genetic polymorphisms, and fa-
milial predisposition to prematurity are thought to play a role
[26, 27].

Overall, a wide body of evidence suggests that the presence
of gestational complications, premature menopause, and ovar-
ian failure is associated with a higher lifetime risk of ASCVD.
These findings highlight the importance of taking a thorough
obstetrical history and obtaining information regarding age of
menopause to identify those women who may need early and
aggressive lipid-lowering therapy in addition to lifestyle
modification.
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Lipid-Related Risk

A recent study from the Cooper Center included 36,375 par-
ticipants who were deemed to be at low risk for atherosclerotic
ASCVD (10-year ASCVD risk < 7.5% using PCE). Patients
with LDL-C > 100 mg/dL were further categorized into LDL-
C groups of (i) 100 to 129 mg/dL, (ii) 130 to 159 mg/dL, (iii)
160 to 189.9 mg/dL, and (iv) > 190 mg/dL. Compared to
individuals with LDL-C < 100 mg/dL, “low-risk” individuals
with higher LDL-C had a higher risk of ASCVD mortality
with hazard ratios of 1.4 (95% CI, 1.1-1.7), 1.3 (95% CI,
1.1-1.6), 1.9 (95% CI, 1.5-2.4), and 1.7 (95% CI, 1.3-2.3),
respectively, after a median follow-up of 26.8 years. Even
after adjustment for traditional risk factors for ASCVD, indi-
viduals with LDL-C levels in the 160—189.9- and > 190-mg/
dL categories remained at an increased risk for ASCVD mor-
tality with hazards ratios of 1.7 (95% CI, 1.4-2.2) and 1.5
(95% CI, 1.2-2.1), respectively [28]. Patients in this study
were also stratified into categories by non-HDL-C levels: (i)
<130 mg/dL (reference), (ii) 160 to 189 mg/dL, (iii) 190 to
219 mg/dL, and (iv) > 220 mg/dL. Higher levels of non-HDL-
C were also independently associated with increased risk of
cardiovascular mortality with hazards ratios of 1.3 (95% ClI,
1.1-1.6), 1.8 (95% CI, 1.4-2.2), and 1.5 (95% CI, 1.2-2.0),
respectively. These findings suggest that a modest elevation in
LDL-C (between 160 and 189 mg/dl) or non-HDL-C (>
160 mg/dL) even in low-risk patients poses a substantial in-
crease in lifetime risk of cardiovascular mortality that is not
readily identified using the PCE [29]. These results indicate
that even among those at low-risk in the short to intermediate
term, elevated levels of LDL-C and non-HDL-C confer a
higher lifetime risk of ASCVD.

Persistently elevated triglyceride levels have
proatherogenic properties that have been attributed to an in-
creased risk of ASCVD [30-33]. A study from the
Copenhagen City Heart Study stratified 13,981 men and
women by non-fasting triglyceride levels: (i) < 88.5 mg/dL
(reference), (ii) 88.5-176.1 mg/dL, (iii) 177.0-264.6 mg/dL,
(iv) 265.5-353.0 mg/dL, (v) 354.0-441.6 mg/dL, and (vi) >
442.5 mg/dL. A progressive increase in the adjusted hazards
ratios for myocardial infarction, ischemic heart disease, and
total mortality was noted in both men and women as triglyc-
eride levels increased. Even the modestly elevated triglyceride
level group of 88.5-176.1 mg/dL demonstrated an increase in
the adjusted hazards ratios for myocardial infarction, ischemic
heart disease, and total mortality compared to the reference
range. These findings are attributed to persistently elevated
levels of atherogenic remnant lipoproteins [32]. Genome-
wide association studies (GWAS) have identified at least 28
loci associated with plasma triglyceride levels that are inde-
pendently associated with the risk for CAD, further strength-
ening a causal relationship between elevated triglyceride
levels and incident ASCVD [34, 35]. A Mendelian
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randomization study from the Copenhagen City Heart Study
showed that genetic variants in 10,208 individuals that result-
ed in reduced levels of non-fasting plasma triglyceride levels
were associated with a reduction in all-cause mortality [36].
Lipid-related risk factors (total cholesterol, high-density
lipoprotein cholesterol) are included in traditional risk models.
However, the evidence suggests that ASCVD events occur at
LDL-C, non-HDL-C, and triglyceride levels that are even
modestly elevated, further substantiating the importance of
identifying and treating these patients early, who may be at a
higher risk of ASCVD events than previously acknowledged.

Concurrent High-Risk Medical Conditions

High-risk medical conditions such as chronic inflammatory
diseases (rheumatoid arthritis [RA], psoriasis, ankylosing
spondylitis, vasculitis, and systemic erythematous lupus
[SLE]), human immunodeficiency virus (HIV), hepatitis C
(HCV), metabolic syndrome, and chronic kidney disecase
(CKD) have all been associated with an increased risk for
ASCVD. Non-invasive imaging modalities such as the use
of ankle-brachial index (ABI) for the diagnosis of PAD have
been shown to be marker for the presence of subclinical ath-
erosclerosis and have been shown to be independently asso-
ciated with incident CVD. An ABI <0.9 in patients in the
borderline- or intermediate-risk category may suggest an even
higher risk category than what is calculated by the PCE [6,
37]. A study in the Multiethnic Study of Atherosclerosis
(MESA) cohort showed that the addition of ABI to the
Framingham Risk Score (FRS) improved the net reclassifica-
tion index for ASCVD risk prediction compared to using the
FRS alone [38].

Chronic inflammatory conditions including RA [39], SLE
[40], and psoriasis [41] have been associated with higher in-
cident ASCVD risk secondary to an increase in underlying
inflammatory processes. A meta-analysis of observational
studies on patients with RA found a 50% increased risk in
cardiovascular mortality in patients with RA compared to
the general population (meta-standardized mortality ratio
1.50, 95% CI 1.39-1.61) [39]. Among the chronic inflamma-
tory conditions, SLE showed the strongest association with
cardiometabolic diseases (risk ratio (RR) 6.36, 95% CI
4/37-9.25), followed by ulcerative colitis (RR 1.69, 95% CI
1.51-1.89), ankylosing spondylitis (RR 1.28, 95% CI 1.09—
1.52), vasculitis (RR 1.64, 95% CI: 1.42—1.90), and psoriasis
(RR 1.25) [42]. Patients with HIV, HCV, and HIV/HCV co-
infection are also at an increased risk for incident ASCVD that
is not adequately accounted for by the PCE [42-44]. Of note,
HIV/HCV co-infected individuals have a higher incidence of
CVD events and/or death than either HIV mono-infected or
HCV mono-infected individuals [43]. Underlying mecha-
nisms related to HIV such as HIV viral load, CD4 count,
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and T cell count have been shown to be associated with
ASCVD [44].

Metabolic syndrome is comprised of a number of medical
conditions including central obesity, hypertension, elevated
blood glucose, elevated serum triglycerides, and low serum
HDL-C levels, all of which increase the propensity for inci-
dent ASCVD [45, 46].

Lower eGFRs in CKD and the presence of albuminuria
have been associated with an increased risk of all-cause and
cardiovascular mortality. Although the reduction in LDL-C
and major vascular events tends to be attenuated at lower
eGFRs, the evidence remains strong that patients with CKD
(but without end-stage renal disease requiring dialysis) treated
with statin and ezetimibe therapy have reduced ASCVD
events [47, 48]. Therefore, clinicians should treat patients with
CKD with aggressive lipid-lowering therapy to maximize the
absolute reduction in ASCVD events.

As a number of comorbid medical conditions discussed
above are associated with an increased risk of incident
ASCVD, particular care should be given with eliciting a med-
ical history to identify these conditions and to appropriately
calibrate the assessment of future ASCVD risk.

Biomarkers

Several biomarkers have been shown to be associated with an
increased risk of incident ASCVD and, if measured, could be
used to further individualize risk stratification. These include
high-sensitivity C-reactive protein (hs-CRP), Lp(a), and
ApoB.

In the Framingham Heart Study, Wilson et al. studied the
relationship between hs-CRP and CVD risk. In multivariable
analyses that included factors such as age, sex, and systolic
blood pressure, the log hs-CRP was found to be independently
associated with the development of CHD and total CVD.
Additionally, the net reclassification improved by 5.6% for
total CVD (P=0.04) and 11.8% for CHD (P =0.009) when
hs-CRP was added to traditional risk factors [49]. In a meta-
analysis of 160,309 individuals from 54 long-term prospective
studies, log.CRP concentration was found to be log-linearly
related to the risk of ischemic vascular disease. RRs for CHD
per 1-SD higher log.CRP concentration were 1.63 (95% CI
1.51-1.76) when adjusted for age and sex. After further ad-
justment for traditional risk factors, the relative risk was 1.37
(95% CI 1.27-1.48) [50]. Thus, both population studies and
meta-analyses have demonstrated that CRP has independent
association with ASCVD. The JUPITER trial took this asso-
ciation a step further by studying the effects of statin therapy
in healthy individuals with elevated hs-CRP levels. The trial
randomized 17,802 healthy men and women with elevated
levels of hs-CRP at 2.0 mg/L or higher but relatively normal
LDL-C levels to rosuvastatin versus placebo. After a median

follow-up of 1.9 years, rosuvastatin reduced hs-CRP levels by
37%. Additionally, the rate of the combined primary endpoint
of myocardial infarction, stroke, arterial revascularization,
hospitalization for unstable angina, and cardiovascular mor-
tality was 0.77 per 100 person-years in the rosuvastatin arm, in
contrast to 1.36 per 100 person-years in the placebo arm [51].
Further analyses from the JUPITER trial showed that increas-
ing levels of hs-CRP were associated with an absolute in-
creased risk in ASCVD; every unit increase in log hs-CRP
was associated with a 1.3-fold increase in vascular risk (95%
CI1.1-1.5, p =0.002), and the greatest absolute risk reduction
derived from rosuvastatin was in patients with the highest
baseline levels of hs-CRP [52].

Several studies have demonstrated an independent associ-
ation between elevated Lp(a) levels and CHD [53-56]. A
meta-analysis of 126,634 participants from 36 prospective
studies showed that the relative risk of CHD per 3.5-fold
higher Lp(a) level adjusted for age and sex was 1.16 (95%
CI 1.11-1.22). This risk remained significant after adjustment
for risk factors including systolic blood pressure, smoking,
history of diabetes, and total cholesterol. Mendelian random-
ization analyses have also demonstrated a linear association
between the risk of CHD and absolute changes in Lp(a) levels.
A 10-mg/dL lower genetically predicted Lp(a) concentration
was associated with 5.8% lower risk of CHD, an association
that was independent of changes in LDL-C level, suggesting a
causal relationship between Lp(a) level and CHD risk [57].

ApoB levels also provide important information regarding
atherogenic particle numbers that are independently associat-
ed with incident ASCVD [58-60]. A meta-analysis of
233,455 individuals from 12 studies demonstrated that apoB
is strongly associated with ASCVD (relative risk ratio 1.43,
95% CI 1.35-1.51) risk, suggesting its clinical importance in
risk stratification [59].

The guidelines recommend that biomarkers, if measured,
provide additive information and could further inform the de-
cision regarding early initiation of statin therapy in borderline-
and intermediate-risk patients.

Shared Decision-Making

The 2018 AHA/ACC Multi-Society Guideline on the
management of blood cholesterol and the 2019 AHA/
ACC Primary Prevention Guidelines reinforce the impor-
tance of shared decision to tailor care to the needs and
preferences of individual patients [1, 3]. Clinicians should
first perform the 10-year ASCVD risk assessment using
the PCE. Risk-enhancing factors should then be integrated
with the information obtained from the PCE to inform
clinical decision-making. Patients should be informed of
their personal ASCVD risk and risk-enhancing factors be-
fore discussing potential therapeutic options. As it is
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difficult to precisely quantify how much an individual’s
ASCVD risk increases by the presence of one or more
risk-enhancing factors, clinical and open communication
are crucial. Clinicians should consider the number of risk-
enhancing factors, duration of their presence, severity, and
patient preference to inform decision-making regarding
use of statin therapy along with lifestyle modification. In
some cases, the presence of risk-enhancing factors could
also inform decision to use a higher intensity of statin
therapy. In intermediate-risk or select borderline-risk
adults, if the decision about statin therapy remains uncer-
tain after assessment of 10-year risk and after accounting
for the risk-enhancers discussed above, it is reasonable to
then measure a coronary artery calcium score to decide
whether to withhold, postpone, or initiate statin therapy.
In summary, risk assessment includes three major steps (a)
risk assessment with the PCE, (b) personalization of risk
using risk-enhancers, and (c) reclassification of risk using
coronary calcium scoring in select individuals. Discussion
related to the coronary calcium score in ASCVD risk re-
classification is beyond the scope of this review and
therefore not discussed in detail here.

Conclusion

In conclusion, the concept of risk-enhancing factors is an im-
portant addition to the 2018 AHA/ACC Cholesterol
Guidelines. In this review, we summarized the evidence and
rationale behind each of the risk-enhancing factors and its
association with ASCVD. While the PCE remains an impor-
tant tool for estimation of ASCVD risk, it is important to
understand its limitations at the individual patient level.
Incorporating risk-enhancing factors along with global
ASCVD risk assessment allows for a more individualized
and comprehensive approach to cardiovascular risk
assessment.
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