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3. Timeline: Analyses will begin immediately upon approval of this proposal.  
 
4. Rationale:  
Age at menarche is associated with adult stature and obesity 1, 2 3, 4, and influences the 
risk for several diseases in women, including breast cancer 5. Menarche occurs at a mean 
age of approximately 13 years in individuals of European descent, and approximately 2 
years after the onset of puberty. Secular chances of age of menarche have also been 
documented 6, 7.  
 
Early age at menarche is a risk factor for breast cancer 8 and these effects are linked to 
greater time exposure to estrogens. Age at menarche has also a significant impact on 
breast cancer prognosis and survival among post-menopausal women9. In one study, age 
at menarche of 11 years or younger had a more than twofold excess risk of medium-grade 
(odds ratio [OR] = 2.05; 95% confidence interval [CI] 1.00 to 4.18) and high-grade (OR 
= 2.04; 95% CI 1.01 to 4.16) tumors. Survival was poorest in women with the earliest age 
at menarche, with a 72% increased risk of dying within 5 years after diagnosis (hazard 
ratio = 1.72; 95% CI 1.02 to 2.89) 9. 
 
Several recently genome-wide studies (GWAS) have identified single nucleotide 
polymorphisms (SNPs) in genes for age of menarche 10(Perry et al, 2009, in press). Liu et 
al. identified associations of SNPs in the SPOCK gene with age of menarche 10. In our 
own GWAS within the CHARGE Consortium involving a sample size of 17,510 women 
of European descent, we identified two genes associated with age of menarche (Nature 
Genetics, under review). The strongest signal was at 9q31.2 (P = 1.7x10-9) where the 
nearest genes include TMEM38B, FKTN, FSD1L, TAL2 and ZNF462. The next best 
signal was near the LIN28B gene (rs7759938; P = 7.0x10-9), which also influences adult 
height. We were unable to replicate the association findings from the study of Liu et al.  
 

5. Main Hypothesis/Study Questions:  
To explore if genes associated with menarche timing also contribute to the susceptibility 
to breast cancer outcomes, we will perform a candidate gene/SNP association analysis 
using published genome-wide associated SNPs and these events in race-stratified samples 
of women of European and African ancestry.  
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 
variables of interest with specific reference to the time of their collection, summary 
of data analysis, and any anticipated methodologic limitations or challenges if 
present). 
Subjects: Women of European and African ancestries with available self-reported 
information regarding age at menarche, breast cancer and the candidate SNPs.  
Variables (phenotype): breast cancer incident and prevalent cases.  
Inclusion: all white and African American women with available phenotypes 
Exclusions: women having a breast cancer or any cancer diagnosis at the baseline visit 
for analysis of incident data.     
Exposure: candidate SNPs from the Affymetrix 6.0 SNP chip previously identified in 
GWAS for age of menarche.  



Models:  
Primary analysis: We will use imputed and genotyped data (using the HapMap 

Caucasian information) for all white women and only genotyped data for African 
American women. We will use Cox proportional models with additive genetic effects to 
model the association of candidate SNPs with time to breast cancer events and will use 
logistic regression to assess the association between genotype at candidate loci and 
case/control status (prevalent and incident breast cancer cases). We will perform analysis 
using all available SNPs that pass QC, with adjustment for age and center/site within 
race-stratified cohort, age of menarche, and other risk factors for the events. We will also 
adjust for number of pregnancies, use of hormone therapy, presence or absence of 
unilateral oophorectomy, and age of menopause, body mass index, smoking and will 
consider stratifying on age at diagnosis (pre-menopausal vs post-menopausal). Population 
stratification will be assessed using principal components (PC) analysis where PCs that 
are significantly associated with the trait will be included.  
 
We will use the Framingham Heart Study as replication for our analysis and will consider 
extending the analysis to other cohorts within CHARGE in a meta-analysis. The 
following studies may participate in a meta-analysis: ARIC, Framingham Heart Study, 
Rotterdam Study I and II, TwinsUK, InCHIANTI, HAPI Heart Study (Amish study). 
Covariates: (listed above) 
Statistical significance: We will correct for the number of independent tests performed 
using Bonferroni correction.   
Meta-analyses: We will conduct meta-analysis of cohort-specific p-values within the 
CHARGE Aging and Longevity—Reproductive Health WG, using fixed or random  
effects (if number of participant studies is more than 5) using STATA or SAS.  
 
For African Americans, we will follow the procedures for CARe. 
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12.  Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the 
date of the approval, the manuscript proposal will expire. 
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