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Abstract
Aims/hypothesis We examined race differences in the asso-
ciation between age at menarche and type 2 diabetes before
and after adjustment for adiposity.
Methods We analysed baseline and 9-year follow-up data
from 8,491 women (n02,505 African-American, mean age
53.3 years; n05,986 white, mean age 54.0 years) in the
Atherosclerosis Risk in Communities (ARIC) study. Strat-
ifying by race, we used logistic regression to estimate the
OR for prevalent diabetes at baseline, and Cox proportional
hazard models to estimate the HR for incident diabetes over
follow-up according to age at menarche category (8–11, 12,
13, 14 and 15–18 years).
Results Adjusting for age and centre, we found that early
age at menarche (8–11 vs 13 years) was associated with
diabetes for white, but not African-American women in both
the prevalent (white OR 1.72, 95% CI 1.32, 2.25; African-

American OR 1.13, 95% CI 0.84, 1.51; interaction p0
0.043) and incident models (white HR 1.43, 95% CI 1.08,
1.89; African-American HR 1.20, 95% CI 0.87, 1.67; inter-
action p00.527). Adjustment for adiposity and lifestyle
confounders attenuated associations for prevalent (white
OR 1.41, 95% CI 1.05, 1.89; African-American OR 0.94,
95% CI 0.68, 1.30; interaction p00.093) and incident dia-
betes (white HR 1.22, 95% CI 0.92, 1.63; African-American
HR 1.11, 95% CI 0.80, 1.56; interaction p00.554).
Conclusions/interpretation Early menarche was associated
with type 2 diabetes in white women, and adulthood adipos-
ity attenuated the relationship. We did not find a similar
association in African-American women. Our findings sug-
gest that there may be race/ethnic differences in the influ-
ence of developmental factors in the aetiology of type 2
diabetes, which merit further investigation.
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Introduction

Mounting evidence suggests that early age at menarche
raises the risk for type 2 diabetes although the extent to
which the association is independent of adiposity and is
present in non-white populations remains unclear [1–4].
The association between early menarche and diabetes has
implications for public health because of evidence that the

Electronic supplementary material The online version of this article
(doi:10.1007/s00125-012-2616-z) contains peer-reviewed but unedited
supplementary material, which is available to authorised users.

J. G. Dreyfus (*) : P. L. Lutsey : R. Huxley : J. S. Pankow :
E. W. Demerath
Division of Epidemiology and Community Health,
School of Public Health, University of Minnesota,
1300 South Second St, Suite 300,
Minneapolis, MN 55454-1015, USA
e-mail: gora0001@umn.edu

E. Selvin
Department of Epidemiology, Johns Hopkins Bloomberg
School of Public Health,
Baltimore, MD, USA

L. Fernández-Rhodes :N. Franceschini
Department of Epidemiology, UNC Gillings Global
School of Public Health,
Chapel Hill, NC, USA

Diabetologia (2012) 55:2371–2380
DOI 10.1007/s00125-012-2616-z

http://dx.doi.org/10.1007/s00125-012-2616-z


average age at menarche has declined in recent years [5, 6],
while at the same time the prevalence of obesity and dia-
betes have increased [7]. While it is not clear whether the
increasing prevalence of early childhood obesity is causally
responsible for the downward trend in age at menarche [8,
9], it is well established that early menarche is associated
with higher BMI in adolescence and early adulthood [1, 2,
10–13], as well as greater waist circumference [14]. Earlier
menarche may also initiate adipose tissue accumulation
during later stages of development [15, 16], and higher
abdominal obesity likely increases circulating levels of
insulin, testosterone and insulin-like growth factor 1 [17].
These same mechanisms might be responsible for the ele-
vated risk for type 2 diabetes later in life. Therefore, proper
interpretation of an association between menarche timing
and type 2 diabetes requires rigorous consideration of its
independence from the relationship between menarche and
adiposity.

Race differences in the association of age at menarche
and diabetes have not been explored. Considering the health
disparities associated with race/ethnicity, this leaves an
important gap in the existing literature. Currently, African-
American women have, on average, a higher risk of type 2
diabetes, higher adiposity and earlier age at menarche than
white women in the USA [18–20], but lower visceral fat
mass relative to total adiposity than white women [21].

Using data from the Atherosclerosis Risk in Commun-
ities (ARIC) study, we tested the hypothesis that early age of
menarche was associated with higher prevalence of type 2
diabetes at baseline, and higher incidence of diabetes over
9 years of follow-up. We evaluated this association sepa-
rately in African-American and white women, and whether
any associations were independent of measures of adiposity.

Methods

Participants The ARIC study is a prospective cohort of
15,792 participants (8,710 women) aged 45–65 years at
baseline, originally designed to identify risk factors for
atherosclerosis and cardiovascular disease. The details of
the study cohort, including eligibility criteria, sources and
methods of recruitment and follow-up, have been described
in detail elsewhere [22]. Briefly, participants were selected
from four communities in the USA: Forsyth County, NC
(n04,035); Jackson, MS (black only, n03,728); northwest
suburbs of Minneapolis, MN (n04,009); and Washington
County, MD (n04,020). Data for analyses were collected
during home interviews and clinic visits at the baseline
examination (1987–1989) and three follow-up visits
(1990–1992, 1993–1995 and 1996–1998). The overall
response rate in the four communities ranged from 80% to
93% at the follow-up visits. The mean follow-up time for

our analysis was 7.1 years. The study was approved by the
institutional review boards at each of the study sites and
informed consent was obtained from each participant.

For our study we excluded women with missing age at
menarche (n049), or who reported their age at menarche as
<8 years (n01) or >18 years (n011) as we were interested in
studying women within the normal range of menarcheal age.
Other exclusions included women with race other than
white or African-American (n025), those with missing dia-
betes status at baseline (n087), those with diabetes diag-
nosed before the age of 30 years (n030) and African-
American women at the Minneapolis or Washington County
sites (n016) because of small numbers at these two sites.
For incident case analyses, we also excluded women with
diabetes at baseline (n0990). Our final cohort consisted of
8,491 women (n02,505 African-American, n05,986 white)
for prevalent case analyses and 7,501 women (n01,997
African-American, n05,504 white) for incidence analyses.
Follow-up was to the year 1998.

Data collection Age at menarche, defined as age in whole
years at the first menstrual period, was self-reported and
ascertained during the baseline visit. The validity of recall
for age at menarche in middle age is moderate (r00.67)
[23]. In one longitudinal study, approximately 84% of
women, mean age 50 years, were able to recall their age at
menarche to within 1 year of the actual date [23, 24].

Diabetes status was assessed at baseline and at each
ARIC follow-up clinic visit. We defined type 2 diabetes
using blood glucose measurements and self-reported physi-
cian diagnoses at each visit. Specifically, diabetes was
defined as self-reported history of physician-diagnosed dia-
betes, fasting glucose ≥7.0 mmol/l (126 mg/dl), non-fasting
glucose >11.1 mmol/l (200 mg/dl) or self-reported use of
hypoglycaemic medication in the 2 weeks before the visit
for a maximum of 9 years of follow-up.

Prevalent type 2 diabetes was defined as the presence of
diabetes at the baseline visit and self-reported age at physi-
cian diagnosis 30 years or older. We excluded participants
whose self-reported age of diabetes diagnosis was earlier
than 30 years because we were concerned that these women
may have had type 1 diabetes. For incident type 2 diabetes
during 9 years of follow-up, we ascertained the date of onset
by imputing the midpoint of the interval between the clinic
visit at which diabetes was first discovered and the most
recent clinic visit at which diabetes status was ascertained,
similar to a previously described method [25]. Fasting glu-
cose was measured by a hexokinase/glucose-6-phosphate
dehydrogenase method at the Central Clinical Chemistry
Laboratory in Minneapolis, MN, USA, and the Central
Lipid Laboratory in Houston, TX, USA.

The covariates of age at baseline, parental history of
diabetes, oral contraceptive use, smoking status, level of
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education and weight at age 25 years were all ascertained by
self-report via questionnaire at the baseline visit. Birth-
weight and parental level of education were self-reported
at the fourth clinic visit. Weight, height and waist circum-
ference were measured at the clinic visits with participants
dressed in scrub suits and shoes removed. Baseline BMI
was calculated as baseline weight (kg)/baseline height2

(m2). BMI at age 25 years was calculated as self-reported
weight at age 25 (kg)/baseline height2 (m2).

Statistical analysis We summarised the characteristics of
the cohort with unadjusted means and standard deviations
for continuous variables and percentages for categorical
data. The p value for trend for continuous variables was
estimated using the F test type III in linear regression mod-
els. Logistic regression was used to evaluate trends in cate-
gorical baseline characteristics by age at menarche category.
p values were adjusted for baseline age. We used logistic
regression to estimate ORs for prevalent diabetes at baseline
(diabetes yes/no), and Cox proportional hazards models to
estimate the HRs for incident type 2 diabetes by age at
menarche. As there was evidence of non-linearity, the
p values reported for the relationship between age at
menarche and type 2 diabetes were computed with age at
menarche represented in the models as a categorical variable
(8–11, 12, 13, 14 and 15–18 years, with age 13 years, the
median for both race/ethnicity groups, as the reference cat-
egory). We included an interaction term (race×menarche
age category) to assess interaction by race for early
menarche (8–11 vs 13 years) in the models. For Cox mod-
els, we tested the proportional hazards assumption by gen-
erating a time-dependent predictor and creating interactions
between age at menarche and a log function of survival time
in the model [26]. All statistical tests were two-sided and
significance was set at α00.05.

We ran logistic and Cox proportional hazards models in a
series, beginning with a crude model, and then adjusting for
age at baseline (years) and ARIC centre in Model 1. For
Model 2, we added the potential confounders of parental
history of diabetes (yes/no), smoking (current/former/
never), participant education level (<high school, high
school, >high school) and use of oral contraceptives (yes/
no). In our adiposity-adjusted models, we first added early-
life adiposity (BMI at age 25 years) (Model 3), and finally
height (cm) and later-life adiposity variables (baseline BMI
and waist circumference [cm]) (Model 4).

Because of a large proportion of missing values
(>30%), we could not include the early-life covariates of
birthweight (g) and parental education level (<eighth
grade, ≥eighth grade) in a final model, but rather we
added them to Model 4 in sensitivity analyses that
included the subset of the cohort that had data available
for these variables.

Results

Study cohort Among the 8,491 women included in our
analysis, mean age at menarche was 12.9 years (median
13 years, SD 1.6), and did not differ between white and
African-American women (white, median 12.9 years, SD
1.6; African-American, median 12.9 years, SD 1.7; t test0
0.82, p00.41). Tables 1 and 2 show the characteristics for
the cohort by menarche age category. For white women
(Table 1), there was a significant trend towards higher
percentages of parental history of diabetes and use of hor-
mone replacement therapy, lower participant education level
and higher paternal education level with decreasing age at
menarche. Younger age at menarche among white women
was also associated with younger age at baseline, higher
adiposity, higher fasting glucose at baseline and shorter
stature. For African-American women (Table 2), younger
age at menarche was associated with younger age at base-
line, higher adiposity, higher fasting glucose and shorter
stature.

Age at menarche and prevalent diabetes After exclusions,
there were 990 prevalent type 2 diabetes cases at baseline
(n0508 African-American, n0482 white). Mean age at
diagnosis was 50.6 years, SD 9.3 (African-American, mean
49.8 years, SD 9.0; white, mean 51.3 years, SD 9.0). Among
those free of type 2 diabetes at baseline, 16.8% reported
early menarche (8–11 years) vs 22.0% among those with
diabetes at baseline. Before adjustment for covariates, the
prevalence of diabetes differed significantly by age at
menarche category for white women (χ²[df 4, N05,986]0
22.5, p<0.001), but not for African-American women (χ²[df
4, N02,505]06.6, p00.159). There was some evidence for
interaction between early menarche (8–11 vs 13 years) and
race for prevalent diabetes at baseline in the age-adjusted
and ARIC centre-adjusted model (Model 1) (p00.043) and
the fully adjusted model (Model 4) (p00.093). Addition of
the interaction term slightly improved the −2 log likelihood,
a measure of model fit, thus supporting our race-stratified
analyses.

Table 3 shows the ORs for prevalent diabetes at baseline
by menarche age category for white and African-American
participants. Adjusting for age and centre, early menarche
(8–11 years) was associated with a 72% increased odds of
prevalent diabetes at baseline compared with menarche at
13 years for white participants (OR 1.72, 95% CI 1.32,
2.25). The results were attenuated after adjustment for life-
style and adiposity characteristics (Model 4), but remained
significant (OR 1.41, 95% CI 1.05, 1.89). Early menarche
was not found to be associated with odds of diabetes for
African-American women (Model 1 OR 1.13, 95% CI 0.84,
1.51; Model 4 OR 0.94, 95% CI 0.68, 1.30). African-
American women with menarche at age 14 years (vs
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menarche at 13 years) had 35% lower odds for diabetes at
baseline after adjustment for lifestyle and adiposity-related
characteristics (OR 0.65, 95% CI 0.45, 0.94).

Age at menarche and incident diabetes During an average
follow-up time of 7.1 years, we identified 755 incident
cases of type 2 diabetes (n0322 African-American,
n0433 white). Mean age at diagnosis for incident diabetes
was 56.8 years, SD 8.0 (African-American, 56.3 years, SD
5.9; white, 57.2 years, SD 9.1). There was no evidence of
interaction between early age at menarche (8–11 vs
13 years) and race in the incidence models (Model 1:
interaction, p00.527, Model 4: interaction, p00.554).
However, we ran race-stratified models because our a
priori research question was to assess race-specific

associations. Among white women, early age at menarche
(8–11 years) was associated with a 43% increased risk of
diabetes during follow-up (HR 1.43, 95% CI 1.08, 1.89)
compared with menarche at age 13 years after adjusting for
age and ARIC centre (Model 1) (Table 4). The statistically
significant association remained after adjustment for fam-
ily history of diabetes, smoking status, oral contraceptive
use and level of education (Model 2). The association was
no longer significant after adjusting for early-life and later-
life adiposity measures as the CIs crossed unity (Models 3
and 4). Of note is that there was a suggestion of a U-shaped
relationship between age at menarche and incident diabe-
tes. The HR for diabetes among those with late age at
menarche (15–18 years) vs menarche at 13 years was
similar to the HR for early menarche after adjustment for

Table 1 Characteristics of white women in the ARIC study population, by age at menarche category

Age at menarche (years) 8–11, n01,033
(17.2%)

12, n01,462
(24.5%)

13, n01, 25
(28.9%)

14, n0879
(14.7%)

15–18, n0887
(14.8%)

ptrend
a

% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)

Age (years) 53.2 (5.5) 53.9 (5.7) 53.9 (5.7) 54.5 (5.7) 54.7 (5.8) <0.001

BMI (kg/m2) 27.9 (6.1) 26.9 (5.4) 26.4 (5.4) 26.1 (5.2) 25.7 (5.0) <0.001

Waist circumference (cm) 96.0 (16.2) 93.6 (15.0) 92.4 (14.5) 92.1 (14.2) 91.8 (14.4) <0.001

BMI at age 25 years (kg/m2) 22.8 (3.8) 22.2 (3.2) 21.7 (3.2) 21.5 (3.0) 21.2 (3.1) <0.001

Height (cm) 161.0 (5.9) 162.0 (5.7) 162.2 (6.0) 162.1 (6.1) 162.1 (6.0) <0.001

Glucose (mmol/l) 5.9 (1.9) 5.8 (1.9) 5.7 (1.7) 5.6 (1.5) 5.7 (1.7) 0.001

Parental history of
diabetes (yes)

28.4 24.8 23.4 24.0 22.2 0.003

Current smoker (yes) 29.1 22.7 23.3 24.4 27.3 0.994

Ever used hormone
replacement therapy

57.4 55.1 54.6 53.9 50.7 0.039

Ever used oral contraceptives 49.9 46.2 49.5 45.5 39.8 0.085

Educationb 0.007

<High school 18.3 14.5 14.4 16.9 20.6

High school 45.6 43.1 42.4 37.8 32.7

>High school 36.1 42.4 43.1 45.3 46.7

Birthweight (g)
(n02,612)

3,139.5
(718.6)

3,207.7
(734.1)

3,159.0
(688.4)

3,178.8
(744.8)

3,097.9
(773.0)

0.208

Mother’s educationc

(n04,402)
0.315

<Eighth grade 38.6 43.4 42.7 43.7 44.0

Eighth+ grade 61.5 56.6 57.3 56.3 56.0

Father’s educationc

(n04,241)
0.014

<Eighth grade 43.9 46.1 49.2 50.8 50.9

Eighth+ grade 56.1 53.9 50.8 49.2 49.1

Linear (continuous variables) or logistic (categorical variables) regression was used to evaluate trends by age at menarche category
a All p values are adjusted for age at baseline, except for baseline age
b Average age for high school graduates in the USA is 18 years
c Average age for eighth grade in the USA is 14 years
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adiposity, although not statistically significant (HR 1.29,
95% CI 0.95, 1.73).

We did not find an association between age at menarche
and incident diabetes among African-American women
(Model 1 HR 1.20, 95% CI 0.87, 1.67; Model 4 HR 1.11,
95% CI 0.80, 1.56). Nonetheless, the direction of the asso-
ciation was similar to the results in white women.

Sensitivity analysis In sensitivity analyses for both prev-
alent and incident cases, we found that the addition of
birthweight, mother’s education and father’s education to
Model 4, for the subset of the cohort that had this
information available, did not substantially change the
associations in either the white women or the African-
American women.

Discussion

In the ARIC cohort, early age at menarchewas associatedwith
increased risk for type 2 diabetes among white women. The
association was stronger for prevalent diabetes at baseline
than for incident diabetes during 9 years of follow-up. Asso-
ciations were attenuated after adjustment for adiposity. We did
not find an association among African-American women.

Past studies have been inconsistent regarding the
association of age at menarche and diabetes [1–4, 27,
28]. Those studies that reported an association tended to
be large and included both premenopausal and postme-
nopausal women [1–4], while those that did not find an
association included only postmenopausal women and
might have been underpowered [27, 28]. In all studies,

Table 2 Characteristics of African-American women in the ARIC study population, by age at menarche category

Age at menarche (years) 8–11, n0444
(17.6%)

12, n0591
(23.6%)

13, n0671
(26.8%)

14, n0367
(14.7%)

15–18, n0432
(17.3%)

ptrend
a

% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)

Age (years) 52.9 (5.5) 53.4 (5.7) 53.4 (5.7) 54.0 (5.9) 53.7 (5.9) <0.001

BMI (kg/m2) 31.6 (6.1) 30.7 (6.6) 30.7 (6.6) 30.4 (6.3) 30.0 (6.3) 0.004

Waist circumference (cm) 102.6 (15.6) 99.9 (16.5) 99.9 (16.5) 100.1 (16.5) 99.1 (16.6) 0.007

BMI at age 25 (kg/m2) 23.6 (5.3) 22.4 (4.0) 22.4 (4.0) 21.8 (3.3) 21.7 (4.4) <0.001

Height (cm) 162.5 (6.2) 162.7 (6.2) 163.4 (6.4) 163.3 (6.3) 164.0 (6.0) 0.001

Glucose (mmol/l) 7.0 (3.8) 6.6 (3.3) 6.6 (3.3) 6.3 (2.7) 6.7 (3.5) 0.012

Parental history of
diabetes (yes)

28.9 33.2 26.7 31.1 27.1 0.574

Current smoker (yes) 26.1 25.9 24.4 20.2 26.0 0.449

Ever used hormone
replacement therapy

39.8 39.3 40.7 42.3 34.0 0.348

Ever used oral contraceptives 42.1 43.0 40.4 37.3 37.5 0.472

Educationb 0.642

<High school 42.1 39.7 37.3 43.4 40.1

High school 35.5 35.9 40.8 33.6 37.0

>High school 22.4 24.4 21.9 23.0 22.9

Birthweight (g)
(n0535)

3,125.3
(888.4)

3,198.2
(698.8)

3,226.3
(696.6)

3,206.8
(932.9)

3,212.6
(901.7)

0.936

Mother’s educationc

(n01,249) 0.463

<eighth grade 59.8 58.3 64.5 61.7 55.6

Eighth+ grade 40.2 41.8 35.6 38.3 44.4

Father’s educationc

(n0358) 0.395

<Eighth grade 66.5 67.6 69.9 65.6 64.3

Eighth+ grade 33.5 32.4 30.1 34.4 35.7

Linear (continuous variables) or logistic (categorical variables) regression was used to evaluate trends by age at menarche category
a All p values are adjusted for age at baseline, except for baseline age
b Average age for high school graduates in the USA is 18 years
c Average age for eighth grade in the USA is 14 years
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associations were attenuated by adiposity to varying
degrees. It is possible that the association itself varies
over the course of a lifetime, and the role of obesity
may depend on the definitions of diabetes and adiposity
used by researchers.

Our finding of an association among white women is in
agreement with four recent studies [1–4]. For example, women
in the US Nurses’Health Study (NHS) I with menarche age 11
years or younger (vs age 13 years) had a 34% increased risk for
diagnosed type 2 diabetes (HR 1.34, 95% CI 1.26, 1.42) [1].
After adjustment for BMI and other social and lifestyle factors,
the risk was 18% higher (HR 1.18, 95% CI 1.10, 1.27). In the
NHS II, which followed a younger cohort of women, those
with menarche at or before 11 years (vs age 13 years) had a
98% increased risk for type 2 diabetes (HR 1.98, 95% CI 1.79,
2.20) before adjustment for adult BMI, and 40% (HR 1.40,
95% CI 1.24, 1.57) increased risk after adjustment for adipos-
ity and other potential confounders [1]. In the EPIC (European
Prospective Investigation of Cancer)-Norfolk study, the odds
for diagnosed diabetes at baseline or during 8 years of follow-

up were reduced by 10% (OR 0.90, 95% CI 0.95, 0.86) for
each 1-year delay in menarche [2]. Similar to our findings for
incident diabetes during follow-up, the association was com-
pletely attenuated and no longer significant after adjustment for
adult BMI (2% reduced odds for each year delay in menarche
[OR 0.98, 95% CI 0.97, 1.03]). The German Cooperative
Health Research in the Region of Augsburg (KORA) study
found that the RR for diabetes per 1 year delay in menarche
was nearly the same before and after adjustment for BMI and
other confounders (unadjusted RR 0.83, 95% CI 0.73, 0.95;
BMI-adjusted RR 0.84, 95%CI 0.73, 0.98) [3]. Finally, a study
that followed women from birth to age 53 years found that age
at menarche was associated with diabetes before, but not after,
adjustment for BMI (unadjusted RR per year delay in
menarche 0.73, 95% CI 0.56, 0.96; adjusted for BMI RR
0.85, 95% CI 0.65, 1.10).

Previous studies on the relationship of age at menarche
and diabetes have included primarily white populations.
Thus, little is known about the relationship in non-white
populations. In our analyses of the biethnic ARIC

Table 3 OR of prevalent diabetes at baseline according to age at menarche category, ARIC study, 1987–1989

Age at menarche (years) 8–11 12 13 14 15–18

OR 95% CI OR 95% CI Reference OR 95% CI OR 95% CI

All women

n 1,477 2,053 2,396 1,246 1,319

No. of cases 218 231 268 117 156

Model 1 1.42 1.17, 1.73 1.01 0.84, 1.23 1.00 0.77 0.61, 0.98 0.95 0.77, 1.18

Model 2 1.37 1.12, 1.68 0.96 0.79, 1.17 1.00 0.71 0.56, 0.90 0.92 0.74, 1.14

Model 3 1.23 1.00, 1.52 0.93 0.76, 1.14 1.00 0.74 0.58, 0.95 0.97 0.78, 1.23

Model 4 1.20 0.97, 1.48 0.92 0.75, 1.13 1.00 0.73 0.57, 0.94 0.97 0.77, 1.23

White women

n 1,033 1,462 1,725 879 887

No. of cases 117 124 124 54 63

Model 1 1.72 1.32, 2.25 1.18 0.91, 1.54 1.00 0.81 0.58, 1.13 0.66, 1.24

Model 2 1.69 1.29, 2.23 1.17 0.90, 1.52 1.00 0.77 0.55, 1.09 0.87 0.63, 1.20

Model 3 1.51 1.14, 2.00 1.11 0.85, 1.46 1.00 0.80 0.57, 1.13 0.93 0.67, 1.30

Model 4 1.41 1.05, 1.89 1.12 0.85, 1.48 1.00 0.81 0.57, 1.15 0.93 0.67, 1.31

African-American women

n 444 591 671 367 432

No. of cases 101 107 144 63 93

Model 1 1.13 0.84, 1.51 0.85 0.64, 1.13 1.00 0.73 0.52, 1.02 0.98 0.73, 1.32

Model 2 1.06 0.79, 1.44 0.76 0.57, 1.01 1.00 0.64 0.45, 0.90 0.94 0.69, 1.28

Model 3 0.95 0.70, 1.31 0.74 0.55, 1.00 1.00 0.67 0.47, 0.96 0.99 0.71, 1.36

Model 4 0.94 0.68, 1.30 0.72 0.53, 0.99 1.00 0.65 0.45, 0.94 0.97 0.70, 1.36

Model 1: adjusted for age at baseline visit, race (for models that include all women) and centre

Model 2: adjusted for variables in Model 1 plus family history of diabetes, smoking status (current, former, never), use of oral contraceptives and
participant education level (<high school, high school, >high school)

Model 3: adjusted for variables in Model 2 plus BMI at age 25 years

Model 4: adjusted for variables in Model 3 plus baseline BMI, baseline height and baseline waist circumference
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population, we found no association between age at
menarche and diabetes among African-American women.
Biases or low statistical power might account for the lack of
association, as the results were consistent with a slightly
higher risk among African-American women with early
menarche. However, because African-American women
had a higher prevalence of diabetes, the power was greater
for the prevalent analyses, and only slightly lower for the
incident analyses, compared with white women (see elec-
tronic supplementary material [ESM] Figs. 1, 2). Alterna-
tively, early menarche may not be a risk factor for type 2
diabetes for African-American women. We found a signifi-
cant interaction between early age at menarche and race for
prevalent diabetes at baseline, indicating possible race/eth-
nic differences in the association during early adulthood. As
discussed previously, timing of menarche is likely a marker
for early childhood exposures that, in general, influence
type 2 diabetes risk. In an analysis of the association
between leg length (also a marker for early-life environ-
ment) and risk for incident diabetes in the ARIC cohort,

shorter leg length was associated with increased diabetes risk
for white, but not African-American, participants [25]. Most
African-Americans were enrolled at a single site, and it is
possible that African-American women in our cohort experi-
enced more homogenous early-life exposures to factors that
influence diabetes risk, such as nutrition levels and socio-
economic status (SES) [25], making it difficult to detect differ-
ences in the association between the various menarcheal age
categories and diabetes. In addition, BMI and waist circum-
ference at baseline and weight gain since age 25 years were
much higher for African-American women than for white
women. In our cohort, waist circumference and BMI were
all stronger risk factors for diabetes than age at menarche (data
not shown), and so it is possible that the high prevalence of
obesity in the African-American women in our study masked
the more subtle influence of early menarche on diabetes risk.

We noted a few differences between our results for prev-
alent diabetes at baseline and incident diabetes during
follow-up. First, although both analyses showed an associ-
ation among white women before adjustment for adiposity,

Table 4 HR of incident diabetes according to age at menarche category, ARIC study, 1987–1998

Age at menarche (years) 8–11 12 13 14 15–18

HR 95% CI HR 95% CI Reference HR 95% CI HR 95% CI

All women

n 1,259 1,822 2,128 1,129 1,163

No. of cases 151 178 192 108 126

Model 1 1.32 1.06, 1.63 1.06 0.87, 1.30 1.00 1.04 0.82, 1.32 1.15 0.92, 1.44

Model 2 1.27 1.02, 1.58 1.03 0.83, 1.26 1.00 0.97 0.76, 1.23 1.15 0.92, 1.44

Model 3 1.20 0.97, 1.50 1.00 0.81, 1.23 1.00 0.98 0.77, 1.24 1.20 0.96, 1.51

Model 4 1.18 0.95, 1.47 1.01 0.82, 1.24 1.00 1.00 0.78, 1.27 1.24 0.98, 1.55

White women

n 916 1,338 1,601 825 824

No. of cases 88 99 110 62 74

Model 1 1.43 1.08, 1.89 1.06 0.81, 1.39 1.00 1.08 0.78, 1.47 1.28 0.95, 1.71

Model 2 1.38 1.04, 1.83 1.05 0.80, 1.38 1.00 1.04 0.76, 1.41 1.23 0.91, 1.65

Model 3 1.30 0.98, 1.73 1.03 0.78, 1.35 1.00 1.06 0.77, 1.44 1.26 0.94, 1.70

Model 4 1.22 0.92, 1.63 1.03 0.78, 1.35 1.00 1.08 0.79, 1.48 1.29 0.95, 1.73

African-American women

n 343 484 527 304 339

No. of cases 63 79 82 46 52

Model 1 1.20 0.87, 1.67 1.05 0.77, 1.44 1.00 0.98 0.68, 1.40 0.99 0.70, 1.40

Model 2 1.14 0.82, 1.60 0.99 0.73, 1.36 1.00 0.89 0.62, 1.28 0.99 0.70, 1.40

Model 3 1.11 0.79, 1.55 0.98 0.72, 1.35 1.00 0.88 0.61, 1.28 1.05 0.74, 1.49

Model 4 1.11 0.80, 1.56 0.99 0.72, 1.36 1.00 0.88 0.61, 1.29 1.06 0.74, 1.51

Model 1: adjusted for age at baseline visit, race (for models that include all women) and centre

Model 2: adjusted for variables in Model 1 plus family history of diabetes, smoking status (current, former, never), use of oral contraceptives and
participant education level (<high school, high school, >high school)

Model 3: adjusted for variables in Model 2 plus BMI at age 25 years

Model 4: adjusted for variables in Model 3 plus baseline BMI, baseline height and baseline waist circumference
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after adjustment the association with incident diabetes was
no longer statistically significant. One reason for this might
be low power of detecting the relatively small effect sizes in
the incidence analysis after adjustment for adiposity. The
second difference was that the ORs for prevalent diabetes
were stronger than the HRs for incident diabetes. ORs tend
to be more extreme than measures of risk when an outcome
is relatively common (>10%) [29]; the prevalence of diabe-
tes was approximately 12% at baseline. Also, the prevalence
analysis included younger women compared with the inci-
dence analysis, and data from the NHS I and II support a
stronger association in younger compared with older women
[1]. Furthermore, the prevalence analysis was subject to a
number biases, including survival bias, to which the inci-
dence analysis was less susceptible. The third main differ-
ence is that we found an interaction between race and age at
menarche for prevalent diabetes at baseline, but not incident
diabetes during follow-up. It may be that there are true race/
ethnic differences in the association at younger vs older
ages, or the interaction might reflect differences in survival
between African-American and white women.

The possible biological pathways for an association of
early menarche and type 2 diabetes fit well into a ‘developed
country’ model, in which the parents’ generation has rela-
tively higher SES compared with earlier generations, lead-
ing to more rapid childhood growth and adiposity in
offspring, which in turn leads to earlier menarche and even
greater adiposity, and then insulin resistance and eventually
type 2 diabetes. As discussed in earlier studies [1, 2], an
independent association between early menarche and diabe-
tes is biologically plausible by means of hormone exposure
and/or changes in glucose metabolism that track into adult-
hood and have been shown to be a factor in type 2 diabetes
pathogenesis [1, 30–34].

Although not hypothesised in advance, the risk for inci-
dent diabetes among the late menarche group (15–18 years)
was similar to that among the early menarche group, but the
associations were not statistically significant. This finding
may merit investigation in future studies. The later-maturing
women in our study had lower adiposity at age 25 years and
at baseline compared with the reference group (menarche0
13 years), and one would expect lower diabetes risk in
unadjusted models if obesity is the main pathway through
which earlier age at menarche increases diabetes risk.
Weight gain from age 25 years to baseline was slightly
greater for women with menarche at 15–18 vs 13 years
(15.1 vs 14.7 kg, respectively), and the effects of weight
gain on diabetes risk may differ by menarche category. Late
menarche has been associated with lower SES and larger
family size in other studies [35, 36]. Poor nutrition and/or a
more stressful childhood environment may suppress the
hypothalamic–pituitary–gonadal axis and trigger later age
at menarche [17]. Notably, the women taking part in the

ARIC study were born between 1924 and 1944. Many lived
through the US Great Depression and as a consequence may
have been exposed to poor nutrition during their early life.
The ‘thrifty phenotype hypothesis’ [17] states that poor
nutritional environment during fetal and infant development
leads to programming for later chronic disease, such as type
2 diabetes, through changes in the glucose-insulin metabo-
lism. Additionally, both low SES and under-nutrition during
fetal development, possibly mediated by rapid infant weight
gain [37], and later exposure to more plentiful diets place
individuals at higher risk of diabetes in adulthood [38, 39].

We acknowledge that there are weaknesses in our analy-
sis. Bias is possible if error in the recall of menarche age was
differential according to diabetes status. We have no reason
to believe that women with diabetes recalled age at menarche
any differently to those without diabetes and such bias would
be unlikely in our analysis of incident type 2 diabetes. Non-
differential misclassification of menarche age and covariates
might have biased associations, likely toward the null, pos-
sibly explaining lack of association among African-
American women. Counter to findings from more recent
studies, average age at menarche for African-American and
white women in the ARIC study did not differ. This raises
concern about potential selection bias among African-
American women if those with younger age at menarche were
less likely to enrol in ARIC compared with their later-
maturing counterparts. However, many of the women in the
ARIC study were born during the 1930s and studies reporting
earlier average age at menarche for African-American women
included more recent cohorts. It is unknown when race/ethnic
differences in average menarche age began to appear. BMI at
age 25 years was similar for white and African-American
women in the ARIC study. Given that age at menarche and
BMI are strongly associated, this suggests that there might not
have been race/ethnic differences in average menarcheal age
earlier in the 20th century. Furthermore, general health status,
hospitalisation, and prevalence of myocardial infarction,
stroke or diabetes did not differ among African-American
responders and non-responders, supporting minimal influence
of selection bias on our result [40]. Another weakness was
inadequate information on those childhood risk factors that
may be associated with both the timing of menarche and
chronic disease risk. In addition, despite our large sample size,
for some stratified analyses, there were few events and CIs
were wide, making it difficult to detect an effect for modest
associations. Finally, misclassification of cases was possible
because our definition for diabetes was less stringent than that
used in clinical practice, which requires confirmation of ele-
vated glucose or presence of symptoms [41, 42]. Such mis-
classification was likely non-differential and unlikely to have
an impact on OR or HR estimates.

The strengths of our analysis were the inclusion of African-
American women, large sample size and both cross-sectional
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and prospective analyses. Another strength was that we were
able to include both diagnosed and undiagnosed type 2 dia-
betes cases at the time of each visit because type 2 diabetes
status was ascertained by blood glucose measurements as well
as by self-reported physician diagnosis. We adjusted for a
wide range of confounding factors, including BMI in early
and late adulthood, and waist circumference at baseline.

In conclusion, our results support recent studies that show
early age at menarche is associated with an increased risk for
type 2 diabetes among white women and that adiposity attenu-
ates the association. We did not find a similar association
among African-American women, although possible biases
might have accounted for the lack of association. Nonetheless,
our findings suggest that there may be race/ethnic differences
in the influence of developmental factors in the aetiology of
type 2 diabetes, which merit further investigation. Studies in
younger women, ideally starting before menarche and even
prenatally, are needed to clarify the role of childhood adiposity
and other early-life exposures on menarche age and subse-
quent type 2 diabetes risk.
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