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Opinion statement

Cardiovascular disease (CVD) risk assessment has changed substantially in recent years.
Statins are recommended for a larger proportion of Americans based on a recently recom-
mended CVD global risk calculator derived from studies of multiple large, diverse, community-
based cohorts. Recent research shows that patients that are intermediate risk for CVD events
may benefit from net reclassification of risk based on circulatory biomarkers like c-reactive
protein, interleukin-6, lipoprotein(a), and lipoprotein-associated phospholipase A2. In addi-
tion, multiple imaging biomarker modalities, including coronary artery calcium and carotid
intima-media thickness, may play an important role in further risk stratification for patients
in the later stages of CVD development. The data obtained from these markers could play an
important role for deciding how aggressive a physician should be with pharmacological
therapy. Here, we discuss many of the current recommendations of CVD risk assessment
including those included and excluded from recent guidelines, while addressing the most
recent data supporting renewed and newer modalities for CVD risk assessment.

Introduction

Cardiovascular disease (CVD) is the leading cause of
morbidity and mortality in patients in the USA [1]. The
annual costs for CVD hospitalizations was estimated to

be $320.1 billion in 2011 alone, approximately $100
billion more than estimated hospitalization costs for
cancers and benign neoplasms in a recent year [1].

http://crossmark.crossref.org/dialog/?doi=10.1007/s11936-015-0420-z&domain=pdf


CVD presents a large burden to our society and our
healthcare system, and while great strides have been
made to meeting goals like the American Heart Associ-
ation’s (AHA) 20 % improvement in cardiovascular
health by the year 2020, such goals rely on improved
strategies and implementation of CVD risk assessment.

In 2008 that the National Heart, Lung, and Blood
Institute commissioned three expert panels (regarding
cholesterol treatment, overweight management, and
blood pressure treatment) to create updated guidelines
meant to address the CVD burden. In November of
2013, the American College of Cardiology (ACC) and
AHA released guidelines for cardiovascular risk assess-
ment based on a systematic review and synthesis of
high-quality medical literature [2•]. These guidelines,

and the associated controversy with them, have played
a pivotal role in redefining global risk assessment. Ad-
ditional guidelines have also addressed specifically risk
assessment for those who are asymptomatic, most no-
tably diabetic patients [3]. These guidelines appreciate
their shortcomings and leave open the possibility of
diagnostic tests thatmaymore reliably predict CVD. This
futuremay involve diagnostic modalities that are able to
move past long-term CVD risk assessment and address
short-term risk, such as perhaps helping to predict CVD
risk in the next 6 months to a year. The purpose of this
review is to analyze current recommendations for global
risk-assessment of CVD, while addressing newer circula-
tory and imaging biomarkers that may add to an indi-
vidual’s CVD risk assessment.

Current guidelines for global risk assessment

The new equations for risk assessment set forth by the 2013 ACC/AHA
Cardiovascular Risk Assessment Guideline are based on pooling cohorts from
the Framingham, the Atherosclerosis Risk in Communities, the Coronary Artery
RiskDevelopment in Young Adults, and the Cardiovascular Health Studies [2•].
The large sample size these studies provide together gives this new Pooled
Cohort Risk Score greater precision than previous risk scores such as Framing-
ham based on a single population. As compared to the ATP III Framingham
Risk Score (FRS), the new Pooled Cohort Risk Score predicts 10-year risk of both
coronary heart disease (CHD) and stroke together rather than just CHD. How-
ever, CHD in this case includes non-fatal MI and CHD death, meaning it does
not include outcomes of PCI, CABG, and unstable angina requiring hospitali-
zation, so had the latter been included, actual predicted risk would be greater.

Ultimately, the outcome of atherosclerotic cardiovascular disease
(ASCVD) was defined as the first occurrence of non-fatal myocardial infarc-
tion, CHD death, fatal stroke, or non-fatal stroke. The ASCVD risk calculator
is based on traditional risk factors including a patient’s sex, age, race, total
cholesterol, high-density lipoprotein cholesterol (HDL), systolic blood
pressure, treatment for high blood pressure, diabetes, and smoking status.

Ultimately, the calculator produces a 10 year and lifetime risk for ASCVD.
The concept of lifetime risk is particularly interesting as it has been shown that
individuals aged G50 have a low predicted 10-year risk for CVD despite
significant risk factors [4]. However, in the setting of cumulative exposure to
modifiable risk factors at younger and younger ages, the committee included
lifetime risk as not a replacement for 10-year risk assessment but a form of risk
communication that may help motivate the patient towards better adhering to
lifestyle and other therapies. Indeed, the ASCVD risk calculator should be used
within a clinician-patient discussion about the potential risks and benefits of
beginning or intensifying therapy, lifestyle management strategies, and
personal preferences regarding treatment.
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Population for assessment
The guidelines suggest that among non-Hispanic African Americans and non-
Hispanic whites free from ASCVD who are 20–79 years of age, traditional
ASCVD risk factors should be addressed, and in adults 40–79, 10-year ASCVD
risk should be done every 4–6 years assuming (ACC/AHA Class IIa-B Recom-
mendation). Of note, the authors address the lack of ethnic-specific risk algo-
rithms given insufficient data and do note that Hispanic-Americans and Asian-
Americans have a lower and American-Indian ethnicities a higher 10-year risk
for ASCVD as compared to non-Hispanic Whites that should be taken into
consideration when the risk calculator is used in these groups.

Included additional screening modalities for uncertain quantitative risk assessment
Currently, the 2013 guidelines state that after quantitative risk assessment, if a risk-
based treatment decision is uncertain, assessment of additional modalities may be
indicated for those at intermediate risk. Based on the patient’s history, the most
straightforward inclusionwas a patient’s family history of premature cardiovascular
disease (ACC/AHAClass IIb-BRecommendation). Thiswas defined as a first-degree
relativemale G55 or female G65 years of age, which Kashani et al. was shown to be
an independent contributor to risk appraisal of CVD risk [5]. Importantly, one
should always quantitate the number of first-degree affected relatives since the
greater the numberwith a premature family history, the greater the person’s risk [6].

With regard to circulatory biomarkers, high-sensitivity c-reactive protein (hs-
CRP) has been well established as being associated with CVD risk and is a
recommended measure when the treatment decision on the basis of global risk
assessment alone is uncertain (ACC/AHA Class IIb-B Recommendation). It has
been shown that there is a clear additional benefit of adding hs-CRP to tradi-
tional FRS when predicting CVD risk, but hs-CRP was not included in the
original calculator secondary to unclear cost-effectiveness in high- and
intermediate-risk populations who would use low cost statins [7, 8]. As the
association between hs-CRP and CVD risk is strongest for hs-CRP as a contin-
uous variable, the appropriate cut-off for ease of clinical decision-making has
been unclear [9, 10]. The 2013 ACC/AHA Guidelines support a value of ≥2mg/
L for hs-CRP in this case. While elevated hs-CRP identifies higher risk persons,
we still do not have definitive information that lowering hs-CRP reduces CVD
event risk; the currently ongoing Cardiovascular Inflammation Reduction Trial
will help answer this [11]. Other circulatory biomarkers such as ApoB were not
included by the 2013 ACC/AHA Guideline panel largely because there was no
evidence that other biomarkers had additional predictive value for CVD events
beyond standard risk factors [12].

With regard to imagingmodalities, detection and quantification of coronary
artery calcium (CAC) has had a large wealth of evidence showing the added
benefit to the c-statistic in traditionalmodels for CVD risk evaluationwithin the
intermediate-risk groups (ACC/AHA Class IIb-B Recommendation) [8]. How-
ever, given that prior studies have focused on an outcome of purely CHD
(rather than ASCVD), and there is continued uncertainty regarding safety and
cost-effectiveness, the panel labeled this as a Class IIb Recommendation. Those
patients with ≥300 Agatston units of ≥75th percentile for age, sex, and ethnicity
[based on the Multi-Ethnic Study of Atherosclerosis (MESA) coronary calcium
risk calculator—http://www.mesa-nhlbi.org/cacreference.aspx] may benefit
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from upward risk stratification for the purposes of initiation or intensification
of therapy. The guideline did note that coronary calcium screening was likely to
be themost useful of the additional modalities proposed for cardiovascular risk
stratification beyond global risk assessment.

The 2013 ACC/AHAGuidelines has also included ankle brachial index (ABI)
as a modality for better risk stratification, however, the added benefit beyond
the FRS is most predominant in females (ACC/AHA Class IIb-B Recommen-
dation). While an improvement in the c-statistic did occur for both men and
women, the added benefit was only statistically significant in women when the
ABI was added to the FRS for CVD risk [0.605 (0.644–0.672) vs 0.658 (0.644–
0.672)] [13]. An ABI cut-off of G0.9 was included as support for revising a
patient’s initial risk assessment, although clearly data from the recent ABI
Trialists Collaboration also shows significant increases in risk even at borderline
ABI levels of 0.9–1.0 [14].

New and renewed modalities for CVD risk assessment

There have been other circulatory and imaging biomarkers that have been
proposed for CHD and CVD. Ultimately, the clinical value of a risk marker
should be assessed by its effect on patient management and outcomes. In order
to achieve this, risk markers should have proof of concept, have prospective
validation in independent populations, provide significant incremental infor-
mation when added to standard risk factors, be readily available and inexpen-
sive (or at least cost-effective), and be based on studies with a large number of
outcome events [15]. While many of the following predictors may only meet
part of these criteria at this point, within a subset of patients they may provide
additional information regarding CVD risk. Often times, these groups of pa-
tients may be those who are asymptomatic but still at intermediate risk based
on comorbidities such as diabetes or metabolic syndrome.

Circulatory biomarkers

Numerous circulating biomarkers representing a variety of pathophysiological
pathways including inflammation [CRP, interleukin-6 (IL-6), and lipoprotein-
associated phospholipase A2 (Lp-PLA2)], lipid metabolism [lipoprotein(a)],
and endothelial dysfunction (urinary microalbuminuria) have been shown to
promote atherogenesis. In more recent years, some of these biomarkers have
had additional evidence to signify utility for CVD risk assessment.

Interleukin-6
A large amount of focus has been placed on “downstream” markers of inflam-
mation, such as CRPwith the risk of CHD. However, more recently, “upstream”
markers such as pro-inflammatory cytokines like IL-6 have been shown to be
related with CHD because their role in the inflammation cascade [16]. Analyses
via systematic reviews have shown IL-6 to be as strongly correlated with CHD
risk after traditional risk factor adjustments and with a similar magnitude of
prediction of traditional risk factors [17]. Furthermore, a causal role for IL-6
signaling in CHD has been supported via genetics [18]. A more recent meta-
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analysis including 29 studies showed that the relative risk of non-fatal MI or
CHD death per standard deviation increase from baseline of IL-6 resulted in a
relative 25 % (1.19–1.32) increase of CHD events despite adjustment for
standard risk factors [19]. Although these results further support the inflam-
mation hypothesis in vascular disease, the causal role of the “upstream bio-
marker” IL-6 in CHD or CVD is yet to be established.

Lipoprotein-associated phospholipase A
2

Similar to CRP, Lp-PLA2 is an example of “downstream” inflammatory biomarker.
Lp-PLA2 is unique and highly specific for vascular inflammation and atheroscle-
rosis. Lp-PLA2 plays a large role in plaque instability as is found predominately
adjacent to areas with massive macrophage aggregation and oxidized LDL accu-
mulation [20, 21]. Multiple studies and pooled analyses of these studies have
consistently shown that Lp-PLA2 is significantly associated with CVD risk [22]. A
recent meta-analysis has shown that increases in Lp-PLA2 mass and activity, after
adjustment for conventional risk factors, significantly increase the relative risk (RR)
of CHD events, ischemic strokes, vascular mortality, and non-vascular mortality.
Importantly, this meta-analysis showed that Lp-PLA2 was comparable to systolic
blood pressure and non-HDL cholesterol in magnitude for prediction off CVD
events [23]. Despite these findings, Lp-PLA2was not included in the pooled cohort
model for CVD risk prediction. Interestingly, hs-CRP, another marker of general
inflammation, was included in the 2013 ASCVD guidelines as a biomarker that
may be helpful to better define risk [as well as is the Reynolds Risk Score (RRS)
calculator] given its strong predictive association with CVD events [24]. However,
Lp-PLA2 has been shown to bemore specific for vascular inflammation than CRP,
which can be increased in conditions such as rheumatic disease or infections [22].
In fact, studies have shown that the addition of Lp-PLA2 to hs-CRP leads to better
risk stratification for CVD risk than Hs-CRP alone [25, 26].

Despite these epidemiological findings, a recent international phase 3 drug
trial of darapladib, an inhibitor of Lp-PLA2 activity, showed no effect on
combined outcomes in patients with stable CHD [27•]. While this drug does
not necessarily reflect the utility of Lp-PLA2 in those without baseline CVD,
some have suggested that Lp-PLA2 activity may be a biomarker related to
lipoprotein metabolism and inflammation but not causal in the pathway of
CHD events [28]. Yet, that is still not clear. Recently, a prospective study using a
healthy, CVD-free, multi-ethnic cohort showed that both Lp-PLA2 mass and
activity were associated with CVD risk regardless of standard risk factors and the
presence of coronary artery calcium or carotid intima-media thickness [29•].

Lp-PLA2 has been recommended by the 2010 AHA/AHA Guidelines for
Cardiovascular Risk Assessment for risk stratification only in groups with
moderate or high CV risk [3]. This is largely because of secondary analyses of the
Women’s Health Study and Atherosclerosis Risk in Communities (ARIC) Study,
which showed that the addition of Lp-PLA2 to traditional risk factors only had
modest to no increase in the predictive power for future CVD in healthy
individuals. However, this in no way detracts from Lp-PLA2’s utility in those at
risk for CVD. Particularly in those patients with some inflammatory burden
such as those with metabolic syndrome or diabetes, Lp-PLA2 could play an
important role in risk stratification especially where the use or intensity of statin
therapy based in LDL-C or global risk alone may be unclear.
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Lipoprotein(a)
The evidence for the causal role of lipoprotein(a) [Lp(a)] with CHD is based on
Mendelian randomization studies and from large epidemiological databases
[30, 31]. Lp(a) is composed of apolipoprotein B-100 and the attached glyco-
protein apolipoprotein(a) [apo(a)]. Although unclear, the mechanism through
which Lp(a) may be proatherogenic is based on the proinflammatory effects of
the apo(a), as well as Lp(a)’s preferential binding to proinflammatory and
proarthrogenic oxidized phospholipids which help to destabilize atheroscle-
rotic lesions [32].

While the causal effects of Lp(a) have been well documented, not until
recently has it been shown that Lp(a) could add to CVD reclassification. Prior
studies have shown modest reclassification of subjects for CVD and increase in
c-index for intermediate/high-risk FRS categories when Lp(a) was added to
predictors of total cholesterol and HDL-C [33]. More recently, Lp(a) was shown
to have significant discrimination and reclassification of CVD risk when added
to the FRS and RRS [34•]. The prospective 15-year follow-up study in a general
population noted a 39.6 % significant net reclassification index afforded by
Lp(a) in those at the intermediate risk for CVD. Nearly 2 in 5 of patients
classified as intermediate risk by traditional algorithmsmoved into either lower
or higher CVD risk categories. Nonetheless, it is unclear how such measure-
ments will change clinical practice given no clinical trial exist to determine the
optimal use of Lp(a). The utility of Lp(a) may be best in high-risk patients who
would benefit from intensive use of established preventive therapies.

Microalbuminuria
Microalbuminuria is most commonly defined as an albumin excretion
rate of 30–300 mg/day or an albumin:creatinine ration of 2.5–25 mg/
mmol in men or 3.5–25 mg/mmol in women. Multiple studies have
shown microalbuminuria to be predictive of CHD and CVD [35–37].
However, discrepancies in results have arisen based on gender, age of
participants, and diabetes status.

Microalbuminuria appears to significantly increase the risk for CHD in wom-
en vs men with impaired glucose tolerance the most. Increased mortality in
women (RR=6.10; 95 % CI, 2.62–15.19) vs men (RR=1.77; 95 % CI, 0.91–3.44)
was seen in one study of diabetic patients and may be possibly related to
differences in cut-off definitions for microalbuminuria [38]. Another study
showed that in those with metabolic syndrome, microalbuminuria was predic-
tive for both CHD andCVD, while formen no association existed [39]. However,
other studies have indicated that microalbuminuria is predictive of cardiovascu-
lar events in those with or without diabetes after adjustment for gender [40].

More recent studies have also shown the predictive nature of the simple
marker for subclinical CVD parameters. After adjustment for standard risk
factors, including age, gender, and diabetes status, microalbuminuria was
shown to be independently associated with left ventricular mass index, carotid
intima-media thickness, and arterial stiffness by carotid femoral pulse wave
velocity [41]. Given these findings, the ACC/AHA 2010 Recommendations for
cardiovascular risk assessment have indicated this as a reasonable test for adults
with hypertension or diabetes, from a urinalysis to detect microalbuminuria for
CVD risk assessment [3, 42].
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Other imaging strategies

Radiological advances through non-invasive vascular imaging provide a distinct
advantage over circulatory biomarkers for improved predictive accuracy of clinical
events in the short to medium term in patients with subclinical disease. Themost
widely studied form of imaging is that of CAC. However, in recent years, other
modalities such as myocardial perfusion imaging, coronary computed tomogra-
phy angiography, and carotid intima-media thickness have shown benefit for risk
stratification in selected intermediate-risk patients although the evidence for these
modalities in improving risk assessment is less striking than for CAC.

Myocardial perfusion imaging
Stress myocardial perfusion imaging (MPI) through the use of themodalities of
single photon emission computed tomography (SPECT) and positron emission
tomography (PET) has been used to accurately diagnose coronary artery disease
(CAD) for years. The utility of defining the risk for future events in conjunction
with other risk factors has been less clear, particularly for SPECT-MPI. There has
been a significant decrease in the frequency of abnormal SPECT-MPI over a
recent 20-year period in patients with chest pain, including those with typical
angina [43]. This was thought to reflect the possibility of a decrease in milder
presentations of CAD (as compared to patient’s presenting in prior years) or a
decrease in the utility of SPECT-MPI in detecting patients at risk for CAD. The
latter is supported by the fact that 78% of patients with normal exercise SPECT-
MP had evidence of atherosclerosis detected by CAC [43].

One of the advantages of PET MPI is the ability for myocardial flow reserve
(MFR) analysis. One study showed that after stratifying groups with impair-
ment (MFRG2) to those with preserved vasodilator flow (MFR92), those with
impairment had a significant higher number of hard cardiac events [44].
Further, after multivariable analysis, impaired MFR remained an independent
predictor of hard events. However, this study was limited by a small number of
events (27 in the cohort). Another larger study (N=2783 with 137 cardiac death
events) also demonstrated the prognostic value of PET MPI as an independent
predictor of cardiac mortality in patients with suspected CAD [45]. Those in the
lowest tertile of MFR (G1.5) were associated with a 5.6-fold increase in the risk
of cardiac death as compared with the highest tertile. The addition of MFR from
PET MPI into cardiac risk assessment with standard risk factors did increase the
c-statisticmarginally from0.82 to 0.84 but importantly helped reclassify 34.8%
of intermediate-risk patients.

Given these findings, onemay expect to find thatMPI is best suited for better
risk assessment in those at high risk for CHD, such as diabetics. In the Detection
of Ischemia Asymptomatic Diabetics study, those with small SPECTMPI defects
did in fact have lower event rates than those withmoderate or large MPI defects
[46]. However, the positive predictive value of having a moderate or large MPI
defect was only 12 % and the number events in the groups were quite small.
This led authors to suggest that cardiac event rates were not significantly reduced
with use of MPI screening in these asymptomatic diabetics. Interestingly, a
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concern has been brought up for misclassification of high-risk patients, as one
study showed stress MPI in outpatient diabetics (with and without baseline
CAD) showed normal perfusion in 29.8 % of patients who ultimately had
events [47]. Interestingly, given the concern for SPECTMRI, a recent study using
PETMFR successfully showed that among diabetic patients without CAD, those
with impaired MFR had event rates similar to patients without diabetes but
prior CAD events [48]. In addition, those diabetics without CAD who had
preserved MFR had very low annualized cardiac mortality.

While MPI may not be useful in risk stratification for those at low risk for
CAD, itmay play a role for individuals who are asymptomatic but at higher risk.
This may in part be due to the fact that MPI reflects the severity of ischemia at
the time of examination. A number of high-risk plaques are not obstructive and
ultimately would be classified as a false negative result using MPI. However, in
high-risk patients like diabetics who often have highly obstructive CAC burden,
they may benefit from PET MPI for reclassification of risk stratification and
ultimately high intensive pharmacological therapy. This is partly reflected in a
Class IIb Recommendation for MPI in asymptomatic adults with diabetes or
strong family history [3].

Coronary computed tomography angiography
Computed tomography angiography (CTA) has been a useful modality for
assessing coronary artery stenosis but also plaque characteristics [49–51]. Plaques
that have been associated with CHD events showed positive vessel remodeling
(PR) and a variable extent of luminal narrowing [52]. In addition, the culprit
lesion showed characteristics of low-attenuation plaques (LAP). CTA of non-
calcified plaques with G30 HU have been highly correlated with the invasive
technique of intravascular ultrasound identified low attenuated plaques [53].
While these plaque characteristics had been identified after event occurrence,
more recently it has also been shown a possible modality for screening [54]. In
1059 patients who underwent CTA, atherosclerotic lesions were identified for PR
and LAP. Among patients with both features, 22.2%had an acute coronary event
as compared to 0.5 % in those with neither feature. Among segments with either
or both features, those resulting in ACS had significantly larger remodeling index,
plaque volume, and LAP volume as compared to segments not resulting in ACS.

While the risk of CHD events for asymptomatic patients have focused
primarily on clinical and biochemical characteristics, non-invasive imaging
like CTA could further stratify high-risk patients. A study of 120 asymptomatic
diabetic patients who underwent CTA showed that 17.1% of patients had high-
risk plaques (PR and LAP) [55]. This same study showed that while high CAC
burden was extremely common in this patient population, still 5.0 % of
patients had a CAC score=0 while having significant stenosis. A recent large
prospective 12-center international registry identified 400 asymptomatic dia-
betic individuals without known CAD and measured coronary stenosis pre-
diction for CAD [56•]. After adjustment for CAD risk factors and CAC,maximal
stenosis (HR=1.8), number of obstructive vessels (HR=1.85), and segmental
stenosis score (HR=1.1) were significantly associated with increased number of
CVD events. Furthermore, CTA increased the c-index from 0.64 (age, gender,
CACS) to 0.77, as well as improved risk reclassification by per-patient maximal
stenosis and number of obstructive vessels.
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In some studies, asymptomatic diabetics have been reported to have similar
or higher risk for CAD than symptomatic diabetics [57, 58]. Further, purely the
number of risk factors for CAD is not associated with the prevalence of CAD in
diabetic patients, given that the severity in each diabetic patient is different [59,
60]. If the high-risk plaques are an important factor for determining risk of
events, CTA may be a useful screening test in diabetics and other high-risk
patients as it may be able to detect silent vulnerable plaques, which are missed
by functional imaging. However, recently, the FACTOR-64 Randomized Clini-
cal Trial showed that among 900 asymptomatic patients with diabetes, the use
of CTA to screen for CAD did not ultimately reduce all-cause mortality, non-
fatal MI, or unstable angina [61•]. This was in the setting of a reduction in
events (HR=0.80) but an insignificant one given the low number of events in
the control and intervention group (G2.0 %). Given the additional risks such as
radiation dosing, use of contrast media, and unclear cost-effectiveness, as
compared to other clinical and biochemical screening tools, CTA for routine
screening of CAD in even high-risk patients with diabetes is not recommended.

Carotid intima-media thickness
Carotid intima-media thickness (CIMT) was excluded from the 2013 ACC/AHA
Risk Assessment Guidelines and given a ACC/AHA Class III-B Recommendation.
This is contrary to the 2012 European and 2010 ACC/AHA CVD Prevention
Guidelines that mark the recommendation of CIMT as reasonable form of CV
risk assessment in asymptomatic adults at intermediate risk (Class IIa-B Recom-
mendation) [3, 62]. This is after a meta-analysis of 14 cohorts (45,828 subjects
with mean follow-up of 11 years) that showed that 10-year absolute risk to
develop a MI or stroke (as predicted with the FRS) showed significant, although
modest, reclassification of individuals at moderate risk when evaluated with
CIMT [63]. However, conflicting results from several studies examining the
added benefit of CIMT for reclassification of intermediate CVD risk patients in
combinationwith the challenge of CIMT standardization lead the working group
to not recommend CIMT even among the additional testing modalities for
reclassification.

Importantly, what the above meta-analysis failed to consider was the con-
tribution of the carotid plaque presence when calculating CHD risk. By adding
plaque data to CIMT and traditional risk factors in 13,145 patients in the
Atherosclerosis Risk in Communities study, Nambi et al. was able to show that
23 % of patients were reclassified, with a net improvement of 9.9 % [64].
Although the majority of these patients (61.9 %) were classified to a lower 10-
year risk group, this is still relevant for clinical decision-making. Another study,
using the MESA, showed that 6 different metrics of carotid artery plaque
(including the combination of CIMT with presence of plaque 925 %) were
independently associated with CHD events and increased the c-statistics when
added to models including traditional risk factors [65•]. Furthermore, with the
exception of 1 metric, these different metrics increased the net reclassification
index by between 4.2 and 7.0 %. Only mean of the maximum IMT was
incrementally added to the prediction of CVDbeyond traditional risk factors. As
more studies continue to evaluate CIMT with the combination of plaque
metrics, it is possible that CIMT will be re-addressed as an important tool for
CHD risk in intermediate to high-risk asymptomatic patients.
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Conclusion

The use of predictive models plays an important role in clinical practice as they
help to identify those at high risk for developing CVD. In addition, theymotivate
adherence to recommended lifestyle changes or therapies in populations that
may be unaware of the significant morbidity and mortality burden of CVD.
However, despite the great utility of established traditional risk factors such as
hypertension and smoking status in predicting CHD events, the fact that as many
as half of individuals who develop CHD have only one to none of these
traditional risk factors indicates more complex prediction models are needed
[66, 67]. And while the most recent guidelines for ASCVD risk recommend the
use of CRP andCAC as tools for further risk stratification, they are not included in
the initial risk stratification calculator. Inevitably, the fraction of patients who
receive testing for CRP and CAC score for initial risk assessment will be small.
However, the utility of these biomarkers and others previously discussed may be
more informative partly as a function of the phase of the disease process.

While published evidence continues to show the incremental benefit of
different markers above standard practice, additional research is needed in
asymptomatic and CVD-free individuals to quantify cost-effectiveness and the
impact of thesemarkers on CVD risk factor management and patient outcomes.
This is particularly true for the current imaging modalities. Imaging biomarkers
are likely to have little value for risk assessment in the earlier stages of the
development of CVD, when subclinical disease is not even apparent. In con-
trast, circulating biomarkers such as CRP, Lp-PLA2, IL-6, and Lp(a) can be
additive to traditional risk factors throughout the disease process. Ultimately,
the considerable evidence for CAC, CIMT, coronary CTA, and to a lesser extent
MPI, for the added benefit in risk assessment, must be weighed vs the reality of
their cost to our patients and healthcare systemwhen determining if theywould
change clinical management.

As physicians move toward personalized medicine, it should be with the
understanding that no risk assessment model is perfect. However, data from
multiple broadly representative cohorts with excellent end-points show the
importance of circulatory and imaging biomarkers for CVD risk assessment. As
guidelines and risk calculators are updated, they will surely become more com-
plex but will also help focus what biomarkers are best for risk assessment in what
populations and what stage of CVD disease. Ultimately, this will allow for better
clinical decision-making, including the use of aggressive pharmacologic therapy.
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