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Abstract
Background: Menopause is an important milestone of a woman’s reproductive life. There is limited data on the secular trend of menopausal age. The purpose of this study is to identify the secular trend of menopausal age and its related factors among Tehrani women born
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Introduction

M

HQRSDXVHLVGH¿QHGDVWKHSHUPDQHQWFHVVDWLRQRIRYDULan activity which constitutes part of normal aging.1 The
end of women’s reproductive life with implications for
their socio-psychological status and body health is an important
event in a woman’s lifetime.2 The median age of onset was estimated to be between 48 and 52 years but varies from 40 to 60
years3,4LWVWLPLQJLVLQÀXHQFHGE\YDULRXVIDFWRUVVXFKDVJHQHWics, lifestyle, BMI, reproductive and hormonal status.5–7
Age at menopause can be predictive of health and diseases status;
early or late menopause can make women susceptible to several
chronic diseases. Studies have shown that older age at menopause
increases the risk of breast and endometrial cancer,8,9 whereas
early menopause has been associated with risk of cardiovascular
diseases, osteoporosis and all-cause mortality.10–12 Understanding
the variability and determinants of menopausal age may help with
the development of new strategies to improve women’s health and
their quality of life.
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Limited studies have addressed the secular trend and determinants of menopausal age.13–15 Although some studies have reported that age at menopause does not change through time,16 according to recent studies, age at menopause seems to be shifting
toward higher ages in various countries.2,14 In Finland, the medians of menopausal age were 50 and 51 years in 1997 and in 2007,
respectively.17 In Gothenburg, the increasing trend was 0.1 year
per birth year in women born between 1908 and 1930.13 Although
factors such as smoking and parity have been found to affect the
timing of menopause, the evidence is relatively inconclusive.18–22
Knowledge regarding trend in age at menopause in Iranian
women is limited because of the small number of longitudinal
studies documented on premenopausal women.13 Furthermore,
the role of genetic and environmental factors restricts generalization of results from studies in other countries to Iranian populations. The purpose of this study was to identify the secular trend
of menopausal age and the role of certain socio-demographic, anthropometric and reproductive factors in age at menopause among
Tehrani women, born during 1930–1960.

Materials and Methods
The participants of the present study were selected from among
TLGS participants, an ongoing prospective study being conducted to determine the prevalence and risk factors for non-communicable diseases among a representative population of Tehran;
sampling methods have been described in details elsewhere;
EULHÀ\WKLVVWXG\EHJDQLQDQGLWVGDWDLVEHLQJFROOHFWHGDQG
assessed every 3 years.23–25At baseline, 15005 Tehrani residents,

)5DPH]DQL7HKUDQL0%DKUL5*KRODPLHWDO
Table 1. Characteristics of women according to their birth decade.
1940’s
1950’s
81.2 ± 3.5
72.2 ± 3.7
Age*
*
48.5 ± 5.9
49.5 ± 6.09
Menopausal age
27.2 ± 4.5
28.9 ± 4.5
BMI*
5.7 ± 2.6
5.3 ± 2.3
Parity*
LiteracyƔ
Illiterate
72.1
43.1
Low
25.5
49.7
High
2.4
7.1
Ever smokingƔ
Yes
10.1
5.9
No
89.9
94.1
*
Ɣ
The continuous variables are described as Mean ± SD; The categorized variables are described as Percentage

1960’s
61.7 ± 4.2
49.9 ± 3.6
29.9 ± 4.5
4.2 ± 1.8
14.7
64.6
20.7
5.6
94.4

Table 2.9DULDEOHVLGHQWL¿HGE\VWHSZLVHUHJUHVVLRQDQDO\VLVDVSUHGLFWRUVRIPHQRSDXVDODJH.
Model
Birth decade
Smoking status
Education

Beta
0.05
-0.05
0.07

DJHG\HDUVZHUHLQFOXGHGWKHUHZHUHIHPDOHSDUWLFLSDQWV
born between 1930 and1960. We excluded women who were
pregnant, those who had undergone hysterectomy and/or oophorectomy (uni/bilateral) prior to their reported menopausal age, and
those who had not experienced menopause (n = 3349). Written
informed consent was obtained from the 2266 women who met
the inclusion criteria. The ethical committee of Research Institute
for Endocrine Sciences approved this study. The variables evaluated were educational level, number of parity, smoking and passive smoking, body mass index (BMI), waist circumference (WC)
and waist to hip ratio (WHR).
1DWXUDOPHQRSDXVHZDVGHWHUPLQHGDVGH¿QHGE\WKH:RUOG
Health Organization: absence of spontaneous menstrual bleeding
for more than 12 months, for which no other pathologic or physiologic cause could be determined. Since the month of menopause
was not asked, we assumed that all respondents experienced their
menopause at the midpoint of the year reported.
Education was categorized into three levels: illiterate, low (primary and secondary), and high (diploma and higher degrees). ParLW\ZDVDOVRFDWHJRUL]HGLQWKUHHJURXSV±±DQGSUHJnancies. The participants’ BMI was divided into three groups:
±DQG .JP2). Smoking status was categorized
as never or ever smokers and passive smoking, i.e., any history of
exposure to environmental tobacco smoke at work and/or at home
as “positive” and no history of exposure as “negative”.
There is a positive correlation between BMI and estradiol level,26
suggesting an association between age at menopause and anthropometric parameters. Anthropometric measurements included
height and weight, for which we used values measured in the
TLGS; weight was measured with the women minimally clothed,
without shoes, using a digital scale and recorded to the nearest 100
grams, and height was measured in a standing position, without
shoes, using a tape measure, while the shoulders were in a normal
position. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters (kg/m2).
Statistical analysis
'DWDVWUDWL¿HGE\GHFDGHVRIELUWKDUHSUHVHQWHGDW\HDULQWHUvals. Results for continuous variables are given as means (±SD)
and for categorical variables as percentages. Analysis of covariance (ANCOVA) was used to compare the data presented at 10

95% CI
0.03, 0.7
-1.92, -0.26
0.25, 0.92

P-value
0.029
0.01
0.001

years intervals. Linear regression analysis (stepwise method) was
done with adjustment for possible confounding factors, including
educational level, number of parity, smoking status, passive smoking, BMI, WC and WHR. Statistical analyses were performed using SPSS for windows version 15 and P-values <0.05 were conVLGHUHGVWDWLVWLFDOO\VLJQL¿FDQW

Results
The mean age and age at menopause of participants were 58.1 ±
7.9 and 49.6 ± 4.8 years, respectively. All statistical analyses were
performed based on women’s birth decades. Approximately 70%
of women born between 1930 and 1940 were illiterate, while half
of the women born during the 1940s had low levels of education
and 64.5% of women born between 1951 and 1960 had medium
or higher levels of education. The means of menopausal age in
women born in the 1930s, 1940s and 1950s were 48.5, 49.5 and
\HDUVUHVSHFWLYHO\$FFRUGLQJWRRXU¿QGLQJVWKHDJHUDQJH
of menopause in 47.2% of cases was 47–52 years; mean body
mass index (BMI) was 29.15 ± 4.63 Kg/m2. Table 1 summarizes
the characteristics of women according to their birth decade.
There was an increasing trend of one-year per decade among
women born in the 1930s and 1940s and an increasing trend of
0.4-year per decade in women born in the1940s and 1950s.
After adjustment for possible confounding factors such as BMI,
education, number of parity, and smoking in the linear regression
model, the increasing trend of menopausal age was 0.05 year per
decade increase in birth year. Our results showed that smoking
KDGDVLJQL¿FDQWQHJDWLYHDQGOHYHOVRIHGXFDWLRQKDGVLJQL¿FDQW
positive effects on menopausal age (Table 2).
6LJQL¿FDQWUHVXOWVIURPRQHZD\DQDO\VLVRIYDULDQFH $129$ 
followed by post-hoc tWHVWV VKRZHG D VLJQL¿FDQW GLIIHUHQFH EHtween means of menopausal age of women born in the 1930s
compared to those born in the1940s and 1950s (P = 0.042, P <
UHVSHFWLYHO\ EXWWKHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQ
women born in the1940s and 1950s (P  &RQ¿GHQFHLQWHUvals were overlapping in three decades (Figure 1).
Table 3 shows the multivariate model and the factors affecting
menopausal age including birth decade, smoking, passive smoking, parity, BMI, education, waist and WHR; education and smoking.
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Figure 1.5HODWLYHIUHTXHQF\RIPHQRSDXVDODJHGXULQJWKUHHGHFDGHVLQ7/*6VDPSOH
Table 3.$QDO\VLVRIFRYDULDQFHH[SODLQLQJPHQRSDXVDODJHE\FRYDULDWHV %LUWKGHFDGH(GXFDWLRQ6PRNLQJ3DVVLYHVPRNLQJ3DULW\%RG\0DVV
,QGH[:DLVW&LUFXPIHUHQFHV:DLVW+LS5DWLR .
Covariates

ȕ

95% CI

P-Value

Birth decade
1930’s
1940’s
1950’s

-0.73
-0.25
0 (Reference)

-1.57, -0.11
-0.75, 0.25

0.08
0.32

Smoking status
No
Yes

1.02
0 (Reference)

0.10, 1.94

0.02

0.23
0 (Reference)

-0.27, 0.74

0.37

-0.45
-0.11
0 (Reference)

-1.14, 0.23
-0.7, 0.48

0.19
0.71

-0.82
-0.32
0 (Reference)

-1.71, 0.06
-0.93, 0.29

0.06
0.3

-1.25
-0.08
0 (Reference)

-2.02, -0.47
-0.74, 0.57

0.002
0.79

WC(cm)

-0.03

-0.07, 0.005

0.09

WHR

4.16

0.02, 8.3

0.04

Passive smoking
No
Yes
Parity

4–6

BMI(Kg/m2)
<25
25–29
>29
Education
Illiterate
Low
High

BMI, WC, WHR, education, number of parity, smoking status and
passive smoking.
The presence of a secular trend is controversial,14 with recent
According to this study, the means of menopausal age in women
born in the 1930s, 1940s, and 1950s were 48.5, 49.5 and 49.9 VWXGLHVVKRZLQJDVLJQL¿FDQWFKDQJHLQPHDQDJHDWPHQRSDXVH
\HDUV UHVSHFWLYHO\ 7KHUH ZDV D VLJQL¿FDQW LQFUHDVLQJ WUHQG RI RYHU WLPH 2XU ¿QGLQJV DUH LQ DJUHHPHQW ZLWK VRPH SUHYLRXV
1year per decade for women born in the 1930s and 1940s and studies. Pakarinen et al., found that the menopausal age increased
DQRQVLJQL¿FDQWLQFUHDVLQJWUHQGRI\HDUSHUGHFDGHDPRQJ one year in Finland during 1997–2007.17In a survey of over 1400
those born in the 1940s and 1950s. We found a secular trend in Swedish women born between 1908 and 1930, Rodstrom et al.,
 IRXQGDSURJUHVVLYHDQGVLJQL¿FDQWLQFUHDVHLQWKHPHDQ
age at menopause in three decades, a trend which remained sigages
at natural menopause, i.e., 48.5 years for those born in 1908
QL¿FDQWHYHQDIWHUDGMXVWPHQWIRUFRQIRXQGLQJIDFWRUVLQFOXGLQJ

Discussion
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and 51 years for those born in 1930.13 Similar results were reported by Nichols et al., (2006) for 22,774 American women born
between 1910 and 1969; the mean age at natural menopause increased from 49.1 years for those born in 1915–1919 to 50.5 years
for those born in 1935–1939.27 However, these results were not
supported by others, i.e., researchers who studied a populationbased random sample of 7828 white women and found no evidence of a secular trend towards a later age at menopause in the
last 25 years.16 In 1996, McKinlay, in an overview of population
based studies, reported that there was no evidence of any secular
trend in age at menopause.28
We assume this increase in menopausal age is related to lifestyle changes during recent years.29 Previously some studies
have observed that overweight or obese women may experience
menopause at a later age.30 Moreover, some researchers suggested
that lower education be associated with an earlier age at menopause.31,32 Since this study has revealed an increase in both BMI
and education among women born in three various decades, we
assumed that this increase in menopausal age may result from lifestyle changes.
It is assumed that some confounding variables including sociodemographic, anthropometric and reproductive factors can affect the age at menopause. According to our results, an inverse
relationship was found between the age at menopause and smoking status; women who smoked cigarettes were more likely to
experience earlier menopause, while passive smoking was not
VLJQL¿FDQWO\DVVRFLDWHGZLWKHDUO\PHQRSDXVH7KLV¿QGLQJDGGV
to recent evidence documented by previous studies which claim
an independent association between smoking and early menopause.33–36 Similar to Mikkelsen et al., and Cooper et al. 19,35 we
found no association between passive exposure to smoking and
early menopause. There are various hypotheses for the biological
mechanism of smoking that leads to earlier menopause; it has long
been suggested that tobacco smoke contains polycyclic hydrocarbons which may affect ovarian germ cells and lead to follicular
exhaustion and a lower level of blood estrogen.33,34
:HIRXQGDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQHGXFDWLRQDOOHYHODQG
age at menopause, as women with a higher level of education experienced menopause later than those with lower levels, consistent
with reports of some previous studies that found low educational
status to be a risk factor for early menopause.37,38 However, one
study reported that higher education was associated with lower
age at menopause.39 On the other hand, some authors believe
that there is no link between educational status and age at menopause.40–42 Level of education is one of the socioeconomic factors
ZKLFKPD\LQÀXHQFHWKHPHQRSDXVDODJHWKURXJKHIIHFWVRQWKH
pattern and quality of diet, parity, physical activity and BMI but
the precise nature of these relationships is unclear.
We observed that age at menopause did not vary with parity and
the trend remained constant after adjustment in agreement with
%UDPELOODDQG2NRQRIXD¶V¿QGLQJV43,44 Some other investigators,
however, observed a trend of increasing age at menopause with an
increasing number of live births.18,45
$OWKRXJKZHREVHUYHGQRVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ%0,
and age at menopause, the menopausal age of women with BMI
<25 occurred 0.8 years earlier in comparison to obese women.
Similarly, others 39,46 have reported that BMI has a statistically sigQL¿FDQW LPSDFW RQ DJH DW PHQRSDXVH DQG LQ SDWLHQWV ZLWK KLJK
%0,PHQRSDXVHWHQGHGWRRFFXUVDWDODWHUDJHWKHVH¿QGLQJVDUH
in contrast with two recent researches.47,48

Our study has certain limitations. The reliability of self-reported
ages of natural menopause has been questioned. Available evidence suggests that, because of errors in recall and visible digit
SUHIHUHQFH VSHFL¿FDOO\WKHXVHRI]HURDQG¿YHDVWHUPLQDOGLJits),27 the use of self reported age at menopause may result in an
underestimation of the true mean age at menopause. Additionally
in our cohort study, we have just analyzed three available groups
of women born during the years 1930 to 1960. Also, uncontrolled
confounding that affects menopausal age may produce biased
results. Despite these possible limitations, there are certain important aspects of the design of this population study that may
have enhanced the possibility of accurately analyzing the trend in
menopausal age. We also had a population-based random sample,
which increases the generalizability of the results. Questions were
exactly the same throughout the study years, which increases the
FRPSDUDELOLW\DQGWKHTXDOLW\RIWKH¿QGLQJVDVZHOO
Our study shows that there is a secular trend in menopausal age.
We know that with increase in age at menopause, the risk of breast
and endometrial cancer increases. Also, with the increase in life
expectancy, women nowadays spend one third of their life time after menopause.49 Identifying the secular trend of menopausal age
can help health policymakers to predict the best age for screening
common diseases in this period to consequently improve health
and quality of life.
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