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4. Rationale:



Two recent studies have reported that early age at menarche raises the risk for type 2 diabetes'~.
Women in the Nurses’ Health Study I with age at menarche < or = 11 years had a RR of 1.18
(95% CI 1.10-1.27) for type 2 diabetes compared with women with age at menarche =13 years,
after adjusting for potential confounders such as BMI and other social and lifestyle factors®. The
RR was higher in the younger Nurses Health Study II cohort (1.40, 95% CI 1.24-1.57) after
adjusting for the same covariates”. In the EPIC-Norfolk study', women with age at menarche 15-
18 years had an OR of 0.66 (95% CI 0.51-0.86) for type 2 diabetes compared women with
menarche onset at age 8-11 year, however the association was completely attenuated after
adjustment for adult BMI. There was a stronger association between early age at menarche and
diabetes among women with larger waist circumference compared with participants who had
small waist circumference'.

Weaknesses of the aforementioned studies are that they relied on self-reported physician
diagnosis of diabetes, and in the case of the Nurses’ Health Study I and II, did not have waist
circumference data. Although it is not clear whether increasing early childhood obesity is
causally responsible for the downward trend in age at menarche in the United States®, it is well
established that early menarche is associated with higher adolescent and early adulthood
adiposity “"*° (and also shown by '?). Early menarche is also associated with greater waist
circumference '°. Proper interpretation of an association between menarche timing and diabetes
requires rigorous consideration of its independence from the relationship between menarche and
adiposity, and central adiposity, in particular. We propose to assess weight gain from age 25 to
baseline, baseline BMI, and waist circumference at baseline as adjustment factors in the ARIC
study. Additionally, there remains a lack of knowledge about potential race/ethnicity differences
in this association. African-American women have higher risk of type 2 diabetes, higher
adiposity, and earlier age at menarche than European American women™ ' 12 but lower visceral
and subcutaneous abdominal fat mass relative to total adiposity than European women'?. Given
this gap in the literature, our study will explore potential race differences in the association
between risk for type 2 diabetes and age at menarche.

5. Main Hypothesis/Study Questions:

We will test the hypothesis that age at menarche is associated with prevalent and incident type 2
diabetes, and if this association is independent of adiposity or is modified by race.

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).

Participants: Women of European and African ancestries with available self-reported
information regarding age at menarche, diabetes diagnosis at baseline, and laboratory
information on fasting plasma glucose level and diabetes diagnosis during follow-up.

Variables: Prevalent diabetes, person years to incident diabetes, fasting plasma glucose
measurements. Prevalent diabetes will be defined as self-reported physician diagnosis of
diabetes, fasting plasma glucose > or = 126 mg/dl, or self-reported diabetes medication in the last
2 weeks at the baseline visit. Incident diabetes will be defined as fasting plasma glucose > or =



126 mg/dl, self-reported physician diagnosis of diabetes, nonfasting glucose > or = 200 mg/dl, or
self-reported diabetes medication in the last 2 weeks at a follow-up visit.

Inclusion: all white and African American women with information on diabetes diagnosis,
fasting plasma glucose measurements, and age at menarche

Exclusions: Women with age at menarche <9.0 or >17.0 years, and race other than black or
white.

Exposure: Early age at menarche (e.g. <11 years compared to 15+ years).

Primary analysis: We will begin by using logistic regression to estimate odds ratios for incident
and prevalent diabetes combined (diabetes yes/no), and Cox proportional models to estimate the
relative risk for incident type 2 diabetes according to age at menarche category. In a preliminary
analysis of the visit 1 data, we identified 487 prevalent diabetes cases among white women, and
517 prevalent cases among black women, after the exclusions listed above. For white women,
the prevalence of diabetes differed significantly by age at menarche category (<11, 11.0-11.9,
12.0-12.9, 13.0-13.9, 14.0-14.9, 15+ year) before adjustment for covariates [}*(5, N =5,977)
=21.1, p <0.001]. Diabetes prevalence was highest among women with age at menarche <11. We
found no association of age at menarche with diabetes prevalence before adjustment for black
women.

Models will be run in a series, adding additional covariates, with the exception of adiposity
measures. Covariates will include: age at baseline, current smoking, ever smoking, alcohol use,
physical activity level, education, parity, parental history of diabetes, and birth weight. We will
stratify by race/ethnicity to examine effect modification by race. An interaction term
(race*menarche) will test the significance of the effect modification. If the final logistic and Cox
proportional hazards models above indicate linear effects of age at menarche, we will continue
the analysis using age at menarche as a continuous variable for all remaining analyses.

The models will then be further adjusted by the addition of adiposity related variables (baseline
BMI and waist circumference and weight gain from 25-baseline). We also will consider
stratifying the results by quintiles of waist circumference to further examine the independence of
the menarche-diabetes relationship from current adiposity.

Our focus in the analysis will be on whether adjusting for waist circumference attenuates any
association between menarche timing and type 2 diabetes, and to assess whether race/ethnicity
differences in the association exist, and are explained by differences in waist circumference.

If independent effects of age at menarche are identified in the above analyses, we will
contextualize the findings by comparing the RRs of diabetes in women with early menarche to
those of women with a family history of diabetes, and with elevated BMI and waist
circumference.



Covariates: (listed above)

Statistical significance: Statistical tests will be 2-sided and significance will be defined at
a=0.05
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