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Introduction
Premature and early menopause are important medical and
social problems. Iatrogenic, genetic, immunological and some
endocrinological diseases may also influence the onset of
menopause. Environmental factors and lifestyle may have a
significant role too (Kato et al., 1998; Keck and Breckwoldt,
2002). In recent years, a possible role of cigarette smoking has
been highlighted as one of the factors that can damage
reproductive life (Bromberger et al., 1997; Windham et al.,
1999; Hardy et al., 2000). However, little effort has been made
to confirm such a hypothesis and to assess the real impact of
smoking on ovarian function. The aim of this study was to
evaluate whether the age of menopause in smoking women is
significantly different from that of non-smokers.

Materials and methods
Seven hundred healthy Caucasian women that attended the
Menopause Centre in the Reproductive Endocrinology Unit,
from 1997 to 2001, with menopausal symptoms were
examined. All consecutively observed women with secondary
amenorrhoea that had lasted more than 6 months, and
menopausal status confirmed by FSH and 17-β-oestradiol
radioimmunoassay evaluation were included in the study.
Patients with a previous hysterectomy, surgical menopause or
endocrinological diseases and patients with secondary
amenorrhoea of less than 6 months’ duration were excluded
from the study. Smoking status was assesed by a specific
written interview, according to the NCHS definition (1996).
None of the patients included in the study took a hormonal
replacement therapy (HRT). A total of 350 women were
enrolled. All patients gave their informed consensus to use
data for scientific research. Student’s t-test and the chi-squared
test were used for the statistical analysis.

Results
Eighty-seven women were assessed as smokers, while 263
were non-smokers. The age of menopause was significantly
different in the two groups: 47.1 ± 3.3 years in smokers versus
49.4 ± 3.6 years in non-smokers (P < 0.000001) (Figure 1).
No differences were found between the two groups regarding
body mass index (BMI) (26.9 ± 4.6 in smoking women versus
26.1 ± 4.6 in non-smokers, P > 0.05). Furthermore, all women
were placed into one of three groups according the age at
which their menopause occurred: (i) between 40 and 45 years;
(ii) between 46 and 50 years; and (iii) over 50 years. The
highest percentage of smoking women was found in the first
group (46.3%), significantly greater than that in the second and
in the third groups (31.6% and 13.3% respectively, P < 0.0001
in both groups) (Figure 2).

Discussion
It is well known that smoking damages human health, as its
carcinogenic effect has been widely demonstrated; however its
action on reproductive function has not been as well studied.
In recent years some authors have hypothesized smoke-related
damage to menstrual function and during pregnancy
(Bromberger et al., 1997; Spangler, 1999; Windham et al.,
1999; Jauniaux and Gulbis, 2001).

The data presented here show that in smoking women, the age
of menopause is significantly lower than in non-smoking
patients. These results partially confirm other published data
(Kato et al. 1998; Harlow and Signorello, 2000): indeed there
was a difference of two years in the menopausal onset between
the two groups, with a strong statistical significance. This
suggests a detrimental effect of cigarette smoking on ovarian
function with consequently biological reproductive damage. It
is not clear yet how cigarette smoking can influence the onset
of the menopause (Spangler, 1999); however a recent
molecular study (Matikainen et al., 2001) suggests that smoke
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exposes humans to polycyclic aromatic hydrocarbons (PAHs),
that induce expression of the Bax gene in oocytes, followed by
apoptosis. Cotinine plasma levels (Jauniaux and Gulbis, 2001)
could represent a useful method of evaluating a possible
smoking dose–response effect in further studies.

These data can be used to strongly recommend distribution of
detailed information about this important negative effect,
particularly to female smokers of reproductive age.
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Figure 1. Age at menopause in smokers (n = 87) and non-
smokers (n = 263). The two groups were significantly different
(P < 0.000001).

Figure 2. Smokers (%) in different age groups at menopause.
* indicates significantly different from youngest age group (P
< 0.0001).


