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Abstract

Objective—To examine the association of menarche timing with cardiometabolic risk factors 

into early to mid-adulthood, comparing African-American and White women.

Study design—Analyses included 2,583 women (African-American=1,333; White=1,250) from 

the Coronary Artery Risk Development in Young Adults (CARDIA) cohort study over 25 years of 

follow-up (1985–2011). Outcomes included type 2 diabetes, metabolic syndrome, adiposity, 

glucose, insulin, blood pressure, and blood lipids. Cox models or repeated measures linear 

regression models estimated the association between age at menarche and the outcomes.

Results—Each one-year earlier age at menarche was associated with higher mean BMI among 

African-American (0.88±0.12 kg/m2, p<.0001) and White (0.89±0.10 kg/m2, p<.0001) women. 

After BMI adjustment, each one-year earlier age at menarche was associated with higher 

triglycerides (2.26±0.68 mg/dl, p=0.001) and glucose (0.34±0.11 mg/dl, p=0.002), and greater risk 

for incident impaired fasting glucose (HR=1.13 95% CI 1.04–1.20) and metabolic syndrome 

(HR=1.19, 95% CI 1.11–1.26) among white women only.

Conclusions—Excess adiposity associated with earlier menarche is sustained through mid-

adulthood, and primarily drives higher cardiometabolic risk factor levels. However, White women 

with earlier menarche had increased risk of a number of insulin-resistance related conditions 

independent of adiposity. The cardiometabolic impact of earlier menarche was weaker in African-

American women despite higher average adiposity. Weight maintenance would likely reduce, but 

may not completely eliminate the elevated cardiometabolic risk of earlier menarche.
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A growing number of studies report associations between early age at menarche and 

increased risk for cardiovascular disease (CVD)-related risk factors, such as type 2 diabetes 

(T2DM), high blood pressure, and metabolic syndrome (MetS) [1–7]. However, early 

menarche is also strongly associated with obesity, which increases the risk for these 

adulthood diseases [8, 9]. Recent studies conflict about the confounding or mediating role of 

childhood and adulthood obesity in the relationship between earlier puberty and 

cardiometabolic risk factors [1–3, 6, 10, 11], possibly because childhood obesity and 

puberty may influence each other through common pathways such as hormonal changes and 

insulin resistance [5, 12]. Longitudinal data on this topic are scarce [5] and would help 

clarify the relationship between the timing of menarche, adiposity accumulation, and other 

cardiometabolic risk factors.

Although race appears to be an independent risk factor for early menarche [13, 14], as well 

as for certain cardiometabolic conditions [15], the relationship of age at menarche with 

cardiometabolic risk among African-American women has not been well studied. Most 

reports have included women of European descent only [6, 10, 11, 16–20] or did not look at 

risk specifically among African-American women [2, 21, 22]. In the Atherosclerosis Risk in 

Communities (ARIC) study, age at menarche was associated with T2DM among White, but 

not African-American women during mid to late-adulthood [3].

The current study evaluates the association between age at menarche and CVD risk factors 

in a prospective cohort of young to middle-aged women with the following aims: (1) assess 

race-specific associations between age at menarche and incident T2DM, impaired fasting 

glucose (IFG), and MetS over 25 years of follow up; and (2) examine associations of age at 

menarche with components of cardiometabolic risk (adiposity, glucose, insulin, blood 

pressure, and blood lipids) during follow up. We also considered whether any observed 

associations were independent of BMI measured in young adulthood. We hypothesized an 

independent association of earlier age at menarche with cardiometabolic risk factors in 

adulthood, and given findings from ARIC, stronger associations among White women.

Methods

We used data from the Coronary Artery Risk Development in Young Adults (CARDIA) 

study. CARDIA included 5,115 African-American and White men (n=2,328) and women 

(n=2,787) aged 18–30 years at baseline and was designed to study the role of lifestyle and 

the evolution of CVD risk factors in young adults. The details of the study cohort, including 

eligibility criteria, sources and methods of recruitment and follow up have been described in 

detail elsewhere [23]. Briefly, participants were recruited from four US communities: 

Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA. Data for our analyses 

were collected during clinic visits at the baseline and follow-up exams over 25 years (1985–

2011). The retention rates at years 2, 5, 7, 10, 15, 20, and 25 were 90%, 86%, 81%, 79%, 

74%, 72%, and 72%, respectively. The institutional review boards at each of the study sites 

approved the study, and participants provided informed consent.

Analyses excluded women with missing age at menarche (n=118), or who reported their age 

at menarche as <8 (n=1) or >17 (n=9) years as we are interested in studying women within 
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the normal range of menarche timing. Other exclusions were those with diabetes (n=20), 

missing diabetes status (n=45), or missing BMI (n=11) at the baseline visit, for an overall 

sample size of 2,583 women (African-American=1,333, White=1,250). For incident IFG and 

MetS, women with those conditions at baseline were also excluded (IFG: n=38; MetS: 

n=49) to ensure that onset was after completion of puberty (i.e. incident cases instead of 

prevalent cases). The final sample for the IFG and MetS analyses were 2,545 and 2,534, 

respectively. For the analysis of changes in cardiometabolic risk factors during follow up, 

time points were excluded for patients who were pregnant or missing an outcome variable, 

or who had developed diabetes at any time prior to the visit. The baseline demographic and 

cardiovascular risk factor characteristics of those included in these analyses were similar to 

those of the overall cohort before exclusions [23].

Age at menarche was defined as the age in whole years at the first menstrual period. Age at 

menarche was assessed at baseline and at visit 2 via self-report on a questionnaire by asking 

“How old where you when you began menstruating?”. Correlation between reported age at 

menarche at baseline and at visit 2 was high (r=0.84). We used age at menarche reported at 

the baseline visit because it was closest in time to the event. We included age at menarche 

reported at baseline as both continuous and categorical (early [8– 11 years], average [12– 13 

years], and late [14– 17 years]) variables in separate models.

Diabetes status was assessed at baseline and at each CARDIA clinic visit. T2DM was 

defined among non-pregnant women as fasting (for 8 hours) glucose≥7.0 mmol/l (126 mg/

dl), HbA1c≥6.5%, 2-hour oral glucose tolerance≥11.1 mmol/l (200 mg/dl), or use of 

diabetes medication. The 2-hour oral glucose tolerance test was administered at visit years 

10, 20, and 25 only, and HbA1c was measured at years 20 and 25 only.

IFG was defined as fasting glucose ≥5.6 mmol/l (100 mg/dl) but <7.0 mmol/l (126 mg/dl) 

and not taking diabetes medication. MetS was defined according to the National Cholesterol 

Education Program's Adult Treatment Panel III report (NCEP ATP-III) revised criteria for 

women of 3 or more of the following factors: waist circumference>88 cm, systolic blood 

pressure≥130/85 mmHg (or use of anti-hypertensive medication), HDL-C<2.8 mmol/l (50 

mg/dL), triglycerides≥8.3 mmol/l (150 mg/dL) (or use of lipid-lowering medication), or 

fasting glucose≥5.6 mmol/l (100 mg/dl) (or use of hypoglycemic medication) [24].

Blood pressure was measured three times at each visit after a five-minute rest, and the mean 

of the last two measurements were used in this analysis. Weight (kg), height (cm), and waist 

circumference (cm) were measured at each clinic visit while participants dressed in scrub 

suits and removed shoes. Body height (cm) and weight (kg) were measured with a calibrated 

scale and a vertical ruler. BMI was calculated as weight (kg)/height2 (m2) at each exam. An 

enzymatic method was used to measure plasma concentrations of total cholesterol, HDL 

cholesterol, and triglycerides. HDL cholesterol was measured after dextran-magnesium 

precipitation [25], and LDL cholesterol was calculated by using the Friedewald equation 

[26]. The test-retest reliability coefficients for split specimens of total, HDL cholesterol, 

LDL cholesterol, and triglycerides were high, at >0.98 [27]. Additional details of the 

CARDIA examination procedures were published previously [27, 28].
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The covariates age (years), race (African American or White), parental history of diabetes 

(yes/no), oral contraceptive use (yes/no), smoking status (never, former, current), physical 

activity level (MET-hours/week), alcohol consumption (g/day), and education (<high 

school, high school, >high school) were all self-reported at baseline. Physical activity prior 

to high school and during high school was recalled at the baseline visit using an activity 

scale of 1 (physically inactive) to 5 (very active). Antihypertensive and hypoglycemic 

medication use was queried at all visits, and use of lipid-lowering medications at year 2. 

Menopause status (yes/no) was obtained by self report at visit years 15, 20, and 25.

Statistical analyses

Baseline participant characteristics by race and age at menarche category were summarized 

using mean (SD) for continuous variables or n (%) for categorical variables. The linear trend 

was tested using the likelihood ratio test by modeling the value in each menarche category 

as an ordinal variable. All outcome variables were assessed for normality. Triglycerides and 

insulin were skewed and therefore natural log transformed for analyses. There were no 

qualitative differences between the associations for transformed and non-transformed 

values, so non-transformed data are presented for simplicity.

Cox proportional hazards models were used to estimate hazard ratios (HR) for incident 

T2DM (yes/no), IFG (yes/no), or MetS (yes/no) according to continuous age at menarche. 

We first included age at menarche as a categorical (8–11, 12–13, and 14–17 years) variable 

in models, and then as a continuous variable after ensuring that associations were not 

curvilinear. Estimates (HR and 95% CI) were calculated for all women, and stratified by 

race as our a priori research question was about race differences in associations. The 

proportional hazards assumption was tested and verified by generating a time-dependent 

predictor and creating interactions of age at menarche and a log function of survival time, 

and then the Wald chi-square procedure tested whether the coefficients were equal to 0.

Separate repeated measures linear regression models accounting for the correlated nature of 

the data were used to examine the association of age at menarche with each cardiometabolic 

risk factor (BMI, waist circumference, total cholesterol, triglycerides, LDL-C, HDL-C, 

blood pressure, insulin, and glucose) over 25 years of follow up. All models included the 

independent variables continuous age at menarche, follow-up year (the time variable), age 

and age2, and clinical center, and assumed a compound symmetry correlation matrix. The 

cardiometabolic risk factors were dependent continuous variables in each of the separate 

models. Models were run in a series by adding covariates, starting with minimally adjusted 

Model 1 (age, age2, center, and time). Model 2 also included variables that were associated 

with age at menarche and/or cardiometabolic risk factors in prior studies: race (other than 

for race-stratified models), alcohol use, education, smoking status, physical activity prior to 

high school, physical activity during high school, baseline physical activity, parental history 

of diabetes, oral contraceptive use, and menopause status. Blood pressure models 

additionally adjusted for use of antihypertensive medication use (yes/no) and lipid models 

for cholesterol-lowering medications use (yes/no). Finally, to test whether associations were 

independent of adiposity, the models were further adjusted by the addition of baseline (age 

18–30 years) BMI (kg/m2) in Model 3. Most models indicated linear, dose-response effects 
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of age at menarche. Therefore, age at menarche was included as continuous variable in the 

repeated regression models, except for display of adjusted means for each menarche 

category (early, average, late) for BMI and waist circumference at each CARDIA visit in the 

Figure. To test for differences by race, adjusted models were run with an interaction term 

(race*menarche age).

All analyses were run in SAS version 9.2. The alpha statistical significance level was set at 

p<0.05 for the Cox proportional hazard models and interactions. Bonferroni corrected p-

values <0.005 (p=0.05/10 outcomes) were considered to be statistically significant for the 

purposes of the longitudinal analyses to adjust for multiple comparisons.

Results

After exclusions, the overall cohort of 2,583 women had a mean age of 25 years at baseline 

(range=18–30 years) and 50 years at the final visit (range=42–59 years). At the year 25 visit, 

our overall cohort included 1,849 women. The mean age at menarche was 12.6 years 

(SD=1.5) for the total sample, and was younger for African-American (12.5 years, SD=1.5) 

compared with White (12.7 years, SD=1.5) women (t=−3.66, p-value<.001).

Table I shows the unadjusted baseline characteristics of the study sample by age at 

menarche category. For both African-American and White women, earlier menarche was 

associated with lower high school physical activity level, as well as greater BMI, waist 

circumference, and insulin at baseline. Baseline glucose and systolic blood pressure were 

higher, and physical activity level prior to high school was lower among earlier maturing 

African-American women. Shorter stature, less alcohol consumption, greater parental 

history of diabetes, and lower HDL-C were more frequent among White women with early 

menarche.

We identified 271 incident cases of T2DM (n=193 African-American, n=78 White) over 25 

years of follow up (Table II). Each one-year earlier age at menarche was associated with 

greater risk for T2DM in Model 1 among White women, but results were not statistically 

significant after further adjustment for confounders and potential mediation by BMI (Models 

2 and 3, respectively). Although HRs were greater for each younger age at menarche among 

African-American women, the results did not reach statistical significance in any of the 

models.

There were a total of 613 incident cases of IFG over 25 years of follow up (n= 348 African 

American, n=265 White) (Table II). Age at menarche was inversely associated with risk for 

IFG among all women in Models 1 and 2, and remained statistically significantly associated 

after adjustment for potential mediation by baseline BMI in White women only (Model 3). 

The association of age at menarche and IFG was stronger for White compared with African-

American women after adjusting for baseline BMI (Model 3 p-interaction=0.05)

A total of 629 incident cases of MetS were identified over 25 years of follow up (n=388 

African American, n=241 White) (Table II). Age at menarche was inversely associated with 

risk of MetS, and associations were stronger among White compared with African-

American women (Model 3 p-interaction<.0001). The risk for MetS for early vs. late age at 
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menarche was approximately two times greater in white compared with African-American 

women (White: Model 2 HR=3.04 and Model 3 HR= 2.15; African-American: Model 2 

HR=1.55 and Model 3 HR=1.17). Associations were independent of BMI for White but not 

African-American women. A sensitivity analysis that adjusted for baseline waist 

circumference, a component of MetS, instead of baseline BMI in Model 3 did not materially 

change results per one-year younger age at menarche (White: HR=1.20, 95% CI 1.12–1.27; 

African American: HR=1.05, 95% CI 0.98–1.10).

After exclusions, there were 16,078 observations for the 2,583 women included in the 

longitudinal analyses, with a mean of 6.2 visits per participant. As shown in the Figure and 

Table III (available at www.jpeds.com) women with earlier menarche had greater overall 

mean age-adjusted BMI and waist circumference throughout the 25-year follow-up. Earlier 

menarche was associated with steeper increases in age-adjusted BMI and waist 

circumference for White women only (“menarche*time” in the Figure and Table III), and 

the slopes indicated a strengthening of the association between early menarche and adiposity 

over time. There were essentially no changes in adjusted mean waist circumference or BMI 

over the study period for White women with late menarche, but those with early menarche 

continued to accumulate adiposity until leveling off around visit year 15 (mean age 41 

years). Earlier menarche did not appear to influence the slope in adiposity measures for 

African-American women (p-interaction race<.0001).

Among White women only, earlier age at menarche was also associated with more adverse 

mean levels and changes over 25 years in HDL-C, triglycerides, blood pressure, insulin, and 

glucose in the minimally adjusted models (Table III). For African-American women, age at 

menarche was inversely associated with mean insulin levels only. There was no association 

between age at menarche and total cholesterol or LDL-C among either White or African-

American women. Adjusting for factors other than BMI did not change estimates 

substantially, and so only fully adjusted Model 3 estimates are shown in Table IV. After 

adjusting for potential mediation by baseline BMI, each one-year earlier age at menarche 

was associated with a smaller increase in LDL for African-American women, but with 

greater overall mean triglycerides and glucose levels, and adverse changes in HDL-C, 

triglycerides, blood pressure, insulin, and glucose for White women only. For White 

compared with African-American women, associations were stronger between age at 

menarche and mean triglyceride levels during follow up (p-interaction race=0.0002), as well 

as increases over time in blood pressure (p<0.001), insulin (p=0.003), and decreases in 

HDL-C (p=0.0002).

Discussion

Our results are consistent with other studies showing associations of earlier pubertal 

development with adiposity and related conditions in various age groups, primarily among 

women of European descent [1, 2, 4–6, 10, 11, 16–22, 29, 30]. Novel aspects of our study 

include sufficient sample size and statistical power to report findings separately in African 

American and white women and the availability of serial measures of cardiometabolic risk 

factors captured between young adulthood and middle age.
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We found that the well documented elevated level of adiposity among earlier maturing girls 

[4, 5, 17, 31–34] is sustained at least through mid-adulthood. Others have found a greater 

BMI trajectory for earlier maturing girls beginning in childhood [33] and during adolescence 

[13, 34]. We confirm this pattern among White women over 25 years, but not African 

American women. Interventions to prevent or disrupt the greater adiposity trajectory among 

early maturing girls might have important implications for cardiovascular health during 

adulthood.

We also found that White (but not African-American) women reporting late menarche 

between 14–17 years of age did not experience the increases in adiposity during the study 

that was evident for the earlier menarche groups. Later maturing White women subsequently 

had lower risk for T2DM, IFG, MetS, and related risk factors compared with the earlier 

maturing women. Others have also reported a potentially protective role of later pubertal 

onset (within the normal range) against obesity and cardiometabolic risk [35, 36]. The 

reason for this protective role is unclear, but later maturing women in CARDIA reported 

higher physical activity levels in high school, which may have delayed menarche [37]. 

Although we adjusted for physical activity level at different time points in life, residual or 

unmeasured confounding by other lifestyle factors are possible, and the lower weight gain 

and its sequelae might simply reflect long-term tracking of higher physical activity and other 

correlated behavioral differences among later maturing White women.

The association of earlier menarche with individual components of cardiometabolic risk 

after adjusting for confounding factors (in Model 2) and potential mediation by BMI (in 

Model 3) was specific to glucose metabolism and precursors to T2DM, and not to 

lipoproteins and blood pressure. Although associations did not reach statistical significance 

for T2DM in Models 2 or 3, possibly because of the relatively young age of the cohort and 

small number of diabetes cases, the current study found associations with T2DM for early 

vs. late menarche and per year earlier menarche that were of similar magnitude reported in 

other large studies (7). These patterns are consistent with other studies which report 

independent associations between earlier menarche and insulin-resistance factors in women 

[1, 4, 5, 16, 20, 31, 38, 39]. An independent association between earlier age at menarche and 

glucose dysregulation is biologically plausible through metabolic and hormonal changes 

(e.g. estrogen, progesterone, sex hormone-binding globulin) among earlier maturing girls 

during a window of susceptibility [5, 20, 40]. In our study, each one-year earlier menarche 

increased the risk for IFG by 13% and MetS by 19% among White women, independent of 

adiposity. Although these increases in risk are modest, they suggest that the population 

impact of the documented trend toward earlier maturation [7] may be great.

We found that the association between age at menarche and the cardiometabolic risk factors 

followed a dose-response pattern, with increasing levels of risk factors with each younger 

age at menarche, which agrees with the vast majority of other studies of menarche timing in 

relation to cardiometabolic risk factors (10, 11, 16, 17, 19). However, other studies have 

found a curvilinear relationship, with both early and late menarche associated with more 

detrimental levels of risk factors (3, 39). For example, in the ARIC study, the risk for 

incident diabetes among the late menarche group (15–18 years) was similar to that among 

the early menarche (8–11 years) group, although associations in the late menarche group did 
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not reach statistical significance (3). One possible reason for this difference is that the 

women in ARIC were born during the U.S. Great Depression and as a consequence, they 

may have been exposed to poor nutrition during their early life. According to the ‘thrifty 

phenotype hypothesis’, this poor nutritional environment during fetal and infant 

development may have programed later chronic disease, such as T2DM, through changes in 

the glucose-insulin metabolism (14). Another study followed 272 suburban females starting 

at ages 5–22 years through age 30–46 years and found that early (<10 years) and late (>16 

years) menarche were associated with MetS (39). These results might be specific to this 

study that was carried out in a small sample from one suburban area of Ohio, whereas the 

CARDIA study results may be more generalizable because it included populations from four 

geographically diverse communities across the United States.

We also demonstrated that associations of earlier menarche with MetS and accumulation of 

adiposity, higher blood pressure, and insulin were stronger among White compared with 

African-American women throughout adulthood both before and after adjustment for 

confounders (Model 2) and potential mediation by BMI (Model 3). The two-fold greater risk 

of incident MetS in White as compared with African American women with early menarche 

appeared to be driven by the stronger association of early menarche with adulthood 

increases in blood pressure and decreases in HDL observed in white women. At least one 

other study has shown that earlier menarche is more closely associated with adiposity 

accumulation in White compared with African-American women. The Bogalusa Heart Study 

[41] reported that early menarche remained an independent predictor of adulthood BMI for 

White but not African-American women after adjustment for childhood BMI. Furthermore, 

early menarche was more strongly associated with BMI among White compared with 

African-American adolescents, which is in agreement with our findings for change over time 

in adiposity for adults [31].

Despite greater overall unadjusted baseline adiposity and related cardiometabolic conditions, 

such as insulin and SBP, earlier menarche was not independently associated with 

detrimental changes over time in most risk factors for African-American women. The reason 

for the stronger associations for MetS and some related components among White compared 

with African-American women is unclear, but might relate to disparities in obesity 

prevalence. African-American women in all menarche categories had high adiposity overall 

during adulthood in our study. By year 25, the adjusted mean BMI in all three menarche 

categories for African- American women reached obese status (≥30 kg/m2). Data from the 

National Longitudinal Survey of Youth showed homogeneity in prevalence of high adiposity 

across menarche timing groups for African-American women starting as early as age 3 years 

[33]. In that study, most African-American females experienced pre-pubertal growth and 

maturational timing patterns similar to those experienced by White females with early 

menarche. Consequently, the greater degree of adiposity and cardiometabolic risk overall 

among African-American women may have obscured subtle associations related to 

menarche timing if there is some type of threshold effect.

A recent review summarizing the evidence for a relationship between earlier pubertal 

development and adulthood obesity and cardiometabolic risk noted that some studies 

suggest that earlier age at menarche simply reflects greater childhood adiposity and itself has 

Dreyfus et al. Page 8

J Pediatr. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



little relevance for cardiometabolic risk, and others report that earlier maturation is an 

independent risk factor for adulthood obesity and other cardiometabolic risk factors [5]. 

Although we found near complete attenuation of results with adjustment for adiposity for 

T2DM, independent associations remained for other cardiometabolic risk factors. Results for 

these other risk factors were attenuated between 20–65% after baseline BMI adjustment, 

suggesting that reduction of young adult weight gain among women with early menarche 

may help considerably, but may not prevent all outcomes associated with early puberty.

Study limitations include that age at menarche was recalled and subject to misclassification. 

However, 84% of women in one longitudinal study, mean age 50, recalled their age at 

menarche to within one year of the actual date [42]. Women in CARDIA recalled age at 

menarche in early adulthood (18–30 years), and so we expect that validity was higher in our 

study than reported in studies of middle-age women. Nondifferential misclassification of 

menarche age and covariates might have biased associations, most likely toward the null. 

Even though we adjusted for physical activity before and during high school, it is not clear 

how reliably women in CARDIA recalled these activity levels. Finally, we were unable to 

adjust for other potential early life factors such as nutrition and body composition, which 

might have confounded the association between early pubertal development and later 

disease risk.

Strengths include the relatively large, biracial sample, which allowed the investigation of 

associations among African-American women that were lacking in other studies. 

Furthermore, the prospective design of CARDIA permitted determination of the temporality 

of associations and reduced several sources of bias. There were also robust, serial measures 

of exposures and outcomes, including objective measures for diabetes, body composition, 

blood pressure, and cholesterol.
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Figure 1. 
Adjusted* mean adiposity levels during adulthood by age at menarche category in the 

CARDIA Study

Legend:

Early  Average  Late 

Notes:

Includes women who reported menarche 8–17 years, were non-diabetic at baseline, and who 

had data available on covariates. Excludes the visits for women who were pregnant or 

developed diabetes.

*Adjusted for age, age2, and clinical center
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Table 1

Baseline characteristics of the study population by age at menarche category: the CARDIA Study

Age at Menarche (years)

8–11 12–13 14–17

African-American (n=1,333) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) p-trend

n (%) 294 (22.1) 749 (56.2) 290 (21.8)

Age at menarche (years) 10.5 (0.8) 12.5 (0.5) 14.7 (0.8)

Age at baseline (years) 24.3 (3.8) 24.6 (3.8) 23.9 (4.0) 0.35

BMI (kg/m2) 27.6 (6.6) 25.8 (6.4) 24.0 (5.7) <.0001

Waist circumference (cm) 79.4 (13.7) 76.4 (13.1) 73.5 (11.7) <.0001

Height (cm) 163.0 (7.0) 163.8 (6.5) 163.8 (7.3) 0.14

Physical activity at baseline (MET h/week) 283.4 (206.5) 270.3 (234.2) 294.1 (231.5) 0.60

Physical activity prior to high school (activity index) 3.5 (1.2) 3.7 (1.2) 3.9 (1.2) 0.0005

Physical activity during high school (activity index) 3.7 (1.2) 3.9 (1.1) 3.9 (1.1) 0.01

Smoking status 0.97

  Never 177 (60.2) 461 (61.6) 173 (59.9)

  Former 25 (8.5) 67 (9.0) 26 (9.0)

  Current 92 (31.3) 221 (29.5) 90 (31.1)

Alcohol (g/day) 5.1 (11.1) 4.9 (10.7) 6.5 (16.5) 0.15

Ever used oral contraceptives (yes) 240 (82.0) 590 (78.8) 225 (77.6) 0.20

Education 0.21

  <High school 27 (9.2) 70 (9.3) 28 (9.7)

  High school 200 (68.0) 537 (71.6) 209 (72.1)

  >High school 67 (22.8) 143 (19.1) 53 (18.2)

Parental history of diabetes (yes) 83 (28.1) 186 (24.7) 63 (21.7) 0.07

Impaired fasting glucose (yes) 4 (1.4) 16 (2.1) 3 (1.0) 0.77

Glucose (mg/dl) 80.3 (7.5) 79.3 (8.5) 79.0 (8.0) 0.05

Insulin (uU/ml) 14.6 (7.6) 13.0 (6.3) 12.8 (5.5) 0.004

LDL-C (mg/dl) 110.0 (31.8) 110.9 (31.5) 110.4 (33.0) 0.87

HDL-C (mg/dl) 54.8 (13.4) 55.4 (12.7) 55.7 (13.0) 0.33

Triglycerides (mg/dl) 62.8 (30.5) 63.1 (30.8) 63.2 (37.6) 0.92

Total cholesterol (md/dl) 177.3 (34.7) 178.9 (33.3) 178.7 (34.8) 0.58

Systolic blood pressure (mmHg) 109.0 (10.3) 108.4 (10.1) 106.6 (9,1) 0.003

Diastolic blood pressure (mmHg) 68.2 (9.6) 67.5 (9,3) 66.6 (9.4) 0.03

Age at Menarche (years)

8–11 12–13 14–17

White (n=1,250) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) p-trend

n (%) 213 (17.0) 736 (58.9) 301 (24.1)

Age at menarche (years) 10.6 (0.7) 12.5 (0.5) 14.7 (0.9)
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Age at baseline (years) 25.4 (3.6) 25.5 (3.4) 25.4 (3.3) 0.99

BMI (kg/m2) 24.4 (5.4) 23.1 (4.3) 22.0 (3.3) <.0001

Waist circumference (cm) 73.8 (11.1) 71.9 (9.1) 70.0 (7.4) <.0001

Height (cm) 164.0 (6.2) 165.4 (6.4) 165.4 (6.5) 0.02

Physical activity (MET-h/week) 385.9 (237.9) 395.8 (261.8) 417.9 (271.2) 0.15

Physical activity prior to high school 3.5 (1.1) 3.6 (1.1) 3.7 (1.1) 0.19

Physical activity in high school 3.5 (1.1) 3.6 (1.1) 3.8 (1.0) 0.0001

Current smoker 0.35

  Never 126 (59.2) 378 (51.4) 162 (53.8)

  Former 37 (17.5) 160 (21.7) 55 (18.3)

  Current 50 (23.5) 198 (26.9) 84 (27.9)

Alcohol (g/day) 6.7 (12.3) 10.2 (4.6) 10.5 (17.1) 0.01

Ever used oral contraceptives 158 (74.2) 560 (75.6) 218 (72.4) 0.55

Education 0.90

  <High school 10 (4.7) 27 (3.7) 14 (4.7)

  High school 112 (52.2) 344 (46.7) 152 (50.5)

  >High school 91 (43.0) 365 (49.6) 135 (44.9)

Parental history of diabetes (yes) 38 (17.8) 112 (15.1) 35 (11.6) 0.05

Impaired fasting glucose (yes) 6 (2.8) 10 (1.4) 3 (1.0) 0.12

Glucose (mg/dl) 81.4 (8.1) 80.6 (7.4) 80.2 (7.0) 0.08

Insulin (uU/ml) 11.1 (5.6) 10.2 (4.6) 10.1 (4.6) 0.04

LDL-C (mg/dl) 106.0 (29.7) 106.6 (29.2) 104.0 (27.7) 0.41

HDL-C (mg/dl) 55.0 (13.4) 55.7 (12.8) 58.3 (13.1) 0.002

Triglycerides (mg/dl) 71.9 (36.0) 69.2 (39.4) 67.4 (35.4) 0.19

Total cholesterol (md/dl) 175.3 (31.2) 176.1 (31.3) 175.8 (30.4) 0.84

Systolic blood pressure (mmHg) 105.1 (9.3) 105.1 (9.4) 104.2 (9,2) 0.24 0.26

Diastolic blood pressure (mmHg) 66.9 (8.1) 66.1 (8.7) 65.9 (8.2) 0.26
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Table 4

Main effecta and per year change in cardiometabolic risk factors over 25 years according each 1-year earlier 

age at menarche in CARDIA, fully adjusted models

All women
N=2,583

African-American
N=1,333

Whit
N=1,250

Outcome Beta se p-value Beta Se p-value Beta se p-value p-race
interaction

Total cholesterol (mg/dl)

Menarche main effect −0.23 0.37 0.54 −0.72 0.54 0.18 0.18 0.52 0.73 0.13

  Menarche*time −0.02 0.01 0.12 −0.04 0.02 0.05 0.01 0.02 0.54 0.07

LDL-C (mg/dl)

Menarche main effect −0.20 0.35 0.56 −0.78 0.5 0.12 0.31 0.49 0.53 0.05

  Menarche*time −0.02 0.01 0.06 −0.06 0.02 0.001 0.01 0.02 0.48 0.005

Menarche*time*time

HDL-C (mg/dl)

Menarche main effect −0.27 0.15 0.08 0.05 0.21 0.80 −0.57 0.23 0.01 0.004

  Menarche*time −0.02 0.01 <.0001 0.00 0.01 0.85 −0.04 0.01 <.0001 0.0002

Triglycerides (mg/dl)

Menarche main effect 1.32 0.45 0.003 0.13 0.58 0.82 2.26 0.68 0.001 0.0002

  Menarche*time 0.14 0.02 <.0001 0.08 0.03 0.01 0.20 0.03 <.0001 0.01

Systolic blood pressure (mmHg)

Menarche main effect 0.12 0.12 0.31 0.06 0.18 0.76 0.19 0.15 0.21 0.34

  Menarche*time 0.01 0.01 0.04 −0.02 0.01 0.07 0.02 0.01 0.001 0.0006

Diastolic blood pressure (mmHg)

Menarche main effect 0.13 0.09 0.17 0.04 0.14 0.76 0.25 0.13 0.05 0.19

  Menarche*time 0.02 0.01 0.0007 −0.01 0.01 0.17 0.03 0.01 <.0001 <.0001

Insulin (µ U/ml)

Menarche main effect 0.10 0.05 0.06 0.05 0.09 0.58 0.16 0.06 0.007 0.13

  Menarche*time 0.02 0.00 <.0001 0.01 0.01 0.41 0.02 0.003 <.0001 0.003

Glucose (mg/dl)

Menarche main effect 0.19 0.08 0.02 0.08 0.12 0.49 0.34 0.11 0.002 0.06

  Menarche*time 0.01 0.01 0.01 0.00 0.01 0.82 0.02 0.01 0.004 0.12

*
Adjusted for age, center, race, parental history of diabetes, education, smoking, physical activity, oral contraceptives, menopause status, alcohol 

intake, baseline BMI, blood pressure lowering medications, and lipid-lowering medications.

Statistical significance assessed at the Bonferonni corrected threshold of p<.0005.

a
Menarche main effect=average over the study period
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