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Abstract
Purpose Early menopause (EM, age at menopause < 45 years) and premature ovarian insufficiency (POI, age at menopause
< 40 years) are associated with an increased risk of osteoporosis. However, their association with increased fracture risk has
not been established, with studies yielding conflicting results. The primary aim of this systematic review and meta-analysis
was to synthesize studies evaluating the association between age at menopause and fracture risk. The secondary aim was to
evaluate this effect concerning the site of fractures.
Methods A comprehensive search was conducted in PubMed, CENTRAL and Scopus, up to 31 January 2018. Data were
expressed as odds ratio (OR) with 95% confidence intervals (CI). The I2 index was employed for quantifying heterogeneity.
Results Eighteen studies were included in the qualitative and quantitative analysis (462,393 postmenopausal women, 12,130
fractures). Compared with women with age at menopause > 45 years, women with EM demonstrated higher fracture risk
(OR 1.36, 95% CI 1.11–1.66, p < 0.002, I² 81.5%). Women with POI did not display any difference in fracture risk
compared either with women with age at menopause > 40 (OR 1.23, 95% CI 0.72–2.09, p= 0.436, I² 62.5%) or >45 years
(OR 0.54, 95% CI 0.22–1.29, p= 0.17, I2 0%). No difference was evident when a separate analysis was performed for
vertebral, non-vertebral and hip fractures.
Conclusions This is the first meta-analysis showing that EM is associated with increased fracture risk compared with normal
age at menopause, without any distinct effect on the site of the fracture.

Keywords Postmenopausal women ● Age ● Early menopause ● Premature ovarian insufficiency ● Fractures

Introduction

Osteoporosis is a major global health problem characterized
by deterioration in bone microarchitecture, leading to
increased fragility and risk of fractures. In the United States,
1.5 million fractures annually are attributed to osteoporosis
[1], with an annual medical cost of 282 and 204 million
dollars for non-vertebral and hip fractures, respectively [2].
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Fractures have been associated with skeletal deformities,
significant disability in daily activities and increased mor-
tality (19% within the first year following a hip fracture,
with an excess of 1.8% per year) [1, 3].

Menopause is the post-reproductive period in the
woman’s life, typically defined as completion of 12 months
of amenorrhea or post-bilateral oophorectomy. The mean
age is 51 years, although 10% of the female population
enters menopause before 45 years. The latter situation is
defined as “early” (EM) or “premature” menopause [4].
Notably, about 1% of women enter menopause before the
age of 40 (0.1% under the age of 30), defined as “premature
ovarian insufficiency” (POI) [4]. Bone loss sharply accel-
erates during the late peri-menopausal period (1.6% in the
spine and 1% in hip) rising to 2 and 1.4%, respectively,
during the post-menopausal period [5]. Several studies have
shown that EM results in lower BMD at older ages [6, 7].
However, despite the well-documented effect of EM and
POI on bone loss, their exact effect on fracture risk is not
known, with studies showing either increased or no risk [8–
12]. Moreover, their exact effect concerning the site of the
skeleton is also not known. To our knowledge, no meta-
analysis has been published so far on these topics.

The primary aim of this study was to systematically
review and meta-analyze the best evidence regarding the
association of age at menopause with the fracture risk. The
secondary aim was to evaluate this association concerning
the site of fractures (vertebral, non-vertebral, hip).

Materials and methods

Guidelines followed

This systematic review followed the MOOSE (Meta-ana-
lyses Of Observational Studies in Epidemiology) guidelines
[13]. A flow diagram is shown in Fig. 1s completed
MOOSE checklist has been submitted as Supplementary
Table 1.

Search strategy

The following PICO (Population, Intervention or exposure,
Comparison, Outcome) elements were applied as inclusion
criteria for the systematic review: (i) Population: post-
menopausal women (ii) Intervention: early age at meno-
pause, either EM or POI (iii) Comparison group: women
with natural menopause (iv) Outcome: fractures. To identify
eligible studies, the main search was conducted in the
electronic databases MEDLINE, Scopus and Cochrane
(CENTRAL), covering the period from conception until 31
January 2018. More specifically we used using the fol-
lowing search strings for PubMed: (“Menopause,

Premature”[Mesh] OR “Primary Ovarian Insufficiency”[-
Mesh] OR “ovarian insufficiency”[tiab] OR “ovarian fail-
ure”[tiab] OR ((menopause[Mesh] OR menopause[tiab] OR
menopausal[tiab] OR climacteric[tiab] OR postmenopausal
[tiab] OR post-menopausal[tiab]) AND (early[tiab] OR
premature[tiab] OR age[tiab] OR years[tiab] OR time
[tiab]))) AND (“Osteoporotic Fractures”[Mesh] OR “Frac-
tures, Spontaneous”[Mesh] OR (((“Fractures, Stress”[Mesh]
OR “Spinal Fractures”[Mesh] OR “Tibial Fractures”[Mesh]
OR “Fractures, Compression”[Mesh] OR “Radius Frac-
tures”[Mesh] OR “Humeral Fractures”[Mesh] OR “Femoral
Neck Fractures”[Mesh] OR “Femoral Fractures”[Mesh]
“Fractures, Multiple”[Mesh]) OR ((“Fractures, Bone”[-
Mesh:noexp] OR fractures[tiab] OR fracture[tiab]) AND
(hip[tiab] OR femoral[tiab] OR vertebral[tiab] OR “non-
vertebral”[tiab] OR “non vertebral”[tiab]))) AND (“Risk
Assessment”[Mesh] OR “Risk Factors”[Mesh] OR risk
[tiab] OR incident[tiab] OR incidence[tiab] OR prevalence
[tiab] OR association[tiab] OR associated[tiab]))) NOT
(Animal[mesh] NOT Human[mesh]) NOT (letter[pt] OR
comment[pt] OR editorial[pt] OR Review[pt] OR “practice
guideline”[ptyp] OR “case reports”[ptyp]). The search
strings for Scopus and Cochrane (CENTRAL) are presented
in Supplementary Table 2. We also searched for “grey lit-
erature” using relevant websites, such as http://www.

Fig. 1 Flowchart diagram

Endocrine

http://www.opengrey.eu


Ta
bl
e
1
D
em

og
ra
ph

ic
ch
ar
ac
te
ri
st
ic
s
of

st
ud

ie
s
in
cl
ud

ed
in

th
e
an
al
ys
is

C
ha
ra
ct
er
is
tic
s
of

th
e
st
ud

ie
s
in
cl
ud

ed
C
ha
ra
ct
er
is
tic
s
of

th
e
pa
rt
ic
ip
an
ts

Id
F
ir
st
au
th
or

/y
ea
r
of

pu
bl
ic
at
io
n

C
ou

nt
ry

S
tu
dy

de
si
gn

P
os
t-
m
en
op

au
sa
l

w
om

en
(t
ot
al

nu
m
be
r)

F
ra
ct
ur
es

(t
ot
al

nu
m
be
r)

M
ea
n
ag
e

(y
ea
rs
)

M
ea
n
B
M
I

(k
g/
m

2 )
H
R
T

A
nt
i-
os
te
op

or
ot
ic

th
er
ap
y

N
at
ur
al

m
en
op

au
se

S
ur
gi
ca
l

m
en
op

au
se

1
C
um

m
in
g
/
19

93
A
us
tr
al
ia

C
as
e-

co
nt
ro
l

16
9

79
N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

2
C
um

m
in
gs

/
19

95
U
S
A

C
oh

or
t

95
16

19
2

72
.0
±
5.
0

26
.6

N
/A

N
/A

N
/A

N
/A

3
T
up

pu
ra
in
en

/
19

95
F
in
la
nd

C
oh

or
t

N
/A

15
7

53
.4
±
2.
8

26
.1
±
4.
3

N
/A

N
/A

0
N
/A
*

4
P
ar
az
zi
ni
.
/
19

96
It
al
y

C
as
e-

co
nt
ro
l

77
3

20
2

64
.9
±
5.
5

N
/A

35
N
/A

N
/A

N
/A

5
V
ar
en
na

/
19

97
It
al
y

C
as
e-

co
nt
ro
l

67
6

33
7

57
.1
±
6.
7

23
.7
±
3.
3

11
4

N
/A

N
/A

N
/A

6
H
uo

/
20

03
C
hi
na

C
as
e-

co
nt
ro
l

33
9

11
2

67
.3
±
8.
3

23
.6
±
4.
2

N
/A

N
/A

N
/A

N
/A

7
V
an

de
r
V
oo

rt
/
20

03
N
et
he
rl
an
ds

C
as
e-

co
nt
ro
l

27
57

36
3

63
.0
±
7.
0

27
.0
±
4.
0

44
4

N
/A

27
57

0

8
V
an

de
r
K
lif
t
/
20

04
N
et
he
rl
an
ds

C
oh

or
t

12
23

85
65

.9
±
6.
7

26
.6
±
3.
9

N
/A

N
/A

12
23

0

9
P
ap
ai
oa
nn

ou
/
20

05
C
an
ad
a

C
oh

or
t

50
87

30
9

66
.7
±
9.
6

26
.9
±
4.
9

N
/A

N
/A

N
/A

N
/A

10
P
ag
an
in
i-
H
ill

/
20

05
U
S
A

C
oh

or
t

86
53

2,
27

6
73

.0
±
7.
4

23
.0
±
3.
5

N
/A

N
/A

N
/A

N
/A

11
Je
nk

in
s
/
20

08
U
S
A

C
as
e-

co
nt
ro
l

48
8

19
0

69
.2
±
25

.5
N
/A

28
9

N
/A

N
/A

N
/A

12
B
an
ks

/
20

09
U
K

C
oh

or
t

40
6,
97

9
1,
53

3
58

.1
±
4.
5

26
.4
±
4.
9

0
0

40
6,
97

9
0

13
L
es
pe
ss
ai
lle
s
/
20

09
F
ra
nc
e

C
as
e-

co
nt
ro
l

25
4

11
5

67
.9
±
10

.0
N
/A

N
/A

15
5

N
/A

N
/A

14
T
re
m
ol
ie
re
s
/
20

10
F
ra
nc
e

C
oh

or
t

18
95

14
5

53
.5
±
4.
2

23
.0
±
3.
04

N
/A

0
N
/A

N
/A

15
S
hi
n
/
20

12
S
ou

th
K
or
ea

C
oh

or
t

11
92

20
2

59
.1
±
8.
7

25
.0
±
3.
3

N
/A

N
/A

N
/A

N
/A

16
P
fi
st
er

/
20

13
U
S
A

C
oh

or
t

22
7

27
53

.9
±
2.
8

27
.5
±
5.
6

N
/A

N
/A

N
/A

N
/A

17
L
am

br
in
ou

da
ki

/
20

15
G
re
ec
e

C
as
e-

co
nt
ro
l

45
4

37
56

.8
±
7.
1

26
.9
±
4.
4

20
6

N
/A

N
/A

18
S
ul
liv

an
/
20

15
U
S
A

C
oh

or
t

21
,7
11

5,
76

9
65

.4
±
7.
1

27
.8
±
6.
1

0
67

5
21

,7
11

0

B
M
I
bo

dy
m
as
s
in
de
x,

H
R
T
ho

rm
on

e
re
pl
ac
em

en
t
th
er
ap
y,

N
/A

no
n-
av
ai
la
bl
e

*e
xt
ra
ct
ab
le

da
ta

re
fe
r
on

ly
to

w
om

en
w
ith

su
rg
ic
al

m
en
op

au
se
;
th
e
ex
ac
t
nu

m
be
r
of

th
em

w
as

no
t
pr
ov

id
ed

Endocrine



Ta
bl
e
2
D
em

og
ra
ph

ic
ch
ar
ac
te
ri
st
ic
s
of

pa
rt
ic
ip
an
ts
ac
co
rd
in
g
to

ag
e
at

m
en
op

au
se

Id
F
ir
st
au
th
or

/
ye
ar

of
pu

bl
ic
at
io
n

A
ge

at
m
en
op

au
se

<
45

ye
ar
s

>
45

ye
ar
s

<
40

ye
ar
s

>
40

ye
ar
s

T
ot
al

nu
m
be
r
of

pa
rt
ic
ip
an
ts

W
om

en
w
ith

fr
ac
tu
re
s

(t
ot
al

nu
m
be
r)

V
er
te
br
al

fr
ac
tu
re
s

N
on

-
ve
rt
eb
ra
l

fr
ac
tu
re
s

H
ip

fr
ac
tu
re
s

T
ot
al

nu
m
be
r
of

pa
rt
ic
ip
an
ts

W
om

en
w
ith

fr
ac
tu
re
s

(t
ot
al

nu
m
be
r)

V
er
te
br
al

fr
ac
tu
re
s

N
on

-
ve
rt
eb
ra
l

fr
ac
tu
re
s

H
ip

fr
ac
tu
re
s

T
ot
al

nu
m
be
r
of

pa
rt
ic
ip
an
ts

W
om

en
w
ith

fr
ac
tu
re
s

(t
ot
al

nu
m
be
r)

T
ot
al

nu
m
be
r
of

pa
rt
ic
ip
an
ts

W
om

en
w
ith

fr
ac
tu
re
s

(t
ot
al

nu
m
be
r)

1
C
um

m
in
g
/
19

93
50

21
N
/A

N
/A

21
11

9
58

N
/A

N
/A

58
N
/A

N
/A

N
/A

N
/A

2
C
um

m
in
gs

/
19

95
R
R
:
1.
3
(9
5%

C
I
0.
9–

1.
8)

*
N
/A

N
/A

N
/A

N
/A

3
T
up

pu
ra
in
en

/
19

95
O
R
:
3.
64

(9
5%

C
I
1.
01
–
13

.0
4)

*
N
/A

N
/A

N
/A

N
/A

4
P
ar
az
zi
ni

/
19

96
11

7
31

N
/A

N
/A

31
65

6
17

1
N
/A

N
/A

17
1

29
4

74
4

19
8

5
V
ar
en
na

/
19

97
91

75
N
/A

75
N
/A

58
5

26
2

N
/A

26
2

N
/A

N
/A

N
/A

N
/A

N
/A

6
H
uo

/
20

03
57

26
N
/A

N
/A

26
28

2
86

N
/A

N
/A

86
N
/A

N
/A

N
/A

N
/A

7
V
an

de
r
V
oo

rt
/

20
03

58
2

10
0

N
A

N
A

N
A

21
75

26
5

N
A

N
A

N
A

N
/A

N
/A

N
/A

N
/A

8
V
an

de
r
K
lif
t
/

20
04

20
8

19
19

N
/A

N
/A

10
15

66
66

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

9
P
ap
ai
oa
nn

ou
,
/

20
05

1,
56

8
90

8
82

N
/A

35
19

21
9

26
19

3
N
/A

N
/A

N
/A

N
/A

N
/A

10
P
ag
an
in
i-
H
ill

/
20

05
2,
34

9
60

0
15

5
12

4
32

1
63

04
16

76
43

9
33

1
90

6
N
/A

N
/A

N
/A

N
/A

11
Je
nk

in
s
/
20

08
20

2
84

N
/A

N
/A

84
28

6
10

6
N
/A

N
/A

10
6

N
/A

N
/A

N
/A

N
/A

12
L
es
pe
ss
ai
lle
s
/

20
09

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

31
20

22
3

95

13
B
an
ks

/
20

09
49

,1
32

25
1

N
/A

N
/A

25
1

35
7,
84

7
12

82
N
/A

N
/A

12
82

N
/A

N
/A

N
/A

N
/A

14
T
re
m
ol
ie
re
s
/

20
10

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

61
5

18
34

14
0

15
S
hi
n
/
20

12
25

0
48

48
N
/A

N
/A

94
2

15
4

15
4

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

16
Pfi

st
er

/
20

13
N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

20
6

20
7

21

17
S
ul
liv

an
/
20

15
N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

52
4

13
9

21
,1
87

56
30

18
L
am

br
in
ou

da
ki

/
20

15
96

11
11

N
/A

N
/A

35
8

26
26

N
/A

N
/A

35
2

41
9

35

B
M
I
bo

dy
m
as
s
in
de
x,

O
R
od

ds
ra
tio

,
R
R
re
la
tiv

e
ri
sk

*n
o
nu

m
er
ic
al

da
ta

w
er
e
av
ai
la
bl
e
w
ith

re
ga
rd

to
fr
ac
tu
re
s

Endocrine



opengrey.eu, http://greylit.org and https://clinicaltrials.gov.
We used the EndNote V8 as our search software.

In addition, a manual search was conducted through
reference lists of reviews and meta-analyses, identified by
the above systematic database search. The main search was
completed independently by three investigators (PS, NKG,
and NK), who checked all the available articles. Any dis-
crepancy was solved by consultation of two investigators,
not involved in the initial procedure (PA and DGG).

Trial selection

Specific inclusion criteria were set prior to the literature
search, as follows: (i) Studies conducted in post-
menopausal women (either hysterectomized or non-hyster-
ectomized) and (ii) Studies providing extractable data. Both
cohorts and case-control (cross-sectional) studies were eli-
gible. Studies were excluded if they: (i) Had no control
group (without fractures), (ii) Included only pre- or peri-
menopausal women, (iii) Were conducted in patients
receiving therapy associated with bone loss, such as aro-
matase inhibitors, (iv) Were written in a language other than
English, (v)Included patients with metabolic bone diseases,
such as Paget’s disease or rheumatoid arthritis, (vi) Were
conducted in animals, (vii) Had no information or proper
discrimination on fractures according to the age of
menopause.

Data extraction

Three researchers (PS, NKG, and NK) reviewed all eligible
studies. The following data were extracted and recorded: (i)
First author, (ii) Year of publication, (iii) Country in which
the study was conducted, (iv) Study design (case-control or
cohort), (v) Duration (available in cohorts), (vi) Total
number of participants, (vii) Number of women with EM
(age at menopause < 45 years), (viii) Number of women
with POI (age at menopause < 40 years), (ix) Number of
women with normal age at menopause (>45 years), (x)
Number of women with age at menopause > 50 years, (xi)
Number of women with age at menopause > 40 years, (xii)
Number of cases with fractures and the specific site of
fracture in each of these categories. From these data
(vii–xii), odds ratios (OR) for fracture risk were calculated.
Parameters, such as mean age of the participants at study
entry, mean body mass index (BMI), type of menopause
(surgical or natural), use of hormone replacement therapy
(HRT) or any other anti-osteoporotic medication, method of
fracture diagnosis, smoking status, alcohol intake and
physical activity, were also recorded, where available. For
papers with missing data, we sent e-mails to the authors
(two e-mails within a 15-day period), but we did not receive

any response. For some older studies (i.e., published before
2000), no communication via e-mail was feasible.

The following comparisons were made: (i) Women with
EM compared with those with age at menopause > 45 years,
(ii) Women with EM compared with those with age at
menopause > 50 years, (iii) Women with POI compared
with those with age at menopause > 40 years and (iv)
Women with POI compared with those with age at meno-
pause > 45 years. Comparisons according to the site of
fractures were performed where available.

Risk of bias and study quality assessment

Newcastle-Ottawa scale (NOS) was used for assessing the
quality of each study. NOS evaluates studies based on three
criteria: (i) Participant selection, (ii) Comparability of study
groups and (iii) Assessment of outcome or exposure. A
study can be awarded a maximum of four stars for the
selected category, a maximum of two stars for the com-
parability category and a maximum of three stars for the
outcome/exposure category. Finally, each study is char-
acterized as good, fair or poor according to the number of
obtained stars [14]. More specifically, the quality of a study
is characterized as “good” when it obtains 3 or 4 stars in
selection domain and 1 or 2 stars in comparability domain
and 2 or 3 stars in outcome/exposure domain. “Fair quality”
is a characterization used for 2 stars in selection domain and
1 or 2 stars in comparability domain and 2 or 3 stars in
outcome/exposure domain, whereas, a study is considered
of “poor quality” in cases of 0–1 stars in selection domain
or 0 stars in comparability domain or 0–1 stars in outcome/
exposure domain. Data on bias assessment by NOS are
presented in Supplementary Table 3.

Statistical analysis

Random effects model was used for data synthesis (Mantel/
Haenszel model) in all meta-analyses, as it was anticipated
that significant heterogeneity would be present among stu-
dies. Associations were reported as OR with 95% con-
fidence intervals (CI). A p-value < 0.05 was considered as
statistically significant. Heterogeneity was tested with the
Cochrane chi-square test, and the degree of heterogeneity
was quantified by the I2 statistics. An I2 30–60% was
considered moderate, whereas values > 60% were con-
sidered as a high degree of heterogeneity. Publication bias
was formally tested with the Begg-Mazumdar test (pre-
sented in Funnel plot diagram, with p-values > 0.1 indicat-
ing the absence of publication bias) and the Egger’s test (p-
values > 0.1 indicating the absence of publication bias). To
further explain the heterogeneity among studies, sensitivity
analysis, subgroup analysis and meta-regression were
planned to be performed. Sensitivity analysis (by the use of
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random effects model) was used to locate outliers, defined
as studies that had large residuals (|z| > 2). Subgroup (stra-
tified) analysis (by the use of random effects model) was
performed for categorical variables, such as the continent in
which the study was conducted (European versus non-
European populations), type of menopause (natural versus
surgical), use of HRT or anti-osteoporotic medications and
low-energy fractures or fractures in general, as it was
anticipated that they could have a significant effect on the
main outcome. All subgroup analyses compared women
with EM with those of age at menopause > 45 years.
Numerical (age at study entry, BMI, BMD at the lumbar or
femoral site) and categorical (smoking status, level of
physical activity) parameters were planned to be used as
predictors of fracture risk (meta-regression by the use of
random effects model). All analyses were done with the
software Comprehensive MetaAnalysis V2.

Results

Systematic review

This arch strategy yielded a total of 4894 results after
removal of duplicates (7584 results initially), 57 of which
were assessed as full-texts for eligibility. Full-text articles
were excluded if they: (i) Reported data from a population
already used in one of the included studies (n= 1), (ii) Were
written in non-English language (n= 8), (iii) Were lacking
comparison data between early and normal menopausal
groups (n= 11), (iv) Were lacking a control group without
fractures (n= 2), (v) Used a threshold of normal age at
menopause other than 45 years (i.e., 47–53) (n= 3) and (vi)
Had missing or irrelevant data with regard to our study’s
endpoint (n= 14). The excluded studies and the reason for
this are presented in Supplementary Table 4. Eventually,
18 studies were included in the qualitative and quantitative
analysis [8–12, 15–27].

The characteristics of the studies and their participants
are presented in Table 1 and Table 2. Further details about
the case-control studies (matching for age or other vari-
ables) or the cohort studies (age at baseline), were not
available. The included studies were published between
1993 and 2015. Eight of them were case-control, and ten
were cohort studies (one of them retrospective). A total
number of 462,393 postmenopausal women with 12,130
cases with fractures were included. One study was con-
ducted in Australia, two in Asia, nine in Europe and six in
North America (five in the USA). The mean age of the
participants was 59.1 ± 5.9 years (data from 17 studies) and
the mean BMI 26.4 ± 4.9 kg/m2 (data from 14 studies).

Overall, 14 studies [8–12, 15–20, 23, 26, 27] compared
women with EM with those of age at menopause > 45 years.

Data regarding women with POI were available from six
studies [9, 21, 22, 24–26]. Four studies [17, 18] included
only women with natural menopause, whereas one study
[11] only women with surgical menopause. The remainder
included both women with natural and surgical menopause
or did not specify the type of menopause.

Reported fracture data were based on questionnaires/
interviews [17, 21, 24, 25, 27] or were confirmed by
medical records [10–12, 19, 22], hospital admissions [8, 9,
20], X-rays [15, 16, 22, 23, 26, 27] or by physicians [25].
Most studies [10–12, 15, 16, 19, 20, 22, 27], included only
low-energy fractures, having excluded those caused by
traumatic events or associated with other chronic metabolic
bone diseases, such as Paget’s disease or cancer-related
fractures. One study [17] acknowledged no application of
exclusion criteria. The rest of the studies [8, 9, 20, 21, 23–
26] did not specify the mechanism or the pathology of
fractures. Eleven studies [8–10, 12, 15, 16, 18–20, 23, 26]
provided data regarding the site of fracture (vertebral, non-
vertebral, hip), comparing EM and normal menopausal
groups.

Data on bone mineral density (BMD) or the presence of
osteoporosis (as a categorical variable) were available in
eight studies. The prevalence of osteoporosis was 8.7 to
38.7% in six studies [15, 17, 22–24, 26], in one study the
whole population was osteoporotic [21] and in another only
BMD values expressed in g/cm2 were available (without T-
scores) [27]. One study provided data for each subgroup
according to age at menopause, reporting an osteoporosis
prevalence of 30% in women with EM and 23% in those
with normal age at menopause [17].

Past or current use of HRT was reported in 12 studies [8–
12, 15, 17–19, 22–24, 26], ranging from 1.1 to 79%.
However, the exact proportion of those subjects having
received HRT was reported only in four studies [9, 15, 17,
19], ranging from 4.5 to 59.2%. Three studies excluded
patients who had ever received HRT [16, 20, 25], although
bisphosphonate use was reported in one of them (3.1%)
[25]. In three studies [21, 26, 27], there was no report on
HRT use, although, in one of them [26], 19.2% of patients
reported ever use of contraceptives and 41.5% of anti-
osteoporotic treatment. Another two studies [21, 25]
reported the use of anti-osteoporotic medication, in 3.1 [25]
and 61% [21] of the population. The remaining studies
either excluded or did not report the use of anti-osteoporotic
treatment.

Primary aim: comparison of women with EM with
those with normal age at menopause

Thirteen studies [8–12, 15–20, 23, 26, 27] provided data on
women with EM and those with normal age at menopause.
Two studies did not provide numerical data on menopausal
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women, and OR was used instead for the quantitative
analysis [11, 27]. Women with EM demonstrated a higher
risk of fracture compared with those of age at menopause >
45 years (OR 1.36, 95% CI 1.11–1.66, p < 0.002, I² 81.5%)
(Fig. 2). Increased fracture risk was also evident when the
comparison was performed with women of age at meno-
pause > 50 years [8, 9, 16, 18, 20] (OR 1.36, 95% CI
1.09–1.7, p= 0.006, I² 27.8%) (Fig. 3). Furthermore, eight
studies [10–12, 15, 16, 19, 20, 27] reported exclusively
low-energy fractures with a clear definition. When an ana-
lysis was conducted only for these studies, women with EM
were still at a greater risk of fracture compared with those of
age at menopause > 45 years (OR 1.48, 95% CI 1.11–1.97,
p= 0.007, I² 88.9%).

Primary aim: comparison of women with POI with
those with normal age at menopause

Data analysis from six studies [9, 21, 22, 24–26] showed no
difference in fracture risk between women with POI and
those of age at menopause > 40 years (OR 1.23, 95% CI
0.72–2.09, p= 0.436, I² 62.5%) (Figure 4a). No difference
was observed when the former were compared with those of
age at menopause > 45 years (OR 0.54, 95% CI 0.22–1.29,
p= 0.170, I2 0%) [9, 26] (Figure 4b).

Secondary aim: analysis according to the skeletal
site of fractures

Comparisons were performed between women with EM and
those of normal age at menopause according to the site of
fractures. Seven studies [8, 9, 12, 16, 19, 20, 27] provided
data on hip fractures, without any difference between the
two groups (OR 1.18, 95% CI 0.95–1.46, p= 0.120, I²
73.7%) (Fig. 5a). No difference was demonstrated with
respect to non-vertebral (OR 1.66, 95% CI 0.79–3.5, p=
0.177, I² 94.3%) [10, 12, 15] (Fig. 5b) or vertebral fracture
risk (OR 1.09, 95% CI 0.87–1.37, p= 0.443, I² 30.0%) [10,
12, 18, 23, 26] (Fig. 5c). Two studies [9, 25] provided data
on hip fracture incidence in women with POI, without
significant difference when compared with women of age at
menopause > 50 years (OR 0.83, 95% CI 0.32-2.17, p=
0.711, I² 63.7%).

Sensitivity analysis

Three studies reported data on the use of anti-osteoporotic
medications. When a sensitivity analysis was performed,
exclusion of these studies resulted in no changes on the
effect of age at menopause (women with POI compared
with those of age at menopause > 40 years) on fracture risk
(OR 1.21, 95% CI 0.37–3.93, p= 0.742, I² 74.9%).

Fig. 2 Forest plot of the comparison between early menopause (EM)
and menopause > 45 years with regard to fracture risk

Fig. 3 Forest plot of the comparison between early menopause (EM)
and menopause at 50 years with regard to fracture risk

Fig. 4 Forest plot of the comparison between premature ovarian
insufficiency (POI) and a menopause > 40 years or b menopause > 45
years with regard to fracture risk
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Subgroup analysis

When women with EM were compared with those of age at
menopause > 45 years, a difference was observed only in
studies conducted in European (OR 1.75, 95% CI
1.27–2.42, p= 0.001), in contrast to non-European popu-
lations (OR 1.049, 95% 0.88–1.24, p= 0.580). The differ-
ence was significant between these two subgroups (p=
0.006). Furthermore, the outcomes of the meta-analysis
remained unchanged, following a sensitivity analysis that
kept only the studies of high quality (low probability of
bias) as assesses by the NOS.

Meta-regression

The age of the participants at study entry was associated
with the effect of age at menopause on fracture risk (Q 6.98,
df 1, p= 0.008) (Fig. 6). No such association was found for
BMI. Meta-regression for the other pre-defined parameters
(BMD, smoking status, physical activity) was not evaluable
due to the small number of studies (<10) or a different way
of definition.

Discussion

To the best of our knowledge, this systematic review and
meta-analysis that included >462,000 postmenopausal
women and >12,000 fracture cases, is the first reporting on
the association between the age of menopause and risk of
fractures. EM was associated with a higher risk of fractures
compared with women with age at menopause > 45 or >50
years. No such association was found between POI and
fracture risk, probably due to the relatively small number of

Fig. 5 Forest plot of the
comparison between early
menopause (EM) and
menopause at >45 years
according to a hip b non-
vertebral or c vertebral fracture
risk

Fig. 6 Meta-regression analysis of the effect of age on the association
of premature menopause with increased fracture risk
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fractures in this population (176 versus 1356 in EM).
Another explanation could be that women with POI may be
more likely to be treated with estrogens compared with
women with early menopause. Moreover, no association
was found according to the site of the fracture.

Estrogens are essential for obtaining peak bone mass in
both genders. EM leads to early estrogen depletion pro-
viding the main pathogenetic mechanism for accelerated
bone loss and the development of osteoporosis in later life
[6, 7]. Estrogen decreases osteoclast formation and activity
and increases osteoblast formation, differentiation, pro-
liferation and function, through its receptor, mainly type α
(ERα)] [28]. The beneficial effect of HRT on fracture risk
reduction has been well-established. In the Women’s Health
Initiative (WHI), conjugated equine estrogen (CEE)
0.625 mg/d combined with medroxyprogesterone acetate
(MPA) 2.5 mg/d was associated with a significant reduction
in the risk of total [hazard ratio (HR) 0.76, 95% CI
0.69–0.85] and hip fractures (HR 0.66, 95% CI 0.45–0.98)
[29]. Similar reductions were observed in the estrogen-alone
arm of the WHI [30]. The absolute risk reduction was
estimated at 12 fractures per 1000 women after 5 years on
CEE plus MPA and 8 fractures with CEE alone. The effect
of estrogen on bone mass seems to be dose-dependent [31].
Of note, after discontinuation of estrogen therapy, BMD
declines to a rate that is comparable to the one occurring
within the first 2 years of menopause in untreated women
[32]. However, recent data show that bone micro-
architecture changes [33] and anti-fracture efficacy may
persist five years after discontinuation of HRT [34]. Beyond
estrogen depletion, another plausible explanation for the
association of age at menopause with fracture risk could be
the co-existence of risk factors for both entities, such as
smoking [35, 36], physical activity [35, 36], BMI [35–37]
and socioeconomic and educational status [36, 38].

The impact of genetic variants on the age at menopause
may account for ~50% of its variation [39]. Genome-wide
association studies (GWAS) have identified several poly-
morphisms in genes implicated in DNA repair (XO1,
HELQ, UIMC1, FAM175A, FANCI, TLK1, POLG,
PRIM1) and immune function (IL11, NLRP11, BAT2) that
are associated with the earlier timing of menopause [40].
Other genes implicated in the determination of the age at
menopause are the anti-Mullerian hormone (AMH) and its
receptor 2 (AMHR2) gene [41], as well as, the follicular
stimulating hormone receptor (FHSR) genes [42]. Other
GWAS have identified gene polymorphisms related to
increased risk of osteoporosis and fractures [RANKL, OPG,
ERα, major histocompatibility complex [43] and vitamin D
receptor (VDR)] [44]. Whether these polymorphisms also
predispose to fracture risk is unknown. Notably, some stu-
dies have demonstrated an association of ER [45] and VDR
gene variants (BsmI and TaqI) [46] with age at menopause,

providing a potential genetic linkage. More specifically,
women homozygous for the PP genotype of the ER, present
an earlier onset of menopause by 1.1 years or 2.4 times
higher risk of surgical menopause compared with those
carrying the pp genotype [45]. Similarly, homozygotes of
the minor allele of BsmI, AA, are under a two-fold higher
risk of surgical menopause compared with homozygotes of
the major allele, GG. This is also the case for CC allele of
the TaqI polymorphism, compared with the TT haplotype
[46]. In general, the age at menopause seems to be the
integration of both genetic and environmental factors [35,
36].

In the current study, the chronological age of the parti-
cipants affected the association of age at menopause with
fracture risk. Indeed, in some studies, chronological age was
a stronger predictor of fractures than age at menopause [25].
Advanced chronological age is associated with an increased
risk of fractures, particularly after the age of 60 years [26].
In a recent study, the 25-year risk of hip fracture was sig-
nificantly higher in women ≥ 80 years compared with those
aged < 70 years (22.6% versus 13.9%) [47]. In women aged
70–74 years, the incidence of hip fractures was 7-fold
higher compared with those of 50–54 years [20]. It should
be noted that chronological age for each subgroup,
according to the age of menopause, was available only from
three studies (two studies with EM and one with POI) [17,
20, 25]. Thus, more detailed conclusions could not be
drawn on this concept. Similarly, time since menopause,
which is the period from the final menstrual period since the
study entry, which might have also affected fracture risk,
was reported only in two studies [17, 25], according to age
at menopause.

The present study has certain limitations. First, both
cohorts and case-control studies were included which might
have contributed to the heterogeneity of data. However,
after performing a subgroup analysis, no difference was
found among them. Second, different definitions for the
fractures were applied in the original studies, including both
clinical and morphological fractures. Third, past or current
use of HRT was reported in most studies to a variable extent
(with limited data on the duration and the exact regimen).
HRT may have different effects on idiopathic POI or EM
compared with bilateral oophorectomy at the same age. This
reporting bias might have contributed to the heterogeneity
of data. This was also the case with the use of anti-
osteoporotic medications (data from three studies were
available). However, when a sensitivity analysis was per-
formed after exclusion of these studies, no changes were
observed. Fourth, the number of studies providing data on
risk factors for fracture (other than age and BMI) was not
sufficient to perform meta-regression analysis and, there-
fore, their contribution to the heterogeneity could not be
estimated. Fifth, in most women the age of natural (non-
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surgical) menopause was self-reported, which was subject
to recall bias. Sixth, no clear discrimination according to the
type of menopause could be performed. From the studies
included in the meta-analysis, it was practically impossible
to discriminate between natural and iatrogenic (specifically
surgical menopause). Only one study [11] included a
homogenous sample of women with surgical menopause,
defined as “bilateral oophorectomy”. Four studies [17, 18]
included only women with natural menopause (defined as
≥12 months of amenorrhea), whereas the remainder did not
discriminate between natural and surgical menopause
(which could be either bilateral oophorectomy or hyster-
ectomy or both). Nevertheless, the fracture risk does not
seem to be affected in direct comparisons between surgical
and natural menopause, as reported in one study [20].
Seventh, another limitation is that no data were available
regarding the exact time of fracture occurrence after
menopause. Eighth, we must also acknowledge a selection
bias by excluding non-English articles. Ninth, the difference
in fracture reporting according to the site of the skeleton is
also another source of information bias.

Conclusions

In conclusion, this systematic review and meta-analysis in
post-menopausal women provided evidence that women
entering menopause at an earlier age (<45 years) have an
increased risk for fractures compared with those with age at
menopause > 45 or >50 years. Thus, EM is not only asso-
ciated with increased risk of osteoporosis, but also with an
increased risk of fractures. However, this was not evident
for women with POI, possibly due to the small number of
studies and low fracture rates. No difference in risk could be
detected with respect to the site of fractures. A potential
clinical implication of these findings is a closer follow-up
for women with EM, regarding their risk of fracture than
those with normal age at menopause, regardless of the
existence of other factors. Future well-designed, prospective
cohorts and interventional studies in women with POI, that
include reports on different types of fractures, would further
clarify the association between age at menopause and bone
health.
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