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Introduction

M -
an 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 esti-
mated to be between 48 and 52 years but varies from 40 to 60 
years3,4 -
ics, 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.

Limited studies have addressed the secular trend and determi-
nants of menopausal age.13–15 Although some studies have re-
ported that age at menopause does not change through time,16 ac-
cording to recent studies, age at menopause seems to be shifting 
toward higher ages in various countries.2,14 In Finland, the medi-
ans 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 generaliza-
tion of results from studies in other countries to Iranian popula-
tions. The purpose of this study was to identify the secular trend 
of menopausal age and the role of certain socio-demographic, an-
thropometric 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 conduct-
ed to determine the prevalence and risk factors for non-commu-
nicable diseases among a representative population of Tehran; 
sampling methods have been described in details elsewhere; 

assessed every 3 years.23–25At baseline, 15005 Tehrani residents, 
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born between 1930 and1960. We excluded women who were 
pregnant, those who had undergone hysterectomy and/or oopho-
rectomy (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 evalu-
ated were educational level, number of parity, smoking and pas-
sive smoking, body mass index (BMI), waist circumference (WC) 
and waist to hip ratio (WHR).

Health Organization: absence of spontaneous menstrual bleeding 
for more than 12 months, for which no other pathologic or physi-
ologic 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 (pri-
mary and secondary), and high (diploma and higher degrees). Par-

-
nancies. The participants’ BMI was divided into three groups: 

2).  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 anthro-
pometric 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 kilo-
grams divided by the square of the height in meters (kg/m2).

Statistical analysis   
-

vals. Results for continuous variables are given as means (±SD) 
and for categorical variables as percentages. Analysis of covari-
ance (ANCOVA) was used to compare the data presented at 10 

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

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 

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 

positive effects on menopausal age (Table 2).

followed by post-hoc t -
tween means of menopausal age of women born in the 1930s 
compared to those born in the1940s and 1950s (P = 0.042, P < 

women born in the1940s and 1950s (P -
vals were overlapping in three decades (Figure 1).

Table 3 shows the multivariate model and the factors affecting 
menopausal age including birth decade, smoking, passive smok-
ing, parity, BMI, education, waist and WHR; education and smok-
ing.

1940’s 1950’s 1960’s
Age* 81.2 ± 3.5 72.2 ± 3.7 61.7 ± 4.2
Menopausal age* 48.5 ± 5.9 49.5 ± 6.09 49.9 ± 3.6
BMI* 27.2 ± 4.5 28.9 ± 4.5 29.9 ± 4.5
Parity* 5.7 ± 2.6 5.3 ± 2.3 4.2 ± 1.8
Literacy

Illiterate 72.1 43.1 14.7
Low 25.5 49.7 64.6
High 2.4 7.1 20.7

Ever smoking
Yes 10.1 5.9 5.6
No 89.9 94.1 94.4

*The continuous variables are described as Mean ± SD; The categorized variables are described as Percentage

Table 1. Characteristics of women according to their birth decade.

Model Beta 95% CI P-value
Birth decade 0.05 0.03, 0.7 0.029
Smoking status -0.05 -1.92, -0.26 0.01
Education 0.07 0.25, 0.92 0.001

Table 2. .
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Discussion

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 

1year per decade for women born in the 1930s and 1940s and 

those born in the 1940s and 1950s. We found a secular trend in 
age at menopause in three decades, a trend which remained sig-

BMI, WC, WHR, education, number of parity, smoking status and 
passive smoking.

The presence of a secular trend is controversial,14 with recent 

studies. Pakarinen et al., found that the menopausal age increased 
one year in Finland during 1997–2007.17In a survey of over 1400 
Swedish women born between 1908 and 1930, Rodstrom et al., 

ages at natural menopause, i.e., 48.5 years for those born in 1908 

Figure 1.

Covariates 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

Passive smoking
No
Yes

0.23
0 (Reference)

-0.27, 0.74 0.37

Parity

4–6
-0.45
-0.11

0 (Reference)

-1.14, 0.23
-0.7, 0.48

0.19
0.71

BMI(Kg/m2)
<25
25–29
>29

-0.82
-0.32

0 (Reference)

-1.71, 0.06
-0.93, 0.29

0.06
0.3

Education
Illiterate
Low
High

-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

Table 3.
.
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and 51 years for those born in 1930.13 Similar results were re-
ported by Nichols et al., (2006) for 22,774 American women born 
between 1910 and 1969; the mean age at natural menopause in-
creased 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 population-
based random sample of 7828 white women and found no evi-
dence 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 life-
style 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 meno-
pause.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 life-
style changes. 

It is assumed that some confounding variables including socio-
demographic, anthropometric and reproductive factors can af-
fect the age at menopause. According to our results, an inverse 
relationship was found between the age at menopause and smok-
ing status; women who smoked cigarettes were more likely to 
experience earlier menopause, while passive smoking was not 

to recent evidence documented by previous studies which claim 
an independent association between smoking and early meno-
pause.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 hydrocar-
bons which may affect ovarian germ cells and lead to follicular 
exhaustion and a lower level of blood estrogen.33,34

age at menopause, as women with a higher level of education ex-
perienced 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 meno-
pause.40–42 Level of education is one of the socioeconomic factors 

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 

43,44 Some other investigators, 
however, observed a trend of increasing age at menopause with an 
increasing number of live births.18,45

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 sig-

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 evi-
dence suggests that, because of errors in recall and visible digit 

-
its),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 im-
portant 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 

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 af-
ter 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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