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Abstract
Objective To outline the 2021 Canadian Cardiovascular Society (CCS) 
dyslipidemia guidelines and to present the current approaches to cardiovascular 
risk stratification, including the incorporation of biomarkers and imaging tests. 

Sources of information Current guidelines were reviewed and an Ovid MEDLINE 
literature search was performed.

Main message Cardiovascular disease (CVD) is the leading cause of global 
mortality, with ischemic heart disease contributing to nearly half of these 
deaths. Risk stratification is undertaken to identify patients who would benefit 
from primary prevention for atherosclerotic CVD (ASCVD), but commonly used 
methods for risk stratification are imperfect. The CCS guidelines endorse 
that the presence of risk modifiers (family history of premature ASCVD, high-
sensitivity C-reactive protein level ≥2.0 mg/L, lipoprotein[a] level ≥500 mg/L 
[≥50 mg/dL], or coronary artery calcium >0) supports the use of statin therapy 
in those at intermediate risk (Framingham risk score 10% to 19.9%) who do 
not otherwise meet the recommendations for statin use. The CCS guidelines 
recommend statin therapy in patients at intermediate risk when cholesterol 
levels are elevated (low-density lipoprotein cholesterol level ≥3.5 mmol/L, 
non–high-density lipoprotein cholesterol level ≥4.2 mmol/L, or apolipoprotein 
B level ≥1.05 g/L). In addition, statin therapy should be considered for patients 
at low risk (Framingham risk score 5% to 9.9%) with elevated cholesterol 
levels, especially if risk modifiers are present. When cholesterol levels are not 
elevated, evidence still favours the use of statins in intermediate-risk patients 
when risk modifiers are present and in men 50 years and older and women 60 
years and older with 1 additional risk factor. 

Conclusion Biomarkers and imaging tests have the potential to improve ASCVD 
risk stratification by reclassifying any patient whose risk has been inaccurately 
estimated by traditional methods. Recently published guidelines by the CCS 
suggest the use of biomarkers and imaging in certain patient groups. 

Editor’s key points
} Atherosclerotic cardiovascular 
disease (ASCVD) is a leading 
cause of morbidity and mortality 
worldwide. Risk stratification is 
undertaken to identify patients at 
risk of developing ASCVD. Although 
risk scores remain the foundation 
of risk assessment, they are 
imperfect and may underpredict or 
overpredict a person’s risk. 

} Biomarkers and imaging tests 
have the potential to improve 
risk stratification by bridging the 
detection gap between traditional 
risk factors and the multitude 
of unmeasurable factors that 
contribute to cardiovascular 
risk. Biomarkers are best used in 
patients at intermediate risk of 
ASCVD and in low-risk patients 
when traditional risk scores are 
believed to underestimate risk. 

} With Canadian Cardiovascular 
Society guidelines published in 
2021, family physicians should feel 
empowered to use lipoprotein(a) 
levels, high-sensitivity C-reactive 
protein levels, and coronary artery 
calcium scores in appropriate 
patients to guide statin therapy. 
Although not currently guideline 
directed, there is evidence that 
high-sensitivity troponin level can 
also be used to better stratify a 
patient’s cardiovascular risk. It is 
likely that the use of biomarkers 
will become more prevalent as 
research continues into their use in 
cardiovascular risk stratification.

Cardiovascular disease (CVD) is the leading cause of disease burden in 
the world, and prevalent cases have nearly doubled since the 1990s.1 A 
large proportion of CVD is caused by atherosclerosis.1,2 Ischemic heart 

disease encompasses diseases of the heart due to atherosclerotic coronary 
artery disease (CAD), while atherosclerotic CVD (ASCVD) is a general term 
for diseases of the cardiovascular system due to cholesterol plaque buildup. 
Primary prevention of ASCVD involves treating patients who are at risk of 
developing, or who have already developed, atherosclerotic disease before 
they experience a cardiovascular event. Risk stratification is undertaken to 
identify patients who would benefit from primary prevention, but commonly 
used methods for risk stratification are imperfect. Traditionally, cardiovascular 
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risk stratification involves a review of the patient’s risk 
factors, characteristic symptoms (if any), a physical 
examination, a resting electrocardiogram, and blood-
work.3 The risk of ASCVD can then be estimated using 
a risk score. The 2021 Canadian Cardiovascular Society 
(CCS) guidelines4 recommend the use of the Framingham 
risk score (FRS),5 which aims to predict an end point that 
includes myocardial infarction (MI), angina, coronary 
death, stroke, claudication, or congestive heart failure.6 
Of note, there are several versions of the FRS that esti-
mate different end points (eg, hard CAD, which includes 
CAD but not angina5). A patient may have different FRS 
estimations depending on which end point is used and 
may falsely be placed in a lower-risk group if the full 
complement of outcomes is not considered. 

Risk scores are not able to account for risk with 
complete accuracy, since traditional risk factors (smok-
ing, hypertension, diabetes, dyslipidemia, age, and 
sex) account for only 65% to 85% of cardiovascular 
events.7,8 When abdominal obesity, psychosocial fac-
tors, diet, alcohol consumption, and physical activity 
are also accounted for, 90% to 94% of cardiovascular 
events can be explained,9 but these factors are diffi-
cult to quantify and are impractical for the purposes of 
risk scores. Furthermore, cardiovascular risk in women 
is often underestimated10,11: sex-specific differences in 
the rates of diagnosis and treatment of traditional risk 
factors, and sex-specific risk factors such as hyperten-
sive disorders of pregnancy,12,13 are not accounted for 
by most risk scores. Biomarkers and imaging tests may 
help close the detection gap by accounting for the risk 
not explained by traditional risk factors.14

Case presentation
A 60-year-old woman consults her primary care pro-
vider after her brother dies from an MI at the age 
of 57. She is otherwise healthy, active, and asymp-
tomatic. Her blood pressure is 125/82 mm Hg and 
physical examination findings are unremarkable. 
Electrocardiogram findings are normal. Bloodwork 
results are as follows: total cholesterol level of  
4.72 mmol/L, high-density lipoprotein cholesterol 
(HDL-C) level of 1.57 mmol/L, low-density lipopro-
tein cholesterol (LDL-C) level of 2.89 mmol/L, non–
HDL-C level of 3.15 mmol/L, and triglyceride level of  
0.57 mmol/L. She is concerned about her risk of MI 
and wonders whether she can mitigate this risk.

Sources of information
Current guidelines were reviewed and an Ovid MEDLINE 
literature search was performed.

Main message
Novel biomarkers. Numerous biomarkers are associ-
ated with the incidence of cardiovascular events, but 
the usefulness of a biomarker is better measured by the 

additional information that is gained over traditional 
risk stratification. We will review several prominent bio-
markers, including high-sensitivity C-reactive protein 
(hs-CRP) and lipoprotein(a) (Lp[a]), which are risk modi-
fiers for ASCVD.3,4 The CCS guidelines endorse that the 
presence of risk modifiers (family history of premature 
ASCVD, hs-CRP level ≥2.0 mg/L, Lp[a] level ≥500 mg/L 
[≥50 mg/dL], or coronary artery calcium [CAC] >0) sup-
ports the use of statin therapy in those at intermediate 
risk (FRS 10% to 19.9%) who do not otherwise meet the 
recommendations for statin use.4

High-sensitivity troponin (hsTn): The development of 
hsTn assays, which can detect serum troponin at lower 
concentrations than older “contemporary” troponin 
assays, has allowed for accurate measurement of high-
sensitivity cardiac troponin I and high-sensitivity cardiac 
troponin T (hs-cTnT) in seemingly healthy individuals.15,16 
Baseline elevations in hsTn are independently predic-
tive of all-cause mortality,17-20 cardiovascular mortal-
ity,18-22 and nonfatal MI18,19,20-22 in ambulatory patients 
without known ASCVD. In one large study, ambulatory 
patients with detectable hs-cTnT levels had a 10-year 
risk of ASCVD of 13.2%.23 Conversely, patients with  
hs-cTnT levels below the limit of detection had low rates 
of ASCVD.23 Studies have reported improvements in car-
diovascular risk stratification with the addition of hsTn to 
the FRS20,24-27 and to the European Society of Cardiology 
SCORE (Systematic COronary Risk Evaluation) risk algo-
rithm.28 Although more research is needed to investigate 
whether hsTn provides unique information that is not 
otherwise captured by an individual’s traditional risk fac-
tors, it remains useful as a risk marker and patients with 
detectable or elevated hsTn levels can be considered for 
earlier and more aggressive preventive interventions.29 

C-reactive protein: Inflammatory cells play a patho-
genic role in the formation of early “fatty streaks,” the 
progression to advanced atherosclerotic lesions, and 
the development of unstable plaques.30-33 One of the 
most ubiquitous markers of inflammation is CRP, an 
acute-phase reactant that is predominantly made by 
hepatocytes in response to inflammation, infection, 
malignancies, or tissue damage.34,35 Whether CRP is 
solely a marker for vascular disease or plays a patho-
genic role in the development of atherosclerosis is an 
area of debate.36,37 Elevated baseline levels of hs-CRP 
are independently associated with increased all-cause 
mortality,38-40 cardiovascular death,39,40 and cardiovascu-
lar events.34,38,40,41 However, studies examining reclassifi-
cation after the addition of CRP or hs-CRP to predictive 
models have shown mixed results.24,26,38,41-46 The largest 
analysis to date, which included 166,596 participants, 
found a very modest improvement in risk stratification 
with the use of CRP.45

Lipoprotein(a): Lipoprotein(a) has substantial athero-
genic potential and is an LDL particle with apolipoprotein(a) 
(apo[a]) covalently bound to the apo B100 molecule.47,48 
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Circulating levels of Lp(a) are genetically determined, 
with little influence of lifestyle factors.48 There is a lin-
ear relationship between future cardiovascular risk and 
the concentration of Lp(a),47,49 and Mendelian random-
ization studies suggest a causative role of Lp(a) in the 
development of atherosclerosis.50,51 Research is ongoing 
to determine whether lowering Lp(a) will lead to reduc-
tions in ASCVD outcomes.52,53 The CCS guidelines con-
sider Lp(a) a risk modifier and recommend Lp(a) testing 
once in a person’s lifetime with earlier and more intensive 
health behaviour modifications in those with Lp(a) levels  
500 mg/L (50 mg/dL) or greater.4 

Lipid measurements: Conventionally, total choles-
terol, LDL-C, and HDL-C are used as biomarkers of dys-
lipidemia and included in many CVD risk calculators.5,28,54 
However, newer measures to characterize lipid biology 
exist. Non–HDL-C and apoB have become more prevalent 
as alternatives to LDL-C measurement.55-59 Measurements 
of apo AI57 and LDL particle number and size56 are also 
used. Apolipoprotein AI and apoB are the principal pro-
tein components of HDL and non-HDL particles, respec-
tively, and measuring apo AI or apoB is analogous to 
measuring the lipoprotein particle number.58-60 Because 
the number of atherogenic non-HDL particles is more 
strongly associated with ASCVD risk than is the choles-
terol content of the particles,56 many researchers rec-
ommend the use of apoB over LDL-C or non–HDL-C.61 
Canadian guidelines support the use of apoB as an alter-
native measurement to LDL-C or non–HDL-C.4

Low-density lipoprotein particle number, size, and 
density can also be measured directly by lipoprotein sub-
fractionation techniques,62 but this is not practical for wide-
spread, routine clinical use. Small dense LDL particles have 
emerged in population studies as independently associated 
with CVD risk.63-66 Small dense LDL particles are highly 
atherogenic owing to an increased propensity to oxida-
tion, high endothelial permeability, and decreased clear-
ance through hepatic LDL receptors.67 

Despite the theoretical benefits of newer measures 
of a patient’s lipid profile, studies examining their use in 
risk stratification have been disappointing. The hazard 
ratios for CAD generated with apoB and apo AI are nearly 
identical to those generated with non–HDL-C and HDL-C, 
respectively,55 and the addition of apoB, apo AI, LDL, or 
Lp(a) to models that already included total cholesterol and 
HDL-C has not led to improvement in risk stratification.60,68 

Imaging tests. Carotid intima-media thickness (C-IMT) 
and CAC scores are imaging tests commonly used in risk 
stratification. Abnormal C-IMT or CAC scores are corre-
lated with risks of CAD69-71 and ASCVD events.72-75 Both 
tests have been shown to improve risk stratification73,75,76 
but, when compared head to head, the CAC score per-
formed better than C-IMT.75,77

Although C-IMT measurement is popular because 
of its affordability, availability, and lack of radiation 

exposure, an absence of standardization and inconsistent 
definitions of C-IMT have led to varied results in clinical  
trials.78-80 In a large meta-analysis, common C-IMT was 
found to improve risk prediction, but reclassification  
was small and unlikely to be of clinical importance.78 

In contrast, although there are several different 
CAC scoring techniques, all are strongly correlated  
and have been shown to have excellent interobserver and  
intraobserver reproducibility.81 Coronary artery cal-
cium measurements are associated with an average 
radiation dose of 0.89 mSv, which is approximately 
equal to 3.6 months of background radiation expo-
sure.4 The addition of CAC scores improves risk strat-
ification compared with the use of traditional risk 
factors alone, especially in middle-aged, intermediate-
risk populations.77,82,83 Higher CAC scores are associ-
ated with increased risk, with a score of greater than 
100 associated with a greater than 2% annual ASCVD 
risk and a score of greater than 300 associated with 
a 10-year risk of MI or cardiovascular death of 28%.4 
Conversely, patients with a CAC score of 0 have a low 
risk of 10-year ASCVD,23,84 with a CAC of 0 being associ-
ated with the greatest downward shift in estimated risk 
compared with several other risk indicators.84 However, 
a CAC score of 0 does not imply a complete lack of risk, 
as a CAC score measures only late calcified plaque in 
the coronary arteries and may miss early, noncalcified 
plaque. Because of this, a patient’s age must be consid-
ered when ordering a CAC score. Ordering a CAC score 
for men older than 42.3 years and women older than 
57.6 years who do not have other cardiovascular risk fac-
tors provides the greatest clinical usefulness.85 The CCS 
guidelines considers a CAC score greater than 0 to be a 
risk modifier and suggests consideration of CAC scoring 
to detect subclinical atherosclerosis in select individuals.4 

When to use biomarkers and imaging tests. Biomarkers 
and imaging tests are most useful in patients at inter-
mediate cardiovascular risk to help guide treatment 
recommendations. Since all patients, regardless of pre-
dicted cardiovascular risk, should be counseled to pursue 
health behaviour modifications including improved diet, 
increased exercise, and smoking cessation,4 the main 
treatment decision is whether the patient would ben-
efit from statin therapy. A patient with a statin-indicated 
condition (Table 1)4 or whose FRS is 20% or greater has 
a strong recommendation to start statin therapy and, in 
general, no additional information from biomarkers is 
needed. In contrast, statin therapy is not recommended 
in most patients at very low (<5%) risk of ASCVD. For a 
patient with an FRS between 5% and 19.9%, treatment 
decisions are more nuanced. The CCS guidelines recom-
mend statin therapy in patients at intermediate risk (FRS 
10% to 19.9%) when cholesterol levels are elevated (LDL-C 
level ≥3.5 mmol/L, non–HDL-C level ≥4.2 mmol/L, or 
apoB level ≥1.05 g/L). In addition, statin therapy should 
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Table 1. Statin-indicated conditions
CONDITION DESCRIPTION

Clinical atherosclerosis Myocardial infarction, acute coronary syndromes, stable angina, documented coronary artery disease 
by angiography (>10% stenosis), stroke, TIA, documented carotid artery disease, peripheral artery 
disease, claudication, ankle-brachial index <0.9

Abdominal aortic aneurysm Abdominal aorta >3.0 cm or previous aneurysm surgery

Diabetes mellitus In all patients with diabetes ≥40 y or those ≥30 y who have had diabetes for >15 y or any patient with 
diabetes with microvascular complications

CKD CKD present for >3 mo with albumin-to-creatinine ratio >3.0 mg/mmol or eGFR <60 mL/min/1.73 m2

LDL level ≥5.0 mmol/L Any patients with LDL level ≥5.0 mmol/L (which should raise suspicion for genetic dyslipidemia) in the 
absence of secondary causes, or any patient with documented familial hypercholesterolemia

CKD—chronic kidney disease, eGFR—estimated glomerular filtration rate, LDL—low-density lipoprotein, TIA—transient ischemic attack.
Adapted with permission from the Canadian Journal of Cardiology.4

be considered for patients at low risk (FRS 5% to 9.9%) 
with elevated cholesterol levels (using the same cutoffs), 
especially if risk modifiers are present. When cholesterol 
level is not elevated, evidence still favours the use of 
statins in intermediate-risk patients (FRS 10% to 19.9%) 
when risk modifiers are present and in men 50 years and 
older and women 60 years and older with 1 additional 
risk factor. A summary of these recommendations as they 
relate to statin therapy is shown in Figure 1.4 

Case resolution
This 60-year-old woman has a low FRS of 5.3%. 
Although her calculated 10-year risk of ASCVD places 
her in the low-risk category, the death of her brother 
from MI at a young age is concerning. Although his 
MI at age 57 did not technically occur prematurely 
(defined as before age 55 in men and 65 in women),86 
he almost certainly had atherosclerosis before age 55 
that went undiagnosed. Owing to these concerns and 
to better stratify her risk, several biomarker meas-
urements were ordered. Her Lp(a) level was elevat-
ed at 830 mg/L (83 mg/dL) and her hs-cTnT level 
was elevated at 5.8×10-3 µg/L (5.8 pg/mL). In one 
study, women with a hs-cTnT value above 3×10-3 µg/L  
(3 pg/mL) had a 10.7% 10-year risk of ASCVD.23 In 
addition to being a risk modifier in the CCS guide-
lines, an Lp(a) level of 830 mg/L (83 mg/dL) is associ-
ated with an odds ratio of approximately 2 for MI.50,51 By 
incorporating biomarkers into risk stratification, both 
physician and patient have more information regarding 
10-year and lifetime risk. In addition to health behaviour 
modifications, statin therapy should strongly be con-
sidered given these findings. Coronary artery calcium 
scoring could also be considered to guide treatment 
recommendations, but in this case it was not performed 
as both the patient and the care team were satisfied that 
there was sufficient evidence to initiate statin therapy. 

Conclusion
Atherosclerotic CVD is a leading cause of morbidity and 
mortality worldwide, and risk stratification is undertaken 

to identify patients at risk of developing ASCVD. Although 
risk scores remain the foundation of risk assessment, 
they are imperfect and may underpredict or over-
predict a person’s risk. Biomarkers and imaging tests  
have the potential to improve risk stratification by bridging  
the detection gap between traditional risk fac-
tors and the multitude of unmeasurable factors that  
contribute to cardiovascular risk. Biomarkers are best 
used in patients at intermediate risk of ASCVD and in 
low-risk patients when traditional risk scores are believed 
to underestimate risk. With the recent CCS guidelines, 
family physicians should feel empowered to use Lp(a),  
hs-CRP, and CAC scores in appropriate patients to guide 
statin therapy. Although not currently guideline directed, 
there is evidence that hsTn can also be used to bet-
ter stratify a patient’s CVD risk. It is likely that the use 
of biomarkers will become more prevalent as research 
continues into their use in CVD risk stratification.     
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