
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CLINICAL RESEARCH
Prevention and epidemiology

Influence of common genetic variation on blood
lipid levels, cardiovascular risk, and coronary
events in two British prospective cohort studies
Sonia Shah1†, Juan P. Casas2,5†, Tom R. Gaunt3, Jackie Cooper4, Fotios Drenos4,
Delilah Zabaneh1, Daniel I. Swerdlow5, Tina Shah6, Reecha Sofat6, Jutta Palmen4,
Meena Kumari5, Mika Kivimaki5, Shah Ebrahim2, George Davey Smith3,
Debbie A. Lawlor3, Philippa J. Talmud4, John Whittaker2,7, Ian N.M. Day3,
Aroon D. Hingorani5,6, and Steve E. Humphries4*

1Department of Genetics, Environment and Evolution, University College London Genetics Institute, Gower St, London WC1E 6BT, UK; 2Department of Non-Communicable
Disease Epidemiology, London School of Hygiene and Tropical Medicine, London WC1E 7HT, UK; 3MRC Centre for Causal Analyses in Translational Epidemiology, School of Social
and Community Medicine, University of Bristol, Oakfield House, Oakfield Grove, Bristol BS8 2BN, UK; 4Centre for Cardiovascular Genetics, Institute for Cardiovascular Science,
University College London; 5Genetic Epidemiology Group, Department of Epidemiology and Public Health, University College London, 1-19 Torrington Place, London WC1E 6BT,
UK; 6Centre for Clinical Pharmacology, Department of Medicine, University College London WC1E 6BT, UK; and 7Quantitative Sciences, GlaxoSmithKline, Stevenage, SG1 2NY, UK

Received 14 May 2012; revised 19 June 2012; accepted 19 July 2012; online publish-ahead-of-print 13 September 2012

See page 949 for the editorial comment on this article (doi:10.1093/eurheartj/ehs439)

Aims The aim of this study was to quantify the collective effect of common lipid-associated single nucleotide polymorph-
isms (SNPs) on blood lipid levels, cardiovascular risk, use of lipid-lowering medication, and risk of coronary heart
disease (CHD) events.

Methods
and results

Analysis was performed in two prospective cohorts: Whitehall II (WHII; N ¼ 5059) and the British Women’s Heart
and Health Study (BWHHS; N ¼ 3414). For each participant, scores were calculated based on the cumulative effect
of multiple genetic variants influencing total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and triglycerides (TG). Compared with the bottom quintile, individuals
in the top quintile of the LDL-C genetic score distribution had higher LDL-C {mean difference of 0.85 [95% confi-
dence interval, (CI) ¼ 0.76–0.94] and 0.63 [95% CI ¼ 0.50–0.76] mmol/l in WHII and BWHHS, respectively}. They
also tended to have greater odds of having ‘high-risk’ status (Framingham 10-year cardiovascular disease risk .20%)
[WHII: odds ratio (OR) ¼ 1.36 (0.93–1.98), BWHHS: OR ¼ 1.49 (1.14–1.94)]; receiving lipid-lowering treatment
[WHII: OR ¼ 2.38 (1.57–3.59), BWHHS: OR ¼ 2.24 (1.52–3.29)]; and CHD events [WHII: OR ¼ 1.43 (1.02–
2.00), BWHHS: OR ¼ 1.31 (0.99–1.72)]. Similar associations were observed for the TC score in both studies.
The TG score was associated with high-risk status and medication use in both studies. Neither HDL nor TG
scores were associated with the risk of coronary events. The genetic scores did not improve discrimination over
the Framingham risk score.

Conclusion At the population level, common SNPs associated with LDL-C and TC contribute to blood lipid variation, cardiovas-
cular risk, use of lipid-lowering medications and coronary events. However, their effects are too small to discriminate
future lipid-lowering medication requirements or coronary events.
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Introduction
The causal relevance of low-density lipoprotein cholesterol
(LDL-C) in coronary disease has been established by numerous
trials of LDL-C-lowering interventions.1 In Britain, �50% of all cor-
onary events have been attributed to elevated cholesterol level2

and over 7 million people now use statins to reduce cholesterol
for the prevention of coronary heart disease (CHD). However,
cholesterol levels identify patients at risk of future coronary
events only moderately well.3 Many individuals have a cholesterol
concentration sufficient to raise the risk of coronary events, but
the strength of the association of LDL-C with coronary events is
only modest, with about a three-fold relative difference in the
risk of coronary events among those at the extremes of the popu-
lation LDL-C distribution.4

On the basis of observations from prospective studies and ran-
domized trials on statin drugs, UK, European, and Australasian
guidelines on the primary prevention of cardiovascular disease
(CVD) recommend prescription of statins on the basis of absolute
CVD risk rather than solely on LDL-C thresholds. The recom-
mended methods for evaluating absolute CVD risk are based on
multiple cardiovascular risk factors. The Framingham 10-year
CVD risk equation,5 for example, incorporates information on
lipid levels as well as age, sex, blood pressure, smoking habit,
and diabetes status. Other risk scores used in Europe include
QRISK,6 Euroscore,7 or Prospective Cardiovascular Münster
(PROCAM) risk score.8 Despite guidelines, doctors may be per-
suaded in their therapeutic decisions by high absolute values of
total cholesterol (TC) or LDL-C.

All the principal blood lipid fractions: TC, LDL-C, high-density
lipoprotein cholesterol (HDL-C), and triglycerides (TG), have
both environmental and genetic determinants, with a reported
heritability of 40–70%.9 Recently, whole genome and our own
previous dense gene-centric array analysis have identified numer-
ous common single nucleotide polymorphisms (SNPs) associated
with TC, LDL-C, HDL-C, and TG concentration. In the two
cohorts studied here, we previously reported that, though indi-
vidually these SNPs had a small average effect, lipid concentration
differences between individuals carrying few vs. many such variants
may be substantial.10 However, there is little information on (nor
did we previously examine) the population effect of multiple
lipid-associated SNPs on clinically relevant healthcare outcomes
such as estimates of cardiovascular risk, prescription of
lipid-lowering drug therapies, and subsequent clinical events.
There is interest in lipid-associated genotypes as a potential
health technology for predicting adverse health outcomes, includ-
ing the risk of clinical events and the need for later preventative
treatments. Potential advantages of genotypes include being fixed
from conception, indexing long-term differences in blood lipid
values without the biological variation that affects assays of
blood lipids themselves, and being assayed at low cost and with
very high fidelity.

We therefore studied the influence of common SNPs associated
with blood lipid levels on the following outcomes: (i) the odds of
being identified as a ‘high-risk’ individual as determined by a Fra-
mingham 10-year CVD risk .20%, which is the qualifying thresh-
old used to identify such individuals in Britain (and many other

countries), and is a reference against which many other methods
of risk prediction are routinely assessed; (ii) the odds of actually
receiving lipid-lowering treatment, as guidelines encourage
primary therapeutic intervention for these high-risk individuals;
and (iii) the risk of coronary disease events. Analysis was carried
out in the Whitehall II Study (WHII) and the British Women’s
Health and Heart Study (BWHHS), in which prescribing decisions
were made without knowledge of participants’ genotype. For com-
parison, we looked at the association of the Framingham 10-year
CVD risk score, which is based on phenotypic rather than
genetic measurements, with the odds of receiving lipid medication
and CHD outcome.

Methods

Study populations and non-genetic measures
WHII Study: The study recruited 10 308 participants (70% men), aged
35–55 years, between 1985 and 1989 from 20 London-based Civil
service departments.11 Blood samples were collected from 6156 par-
ticipants in 2002–2004 (see Supplementary material). Clinical and
questionnaire data collected between 1991 and 1993 provided the
first comprehensive phenotypic dataset for WHII and was considered
the baseline phase for the purpose of the current analysis. Follow-up
clinical and questionnaire data were also collected between 2003
and 2004 (10 years later). Information on CHD events and lipid medi-
cation from the follow-up phase was used for this analysis. The study
was approved by the UCL Research Ethics Committee and participants
gave informed consent to each aspect of the study

BWHHS: This is a prospective cohort study of 4286 British women
between the ages of 60 and 79 years at baseline (1999–2001). Partici-
pants were randomly selected from general practice registers in 23
British towns.12 Baseline demographic, anthropometric, and biological
data were collected between 1999 and 2001 and a DNA repository
was made from 3884 participants (see Supplementary material).
Only questionnaire data were collected during follow-up in 2007
(8 years later). Information on CHD events and lipid medication
from this follow-up phase was used for this analysis. Ethical committee
approval was obtained for the study.

Detailed information on lipid measurements and record of coronary
events in both studies are described in the Supplementary material.

Use of lipid-lowering drug therapy
In WHII, participants were asked to name any medication taken in the
14 days prior to the survey at each phase of data collection. For
BWHHS, lipid-lowering drug use was determined by face-to-face inter-
view at baseline. Participants were asked to bring to the assessment
their repeat medication slips or their actual medications. For subse-
quent phases, information on medication was obtained from self-
administered postal questionnaires. For questions on medication use,
participants were encouraged to write medication details direct from
their repeat prescription sheet and/or mail a copy of the prescription
sheet back with the questionnaire. Detailed information on medication
data collection is provided in Supplementary material.

Genotyping
The Illumina HumanCVD BeadChip,13 a gene-centric array containing
�50 000 SNPs covering �2000 CVD candidate loci (see Supplemen-
tary material), was used to genotype 5592 subjects from the WHII
study10 and 3445 women from BWHHS12 with sufficient DNA prep-
aration (see Supplementary material). Genotypes were generated
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using Illumina Beadstudio software. After quality control, information
from 5059 WHII and 3414 BWHHS Caucasian samples were used in
the analysis. The genomic inflation factors14 were close to 1, indicating
negligible influence from population structure or genotyping errors.
The APOE 12/13/14 haplotype, made up of two SNPs (rs429358 and
rs7412) and resulting in different isoforms of the ApoE protein, is an
important genetic determinant of LDL-C and TC levels. The two
APOE SNPs had been separately typed in both studies and APOE
haplotypes determined as previously described.15,16

Derivation of lipid genetic scores
Typically many SNPs in a region harbouring one or more causal var-
iant(s) demonstrate univariate associations with the traits of interest,
but the majority of these associations are indirect and operate
through linkage disequilibrium (LD) with the causal site(s). Previously
reported SNPs that exhibited an association with each of baseline
lipid measurements in WHII10 were therefore passed through a step-
wise variable selection scheme with the Akaike’s Information Criterion
(AIC)17 implemented separately for each chromosome (as we expect
independence between SNPs on different chromosomes) to remove
redundant SNPs (due to correlation) and select the best genetic pre-
dictors for each lipid trait.10 The derived SNPs used to construct
genetic scores included 19 SNPs plus the APOE haplotype for TC,
21 SNPs plus the APOE haplotype for LDL-C, 12 SNPs for HDL-C,
and 16 SNPs for TG (Supplementary material online, Tables S1–S4).

For each lipid trait, genetic scores for each participant were calcu-
lated by summing the number of risk alleles (0, 1, or 2 for each
SNP). On the basis of prior knowledge of the relationship between
the APOE haplotypes and LDL-C levels,18 the APOE risk count was cal-
culated as follows: 1212/1213/1214 ¼ 0, 1313 ¼ 1 and 1314/1414 ¼ 2.
Weighting each allele by the corresponding beta coefficient provided
very similar estimates (Supplementary material online, Table S5) and
the simpler model is presented here for ease of interpretation. Indivi-
duals with missing genotypes were excluded. The genetic scores were
calculated in the same manner for BWHHS participants.

Estimation of the 10-year absolute risk
of cardiovascular disease
Using the equation from the Framingham Heart Study,5 the 10-year
risk of developing CVD was estimated using baseline measures in
both studies in individuals with complete phenotype data. The equa-
tion incorporates information on gender, age, diabetes status,
smoking habit, systolic blood pressure, TC, and HDL-C. As the equa-
tion incorporates TC levels and is designed for estimating risk in indi-
viduals without heart disease, participants on lipid-lowering medication
or with CHD at baseline were excluded. The risk is presented as the
percentage chance of developing CVD (CHD or stroke) within
10 years.

Association of genetic scores with lipid levels
We expressed the effect of genetic scores on baseline lipid concentra-
tion per additional allele (equivalent to a unit change in the score) and
as the difference in lipid value between participants in the highest and
lowest quintile of the genetic score distribution. Individuals on lipid
medication at baseline were excluded from this analysis. Linear regres-
sion analysis was performed unadjusted and adjusted for gender (only
in WHII) and age. HDL-C and TG variables were log-transformed
prior to analysis.

Association of genetic scores with ‘high-risk’
status
We used the Framingham 10-year risk of CVD .20% as an assessment
of high-risk status. Using logistic regression, the odds ratio (OR) for
having CVD risk .20% were calculated for individuals in the top quin-
tile of the lipid score distribution with reference to individuals in the
lowest quintile, unadjusted and adjusted for the respective lipid
fraction.

Association of genetic scores with actual use
of lipid-lowering medication
Using logistic regression, the ORs for lipid medication use for primary
prevention were calculated for individuals in the top quintile of the
genetic score distribution with reference to individuals in the lowest
quintile, unadjusted and adjusted for the respective lipid fraction. Base-
line lipid-medication users were excluded. To ensure that analysis was
restricted to subjects receiving lipid-lowering treatment for primary
rather than secondary prevention, we excluded those individuals
who had a CHD event prior to receiving lipid medication. For com-
parison, we calculated the unadjusted OR of lipid drug use for indivi-
duals with baseline Framingham 10-year CVD risk .20% compared
with those with lower risk.

Association of genetic scores with coronary
events
We used logistic regression to calculate the OR for developing CHD
for those in the top fifth of the lipid score distribution compared with
those in the bottom fifth, both unadjusted and adjusted for the rele-
vant lipid level. As genotype precedes outcome, all individuals with
CHD at the follow-up phase (including those with CHD at baseline)
were included in the analysis. For comparison, we calculated the un-
adjusted OR of developing CHD for individuals with high baseline
risk (.20%) compared with those with lower risk.

Utility of genetic scores for prediction of
lipid-lowering drug use and coronary heart
disease events
To evaluate the potential value of the lipid genetic scores for discrim-
ination, we calculated the area under the receiver operating character-
istic (AUROC) for all four lipid genetic scores for distinguishing
individuals that would qualify (i.e. high-risk individuals) and actually
use lipid medication as well as for CHD outcome. To determine
whether the genetic scores improve discrimination above non-genetic
risk factors, we also calculated AUROC for the combined Framingham
risk and lipid genetic scores.

The data points used for each analysis in both studies are summar-
ized in Supplementary material online, Table S6.

Results

Participant characteristics
The baseline characteristics of the participants from the two studies
are shown in Table 1. Median and ranges for HDL and triglycerides,
which had skewed distributions, are provided in the Supplementary
material. In WHII, of those individuals that did not have CHD
and were not on lipid medication at baseline, 8% had an estimated
10-year CVD risk .20%. On follow-up (�10 years later)
32% of these ‘high-risk’ individuals were on lipid medication,
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whereas only 7% of individuals with baseline CVD risk ≤20% were
on lipid medication at follow-up. In BWHHS, 49% had high CVD
risk (.20%) at baseline, of which 34% were on medication at
follow-up (�8 years later). In comparison, only 8% of BWHHS
individuals with baseline CVD risk ≤20% were on lipid medication
at follow-up.

Association of genetic scores with blood
lipids
The genic locations of SNPs used in genetic score are shown in
Supplementary material online, Tables S1–S4. As expected,
though per allele effects on lipid values are small, there is substan-
tial difference in mean lipid levels between individuals in the highest
and lowest quintile of the genetic score distribution (Table 2).

Association of genetic scores with
‘high-risk’ status
Individuals in the top quintile of the distributions of each of the
four lipid genetic scores tended to have a higher odds of being
identified as ‘high risk’, as determined by the Framingham
10-year CVD risk .20% (Table 3). Adjusting for the respective
baseline lipid levels completely attenuated the association of all
genetics scores (Table 3). The TG genetic score showed the stron-
gest association, with individuals in the top quintile of the TG score
distribution having a 1.99 (1.39–2.85)- and 1.56 (1.22–2.00)-fold
higher odds of having CVD risk .20% compared with those in
the bottom quintile in WHII and BWHHS, respectively. None of
the lipid genetic scores were associated with risk factors

incorporated in the Framingham risk equation other than blood
lipids (shown for WHII in Supplementary material online, Table S7).

Association of genetic scores with actual
lipid medication use
Individuals in the top quintile of the LDL genetic score had a 2.38
(1.57–3.59)- and 2.24 (1.52–3.29)-fold higher odds of receiving
lipid medication than those in the lowest quintile (Figure 1A) in
WHII and BWHHS, respectively. However, adjustment for LDL-C
concentration completely attenuated this association in WHII. In
BWHHS, though the association was substantially reduced, it
remained significant (Figure 1B). Individuals in the top quintile of
the TC and TG genetic scores were more likely to use lipid medica-
tion and these associations were attenuated to the null after adjust-
ing for TC and TG levels (Table 3 and Figure 1). The HDL genetic
score was not associated with actual use of lipid medication
(Figure 1). As expected, individuals with an estimated CVD risk
.20% had a higher likelihood [WHII ¼ 4.15 (3.04–5.67);
BWHHS ¼ 2.98 (2.32–3.83)] of receiving lipid medication.

Association of genetic scores with
coronary heart disease events
Individuals in the top quintile (compared with bottom quintile) of
the LDL-C genetic score distribution had a higher risk of CHD
[WHII: OR¼1.43 (1.02–2.00) and BWHHS: OR¼1.31 (0.99–
1.72)] (Figure 2). After adjusting for LDL-C levels, this association
was completely attenuated in WHII but not in BWHHS
(Figure 2). Similar associations were seen in both studies for the
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Table 1 Study characteristics

Whitehall II BWHHS

Men (N 5 3721) Women (N 5 1338) Women (N 5 3443)

Baseline

Age (years) 49.1 (5.9) 49.6 (6.1) 68.8 (5.5)

BMI (kg/m2) 25.0 (3.1) 25.3 4.7) 27.6 (4.9)

% Smokers (current) 11 15 11

% Smokers (ex/current) 51 46 44

Diastolic BP (mmHg) 80.7 (8.9) 76.1 (9.3) 79.4 (11.7)

Systolic BP (mmHg) 121.5 (12.8) 116.6 (13.7) 146.9 (25.3)

Framingham 10-year risk (%) 10.6 (6.9) 5.6 (4.9) 22.1 (11.7)

Total cholesterol (mmol/l) 6.5 (1.1) 6.4 (1.2) 6.6 (1.2)

LDL-C (mmol/l) 4.4 (1.0) 4.2 (1.1) 4.2 (1.1)

HDL-C (mmol/l) 1.3 (0.4) 1.7 (0.4) 1.7 (0.5)

Triglyceride (mmol/l) 1.6 (1.2) 1.1 (0.7) 1.9 (1.2)

Baseline

Lipid drug users 33 (0.9%) 10 (0.7%) 204 (5.9%)

CHD cases 96 (2.6%) 25 (1.9%) 460 (13.4%)

Follow-up phase

Duration from baseline �10 years �8 years

Lipid drug users 426 (11.4%) 121 (9.0%) 692 (20.1%)

CHD cases 334 (9.0%) 87 (6.5) 802 (23.3%)
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TC genetic score (Figure 2). The TG score showed association with
higher risk of CHD in WHII but not in BWHHS (Figure 2). The
HDL genetic score was not associated with CHD. By comparison,

individuals with 10-year CVD risk .20% had a 4.21 (3.08–5.75)-
and 2.49 (1.80–3.44)-fold higher odds of CHD in WHII and
BWHHS, respectively.
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Table 2 Association of genetic scores with lipid levels

Genetic score Outcome Study Per allele effect Top vs. bottom quintile

Beta-coefficient (95% CI)a P value Beta-coefficient (95%CI)a P value

TC Total cholesterol WHII 0.10 (0.09, 0.11) ,1.0 × 10250 0.96 (0.85, 1.07) ,1.0 × 10250

BWHHS 0.08 (0.07, 0.09) 1.2 × 10226 0.62 (0.46, 0.78) 8.7 × 10214

LDL LDL-C WHII 0.09 (0.08, 0.10) ,1.0 × 10250 0.85 (0.76, 0.94) ,1.0 × 10250

BWHHS 0.07 (0.06, 0.08) 6.7 × 10232 0.63 (0.50, 0.76) 3.5 × 10221

HDL Log (HDL-C) WHII 20.03 (20.03, 20.03) ,1.0 × 10250 20.20 (20.23, 20.18) ,1.0 × 10250

BWHHS 20.02 (20.02, 20.01) 1.9 × 10216 20.15 (20.19, 0.12) 8.6 × 10216

TG Log (triglyceride) WHII 0.04 (0.04, 0.05) ,1.0 × 10250 0.38 (0.33, 0.43) ,1.0 × 10250

BWHHS 0.04 (0.04, 0.05) 2.1 × 10227 0.26 (0.21, 0.31) 1.5 × 10221

aFor untransformed outcomes the beta coefficient represents the mmol/l change in lipid levels. For log-transformed outcomes the beta coefficient represents the percentage
change in lipid levels. In each case the beta coefficients are adjusted for gender (only in WHII) and age.
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Table 3 Association of genetic scores with “high-risk” status (Framingham 10-year CVD risk >20%)

Exposure Study Top vs. bottom quintile unadjusted analysis Top vs. bottom quintile adjusted for lipid
fraction

OR (95%CI) P-value N OR (95%CI) P value N

TC score WHII 1.53 (1.03–2.26) 0.034 1401 0.90 (0.58–1.39) 0.63 1401
BWHHS 1.30 (0.95–1.77) 0.097 702 1.05 (0.76–1.45) 0.78 702

LDL score WHII 1.36 (0.93–1.98) 0.11 1654 0.80 (0.53–1.20) 0.28 1654
BWHHS 1.49 (1.14–1.94) 0.003 885 1.04 (0.78–1.39) 0.79 865

HDL score WHII 1.94 (1.37–2.74) 0.00017 1837 0.93 (0.64–1.37) 0.72 1837
BWHHS 1.23 (0.91–1.66) 0.17 747 0.86 (0.62–1.19) 0.35 747

TG score WHII 1.99 (1.39–2.85) 0.00017 1576 0.95 (0.63–1.44) 0.81 1576
BWHHS 1.56 (1.22–2.00) 0.00037 1118 1.03 (0.79–1.35) 0.81 1118

Figure 1 Association of lipid genetic scores with actual lipid medication use. Odds ratio of using lipid-modifying drugs in top vs. bottom quin-
tiles of the genetic score distribution. (A) Unadjusted odds ratios and (B) adjusted for the respective lipid fraction.
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Comparison of genotype-based and
phenotype-based discrimination of
coronary heart disease events
The performance of lipid genetic scores for discriminating high-risk
individuals, those who become users of lipid-lowering medication or
develop CHD is shown in Figure 3. None of the genetic scores exhib-
ited an AUROC greater than 0.60 whereas the Framingham risk equa-
tion exhibited much better discrimination for CHD events (Figure 3).
The addition of the individual genetic scores to the Framingham risk
score did not improve discrimination of CHD events (Table 4). We
also calculated the net reclassification index (NRI) for risk models in-
corporating Framingham risk and lipid genetic scores. All NRIs were
,0.009 (Supplementary material online, Table S8).

Using PLINK to impute lipid genetic scores in individuals with
missing data did not substantially alter our results (data available
on request).

Discussion

Statement of principal findings
Individuals in the top quintile of the LDL and TC genetic score
distributions, calculated using 22 LDL-associated and 20
TC-associated genetic variants, respectively, tended to have
greater odds of having high CVD-risk status, receiving
lipid-lowering medication and having a CHD event than individuals
in the bottom quintile, in two UK studies of middle-aged men and
women. Despite predisposing to lifelong differences in levels of
blood lipids, the strength of the genetic associations was insuffi-
ciently large to usefully discriminate individuals likely to require
lipid-lowering treatment or develop CHD. The Framingham risk
equation which incorporates a single mid-life measurement of
TC and HDL-C as well as other non-genetic risk factors, per-
formed better than genetic scores for the prediction of CHD

events, and the addition of the individual genetic scores to the
Framingham risk calculation did not improve discrimination.

Comparison with previous studies
Murray et al.19 found that LDL-C and TG genetic scores based on
7 and 11 SNPs, respectively, were associated with the likelihood of
exceeding the lipid thresholds for intervention as advocated by the
US guidelines (http://www.nhlbi.nih.gov/guidelines/cholesterol/
index.htm), in an Italian sample of 1155 individuals over 65 years,
but that a score based on nine HDL-C-associated variants was
not. However, this study did not examine associations with esti-
mates of absolute CVD risk, nor the number of individuals actually
treated with lipid-modifying drugs. In our study the genetic scores
were based on SNPs included in the Illumina HumanCVD Beadar-
ray, which has denser SNP coverage of many of the loci16 asso-
ciated with blood lipid fractions, but lesser genome coverage
than whole-genome SNP arrays. SNPs previously studied by
Murray et al.19 were either present or had proxy SNPs (based
on HapMap CEU LD estimates; R2 . 0.8) present on the array
used in our study. Although the loci marked by our lipid genetic
scores exhibited substantial overlap with those studied by
Murray et al.,19 the denser SNP coverage at each locus, enabled
variable selection methods to identify the best genetic predictors
of lipid levels from the large number of significant associations
observed in each region.

Ripatti et al.20 assessed the performance of a genetic score
based on 13 SNPs previously associated with CHD itself rather
than blood lipids. Although individuals in the top quintile of the
score had a higher relative hazard of CHD compared with indivi-
duals in the bottom quintile, this CHD genetic score also did
not improve the discrimination of CHD events over non-genetic
risk factors and family history. A study by Kathiresan et al.21 exam-
ined the utility of LDL and HDL genetic scores for the discrimin-
ation of CVD events. They selected a much smaller subset of
seven SNPs for LDL-C and four for HDL-C for the score calcula-
tion, based on published studies. Although the genetic scores were

Figure 2 Association of lipid genetic scores with coronary heart disease. Odds ratio of coronary heart disease for individuals in the top quin-
tile of the lipid genetic score distribution compared with individuals in the bottom quintile. Odds ratios and P values are shown for (A) unadjust-
ed analyses and (B) adjusted for the respective lipid fraction.
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Figure 3 Prediction of lipid drug usage and coronary heart disease events in Whitehall II using lipid genetic scores area under the receiver operating characteristic for discriminating between
high-risk individuals based on a Framingham risk .20% in (A) the Whitehall II study and (B) the British Women’s Heart and Health Study, actual use of lipid medication in (C) the Whitehall II and
(D) the British Women’s Heart and Health Study, and coronary heart disease in (E) the Whitehall II and (F ) the British Women’s Heart and Health Study.
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associated with incident CVD events even after adjustment for
lipid levels they did not improve the discrimination of CVD
events.21 However, this study did not look at other clinically rele-
vant outcomes.

Implications for clinicians and
policymakers
For nearly 2 decades, UK and European guidelines have recom-
mended the use of an absolute risk estimate, based on information
on multiple non-genetic risk factors (such as lipid levels, blood
pressure, and lifestyle factors) to identify individuals best suited
to receive lipid-lowering medication for the primary prevention
of CVD. Current guidance for England and Wales from NICE
(http://www.nice.org.uk/CG67) offers clinicians the option to use
Framingham risk or QRISK. However, measurement error and bio-
logical variability could in theory reduce the predictive perform-
ance of a single blood lipid measurement because this may not
accurately reflect an individual’s life time exposure to altered
lipid levels. By contrast, genotypes are invariant over time, are
measured with minimal error, and can influence lipid levels over
a lifetime.21 For this reason, it might be supposed that genetic pre-
dictors of healthcare outcomes might outperform cross-sectional
phenotypic measurements. However, consistent evidence from
this and other studies now indicates that prediction based on
phenotype outdoes prediction based on common genotypic vari-
ation. Despite this, at the group or population level, genotype
might have utility as an index of prescribing because the prevailing
average threshold for prescribing is inducible from the relative
proportions of genotypes receiving medication.22

Limitations of the study
We studied a large number of SNPs associated with the major
blood lipid fractions, but these variants collectively explain only a
small proportion of the variance in blood lipid levels and only a
fraction of the heritability.10 As the current work was completed,
the Global Lipids Genetic Consortium conducted a meta-analysis
of genome-wide association studies involving .100 000 partici-
pants which has increased the list of loci influencing the major
blood lipid fractions to almost 100.23 Scores based on a larger

number of lipid-related SNPs will likely explain a larger proportion
of the variance in blood lipids and have larger average differences in
lipid concentrations in individuals at opposite extremes of the
score distribution.23 However, the ability of genetic scores incorp-
orating these additional SNPs to identify individuals with high-risk
status or CHD events may not be correspondingly large because
the effect sizes of additional loci identified in very large
meta-analysis tend to be extremely small. Additionally, new SNPs
are also distributed across different chromosomes and inherited
independently, so that only a small proportion of the population
carries a large burden of lipid-raising alleles. Further analysis
based on all known lipid-related loci will be needed to determine
whether the interpretations of our findings, based on the
HumanCVD array-derived genetic scores, on the utility of
lipid-related SNPs for predicting important healthcare outcomes
will substantially alter.

Although the content of the array we used for genotyping was
based on haplotype tagging SNPs, we may not have captured all
the genetic variation at the loci we studied. Ongoing efforts to
fine map causal variants at these loci may increase the number
of eligible SNPs and improve the performance of lipid-related
genetic scores. The effects of gene–gene and gene–environment
interactions were not modelled and may also contribute to the
missing phenotype variance explained. We also used an approach
of simply counting the number of trait-raising alleles, which
assumes that the SNPs act independently and additively and with
equal effect. However, given that the effect sizes for most SNPs
are very small, using a weighted genetics score is unlikely to
make a significant difference. Current efforts to deeply resequence
for rare variants at the relevant genomic regions may also identify
highly penetrant (albeit rare) alleles with a larger effect24 on blood
lipid levels than those studied here.

The associations observed in WHII are likely to be overesti-
mated as the same data were used both for SNP discovery and
evaluation of the performance of the allele scores. However, the
associations and performance estimates were broadly similar in
BWHHS. As genotype precedes phenotype, individuals with base-
line CHD could be included for the analysis of genetic score with
CHD outcome. However, as the Framingham equation is used for
the calculation of risk in healthy individuals, those with baseline

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Area under the receiver operating curve for combined Framingham 10-year cardiovascular disease risk score
and lipid genetic scores

Exposure Study AUROC for actual drug use AUROC for CHD

Framingham 10-year CVD risk WHII 0.73 (0.70–0.76) 0.71 (0.67–0.74)
BWHHS 0.67 (0.64–0.70) 0.65 (0.61–0.69)

Framingham + TC genetic score WHII 0.74 (0.71–0.77) 0.68 (0.65–0.72)
BWHHS 0.68 (0.65–0.71) 0.65 (0.61–0.69)

Framingham + LDL genetic score WHII 0.74 (0.71–0.77) 0.68 (0.64–0.71)
BWHHS 0.68 (0.65–0.71) 0.65 (0.61–0.69)

Framingham + HDL genetic score WHII 0.71 (0.67–0.74) 0.70 (0.66–0.73)
BWHHS 0.67 (0.64–0.70) 0.64 (0.60–0.68)

Framingham + TG genetic score WHII 0.72 (0.69–0.76) 0.70 (0.66–0.73)
BWHHS 0.67 (0.64–0.70) 0.64 (0.60–0.68)
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CHD were excluded for the analysis of Framingham risk score with
CHD outcome. Exclusion of higher-risk CHD patients from the
latter analysis may have blunted the true association.

A final limitation is that data regarding an individual’s use of
lipid-lowering medications were obtained by self-recall at interview
and from a questionnaire mailed to participants, as access to the
participant’s medical records was restricted. However, as partici-
pants are unaware of their genetic score any reporting error
would be non-differential with respect to this, and the statistical
expectation would be an underestimation of the reported
association.

Conclusion
At the population level, the common SNPs examined here that are
associated with TC and LDL-C contribute to variation in blood
lipid levels, high cardiovascular risk, use of lipid-lowering medica-
tions, and the risk of CHD events. However, the effects are too
small to be useful for discriminating the need for lipid-lowering
medication for primary prevention, or the future risk of CHD in
an individual.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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Giant left atrium in a patient with prosthetic mitral valve
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A 76-year-old female patient presented complaining of chronic cough
and dyspnoea. She underwent mitral valve replacement and tricuspid
annuloplasty for rheumatic mixed mitral valve disease with severe tricus-
pid regurgitation 13 years ago. Clinically, the patient had features of con-
gestive cardiac failure. Chest X-ray revealed asymmetrical cardiomegaly
with the right heart border extending to the right lateral chest wall.
Echocardiography demonstrated a functioning prosthetic mitral valve
with preserved left and right ventricular function. Massive biatrial en-
largement became only apparent only on non-standard echocardio-
graphic views from the right side. Cardiac magnetic resonance imaging
confirmed biatrial enlargement, with the left and right atria measuring
9.5 × 14 cm and 3.5 × 8.9 cm (WxL), respectively. The right lung was
compressed by the left atrium, likely explaining the patient’s chronic
cough. [Panel A: four-chamber view cardiovascular magnetic resonance
(CMR) imaging].

Common presenting complaints associated with a giant left atrium
include dyspnoea and dysphagia due to oesophageal compression.
A giant left atrium is commonly defined as measuring .8 cm. It has clas-
sically been described in the setting of severe mitral regurgitation in
rheumatic heart disease. It has been hypothesized that the pan-carditis of rheumatic heart disease combined with chronic atrial
volume overload results in gross atrial enlargement. Atrial fibrillation is always present. Operative treatment entails the partial resec-
tion of the inferior and superior left atrial wall. A giant left atrium has become a very rare entity with the decreasing incidence of
rheumatic heart disease. (Supplementary material online, Videos S1 and S2).

A.L. reported the MRI images, prepared the manuscript is responsible for the overall content as guarantor. M.A.S. performed the
Echocardiogram and prepared the manuscript. W.A.W.A. reviewed the manuscript.

Panel A. CMR. Massively enlarged left and right atrium. Prosthetic mitral valve.

Supplementary material is available at European Heart Journal online.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2013. For permissions please email: journals.permissions@oup.com

Influence of common genetic variation on blood lipid levels, cardiovascular risk, and coronary events 981
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/34/13/972/484835 by guest on 20 August 2022

mailto:alexanderloch@gmx.de
mailto:alexanderloch@gmx.de
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht021/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht021/-/DC1

