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4. Rationale:  
 Premenopause is characterized by regular menstrual cycles with a gradual decrease 
in total cycle length of 2 to 3 days until a woman reaches approximately 40 years of age.  
The menopausal transition generally occurs after the age of 40 and is characterized by 
irregularity in both hormone levels and bleeding, including increased flow, increased and 
decreased cycle lengths, and skipped menstrual periods.  This menopausal transition, also 
called perimenopause, lasts 2 to 8 years before the final menstrual period and 12 months 
after the final menstrual period.  According to the World Health Organization, a woman 
is considered to be in menopause, or postmenopausal, after 12 months of amenorrhea 
following the final menstrual period1.  
 Menopause is associated with lipid level changes, specifically increases in total 
cholesterol (TC), low-density lipoprotein (LDL), and triglycerides (TG)2-4 and decreases 
in high-density lipoprotein (HDL)5.  These adverse lipid changes are believed to be due 
to reduced metabolism of LDL particles as a result of decreases in estrogen levels post-
menopause 2-4.  Lipid genes affect variation in lipid levels both pre- and 
postmenopausally; however, interactions between genes and environmental influences on 
lipid levels differ between pre- and postmenopausal women2.  
 Polymorphisms in the following lipid genes, measured by ARIC, have been found to 
affect lipid metabolism and cholesterol concentrations: apolipoprotein B, apolipoprotein 
E, cholesterol ester transfer protein, hepatic lipase, lipoprotein lipase, and paroxonase 1. 
 A 9 base pair insertion/deletion polymorphism of the apolipoprotein B gene has been 
found to affect serum TG levels.  The apolipoprotein B insertion/deletion polymorphism 
encodes amino acids -16 to -14 (leu-ala-leu), and the insertion allele is associated with 
higher TG levels, while the deletion allele is associated with lower TG levels6. 
 The apolipoprotein E polymorphism has three alleles, E2, E3, and E4.  Compared 
with the E3 allele, the E2 allele is associated with lower levels of LDL and the E4 allele 
is associated with increased levels of LDL cholesterol7. 
 The Taq1B polymorphism of the cholesterol ester transfer protein gene is associated 
with concentrations in HDL.  The B2 allele is associated with higher HDL levels and a 
lower cholesterol ester transfer protein concentration than the BI allele8. 
 Hepatic lipase activity is sensitive to estrogen levels, and has been shown to be 
higher in postmenopausal women than premenopausal women.  Postmenopausal women 
who are carriers of the T allele in the -514C/T polymorphism of hepatic lipase have 
increased HDL levels than postmenopausal women who are C/C for this polymorphism.  
Lower LDL levels are also seen among -514T carriers who are on hormone replacement 
therapy compared to postmenopausal women who are not on hormones9. 
 A couple variants on the lipoprotein lipase are associated with lipid levels.  Carriers 
of the 447X allele of the S447X polymorphism have lower TG levels and higher HDL 
than the S/S genotype10-11.  The opposite is true with the N291S polymorphism.  Higher 
TG and lower HDL levels are associated with the S291 allele of the N291S 
polymorphism compared to the N allele11.    
 Paroxonase 1 is associated with HDL and functions to inhibit oxidation of both LDL 
and HDL12.  Therefore, it has been postulated that paroxonase 1 prevents atherogenesis 
and cardiovascular disease.  Many studies have analyzed the association of the Q192R 
polymorphism of paroxonase 1 to coronary heart disease (CHD), specifically the R allele 
which is rare in the population.  A meta-analysis showed an overall null association 



between CHD endpoints and the R192 allele of paroxonase 113, but no studies have 
focused primarily on the affect of the Q192R polymorphism of paroxonase 1 on HDL and 
LDL lipid levels.   
 Many studies have shown the effect of specific lipid gene polymorphisms on HDL, 
LDL, and TG levels, and/or on the metabolism of lipids.  With the exception of hepatic 
lipase, the effect of these lipid genes on women during and after menopausal transition 
has not been studied.  This study aims to determine if an interaction between menstrual 
status and specific lipid gene polymorphisms may decrease or accelerate the adverse lipid 
changes associated with postmenopausal status.  Due to the expansive nature of this 
proposed study, I plan to first concentrate on the interaction between menstrual status and 
the genes involved with LDL lipids (apolipoprotein E and paroxonase 1) on difference in 
LDL lipid concentrations.  If successful with this first study subset, I will later analyze 
the interaction between menstrual status and the remaining genes on difference in HDL, 
triglycerides, and total cholesterol.    
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5. Main Hypothesis/Study Questions: 
 The presence of the rare allele of a lipid gene polymorphism will result in altered 
change in lipid levels (LDL, HDL, TG, and total cholesterol) after menopause compared 



to normal/wild-type genotypes.  Specifically, women with the E2 and E4 alleles of 
apolipoprotein E, and those with the R allele of the Q192R polymorphism of paroxonase 
1 will experience either accelerated or diminished increases in LDL lipid concentrations 
after menopause compared to women who possess the normal genotypes of these lipid 
genes.    
 
6. Data (variables, time window, source, inclusions/exclusions): 
 The independent variables in this initial analysis will be menstrual status and 
polymorphisms of apolipoprotein E and paroxonase 1 genes.  The dependent variable will 
be change in LDL cholesterol level.  Interaction between lipid gene polymorphisms and 
menstrual status on change in LDL lipid levels among women who move from pre- or 
perimenopausal at baseline to postmenopausal at a later exam will be the primary interest 
of this study.  Women who have been diagnosed with cancer before baseline or during 
follow-up will be excluded from the analysis.  Those who have had a prior hysterectomy 
and/or oophorectomy will be analyzed cross-sectionally at baseline to determine whether 
it is appropriate to exclude these women from the study or to estimate the age of 
menopause for these women.  The analysis will first involve cross-sectional comparisons 
at baseline.  For the main comparisons, I will examine menstrual status and LDL lipid 
levels at each exam and will use proc mixed in SAS to conduct a repeated measures 
analysis.  The following covariates will be considered as potential confounders: race, age, 
body mass index, use of lipid lowering medication, use of medication that secondarily 
reduces cholesterol, use of hormone replacement therapy, use of oral contraceptives, 
parity, alcohol use, tobacco use, and exercise.  Again, if the initial analysis is successful, I 
will conduct further analysis involving the interaction between menstrual status and the 
apolipoprotein B, cholesterol ester transfer protein, hepatic lipase, and lipoprotein lipase 
genes on HDL, triglycerides, and total cholesterol levels.     
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