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Gender as a risk factor for CAD

CVD Incidence (WHO – Monica)
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• Elements of the sex hormone system might be responsible for gender
differences in CAD risk

• ‘Female’ and ‘male’ sex hormones are expressed (in different quantities) by 
both sexes

• Inter-individual variation in sex hormone metabolism may give rise to inter-
individual variation in CAD risk (regardless of gender)

• This may act through genetic variation in hormone-related genes

• Genetic variation in the Estrogen Receptor alpha gene (ESR1) may 
modulate risk of CAD

Hypothesis:
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Broad range of genetic variation in ESR1

Estrogen Receptor alpha (ERα), encoded by ESR1:
>3,100 known single nucleotide polymorphisms known (dbSNP)

rs2234693 (PvuII) polymorphism, Intron 1
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Focus on rs2234693 (PvuII)
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Ioannidis et al. J Bone Miner Res 17, 2048-2060 (2002)

Ioannidis et al. JAMA 292, 2105-2114 (2004)

Meta-analysis of 
individual-level data 

involving 
standardized

genotyping of 18,917 
individuals in 8 

European centers.

N~19,000

(Study restricted 
to 1 variant)

Meta-analysis of previous association studies

Intense but inconclusive research in Bone Mineral Density/Osteoporosis
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Shearman, A. M. et al. Circ Res 2006;98:590-592

Genotype CC of ESR1 c.454-397T>C and nonfatal 
myocardial infarction in men from 5 studies

Kjaergaard, A. D. et al. Circulation 2007;115:861-871

Meta-analysis in men of ESR1 IVS1-397T/C CC vs CT/TT 
genotype on risk of fatal and nonfatal MI from 6 previous 
and the 2 present studies using fixed-effects model

Positive association between
PvuII and CAD

NT~16,000
NT~7,000

More inconclusive results for Coronary Artery Disease

No association between PvuII
and CAD



8

Our study

AIMS:
1. Test for association between this variant and risk of CAD in a 

population from the region of Girona (The REGICOR Study; n~420
cases of MI and 1270 controls) 

2. Summarise all evidence to date on this question (meta-analysis, 
n~32,000)

3. Investigate why the results of previous studies have been
inconsistent (qualitative assessment)
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Large meta‐analysis of previous evidence

NT~32,000

0.0130.2431.06 (0.96-1.18)TC
0,00003

-
Heterogeneity

0,0551,17 (1,00-1,32)CC

-1TT
Association p-valueOR (95%CI)Genotype
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Which factors could explain this inconsistency between studies?

• Meta-regression: used to “adjust” the meta-analysis for various
study characteristics to see what causes between-study
heterogeneity

• Heterogeneity could not be explained by differences between
studies in terms of:
– clinical outcomes measured (MI or CAD)
– study design (case-control or cohort design)
– gender
– sample size

• But some studies ‘feel’ more convincing than others



11

Guidelines for performing and reporting genetic association studies

• Association studies should provide datails on:
– study characteristics (e.g. patient sources; clinical characteristics)
– genotyping quality control (e.g. well described; internal controls used)
– methods and results (described well enough to replicate experiment)
– replication and validation (e.g. in independent samples)

• NCI-NHGRI Working Group on Replication in Association Studies



12

Guidelines for performing and reporting genetic association studies
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Lluís-Ganella & Lucas et al. 2009 Atherosclerosis

High Quality StudiesLow Quality Studies

0,0055
-

Heterogeneity

0,93 (0,82-1,05)
1

OR (95%CI)

0,25
-

P-value

0,15650,011,37 (1,08-1,74)CC
--1TT

HeterogeneityP-valueOR (95%CI)Genotype

NT~32,000

‘Low quality’ studies
‘High quality’ studies

Conclusion: No association between this SNP and CAD. But what
about the rest of ESR1?

Study quality explains heterogeneity in results
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“Twenty bone-mineral-density loci identified by large-scale meta-analysis of genome-
wide association studies” (Rivadeneira et al., Nature Genetics, Oct 2009)

• strongest results lie in a region that which does not contain PvuII

GWAS results for Bone Mineral Density in ESR1

CAD?
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GWAS results for ESR1 in MI/CAD – The CARDIoGRAM Consortium

~23,000 cases | ~65,000 Controls
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