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Introduction 

The increase in sample size of Genome-Wide Association Study (GWAS) meta-analyses, has 

led to the identification now of more than 150 common variants/single nucleotide 

polymorphisms (SNPs) that are robustly associated with cardiovascular disease (CVD), or 

Coronary Heart Disease (CHD), or with CVD traits such as coronary calcification 

(http://www.ebi.ac.uk/gwas/). For example in 2013, the CARDIoGRAMplusC4D Consortium,     

with 63,746 CAD cases and 130,681 controls1  identified 15 novel loci, taking the number of 

statistically robust CVD SNPs to 46, with a further 104 SNPs associated with CVD at a 5% 

false discovery rate. Together, these variants explained approximately 10.6% of CVD 

heritability. Many of these loci identified are known to be involved in lipid metabolism2, as 

would be expected from our knowledge of the importance of dyslipidaemia in the 

development of CVD, with 12/46 CARDIoGRAMplusC4D SNPs showing a significant 

association with a lipid trait.    

These SNPs, located throughout the human genome, are common (frequency all >5%), with  

the Odds Ratio (OR) for disease ranging from ~30% higher risk for carriers of top ranking 

GWAS risk variants at the chromosome 9p CDKN2A/2B locus, to being only 7-8% higher risk 
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for carriers of SNPs at the loci for PCSK9 (chromosome 2) or for HNF1A (chromosome 12). 

Since all of these OR are modest, the question arises as to what is the potential clinical 

utility of these SNPs and how can we use these genetic tools to explore the inherited 

contribution to CVD?  

Given the relatively small effect sizes associated with these risk loci, it is unsurprising that 

the addition of one variant into a Classical Risk Factor (CRF) risk score does not result in 

improved predictive ability3. This has led to the development of so-called “genetic risk 

scores” (GRSs) where SNPs at independent loci are combined. A GRS can be unweighted, 

where simply the number of risk alleles carried by an individual at each locus is summed, 

but this assumes that the risk effect associated with each SNP is equal (and additive) and 

this clearly is not the case. A more accurate GRS can be constructed if carriage of the 

individual SNPs are weighted using the published effect size. An individual’s GRS can then be 

combined with a Classical Risk Factor (CRF) score such as the Framingham score or QRISK24 

to give an individual’s overall CVD risk estimate. 

 

Statin benefit in those at high genetic risk 

The paper published this week in Circulation5 uses ~60 SNPs that were selected from GWAS 

studies to be significantly associated with CHD. A weighted GRS was calculated for each 

subject. The main analysis was carried out in 4910 subjects from The West of Scotland 

Coronary Prevention Study (WOSCOPS) randomized controlled trial of primary prevention 

with pravastatin (40mg daily) therapy. Primary outcome was non-fatal MI or death from 

CHD, and subjects were followed up for a mean of 4.8 years in trial and a further mean 8.7 

years out of trial. Subjects designated at high genetic risk were those in the top quintile of 

the score and were compared to those in the lower four quintiles.  

In the placebo group, compared to the low genetic risk subjects, the HR for CHD in those in 

the high genetic risk quintile was 1.62 (95% CI 1.29-2.05) after adjustment for CRFs. A one 

SD increase in score was associated with a 25% increase in CHD incidence. In the treated 

group, statin treatment reduced risk for a first CHD event in the high score subjects by 44% 

compared to only a 25% reduction in the other subjects. This translated to a 7.9% risk 
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reduction in the high risk group compared to a 2.7% reduction in the others (p = 0.04 for 

heterogeneity), with a number needed to treat of 13 in the high score group vs 38 among 

others.  It is worth noting that this difference was achieved with a similar (22%) reduction of 

LDL-C in both groups.  

There was confirmatory analysis in two observational cohort studies. Each standard 

deviation increase in the GRS was associated with 1.32-fold (95% CI, 1.04-1.68) greater 

likelihood of having coronary artery calcification in the  Coronary Artery Risk Development in 

Young Adults  study (CARDIA) of 1154 participants, and with a 9.7% higher (95% CI, 2.2-

17.8%) burden of carotid plaque in the BioImage Study  of 4392 subjects. The authors 

concluded that those at highest genetic risk have a higher burden of subclinical 

atherosclerosis, and with statin therapy will experience greater relative and absolute benefit 

to prevent a first CHD/CVD event.  

So can these data be extrapolated to other cohorts of patients?  The subjects in WOSCOPS 

were all selected to have high LDL-C (mean untreated levels 192 mg/dl (5.3mmol/l) and as 

such would be expected to show a large benefit from statin therapy. Interestingly, the GRS 

score was modestly associated with a family history of early CHD, but not with baseline lipid 

levels, which is surprising since at least 15 of the included SNPs are in lipid genes (eg APOB, 

PCSK9, LDLR, APOE etc)). This perhaps reflects the utility of including so many SNPs which 

influence CVD through different pathways. WOSCOPs were all males, but there is no reason 

to believe that the score is not equally applicable in women, as shown in the other two 

cohorts examined here were there was no gender difference in effects.   

Also there are several studies which support the association of the GRS with risk of CVD in 

general population cohorts both in the US6 and in Europe7,8.  In the UCLEB study7, data were 

drawn from seven UK prospective studies including 11, 851 individuals initially free of CVD, 

with 1444 incident CVD events over 10 years' follow-up. Using 53 CVD GWAS SNPs and the 

QRISK-2 CRF algorithm the GRS showed only modest improvement in risk stratification, with 

additional benefit mainly in those at intermediate risk. Applying the GRS only to those with 

QRISK-2 risk of 10%-<20% and prescribing statins where risk exceeded 20% suggested that 

genetic information could prevent one additional event for every 462 people screened. 

Morris et al 7 proposed that tailored prediction using a GRS for those at intermediate risk 
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may have clinical utility. In a similar study of five prospective population cohorts from 

Finland and the US8 and a GRS which took into account  over 49,000 SNPs, addition of the 

GRS to CRF scores significantly improved the 10 years risk prediction (p < 0.001), particularly 

for individuals ≥60 years old (p < 0.001). The GRS captured substantially different 

trajectories of absolute risk, with men in the top 20% of the GRS reaching a 10% CHD risk 

12-18 y earlier than those in the bottom 20%.  

 

Motivation to initiate lipid-lowering therapy 

One useful consequence of informing at-risk subjects of their genetic risk would be if such 

information motivates lifestyle changes or adherence to prescribed medication to a greater 

extent than CRF information alone, and a trial from the US has examined this9. Two hundred 

and three subjects (mean age 59 years), at intermediate risk for CHD, and not on statins 

were randomly assigned to receive their 10-year probability of CHD based either on a 

Framingham CRF score or CRFs+GRS. The GRS included 28 CHD GWAS hit SNPs, with each 

weighted by its published OR effect size. Subjects were told their risk as “high” or “average” 

or “low” by a genetic counsellor, followed by a discussion about starting statin therapy with 

a physician. After 6 months follow-up the CRF+GRS group had 9% lower LDL-C than the CRF 

only group (p=0.04), with particular benefit seen in those given a high overall risk. This was 

because more subjects in the high risk group started statin therapy than in the CRF only 

group (39% vs 22%, p<0.01), and was not due to differences between the groups in dietary 

fat intake or levels of physical activity. These data support the view that in a clinical setting, 

a high genetic risk may be particularly motivating to start (and possible adhere to) lipid 

lowering medication. 

 

Future Prospects 

It is unlikely that there are any additional common SNPs to be found by GWAS meta-analysis 

that will outrank the OR of those currently known, since SNPs with larger effects that are 

common would have been detected by the size of the datasets currently available.  
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However, currently for the majority of the risk SNPs, the actual functional variant(s) at the 

locus is unknown.  Therefore, one area of progress over the next five years would be the 

identification of the functional SNP/SNPs at each risk locus, and molecular approaches10 and 

guidelines for this process have recently been published11. Of the GWAS hits only 7% are 

exonic missense variants10 and therefore may be directly affecting gene function, with the 

variants creating the well-known APOE variants (Ɛ2, Ɛ3, Ɛ4)  being a notable example. 

Another 7% are in the promoter region and thus may potentially be affecting gene 

expression, while over 70% are intronic or intergenic and are therefore of unknown or 

possibly of no functional consequence.  For example, using luciferase assays of promoter 

strength we have recently shown that  both the LDLR GWAS lead SNP rs6511720 located in 

intron 1, plus only one of several other SNPs in the intron in complete linkage disequilibrium 

(LD) with this SNP, are functional12. Similarly,  for the chromosome 9p21 locus, although 

molecular studies have reported interesting findings13,14, the precise mechanism of action in 

the development of CVD remains unclear, almost a decade after discovery.  In particular, the 

actual functional SNP/SNPs at this locus have not been definitively identified.  Thus most of 

the SNPs included in the score are GWAS hits where the lead SNP is unlikely to be the 

functional SNP at that risk locus. LD between the lead and functional SNPs may differ 

between ethnicities, meaning that some SNPs will be better proxies than others. This will 

reduce the ability of the weighted GRS to accurately reflect CVD risk, particularly in different 

ethnic groups if the LD is less. While analysing every GWAS CVD hit locus in this way 

constitutes a considerable amount of work, ultimately this will provide the most accurate 

panel of functional SNPs for CVD risk prediction. 
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