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Abstract The relation of early menarche with type 2

diabetes mellitus (T2DM) remains inconsistent across

studies. The objective of this systematic review and meta-

analysis of published population-based observational

studies was to assess the association between age at men-

arche and T2DM risk. We searched online data bases

through December 2013 and examined the reference lists

of pertinent articles. Summary relative risks (RRs) with

95 % confidence intervals (CIs) were calculated with a

random-effects model. A total of 14 effect estimates from

10 eligible studies (three cross-sectional and seven cohort

studies) included 315,428 participants and 22,085 cases of

T2DM. Compared with the highest or middle category,

women in the lowest category of age at menarche had

higher risk of T2DM [summary RR (95 % CI) 1.22 (1.17,

1.28)]. These results were consistent between studies that

conducted in the United States and in Europe. The asso-

ciation between age at menarche and T2DM was slightly

stronger for cohort than for cross-sectional studies. These

findings strongly support an association between younger

age at menarche and increased risk of T2DM. Age at

menarche may help identify women with increased risk of

developing T2DM.

Keywords Age at menarche � Diabetes mellitus �
Menstruation � Meta-analysis � Risk factors � Systematic

review

Introduction

The association between early menarche and type 2 dia-

betes mellitus (T2DM) is important public health problem

because average age at menarche, the age at onset of first

menstruation in girls, is declining [1, 2], coincidental with

the trend of increasing prevalence of obesity and T2DM [3,

4]. Age at menarche represents a distinct event in puberty,

is usually well recalled into adulthood, and therefore is a

convenient noninvasive measure of pubertal timing [5, 6].

Although several observational studies have investigated

the association between age at menarche and risk of T2DM

[7–10] and its risk markers [10–16], the role of age at

menarche as a risk factor for T2DM remains unsettled:

Reported associations have been inverse [8, 9, 17–19] or

null [7, 10, 17, 20]. It is well established that obesity is

strongly associated with increased risk of T2DM [21, 22],

factor that inversely related to age at menarche too [23–

25]. The interpretation of these findings, however, has been

hampered by the low frequency of occurrence of both early

menarche and T2DM in the same individual, which results

in the lack of statistical power to adequately analyze this

association in many studies, and confounding by obesity.

Whether early menarche increases risk of T2DM inde-

pendently is an important question because there is a

possibility of early intervention.

We conducted a systematic review and meta-analysis of

cross-sectional and cohort studies to summarize the epi-

demiologic evidence on the association between age at

menarche and T2DM and to identify possible sources of
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heterogeneity between studies. We also aimed to evaluate

whether the associations varied by study design, geo-

graphic area, and follow-up duration. This approach can

strengthen the statistical power and generalizability of our

findings, and thus help resolve inconsistencies from

seemingly divergent individual study estimates.

Materials and methods

The present systematic review was done in accordance

with the Metaanalysis of Observational Studies in Epide-

miology (MOOSE) guidelines for reviews of observational

studies [26].

Search strategy

We searched online databases (Pub Med, ISI, EMbase,

Google Scholar, and Cochrane Collaboration) through

December 2013 using terms ‘‘menarche’’ and ‘‘menstrua-

tion’’ combined with ‘‘diabetes mellitus’’, ‘‘diabetes’’,

‘‘glucose’’, or ‘‘insulin’’, limited to studies in humans. We

also reviewed reference lists of the identified publications

for additional pertinent studies. No language restrictions

were imposed.

Eligibility criteria

Published studies were included in the meta-analysis if

they met the following criteria: (1) peer-reviewed original

article, (2) cohort, case–control, or cross-sectional study,

and (3) adult women population. Studies were excluded if

they did not provide data that allowed us to calculate

standard errors for effect estimates and if the estimates

were not adjusted for BMI.

Figure 1 shows a flow diagram describing the study

selection process. The initial search by key words yields

276 reports, of which 256 were excluded due to not eligible

study design or irrelevant to the original research question.

Additional 10 studies were excluded because the disease of

interest was either type 1 or gestational diabetes, or found

irrelevant to the original research question. The 10 epide-

miological studies considered for inclusion in this meta-

analysis were three cross-sectional and seven cohort studies

on the association between age at menarche and the prev-

alence or incidence of T2DM [7–10, 17–20, 27, 28].

Data extraction

We extracted data on publication (the first author’s last

name, year of publication, and country of population

studied), study design, number of exposed and unexposed

subjects, follow-up period (for cohort studies), age, risk

estimates with their corresponding confidence intervals

(CIs), and variables controlled for in the multivariable

model. From each study, we extracted the risk estimates

that reflected the greatest degree of control for potential

confounders. Information on study design, participant

characteristics, measurement of diabetes, adjustment for

potential confounders, and estimates of associations was

extracted independently by two reviewers (MJ and EH).

Discrepancies were resolved by discussion. For studies [8,

10, 18–20, 28] that compared the highest and lowest cat-

egories of age at menarche or entered it as continuous

variables, we converted the results to compare the lowest

and highest categories or each 1 year early in menarche

with the reciprocal of the odds ratio or rate ratio. Age at

menarche was defined as age at the first menstrual period

and was ascertained by self-reported recall questionnaire or

personal interview.

Statistical analysis

The lowest category of age at menarche was compared

with highest or middle category. Three measures of asso-

ciation were used for the meta-analysis: odds ratio (cross-

sectional studies), incidence rate ratio and hazard ratio

(HR) (cohort studies). For simplicity, we refer to relative

risk (RR) for all three types of measures of association.

Because the frequency at which diabetes occur is relatively

low, the odds ratio in cross-sectional studies and rate ratios

and HR in cohort studies yield similar estimates of RR

[29].

We produced forest plots to assess the multivariate-

adjusted RR and corresponding 95 % CI visually across

studies. We used the logarithm of the RR with its standard

error for the meta-analysis. Summary RR estimates with

their corresponding 95 % CIs were derived by the method

of DerSimonian and Laird [30] with use of a random-

effects model, which incorporates between-study variabil-

ity. The method of DerSimonian and Laird is the simplest

and most commonly used method for fitting random-effects

Studies found (n=276)

Total observational studies included
(n=10)

Excluded (n=10)
Irrelevant to current study (n=3)
Type 1 diabetes (n=6)
Gestational diabetes (n=1)

Studies found on the basis of 
title/abstract for evaluating by reading 
full text (n=20)

Excluded for study design or 
irrelevant to current study (n=256)

Fig. 1 Flow diagram of study selection process
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models in meta-analyses. Statistical heterogeneity of the

RR between studies was evaluated with Cochran’s Q test

and quantified with the I2 statistic [31] (I2 = 0 % indicates

no observed heterogeneity, I2 C 50 % indicated substantial

heterogeneity [32]).

To assess sources of heterogeneity, we conducted a

meta-regression analysis with region (USA, Europe or

China), study design, and duration of follow-up in cohort

studies as independent variables and the logRR as the

dependent variables and subgroup analyses. Sensitivity

analysis was done by successively removing a particular

study or group of studies (if any) which had the highest

impact on the heterogeneity test. Publication bias was

assessed by visual inspection of funnel plots [33]. In these

funnel plots; the RR’s were displayed against the inverse of

the square of the standard error (a measure of the precision

of the studies). Formal statistical assessment of funnel plot

asymmetry was done with Egger’s regression asymmetry

test [34]. The reported P values are from the intercept in

the regression analysis, which provides a measure of

asymmetry. In addition, Begg’s adjusted rank correlation

test and the trim-and-fill method were used [33, 35]. Sta-

tistical analyses were carried out with Comprehensive

Metaanalysis Software version 2.0 (Englewood, NJ Bio-

Stat). P values \0.05 were considered statistically signifi-

cant. All statistical tests were two-sided.

Results

Study characteristics

A total of 14 effect estimates from 10 independent studies

with 315,428 participants and 22,085 cases of T2DM from

Table 1 Cross-sectional studies of age at menarche and risk of type 2 diabetes mellitus (T2DM) that satisfied eligibility criteria for inclusion in

the systematic review and meta-analysis

Source,

country

Age at menarche

(year) (% or mean

(SD)

Age

(year)

Study population

and no. of

participants

No. of T2DM and

measurement method

OR (95 % CI) Controlled variables

Saquib

et al.

[10],

USA

\12 year = 14.5 %

12–15 year = 78.9 %

C16 year = 6.6 %

50–92 Rancho Bernardo

Study: 997

postmenopausal

women

125 physician diagnosed

or use of anti-diabetic

medication or blood

glucose test (OGTT)

C16 year = referent

\12 year = 2.27

(0.62, 9.09)a

Age, BMI, no. of

pregnancies, physical

activity, smoking,

current estrogen use,

family history of

diabetes

Stockl

et al.

[19],

Germany

13.5 (1.6) 32–81 Cooperative

Health Research

in the Region of

Augsburg, South

Germany : 1503

women

140 self-reported

glucose-lowering

medications and blood

glucose test (OGTT)

1.19 (1.02, 1.37)a

per year early age

at menarche

Year of birth, BMI, BMI

at age 25, physical

activity, education,

marital status,

smoking, alcohol

consumption,

menopausal status.

Dreyfus

et al.

[17],

USA

White: 12.9 (1.6)

African American:

12.9 (1.7)

45–65 Atherosclerosis

Risk in

Communities

study: White

women: 5,504

African American

women: 1997

White: 482 self-reported

physician diagnosed

and blood glucose test

(fasting

glucose C 126 mg/dl,

non-fasting

glucose [ 200 mg/dl)

African American: 508

self-reported physician

diagnosed and blood

glucose test (fasting

glucose C 126 mg/dl,

non-fasting

glucose [ 200 mg/dl).

White:

13 year = referent

8–11 year = 1.41

(1.05, 1.89)

African American:

13 year = referent

8–11 year = 0.94

(0.68, 1.30)

Age, center, family

history of diabetes,

smoking, use of oral

contraceptives,

education, BMI, BMI

at age 25, height, waist

circumference

Qiu et al.

[20],

China

16 (0.5) 37–92 Population-based

cross-sectional

study in Fujian,

China: 3,304

post menopausal

women

738 physician diagnosed

or use of antidiabetic

medication or blood

glucose test (OGTT)

16 year = referent

9–14 year = 1.11

(0.83, 1.52)a

Age, physical activity,

parity, smoking,

alcohol consumption,

family history of DM,

BMI, waist

circumference.

OR odds ratio, CI confidence interval, T2DM type 2 diabetes mellitus, OGTT oral glucose tolerance test
a We converted the results to compare the lowest and highest categories with the reciprocal of the odds ratio

Acta Diabetol (2014) 51:519–528 521

123



T
a

b
le

2
C

o
h

o
rt

st
u

d
ie

s
o

f
ag

e
at

m
en

ar
ch

e
an

d
d

ia
b

et
es

m
el

li
tu

s
(D

M
)

ri
sk

th
at

sa
ti

sfi
ed

el
ig

ib
il

it
y

cr
it

er
ia

fo
r

in
cl

u
si

o
n

in
th

e
sy

st
em

at
ic

re
v

ie
w

an
d

m
et

a-
an

al
y

si
s

S
o

u
rc

e,

co
u

n
tr

y

A
v

er
ag

e

fo
ll

o
w

-

u
p

p
er

io
d

(y
ea

r)

A
g

e
at

en
ro

ll
m

en
t

(y
ea

r)

M
ea

n
(S

D
)

ag
e

at

m
en

ar
ch

e

(y
ea

r)

S
tu

d
y

p
o

p
u

la
ti

o
n

N
o

.
o

f
T

2
D

M
an

d
m

ea
su

re
m

en
t

m
et

h
o

d

R
R

(9
5

%
C

I)
C

o
n

tr
o

ll
ed

v
ar

ia
b

le
s

C
o

o
p

er

et
al

.
[7

],

U
S

A

U
n

k
n

o
w

n
6

3
–

8
1

1
2

.4
(1

.7
)

T
h

e
M

en
st

ru
at

io
n

an
d

re
p

ro
d

u
ct

iv
e

h
is

to
ry

st
u

d
y

:
6

6
8

w
h

it
e,

co
ll

eg
e-

ed
u

ca
te

d
w

o
m

en

C
o

m
p

ar
is

o
n

g
ro

u
p

:

u
n

k
n

o
w

n

4
9

se
lf

-r
ep

o
rt

ed
p

h
y

si
ci

an
d

ia
g

n
o

se
d

1
.1

(0
.9

,
1

.3
)

p
er

y
ea

r

ea
rl

y
ag

e
at

m
en

ar
ch

e

A
g

e,
B

M
I

at
ag

e
3

0

L
ak

sh
m

an

et
al

.
[8

],

U
K

8
4

0
–

7
5

1
3

.0
(1

.6
)

T
h

e
N

o
rf

o
lk

co
h

o
rt

o
f

th
e

E
u

ro
p

ea
n

P
ro

sp
ec

ti
v

e

In
v

es
ti

g
at

io
n

in
to

ca
n

ce
r

an
d

N
u

tr
it

io
n

:
1

3
,3

0
8

w
o

m
en

.

C
o

m
p

ar
is

o
n

g
ro

u
p

:

2
,2

0
8

(1
7

%
)

w
o

m
en

in
h

ig
h

es
t

q
u

in
ti

le
o

f
ag

e
at

m
en

ar
ch

e

7
3

4
se

lf
-r

ep
o

rt
ed

p
h

y
si

ci
an

d
ia

g
n

o
se

d
,

d
ia

b
et

es
d

ru
g

u
se

,
g

en
er

al
p

ra
ct

ic
e

an
d

lo
ca

l
h

o
sp

it
al

d
ia

b
et

es
re

g
is

te
rs

,

h
o

sp
it

al
ad

m
is

si
o

n
d

at
a,

O
ffi

ce
fo

r

N
at

io
n

al
S

ta
ti

st
ic

s
m

o
rt

al
it

y
d

at
a

H
ig

h
es

t
q

u
in

ti
le

(1
5

–
1

8
y

ea
r)

=
re

fe
re

n
t

L
o

w
es

t
q

u
in

ti
le

(8
–

1
1

y
ea

r)
=

1
.5

2

(1
.1

8
,

1
.9

6
)a

A
g

e,
B

M
I,

re
p

ro
d

u
ct

iv
e

fa
ct

o
rs

,

sm
o

k
in

g
,

o
cc

u
p

at
io

n
al

so
ci

al
cl

as
s,

ed
u

ca
ti

o
n

,
p

h
y

si
ca

l
ac

ti
v

it
y

,
fa

m
il

y

h
is

to
ry

o
f

d
ia

b
et

es

H
e

et
al

.

[9
],

U
S

A

N
H

S
I:

2
6

N
H

S
II

:

1
4

N
H

S
I:

3
4

–
5

9

N
H

S
II

:

2
6

–
4

6

N
H

S
I:

u
n

k
n

o
w

n

N
H

S
II

:

u
n

k
n

o
w

n

T
h

e
N

u
rs

es
’

H
ea

lt
h

st
u

d
y

(N
H

S
)

I
an

d

II
:

2
0

1
,9

6
2

N
H

S
I:

1
0

1
,4

1
5

N
H

S
II

:
1

0
0

,5
4

7

C
o

m
p

ar
is

o
n

g
ro

u
p

:

N
H

S
I:

3
1

,4
3

9

(3
1

.1
%

)
w

o
m

en

w
it

h
ag

e
at

m
en

ar
ch

e
1

3
y

ea
r

N
H

S
II

:
2

6
,9

9
5

(2
7

.6
%

)
w

o
m

en

w
it

h
ag

e
at

m
en

ar
ch

e
1

3
y

ea
r

N
H

S
I:

7
,9

6
3

N
H

S
II

:
2

,7
3

9

S
el

f-
re

p
o

rt
ed

an
d

co
n

fi
rm

ed
b

y
m

ea
n

s

o
f

su
p

p
le

m
en

ta
ry

q
u

es
ti

o
n

n
ai

re
an

d

m
ed

ic
al

re
co

rd
s

re
v

ie
w

.

N
H

S
I:

1
3

Y
ea

r
=

re
fe

re
n

t

B
1

1
Y

ea
r

=
1

.1
8

(1
.1

0
,

1
.2

7
)

N
H

S
II

:

1
3

Y
ea

r
=

re
fe

re
n

t

B
1

1
Y

ea
r

=
1

.4
0

(1
.2

4
,

1
.5

7
)

A
g

e,
p

ar
it

y
,

ra
ce

/e
th

n
ic

it
y

fa
m

il
y

h
is

to
ry

o
f

d
ia

b
et

es
,

li
fe

st
y

le
an

d

re
p

ro
d

u
ct

iv
e

fa
ct

o
rs

,
ch

il
d

h
o

o
d

ch
ar

ac
te

ri
st

ic
s,

B
M

I
at

ag
e

1
8

522 Acta Diabetol (2014) 51:519–528

123



T
a

b
le

2
co

n
ti

n
u

ed

S
o

u
rc

e,

co
u

n
tr

y

A
v

er
ag

e

fo
ll

o
w

-

u
p

p
er

io
d

(y
ea

r)

A
g

e
at

en
ro

ll
m

en
t

(y
ea

r)

M
ea

n
(S

D
)

ag
e

at

m
en

ar
ch

e

(y
ea

r)

S
tu

d
y

p
o

p
u

la
ti

o
n

N
o

.
o

f
T

2
D

M
an

d
m

ea
su

re
m

en
t

m
et

h
o

d

R
R

(9
5

%
C

I)
C

o
n

tr
o

ll
ed

v
ar

ia
b

le
s

C
o

n
w

ay

et
al

.
[2

8
],

C
h

in
a

7
.3

4
0

–
7

0
1

4
.8

(0
.1

)
T

h
e

S
h

an
g

h
ai

W
o

m
en

’s
H

ea
lt

h

S
tu

d
y

:
6

9
,3

8
5

w
o

m
en

.

C
o

m
p

ar
is

o
n

g
ro

u
p

:

1
3

,8
7

7
w

o
m

en
in

h
ig

h
es

t
q

u
in

ti
le

o
f

ag
e

at
m

en
ar

ch
e

1
,8

3
1

se
lf

-r
ep

o
rt

ed
p

h
y

si
ci

an
d

ia
g

n
o

si
s

b
as

ed
o

n
fa

st
in

g
g

lu
co

se
,

O
G

T
T

an
d

u
se

o
f

h
y

p
o

g
ly

ce
m

ic
ag

en
t

H
ig

h
es

t
q

u
in

ti
le

(1
7

–
2

6
y

ea
r)

=
re

fe
re

n
t

L
o

w
es

t
q

u
in

ti
le

(8
–

1
3

y
ea

r)
=

1
.1

3

(0
.9

5
,

1
.3

3
)a

B
ir

th
co

h
o

rt
,

ed
u

ca
ti

o
n

,
in

co
m

e,
B

M
I

at
ag

e
2

0
,

B
M

I
at

b
as

el
in

e,
p

h
y

si
ca

l

ac
ti

v
it

y
d

u
ri

n
g

ad
o

le
sc

en
ce

P
ie

rc
e

[1
8
],

U
K

5
3

5
3

1
3

.2
(1

.8
)

T
h

e
M

ed
ic

al

R
es

ea
rc

h
C

o
u

n
ci

l

N
at

io
n

al
S

u
rv

ey
o

f

H
ea

lt
h

an
d

D
ev

el
o

p
m

en
t:

1
,6

3
2

w
o

m
en

C
o

m
p

ar
is

o
n

g
ro

u
p

:

u
n

k
n

o
w

n

2
6

P
h

y
si

ci
an

d
ia

g
n

o
se

d
1

.1
6

(0
.8

5
,

1
.5

9
)

p
er

y
ea

r

ea
rl

y
ag

e
at

m
en

ar
ch

ea
B

M
I

D
re

y
fu

s

et
al

.
[1

7
],

U
S

A

7
.1

W
h

it
e:

5
4

.0

A
fr

ic
an

A
m

er
ic

an
:

5
3

.3

W
h

it
e:

1
2

.9

(1
.6

)

A
fr

ic
an

A
m

er
ic

an
:

1
2

.9
(1

.7
)

T
h

e
A

th
er

o
sc

le
ro

si
s

R
is

k
in

C
o

m
m

u
n

it
ie

s
st

u
d

y

:
7

,5
0

1

W
h

it
e:

5
,5

0
4

A
fr

ic
an

A
m

er
ic

an
:

1
,9

9
7

C
o

m
p

ar
is

o
n

g
ro

u
p

:

W
h

it
e:

1
2

5
w

o
m

en

w
it

h
ag

e
at

m
en

ar
ch

e
1

3
y

ea
r

A
fr

ic
an

A
m

er
ic

an
:

6
7

1
w

o
m

en
w

it
h

ag
e

at
m

en
ar

ch
e

1
3

y
ea

r

W
h

it
e:

4
3

3
se

lf
-r

ep
o

rt
ed

p
h

y
si

ci
an

d
ia

g
n

o
se

d
an

d
b

lo
o

d
g

lu
co

se
te

st

(f
as

ti
n

g
g

lu
co

se
C

1
2

6
m

g
/d

l,
n

o
n

-

fa
st

in
g

g
lu

co
se

[
2

0
0

m
g

/d
l)

A
fr

ic
an

A
m

er
ic

an
:

3
2

2
se

lf
-r

ep
o

rt
ed

p
h

y
si

ci
an

d
ia

g
n

o
se

d
an

d
b

lo
o

d

g
lu

co
se

te
st

(f
as

ti
n

g
g

lu
co

se

C
1

2
6

m
g

/d
l,

n
o

n
-f

as
ti

n
g

g
lu

co
se

[
2

0
0

m
g

/d
l)

W
h

it
e:

1
3

y
ea

r
=

re
fe

re
n

t

8
–

1
1

y
ea

r
=

1
.2

2
(0

.9
2

,

1
.6

3
)

A
fr

ic
an

A
m

er
ic

an
:

1
3

y
ea

r
=

re
fe

re
n

t

8
–

1
1

y
ea

r
=

1
.1

1
(0

.8
0

,

1
.5

6
)

A
g

e,
ce

n
te

r,
fa

m
il

y
h

is
to

ry
o

f
d

ia
b

et
es

,

sm
o

k
in

g
,

u
se

o
f

o
ra

l
co

n
tr

ac
ep

ti
v

es
,

ed
u

ca
ti

o
n

,
B

M
I,

h
ei

g
h

t,
w

ai
st

ci
rc

u
m

fe
re

n
ce

Acta Diabetol (2014) 51:519–528 523

123



twelve countries met the predefined inclusion criteria. Of

these 10 studies, three were cross-sectional studies that

used odds ratio as the effect estimate [10, 19, 20]

(Table 1), six were cohort studies that used incidence rate

ratios as the measure of RR [7–9, 17, 18, 28] and one was a

nested case-cohort study that used HR as the measure of

RR [27] (Table 2). One study [17] analyzed both baseline

data (cross-sectional) and follow-up data (cohort). Five

studies were conducted in the United States [7, 9, 10, 17,

27], three in Europe [8, 18, 19], and two in China [20, 28].

One of European studies conducted in 26 research centers

across eight European countries [27]. In the primary meta-

analysis of age at menarche and T2DM, we included 14

effect estimates from four cross-sectional studies [10, 17,

19, 27] and the seven cohort studies [7–9, 17, 18, 20, 28].

Tables 1 and 2 show that the most common covariates

considered by the studies were BMI, physical activity,

smoking, and reproductive factors. We performed meta-

analysis for maximally adjusted estimates where available.

Age at menarche and type 2 diabetes

Individual study results and the overall summary results for

the 14 effect estimates from four cross-sectional and seven

cohort studies of age at menarche and T2DM are shown in

Fig. 2. Six of these 14 effect estimates found a statistically

significant inverse association between age at menarche

and T2DM. The prevalence study of one of the cohort

studies [17] reported a significant positive association

between age at menarche and T2DM [RR 1.41 (95 % CI

1.05, 1.89). The range of individual RRs was 0.94–2.27 and

the summary RR (95 % CI) for all 14 effect estimates from

10 studies was 1.22 (1.17, 1.28)]. Heterogeneity among

studies was not found (I2 = 30.4 %; Pheterogeneity = 0.134).

When age at menarche was treated as continuous vari-

ables for three studies, there was also a significant rela-

tionship between early age at menarche and T2DM

(summary RR (95 % CI) 1.15 (1.04, 1.29) per year early

age at menarche).

We also conducted subgroup meta-analyses by study

design, geographic area, number of T2DM cases, and

duration of follow-up (Table 3). The association between

age at menarche and T2DM was somewhat stronger in

cohort studies than in cross-sectional studies, although

differences were not statistically significant. Results were

consistent for studies conducted in Europe and in the

United States. The summary RR for two studies conducted

in China was not statistically significant (RR 1.13; 95 %

CI 0.97, 1.30). The summary estimate was similar [sum-

mary RR (95 % CI) 1.23 (1.16, 1.31)] for the two cohorts

with C10 years of follow-up and for the four cohorts with

follow-up duration \10 years [1.27 (1.15, 1.41)], there

was heterogeneity among two studies with C10 years ofT
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follow-up (Pheterogeneity = 0.049). Finally, the summary RR

for two studies with\100 T2DM cases was not statistically

significant [summary RR (95 % CI) 1.11 (0.95, 1.30)].

The heterogeneity tests showed no significant differ-

ences between individual studies. As expected, the sum-

mary RR and statistical significance from fixed-effect

models were similar to those derived from random-effects

models.

Publication bias

There was no funnel plot asymmetry for the association

between age at menarche and T2DM risk (data not shown).

P values for Begg’s adjusted rank correlation test and

Egger’s regression asymmetry test were 0.91 and 0.38,

respectively, indicating a low probability of publication

bias. No missing studies were identified with the trim-and-

fill method.

Discussion

Findings from this meta-analysis indicate that early

menarche was associated with significantly higher risk of

T2DM. The results were consistent for studies carried out

in the United States and in Europe. The association was

Source  RR (95% CI)

Saquib N, et al. 2005 [10]

He c, et al.2009 [9]: NHS 
Conway BN, et al. 2012 [28] 
Pierce MB, 2012 [18]

Dreyfus JG, et al. 2012 [17]: White 

Dreyfus JG, et al. 2012 [17]: White 

He c, et al.2009 [9]: NHS 

Dreyfus JG, et al. 2012 [17]: African American 

Stockl D, et al. 2012 [19]
Dreyfus JG, et al. 2012 [17]: African American 

Elks CE, et al. 2013 [27]

1.10 (1.10, 1.27)
2.20

1.40 (1.24, 1.57)
1.13 (0.95, 1.33)
1.16 (0.85, 1.59)

1.22 (0.92, 1.62)

1.11 (0.80, 1.56)

1.42
1.11
1.22

(0.02, 1.37)

(1.05, 1.89)
(0.68, 1.30)
(1.18, 1.30)
(0.83, 1.52)
(1.17, 1.28)

1.19
1.40 
0.94

%Weight

Cooper GS, et al. 2000 [7] 1.10 (0.90, 1.30) 6.21
Lakshman R, et al. 2008 [8] 1.52 3.20

0.11

39.89
14.80
7.28
2.10
2.52

1.85
9.47

2.38

1.96
5.99
2.25

0.5 1 2

Combined effect

Test for heterogeneity I2=30.35%, p = 0.134

(1.18, 1.96)
(0.69, 9.09) 

Qiu C, et al. 2013 [20]

Fig. 2 Forest plot of the association between age at menarche and

type 2 diabetes risk in cross-sectional and cohort studies. RR relative

risk, CI confidence interval, square study-specific RR estimate,

horizontal line 95 % CI, diamond summary RR estimate and its

corresponding 95 % CI. All statistical tests were two-sided. Statistical

heterogeneity between studies was assessed with the I2 test. Weights

are from random-effects analysis

Table 3 Summary relative risk (RR) estimates [95 % confidence intervals (CIs)] for cross-sectional and cohort studies of the association

between age at menarche and type 2 diabetes by study design, geographic area, and duration of follow-up

Subgroup No. of studies Summary RR (95 % CI) Between studies Between subgroups

Q Pheterogeneity Q Pheterogeneity

Study design

Cross-sectional 4 1.18 (1.05, 1.32) 4.382 0.357 0.481 0.488

Cohort studies 7 1.23 (1.17, 1.29) 13.815 0.087

Geographic area

United States 5 1.22 (1.15, 1.28) 11.832 0.106 2.608 0.271

Europe 4 1.30 (1.17, 1.43) 4.216 0.239

China 2 1.13 (0.97, 1.30) 0.010 0.919

Follow-up duration

\10 years 4 1.27 (1.15, 1.41) 5.869 0.209 0.285 0.593

C10 years 2 1.23 (1.16, 1.31) 6.035 0.049

Diabetes cases

\ 100 cases 2 1.11 (0.95,1.30) 0.083 0.774 1.463 0.226

C 100 cases 8 1.23 (1.18,1.29) 17.120 0.104
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observed in both cross-sectional and cohort studies. When

age at menarche was treated as continuous variables, the

association remained similar. To the best of our knowl-

edge, this is the first systematic review and meta-analysis

to assess the effect of early menarche on T2DM risk.

Despite differences in the age groups, study designs,

statistical power, measurement methods, definitions of

T2DM, obesity, and early menarche, the studies we

included showed inconsistent association between early

menarche and T2DM. For example, one cross-sectional

study linked early menarche to T2DM [19] but two other

such studies found no consistent association [10, 20]. In

the cross-sectional study of Cooperative Health Research

in the Region of Augsburg of 1,503 German women, the

association between early menarche and higher T2DM

risk remained significant after adjustment for BMI [19].

Some cohort studies have linked age at menarche to

T2DM [8, 9, 17, 27], but another cohort study found no

consistent association [28]. Data from Nurses’ Health

study (NHS) I and II [9], prospective EPIC-Norfolk

cohort studies [8], Atherosclerosis Risk in Communities

(ARIC) study [17], and the InterAct nested case-cohort

study [27] collectively showed age at menarche is

inversely associated with T2DM. The EPIC-Norfolk

study suggests that age at menarche and its association

with T2DM are completely mediated by adult obesity [8].

The NHS I showed an increase risk of T2DM in women

with early menarche, with a stronger effect in younger

than older women, and this effect seems to be mediated

through excessive adult obesity. Evidence of associations

among younger and middle-aged women in NHS II could

not be fully explained by increased adult BMI, suggesting

a risk pathway between age at menarche and T2DM

beyond excessive obesity [9]. In the ARIC cohort [17],

early age at menarche was associated with increased risk

of T2DM among white women, but not among African-

American women. The association was stronger for pre-

valent diabetes at baseline than for incidence diabetes

during 9 years of follow-up. Adulthood obesity partially

attenuated the association between early menarche and

prevalent diabetes and completely attenuated the associ-

ation with incident diabetes. Pierce et al. [18] that fol-

lowed women from birth to age 53 years found that age

at menarche was associated with T2DM before, but not

after adjustment for BMI. Data from Shanghai Women’s

Health Study [28] found no association between early

menarche and T2DM after further adjustment for baseline

BMI. The large nested case-cohort study of InterAct [27]

showed early menarche conferred a 42 % increase in the

risk of developing T2DM independently of adult BMI. It

seems that studies reported an association tended to be

large and included both postmenopausal and premeno-

pausal women [8, 9, 17, 19], while those that did not find

an association included only postmenopausal women and

might have been under powered [7, 10, 18, 20].

Published studies on the association between age at

menarche and T2DM are currently limited and have very

different characteristics and interpretations, so our analysis

must be interpreted in the context of the limitations in the

available data. Four of the effect estimates (28.6 %) were

based on cross-sectional studies. The prevalence analysis is

subject to a number of biases to which the incidence ana-

lysis was less susceptible. Two of the studies did not dis-

tinguish between type 1 and type 2 DM [7, 8]. Type 1 DM

has been associated with delayed menarche [36], so any

effect of including women with type 1 diabetes would have

attenuated the association between earlier menarche and

T2DM. In addition, because T2DM is an underdiagnosed

disease, some degree of misclassification of exposure to

T2DM is likely to have occurred. Such non-differential

misclassification would tend to weaken the true relation-

ship between age at menarche and T2DM. Women in all

studies could have had difficulty with recall of age at

menarche. The age at menarche has been assessed many

years later; therefore, misclassification may have occurred.

One study shows that women’s recall of menstrual history

is quite reliable [37]. In one longitudinal study, approxi-

mately 84 % of women, mean age 50 years, were able to

recall their age at menarche to within 1 year of the actual

date [5, 37]. There is no reason to believe that women with

T2DM recalled age at menarche any differently to those

without diabetes and such bias would be unlikely in this

systematic review and meta-analysis. Because of the

observational nature of included studies, the possibility of

residual confounding due to unmeasured or imperfectly

measured confounders cannot rule out. Lack of power is

another restriction of included studies. As in any meta-

analysis, the possibility of publication bias is of concern.

However, the results obtained from funnel plot analysis and

formal statistical tests did not provide evidence for such

bias.

Nearly all published studies included in this meta-ana-

lysis were conducted in whites, except one [17] and little

information is available on the relationship between age at

menarche and T2DM in minority populations. In this meta-

analysis, we were unable to conduct separate analyses by

ethnicity.

Obesity is a risk factor in both age at menarche and

T2DM. Thus, the observed increased risk of T2DM asso-

ciated with a history of early menarche may reflect residual

confounding by this risk factor. However, an inverse

association between age at menarche and T2DM risk

remained when we limited the meta-analysis to studies that

controlled for body mass index.

The mechanisms whereby early menarche increase

T2DM risk is not entirely clear. The putative mechanisms
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as discussed in earlier studies include hormone exposure

and/or change in glucose metabolism that track into

adulthood and have been shown to be a factor in T2DM

pathogenesis [9, 38]. Early menarche is associated with

higher estrogen levels and decreased serum sex hormone-

binding globulin levels that persist in adulthood [9, 37].

Increasing evidence suggests that endogenous sex hor-

mones play important roles in the pathogenesis of T2DM

[38, 39]. Another possible cause of the increased risk of

T2DM in women with early menarche is higher socio-

economic status of the parent’s generation compared with

earlier generation, leading to more rapid childhood growth

and obesity in offspring, which in turn lead to earlier

menarche and greater obesity and then insulin resistance

and eventually T2DM [17]. The association between early

menarche and T2DM may exist because early menarche

may be a marker of higher prepubertal BMI, with pro-

longed effects of increased obesity being the main risk

factor for T2DM. Another possible cause of the increased

risk of T2DM in women with early menarche is genetic

factors [27]. Animal studies showed that over express

Lin28 exhibit both later pubertal maturation and increased

glucose uptake [40] and provide a possible mechanistic

link between early menarche and T2DM risk.

In conclusion, the results from this meta-analysis

strongly support an inverse association between age at

menarche and increased risk of T2DM. With a worldwide

decreasing age at menarche, the contribution of early

menarche to incidence of T2DM may increase. These

findings emphasize the need for obesity prevention strate-

gies in girls with early menarche.
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