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ABSTRACT

ARTICLE HISTORY
Received 10 November 2018

Objective: The aim of this study was to estimate the global prevalence of primary ovarian insuffi-
ciency (POI) and early menopause (EM).

Methods: A comprehensive literature search was performed in several databases to retrieve relevant
English articles published between 1980 and 2017. To assess the methodological quality of the studies,
the Newcastle-Ottawa Scale was used. The heterogeneity of results across the studies was assessed
using Cochran’s Q test and quantified by the P statistic. Prevalence estimates of all studies were
pooled using a random-effects meta-analysis model at a confidence level of 95%.

Results: A total of 8937 potentially relevant articles were identified from the initial searches. Thirty-
one studies met the inclusion criteria and were included in this meta-analysis. The pooled prevalence
of POl and EM was calculated as 3.7% (95% confidence interval: 3.1, 4.3) and 12.2% (95% confidence
interval: 10.5, 14), respectively. The prevalence of POl was higher in medium and low Human
Development Index countries. The prevalence trend did not change over time.

Conclusion: The prevalence of POl and EM in women is considerable. The results of this study could
contribute to consciousness-raising of health policy-makers toward the necessity of prioritizing, plan-

Revised 13 January 2019

Accepted 22 January 2019
Published online 4 March

2019

KEYWORDS

Prevalence; primary ovarian
insufficiency; early
menopause; meta-analysis

ning, and allocating health resources as preventive and treatment interventions for these women.

Introduction

The perpetual cessation of menstrual cycles for 12 successive
months occurring without any perceived psychological or
pathological causes is called natural menopause'? The
mean age of women experiencing natural menopause has
been reported as 51.4 years>.

The age at which menopause occurs is under the influence
of various factors including genetic, hormonal, environmental,
and lifestyle-related ones*°. However, if amenorrhea occurs at
an earlier age (i.e., before the age of 40 years) accompanied
with a serum follicle stimulating hormone increase to the
menopausal level®, this is considered to be primary ovarian
insufficiency (POI), which is also called premature menopause
or premature ovarian failure. Also, there is early menopause
(EM) which occurs between the ages of 40 and 45 years™*®.

Although mostly considered an idiopathic disorder, POI
could also be due to autoimmune complications, genetic
causes, inflammatory conditions, or metabolic syndromesw.
POl and EM occur either spontaneously or as a result of
medical interventions, including chemotherapy or bilateral
oophorectomy®'°.

POl and EM are associated with both psychosocial and
physiological problems. An increased risk for osteoporosis

and fractures, overall cardiovascular disease, stroke, type 2
diabetes, and total mortality have been reported for women
with spontaneous POl or EM** 1",

POl has been reported as affecting about 1% of women
younger than age 40 years and EM as affecting 5% of
women between 40 and 45 years of age'®'% The Study of
Women's Health Across the Nation (SWAN) reported a 1.1%
prevalence of POl among women; in terms of ethnicity, 1%
of Caucasian, 1.4% of African American, 1.4% of Hispanic,
0.5% of Chinese, and 0.1% of Japanese women experienced
POI°. In a pooled study of 51,450 postmenopausal women
from nine cohort studies, 2% and 7.6% of women were
reported as having POl and EM, respectively®.

To date, there is a scarcity of data on the prevalence of
POl and EM worldwide. Hence, we performed a systematic
review of studies on the prevalence of POl and EM in dif-
ferent countries over various time periods. The review
posed this question: what is the global prevalence of POI
and EM?

Materials and methods

We conducted this meta-analysis to estimate the global
prevalence of POl and EM. We utilized the Preferred

CONTACT Zohreh Keshavarz @ keshavarzzohre@yahoo.com @ School of Nursing and Midwifery, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

© 2019 International Menopause Society


http://crossmark.crossref.org/dialog/?doi=10.1080/13697137.2019.1574738&domain=pdf
http://orcid.org/0000-0001-6062-8164
http://orcid.org/0000-0002-4609-065X
http://orcid.org/0000-0001-5918-2310
https://doi.org./10.1080/13697137.2019.1574738
http://www.tandfonline.com

2 S. GOLEZAR ET AL.

Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement as a guide to enhance reporting of the
systematic review and meta-analysis'>.

Search strategy

Through a comprehensive literature search, the major elec-
tronic bibliographic databases PubMed, Scopus, Cochrane,
ScienceDirect, and Google Scholar were searched for relevant
articles published between 1980 and 2018.

The search was done using MeSH keywords including:
‘Premature Ovarian Failure’, ‘Primary Ovarian Insufficiency’,
‘POI’, ‘POF’, ‘Premature Menopause’, ‘Early Menopause’, ‘age
at menopause’, ‘menopause’, and ‘prevalence’ separately or
in combination, applying AND & OR operators. To find more
studies, the references in the relevant papers were also fol-
lowed up. The search was carried out by two independent
researchers. All searches were limited to cohort and cross-
sectional studies published in English.

Eligibility criteria and study selection

The inclusion criterion was menopause age as defined in the
classification of menopause by the World Health
Organization (WHO). The menstrual status of the menopausal
subjects was classified into four age groups: ‘POI’ if younger
than 40 years, ‘early’ if between 40 and 45 years, ‘'normal’ if
between 45 and 55 years, and ‘late’ if older than 55 years'”.

Exclusion criteria were: no menopause report based on
the WHO criteria; no report of prevalence; no clear data;
overlapping sample; and studies of very low quality. A modi-
fied version of the Newcastle-Ottawa Scale for cross-sectional
and cohort studies was used to assess the methodological
quality of the studies'”.

Data extraction

The following information was extracted from full-text
articles by two authors (SG and SK): author(s); date; title;
study design; characteristics of study population, such as
body mass index (BMI) and age at entry to study; natural
menopause population; prevalence of menopause for the
identified age groups; mean and median of age at meno-
pause; and mean and standard deviation (SD) of the data.

To prevent extraction errors, all authors performed a con-
trol check between the final data used in the meta-analysis
and those of the original publications.

Quality assessment

To allocate each paper a score, checklists of validated quality
assessment for cohort and cross-sectional studies were used.
The Newcastle-Ottawa scale criteria of selection, comparabil-
ity, and outcome were used to evaluate all studies included
in the meta-analysis'>.

Two reviewers (SG and SK) independently assessed the
quality of the studies; they were blinded to the authors’
identities, affiliations, and journal titles. Disagreements

among reviewers were resolved by discussion until consen-
sus was reached. Studies with a score of <20% were consid-
ered ‘very low’, 20-40% as ‘low’, 40-70% as ‘medium’, and
>70% as ‘high’ quality.

Statistical analysis

At first, the variance of each study was calculated through
the variance of the binomial distribution given that the
prevalence rate had a binomial distribution. Then, each study
was given a weight proportional to its inversed variance.

The heterogeneity of results across the studies was
checked using Cochran’s Q test (p < 0.10) and was quantified
by the I statistic. An /* statistic greater than 50% was con-
sidered to represent significant heterogeneity across the
studies. Subgroup analysis was conducted based on the
Human Development Index (HDI) categorization, which sub-

sumes different countries under four categories: low,
medium, high, and very high'®; study type; and quality of
the study.

In order to provide a weighted-mean estimate of the
pooled prevalence of menopause for the identified age
groups across the included studies, a random-effects meta-
analysis model was employed at a confidence level of 95%.

All meta-analyses and meta-regressions were performed
using Stata software version 12 (Stata Corp, College Station,
TX, USA).

Results

Figure 1 shows the results of the literature search and selec-
tion process based on the PRISMA flow chart for system-
atic reviews.

A total of 8937 potentially relevant articles were identified
through the initial searches. After removing duplicates 3481
articles remained, and then 3222 articles were excluded by
screening titles and abstracts, and the full texts of 228
remaining articles were retrieved from different sources.
Finally, 31 studies met the inclusion criteria and were
included in this meta-analysis.

Study characteristics

A detailed description of the characteristics of the included
studies is reported in Table 1. These studies were published
between 1986 and 2017. The sample size of the included
articles varied from 130 to 25,499 participants. Out of the 31
included studies, 14 were cross-sectional and 17 were cohort.
The quality score was high for 26 studies, medium for four
studies, and low for one study. The mean age (range),
mean+SD of BMI, mean+SD of age at menopause, and
median age at menopause for each study are presented in
Table 1.

Evaluation of heterogeneity and meta-analysis

The results for Cochran’s Q test and /> statistics revealed sig-
nificant heterogeneity among the included studies for the
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Figure 1. Flow chart of the literature search for the systematic review and meta-analysis. WHO, World Health Organization.

prevalence of ‘POI', ‘early’, ‘normal’, and ‘late’ menopause
and thus a random-effects model was used for analysis. The
pooled prevalence of ‘POI', ‘early’, ‘normal’, and ‘late’ meno-
pause was 3.7% (95% confidence interval [Cl]: 3.1, 4.3), 12.2%
(95% CI: 10.5, 14), 78.1% (95% Cl: 75.9, 80.3), and 7.2% (95%
Cl: 4.5, 10), respectively (Figure 2).

Subgroup analysis

In order to reduce heterogeneity, we performed subgroup
analysis based on HDI categorization, study type, and quality
of the study. As presented in Table 2, the prevalence of POI
was higher in medium and low HDI countries (4.9% and
4.3%, respectively). The lowest prevalence of EM was for very
high HDI countries (10.3% [95% Cl: 8.5, 12.1]), while the low-
est normal menopause was for low HDI countries (68.8%
[95% Cl: 63.9, 73.6]).

With regards to the study type, cross-sectional studies
had a higher prevalence of POl (4.4% vs. 3.3%) and EM
(16.7% vs. 9.8%), while cohort studies reported a higher

prevalence of normal (77.3% vs. 69.2%) and late (8.4% vs.
4.7%) menopause. Finally, high-quality studies had a higher
prevalence of late menopause (7.7% [95% Cl: 4.7, 10.6]), and
medium-quality studies had a higher prevalence of POI (6.3%
[95% CI: 3.8, 8.8]) and EM (23.8% [95% CI: 19.3, 28.3]).

Trend analysis

To show changes in the prevalence of ‘PO, ‘early’, ‘'normal’,
and ‘late’ menopause according to the dates of the studies,
meta-regression was used. As shown in Figure 3, the
decreasing trend for the prevalence of ‘POI, ‘early’, and
‘normal’ menopause was not statistically significant
(p > 0.05). Also, the increasing trend for late menopause was
not significant (f =0.002, p=0.18).

Discussion

The present large-scale study is the first systematic review
and meta-analysis of cohort and cross-sectional studies on
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Table 1. Continued.

Reference
number
38

39

40

Quality
score
High
Low

Median age

Mean +SD  Mean £+ SD age

Age at entry,

N (natural
menopause)

at menopause  at menopause

MI

B

mean (range)

Study design

Country of study; race/ethnicity

First author (year)
Adamopoulos et al. (2002)
Yahya and Rehan (2002)
Luoto et al. (2002)

50.2

47.9+25

(24-70) _
59.8+7.4 (36-80)

1815

Hospital records cross-sectional

Greek women

Pakistan

50

49+3.6

130
1688

Cross-sectional (20 rural areas)
Cross-sectional analysis of

High

57.8 (45-64)

United States

cohort (Atherosclerosis Risk

in Communities
[ARIC] Study)
Cohort (The Adventist

49.2+45 High

(25-100)

6182

California; 100%

Jacobsen et al. (1999)

41

Health Study)

Cross-sectional

White (Hispanic)

Japan

High
High

488+5.08

222427

51.5+2.1 (45-55)

1445
2562

Nagata et al. (1998)

42

48

(50-86)

Population-based cohort

United States; 84.8% White,

Cooper and Sandler (1998)

43

(National Health and

15.2% non-White

Examination Survey I)
Population-based cohort (New

High

513

42.8 (34-61)

2035

United States (New

Kato et al. (1998)

44

York University Women'’s

Health Study)
Cross-sectional analysis of com-

York, Florida)

High

51.1

(26-62)

1423

United States; 94.66% White,

Stanford et al. (1987)

45

munity-based study (Breast

Cancer Detection

2.2% Black, 2.8% Other

Demonstration Project)

Birth cohort

BMI, body mass index; PMIS, Progetto Menopausa ltalia Study; SD, standard deviation.

Medium

(18-22) birth cohort

568

Minnesota

Coulam et al. (1986)

12
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the prevalence of spontaneous POl and EM between 1987
and 2018. Thirty-one studies have been included in this
meta-analysis. Different studies have reported different POI
and EM prevalence rates; varying standards of living, life-
styles, and races could justify the wide inconsistency.

In the current study, the overall prevalence of POl and EM
was calculated as 3.7% and 12.2%, respectively. In the previ-
ous studies, a 1% prevalence of POl and a 5% prevalence of
EM have been reported'®'2 The reason for the lower preva-
lence rates reported in these studies compared with those of
our study could be because in these studies the prevalence
of POl and EM has been reported among the total popula-
tion (premenopausal and postmenopausal women), while we
have studied the prevalence only in postmeno-
pausal women.

A meta-analysis of nine population-based cohort studies
reported the prevalence of POl and EM in menopause
women as 2% and 7.6%, respectively*. The study was of a
smaller scale compared with the present study regarding the
sample size (51,450 vs. 157,731), the number of studies
included (9 vs. 31), and the number of nations investigated
(only including the United Kingdom, Scandinavia, Australia,
and Japan).

In the present study, the prevalence of age at natural
menopause (ANM) was also calculated based on the coun-
tries’ HDI level as well as the type and quality of the studies.
Living standard factors such as income and educational level
had not been reported in other studies. So, we used the
2018 HDI update to rank the countries included in the study.
The index consists of education, life expectancy, and income
per capita'®. In our meta-analysis, 23 studies had been car-
ried out in very high HDI countries. The prevalence of POI
and EM (3.6% and 10.3%, respectively) was lower in these
countries, while the highest prevalence of POl was in
medium HDI countries (4.9%), and the highest prevalence of
EM was in low HDI countries (23.8%).

There are some socioeconomic factors associated with
ANM, including education level, social class, occupation, and
income level. Moreover, studies have shown that natural
menopause is experienced by women living in developed
countries several years later than those in developing coun-
tries*®™*°. Likewise, findings of a meta-analysis show a rela-
tionship between lower education and earlier ANM. Besides,
the study revealed a similar relationship between occupation
and ANM. Although the authors described the underlying
mechanism of this association as unclear, they stated that
lifestyle elements such as smoking, physical activity, BMI, and
diet may be intervening factors*®. In addition to socioeco-
nomic factors, menopause timing is affected by reproductive
and genetic factors, such as race, ethnicity, maternal ANM,
menarche age, and parity**74%>°,

In the present study, depending on the study types, the
prevalence rate of POl and EM was lower in cohort studies
compared with cross-sectional studies, which might be due
to their larger sample size (130,864 for cohort studies vs.
26,867 for cross-sectional studies).

Based on the quality of the studies, the prevalence rates
of POI and EM for high-quality studies were 3.7% and 11.8%,



S. GOLEZAR ET AL.

(A)

(B)

Study % Study %
D ES (95% Cl) Weight D ES (95% CI) Weight
T
Kerstin et al. (2005) (Sweden) —— 0.02(0.01,0.03) 3.22 v
Lokk 1. (20 D k) . ). .14, 0. .
Yoko Amagai et al. (2006) (Japan) - 0.01(0.01,0.01) 3.64 okkegaard et al. (2006) (Denmark) . 015(0.14,015)  3.93
Stanford et al. (1987) (US) ! 0.06(0.05,0.07) 320 Choi et al. (2005) (South Korean) : 0.07 (0.07,0.08) 3.95
Dimitrios et al. (2002) (Greece) ! — 0.08 (0.07,0.10) 3.07 Yoko Amagai et al. (2006) (Japan) .. 0.07(0.06,0.08)  3.94
Kato et al. (1998) (US) - 0.02(0.01,0.02) 3.57 Anolue et al. (2012) (Nigeria) . 0.24(0.19,0.28) 3.14
Lokkegaard et al. (2006) (Denmark) . | 0.01(0.01,0.02) 365 Bjarne et al. (1999) (California) . 0.07 (0.06,0.08) 3.95
Bansal et al. (2014) (India) —————%—————— 008(0.03,0.13) 0.96 Cooper et al. (1998) (US) - 0.10(0.09,0.12)  3.90
Rahman et al. (2015) (Sweden) . ' 0.01(0.01,0.01) 3.68 Ryan et al. (2014) (France) - 0.10(0.09,0.10) 3.93
Hang et al. (2006) (South Korean) . - 0.07(0.06,0.08) 3.35 Luborsky et al. (2002) (US) |- 0.18(0.16,020) 3.83
:’a"" e‘ta‘l ‘(22001034))(5\:’“3) , = ' m g-gg Eg-ggv g-gz; g:‘: Bansal et al. (2014) (india) H ——&—— 040(0.30,050) 1.79
jamne et al lorwegian .05 (0.05, 0. X
' H 1. (2006) (South K s .18 (0.17, 0. .
Muka et al. (2017) (Netherlands) - | 0.02 (0.02,0.03) 3.60 fong et al. (2006) (South Korean) ! 018 (0.1 3.86
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Figure 2. Forest plot showing the prevalence for menopause age classification: (A) premature menopause (n =31 studies), (B) early menopause (n =28 studies),

(C) normal menopause (n =22 studies), and (D) late menopause (n = 17 studies). Cl, confidence interval; ES, effect size.

Table 2. Subgroup analysis based on HDI categorization, study type, and quality of the study.

<40 years old

40-45 years old

45-55 years old

>55 years old

Prevalence  95% CI  p-Value Prevalence 95% Cl p-Value  Prevalence 95% Cl p-Value  Prevalence  95% CI  p-Value
HDI category
Very high 3.6 (2.9,4.2) <0.001 10.3 (8.5, 12.1) <0.001 80 (77.6, 82.4) <0.001 7 (4.5, 10.8) <0.001
High 4.1 (1.5, 6.6) 0.019 226 (7.3, 38) 0.004 67.5 (63.9, 71.1)  <0.001 - - -
Medium 49 (0.8, 8.9) 0.002 20.8 (7.6, 33.9) 0.002 68.9 (56, 81.8) <0.001 74 (4.9, 9.8) <0.001
Low 43 (0.8, 7.9) 0.017 238 (19.3,283) <0.001 68.8 (63.9, 73.6) <0.001 43 (0, 10) 0.19

Study type

Cross-sectional 44

Cohort 33
Quality of study

High 3.7

Moderate 6.3

Low 1.5
Overall 37

(3.2,5.7)

<0.001

16.7

(2.5,4.1) <0.001 9.8
(3.1,43) <0.001 1.8
(3.8, 8.8 <0.001 238
(0, 3.6) 0.16 3.1
(3.1, 43) <0.001 12.2

(12.9, 20.4)
(7.6, 12.1)

(10, 13.6)
(19.3, 28.3)
(7.3, 18.9)
(10.5, 14)

<0.001

<0.001 80

<0.001 784 (
<0.001 68.8 (
<0.001 78.5 (
<0.001 78.1 (

74.2

(69.2, 79.2)
(77.3, 82.7)

76.2, 80.7
63.9, 73.6
714, 855

)
)
)
75.9, 80.3)

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

(2.5, 6.8)
12.1)

10.6)

11.3)
10)

<0.001
<0.001

<0.001

0.049
<0.001
<0.001

Cl, confidence interval; HDI, Human Development Index.
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Figure 3. Meta-regression plots of change in the prevalence of (A) premature menopause, (B) early menopause, (C) normal menopause, and (D) late menopause

according to the dates of the studies.

respectively; while for medium-quality studies they were
6.3% and 23.8%, respectively; and for low-quality studies,
they were 1.5% and 3.1%, respectively. In the present meta-
analysis, all studies were of high quality and only five of
them were of medium or low quality.

The trend analysis in this study was indicative of an
increasing menopause age, although not significant. The
menopause age in different nations and communities is
reportedly increasing because of diet and general health,
besides life expectancy”'.

Closely related to the physical and psychological health of
women, the ANM is indicative of ovarian function and
aging®’*8, Studies show that women with early or late ANM
are likely to experience adverse health outcomes. They also
report early ANM as being associated with health-threatening
conditions, including an increased risk of osteoporosis, car-
diovascular disease, stroke, type 2 diabetes, and total mortal-
ity, due to a decrease in the levels of female sex hormones
such as estrogen and progesterone®''467%8,

Studies have shown that a 1-year reduction in the ANM
increases total mortality by about 2%°*°?. Also, women
experiencing natural menopause before age 45 years are at
a more increased risk of a premature decline in cognitive
function and mood disorders*. POl adversely affects wom-
en’s psychological health and quality of life, so it is necessary
to provide women experiencing EM with integrated physical,
psychological, and reproductive health care as well as pre-
ventive strategies to maintain their long-term fitness>>.

There are some limitations to our study. First, the ANM
was mostly derived from self-report and cross-sectional data
that may lead to recall bias. It is worth noting that baseline
data were extracted for all but two of the cohort studies'***.
Some studies posit that the reported age of menopause may
be inaccurate, while others conclude that women have no
problem recalling it due to its importance in their lives*.
Young menopausal women (age >40years) remember their
age at menopause better than those with a later onset. Still,
other studies suggest that special events (such as
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menopause before age 40 years or after age 55 years) are
easier to remember compared with normal events (such as
menopause between ages 50 and 54 years)>*.

Second, only studies published in English were included
in this meta-analysis and this could be another source
of bias.

Finally, we were unable to obtain enough data for assess-
ment of the relationship between moderator factors (such as
education, occupation, parity, smoking, menarche age, etc.)
and menopause in different studies.

Conclusion

The prevalence of EM and POI in women is considerable.
Genetic and racial factors besides social, economic, and life-
style-related ones trigger the incidence of EM and POI. Due
to the bio-psychosocial effects of EM and POI, the results of
the present meta-analysis could contribute to consciousness-
raising of health policy-makers toward the necessity of priori-
tizing, planning, and allocating health resources as prevent-
ive interventions for improving lifestyle and standards
of living.

The results could also have a share in awareness-raising
of the health-care providers toward the importance of pro-
viding integrated care and treatment interventions for
improving quality of life and decreasing the long-term
sequelae of POl and EM women.
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