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The authors investigated the association between age at menarche and risk of type 2 diabetes mellitus (T2DM)
among 101,415 women from the Nurses’ Health Study (NHS) aged 34–59 years (1980–2006) and 100,547 women
from Nurses’ Health Study II (NHS II) aged 26–46 years (1991–2005). During 2,430,274 and 1,373,875 person-
years of follow-up, respectively, 7,963 and 2,739 incident cases of T2DM were documented. Young age at
menarche was associated with increased risk of T2DM after adjustment for potential confounders, including body
figure at age 10 years and body mass index (BMI; weight (kg)/height (m)2) at age 18 years. Relative risks of T2DM
across age-at-menarche categories (�11, 12, 13, 14, and �15 years) were 1.18 (95% confidence interval (CI):
1.10, 1.27), 1.09 (95% CI: 1.02, 1.17), 1.00 (referent), 0.92 (95% CI: 0.83, 1.01), and 0.95 (95% CI: 0.84, 1.06),
respectively, in the NHS (P for trend < 0.0001) and 1.40 (95% CI: 1.24, 1.57), 1.13 (95% CI: 1.00, 1.27), 1.00
(referent), 0.98 (95% CI: 0.82, 1.18), and 0.96 (95% CI: 0.78, 1.19), respectively, in NHS II (P for trend < 0.0001).
Associations were substantially attenuated after additional control for updated time-varying BMI. These data
suggest that early menarche is associated with increased risk of T2DM in adulthood. The association may be
largely mediated through excessive adult adiposity. The association was stronger among younger women, sup-
porting a role for sex hormones in younger onset of T2DM, in addition to BMI.

adiposity; body mass index; diabetes mellitus, type 2; menarche; risk factors; weight gain

Abbreviations: BMI, body mass index; CI, confidence interval; NHS, Nurses’ Health Study.

The prevalence of type 2 diabetes mellitus in the United
States has increased rapidly during the last several decades,
in parallel with the obesity epidemic (1–3). By the time type
2 diabetes is diagnosed, some individuals have already
developed serious complications (2). Therefore, it has
become increasingly important to identify persons at risk
in early life so they may benefit from early interventions.
Early menarche has been associated with risk factors for
diabetes, such as excessive adiposity in childhood (4–6)
and adulthood (7–10), as well as elevated blood glucose
levels (11–14) and insulin resistance (15–17), independently
of adiposity. Moreover, coincidental with the increasing
prevalence of obesity and type 2 diabetes, age at menarche
in US girls has been declining over the past 30 years (18, 19).

Few studies have been conducted to examine the associ-
ation between age at menarche and risk of type 2 diabetes.
Findings from existing studies have been inconclusive
because of small samples and lack of information on child-
hood or adulthood characteristics that could confound the
association (14, 20, 21). Notably, one important character-
istic of the escalating type 2 diabetes epidemic is a shift
toward a younger age of onset. The association of age at
menarche with type 2 diabetes among younger, middle-aged
women was not addressed in previous studies, in which
study populations were predominantly postmenopausal
women (ages 40–92 years; average age, >57 years) (14,
20, 21). Therefore, we conducted prospective analyses in
2 large, independent cohorts including both old and young
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women, to investigate the association between age at men-
arche and risk of type 2 diabetes.

MATERIALS AND METHODS

Study population

The Nurses’ Health Study (NHS) was established in
1976, when 121,700 female US registered nurses aged
30–55 years completed a mailed questionnaire about their
medical history and lifestyle. Nurses’ Health Study II (NHS
II) was established in 1989, when 116,609 female US
registered nurses aged 24–44 years completed an initial
questionnaire. Both cohorts have been and continue to be
followed with biennial mailed questionnaires for the collec-
tion of updated information on health-related behaviors and
characteristics and for determination of incident disease
outcomes. The follow-up rate exceeds 90% for every 2-year
period.

For the present analyses, we excluded participants if they
had a history of diabetes, cancer, or cardiovascular disease
at baseline or had reported any of these conditions on a
previous questionnaire. After exclusions, 101,415 NHS par-
ticipants (followed between 1980 and 2006) and 100,547
NHS II participants (followed between 1991 and 2005)
remained.

Assessment of age at menarche

Age at menarche was defined as age at the first menstrual
period (in years). This information was ascertained by recall
on the 1976 (NHS) or 1989 (NHS II) questionnaire. In the
NHS, the question was open-ended: ‘‘At what age did your
menstrual periods begin? ___ years of age.’’ In NHS II, the
question asked, ‘‘At what age did your menstrual periods
begin?’’ Response categories were ‘‘9 or younger; 10; 11;
12; 13; 14; 15; 16; 17 or older.’’ We excluded NHS women
who reported ages at menarche greater than 18 years
(n ¼ 66), since such delays (outside the spectrum of normal
variation) are likely to have a pathologic cause.

Ascertainment of type 2 diabetes

On the baseline and biennial questionnaires, we inquired
about whether diabetes had been newly diagnosed. Women
who reported diabetes were sent a supplementary question-
naire for confirmation of the report and ascertainment of the
date of diagnosis and the details of the diagnostic tests,
presenting symptoms, and medications prescribed. We
excluded women classified as having only gestational dia-
betes, as well as those diagnosed with type 1 diabetes during
follow-up. Consistent with the criteria of the National
Diabetes Data Group, the diagnosis of type 2 diabetes was
established if 1 or more of the following criteria were
met: 1) an elevated glucose concentration (fasting plasma
glucose level �7.8 mmol/L (140 mg/dL), random
plasma glucose level �11.1 mmol/L (200 mg/dL), or
plasma glucose level �11.1 mmol/L (200 mg/dL) after an
oral glucose load) and at least 1 symptom related to diabetes
(excessive thirst, polyuria, weight loss, or hunger); 2) no

symptoms but elevated glucose concentrations on 2
occasions; and 3) treatment with insulin or oral hypoglyce-
mic medication. For cases identified after 1997, the cutoff
for fasting plasma glucose concentration was lowered to
7.0 mmol/L (126 mg/dL) according to the American
Diabetes Association criteria (22). The validity of this
diagnostic procedure has been verified in a subsample of
this study population (23). Of a random sample of 62 nurses
reporting type 2 diabetes, 61 cases (98%) were
confirmed after medical record review by an endocrinologist
blinded to the supplementary questionnaire information. In
addition, another substudy assessing the prevalence of
undiagnosed diabetes suggested a very low rate of false-
negative findings (24).

Assessment of covariates

A semiquantitative food frequency questionnaire (first
sent to NHS women in 1980 and to NHS II women in
1991) has been mailed to study participants every 4 years
for assessment and updating of dietary information. Data on
the reproducibility and validity of the food frequency ques-
tionnaires have been reported elsewhere (25). Glycemic
load was calculated by multiplying the grams of carbohy-
drate in each serving by its glycemic index value. The
dietary score was calculated as the sum of the quintile values
of cereal fiber and polyunsaturated fat:saturated fat ratio in
ascending order and trans-fat and glycemic load in descend-
ing order. A higher quintile of dietary score reflected
a higher ratio of polyunsaturated fat to saturated fat, a higher
intake of cereal fiber, a low intake of trans-fat, and a low
glycemic load (26).

Information on age, weight, smoking status, menopause
status, use of postmenopausal hormone therapy, use of oral
contraceptives (for NHS II), parity (for NHS II), personal
history of diabetes, cardiovascular disease, and cancer was
collected on the baseline questionnaire by self-report and
was updated every 2 years during follow-up. Questions on
oral contraceptive use and parity for NHS women were
asked at baseline and in 1982; family history of diabetes
and height were assessed only at baseline. We calculated
body mass index (BMI) as weight in kilograms divided by
height in meters squared. The validity of self-reported body
weight in the NHS was reported previously (for correlation
between self-reported weight and measured weight,
Pearson’s r ¼ 0.96) (27). Recalled weight at age 18 years
was also highly correlated with measured weight from the
physical examination records (r ¼ 0.87) in NHS II (28).

Participants recalled their body figures at age 10 years
using a 9-level figure drawing (29). Women’s recall of their
body figure in childhood has been validated against weight
and height measurements taken in childhood (r¼ 0.70) (30).
Information on participants’ birth weights and whether they
had been breastfed during infancy was collected in 1992
(NHS) or 1991 (NHS II) and was validated as described
elsewhere (31). Women reported their waist circumference
in 1986 for the NHS and in 1993 for NHS II. Physical
activity data were assessed in 1980, 1982, 1986, 1988,
1992, 1996, 1998, and 2000 for the NHS and in 1991 and
1997 for NHS II. A validation study indicated relatively
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Table 1. Age-Standardized Characteristics of the Study Population by Age at Menarche, Nurses’ Health Study (1980–2006) and Nurses’ Health

Study II (1991–2005)a

Age at Menarche, yearsb

£11 12 13 14 ‡15

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

Nurses’ Health Study

22.2 26.6 31.1 12.3 7.9

Childhood and adolescent
characteristics

Birth weight, poundsc

<5.5 11.6 10.6 10.2 9.5 10.9

5.5–7.0 30.8 32.1 30.5 30.2 31.8

7.–8.5 44.6 45.0 45.8 45.7 42.7

�8.5 13.0 12.4 13.5 14.6 14.7

Having been breastfed 61.9 63.2 64.1 65.8 65.8

Body figured at age
10 years

1 23.2 28.1 33.5 39.9 44.6

2 23.4 27.4 27.4 28.3 25.6

3 20.3 19.1 17.3 14.3 13.5

4 16.9 13.8 11.4 9.3 8.3

�5 16.3 11.7 10.4 8.2 8.0

BMIe at age 18 years 22.0 (3.1) 21.4 (2.8) 21.1 (2.8) 20.7 (2.6) 20.6 (2.9)

Regular menstrual
cycles at ages
18–22 years

67.1 68.0 65.9 61.5 50.2

Baseline (adult)
characteristics
in 1980

Age, years 45.1 (7.1) 45.6 (7.3) 45.9 (7.1) 46.8 (7.1) 47.6 (7.0)

BMI 25.1 (4.8) 24.3 (4.2) 23.8 (4.0) 23.4 (3.8) 23.3 (3.9)

Weight gain since age
18 years, kg

6.9 (12.3) 6.4 (11.6) 6.3 (11.1) 6.2 (10.9) 6.0 (11.2)

Family history of
diabetes

22.1 21.5 20.7 20.4 20.8

Current smoker 28.3 27.6 27.5 28 29.1

Alcohol consumption,
g/day

6.1 (10.2) 6.4 (10.4) 6.7 (10.7) 6.9 (10.9) 6.6 (10.5)

Physical activity,
hours/week

4.0 (2.9) 4.0 (2.9) 4.0 (2.9) 4.0 (2.9) 4.1 (2.9)

Hypertension 16.2 13.9 13.0 11.8 12.0

Hypercholesterolemia 5.1 4.4 4.0 4.2 4.4

Glycemic load, g 85 (26) 85 (25) 86 (25) 86 (25) 86 (26)

Premenopausal 53.7 55.5 55.9 55.3 52.9

Ever use of hormone
replacement
therapy

16.7 16.0 15.6 15.6 16.9

Ever use of oral
contraceptives

45.1 45.8 45.8 44.9 44.0

Parity

0 (nulliparous) 7.4 7.3 6.5 6.7 6.9

1–2 36.7 36.8 35.1 33.3 35.6

�3 55.9 55.9 58.4 60.0 57.6

Table continues
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Table 1. Continued

Age at Menarche, yearsb

£11 12 13 14 ‡15

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

Nurses’ Health Study II

24.3 30.2 27.6 10.4 7.5

Childhood and adolescent
characteristics

Birth weight, pounds

<5.5 8.6 7.7 7.5 7.3 7.4

5.5–7.0 31.6 30.3 30.4 29.9 29.0

7.0–8.5 46.9 48.8 48.5 49.1 49.1

�8.5 12.9 13.2 13.7 13.7 14.5

Having been breastfed 33.3 34.0 34.2 34.0 36.1

Body figure at age
10 years

1 12.0 16.8 20.9 26.0 30.1

2 24.8 30.1 33.5 35.0 35.1

3 24.5 24.3 21.8 19.7 17.3

4 20.8 16.5 14.0 11.5 10.0

�5 18.0 12.3 9.8 7.8 7.6

BMI at age 18 years 22.0 (3.7) 21.4 (3.2) 20.9 (3.0) 20.5 (3.0) 20.3 (3.1)

Regular menstrual
cycles at ages
18–22 years

80.4 78.8 76.8 69.7 59.3

Baseline (adult)
characteristics
in 1991

Age, years 36.3 (4.6) 36.1 (4.6) 36.2 (4.7) 35.9 (4.8) 35.5 (4.8)

BMI 26.1 (6.0) 24.7 (5.2) 23.9 (4.8) 23.4 (4.6) 23.0 (4.4)

Weight gain since age
18 years, kg

10.7 (12.9) 9.2 (11.3) 8.3 (10.5) 7.8 (10.1) 7.6 (9.7)

Family history of diabetes 17.9 16.3 15.4 14.2 14.2

Current smoker 13.0 11.9 12.1 11.9 13.3

Alcohol consumption, g/day 2.9 (5.8) 3.1 (6.2) 3.3 (6.1) 3.3 (6.2) 3.5 (6.6)

Physical activity,
hours/week

21.0 (28.1) 20.7 (26.7) 21.0 (27.0) 21.3 (28.1) 22.9 (30.4)

Hypertension 8.0 6.1 5.1 4.7 5.3

Hypercholesterolemia 16.1 14.2 13.5 12.4 13.4

Glycemic load, g 120 (22) 121 (21) 122 (22) 123 (22) 123 (22)

Premenopausal 95.3 96.3 96.4 96.4 95.8

Ever use of hormone
replacement
therapy

7.8 6.7 6.5 6.4 7.9

Ever use of oral
contraceptives

85.0 84.4 84.7 83.6 84.5

Parity

0 (nulliparous) 28.7 26.5 26.3 25.8 28.1

1–2 51.9 52.8 53.0 52.4 51.7

�3 19.3 20.8 20.8 21.8 20.2

Abbreviations: BMI, body mass index; NHS, Nurses’ Health Study; SD, standard deviation.
a A total of 201,962 women were included (101,415 in NHS and 100,547 in NHS II).
b Total numbers of women by age atmenarche—NHS:�11 years, n ¼ 22,528; 12 years, n ¼ 26,951; 13 years, n ¼ 31,492; 14 years, n ¼ 12,442;

15 years, n ¼ 8,002; NHS II: �11 years, n ¼ 24,473; 12 years, n ¼ 30,378; 13 years, n ¼ 27,696; 14 years, n ¼ 10,424; 15 years, n ¼ 7,576.
c 1 pound ¼ 0.45 kg.
d Participants recalled their body figure at age 10 years using a 9-level figure drawing (29).
e Weight (kg)/height (m)2.
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good validity and reproducibility for the physical activity
measurements in NHS II (32). Childhood socioeconomic
status was assessed as father’s occupation on the
1976 (NHS) or 2005 (NHS II) questionnaire. Adulthood
socioeconomic status was assessed as spouse’s educational
level on the 1992 (NHS) or 1999 (NHS II) questionnaire.
Race/ethnicity (Caucasian, Hispanic, Asian, or African-
American) was reported in 1992 (NHS) or 1989 (NHS II).

Statistical analysis

Person-years of follow-up were calculated from the date
of return of the baseline questionnaire (1980 for NHS,
1991 for NHS II) to the date of type 2 diabetes diagnosis,
the date of death, or the end of follow-up (June 2006 for
NHS and June 2005 for NHS II), whichever came first. Age
at menarche was modeled as either a categorical variable
(�11, 12, 13, 14, or �15 years) or a continuous variable (in
years). We conducted Cox proportional hazards analysis
stratified by 5-year age category and 2-year follow-up
interval to estimate the relative risk of type 2 diabetes
according to age at menarche. For example, in the NHS,
the starting point of one stratum was 1980, and the end
point of that stratum was 1982 (the next questionnaire
cycle). The time-varying covariates included in the multi-
variate analysis were updated during follow-up, using the
most recent data for each 2-year follow-up interval. We
first tested a multivariate Cox model, adjusting for poten-
tial confounders, including age, family history of diabetes,
race/ethnicity, and childhood and adolescent variables
such as birth weight, whether the participant had been
breastfed, childhood socioeconomic status, and perceived
body figure at age 10 years. We further adjusted for adult
lifestyle or risk factors for type 2 diabetes, including smok-
ing, alcohol use, physical activity, adult socioeconomic
status, diet score, hypertension and hypercholesterolemia
at baseline, menopausal status/postmenopausal hormone
use, parity, oral contraceptive use, and menstrual cycle
regularity.

Because we only measured body figure at age 10 years
instead of premenarcheal BMI, we included BMI at age
18 years in the main model, since it was strongly correlated
with premenarcheal BMI (33). Because adult BMI might
represent intermediate factors rather than confounders for
the association between age at menarche and type 2 diabe-
tes, we adjusted for adult BMI (time-varying BMIs during
follow-up) in separate models. To test for a linear trend
across menarcheal age categories, we modeled menarcheal
age as a continuous variable using the median value for each
category. We evaluated whether the association between age
at menarche and risk of diabetes was modified by family
history of diabetes, smoking status, or physical activity us-
ing analyses stratified by these variables and by modeling
interaction terms. To compare similar age groups across the
NHS and NHS II and to test whether the association was
modified by age, we used the mean age at baseline in the
NHS (45 years) as the cutoff point to conduct stratified
analysis in the NHS only, since most women in NHS II
(99.6%) were younger than age 45 years at baseline. We

also tested whether the association was modified by meno-
pausal status in the NHS only, because most women in NHS
II (96.1%) were premenopausal at baseline.

In addition, we examined the relation between age at
menarche and adult BMI at baseline (1980 for NHS, 1991
for NHS II) and weight gain from age 18 years through
baseline. We performed logistic regression analyses to esti-
mate the relative risks of adult obesity (defined by baseline
BMI � 30) and excessive weight gain (weight gain over
10 kg since age 18 years) by menarcheal age category and
performed linear regression to estimate the mean baseline
BMI or weight-gain difference corresponding to each 1-year
increase in age at menarche, adjusting for age, socioeco-
nomic status in childhood and adulthood, smoking, physical
activity, dietary score, menopausal status/use of hormone
replacement therapy, alcohol intake, parity, body figure at
age 10 years, and BMI at age 18 years.

All tests of statistical significance were 2-sided, and
statistical significance was defined at the a ¼ 0.05 level.
All analyses were performed using SAS statistical software,
version 9.1 (SAS Institute Inc., Cary, North Carolina).

RESULTS

In general, women in NHS II were younger than women
in the NHS and tended to have earlier menarche, which
reflects the well-recognized birth cohort effect (Table 1)
(34). In each cohort, women with a younger age at menarche
had a lower birth weight, a larger body figure at age 10 years,
and a greater BMI at age 18 years and at baseline (adult-
hood) and had gained more weight since age 18 years. In
addition, women with a younger age at menarche were more
likely to have a family history of diabetes, a history of
hypertension or hypercholesterolemia at baseline, and
regular menstrual cycles between ages 18 and 22 years.

We documented 7,963 and 2,739 incident cases of type
2 diabetes during 2,430,274 and 1,373,875 person-years of
follow-up in the NHS and NHS II, respectively. The age at
diagnosis of type 2 diabetes in the NHS was, on average,
16 years older than that in NHS II (63.5 years vs. 47.4 years).
Early menarche was significantly associated with increased
risk of type 2 diabetes in both the NHS and NHS II, and the
association was stronger in younger women (NHS II) than in
older women (NHS) (Table 2 and Figure 1). After adjust-
ment for age, parity, race/ethnicity, family history of
diabetes, lifestyle and reproductive factors, childhood
characteristics (including body fatness at age 10 years, as
measured by perceived body figure), and BMI at age 18 years
(model 3 in Table 2), corresponding relative risks across
menarcheal age categories (�11, 12, 13, 14, and �15 years)
were 1.18 (95% confidence interval (CI): 1.10, 1.27), 1.09
(95% CI: 1.02, 1.17), 1.00 (referent), 0.92 (95% CI: 0.83,
1.01), and 0.95 (95% CI: 0.84, 1.06), respectively, in the
NHS (P for trend < 0.0001) and 1.40 (95% CI: 1.24,
1.57), 1.13 (95% CI: 1.00, 1.27), 1.00 (referent), 0.98
(95% CI: 0.82, 1.18), and 0.96 (95% CI: 0.78, 1.19), respec-
tively, in NHS II (P for trend < 0.0001). Each 1-year in-
crease in age at menarche was associated with 6% (95% CI:
4, 8) and 10% (95% CI: 7, 12) reductions in type 2 diabetes
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Table 2. Relative Risk of Type 2 Diabetes According to Age at Menarche, Nurses’ Health Study (1980–2006) and Nurses’ Health Study II (1991–2005)

Age at Menarche, years

P for Trend
RR per Year

£11 12 13 14 ‡15

RR 95% CI RR 95% CI (Referent) RR 95% CI RR 95% CI RR 95% CI

Nurses’ Health Study

No. of cases 2,128 2,188 2,297 789 561

Person-years of
follow-up

536,956 645,206 758,274 299,179 190,659

Age at diagnosis, yearsa 62.5 (8.32) 63.2 (8.22) 63.9 (7.84) 64.7 (8.28) 65.5 (8.24)

Age-adjusted results 1.34 1.26, 1.42 1.13 1.07, 1.20 1.00 0.86 0.79, 0.93 0.94 0.86, 1.04 <0.0001 0.91 0.89, 0.92

Model 1b 1.28 1.21, 1.37 1.12 1.05, 1.19 1.00 0.86 0.79, 0.93 0.92 0.84, 1.02 <0.0001 0.92 0.90, 0.93

Model 2c 1.21 1.13, 1.31 1.10 1.02, 1.18 1.00 0.91 0.82, 1.00 0.94 0.84, 1.06 <0.0001 0.94 0.92, 0.95

Model 3d 1.18 1.10, 1.27 1.09 1.02, 1.17 1.00 0.92 0.83, 1.01 0.95 0.84, 1.06 <0.0001 0.94 0.92, 0.96

Model 4e 1.02 0.95, 1.10 1.02 0.95, 1.10 1.00 0.97 0.88, 1.07 1.01 0.90, 1.14 0.42 0.99 0.97, 1.01

Nurses’ Health Study II

No. of cases 1,003 823 578 192 143

Person-years of
follow-up

332,344 415,145 379,623 142,929 103,834

Age at diagnosis, yearsa 46.9 (5.39) 47.5 (5.23) 48.0 (5.18) 47.8 (5.44) 47.2 (5.46)

Age-adjusted results 1.98 1.79, 2.20 1.32 1.18, 1.47 1.00 0.90 0.76, 1.06 0.95 0.79, 1.14 <0.0001 0.80 0.78, 0.82

Model 1b 1.63 1.47, 1.80 1.22 1.10, 1.36 1.00 0.96 0.81, 1.13 1.02 0.85, 1.23 <0.0001 0.86 0.84, 0.89

Model 2c 1.50 1.34, 1.69 1.16 1.02, 1.31 1.00 0.99 0.82, 1.19 0.95 0.77, 1.17 <0.0001 0.88 0.86, 0.91

Model 3d 1.40 1.24, 1.57 1.13 1.00, 1.27 1.00 0.98 0.82, 1.18 0.96 0.78, 1.19 <0.0001 0.90 0.88, 0.93

Model 4e 1.15 1.02, 1.29 1.03 0.91, 1.16 1.00 1.08 0.90, 1.30 1.11 0.89, 1.37 0.19 0.97 0.94, 1.00

Abbreviations: CI, confidence interval; RR, relative risk.
a Mean (standard deviation).
b In model 1, results were adjusted for age group (�49, 50–54, 55–59, 60–64, or �65 years), birth weight (<5.5, 5.5–7.0, 7.0–8.5, or >8.5 pounds), having been breastfed, childhood

socioeconomic status (based on father’s occupation), race/ethnicity (Caucasian, Hispanic, Asian, or African-American), family history of diabetes, and perceived body figure at age 10 years (on

a 9-level scale; 1, 2, 3, 4, or �5).
c In model 2, results were adjusted for all of the variables in model 1 plus the baseline factors physical activity (quintiles of hours/week), quintile of dietary score (glycemic load, trans-fat,

polyunsaturated:saturated fat ratio, and dietary fiber), alcohol consumption (0, 0.1–4.9, 5.0–14.9, or�15 g/day), smoking status (never, past, or current smoker (1–14, 15–24, or�25 cigarettes/

day)), hypertension, hypercholesterolemia, menopause status (pre- or post-), use of hormone replacement therapy, adult socioeconomic status (based on husband’s education), and

reproductive factors (parity, oral contraceptive use, and regularity of menstrual cycles at ages 18–22 years).
d In model 3, results were adjusted for all of the variables in model 2 plus body mass index (weight (kg)/height (m)2) at age 18 years (<18.5, 18.5–21.9, 22.0–24.9, 25.0–29.9, or �30.0).
e In model 4, results were adjusted for all of the variables in model 3 plus updated body mass index over the course of follow-up (<21.0, 21.0–22.9, 23.0–24.9, 25.0–26.9, 27.0–29.9, 30.0–

32.9, 33.0–34.9, 35.0–39.9, or �40.0).
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risk in the NHS and NHS II, respectively. The association
was substantially attenuated after further adjustment for
adult BMI (model 4 in Table 2). In further analysis carried
out among type 2 diabetes cases only, we found that early
menarche was associated with a younger age at diagnosis of
type 2 diabetes. Among older women in the NHS, each 1-
year increase in age at menarche was associated with a 0.27-
year (95% CI: 0.14, 0.40) delay in age at type 2 diabetes
diagnosis, after adjustment for potential confounders and
intermediate variables, including BMI in adulthood (all co-
variates in model 4 of Table 2).

In stratified analyses, the association between age at
menarche and type 2 diabetes was stronger in younger
women (age <45 years at baseline) than in older women
(age �45 years at baseline) in the NHS (P for interaction ¼
0.008) (Table 3). This result was consistent with that from
NHS II, in which most women were younger than age
45 years. The inverse association between age at menarche
and type 2 diabetes risk was also stronger in premenopausal
women than in postmenopausal women, although the test for
interaction was marginally significant (P for interaction ¼
0.056). This association, however, did not differ substan-
tially by family history of diabetes, smoking status, or
physical activity in either the NHS or NHS II (Table 3).

Early menarche was associated with an elevated risk of
adult obesity and excessive weight gain after adjustment for
age and major potential confounders and mediators (Figure 2).
Each 1-year increase in age at menarche was associated with
a decrease of 0.20 units in multivariate-adjusted adulthood
BMI (95% CI: 0.18, 0.22; P for trend < 0.0001) and a
decrease of 0.50 kg in multivariate-adjusted weight gain
since age 18 years (95% CI: 0.44, 0.55; P for trend <
0.0001) among women in the NHS. Among women in
NHS II, each 1-year increase in age at menarche was asso-
ciated with a decrease of 0.26 units in adult BMI (95% CI:
0.24, 0.28; P for trend < 0.0001) and a decrease of 0.65 kg
in weight gain since age 18 years (95% CI: 0.60, 0.70; P for
trend < 0.0001).

DISCUSSION

In this prospective study, carried out among more than
200,000 women with more than 10,000 incident cases of
type 2 diabetes, we found that early menarche was signifi-
cantly associated with increased risk of type 2 diabetes in
both older (NHS) and younger (NHS II) women, with the
association being stronger among younger women. Estab-
lished childhood and adulthood risk factors for diabetes did
not fully explain the association. After further adjustment for
adulthood BMI, the elevated risk associated with younger
age at menarche (�11 years) became attenuated, suggesting
that adult adiposity may mediate the observed association
between early menarche and type 2 diabetes risk.

The strengths of the current study include the prospective
design, the large sample size, the high rates of follow-up,
and the availability of data on childhood characteristics and
detailed information on adulthood diet and lifestyle factors
repeatedly obtained over long-term follow-up. Moreover,
2 independent cohorts comprising women of different age
groups were included in the present study, which allowed us
not only to assess the consistency of results across birth
cohorts but also to evaluate whether the association differed
between younger and older women.

Several limitations should also be acknowledged. First,
because age at menarche was retrospectively assessed by
recall, misclassification was inevitable. However, age at
menarche has been associated with breast cancer and other
endpoints in both the NHS (35, 36) and NHS II (29, 37), with
the magnitude and direction of the association being consis-
tent with the literature, attesting to the validity of the mea-
surement. In addition, because of the prospective study
designs, misclassification of age at menarche is likely to have
been nondifferential with respect to type 2 diabetes. Second,
we did not have direct measurement of premenarcheal body
weight. Instead, we adjusted for women’s recall of body
figure at age 10 years. Although misclassification of this
variable is likely, women’s recall of their body figure at age
10 years has been shown to be highly correlated with
measured BMI in childhood (r ¼ 0.70) (30). In addition,
we adjusted for BMI at age 18 years to further control for
premenarcheal body weight. Third, diabetes was assessed by
self-report and confirmed by means of a supplementary ques-
tionnaire. Data from a validation study using medical records
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Figure 1. Relative risk of type 2 diabetes mellitus (T2DM) by age at
menarche in A) the Nurses’ Health Study (1980–2006) (P for trend <
0.0001) and B) Nurses’ Health Study II (1991–2005) (P for trend <
0.0001), after adjustment for age, birth weight, having been breastfed,
childhood socioeconomic status, race/ethnicity, family history of di-
abetes, perceived body figure at age 10 years, physical activity, quin-
tile of dietary score, alcohol consumption, smoking status, baseline
hypertension, baseline hypercholesterolemia, menopause status, use
of hormone replacement therapy, adult socioeconomic status, parity,
oral contraceptive use, regularity of menstrual cycles between ages
18 and 22 years, and body mass index at age 18 years (model 3).
Bars, 95% confidence interval.
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indicated that the confirmation procedure was highly
accurate for this study population (23). Lastly, because of
the observational nature of the current study, we cannot rule
out the possibility of residual confounding by additional un-
measured or imperfectly measured confounders.

Studies on the association between age at menarche and
risk of type 2 diabetes are sparse (14, 20, 21). Findings from
our NHS data are generally in agreement with those from a
recent prospective study of the EPIC-Norfolk cohort
(women aged 40–75 years), in which earlier menarche

Table 3. Relative Risk of Type 2 Diabetes According to Selected Sociodemographic Factors in the Nurses’ Health Study (1980–2006) and

Nurses’ Health Study II (1991–2005)a

Age at Menarche, years

P for Trend£11 12 13 14 ‡15

RR 95% CI RR 95% CI (Referent) RR 95% CI RR 95% CI

Nurses’ Health Study

Age at baseline (1980),
years

<45 1.31 1.16, 1.47 1.20 1.07, 1.34 1.00 1.05 0.89, 1.24 1.00 0.80, 1.24 <0.0001

�45 1.11 1.01, 1.22 1.03 0.94, 1.13 1.00 0.85 0.75, 0.96 0.90 0.79, 1.03 <0.0001

P for interaction 0.008

Menopausal status

Premenopausal 1.39 1.06, 1.81 0.97 0.73, 1.28 1.00 0.99 0.67, 1.46 0.86 0.52, 1.43 0.014

Postmenopausal 1.17 1.08, 1.26 1.10 1.02, 1.19 1.00 0.91 0.82, 1.01 0.94 0.84, 1.06 <0.0001

P for interaction 0.056

Family history of diabetes

No 1.25 1.13, 1.38 1.13 1.02, 1.24 1.00 0.92 0.80, 1.04 1.01 0.89, 1.17 <0.0001

Yes 1.11 0.99, 1.24 1.06 0.95, 1.18 1.00 0.92 0.80, 1.07 0.87 0.73, 1.04 0.0013

P for interaction 0.20

Smoking status

Never smoker 1.18 1.06, 1.32 1.06 0.95, 1.18 1.00 0.94 0.81, 1.08 0.91 0.77, 1.09 0.0001

Ever smoker 1.18 1.07, 1.31 1.12 1.02, 1.23 1.00 0.90 0.79, 1.03 0.97 0.83, 1.13 <0.0001

P for interaction 0.86

Physical activityb

Low 1.14 1.04, 1.25 1.05 0.96, 1.15 1.00 0.91 0.81, 1.03 0.91 0.79, 1.05 <0.0001

High 1.33 1.10, 1.61 1.19 0.99, 1.43 1.00 1.01 0.79, 1.28 1.04 0.79, 1.37 0.0048

P for interaction 0.74

Nurses’ Health Study II

Family history of diabetes

No 1.33 1.15, 1.53 1.08 0.93, 1.25 1.00 1.02 0.82, 1.26 0.94 0.73, 1.22 <0.0001

Yes 1.55 1.25, 1.93 1.24 0.99, 1.55 1.00 0.91 0.64, 1.29 1.03 0.70, 1.53 <0.0001

P for interaction 0.59

Smoking status

Never smoker 1.37 1.18, 1.59 1.06 0.91, 1.24 1.00 0.94 0.74, 1.19 1.00 0.76, 1.31 <0.0001

Ever smoker 1.46 1.20, 1.78 1.26 1.03, 1.54 1.00 1.00 0.73, 1.35 0.93 0.66, 1.32 <0.0001

P for interaction 0.51

Physical activity

Low 1.35 1.15, 1.58 1.14 0.97, 1.34 1.00 1.05 0.83, 1.34 0.90 0.67, 1.20 <0.0001

High 1.44 1.20, 1.72 1.09 0.90, 1.32 1.00 0.90 0.68, 1.21 1.06 0.78, 1.44 <0.0001

P for interaction 0.71

Abbreviations: CI, confidence interval; RR, relative risk.
a Results were adjusted for age, birth weight, having been breastfed, childhood socioeconomic status, race/ethnicity, family history of diabetes,

perceived body figure at age 10 years, physical activity, quintile of dietary score, alcohol consumption, smoking status, baseline hypertension,

baseline hypercholesterolemia, menopause status (pre- or post-), use of hormone replacement therapy, adult socioeconomic status, reproductive

factors (parity, oral contraceptive use, and regularity of menstrual cycles at ages 18–22 years), and body mass index at age 18 years (model 3).
b Low physical activity: lowest 2 quintiles of metabolic equivalent task score; high physical activity: highest 3 quintiles of metabolic equivalent

task score.
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was associated with increased risk of type 2 diabetes (per
1-year increase, adjusted relative risk ¼ 0.91, 95% CI: 0.87,
0.96), and this association appeared to be completely
mediated by adulthood adiposity (with further adjustment
for BMI at baseline, adjusted relative risk ¼ 0.98, 95% CI:
0.93, 1.03) (21). The impact of childhood characteristics on
the observed association, however, was not examined. By
contrast, in 2 other, smaller studies among women aged
50–92 years and 63–81 years at baseline, respectively, age
at menarche was not associated with risk of type 2 diabetes,
even before adjustment for BMI (14, 20).

One important characteristic of the escalating type
2 diabetes epidemic is a shift toward a younger age of onset.
However, the association of age at menarche with type
2 diabetes among younger, middle-aged women was not
addressed in previous studies, in which the study popula-
tions were usually older and predominantly postmenopausal
(average ages were all above 57 years). In the present study,
we were able to examine this association among younger
women (the median age at diagnosis of type 2 diabetes was
approximately 47 years). Indeed, a stronger association was
observed among them than among older women (NHS). To
further explore whether the stronger association among
younger women was mainly due to the younger age or to

differences in other characteristics between the 2 cohorts,
we repeated the analyses among NHS women stratified by
age at baseline (<45 years vs. �45 years). Even within the
same cohort, the association between early menarche and
risk of type 2 diabetes was stronger among younger women
than among older women.

In the present study, the observed association was
substantially attenuated after adjustment for adult BMI,
suggesting that the relation could be largely mediated by
adulthood adiposity. Indeed, earlier menarche was associ-
ated with greater adulthood BMI and greater weight gain
between age 18 years and baseline in both younger and older
women, which is in accordance with findings from several
studies reporting significant inverse associations between
age at menarche and adult obesity (7–10). However, the
underlying mechanisms for such an association remain un-
clear. It has been hypothesized that earlier menarche may
lead to the postmenarcheal accumulation of adipose tissue
during pubertal development (33, 38, 39). It is also plausible
that the association between early menarche and adult
obesity reflects the association between childhood and adult
obesity, since girls with early menarche have also been
reported to have greater body fatness in childhood
(40–42), and BMI tracks between childhood and adulthood
(43, 44). However, in our study, the inverse association be-
tween age at menarche and adult BMI remained significant
after adjustment for body figure at age 10 years and BMI at
age 18 years.

In the current study, among younger and middle-aged
women (NHS II), the elevated risk of type 2 diabetes asso-
ciated with early menarche (ages �11 years) persisted even
after we controlled for adult BMI, suggesting that such an
association might be related to pathways beyond excessive
adiposity. Early menarche has been associated with higher
estrogen levels and decreased serum sex hormone-binding
globulin levels that persist in adulthood (45–49). Increasing
evidence suggests that endogenous sex hormones play
important roles in the pathogenesis of type 2 diabetes
(50). Hyperandrogenic conditions, such as polycystic ovar-
ian syndrome, have been strongly associated with glucose
intolerance and insulin resistance (11, 51–53). High plasma
estradiol and testosterone levels and low sex hormone-
binding globulin levels are associated with higher risk of
type 2 diabetes in women, independent of adiposity (50,
54–57). It is therefore plausible that age at menarche is re-
lated to type 2 diabetes risk through its associated hormonal
changes, independent of BMI.

In conclusion, early menarche was associated with in-
creased risk of type 2 diabetes in both young and old
women. This association appeared to be mediated through
excessive adult adiposity and to be stronger in younger
women than in older women. Furthermore, it appeared that
the association among younger, middle-aged women could
not be fully explained by increased adult BMI, suggesting
a risk pathway between age at menarche and type 2 diabetes
beyond excessive adiposity. In addition to adiposity in child-
hood and adolescence, age at menarche might represent
another risk factor for the early identification of women
who are at increased risk of being overweight or obese
and of developing type 2 diabetes in adulthood.
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Figure 2. Relative risks of A) adult obesity at baseline and
B) excessive weight gain since age 18 years by age at menarche in
the Nurses’ Health Study (NHS; 1980–2006) and Nurses’ Health
Study II (NHS II; 1991–2005), after adjustment for baseline age,
socioeconomic status in childhood and adulthood, smoking status,
physical activity, quintile of dietary score, menopause status, use of
hormone replacement therapy, alcohol intake, parity, perceived body
figure at age 10 years, and body mass index at age 18 years (all P ’s
for trend < 0.0001). Bars, 95% confidence interval.
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