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3. Timeline: Analyses will begin when all genotyping and QC is completed.  
 
4. Rationale:  
To conduct a genome-wide association analysis of age of natural menopause and related 
traits among ARIC women and a meta-analysis across CHARGE cohorts.  
 

5. Main Hypothesis/Study Questions:  
To explore the contribution of genetic factors to age of natural menopause (ANM) and 
related traits among women of European ancestry, we propose to perform a genome-wide 
association analysis of ANM using the set of genotyped and imputed SNPs in ARIC and 
to conduct a meta-analysis across 7 CHARGE cohorts. We will also perform analysis of 
Chromosome X SNPs after proper QC is applied.  
 
   
We plan to expand our analyses to African-American women as the genotyping data is 
available. Use of GWAS data in African-Americans will follow CARe procedures. 
 
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). 
Introduction: Later age at natural menopause is associated with longer lifespan, while 
early menopause is associated with increased morbidity and mortality, possibly 
secondary to the loss of estrogen.  Age at natural menopause is significantly heritable 
(e.g., h2 = 0.50 in the FHS) but few specific genetic variants associated with this 
important marker of senescence have been identified and none have been replicated. 
Subjects: Women of European ancestry with available self-reported information 
regarding age at menopause and GWAS data. Use of GWAS data in African-Americans 
will follow CARE procedures. 
Variables (phenotype): Self reported age of natural menopause defined as the age at the 
last menstrual period, after at least 12 consecutive months of amenorrhea (as derived 
from questionnaire data).  In ARIC, this variable was derived primarily using the 
following existing ARIC variables: MENOPSA01 (menopausal status), RHXA08 (age at 



menopause) and RHXA09 (cause of menopause), among others.  If a woman was pre- or 
peri-menopausal at visit 1, visit 2 data were examined, and so on until the first report of 
natural menopause was obtained. 
Inclusion: all White women with age at natural menopause (ANM) 
Exclusions: Hysterectomy and/or bilateral ovariectomy, if woman reported still being 
pre-menopausal or peri-menopausal at Visit 4, or the cause of menopause (surgical or 
natural) could not be deduced from the questionnaire responses; race other than White; 
ANM < 40 years or  > 60 years  
Exposure: 2.5 million imputed HapMap SNPs typed using the Affymetrix 6.0 SNP chip.  
Models:  

Primary analysis: Analysis of imputed data (using the HapMap Caucasian 
information) for all women with ANM 40-60 yrs. Linear regression analysis using an 
additive genetic model. Basic model: We will perform analysis using all available SNPs 
that pass QC, with adjustment for center/site within cohort, and for population 
stratification (assessed using principal components (PC) analysis) where PCs that are 
significantly associated with the trait will be included.  
The meta-analysis will include the following studies: ARIC, Framingham Heart Study, 
Rotterdam Study I and II, TwinsUK, InCHIANTI, HAPI Heart Study (Amish study). 

 
Secondary analyses:  
• Adjustment of models for additional covariates (final list to be decided by WG, 

but may include diabetes status prior to menopause or at baseline, cigarette 
smoking status or packyears at baseline, BMI at baseline, presence or absence of 
unilateral oophorectomy, age at recall of age at menopause, and habitual physical 
activity (in ARIC using the Sport Index of the Baecke) 

• All women with data on natural menopause (no age exclusion) 
• Women with natural menopause < 40 yrs as cases with possible premature 

ovarian failure compared to controls with natural menopause occurring > 45 years 
of age. 

• Analyze women with menopause > 60yrs as cases with extreme late menopause. 
• Analyze reproductive lifespan as an alternative phenotype using the same models 

as above.  Reproductive lifespan (years) = age at natural menopause – age at 
menarche. 

Transform: Age of menopause is normally distributed so no transformation of the data 
will be performed.  
Covariates: (listed above under Secondary analyses) 
Statistical significance: Genome-wide significant: p-value <= 5x10-8. Suggestive 
significance if p-value below threshold of 5 expected false positives (p-value ~ 
5/2,200,000 = 2.3x10-6) 
Meta-analyses: We will conduct meta-analysis of cohort-specific p-values within the 
CHARGE Aging and Longevity—Reproductive Health WG, using fixed effects and the 
program METAL.  
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